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(54) Bezeichnung : CY CLISCHE THIENOURACIL-CARBOXAMIDE UND IHRE VERWENDUNG

(57) Abstract: The present invention relates to new 2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d [pyrimidine-6- carboxamide-derivatives
("thienouracil"-carboxamides) to methods for the production thereof, to the use thereof alone or in combinations for treating and/or
preventing diseases, and to the use thereot for producing medicaments for the treatment and/or prophylaxis of diseases, in particular
for the treatment and/or prophylaxis of pulmonary and cardiovascular disorders.

(57) Zusammenfassung: Die vorliegende Anmeldung betrifft neue 2,4-Dioxo-1,2,3,4-tetrahydrothieno[2,3-d|pyrimidin-6-
carboxamid-Derivate ("Thienouracil"-Carboxamide), Verfahren zu ihrer Herstellung, ihre Verwendung allein oder in Kombinationen
zur Behandlung und/oder Pravention von Krankheiten sowie ihre Verwendung zur Herstellung von Arzneimitteln zur Behandlung
und/oder Pravention von Krankheiten, insbesondere zur Behandlung und/oder Prévention von Erkrankungen der Lunge und des

Herz-Kreislauf-Systems.
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{yelic thienouracilcarboxamides and use thereof

The present application relates to novel 24-dioxo-1,2,3 d-tetrahvdrothienof 2, 3-dlpyrimidine-6-
carboxamide dertvatives ("thienouracil®-carboxamides), o processes for their preparation, to their
use alone or in combinations for the treatment and/or prevention of discases and (o their use for the
preparation of medicaments for the treatment and/or prevention of diseases, in particular for the

treatment and/or prevention of pulmonary and cardiovascular disorders.

-

The endogenous purine nuclecside adenosine 18 formed ubiquitously and modulates, as important
signal molecule, a large number of physiological and pathophysiological processes. Most of it s
formed during the intra- and extraceliular degradation of adenine nucleotides, and a smaller amount
is formed during the intraceliular hydrolysis of S-adenosyl homocysicine. Under physiological
conditions, extracellular adenosine can be re-phosphoryiated by adenosine kinase to adenosine
monophosphate (AMP} or rearvanged by adencsine deaminase to inosine. The extracellular
concentration is between 30 and 300 nM. As a result of tissue damage caused, for example, by
hypoxia, in imflammation reaction and during oxidative stress, there is an increased formation and

accumulation of adenosine, such that the extraceliular concentration may increase to up to 18 gM.

The biological actions of adenosine are mediated via G-protein-coupled receptors located al the
plasma membrane. Currently, four adenosine receptor subtypes have been demonstrated: Al
adenosine receptor {AIR), AZa adenosine receptor {A2aR), A2b adenosine receptor (AZbR) and
A3 adenosine receptor {A3R}). From among the adencsive receptors mentioned above, the AZb
receptor has the weakest affinity for adencsine. For this reason, in contrast to the other adenosine
recepiors, it 18 not activated ander normal physiological conditions. Al and A3 receptors are
coupled to Gi proteins which inhibit adenylate cyclase, whereas A2a and A2b receptors, via Gs
proteins, stimulate adenylate cyclase, thus causing an intraceliular increase of cAMP. Via Gg
profeing, both the Al the A3 and the AZb receptor activate phospholipase C which cleaves
membrane-bound  phosphatidylinositol-4,5-bisphosphate o inositol-1,4,5-triphosphate  and
diacylgiyveerol. This in tumn leads to an increase of the intraceliular calcium concentration and

activation of further target proteins such as protein kinase C and the MAP kinases.

AZb receptors are expressed on pulmonary epithelial and smooth muscle cells, vascular endothelial
and sraonth muscle cells, fibroblasts and alse inflammatory cells. Hxpression of the AZb receptor at
the cell surface is a dynamic process and is greatly eshanced, for example, by hypoxia,
inflammatory {actors and free radicals. The adeposine-activated A2b receptors lead to formation
and release of pro-inflammatory and pro-fibrotic cyviokines such as, for example, 1L-6, IL-4 and [L-
8. Studies have shown that the A2b receptor plays an imporiant role at the chronmie stage of
pulmonary disorders during tissue remodelling and promotes infer afia differentiation of fibroblasts

in myofibroblasts, resulting in enhanced synthesis and deposition of collagen
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In pulmonary tissue samples of patients suffering from idiopathic pulmonary fibrosis, COPD and
pulmonary hypertension associated with COPD [Zhou er af., PLoS One S, 9224 (2010); Selmann
et al., PLoS One 2, ¢482 (2007}] and various animal models of fibro-proliferative pulmonary
disorders [Karmouty-Quintana ef af., 4m. J. Respir. Cell. [moi%] Biol, publ. onling, 15, July 2013;
Karmouty-Quintana ef of., Faseb J 26, 2546-2557 (2812} Sun er af, J Clin, Invest. 116, 2173-
2182 (20063}, it was possibie 1o detect an increased expression of the AZb receptor. In the animal
model of bleomycin-induced pulmovrary fibrosis and pulmonary hypertension in the mouse, a
genetic knock-out of the A2b receptor resulied both in inhibition of the progression of pulmonary
fibrosis and pulmonary vascular remodeling and the resulting pulmonary bypertension [Kanmouty-
Quintana ef af, Faseb J 26, 2546-2557 (2012)1. 1L s assumed that the release of inter alia
endothelin-1 (ET-1} and interlevkin-6 (IL-6) from vascular cells, which is modulated by the AZb
receptor, playvs a role during the development of pulmonary hypertension associated with
pulroonary fibrosis. Stimulation of human pulmonary arterial endothelial and smooth musele cells
with 5'-{N-gthylcarboxanido)adenosine (NECA), an adenosine analog, results in the release of ET-
I and 1L-6, which can be prevented by AlZb receptor inhubition [Karmouty-Quintana et af., Faseb J

6, 2546-2557 (201 23], Elevated endothehin-1- and IL-6 concentrations were found in lung tissue

and serurn of patients suffering from pulmonary hypertension [Giaid e af, N. Engl. /. Med. 329,
1967-1968 (1993); Steiner er al, Circ. Res. 104, 236-244 (2009)]. Furthermore, 1t is assumed that
the AZb receptor-mediated release of imfer dlic 1L-6 and other profibrotic mediators and
stimulation of the differentiation of fibroblasts in myofibroblasts in the lung leads to indaction of
fibrosis. Stimulation of human fibroblasts with NECA leads to the release of 1L-6 which is
increased by hypoxia and can be prevented by ivhibiting the A2b receptor. It was possible to
demonstrate an increased 1.-6 expression in patients suffering from idiopathic pulmonary fibrosis

and in animal models of pulmonary fibrosis [Zhong ef al., 4m. J. Re?pr; Cell fmol2g] Biol 32, 2-8

The A2b receptor also plays an important role in tissue remodelling after myocardial infarction. In
the animal model of the permanent ligature of the coronary artery in the mouse, inhibition of the
AZb receptor resulied in a reduction of caspase-1 activity and the invasion of inflammatory cells in
hieart tissue and the eytokines and adhesion molecules in plasma and in an improverent of systolic

and diastolic heart function {Toldo er af., J. Pharmacol. Exp. Ther. 343, 587-595 {2012)].

It is therefore assumed that the A2b receptor plays an fmportant role in many disorders, injuries and
pathological changes whose aetiology and/or progression is assoctated with inflamumatory events
and/or profiferative and fibro-proliferative tissue and vessel remodeliing. These can be in particular
disorders of and/or damage to the lung, the cardiovascular system or the kidney, or it can be a

blood disorder, a neoplastic disease or other inflamumnatory disorders,

{hsorders of and damage to the hung which may be mentioned in this context are in particular

idiopathic pulmonary fibrosis, pulmonary hyvpertension, the hronchiolitis obliferans syndrome
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{BOS), chronic-obstructive pulmonary disease {COPD), asthma and cystic {ibrosis. Disorders of
and damage to the cardiovascular system in whuch the AZb receptor is invoived are, for example,
tissue changes following myocardial infarction and associated with heart failure, Renal disorders
are, for example, renal insutficiency and kidney failure. A blood disorder is, for example, sickle
cell anaenda. Examples of tissue degradation and remodelling during neoplastic processes arg the
invasion of cancer cells into healthy tissue {(formation of metastases) and  neovascularization
{ncoangiogenesis). Another inflanunatory disease where the AZb recepior is involved is, for

example, multiple sclerosis.

Idiopathic fibrosis of the lung or idiopathic pulmonary fibrosis {IPF) is a progressive fung discase
which, left untreated, resulis in death on average within 2.5 to 3.5 vears after diagnosis. At the time
of diagnosis, the patients are in most cases more than 60 vears old, men being slightly more
frequently affected than women. Onset of [PF is nsidions and characterized by increasing
shortness of breath and dry tickly cough. IPF belongs to the group of idiopathic interstitial
pneumonias (1P}, a heterogencous  group of pulmonary disorders characterized by fibrosis and
inflaramation of varying severtéy which can be distinguished using clinical, imaging and fine tissue
criteria. Within this group, the idiopathic pulmonary fibrosis is of particular significance owing to
(201 1}]. IPF may etther occur sporadically or be hereditary., As yet, the causes are unknown.
However, in recent years there have been numerous indications that chronic damage of the alveolar
epithelium leads to the release of profibrotie cytokines/mediators followed by increased fibroblast
proliferation and increased collagen fibre formation, resulting in a patchy fibrosis and the typical

honeycomb structure of the lung [Strieter er af,Chest 136, 1364-1370 {2009)]. The clinical

sequelae of fibrotization are a decrease in the elasticity of the pulmonary tissue, a reduced diffusing
capacity and the development of severe hypoxia, With regard to lung function, a corresponding
worsening of the forced vital capacity (FVC) and the diffusing capacity (IPLCO} can be detected.

5
H

Essential and prognostically important comorbidities of IPF are acute exacerbation and pulmona

hypertension in interstitial pualmonary disorders s 10-40% [Lettien er al, Chest 129, 746752

for IPF - except for lung transplantation.

Pulmonary hypertension {PH) is a progressive lung disease which, left untreated, leads to death on
average within 2.8 vears after diagunosis. By definition, the mean pulmonary aterial pressure
(mPAP} in case of chronic pulmonary hypertension is > 25 mmHg at rest or > 30 mmHg during
exertion {(normal value < 20 mmHg) The pathophysiology of pulmonary hypertension is
characterized by vasoconstriction and remodelling of the pulmonary vessels. In chronic PH there is
neopuiscularization primarily of unmuscuiarized pulmonary vessels, and the vascular mascles of

the already muscuolarized vessels increase in circumference. This increasing obliteration of the
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pulmonary circulation results i progressive stress on the night heart, which leads to a reduced
output from the right heart and eventually ends in right heart failure {M. Humbert et 8l J dm
Coli. Cardiod. 2004, 43, 135-245]. Idiopatiuc {or primary) pulmonary arterial hypertension (IPAH)
is & vary rare disorder, whereas secondary pubmonary hypertension {non-PAM PH, NPAHPH) is
very common, and it is thought that the latter is currently the third most common growp of
cardiovascular disorders afier coronary heart disease and svstemic hypertension {Magije, i AL L
Peacock er al. (Bds.), Pulmonary Circidation. Diseases and their treasment, 37 cdition, Hodder
Arnold Fubl, 2011, p. 31, Since 2008, pulmonary hypertension is classified in accordancs with the
Dana Point classification into various sub-groups according to the respective acticlogy [D.
Montana and G. Stmonneau, i AL J. Peacock et al. (Bds.), Pulmonary Circulation. Diseases and

their treatment, 3™ edition, Hodder Amold Publ, 2011, pp. 197-206].

Despiie all the advances in the therapy of PH there is as vet no prospect of cure of this serious
disorder. Standard therapies availsble on the market (for example prostacyclin analogues,
endothelin receptor antagonists, phosphodiesterase inhibitors) are able to taprove the guality of
fite, the excrcise tolerance and the progoosis of the patients. These are therapeutic principles which
are adroinistered systemically and act primarily heamodynaraically by modualating vessel tone, The
applicability of these medicaments is limited owing to side effecis, some of which are serious,
sud/or complicated administration forras. The peniod over which the clinical situation of the
patients can be improved or stabilized by specific monotherapy is lndted {for example owing to
the development of tolerance). Eventually the therapy escalates and thus a combination therapy is
applied, where a plurality of medicaments must be given concuwrrently. Currently, these standard
therapeutics are approved only for the treatment of pulmonary arterial hypertension (PAH). In the
case of secondary forms of PH such as PH-COPD, these therapeutic principles {for exanple
sildenafil, bosentan) fail in clinical studies since, as a result of non-selective vasodilatation, they
lead to a reduction {desaturativn) of the arterial oxygen content in the patients. The probable reason
for this s an unfavoursble cffect on the vestilstion-perfusion adaptation in the lung in
heterogeneous lung disorders owing to the systemic administration of non-selective vasodilatators
{L Blanco et al., Am. J Respir. Crit. Care Med. 2018, 187, 270-278; . Stolz et al, Eur. Respir. J.
2088, 32, 619-628].

Novel combination therapies are one of the most promising future therapeutic options for the
teatment of pulmonary hypertension. In this conpection, the finding of novel pharmacological
mechanisios for the treatment of PH is of particular inferest {Ghofrani ef af , Herz 2008, 30, 296-
302; E. B, Rosenzweig, Expert Opin. Emerging Drugs 2006, 11, 609-619; T, lto ef of., Curr. Med.
Chem, 2007, 14, 719-733]. In particular novel therapeutic approaches which can be combined with
the therapy concepls already on the market may form the basis of a2 more efficient treatment and

thus be of great advantage for the patients.
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In the context of the present invention, the tervn "pulmonary hypertension” includes both primary
and secondary sub-forms {NPAHPH)Y as defined according to the Dana Point classification in
accordance with their respactive acticlegy [B. Montana and G. Sirsonneau, i AL L Peacock ef ol
(¥ds.}, Pulmonary Cirodation. Diseases and their treaimeni, 3 edivion, Hodder Arnold Publ.,
2001, pp. 197-206; Hoeper ef al, J. Am. Coll, Cardiol |, 2809, 54 (1}, Suppl. 8, o85-p96], These
include m particular in group 1 pulmonary arerial hypertension (FAH), which, among others,
enbraces the idiopathie and the famibial forms (IPAH and FPAH, respectively). Furthermore, PAH
alse embraces persistent pulmonary hypertension of the newborn and the associaied pulmonary
arterial hypertension {APAH) associated with collagenoses, congenital systemic pulmonary shunt
iesions, portal hypertension, HIV infections, the intake of certain drugs and medicaments {for
example of appetite supressants), with disorders having a significant venous/captiliary component
such as pulmonary venoocclusive disorder and pulmonary capillary haemangiomatosis, or with
other disorders such as disorders of the thyroid, glycogen storage diseases, Gaucher disease,
hereditary teleangiectasia, haemoglobinopathies, myveloproliferative disorders and splencctomy.
Group 2 of the Dana Point classification compriscs PH patients having a causative left heart
disorder, such as ventnicular, atrial or valvular disorders. Group 3 comprises forms of pubmonary
hypertension associated with a lung disorder, for example with chronic obsiructive lung discase
{COPD), interstifial hung disease (JLD), pulmonary fibrosis (IPF), and/or hypoxasmia {e.g. slegp
apnoe syndrome, alveolar hypoventilation, chronic high-altitude sickness, hereditary deformmuties).
Group 4 includes PH patients having chronie thrombotie and/or embolic disorders, for example in
the case of thromboembelic obstruction of proximal and distal pudmonary arteries (CTEPH) or
non-thrombotic embolisms {e.g. as a resalt of tumour disorders, parasiies, foreign bodiss). Less
comunon forms of pulmonary hypertension, soch as in palients suffering from sarcoidosis,

histioeytosis X or [ymphangiomatosis, are stramarized in group 5.

The bronchioliis obliterans syodrome {(BOS8) is a chronic rejection reaction after a lung
transplantation. Within the first five vears afler a lung transplantation, about 50-60% of all patients,
within the first nine vears more than 90% of the patients are affected [Estenne er ol dm. J. Respir.
nurperous improvements in the treatment of transplantation patienis, the number of BOS cases has
hardly changed over the last yvears, BOS is the most fmportant long-term complication in lung
transplantations and s considered to be the main reason for the fact that survival rates are stil]
markedly below those for other organ transplantations. BOS is an mflammatory eveni which ig
associated with changes in the lung tissue affecting primarily the small respiratory passages.
Pamage and inflammatory changes of the epithelial cells and the subeptihelial structures of the
smaller respiratory passages lead, owing to ineffective regeneration of the epithelium and aberrant
tissue repair, to excessive fibroproliferation. There 18 scaming and finally destruction of the bronchi
and also clots of granulation tissue in the small respiratory passages and alveolae, occasionally with

vascular involvernent. The diagnosis is based on the ung function. In BOS, there is 2 worsening of
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the FEV] compared to the average of the two best valnes measured postoperatively. Currently,
there is po curative weatment of BOS. Some of the patients show improvements during more
intensive immunosuppression, patienis not showing any response expericnce persistant worsening

such that retransplantation is indicated.

Chronic obstructive pulmonary disease (COPD) is a slowly progressing pulmonary disease
characterized by an obstruction of respiratory flow which is caused by pulmonary emphyserna
and/or chronic bronchitis. The first symptoms of the disease generally manifest themselves during
the fourth or fifth decade in life. In the subsequent vears of Life, the shortness of breath frequently
worsens and oough becomes mauifest, asscciated with plentiful and in some cases purnlent
expectoration and stenosis breathing up to breathlessness {dyspuoea), COPD is primarily a disease
of smokers: Smoking is the cause of 90% of all cases of COPD and of 80-90% of all COPD.
related deaths. COPD 15 4 big medicinal problem and constitutes the sixth most frequent cause of
death world-wide. Of people over the age of 45, about 4-6% are affected. Although the obstruction
of the respiratory flow may only be partial and temporal, COPD can not be cured. Accordingly, the
atmn of the treatment 15 to imporve the guality of Life, to alieviate the sympioms, to prevent an acute
worsening and to slow the progressive impatrment of lung function, Fxisting phanmacotherapies,
which have hardly changed over the last two or three decades, are the use of hronchodilators to
open blocked respiratory passages, and o cerfain stlualions corticosiercids to control the
wflammation of the lung [P. 1. Bames, N Frgl J Med 343, 269-280 (2000)]. The chronic
inflammation of the lung, caused by cigaretie smoke or other irritants, is the driving force of the
development of the disease. The basic mechanism comprises ifmmune cells which, during the
inflammatory reaction of the lung, release proteases and varicus cytokines which cause pulmonary

crophysema and remodelling of the bronehd.

It is therefore an object of the present invention to provide novel substances which act as potent
and selective antagonists of the adenosine A2b receptor and are suilable as such for treatment

and/or prevention in particular of pulmonary and cardiovascular disorders.

WO 88/54190-A1 and WO 00/12514-A1 disclose thienof2,3-dpyrimidinediones {thienouracils)
having immunosuppressive activity, WO 02/064598-A1 and WO 2004/014916-A1 describe
bicyelic pyrimidine derivatives as inhibitors of matrix metalloproteinases (MMPs), in particular of
MMP-13. Further bicyclic pyrimidine derivatives are disclosed in WQ 2005/ 117890-A2 as CCR2
antagonists in particular for the treatment of inflammatory disorders, and EP | 847 541-Al claims
bicyclic pyrimidine derivatives as GnRH antagomists for the treatment of hormone-dependent
disorders. 1S 7 928 111-B2 describes thienopyrimidinone derivatives having taste-enhancing
properties. WO 2007/103776-A2 discloses thieno{2,3-d]pyrimidinediones as antagonists of the
adenosine A2a receptor which are suitable in particular for the treatment of CNS disorders and
addictions. WO 2013/071169-A1 claims thieno{2,3-d]pyrimidinediones as ACC wnhibitors for the

treatment of infections and metabolic disorders.
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The present invention provides compounds of the general formula (8
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inn which
R represents hydrogen, methyl or ethyl, where methyl and ethyl may be substituted up to
3 three times by fluorine,
R’ represenis methyl, ethvl, r-propyl, isopropyl, cyclopropyl, cyclopropyvimethyl, 2,2-

diffuorovinyl, 3,3-diflucroaliyl or propargy!l or represents a group of the formiia

. ]
. N e ol
‘\\’\\ . P “:} i\

‘-“;

TR

in which * denotes the point of attachment to the CH; group,

10 Ar represenis phenyl or 5- or G-membered heteroaryl having up to two ring nitrogen

aloigs,

where pheny! and heleroaryl may be mono- or disubstituted by identical or
different radicals sclected from the group consisting of fluorine, chlorine, methyl,

triftuoromethyl, methoxy and trifluoromethoxy,
15 R™  represents hydrogen, fuorine or methyi,
R represents hydrogen, fluorine, methyl, triffuoromethyl, hydroxy or methoxy,

or

R* and R™ are attached o one another and together with the carbon atom o which they

are attached form a cyclopropy! or cvelobutyl ring,
20 R represents methyl or triflucromethyl
and

R and R*® independently of one ancther represent hydrogen, methyl or irifluoromethyd,
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R represents {-Celealkyi, {Cy-Cgr-alkenyl, {Cy-Uoy-cveloalkyl  or [{C-Coy-

cycloalkylimethyl,

where alicyl and alkenyl way be substituted up io three times and cycloalkyl may be

substituted up to two times by fluorine
§ and

where in alicyl and cycloalkyl up to two CH, groups may he replaced by -G or -8-, with
the proviso that there are at loast two carbon atoms between such heteroatoms including the

uracil N'-atom,
and

16 the ring A represents a mono- o bicyelic aza heterocyele of the formmla

S5 S s B
("A' .{(‘ );'
N P
B’f L \r-:-}f} 7
F ) i
" e HO
_;‘?1
;’"’”“N\
{ b
A .
Yt o
MO Fii -

i which ** denotes the point of attachment to the carbomyl group,
R’ represents hydrogen, methyl, trifluoromethvl, bydroxymethyl or ethyl,

p A 313 . ~
R™ and R™ cach independently of one ancther represent hydrogen, methyl or ethyl,

15 R represents methyl, ethyl, hydroxy or methoxy,

R represents hydrogen, methyl or ethyl,

and their salts, solvates and solvates of the salts.
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Compounds according to the invention are the compounds of the formula (I} and their salis,
solvates and solvates of the salts, the compounds encompassed by formula (D) of the formulae
mentioned below and their salts, solvates and solvates of the salts and the compounds encompassed
by formula (I} and mentioned below as working examples, and their salts, solvates and solvates of
the salts, if the compounds encorapassed by formula (1) and mentioned below are not already salts,

soivates and solvates of the salfs.

Preferred salts in the context of the present invention are physiologically acceptable salts of the
compounds according to the invention. Also encompassed are salts which are not themselves
siitable for pharmaceutical applications but can be used, for example, for the isolation, purification

or storage of the compounds according 1o the invention.

FPhysiclogically accepiable salis of the comprunds according to the invention include acid addition
salts of mineral acids, carboxylic acids and sulphonic acids, for example salts of hydrochloric acid,
hydrobromic acid, sulphuric acid, phosphoric acid, methanesulphonic acid, ethanesulphonic acid,
benzenssulphonic acid, toluenesolphonic acid, naphihalenedisulphonic acid, foroue acid, acetic
acid, triflusroacetic acid, propionic acid, succinic acid, fooaric acid, maleic acid, lactic acid,

tartaric acid, malic acid, citric acid, ghacondc acid, bereoic acid and crmbonic acid.

the imvention which form a complex i the solid or Hguid state by coordination with solvent
rooiccuies. Hydrates are a spocific forrn of the solvates in which the coordinaiion is with water.

Solvates preforred in the context of the present inverdion are hydrates.

The compounds according o the invention may, depending on their structure, exist in different
sterecisomeric fomms, ie. in the form of configurational isomers or else optionally as
conformational isomers {enantiomers and/or diastercomers, including those i the case of
atropisomers). The present mvention therefore encompasses the enantiomers and diastereomers,
and the respective mixtures thereof. The stereoisomerically homogeneous constituents can be
isolated from such muxtures of epantiomers andor diasicreomers in 8 known manner;
chromatography processes are preferably used for this purpose, especially HPLC chromategraphy

on an achiral or chiral phase.

Where the compounds according to the invention can occur in tautomeric forms, the present

invention encompasses all the tautomeric forms,

The present invention also encorapasses all suitable isotopic variants of the compounds according
to the invention. An isotopic variant of a compound according to the invention is understood here
as meaning a compound in which at least one atorn within the compound according to the invention
has been exchanged for another atom of the same atomic number, but with a different atornic mass

than the atomic mass which usually or predominantly occurs in nature. Examples of isotopes which
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can he incorporated into a compound according o the invention are those of hydrogen, carbon,
ritrogen, oxygen, phosphom& sulphur, fluorine, chloring, bromine and iodine, such as "H

{(deuterium), 'H (tritium), PC, M0, N V0, Mo, 7R, VP,

33

g, Mg g g R Tegy dp 12y Ry
and P'L Particular isotopie variangs of a compound according to the invention, especially those
in which one or more radicactive isotopes have been incorporated, may be beneficial, for example,
for the exarnination of the mechanism of action or of the active compound distribution in the body;
due to comparatively easy preparability and detectability, especially compounds labelled with 'H or
C isotopes are suitabie for this purpose. In addition, the incorporation of isotopes, for exanple of
deuterium, can lead to particular therapeutic benefis as a consequence of greater metabolic
stability of the compound, for example to an exiension of the hall-life 1n the body or to a reduction
in the active dose required; such modifications of the compounds according to the invention may
therefore in some cases also constitute a preferred embodiment of the present invention. Isotopic

riants of the compounds according to the invention can be prepared by generally cusiomary
processes known to those skilled in the art, for example by the methods described below and the
procedures reported in the working exarnples, by using corresponding isniopic modifizations of the

particular reagents and/or starting compounds thergin,

in addition, the present imvention also encompasses prodrugs of the compounds according to the
invention, The terra "prodrugs” refers here to compounds which may themselves be biclogieally
active or ipactive, but are converted while present in the body, for example by a metabolic or

frydeolytic route, to compounds according to the invention.

in the context of the prasent invention, unless specified otherwise, the substituents and radicals are

defined as follows:

{C-Car-alkyl and {(Co-Cyl-alkyl in the comtext of the invention represent a straight-chain or

branched alkyl radical having 1 o 6 and 2 to 4 carbon atoms, respectively. A straight-chain or
branched allyl radical having 2 to 4 carboun atoms is preferred. Preferred examples include: methyl,
ethyl, n-propyl, isopropyl, sn-botyl, isobutyl, sec-butyl, ter-butyl, n-pentyl, Z-peniyl, 3-pentvl,

neopentyl, #-hexyl, Z-hexyl and 3-hoxyl

branched alkeny! radical having a double bond and 2 to 6 and 2 to 4 carbon atoms, respectively. A
straight-chain or branched alkenyl radical having 2 1o 4 carbon atoms is preferred. Preferred
examples include: vinyl, prop-l-en-1-vl, prop-2-en-i-y} {alivl}, prop-l-en-2-yi {isopropenyl), 2
methviprop-2-en-1-v1, but-t-en-1-yl, but-l-en-2-vl, but-Z-en-t-yl, but-2-en-2-vi, bui-3-en-1-yi,

pent-Z-en-1-vl, peni-3-en-1-yvl, pent-deen-1-vi, 3-methylbut-Z-en-1-yl and 4-methyipent-3-en-1-vl,

{C5-C-Cyeloalkyl and (C-Col-cveloalkyvl fn the context of the invention represent a monocyclic

saturated cycioalkyl group having 3 to 7 and 3 to 6 carbon atoms, respectively. A cycloalkyl radical
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having 3 to & carbon atoms is preferred. Preferred examples include: ovelopropyl, ovelobutyl,
Loty o~ ey = ~

cyvclopentyl, cyclobexyl and cyclobepivl.

S-membered heteroaryl in the defimtion of the group Ar represents an aromatic heterceycle

{heteroaromatic radical) having a total of S ring atorns which contains one or two ring nitrogen
atoms and is attached via a ring carbon atomm or a ring nitrogen atomm. Examples include: pyrrolvl,

vrazolvl and toidazolvl. Preference 5 given to imidazolyl.
o £

6-memberad heteroaryl in the defintion of the group Ar represents an avomatic heterooyele
{heteroaromatic radical} having a total of 6 ring atoms which contains one or two ring nitrogen
atoms and is atfached via a ring carbon atom. Examples inciude: pyridyl, pyrimidinyl, pyridazinyl

and pyrazinyl. Preference is given o pyridyl.

In the context of the present invention, it is the case that for all radicals which occur more than
once, their meaning is independent of the others, When radicals in the compounds according fo the
nvention are substituted, the radicals may be mono- or polysubstituted, undess specified otherwise,
Substitution by one or two identical or different substituents is preferved. Particular preference is

given to substitution by one substituent.

In a particular embodiment, the present invention encompasses compounds of the formuda (I) 1

which

1 ‘ .. . _ ;
R represents hydrogen, methyl diffuoromethyl, rifluoromeihy! or ethyl,

represents methyl, ethyl, s-propyl, isopropyd, eyclopropyl, cyclopropylmethyi or propargyl

or represents a group of the formula

&
A s O—R
ii 1 = :;" \ BB
SR e G R SR feda *
R* R R™ R

in which * denotes the point of attachment to the CIL, group,

Ar represents phenyl or 5- or G-membered heteroaryl having up o Iwo ring nitrogen

atoms,

where phenyl and hetercaryl may be mono- or disubstituted by identical or
different radicals selected from the group consisting of fluorine, chlorine, methyl,

frifluoramethyl, methoxy and triflucromethoxy,

44 o] .
R represents hydrogen, fuoring or roethyi,
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R represents hydrogen, fluorine, methyl, riflaoromethyl, hydroxy or methoxy,
or

R*™ and R® are atiached 1o one another and together with the carbon atom to which they

are attached form a cyclopropy! or cyclobutyl ring,
R® represents methyl or triffuoromethyl
and
1 and R™ independently of one another represent hydrogen, methy! ot trifluoromethyl,

represents  {C-Cepalkyl,

cycloatkyiimethyl,

{Cy-Coy-alkenyl, {Cy-Coy-cycloalkyl o {Cs-Coy-

where alkyl and alkenyl may be substituted up to three times and cycloalkyl may be

substituted up to two times by fluorine
and

where in alkyl and cyeloatkyl up 1o two CH, groups may be replaced by -0- or -8-, with
the proviso that there are at least two carbon atorns between such heteroatoms including the

. =
graciti N'-atom,

the ring A represents a mono- or bicyelic aza heterocoycle of the formula

RS
1¢
i3

and
20

o & ; S
.\" /’ ff < ‘; ‘jz
—~N - - N N
2 A N N~ N
\ . A S b N AL \.JL Y
. £ f\ £ \ “e\,f":f i Vi \ o F
, . i X " {h 3 &
e D = = A S
R $ & i L
oW . HO . MG . HQ . HO

in which ** denotes the point of attachment to the carbonyl group,

z

R’ represents hydrogen, methyl, tnfluoromethyl, hyvdroxymethyl or ethyi,
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R and R®® each independently of one ancther represent hyibrogen, rocthyl or ethvl,
R®*  represents methyl or ethyl,
and
R represcots hydrogen, methyl or sthyl,
5  and their salts, solvates and solvaies of the salts.

In a further embodiment, the present invention encompasses compoundds of the formula (1) in which

R represents hydrogen, methyvl, difivoromethyl or inithioromethyl,

R’ represents methyl, ethyl n-propyl or isopropyl or represents g wroup of the formuls
¥ Ar
N

o which * denotes the point of attachment to the CH, group,
10 Ar reprssents phenyl or G-membered heteroaryl having up to two ring nitrogen stomas,

where pheny! and heteroaryl may be mono- or disubstituted by identical wr
different radicals selected from the group consisting of fluorine, chlonne, methyl,

sritluoromethyl, methoxy and mfluoromethoxy,
B represents hydrogen, Huorine or methyl,
15 R'® represents hydrogen, tluorine, methyl or methoxy,
or

R* and R™ are atiached to one another and together with the carbon atom to which they

are attached form a cyelopropyl or cvelobutyl ring,

e

represents  {C-Cypallyl,  {(Cplapalkenyd, (CoOodcyelosthvi o 00
20 cvcloalleylimethyl,

where allyl and alkenyl may be substituted up to tiee times and cycloalkyl may be

substituted up to two times by fluorine

and
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where in alkyl and cycloalkyl up to two CHs groups may be replaced by -0- or -S-, with
the provise that there are at least two carbon atoms between such hetercatoms including the

uracil N'-atom,
and

% thering A represents @ mono- or bicyclic aza heterocycle of the formula

¥y ok ek i ¥
¢ & £ 3 &
¥ £ ‘_{‘? ,l‘{\ £
o Y - — |
“_{' % (_(‘ ?\\ 4 &\ 2"‘ % &
& X ¢ \ e’g L7 % ¢ b
\ ¢ % f " ,-“f { i ey
¢ \ 3 ;‘ e R ‘ L -‘._‘e‘ ;
s "‘_,‘ R eRaran ‘l\‘}m\v\& S \( 5
o £ £ i ¢
O HO R HEY . HO
o F
o & A
{\ K
HoXy
O

in which ** denotes the point of attachment to the carbonyl group,
R’ represents hydrogen, methyl, trifluoromethy! or hydroxymethyl,
11y and
R™ and R®® cach independently of cne ancther represent hydrogen, methyl or ethyl,
and their salts, solvates and solvates of the salis.

Preference is given in the context of the present mnvention to compounds of the formula () in which

R represents methyl, diftuoromethyl, triffucromethyl, ethyl or 1-fluorcethyl,
s R represents methyl, ethyl, n-propyl, isopropyl, 3,3-ditluorcallyl or propargyl or represents a

group of the foromla

T ff{}' ""‘*CH&
“¥ \:l.;as\

in which * denotes the point of attachment to the CH, group,

Ar represents phenyl or pyridyl,
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where phenvl and pyridyl may be substituted by fhuorine, chlorine, methy! or

methoxy,

R*  represents hydrogen, fluorine or methyl,

3 -
R*® represents hydrogen, fluorine, methyl, hydroxy or methoxy,

i or

R* and R* are atiached to one another and together with the carbon atom to which they

are aitached form a cyclopropyl ring,

and

R™  represents hydrogen, methy! or triflucromethyl,

1 R represents  {{Up-Cylealkevd

cycloalkylimethyl,

{Co-Cyralkeenyl,

(Ci-Coyroveloalivl  or  [{0-Cyl-

where alkvl and alkenyl may be substituted up to three tumes and cycloslky! may be

substituied up to two times by fluonine

and

5 where in alkyl and cycloalkyl one CH, group may be replaced by -G- or -S-, with the

provigo that there are at least two carbon atoms between such 2 hefercatom and the wracil

N ~atOms,
and

the ring A vepresents an aza heterocyele of the formula

Ly e F%
& & &
Pt b i} i
¥y X 3 X R kN
s % & Y s S
: ; y Mﬁij X, f
RS.«"“ & &
- "“ . *
3 HO o HG N
£
"

in which ** depotes the point of attachment to the carbonyl group,
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6 represents hvdrogen, methyl trifluoronmethyl, hvdroxymethyl or ethyd,
R and R independently of one suother represent hydrogen, methyl or ethyl,
and
RY*  represents mathyl or athyl,

5 and their salis, solvaies and salvates of the salts.

In a further preferred embodinient, the present invention sncompasses compounds of the formula

{I} in which
r! represents methyl, dithuoromethyvl, twiflvorpmethyl or ethyvl,

R’ epresents methvl, othyl, apropvl, isopropyl or propargyl or represcots a group of the

0 formuls

® Ar % O WQHa
a2 .
4508 aB 94

i which * denotes the point of attachment to the CH group,
Ar repressnis phenvi or pyridyl,

where phenyl and pyridyl may be substituted by fluorine, chiorine, methyl or

15 msthoxy,

RY  represents hydrogen, fluorine or methyl,

R represents hydrogen, fluorine, methyl, hvdroxy or methoxy,
or

R* and R® are attached to one another and together with the carbon atom to which they

ol are stiached form a eyclopropyl ting,
and
R®  represents hydrogen, methyl or triflucromethyl,

B represents . {Co-U-atkyl,  (CoCoalkenyl, | (Ci-Cooyelnalkyl. o HOC)-

cycloaibvlimethyd,
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where alkyl and alkenyl may be substituted up to three times and cycloalkyl may be

substituted up to two Umes by fluorine
and

where in alkyl and cycloalkyl one CH, group may be replaced by -0 or -8, with the
5 proviso that there are at least two carbon atoms between such a beteroatom and the uracil

N'-atom,
and

the ring A represenis an aza heterocycle of the formula

A Hop ®a v
/ / /
N N 7N
4 /'/[ Lo
{ L }l )
5 S T
R o HO , HO
*¥
!.'
@
/, Is
He R
1y in which ** denotes the point of attachment to the carbonyl group,

I

R’ represents hydrogen, methyl, triffaoromethyl, hvdroxymethy! or ethyi,
% and R™ independently of one another represent hydrogen, methyl or gihyl,
and

R represents methy! or ethyl,

15 and their salts, solvates and solvates of the salts,

in a further preferred embodiment, the present invention encompasses compounds of the formmia

(B in which

R! represents methyl or trifluoromethyl,
R* represents methyl, ethyl, s-propyl or isopropy! or represents a group of the formula
*\7<A§”
44 5,48

20 RTR in which * denotes the point of attachment to the CH, group,
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and

Ar represents phenyt or pynidyl,

where phenyl and pyridyl may be substituted by fluorine, chlorine, methyl or

methoxy,
R™  represents hydrogen, fluorine or methyl,
R represents hydrogen, fluorine, methyl or methoxy,
or

R* and R* are attached to one another and together with the carbon atom fo which they

are attached form a cyclopropyl ring,

represents  (Cp-Cyialkyl,  {Cy-Cidalkenyl,  {Ci-Celoveloalkyl o [(C-Cy)-
cycloalkyiimethyl,

where alkyl and alkenyl may be substituied up to three times and cycloalkyl may be

substituted up to two times by fluorine
and

where in alkyl and cycloalkyl one CH, group may be replaced by -O- or -8-, with the
proviso that there are at least two carbon atoras between such a heteroatom and the uracil

N'-atom,

the ring A represenis an aza heterocycle of the formula

R R
.?( i
e P!t SENNECH
{ \ ¢ S o
) e O .
X ..“.....-"‘e. - ¥ Rm
R H (\\
M L4

in which ** denotes the point of attachment to the carbonyl group,
w’ represents hydrogen, methyl, trifluoromethy! or hydroxymethyl,
and

GA AF A >
R* and R®® each independently of one another represent hydrogen, methyl or ethyl,

and their salts, solvates and solvates of the salis.
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A particular embodiment of the present invention relates to compounds of the formula (1) in which
k! represents methyl or ethyl,
and their salts, solvates and solvates of the salis.

A further particudar embodiment of the present tavention relates to compounds of the fornuda (I

which
B! represents diffuoromethy! or tiftuoromethyl
amd their salts, sobvates and sodvates of the salts.

A further particular embodiment of the present invention relates (o compounds of the formula (3 in

which
R repesents methvl, ethyl or isopropyl,
and their salie, sulvates amd solvates of the salis,

A further particular embodiment of the present invention relates to compounds of the formuls (1) in

which
R? represents propargyl,
and their salts, solvaies and solvates of the salis.

A further particular embodiment of the present tnvention relates o compounds of the formula (1) in
which

R’ repreaents a group of the forowla

iy which * denotes the point of attachment to the UH, group,

Ar represents phenyl which tay be substituted by fluorine, chiorine, meathyl or

msthoxy,
R represents hydrogen
and
K™ represents hydrogen, flunrine, methyl or methoxy,

and their salts, solvates and solvates of the salts,
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A further particelar embodiment of the pressnt invention relates to compeounds of the formuls (D in

which
R’ rapressnts & group of the formula
*XAE”
R it
in which * denotes the point of attachment o the CH, group,
§ Ar epresents phonyl which may be substitnied by Huorine, chloring, metind or
methoxy,

R represents hvdrogen or mathyl
and
R¥™  represents hydioxy,

10 and their salix, solvates and solvates of the salts.

A further panicular embodiment of the present fnvention relates to compounds of the formula (43 in

which
R represents a group of the formula
*XAF
R 7
m which * denotes the point of atiachment 1o the CH, group,
L5 Ar represents phenyl which may -be substituted by tluorine, chlorine, methyl or

methoxy,
and

A

AA 4R 5 B 8 . g Y
K™ and R each represent fhuorine or are stiached to one another and together with the

carbon atomn to which they are attached form acyvclopropyl nng,
26 and their salis, solvates and solvates of the salis.

A further particuiar cmbodiment of the present invention relates to compounds of the formula (D in

Which

R’ represents a groun of the formula
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in which * denotes the point of attachment to the CH, group,
Ar represents pyrigdyl
and
R and R both represent hydrogen,

and their salts, solvates and solvates of the salts,

A further particelar embodiment of the present invention relates to compounds of the formula (D in

which
R rapresents a group of the formula
*\\I/QWCHB
Réi’-\
in which * denotes the point of attuchment to the CH, groun
and

R™  reprecents hydrogen, methy! or trifluoromethyl,
and iheir salts, solvaies and solvates of the salts,

A further particular embodiment of the prosent invention relaies 1o compounids of the formula () in
which

R’ represents (Cr-Coalkyl, (C,-C-alkenyl or (Us-C)-oyslosikvl,
where alkyl and alkenyl may be substituted up to thees thmes by fHluorine
and

where in alkyl and cveloalkyl one CH, group may be replaced by -G- or -8-, with the
proviso that there are at least two carbon aloms between such 2 boteroatom and the uracil

Ni-atoum,
arnd their salts, solvates and solvates of the salts.
A further particular embodiment of the present invention relates to compounds of the formula (D in
which

3

R represonds 2,2, 2-riftucrocthyi or (rifluoromethonynoethyl,
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and their salts, solvates and solvates of the salts.

A further parlicolar embodiment of the present invention relates to compounds of the formula (8 in

which

the ring A represenis an axa heterocyele of the formula

in which ** denotes the point of attachonent o the carbonyl group,

and

R’ represents bydrogen, methyl, iriffuoromethyl, hydroxymethyvl or cthyl,
and their salts, solvates and solvates of the salts.

10 A further particular embodiment of the present invention relates to compounds of the formulda () in

which

the ring A represenis an aza heterocyele of the formula

Rk
/
.f"ww\ff{m
\ PR
Nl R
AN
O

in which ** denotes the point of attachment to the carbonyl group,
15 and
R* and R™ each independently of one another represent hydrogen, methyl or ethyl,
and their saits, solvates and solvates of the sahis,

In the context of the present invention, particular preference is given 1o compounds of the formula

{1} m which

20 R vepresents methyl, diffuoromethyl, trifluoromethyl or ethyl,
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B¢ represents methyl, ethyl, isopropyl or propargyl or represents a group of the formula

AT O—CH,

£ 3
7\ S8 Y 7
$4 48 A

H R R
m which * denotes the point of attackment o the CH; group,
Ar represents phenyl, 3-pyridyl or d-pyridyl,

N where phenyl may be substituted jn the meta- o7 para-position by fluorine or in the

artho-position by fluorine, chlorine or methyl,
4A . -
R represents hydrogen, fluorine or methyl,

i . .
2 represents hydrogen, fheorine, methyl, hydroxy or methoxy,

or
10 R* and R* are atiached to one another and together with the carbon atom to which they
are attached form a cyclopropyl ring,
and

R*  represents methyl or triflucromethyl,

R’ represents 2,2 2-triflnorocthyl, 3,3-diflnoroprop-2-en-1-yl, methoxyvmethyl,

15 {trifluoromethoxyimethyi or [(rifluoromethyDsuiphanylimethyl,
and

the ring A represents an aza heterocyele of the formula

o
L/
SN
Ny
T
12
L

in which ** denotes the point of attachieent to the carbonyl group
20 and

R represents hydrogen, methyl, trifiuoromethyl, hydroxymethyl or ethyl,
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and their salts, solvates and solvaies of the salts,

In s further particularly preferred embodiment, the present invention encompasses compounds of

the foromla (1) in which

R represents methyl, difluoromethyl, rifluoromethy or ethyl,
S represents methyl, ethyl, isopropyl or propargy! or represents a group of the formulda
% Ar
Koo

i which ¥ denotes the point of attachment to the CH, group,
Ar represents phenyl, 3-pyridyi or 4-pyridyl,

where phenyl may be sebstituted in the mera- or pere-position by fluorine or in the

oriho-position by fluorine, chlorine or methyl,
10 R*  represents hydrogen or fluorine,
R represents hydrogen, fluorine, reethyi, bydroxy or methoxy,
or

R* and R™ are attached to one another and togsther with the carbon atom to which they

are attached form a cyclopropyl ring,

[
(P4
z,

TEPressnts 2.2, 2-irifluoroethyl, 3, 3-diftuoroprop-2-en-1-v, methoxymethyl,

{(trifluoromethoxyimethyl or [{tnfluoromethyl}sulphanyljmethyl,
and

the ring A represends an aza heterocyele of the formula

: K i BE \N \"'{ !
R H—%{\

Cik . HO
250 in which ** denotes the point of attachment to the carbonyl group
and

R represents hydrogen, methyl, trifluoromethyl, hydroxymethyl or ethyl,
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and their sslts, solvates and solvates of the salts.

In a further particularly preforred embodiment, the present invention cucoropasses compounds of

the formula (4 in which

R represents raethyl,

R’ represents methyl, ethyl or isopropyl or represents a group of the formula
* Ar
N

i which * denotes the point of attachment to the CH, group,
Ar represents phenyi or 3-pyndyl,

whare phenyl may be substiuted in the ortho-position by fluorine, chloring or

methyl,

R*  represents hydrogen

R*® represents hvdrogen, methyl or methoxy,

R’ represents - 2.2 2niflworoethyl, - 3 3-difluoroprop-Z-en-tovl - methoxymethyl - or

Srifluoromethoxyimethyl,
and
the ring A represents an aza heteeocyele of the formula

SN

£

i
SN
v

R &
. &
- “S
£ 3 e >
& ;’JJ (\N ““““ ‘:
R N\
OH

in which ** denotes the point of atiachment to the carbonyi group
and
R represents hydrogen, methyl or bydrovvmethyl,

and thew salts, solvates and sobvates of the salts,
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The individual radical defimtions specified in the particular combinations or preferred
combinations of radicals are, independently of the particular combinations of the radicals specified,

also replaced as desired by radical definitions of other combinations.

Very particolar preference is given to combinations of two or more of the abovementioned

preferred ranges.

The fnvention further provides a process for preparing the compounds according to the invention of

the formula (I}, characterized in that either

[A-1]  acompound of the formoula (1)

{IH
in which R' and R* have the meanings given above

and

T’ represents {U-Cy)-aikyvl or benzyl,

is alkylated in the presence of a base with a compound of the formula (811}

Ranj -
‘ {3
in which R’ has the mesning given above
and
X! represents a leaving group, for example chlorine, bromine, iodine, mesviate, triflate

or tosylate,

to give a compound of the formula (TV)

TV}
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in which R', B?, 87 and 7' have the meanings given above,

then the ester radical T' is cleaved off and the carboxylic acid of the forroula (V) obtained

in this manner

QA e TR
/ A P
HO & N0
R )
X in which R', R® and B® have the meanings given above

is then coupled with activation of the carboxyl function with an amine of the formula (VI)

in which the ring A has the meaning given above
or —in a changed order of the above reaction steps

10 {A-2]  the compound of the formula (1

4y
in which R, R and T' have the meanings given above

is initially converted by cleavage of the ester radical T! into the carboxvlic acid of the
b ¥ 8 N

formuda (VI
R“E p
2 s, ”}L A
\;\.\_‘“m {\ﬁf g N =
H{.\f 3‘“”“&\{;\5@ \'}e

s H (VID
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. . 1 s 2 . .
in which R and R” have the meanings given above,

then coupled with activation of the carboxyl function with an amine of the formouia (V)

M
¢

N
(a)

\‘\M..-" (XIYI}

in which the ring A has the meaning given above

§ e give a compound of the foramda (VD
o
g S T
Ned?
DA
# N
~No, &

Mot (VD)
in which R, R? and the ring A have the meanings given above
and this is then alkylaied in the presence of a base with a corapound of the foroula (TID

BN
R X am

g in which R and X' have the meaning given above
or
B} initially an N protected compound of the formmuia (IX)
o O Tm
N NP &
; § P x.N» \\\E o J‘"\\\Q
*‘<\ iy ,L\ s N
ki e" — - [N P e 74
T ~‘-2" N o \{:} \ " R

in which B and T' have the meanings given sbove

Yt
194

and

A B v .
K™ and R’® independently of one another represent hydrogen or methoxy



is alkylated in the prescnce of a base with a compound of the formula (1)

3
R X am

. . 3 . . .
in which &' and X' have the meanings given above

to give a compound of the formula (X}

& 0 R
O \s;,;\ > ; BTG T
%‘: TN e
. Y E i\ ,]\ b
i =5 N*“ \"\f{t}. N \R_-"*"“
i
L
N ok
R ()

. . i 3 7 7 R .
in which R\, B, R™, R and T! have the meanings given above,

the N'-benzyl group and the ester radical T' are then cleaved off simnihiancously by
treatment with a strong Lewis acid such as aluminium tnichloride, the carboxylic acid of the

formula (X7} obtained in this manner

10
in which R' and R have the meanings given ahove,
is then coupled with activation of the carboxyl function with an amine of the fornala (VD)
H
?-"
NN
LA
\ /.4"-'
S R

inn which the ring A has the meaning given above

15 to give a compound of the formula (XD
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et (XIn

in which R', R’ and the ring A have the meanings given above

and the latter is then either reacted {(a) in the presence of a base with a compound of the

formula {XIIT)
Rz/\xz )
{(XII)
in which R* has the meaning given above
and
X represents a leaving group, for example chlorine, bromine, iodine, mesylate, triflate

or fosylate,

or {5} in the presence of a suitable phosphine and an azodicarboxylate with a compound of

the formula (XIV)

in which R” has the meaning given above,

and the compounds of the formula (I} prepared in this manner are optionally converted with the

appropriate (i) solvents and/or (i7} acids into their solvates, salts and/or solvates of the salts.

In the processes described above, it may optionally be required or advantageous to protect
temporarily a hydroxyl group present in the amine compound of the formula (V1) during the
coupling of this amine [reactions (V) + (V) — (I}, (VI + (VI} = (VI and (X1} + (VD) - (X11}}
and/or during the subsequent alkyviation reactions [{(VIE + (I} — ([} and (XID + XTI or (XIV)
~> {1} and only to deprotect again at the end of the reaction sequence. Suitable for this purpose are
customary hydroxyl-protective  groups such as  acetyl, pivaloyl, benzoyl, tert-butyl, 2-
{trimethylsilyDethyl, benzyl, triphenylmethyl, methoxymethyl, 2-{(trimethylsilyllethoxymethyi,
tetrabydropyran-2-vi, trimethylsilyl, triisopropylsiiyl or rers-butyldimethylsilyl. The hydroxyl-

protective group used is preferably acetyl.
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kt may also be expedient to block temporanly an amudic NH group present in the compound (Vi to
avoid selectivity problems in subsequent atkyiation reactions in the uracil moiety of the molecule
[see reactions (VIH} + () — (I and (X} + (XD or (XIVY — (I}, Sutiable for this purpose are
known amide protective groups such as allyl, Z-ftrimethvisilybethyl d-methoxvbenzyl, 2.4-

dimethoxybenzyl, methoxymethyl or benzyloxymethyl.

Intreduction and removal of the protective groups meniioned are carried out by generally
customary methods {see, for example, T.W. Greene and P.GM. Wuls, Protective (Groups in

Chvganic Svathesiz, Wiley, New York, 19691

Suitable inert solvents for the alkvlation reactions (1) + (I} — VYL (VD + (1) — (O, (0O +
(HIy =5 (X)) and Q4 + XU — () are in particular ethers such as dicthyi ether, diisopropyl ether,
reethyl fert-butyl ether, tetrabydrofuran, 1 4-dioxane, 1.2-dinethoxyethane or bis{2-methoxvyethyl)
ether, or polar aprotic solvents such as acetonitrile, butyroniivile, acetnne, methyl ethyl ketone,
ethyl  acetate, MNN-dimethylformamide (DMFE), NAN-dimethylacetamide (DMA),  dimethyl
sulphoxide {DMBQO), NN -dimethylpropylencurea (DMPU) or N-methylpyrrolidinone (NMP). [k is
also possible to use mixtwres of these solvents. Preference is given io using NN-

dimethylformarnide,

Suitable bases for these alkylation reactions are i particular customsary fnorganic bases. These
nelude alkali metal hydroxides such as lithium hydroxide, sodium hydroxide or potassium
hydroxide, alicali metal bicarbonates such as sodium bicarbonate or potassium bicarbonate, alkalt
nmetal carbonates such as lithivm carbonate, sodivm carbonate, potassium carbonale or caesium
carbonate, or alkall metal hydnides such as sodium hydride or potassium hydride. Preference is

given (o using caesivm carbonate.
The reactions mentioned are generally carried out in a temperature range of from +20°C 10 +100°C.

Cleavage of the ester group T’ in the process steps (IV) — (V) and (1D) ~» (V1) is carried out by
customary methods by treating the ester in an inert solvent with an aeid or a base, where in the
latter variant the salt, initially formed, of the carboxyhic acid is converted by subsequent treatment
with acid into the free carboxylic acid. In the case of the rerr-butyl esters, esier cleavage is
preferably carried out using an acid, Methyvl and ethyl ester are preferably cleaved using a base.
Alternatively, benzyl ester can also be cleaved by hydrogenation (hydrogenolysisy in the presence

of a suitable catalyst such as, for example, palladium on activated carbon.

Suitable inert solvents for these reactions are water and the organic solvenls customary for ester
cleavage. These include in particular alechols such as rocthanol, ethanol, a-propanc!, isopropancl,
n-butanol or rert-butanoel, ethers such as diethy! cther, tetrahvdrofuran, 1,4-dioxans or 1,2-
dimethoxyethane, or other solvents such as dichloromethane, scetonitrile, N M-dimethylformamide

ot dunethyl sulphoxide. It is equally possible to use mixtures of these solvents. In the case of a
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basic ester hydrolysis, preference s given (o using mixiures of water with tetrahydrofuran, |4~
dioxane, methanol and/or ethanol, In the case of the reaction with tnifluoroacetic acid, preference is
given {o using dichloromethane, and in the case of the reaction with hydrogen chloride 1,4-dioxane,

in each case under anbydrous conditions.

Suitable bases for a hydrolysis reaction are the customary inorganic bases. These include in
particular alkal: metal or alkaline carth wetal hydroxides, for example lithium hydroxide, sodium
hydroxide, potassivn hvdroxide or barium hydroxide, or alkall metal or alkaline ecarth metal
carbonates, such as sodium carbonate, potassiurn carbonate or caleium carbonaie. Preference is

given to using Hthivm hydroxide.

Suitable acids for the ester clegvage are generally sulphuric acid, hydrogen chloride/bydrochloric
acid, hydrogen bromide/hydrobromic acid, phosphoric acid, acetic acid, tniflucroacetic acid,
toluenesuiphonic acid, methanesulphonie acid or trifluoromsethanesulphonic acid, or mixtures
thergof, optionally with addition of water. Preference is given to using hydrogen chlonide or

irifluorcaceiic acid.

The ester cleavage is effected generally withun a temperature range of from -20°C to +160°C,

preferably at from §°C to +50°C.

The coupling reactions {V} + (VI — (I}, (VID} + (VI} — {(VHI} and (XL} + {(VI} — (X1} {amide
formation} can be carried owl with the aid of 2 condensing or activating agent, or via the

intermediate stage of the corresponding carboxylic actd chlorides

Suitable such condepsing or activating agenis are, for example, carbodiimides such as
N N-diethyl-, NN'-dipropyl-, ¥ N -disopropyl-, ¥ N-dieyclohexylearbodimmude (DCC) or N-{3-
dimethylarminopropyl-V-ethylcarbodiimide hydrochlonde (EDC), phosgene derivatives such as
N N-carbonyldiimidazole (CDI or ischutyl chloroformate, 1,2-oxazolium compounds such as 2
ethyl-5-phenyi-1,2-oxazoliurs  3-sulphate  or  Z-ters-butyl-S-methylisoxazolivm  perchlorate,
acylamine  compounds  such  as  Z-ethoxy-l-sthoxyearbonyi-1,2-dibydroguinoline, -
chloroenamines such as 1-chloro-Z-methyi-1-dimethylamino-1-propene, phosphorus compounds
such  as  propanephosphonic  aphvdride,  diethyl  cvanophosphonate,  bis{2-ox0-3-
olidinylyphosphoryl chloride, benzotriazol-1-yloxviris{dimethylaminojphosphonium
hexafluorophosphate or benzotriazol-1-yloxytris(pyrrohidine)phosphoniure  hexafluorophosphate

{PyBOP), or uronium compounds such as O-(benzotriazol-1-y1}-N, M N’ N'-tetramethyluronium

tetrafluoroborate {(TBTU}, O-(benzotriazol-1-y}-N,N, N’ N'tetramethyviuronium
hexatluorophosphate {(HBTU, 2-(2-ox0-1-(2H}y-pyridyl}-1,1,3,3-tetramethyluronium
etrafluoroborate {TPTU), O~{T-azabenzotriazol-1-vI}-N NN N'-tetramethyluroniom

hexafluorophosphate {(HATU) or O-{1H-6-chiorchenzotriazol-1-yi}-1,1,3,3-tetramethyluronium

tetrafluorchorate  (TCTU), optionally in combination with further auxiliaries such as 1-
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hydroxybenzotriazole {(HOBt) or N-hydroxysucciminude (HOBu), and alse as hase alkah metal
carbonaies, for oxarople sodium carbouate or potassium carbonate, or fortiaty amine bases such as
tricthylamine, N-methylmorpholine {NMM}, N-methyipiperidine {NMPY, NN

ditsopropyiethylaming, pyndine or 4-N N-dimethylanuvopyridine {DMAP). Preference is given to

1

§ using O-(T-azabenzotriazol-1-yD-N NV N N tetramethyluoronium hexafluorophosphate (HATU)Y in
combination with & M-diisopropylethylamineg, or N-{3-dimethylaminopropyl}-Nethyloarbodiimide

hyvdrochloride (FDC) in combination with 1-hydroxybenzotriazole (HOB and tristhylaming.

In the case in which the reaction is carmied out in two steps via the corresponding carboxylic acid
chiorides, coupling with the amine component {VI} is carried out in the presence of a customary
10 avaliary base such as sodium carbonate, potassium carbonate, tricthvlamine, MN-methylmorpholine
{(NMM}, N-methylpiperidine (NMP), N N-diisopropylethylamine, pyridine, 2,6-dimethyipyridine,
4-N N-dimethylarninopyridine {DMAP), 1 &-diazabicyclofS 4.0%undec-7-ene (DB or 13-
diazabicycio[4.3.Glnon-5-cne (DBNY; preference is given o using N N-disopropylethvlamine. For
their part, the carboxylic acid chlorides are prepared in & customary manner hy treating the
15 carboxylic acid {V), (VI or (X} with thuony! chloride or oxaly! chloride in an inert solvent such

as dichloromethane.

Inert solvends for the coupling reactions mentioned are, for example, ethers such as diethyl ether,
ditsopropyt ether, methyl ferr-butyl ether, tetrahydrofuran, 1.4-dioxane, 1,2-dimethoxyethane or
bis(2-methoxyethyly ether, hydrocarbons such as benzene, toluene, xylene, pentane, hexane or
20 cyclohexane, halogenated hydrocarbons such as dichloromethane, irichloromethane, carbon
tetrachloride, 1.2-dichloroethane, trichlorcethyiene or chlorobenzene, or polar aprotic solvents such
as aceione, methyl ethyl ketone, acetonitrile, butyroniinile, ethyl acetate, pyridine, dimoethyi
suiphoxide (DMBO), N V-dimethyliomamide (DMF}, NNV -dimethylpropyleneurea (DMPU} or M-

methyipyrrolidinone (NMP). It is also possible to use mixtures of such solvents. Preference is given

[
“

to using dichioromethane, tetrahydrofuran, N V-dimethylformamide or mixtures of these solvents.

The couplings are generaily carmed out within 2 femperature range of from -206°C 1o +60°C,

preterably at from 0°C to +40°C.

Simultaneous removal of the N-benzyl proteciive groap and the ester radical T' in process step {(X)
— (X1} is expediently carried out by treating (X} with a strong Lewis acid sach as, in particular,
3y excess alumindum trichloride, in an inert solvent such as toluene, xvlene or chlorobenzene in a
temperature range of from +20°C to +120°C, preferably in a temperature range of from +40°C to

+TC.

The reaction (X} + (XIV} — (1) is carried out under the customary conditions of a Mitsunobu

reaction i the pressnce of triphenylphosphine and an azodicarboxylate such as diethyl

(%)
Ch

azodicarboxylate (DEAD) or dusopropyl azodicarboxylate (DIAID) [see, for example, D. L.
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Hughes, Ovp. Reactions 42335 (1892); B L. Hughes, Orp. Frep. Proced. et 2880, 127 (199631

The preferred inart solvent used for this reaction 18 tetrabyvdrofuran.

The process steps described above can be carried out at stmosphberie, elovated or reduced pressure
{(fir example in the range from 0.5 o 5 bark in genersh the reactions are each carried ot at

stmospheric pressurg.

Compounds of the formula (1) in which B’ represents methyl or ethyl can be prepared by reacting

3 sompound of the formuia (XV)

XV}
in which T’ has the meaning given above,

R'Y™  represents methyl or ethyl

sud

T represents methyvl or sthyl

in the presence of a hase sither (o) initially with a phosgene equivaient such as NAS

carbonyvidimmidarole and then with an amine of the formula (XY

R
NH, (XVhH

in which R has the meaning given above,
o {3} with an isocyanate of the formula (XVID

o

in which R” has the meaning given above,

to give a compound of the frmula (X VHD
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(XKW1
. . A 2 2 B It s ; abr
inwhich R'* R?, T' and T° have the meanings given above

and then oyelizing this by treatment with a base to give the compound of the formula (1A}

Q) NPt S TN n?
i '
o3 £ PR
Thl3 w7 Yo
H

(11-A)

. . 1A i 3 3 . :
int which R'%, R” and T have the meanings given above,

fnert solvents for the conversion of the aminothiophene (XV) info the urea derivative (XVIID with
the aid of N N"-carbonyldiimidazole and the amine (XV1) or using the isocyanate (XVID are, for
exarnple, ethers such as diethyl ether, diisopropy! ether, methyl rere-butyl ether, tetrahydrofuran,
1,4-dioxane, 1,2-dimethoxysthane or his{Z-methoxnyethyl} ether, hydrocarbons such as benzene,
oluene, xvlens, pentane, hexane or covclohexane, halogenated hydrocarbons such  as
dichloromethane, trichloromethane, carbon tetrachloride, 1,2-dichloroethane, trichloroethylene or
chlorobenzene., or polar aprotic solvents such as acetone, methyl ethyl ketone, acetoniirile,
butyronitrile, cthyl acetate, pyridine, dimethyl sulphoxide (DMSO), N N-dimethylformamide
(DME)}, N N-dunethylacetamide (DMA), N AN-duonethyipropyiencurea (DMPUY or M-
methylpyrrolidinone (NMP). 1t is also possible to use mixtures of these solvents. Preference is

given to using dichloromethane or tetrahydrofuran.

Preferred auxiliary bases used for these reactions are forfiary amine bases such as iriethyvlamine, N-
methylmorpholine (NMM), N-methyipiperidinve (NMP), ¥ N-diisopropylethylamine, pyridine or 4-

N N-dimethylaminopyridine (DMAPY; preference 1s given to triethylamine,

As alternative phosgene equivalents, in addition to N N-carbonvidiimidazole, trichloromethyl
chlorcformate ("diphosgene™), bis{trichloromethyl) carbonate ("iriphosgene”) or similar reagents

may be considered.
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The reactions are gencrally carried out in a temperatore range frora 0°C to +10067C, preferably at

from +20°C 1o +60°C.

The base-induced cyclization reaction { XV -+ (A} is preferably carried out with the aid of an

alicali metal alkoxide such as sodivm methoxide or potassium methoxide, sodium ethoxide or

4y

potassium ethoxide or sodium rert-hutoxide or potassiom sert-butoxide in the alcohol in guestion as
solvent or with the aid of an alkali metal hydride such as sodium hydride or potassium hyvdride in
tetrahydrofuran or N A-dimethylformamide as inert solvent; preference is given o using sodium
cthoxide in ethanol. The reaction is generally carried out in a femperature range of from °C to
+1007C, praferably at from +20°C 1o +60°C [for the synthesis sequence {XV) — (XVHD — (11-A)
1 generally cf., for example, aiso the processes described in EP 1 847 541-Al for preparing other

thienouraci] derivatives).

For their part, the compounds of the formula {XV} can be obtained by a route known from the
. . ” u . . . . ~ 1A
literature via the 3-component reaction of an acetoacetic acid or f-ketovaleric acid ester (for R =
methyl or ethyl} using a o-cyancacetic ester and clemental sulphwr {Gewald reaction; see, for

therein].

Compounds of the formula (I} in which R’ represents hydrogen can be prepared by converting a

compound of the frmula {(XIX)

O
|
/L NTOR
,.ri\\hr
o s;% R

{(XIX3
. . 2 . . p
20 in which RB” has the meaning given above,

with a mixture of phosphorus oxyehloride and N N-dimethyiformamide into a compound of the

tormula {XX}

(XX}

- N ™2 B .
i which R” has the meaning given above,
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N B

and then condensing this in the presence of a base with an g-mercaptoacetic ester of the formula

.04}

i ; | \%t i
in which T' has the meaning given above
to give the compound of the formula (1B}
3

H s
5y M
0 3 g e .«fA\
N 4T N
]

N0
H (11-B)

. . 2 t . .
in which R and T have the meanings given above.

The conversion of the barbiturie acid derivative (XIX) nto the é~chloro-5-formylpyrimidinedione
(XX} is carried out via 3 regioselective Vilsmaier-Haack reaction by treating {XIX) with a pre-
formed muxture of phosphorus oxychioride and ¥ N-dimethylformamide which is used in a large
excess and simnultaneously alse serves as solvent [of,, for example, K. Tanaka et ol Chem. Pharm.
Bull 35 €4}, 1397-1404 (1987}]. The reaction is carried out in a temperature range of from +206°C

io +1207C.

Bases suitable for the subsequent condensation reaction (XX} + (XX -» (II-B} are in particular
alkali metal carbonates such as bithium carbonate, sodium carbonats, potassium carbonate or
caesivm carbonate, alkall metal altkoxides such as sodium methoxide or potassivm methoxide,
sodium ethoxide or potassium ethoxide or sodium rert-butoxide or potassium reri-butoxide, or

alkalt metal hydrides such as sodinm hydride or potassiom hydride; sodium carbonate or potassium

carbonate are preferably used [cf also XK. Hirota ef af., J. Heterocvel, Chem. 27 {33, 717-721

{19901

The reaction is preferably carried out in an alcoholic solvent such as methanol, ethanol, isopropanct
or feri-butanol, or in an inert polar-aprotic soivent such as N N-dimethytHormamide (DME), NN
dimethylpropyleneurea (DMPU) or MN-methyipyrrolidinone (NMP), in a temperature range of from
+26°C to +150°C, and it has been found to be advantagecus fo carry out the reaction under

microwave irradiation. The solvent used is preferably ethanol.



W 2015/052063 - 38 - POT/EPIGN4/071113

For their part, the compounds of the formula (XIX) can be prepared by a customary process by

base-induced condensation of a malonic ester of the formula (XX11)

%"“G\TE,/‘\\H/O“T

o 0 (XKD

3

in which

L

T represents methyl or ethyl

with a urea derivative of the fornula (3OO

) PN

H,N N R
H
(XX

in which R* has the meaning given above.

10 The condensation (XXIT) + (XX — (XIX) is usually carried out with the aid of an alkali metal
alkoxide such as sodium methoxide or potassivm methoxide, sodium ethoxide or potassium
ethoxide or sodium tert-butoxide or potassivm ferr-butoxide in the aleohol in guestion as solvent or
with the aid of ao alkali metal hydride such as sodium hydride or potassium hydride in
tetrahydrofiran or N N-dimethylformamide as inert solvent; preference is given to using sodium

15 ethoxide in ethanol The reaction is generally carried out in a temperature range of from +20°C to

+100°C.

Using the process described above (for R' = methyl, ethy! or hydrogen), it is not possible to obtain
compounds of the formula (IT} in which R' represents diflucromethyl or trifluoromethyl, or only in
low yields {< 10%). Accordingly, the present invention furthermore provides a novel process for

20 preparing compounds of the formula (1-:C)

H-C)
in which R” has the meaning given above,

iF . .
R represents difluoromethyl or trifluoromethyl
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and
1! represents (Ch-Cy-alkyl or benzyl,

characterized in that a compound of the formula (XIX)

O
s JJ\\ ; ‘r;'\"\,\’ &
7 ?:j o g8
o _‘;':S'f Mg g9 fé%\\

aa® o

rZ

{XIX3
in which R” has the meaning given abeove,

is converted with phosphorus oxvehloride into a compound of the formula (XXTV)

H OINTV)
in which B” has the meaning given above,

then in the presence of excess pyridine is reacted with an anhydride of the formula (XXV)

in which R has the meaning given above

to give a betaine compound of the formula (XXVT

XXV

. . s 2 o . |
in which R and B* have the meanings given above

PCT/EPIO14/6711183
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and these are then condensed it the presence of a base with an o-mercapiaacetic ester of the

formula (XX

T Lo 3 SH {XX1}

. . { . .
i which T° has the meaning given above
{0 give the compound (H-C}

The conversion of the barbituric acid derivative (XIX) inlo the d-chloropyrimidinedions (XXIVY is
carried out with the aid of excess phosphorus oxyehlaride i an agueous alcohol such as methanol

or ethanol as solvent in a teroperature range of from 0°C to +100°C.

Subseguent conversion indo the pyridinium enolate betaine XXV is carried out analogously o a
method described in the Hiorature for the synthesis of 3-substituted chromone derivatives [1 Yokoe
{XXIV) in the presence of a relatively large excess of pyridine (about ten-fold) with the anhvdnide
{(XXV3. The reaction is generally carvied out in a temperature range of from 0°C to +40°C, and the

inert sobverd used is preferably acetonitrile,

Finally, the condensation of the betaing {(XXV1} with the mercapioacetic ester {XX1} 1o give the
target compound (1I-C) is carried out in a manner analogous 1o that described above for the reaction
(XX} + (XX — (Q1-B), and here, oo, it is advantageous to carry out the reaction under microwave

uradiation.

The intermediates of the formula (IX) from process [B], which are protected temporarily at the
sracil W’ ators, can be obtsined in an analogous masner with the aid of the reaction sequences
described above by emploving, instead of the compounds (VT (XVID or (XD, the

corresponding benxyl derivatives, for example compounds of the formula (XX VID or OOV

7a

R

AN, HNT N Ry
U Y
R7A \:\;,.f’ 2

(XXVID) OOV,

. . T4 7R . . ;
inwhich R and R'° have the meanings given above.

Compounds of the forreula (IV) in which R’ represents difluoromethyl can also be obtained by

initially preparing, starting with 2 compound of the formola (TV-A)
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a (V-4
in which R”, R and T' have the meanings given above,

by treatment with Nbromoseecininude (NBS) in the presence of catalytic 2,2-azobis{2-

methyipropionitrile} {AIBN), the bromomethy compound {XXIX)

7 SR R
S W
Thed 57 v Ny
RS
5 (XXEX)

. - y k] « .
in which R°, B' and T' have the meanings given above,
then oxidizing this by known methods 1o the formyl compound {(XXX)

58,

Pk NA

\Rm
i G

N O

L

R (XX

RE

s . 2 4 H - -
in which R°, R” and T have the meanings given above,

1¢ and then fuorinating to give the difluoromethyl compound (TV-B)

(vV-8;
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in which R*, R” and T" have the meanings given above.

The oxidation in reaction step XXIX) — (XXX} iz preferably carried owt with the aid of M-
methyimorpholine Noxide (NMGO)} in the presence of molecular sieve [cf, for example, D R
Levine et af., J. Am. Chem. Soc. 2814, 136 (19}, 7132-7139]. The reaction 18 generally carried out
in a temperature range of from -207C to +25°C I an inert solvent such as, for sxample,

acetonitrile,

Suitable for the deoxylluorination v process step (XXX} - (IV-B) are known agents such as
diethviaminosulphur triffuoride {DAST), mompholinosulphur trifiucride (Morpho-DAST) or bis(2-
methoxyethyljaminosulphur trifluoride (Deoxo-Fluor™. The reaction is usually carried out in a
temperature range of from -10°C fo +253°C in an ivert solvent such as, for exampie,

dichloromethane or tetrahydrofuran.

Compounds of the formula (IV) in which R’ represents fluororethyl, ie. compounds of the

formuda (IV-CY

(V-

in which R*, R and T" have the meanings given above,

AgN

can be prepared in a simple manoer by a substitution reaction of the bromomethyl compound
{(XXIX) described above with 3 fluoride such as, for example potassium fluonde, caesium fluoride
or fetra-n-butylammonium fluoride (TBAY). The reaction is generally carried oot in a temperature
range of from 0°C to +60°C in an inert solvent such as acctone, aceioniirile, A N-

dirnethylformamide (BMF) or tetrahvdrofuran or mixtures thereof.

Compounds of the formula (IV) in which R’ represents T-fluoromethyl, ie. compounds of the

formula (IV-D}

(V-3
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in which R°, B" and T' have the meanings given above
can be obiained by converting the formyl compound (XXX} described above with

methylmagnesivm brogude under customary conditions at about 0°C into the 1-hydroxyethyl

compound (XXX

{(XXXH
. s 2 4 . .
in which R, R” and T' have the meanings given above

and then treating this in a manner analogous o that described above for the vansformation (XXX)
- {IV-B} with a floorinating agent such as diethylaminosulphur tnifluoride {BAST) or bis(2-

sethoxyethyDaminosuiphur wiflucride (Deoxo-Fluor®).

The intermediates of the formulae (IV-B), (V) and (V-3 which can be obiained in this manner
are then converted further according to the reaction sequence (V) — (VY and (V) + (VD) — ([}
described above under [A-1] into the corresponding compounds of the formula (1) according to the

nveniion.

An alternative process for the preparation of compounds of the formula (V-A)

’Q\\\; f;» i"f :.N/\Rz
& i
,‘1‘ Y ) £ , /&
HO &7 W O
g

(V-A}
in which B and R have the meanings given above

and

R'* represents methyl or ethyl

consisis in inttially converting a compound of the formula (XXX
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{XKXE)
in which R'* has the meaning given above
and
T represenis methyl or sthyl

3 analogously to the reaction seguence (XV) — (XVIH} — (H-A) and (1) — IV} described above
into a compound of the formula GOXKI

&
g”w& \\\ N »"‘{\'\Q" @

e

R COCKIT
in which R™, R? and R have the meanings given above,

then formylating these with 2 mixture of ¥ N -dimethyiformamide and phosphorus oxyehloride i

10 give a compound of the formula OGIV)

{(XXKIV)
in which R', R? and R® have the meanings given above,
and finally oxidizing to the carboxyl compound of the formula (V-Al.

The transformation (XXXHD - XIXXIVY is carried out ender the cusiomary conditions of a
i35 Vilsmaier-Haack reaction using a mixture of N N-dimethylformaumide and phosphorus oxyehioride
which is emploved in a large excess and simaltancously also serves as solvent. The reaction is

generally carried out in a teraperature range of from 0°C o +120°C,
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The oxidizing agent used for the transformation {XXXIVY > {V-A) is preferably sodim chiorite
in the presence of hydrogenphosphate-buffered sulfaminic acid fef, for example, WO
2008/115912-A1, Example 2; M. O. Anderson ef of., J Med Chem. 2812, 55 {12}, 5942-59501.
The reaction is usually carried out in 3 temperature range of from -10°C to +20°C in a mixture of

water with scetone or 1,4-dioxane as inert solvent.

The compounds of the formulae (HI), {VD), (XL, (XIV), (XVD, (XVID, (XX}, GO, I,
{XXV), (XVH), XXV and (XXX} are sither corpmercially available or described as such in
the literature, or they can be prepared from other commersially available compounds by methods
familiar to the person skilled in the art and keown from the literature. Numerous detailed
procedures and further liersture references can also be found in the Experimental Part, n the

section on the preparation of the starting compounds and intermediates.

The preparation of the compounds according to the invention can be fustrated by the following

reaction schemes:

Scheme {
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Scheme 4
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The compounds according to the invention have valuable pharmacclogical properties and can bhe

used for prevention and treatment of diseases in humans and animals.

The compounds according to the invention are potent and seleciive aniagonists of the adenosine
AZb receptor and are therefore suitable In particular for the treatment and/or prevention of
disorders and pathological processes, especially those where the AZb recepior ts involved in the

course of an inflammatory event and/or tissue or vessel reconstruction.

In the condexi of the present invention, these include in particular disorders such as the group of the
interstitial idiopathic preumonias which includes idiopathic pulmonary fibrosis {IPF), acute
fnferstitial preumorda, nou-specific terstitial poeurnonias, lymphowd interstitial pneumonias,
respiratory  bromchiohiis with interstiial lung disease, cryptogenic orgamizing pneumonias,
desquamative interstitial ppeumonias and pon~classifiable idiopathic interstitial pnecumonias,
furthermore granuiomatous interstitial lung diseases, interstitial lung diseases of known actiology
and other interstitial lung discases of unknown acticlogy, pulmonary arterial hypertension (PAH)
and other forms of pulmonary hypertension (FH), bronchiolitis obliterans syndrome (BOS),
chromic-obstructive pulmonary disease {COPDY), acuie respiratory distroes syndrome {ARDS), acute
tang injury (ALY, alpha-1-antitrypsin deticiency {AATD), pulmonary emphysema {(for example
pulmonary emphysema foduced by cigarette smoke), cystic fibrosis {CF), inflammatory and
fibrotic disorders of the kidney, chrome miestingl inflammations {IBD, Crobn's disease, ulcerative
colitis}, peritonitis, peritoneal fibrosis, rheumatoid disorders, multiple sclerosis, inflammatory and

fibrotic skin disorders, sickie cell anasmia and inflammatory and {ibrotic eye disorders.

The compounds according to the invention can addittonally be used for treatment and/or prevention
of asthmatic disorders of varving severity with intermittent or persistent characteristics (refractive
asthina, bronchial asthma, allergic asthma, intrinsic asthma, exirinsic asthma, medicament- or dust-
induced asthma), of wvarious forms of bronchifis {chronic bronchitis, mfectious bronchitis,
eosinophilic bronchitis), of bronchiectasis, pneumonia, {armer’s lung and related disorders, coughs

and colds {chronic inflanumatory cough, iatrogenic cough), inflammation of the nasal nuicosa

{including medicament-related rhinitis, vasomotoric rhinitis and scasonal allergic rhinitis, for

example hay fever) and of polyps.

In addition, the compounds according to the invention can he used for the treatment and/or
prevention of cardiovascular disorders such as, for example, high blood pressure (hypertension},
heart failure, coronary heart disease, stable and onstable angina peclonis, renal hypertension,
peripheral and cardiac vascular disorders, arrhythmias, atrial and veniricolar arrhythouas and
mmpaired conduction such as, for example, atrioventricular blocks degrees L-HI, supraventricular
tachyvarrhythmia, airial fibrillation, atrial flutter, ventricular fibrillation, ventricular flutter,
ventricular tachyarrhythmia, Torsade de pointes tachycardia, atrial and ventricular extrasystoles,

AV-junctional exirasystoles, sick sinus symdrome, syncopes, AV-podal re-eniry tachyeardia,
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Wolff-Parkinson-White syndrome, acote coronary syndrome (ACS), autoimmune cardiac disorders
{pericarditis, endocarditis, wvalvolitis, aortifis, cardiomyopathigs), boxer cardioravopathy,
angurysms, shoek aich as cardiogenic shock, septic shock and ansphylactic shock, furthermore for
the treatment and/or prophylaxis of thromboembolic disorders and 1schaemias such as myocardial
ischacmia, myocardial infarction, sircke, cardiac hypertrophy, transient and ischaemic aitacks,
precclampsia, inflammatory cardiovascular disorders, spasms of the corovary arteries and
peripheral arteries, ocdoma formation such as, for example, pulmanary oedema, cerebral oedermna,
renal oedema or oedema caused by heart failure, peripherai circulatory disturbances, reperfusion
damage, arterial and venous throwboses, microalbuminuria, myocardial insufficiency, endothelial
dysfunction, micre- und macrovascular damage {vasculitisg, and also to prevent restenoses, for
example after thrombolysis therapies, percutangous transluminal angioplasties (PTA}, percatasecus

transiuminal coronary angioplasties {PTCA}, heart transplants and bypass operations,

In the context of the present nvention, the term "heart fatlure” encompasses both scute and chronic
forms of heart failure, and also specific or related discase iypes thereof, such as acute
decompensated heart failure, right heart failure, left heart failure, global failure, ischasmic
cardiomyopathy,  dilated  cardiomyopathy,  bhypertrophic  cardiomyopathy,  idiopathic
cardiomyopathy, congenital heart defects, heart valve defects, heart failure associated with heart
valve defocts, mitral valve stenosts, mitral valve insufficiency, aortic valve stenosis, aoriic valve
msutficiency, tricuspid valve sienosis, tricuspid valve insufficiency, pulmonary valve stenosis,
pulmonary  valve Josufficiency, combined heart valve defects, myocardial inflammation

e

{myocarditis}, chropie myocardiils, acute myocarditis, viral myoecarditis, diabetic heart failurs

X

aleoholic cardiomyopathy, cardiac storage disorders and diastolic and sysiolic heart failure.

The compounds according to the invention are also suitable for the ireatment and/or prevention of
renal disorders, in particular renal nsufficiency and kidney failure, In the context of the present

i1

mvention, the terms "renal msufficiency™ and "kidoney fatlure” cncompass both acute and chronic
manifestations thereof and alse underlving or related renal disorders such as venal hypoperfusion,
intradialytic hypotension, obstructive uropathy, glomerolopathies, glomerolonephritis, acute
glomernidonephritis, glomerulosclerasis, tubulointerstitial discases, nephropathic disorders such as
primary and congenital kidney disease, nephritis, ynnunological kidney disorders such as kidney
transplant rejection and immunocomplex-induced kidney disorders, nephropathy induced by toxic
substances, nephropathy induced by contrast agents, diabetic and now-diabetic nephropathy,
pyelmephritis, renal cysts, nephrosclerosis, hypertensive neplyosclerosis and nephrotic syndrosme
which cap be characienized dingnosticaily, for example by abnormally reduced creatinine and/or
water excretion, abnormally elevated blood concentrations of ures, nitrogen, potassivm and/or

creatinine, altered activity of renal enzymes, for example glutamyl synthetase, aliered urine

osmolarity or urine volume, elevated microalbumineria, macroalbuminuria, lesions on glomeruiae

andl arterioles, tubular dilatation, hyperphosphatacmia and/or need for dialysis. The present
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1e to the invention {or the treatment

wnpvention also comprises the use of the compounds accor
and/or prevention of sequelae of renal msufficiency, for example hypertension, pulmonary oedema,
heart failore, wraemia, anaemia, electrolyte  disturbances (for example hyperkalaemia,

hyponatracmia} and disturbances in bone and carbohydrate metabolism,

In addition, the compounds according to the invention are suitable for the treatment and/or
wreventicn of disorders of the urogeniial systern such as, for example, benign prostate syndrome
{BPS), benign prostate hyperplasia (BPH), bepign prostate enlargement {BPE), bladder ouilet
obstraction (BOO), lower urinary tract syndrorees (LTS}, nourogenic overactive bladder {OAR)
and {10}, incontinence such as, for example, mixed urinary incontinence, wrge urinary
ineontinence, stress urinary incontinenece or overflow urinary incontinence (MU, UUYL SUL OUD,

pelvic pain, and also erectile dvsfunction and female sexual dysfunction.

in addition, the compounds according fo the invention have astiinflaramatory action and can
therefore be used as antiinflammatory agents for treatment and/or prevention of sepsis {(SIRS),
multiple organ failwre (MODS, MOF), inflammatory disorders of the kidney, chronic intestinal
inflaramations (IBD, Crohn's disease, ulcerative colitis), pancreatitis, perilonitis, cysiitis, urethrits,
prostatitis, epidimytitis, oophoritis, salpingitis, valvovaginitis, theumatord disorders, inflammatory
disorders of the central nervous sysiern, multiple sclerasis, inflammatory skin disorders and

inflammatory eve disorders.

Furthermore, the compounds according to the fnvention are suitable for treatment and/or prevention
of fibrotic disorders of the internal organs, for example the hung, the heart, the kidney, the bone
marrow and in particular the liver, and also dermatological fibroses and fibrotic eve disorders. In
the context of the present invention, the term "fibrotic disorders” includes in particular disorders
such as hepatic fibrosis, cirrhosis of the biver, pulmonary fibrosis, endomyvocardial fibrosis,
nephropathy, glomerulonephritis, interstitisl renal fibrosis, fibrotic damage resuiting from diabetes,
bone marrow fibrosis, peritoneal fibrosis and similar fibrotie disorders, scleroderma, morphoea,
kelotds, hypertrophic scarring, naevi, diabetic retinopathy, proliferative vitroretinopathy and
disorders of the connective tissue (for example sarcoidosis). The compounds according to the
imvention can also be used for promoting wound healing, for controlling postoperative scarring, for

example as a result of glaucoma operations and cosmetically for ageing or keratinized skin.

The compounds according to the invention can also be cmploved for the treatment and/or
g v

prevention of anaemias such as haemolytic anaemias, in particular haemoglobinopathies such as

sickle cell anaemia and thalassaemias, megaloblastic anaenuas, iron deficiency anaemias, anacmias

owing to acute blood loss, displacement anaemias and aplastic anaemias.
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Moreover, the compounds according to the mvention are suitable for the treatment of cancers such
as, for example, skin cancer, brain timours, breast cancer, bone marrow tumours, leukaemias,
liposarcomas, carcinomas of the gastrointestinal tract, of the liver, the pancresas, the lung, the
kidney, the urcter, the prostate and the genital tract and also of malignant tumours of the

ymphoproliferative system, for example Hodgkin- and Non-Hodgkin-lymphoma.

in addition, the compounds according to the invention can be used for the treatment and/or
prevention  of  arteriosclerosis,  impaired  lipid  metabolism  and  dyslipidaemiag
{(hypolipoproteinacmia, hypeririglvceridaemias, hyperlipidacmia, combined hyperlipidaemias,
hypercholesterolacmia, abetalipoproteinaemia, sifosterolaemia), xanthomatosis, Tangier disease,
adiposity, obesity, metabolic disorders {metabolic syndrome, hyperglveaemia, insulin-dependent
diabetes, non-insalin-dependent diabetes, gestation diabetes, hyperinsalinaemia, insulin resistence,
glucose intolerance and dizbetic sequelae, such as retinopathy, nephropathy and neuropathy), of
disorders of the gastroimtestinal tract and the abdomen (glossitis, gingivitls, periodontitis,
oesophagitis, eosinophilic gastroenteritis, mastocytosis, Crohn’s discase, colitls, proctitis, anus
pruritis, diarrhoea, cocliac disease, hepatitis, hepatic fibrosis, cirrhosis of the liver, pancreatitis and
cholecystitis}, of disorders of the central nervous systera and neurodegenerative disorders {(stroke,
Alzheimer's disease, Parkinson’s disease, dementia, epilepsy, depressions, multiple sclerosis),
immune disorders, thyroid disorders (hyperthyreosis), skin disorders (psoriasis, acne, eczema,
neurodermitis, various forms of dermatitls, such as, for example, dermatitis abacribus, actinic
dermatitis, allergic dermatitis, ammonia dermatitis, facticial dermatitis, autogenic dermatitis, atopic
dermatitis, dermatitis calorica, dermatitis combustionis, dermatitis congelationis, dermatitis
cosmetica, dermatitis escharotica, exfoliative dermatitis, dermatitis gangraenose, stasis dermatitis,
dermatitis herpetiformis, lichenoid dermatitis, dermatitis linearis, dermatitis maligna, medicinal
eruption dermatitis, dermatitis palmaris and plandaris, parasitic dermatitis, photoallergic contact
dermatitis, phototoxic dermatitis, dermatitis pustularis, schorrhoeic dermatitis, sunburn, toxic
dermatitis, Meleney's ulcer, dermatitis veneata, infectious denmatitis, pyrogenic dermatitis and
pertoral dermatitis, and also keratitis, bullosis, vasculitis, cellulitis, paouiculitis, lupus
eryihernatosus, orvthema, lvmphomas, skin cancer, Sweet syndrome, Weber-Christian syndrome,
scar formation, wart formation, chifblains}, of inflammatory eye diseases (saccoidosis, blepharitis,
conjunctivitis, iritis, uveitis, chorioiditis, ophthalmitis), viral diseases {caused by influenza, adeno
and corona viruses, such as, for example, HPV, HCMV, HIV, SARS), of disorders of the skeletal
hone and the joints and also the skeletal muscle {multifarious forms of arthritis, such as, for
example, arthritis alcaptonmurica, arthritis ankyviosans, arthritis dysenterica, arthritis exsudativa,
arthritis fungosa, arthritis gonorrhoica, arthritis mutilans, arthritis psoriatics, arthritis purulenta,
arthritis rheumatica, artbrifis serosa, arthritis syphilitica, arthritis tuberculosa, arthritis uvrica,
arthritis villonodularis pigmentosa, atypical arthritis, haemophilic arthritis, juvenile chronic
arthritis, rheurnatoid arthritis and metastatic arthritis, furthermore Stll syndrome, Felty syndrome,

Sjdrgen syndrome, Clutton syndrome, Poncet syndrome, Poit syndrome and Reiter syndrome,
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muoltifarious forms of arthropathies, such as, for example, arthropathia deformans, arthropathia
neuropathuca, arthropathia ovaripriva, arthropathia psonatica and arthropathia tabica, sysienuc
sclerpses, multifarious forms of inflammatory myopathies, such as, for example, myopathie
epidemica, myopathie fibrosa, myvopathie myoglobinurica, myopathie ossificans, myopathie
osstficans neurotica, myopathie ossificans progressiva multiplex, myopathic purulenta, myopathie
rheumatica, myopatize trichinosa, nryopathie tropica and myopathie typhoss, and also the Giinther
syndrome and the Milnchmever syndrome), of m{lammatory changes of the arteries {omitifarious
forms of anteriiis, such as, for example, endadentis, mesarterifts, periartenitis, panarteritis, artertiis
rheumatica, arteritis deformans, arferitis temporalis, arteritia cranialis, arteritis gigantocellularis and
arteritis granulomatess, and also Horton syndrome, Churg-Stravss syndromwe and Takayasu
arteritis}, of Muckle-Well syndrome, of Kikuchi disease, of polvchondritis, dermatosclerosis and
alse other disorders baving an inflammatory or immunological component, such as, for example,
cataract, cachexia, osteoporosis, gout, incontinence, lepra, Sezary syndrome and parancoplastic
syndrome, for reiection reactions afier organ transplants and for wound healing and angiogenesis in

particular in the case of chronic wounds,

Owing to their property profile, the compounds according to the nvention are particularly suitable
for the treatment and/or prevention of inferstitial lung diseases, especially idiopathic pulmonary
{ibrosis {IPF}, and also of pulmonary hypertension (PH}, bronchiolitis obliterans syndrome (BOS),

chronic obstructive pulrponary disease {COPD), asthma, cystic fibrosis (CF), myocardial infarction,

heart fature and hacmoglobinopathiss, in particelar sickle ceil anemia.

The above-mentioned, well-characterized diseases in humans can also ocowr with a comparable
aetiology in other manumals and can likewise be treated there with the compounds of the present

invention.

In the condext of the present invention, the lerm "treatment” or Mreatmg” includes hibiiion,
retardation, checking, alleviating, attenuiating, resivicting, reducing, suppressing, repeiling or
bealing of a discase, a condition, a disorder, an injury or a health problem, or the developent, the
course or the progression of such states and/or the syruptoms of such states. The term "therapy” is

understood here to be synonymous with the term "treatroent”,

P

o It ot

The terms "prevention”, "prophylaxis" or "preclusion” are used synonymously in the context of the
present invention and refer 1o the avoidance or reduction of the risk of confracting, experiencing,
suffering from or having a disease, a condition, & disorder, an tigury or a health problem, or 2

development or advancement of such states and/or the symptoms of such states.

The freatment or praveniion of a disease, a condition, a disorder, an injury or a health problem may

be partial or complete.
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The present invention thus further p;ov;du for the use of the compounds according to the invention

for the treatment and/or prevention of disorders, in particular the disorders mentioned above,

The present invention further provides for the use of the compounds according to the invention for
producing a medicament for the treatment and/or prevention of disorders, in particular the disorders

mentioned above

The present invention further provides a medicament comprising at least one of the compounds
according to the inveniion, for the treatment and/or prevention of disorders, in particular the

disorders mentioned above

The present invention furthermore provides for the use of the compounds sccording to the
invention in a method for treatment and/or prevention of disorders, in particular the disorders

raentioned above,

The present invention further provides a method for treatment and/or prevention of disorders, in
particular the disorders mentioned above, using an effective amount of at least one of the

compounds according to the invention.

The compounds according o the invention can be used alone or, 1f required, in combination with
one or more other pharmacologically active substances, provided that this combination does not
lcad to undesirable and unacceptable side effects. The present invention firthermore therefore
provides medicaments containing at least one of the compounds according to the invention and one
or more further active compounds, in particular for (reatment and/or prevention of the
abovementioned disorders. Preferred examples of active compounds suitable for combinations

include:

& organic nifrates and NGO donors, for example sodivm nitroprusside, nitroglyeerin, isosorbide

mononitrate, isosorbide dinttrate, molsidomine or SIN-i, and inhaled NO;

e compounds which inlubit the degradation of cyclic guanosine monophosphate (¢GMP) and/or
cyclic adenosine monophosphate (cAMP), for example inhibitors of phosphodiesterases (PDE)
i, 2, 3, 4 and/or 5, especially PDE 3 inhibitors such as sildenafil, vardenafil, tadalafil, udenafil,

dasantafil, avanafil, mirodenafil or lodenafil;

& NO- and haem-independent activators of sohuble guanylate cyclase (3GC), such as in particular
the compounds described in WO §1/19355, WO §1/19776, WO 01/19778, WO 01/1978C, WO
(32/070462 and WO 02/070510;

# NO-independent but haem-dependent stimudators of soluble guanvlate cyclase (3G, such as in

particular riociguat and the compounds described in WO Q0/06568, WO 00/08569, WO

\/;
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02/42301, WO 030595451, WO 2011/147809, WO 2012/004238, WO 2012/028647 and WO

012/059549;

2

rostacyclin analogues and IP receptor agonists, by way of example and with preference

iloprost, beraprost, treprostinil, epoprostenol or N8-304;

edothelin receplor antagonists, by way of example and with preference bosentan, darusentan,

arohrisentan or sitaxsentan;

- compounds which mhibit human neutrophile elastase (HNE) by way of exanple and with

preference sivelestat or DX-890 (reltrany;

compounds which inhibit the signal transduction cascade, by way of example and with
preference from the group of the Kinase indubitors, in particular fron: the group of the tyrosing
kinase and/or serine/threonine Kinase inhibitors, by way of example and with preforence
nintedanib. dasatindb, nilotinib, bosutinib, revorafenib, sorafenib, sunitinib, cedivanib, axitinib,
telatinth, imatinib, brivanib, pazopanib, vatalanib, pefitinib, erlotinib, lapatinib, canertinib,

lestaurtinb, pelitinih, semaxanth or tandutinidy;

compounds which johibit the degradation and alteration of the extracellular matrix, by way of
cxample and with preference hibitors of the matrix metalloproteases (MMPs), especially
inhibitors of stromelysin, collagenases, gelatinases and aggrecanases {in this context particularly
of MMP-1, MMP.3, MMP3, MMP-2, MMP-IO, MMP-11 and MMP-13) and of
metalloelastase (MMPB-12};

compounds which block the binding of serotonin 1o its receptor, by way of example and with

preference antagomsts of the 5-HT,a receptor such as PR X-08064;

antagoniats of growth factors, cyitokines and chemokines, by way of example and with

preference antaponists of TGE-B, CTGE L1, 4, -5 106, -8, H-13 and mtegrins,

Hhbo kinasc-inhibiting compounds, by way of example and with preference fasudil, Y-27632,
BEx-2119, BFE-66ES ], BE-GGRS2, BE-66853, KI-23095 or BA-1049;

corpounds which inhibit soluble epoxide hydrolase (sEH), for example N N-dicyelohexylurea,
12-{3-adamantan-1-viurcidoidodecansic acid or Ladamantan-t-yb-3-45-02-{2-

3
i

stioxyethoxylethoxylpenivlures;

compounds which influence the energy metabolism of the heart, by way of example and with

preference etornoxin, dichloroacetate, ranclazine or trimetaziding;

5

- anti-obstructive agents as used, for example, for the therapy of chronic shetructive pulmonary

disease {COPD) or bronchial asthima, by way of example and with preference from the group of
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the inhalatively or systentically admunistered agonists of the beta-adrenergic receptor (beta-

mimetics) and the inhalatively administered anti-muscarinergic substances;

& antiinflammatory, immunomodulating, immuncsuppressive and/or cytotoxic agents, by way of
example and with preference from the group of the systemically or inhalatively administered
corticosteroids  and  also  acotyicysteine, montelukast, azathioprine, covclophosphamide,

hydroxycarbamide, azithromycin, [FN-y, pirferudone or etanercept;

¥ antifibrotic agents, by way of example and with preference lysophosphatidic acid receptor |
{LPA-1} antagonists, tysyl oxadase (LX) inhibitors, lvsyl oxidase-like-2 inhibitors, vasoactive
mtestinal peptide (VIF), VIP analogues, o, B¢-integrin antagonists, cholchicing, IFN-§3, D-

penicitiaming, inhibiiors of the WNT signal path or CCR2 antagomsis;

& antithrombotic agenis, by way of example and with preference from the group of platelet

aggregation inhibitors, the anticoagulanis and the profibrinolytic substances;

& hypotensive active compounds, by way of example and with preference from the group of the
calchun aniagonists, angiotensin Al antagomists, ACE inhibiiors, vasopeptidase inhibitors,
endothelin antagonists, renin intubitors, alpha receptor blockers, beta receptor blockers,

mineralocorticoid recoptor antagonists and also the diuretics;

¢ [ipid metabolism modifiers, by way of example and with preference from the group of the
thyroid recepilor agonists, cholesterol synthesis inhibtiors, by way of cxample and with
preference HMG-CoA reductase or squalene svnthesis inhibitors, of the ACAT inhibitors,
CETP inhibitors, MTP inhibitors, PPAR-alpha, PPAR-gamma and/or PPAR-delia agonisis,
cholesterol absorption inhibitors, lipase inhibitors, polymeric bile acid adsorbents, bile acid

reabsorption inhibitors and lipoprotein{a) antagonists; and/or

# chemotherapeutics like those emploved, for exarple, for the therapy of neoplasms in the lung

or sther organs.

In a preferred embodiment of the invenrion, the compounds asccording to the invention are
administered in combination with a beta-adrenergic receptor agonist, by way of example and with
preference albuterol, isoproterenol, metaproterenc!, terbuialin, fenoterol, formelerol, reproterol,

satbutamol or salmeterol.

In a preferred embodiment of the invention, the compounds according to the invention are
adimindstered in combination with an antimuscarinergic sebstance, by way of example and with

preference ipratropium bromide, tictropium bromide or oxitropium bromide,

In a preferred embodiment of the invention, the compounds according to the inveniion are

admoustered in combination with a corticosteroid, by way of example and with preference
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preduisone, predrusolone, methylpredniselone, triamcinolons, dexamethasone, beclomethasons,

betamethasone, flunisolide, budesonide or fluticasone.

Antithrombotic agents are preferably undersiood to mean compounds from the group of the platelet

aggregation Udhibitors, the anticoagulanis and the profibrinolytic substances.

In a preferred embodiment of the invention, the compounds according to the invention are
administered in corsbination with a platelet aggregation inhibitor, by way of example and with

preference aspirin, slopidogrel, ticlopidin or dipyridamols.

In a preferred embodiment of the invention, the compounds according to the invention are
admimstered in combination with a thrombin inhibitor, by way of example and with preference

ximelagairan, melagatran, dabigatran, bivalirudin or clexane,

In a preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a GPIb/Hla antagonist such as, by way of example and with

preference tirofiban or abeiximab,

In a preferred embodiment of the invention, the compounds according to the ipvention are
admimsiered in combination with a factor Xa inhibitor, by way of example and with preference
rivaroxaban, apixaban, fidexaban, razaxaban, fondaparinux, idraparinux, DU-F76b, PMID-3112,
Y150, KFA-1982, EMD-503982, MCM-17, MEN-1021, DX $065a, DPC 906, JTV 803, S5R-
126512 or S5R-128428.

In a preferred embodiment of the invention, the compounds according to the invenlion are
administered i comsbination with heparin or with a low molecular weight (LMW} heparin

derivative.

in a preferred embodiment of the invention, the compounds according to the inveniion are
administered in combination with a vitamin K antagonist, by way of example and with preference

counmarin.

Hypotensive agents are preferably anderstood to mean compounds from the group of the calcium
antagonists, angiotensin Al antagonists, ACE inhibitors, endothelin antagonists, renin inhibitors,
alpha-recepior blockers, beta-receptor blockers, mineralocorticold receptor antagonists, and the

diuretics.

In a preferred embodiment of the invention, the compounds according to the inveniion are
administered in combination with a caleiirn andagonist, by way of example and with preference

nifediping, amlodipine, verapamil or diltiazenm.
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In a pretered crpbodiment of the invention, the compounds according o the invention are
administered in combination with an alpha-i-receptor blocker, by way of example and with

preference prazosin

In a8 preferved erpbodiment of the invention, the compounds according o the invention are
adminstered 1 combination with a beta-receptor blocker, by way of example and with preference
propranciol, atenolol, tumolol, pindolol, alprenclol, oxprenolol, penbuiclol, bupranolal,
metipranciol, nadolol, repindolol, carazalol, sotalol, roetoprolol, betaxolol, celipralol, bisoprolol,

3

carteolol -esmolol, lsbetalol carvedilol, adaprolol; landiolol, nebivalol, epanclol orbucindolol

In a preferred cmbodiment of the invention, the compounds according o the invention are
administered i combination with an angiotensin All antagonist, by way of example and with

preference losartan, candesartan, valsartan, telmisartan or embusartan,

In a preforred embodiment of the invention, the compounds according o the invention are
admimstersd in combination with an ACE inhibitor. by way of exaniple and with preference

X

3
i

enalapril, captopnil, Hsinopril, ranuprdl, delapnl, fosmopril, quinoapril, permndopril or trandopril,

In & preferred embodiment of the invention, the compounds according to the invention are
admimstered in cornbination with an endothelin antagonist, by way of example and with preference

bosentan, darusentan, ambrisenian or sitaxsenian.

In g preferred embodiment of the invention, the compounds according to the invention are
administered 1o combination with g rendn inhibitor, by way of cxample and with preference

aliskiren, SPP-600 or SPP-800.

In a preforred emboediment of the mvention, the compounds: according to the invention are
administered in combination with 8 mineralocogicoid recepior antagonist, by way of example and

with preference spironolacione or eplerenons.

In a preforred embodiment of the mvention, the compounds according 1o the invention are
administerad in combination with a diwretio, by way of example and with preference furosemide,
bumctanids, {orsemide, bendrotimmethiaznide, chilorthiazide, hvdrochlonhiazide,
hydroflumethiazide,  methyelothiazide,  polythiszide, richlormethiazide,  chlorthabidons,
indapamide, wmetolazone, quinethazone, acetazolamide, dichlorophenamide, roethazolamide,

glycerol, isosorbide, mannitol, aniloride or thamterene.

Lipid metabolism roodifiers arg preferably undersiood 1o mean compounds from the group of the
CETP inhubitors, thyrowd receptor agonists, cholesterol synthesis inhibitors such as HMG-CoA
reductase iwhibitors or squalene synthesis inhubttors, the ACAT mhubitors, MTP inhibitars, PRAR-

alpha, PPAR-pamma andfor PPAR-delta agomists, cholesterol absorpuion mhibiiors, polyeric bile
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acld adsorbents. bile acid reshscrption  miubitors, bpase intubifors and the lipoprotein{al

antagonists,

Ina preferred embodiment of the invention, the compounds sceording to the tnvention gre
adounistered i combination with- 2 CETP inhibitor, by way of example and with preference

torcatrapih (CP-329 414y, FIT.705 or CETP vaceine (Avant),

I 2 preferred embodiment of the invention: the compounds according to the nveniion are
adiinistered - 1 combingtion with 3 thyroid receplor aponist, by way of example and with

preference Dithyroin, 3,5 3 tniodothyronin (13}, CG8 23425 oraxstivome (CGR 262143,

I

In a preforred ershodinment of the invention, the compounds according fo the invention awe
administered in combination with an HMG-CoA reductase inhibitor from the class of stating, by
way of example and with preference lovasiating sunvastating pravastatin, Huvasiatin, atorvastaiin,

risuvastatin or pitavastating

Iy 2 preferred embodiment of the invention, the compounds according to the invention are
administered in combination with a squalene synthesis inhibitor, by way of example and with

preference BMS-1883494 or TAK 475,

In a preforred embodiment of the invention, the compounds according to the invention are
administered 10 comhination with sn AUAT inhibitor, by way of example and with preforence

avasinnbe, mebinamide, pactimibe, sflucintbe or SMP-797,

in s preferred cmnbodiment of the invention, the compounds according to the dnvention are

admdnistered in combination with an MTP inhibiior, by way of example and with preference

implitapide, BMR-201038, R-103757 or JTT-130

in a preferred embodiment of the invention, the compounds according fo the invention are
administered i combination with 3 PPAR -gamma agonist, by way of example and with preference

piogiitazone or rosighitazone.

in a preferred embodiment of the imvention. the compounds according fo the inveniion are
administered in combination with g PPARdella agonist, by way of example and with preference

GW 3015316 or BAY 68-53042

It a preferred embodiment of the invention, the compounds according to the wventinr are
adnunistered in combination with a cholesterel absorption inhibitor, by way of example and with

preference ezetindbe, tiqueside or pamagueside.
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In a preferred ershodiment of the invention, the compounds accordivg to the invention are
adnministered in combination with a2 lipase inhibitor, by way of example and with prefercnce

orlistat,

In a preferred embodiment of the invention, the compounds according {0 the invention are
adminisiered in combination with a polymeric hile acid adsorbent, by way of example and with

preference cholestyramine, colestipol, colesoivam, CholestaGel or colestimide.

In a preferred embodiment of the invention, the compounds according fo the mvention are
adminisiered in combination - with a bile acid reabsorption inhibstor, by way of cxample and with
preference ASBT = IBAT inhibitors, for example AZD-7806, §-8921, AK- 105, BARL-1741, 8C-

435 0r 8C-035.

In a preforred embodiment of the invention, the compounds according to the invention are

administered in combinstion with a lipoprotein{a) anfagonist, by way of example and with

preference gemeabene calctum (CEH-1027) or nicotinic acid,

Particular preference is given to combinations of the compounds according to the invention with
one or more further active compounds selected from the group of the PDE S minbitors, sGC
activators, sGC stimulators, prostacyelin anslops, endothelin antagonists, of the antifibrotic agents,
the antinflavuoatory, mmunonwdulating, immunosuppressive andfor eviotoxic agents and/or the
signal transduction cascade-inhibiting compounds.

The preseot invention further provides medicaments which comprise at least one compound
according to the vention, typically together with one or more inert, nontoxic, pharmaceutically

suitable excipients, and the wse thereof for the aforementioned nurposes.

The compounds according to the invention can act systerically and/or locally, For this purpose,
they can be administered in a suitable manner, for example by the oral parenters! pulnonal, nasal,
sublingual, lingual, buccal, rectal, dermal, transdermal, conjunctival or otic routs, or as an implant

or stent.

The compounds according to the invention can be administered in suitable adnuinistration forms for

these administration routes.

Suttable adounistration forms for oral administration are those which work according to the prior
art and release the compounds according to the invention rapidly and/or in a modified manner and
which contain the compounds according to the invention in crystalline and/or amorphized andior
dissolved form, for example tablets {uncoated or coated tablets, for cxample with gastric juice-
resistant or retarded-dissolution ot insoluble coatings which control the reicase of the compound

according to the invention), tablets or filma/oblates which disintegrate rapidly in the oral cavity,
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films/ivophilizates or capsules (for example hard or soft gelatin capsules), sugar-coated tablets,

granules, pellets, powders, emuisions, suspensions, acrosols or solutions.

Parenteral adpunistration can bypass an azbsorption sitep {e.g. intravenously, intraarterially,
intracardially, intraspinally or intrabumballyy or include an absorption {c.g.  inhalatively,
intrarauscularty, subcutanecusly, infracutaneously, percutancously or intraperitoneally). Suitable
adrainistration forms for parenteral admirnistration include injection and infusion formulafions in

the form of solutions, suspensions, emuisions, lyophilizaies or sterile powders.

For the other administration routes, suitable examples are inhalable medicament forms (including
powder inhalers, nebulizers, metered aeroscls), nasal drops, sclutions or sprays, tablets
fums/oblates or capsules for lingual, sublingual or buccal admindstration, suppositories, gar or eve
preparations, vaginal capsules, aqueous suspensions {Jotions, shaking mixtures), Lipophilic
suspensions, owmenis, crearns, transdermal therapeutic systems {¢.g. patches), milk, pastos,

toams, sprinkling powders, implants or stenis.

Oral and parenteral administration are preferred, especially oral, intravenous and intrapulmonary

{(inhalative) administration.

The compounds according to the invention can be converted to the adounistration forms
mentioned. This can be accomplished in a manner known per se by mixing with inert, non-foxic,
pharmaceutically  suitable  excipients. These excipients  include  carriers  {(for  example
microcrystaliine cellulose, lactose, mannitol}, solvents {e.g. liguid polyethylene glveols),
emulsifiers and  dispersing or welting  agents {for example sodium  dodecylsulphate,
polvoxysorbitan oleate), hinders {for example polyvinyipyrrolidone), synthetic and natural
polymers (Tor example albumin), stabilizers {c.g. antioxidants, for example ascorbic acid),

colorants {e.g. inorganic pigments, for example iron oxides) and flavour and/or odour correctants.

in general, # bas been found fo be advantageous in the case of parenteral administration to
adiinister amounts of from about 6.007 to 1 rog/fke, preferably about 0,01 to 0.5 mg/kg, of body
welght (o achieve effective results. In the case of oral administration the dosage is about 0.01 to

f

100 mg'ke, preferably about 0.01 to 20 me/kg and most preferably 0.1 to 10 mg/kg of body weight.
In the case of intrapulmonary administration, the amount is generally about 0.1 o 50 myg per

inhalation.

It may nevertheless be necessary where appropriate to deviate from the stated amounts, specificaily
as a function of the body weight, route of administration, individual response to the active
cornpound, nature of the preparation and time or interval over which admunistration fakes place.
Thus, in some cases less than the abovementioned minimurm amount may be sefficient, while in
other cases the upper hmit mentioned must be exceeded. In the case of administration of greater

amounts, it may be advisable to divide them into several individual doses over the day.
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The working examples which follow lusirate the invention. The inventiom is not restricted (o the

exampies.
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Abbreviations and acronyvins:

abs,
Ac
AN
ag.
br.
Bu

cat.

£

€1

d

d

DAST
Tig

DO

dd
Deoxo-Fluor™™
DiAD
DME
DMFE
DMSO
dg

4t
EDC
&0

Bl

sq.
ES

Et

GO
GUIMSR
k
HATU

abisolute

aceivl

2,2 -azobisZ-methvipropionitrile}

aqueous, agueous sohition

broad (in NMR signal)

Exampie

butyl

conventration

catalytic

& Ncarbonyidimidazole

chemical tonization {in MS)

doublet {in NMR)

day(s;

N N-diethvlaminosulphur trifluoride
thin-layer chromatography

direct chemical fonization {in M8}

doublet of doublets Gin NMR)
bis{Z-methoxyethyvianinosulphon trifluonde
ditsopropyl azodicarboxyiate

L 2-dimethoxyethane

N N-dimethviformamide

dimethyl sulphoxide

doublet of quartets (in NMR)

doublet of tnplets (in NMR)
NB-dimethvlaminopropyb-Necthylcarbodiimaide hydrochlonde
enantiomeric excess

clectron impact ionization {in MS)
squivaleni{s}

electrospray jonization (o MK

athyl

gas chromatography

zas chromatography-coupled rouss specirometry
hower{s)

O-{T-azabopzotrigenl- ] DN N N N Setramethviuronivm

hexafluorophosphate
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HOBy
HPLO
iFr
LONC,
e
LEO/MS
it

01

Ma
win

MPLC

M5
NB3
NMM
NMO
NMP
MNME
PO
PEG
Ph

Pr
gquant.
guart
it
B
rp
KT

R,

s

sept
SEC

TBAF
TBME

TBTU

By

58 .

t-hydroxy-1H-benzotriazole hydrate

high-pressure high-performance liguid chropwatngraphy
isoprapyl

concentrated {1 case of 3 solution}

bipud chromatography

haud chromatography-coupled mass spectrometry
literaturs {reference)

roultiplet tin NMRB)

methyl

minutes)

medium-pressare hiquid chromatography {on atlics ool also referred

to a8 fHash chromatography}

mass specfrometyy
N-bremaosuccinimide
Memethyvlnompholing
Nemethvimorpholine Neoxide
Nemethvl-2epyrohdinone
nuclear magnetic resonance specirometry
patladivm on getivated carbon
polyethylene glyeol

pheny

propyi

quantitative {in chendesl vigld)
gquartet (in NME)

gquintet fin DMR)

retention tndex {in TLO)

reversed phase dn HPLO)

roon temperabire

retention time {in HPLC, EO/MS)
singlet {in NME)

septet o NME)

supercnitical Huid chromatography
triplet in NMES
tetra-n-butylanumoniun Huornide

fer-butyl methyl ether

N H beneotniarol- L -vloxy Hdimethylanunopmethyleng-NV-

methyvimethanaminium tetratiuoroborate

.«

tert-butyl

POTEPII407111R
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TFA trifluorgacetic acid

THE tetralydrofiran

T™MS tetramethylsilane

iy ultraviolet spectrometry

viv ratio by volame {of a solution}
10g. together

HPLO, LO/MS ang GU/MS methods:

Method 1 (LC/MS):

Instrument: Waters ACQUITY SQD UPLC Systemy; columun Waters Acguity UPLC HSS T3
1.8 um, 530 rom x 1 mm; mobile phase A0 11 of water + .25 mi of 99% formic acid, cluent B: 11

of acetonitrile + 0.25 ml of 99% formic acid; gradient: 0.0 min 90% A — 1.2 min 5% A — 2.0 min

5% A, temperature: S0°C; flow rater .40 ml/min; UV detection: 210-400 num.

Method 2 (LC/MSY:

Instruoment: Micromass Quatiro Premier with Waters UPLC Acquity; column: Thermo Hypersil
GOLD 1.9 wm, 50 rom x 1 o mobile phase Ar 11 of water + 0.5 ml of 50% strengih formic acid,
mobile phase B: 11 of acetonitrile + 0.5 ml of 50% formic acid; gradient: 0.0 min 97% A — 0.5
min 97% A — 3.2 min 5% A — 4.0 min 5% A; temperature: 50°C; flow rate: 9.30 m¥/min; UV

detection: 210 nm,

Method 3 (LO/MS):

Instrument: Waters 30D with Waters UPLC; column: Zorbax 8B-Ag {Agient} 1.8 pm, 50 mm x
2.1 mm; mobile phase A: water + (.025% formic acid, mobile phase B: acetonitrile + 0.025%
formic acid; gradient: 0.0 min 98% A > 0.9 min 25% A - [0 min 5% A - 1.4 min 5% A —

1.41 min 28% A — 1.5 min 98% A, temperature: 40°C; flow rate: 0.60 mb/min, UV deiection:

DAL, 210 nm.

Method 4 (GC/MS):

Instrument: Thermo DFS, Trace GC Ultra; columm: Restek RT-3S, 15 m x 200 pm x 8.33 unyg

constant helium flow rater 1.20 mi/min; oven: 60°C; inlet: 220°C; gradient: 60°C, 30°C/min —

3N0°C (maintained for 3.33 min).

Method 3 {preparative HPLOY:

column: Chromatorex C1E, 10 pum, 125 mm x 30 mam; mobile phase: acelomirile/water with 0.1%

of fornue acid; gradient: 20080 — 85:5 over 20 min.
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Method 6 {preparative HPLCY:

column: Chromatorex C18, 10 pum, 125 mm x 30 mny; mobile phase: acetonttrile/water with $.1%

of formic acid; gradient: 33:70 — 95:5 over 20 min.

Method 7 {preparative HPLC):

column: Chromatorex C18, 10 pm, 125 mm x 30 mm; robile phase: methanol/water with 0.1% of

formic acid; gradient: 20:80 — 95:5 over 20 min,

Methad M lorepanuive HPLC withomass sleeonionls

Instrument: Waters; column: Phenomenex Luna 5 um CI8(Z) 100A, AXIA Tech, 50 mm x 21.2
mm; mobile phase A water + 0.053% formic acid, mobile phase B acetonitrile + $.05% formic
acid; gradient: 8.0 min 953% A — .15 min 95% A - 8.0 min 5% A — 9.0 min 5% A flow rate:

44 ml/ min; UV detection: DAD, 210-400 nm.

Method 9 (1L.C/MS):

Instrument: Agilent M5B Quad 6130 with HPLC Agilent 1290; coluran: Waters Acquity UPLC HSS
T3 1.8 pm, 50 num x 2.1 nun; mobile phase A 11 of water + 0.25 ml of 99% formic acid, eluent B:
I 1of acetomtrile + (.25 ml of 999% formic acid; gradient: 0.0 min 9056 A — 03 min 90% A — 1.7

min $% A — 3.0 oun 3% A; flow rate: 1.20 mi/min, temperature: 50°C; UV detection: 205-305

noL.

Method 18 (L.C/MS:

Instrument: Waters Synapt G258 with UPLC Waters Acquity I-CLASS; column: Waters HS8 T3
C18 1.8 pm, 50 mm x 2.1 mm; mobile phase A: 1 1 of water + 0.01% formic acid, mobile phase B:
1 1 of acetonitrile + 0.01% formic acid; gradient: 0.0 min 1% B — 0.3 min 10% B — 1.7 min 95%

B — 2.5 min 95% B; flow rate: 1.20 mVmin, temperature: 50°C; UV detection: 210 nm.

Method 1] {preparative HPLCY:

columm: Chromatorex C18, 10 pm, 125 mm x 30 mm; mobile phase: methanolVwater with 0.1% of

formic acid; gradient: 30:70 - 95:5 over 20 min.

Mgthod 12 {preparative HPLCy:

column: Chromatorex C1¥, 10 pm, 125 mm x 30 mm; mobile phase A: water + 0.05%
trifluoroacetic acid, mobile phase B: acetonitrile + 0.05% trifluorcacetic acid; gradient: 0.0 min

T5% A > 5.0 min 73% A — 8.9 min 53% A > 15 min 53% A.
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Method 13 {preparative HPLC

column: Chromatorex CI8, 10 uny, 125 mm x 30 oup; mobile phase A: water + 0.05%
triflucrcacetic acid, mobile phase B: aceioniinle + $.05% tiflusroacetic acid; gradient: 0.0 min

T A =50 min T3% A — 70mn 6l A — 18 mindi% A — 18 mind5% A,

Method 14 {preparative HPLCy

colummn: Chromatorex CI8, 10 pm, 125 mm x 30 oun; mobils phase A water + 0.05%
trifluorcacetic acid, mobile phase B! acetominle + 0.05% mfluoroacetic acid; gradient: 0.0 min

oY% A+ 50 min 80% A > 8.0 min 55%6 A — |5 min 55% A,

Method 15 {preparative HPLCY:

column: Chromatorex C18, 10 um, 125 mun x 30 mm; mobile phase: acetonitrile/water with 0.1%

of formic acid; gradient: 40:60 — 95:5 over 20 min.

Method 19 (preparative HPLO);

columen: Chromatorex C1E, 10 goy 125 nus x 30 moy mobile phase: acetonitriie/water with £.1%

of formic acid; gradient: 15:85 — 95:5 over 20 min.

Method 17 (LC/MSY

Instrument: Waters Acquity SQD UPLC System; column: Waters Acguity UPLC HSS T3 1.8 um,
50 mrn x 1 mm; mobile phase A: 11 of water + .25 ml of 99% formic acid, cluent B: 11 of
acetondtrile + 0.25 mli of 999 formic acid; gradient: 0.0 min 95% A - 6.0 min 5% A — 7.5 min

SY% A oven: 5G°C; flow rate: 0.35 mb/nan; UV detection: 210-400 nm.

Method 18 {preparaiive HPLCY

cohumn Reprosil-Pur CI8, 10 pro, 125 mm x 30 mom; mobile phase: acetonitrile/water with $.05%

of trifluorcacetic acid; gradient: $4:58 — 108:0 over [2 min.

Method 19 {preparative HPLOY):

column: Reprosil-Pur C1I8, 10 pm, 125 mum x 30 mom; meobile phase: acetonitrile/water with .05%
of trifluoroacetic acid; gradient: 14:90 — [00:0 over 12 min.

Funther details:

The descriptions of the coupling patterns of 'H NMR signals below refer to the optical appearance
of the signals in question and do not necessarily correspond to a strict, physically correct
interpretation, In general, the stated chemical shift refers to the cenire of the signal in question; in

the case of broad maultiplets, an nterval is generaily given.

Melting points and melting points ranges, if stated, are uncorrected.
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In cases where the reaction products were oblamed by trifuration, stirving or recrystallization, i was
frequently possible to isolate further amounts of product from the respective muother lguor by
chromatography. However, a deseniption of this chromatography is dispensed with hereinbelow

unless a large part of the total vield could only be isolated in this step.

All reactants or resgents whose preparation is not deseribed sxplicitly bereinafter were purchaged
commercially from generally accessible sources. For all other reactants or reagents whose
preparation likewise is ot described bereinafier and which were not comumercially obtainsble or
were obtained from sources which are pot peverally acoessible, a reference is given to the

published literature fn which their preparation is described.
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Starting materials and intermediates:

Example 1A

2-fere-Butyl 4-ethy! S-amino-3-methyliihiophene-2,4-dicarboxylate

O o
H O $7 Ny
ML

100 2 {63.2 ramol) of ferr-buatyi acetoacetate, 7.15 g (63.2 mmol) of ethyl cvanoacetate and 2.23 ¢
{69.5 mmol} of sulphor were inittally charged in 15 mi of cthanol and warmed 1o 45°C. 7.5 md
{72.7 mmol) of dicthylamine were added dropwise to this muxture. The reaction nuxiure was then
stirred at 65°C for 8 ko All the volatile constituents were then removed on a rotary evaporstor,
About SO0 ml of water were added to the residue that remained, and the mixture was extracied
three times with n each case about 200 ml of ethyl acetate. The coumbined organic extracis were
washed with about 200 mi of saturated sodium chloride solution and dried over anhydrous
magnesium sulphate, After filtration, the mixiure was evaporaied to dryness. The crude praduct
obtained was purified by MPLC (about 300 g of silica gel, cyclohexane/ethyl acetate 10113, This
gave, after combination of the product fractions, evaporation and dryving of the residue under high

vacuurn, 9.72 g {52% of theory) of the title compound.

TH-NMR (400 Mz, CDCL, 8/ppm): 6.44 (br. s, 2T1), 431 {quart, 2H), 2.66 (s, 3H), 1.54 (s, 9H),
1.37 (&, 3H).

LO/MS (Method 1, BSIpos): Ry = L.20 roin, mv/z = 286 [M+HT

Example 24

Z-rers-Butyl 4-ethyl 3~methyl-5-{{{Z-phenylethylcarbamoyilamino fthiophene-2 4-dicarboxylate

10.0 g (35.0 mmol} of 2-tert-butyl 4-ethy! S-amino-3-methyithiophene-2 4-dicarboxylate (Example

1A} were dissolved in 500 mi of dichloromethase and 114 g (701 mooll of AMN-
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carbonyldiimidazole (CDL and 19.6 ml (140 mmol} of tnethylamine were added. The reaction
mixture was strred at KT for 2 days, after which 8.8 ml {701 nunol} of 2-phenethylamine were
added. Afier a further 2 b of stirring at BT, the mixture was evaporated to dryness on a rotary
gvaporator. The residoe that remained was purified by MPLC {sthica gel, cvclohexane/ethyl scetate
26:1 —» 10:1}. This gave, after evaporation of the product fractions and drying of the residue under

high vacuum, 14.4 g (95% of theory) of the tiile compound.

HNMR (400 Mz, DMSO-de, S/ppmy: 10.54 (s, TH), §.17 €, 1H), 7.33-7.29 (m, 2H), 7.26-7.19
(e, 3HD, 4.30 (quart, 21), 3.36 (quart, 2H), 277 (&, 2FD, 2.62 (s, 3H), 1.50 (s, 9H), 1.32 {1, 3H).

LO/MS (Method 1, ESIposy Ro= 1.43 min, m/z = 433 [M+H] .

Example 3A

Zetere-Butyvl  4-ethyl  S({{2-(2-Thiorophenyhethyljcarbamovl}amino)-3-methylithiophene-2 4~

dicarboxylate

H.O o
‘ i\\ 5};&.‘ o \O/”\CH %
he Sl
& I e, . o
H C““; ~{} K7™ N s "‘\a

Analogously to the process described in Ex. 24, 2.0 g (7.01 mmol} of 2-zert-buiyl 4-ethyl S-amino-
3-maethyltbiophene-2,4-dicarboxylate {(Example 1A), 2.27 g (14.0 mmely of CD1, 3.9 ml (280

,,,,,

mmol) of triethylanune and 3.5 mi (14.0 mamol}y of 2-(2-flucrophenyijethylamine gave 1.82 g (55%

of theory, purity 95%) of the nile compound. In deviation, MPLC purification was carried out

using the mobile phase cyclohexane/ethyl acetate 1011,

H-NMR (400 Mz, CDCL, 8/ppra): 10.90 (br. s, 1), 7.24-7.19 (m, 2H), 7.10-7.01 {m, 2H), 5.18
(t, YH), 4.37 (quart, 2H), 3.58 (quart, 25D, 2.94 (¢, 2H), 2.71 (s, 3H), 1.55 (s, SH), 1.36 &1, 3H).

LC/MS (Method 1, ESIposy: R = 1.38 min, m/z = 451 [M+H]"

Example 4A

Zotert-Butyl  deethyl  S-({{Z-(C-chlorephenyDethylicarbamoyi} amine)-3-methyvithiophene-2,4-

dicarboxyiate
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Analogously to the process described in BEx. 24, 2.0 g (7.01 mumoel} of 2-teri-butyl 4-ethyl S-aming-
3-methylthiophene-2 4-dicarboxylate (Example 1A}, 2.27 g (14.0 mwol) of CDL 3.9 mi (280
mmod} of tricthylamine and 2.18 g (14.0 mmol} of 2-(2-chiorophenylethylamine gave 2.49 g (72%
of theory, purity 95%) of the title compound. In deviation, MPLC purification was carried out here

using the mobile phase cyclohexane/ethyl seetate 10:1.

HANMR (400 MHz, CDCL, Sfppm) 1091 (be, s, 1H), 7.38-7.35 {m, 1H), 7.26-7.16 {m, 310, 5.14
{t, 1H), 4.33 (quart, 28D, 3.60 {quart, 25, 3.04 {t, 2H), 2.71 (s, 3H), 1.55 (s, OH), 1.39 (1, 3H).

LC/MS (Method 1, ESIpos): Re= 1.42 min, m/z = 467/469 [M+H].

Exsmple A

2-ter-Butyl degthyl 3emethvi-S-{ {{2-{pyridin-3-yDethyljcarbamoyl} amdnoithiophene-2, 4~
dicarboxylate

3 ’.v-‘"'s\\\ _A"‘"\ },\\:’- ‘,.,,-«N

N’

Analogously to the process described in Ex. 24, 2.0 g (7.01 rmunol) of 2-teri-butyl 4-cthyl S-amine-
3-methyithiophene-2,4-dicarboxylate (Example 1A}, 2.27 g (14.0 puncl) of CD, 3.9 ml (280
mmotl} of triethylamineg and 1.71 g {14.0 mmol} of 2-(pyridin-3-yDethanamine gave 2.46 g {75% of
theory, purtty 93%) of the title compound. In devistion, MPLC purification was carried out here

using the mobile phase cyclohexanc/cthyl acetate 1:2.

H-NMR (400 MHz, CDCL, 3ppm): 10.94 (br. s, 1H), £.50 {m, 1H), 8.46 (m, 1H), 7.56 (m, 1H),
7.24 (m, 1FD), 5.42 (br. s, 15}, 4.31 (guart, 2H), 3.59 (quart, 2H), 2.92 (¢, 2H), 2.70 (5, 3H), 1.55 (s,
9L}, 1.39 (¢, 37D

LOMS (Method 1, BSlpos): Ry = 0.99 min, ro/z = 434 [M+HT.
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Example A

-rert-Butyl d-ethyl 5-[{ethyicarbamoyiamino-3-methybhiophene-2 4-dicarboxylate

&\ )
HG o

. hN ! h mﬂs'i\
H.G
o ﬁf\ CH3

8.0 g {21.6 vunol} of 2-terr-butyl 4-ethyi S-amino-3-methylthiophene-2,4-dicarboxyiaie {(Example
3 1A)Y were dissolved in 300 md of dichloromethane and 6.82 g (42,1 mmol) of CDY and 11.7 ml
{84.1 vunoly of inethvlamine were added. The reaction mixture was stirred at RV for 2 days, after
which 42 yol (84.1 nunol) of a 2 M solution of sthylaming in THF were added. After 3 further 2 h
of stirring at RT, the mixture was evaporated to dryness on a rolary evaporator. The residue that
remained was purified by MPLC (Biotage cartridge with 340 g of silica gel, cyclohexane/ethyl
1 acetate 101 — 5:1). This gave, afler evaporation of the product fractions and drving of the residue

under high vacoum, 6.98 g (93% of theory) of the title compound,

H-NMR (400 Milz, DMSBO-dg, S/ppmy: 10.52 (br. s, 1H), 8.06 (br. t, 1), 4.31 {quart, 2H), 3.13
{dg, ZHD), 2.77 (¢, 2ID), 2.62 (s, 3H), 1.50 (s, OH), 1.32 (6, 3H), 1.07 ¢, 3H).

LO/MS (Method 1, ESTpos): R, = 1.26 nuin, n/z = 357 [M+H]

13 Example 74

2~tevi-Butyl d-gthvl 5-{{2 4-dimethoxybenzylcarbamoyljamino }-3-methylithiophene-2 4-

dicarboxvlate

oy
e S 0
H,C . ,
‘ 0" ™ \z}\j\
o
S rQ/CHs

8.78 g (30.8 numnol} of Z-rert-butyl 4-cthyl S-amino-I-methylthiophene-2, 4-dicarboxylate (Example
AV 1A} were dissolved i 300 mi of dickdoromethane and 9.98 g (61.5 mmol) of CDI and 17.2 mi (123

mmol) of triethylamine were added. The reaction nuxture was stirred at BT for 2 days, after which
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9.3 md {61.5 mumel) of 2 4-dimethoxybenzylamine were added. After a further 2 h of stirring at RT,
the mixture was diluted with 200 mi of dichloromethane and washed successively with in each case
about 200 mi of water and saturated sodium chionde solution. After drying over anhydrous
magnesivm sulphate, the mixture was filtered and the filirate was evaporated. The residue that
remained was taken up in dichloromethane, insolubles being removed by filtration, The filtrate was
applied fo silica gel and chromatographed on silica gel using the mobile phase cyclohexane/ethyi
acetate 2:1 —» 1.1, This gave, after combination of the product fractions, evaporation and drying of

the residue under high vacuum, 12.8 g {(87% of theory) of the title compound.

"H-NMR (400 MHz, DMSO-d, 8/ppra): 10,56 (s, 1H), 832 (¢, 1H), 7.13 (&, VHY, 6.57 {4, 1H), 6.49
(dd, 151, 4.30 {quart, 2H), 4.19 {d. 2H). 3.80 (s, 311, 3.75 (s, 3HD, 2.62 ¢s, 3H), 1.50 (s, OH), 1.32
{t, 34

LC/MS (Methed 1, iSIpos): R, = 1.40 min, m/z = 479 [M+H]

Example 8A

teri-Butyl S-methyl-2 4-dioxo-3-(2-phenviethyl}-1, 2,3 4-tetrahydrothieno[2,3-dlpyrimiding-6-
carboxylate
[ﬁ;‘e\\\:
N R
H ff\ ’ §
WO 7 G e
4,0

7.34 ¢ {17.0 vunol) of the compound from Ex. 2A were dissolved in 145 mi of ethancl, and 9.5 ml
{254 mmol} of a 209 solution of sodium ethoxide in cthanol were added. The reaction mixiure
was stivred at RT for 2 h. The muxture was then poured into about 400 m! of water and adjusted to a
pH of about § using 5 M acetic acid. In the course of this, the product precipitated out. The product
was filtered off with suction, washed neuiral with water and dried under a high vacoum. 589 g

{219 of theory} of the title compound were obtained.

"H-NME (400 MEz, DMBSO-dy, S/ppmy: 12.44 (s, 1HD, 7.33-7.29 (m, 21T}, 7.25-7.20 (rn, 3H), 4.01
(m, 2H), 2.83 {m, ZH), 2.72 (s, 31D, 1.52 (s, SHD.

LU/MS (Method 1, ESIpos): Ry= 1.28 min, m/z = 387 [M+H]™
Example 84

tert-Buiyi 3-[2-(2-fluorophenylethyl]-S-methyl-2,4-dioxn-1,2,3 4-teirahvdrothieno 2,3«

dipyrimidine-G-carboxylate
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% 4
me N
HSC

Analogously 1o the process described under Ex. 8A, 1.76 g (3.90 mmol} of the compound from Ex.
3A gave 1.55 g (98% of theory) of the title compound. Here, in deviation to the process described
above, the precipitated product was, after filiration with suction, dissolved in ethyl acetate and once
& more washed with water. The organic phase was then dried over anhydrous maguesium sulphate,

fiitered and concentrated, and the residue was finally dried under high vacuum.

TH-MNMR (400 MHz, CDCh, 8ppm): 7.28-7.24 (m, 1H, partially obscwed by the CHCl, signal),
722747 (o, 1HD, 7.08-6.99 (m, 2H), 425 (1, 2H), 3.03 {1, 2H), 2.82 {5, 3H), 1.58 {5, 9H).

LC/MS (Method 1, ESIposy: Ry = 1.25 min, w/z = 405 [M+H]".

10 Example 184

teri-Butyl 3-12-(Z-chlorophenyliethyl}-S-methvl-2 4-dioxo-1,2,3 4-tetrahydrothiena{2,3-

dpyrimidine-6-carboxylate

Analogously to the process described under Ex. 84, 2.42 ¢ (5.17 mumol) of the compound from Ex.

15 4A gave 171 g (76% of theory, purity 97%) of the tile compound. Here, in deviation to the
process described above, the precipitated product was, after filtration with suction, dissolved in
ethyl acetate and once more washed with water. The organic phase was then dried over anhydrous
magnesium sulpbate, filiered and concentrated, and the residue was finally dried onder high

VaCUuui.

20 'H-MMR (400 MHz, CDCl, S/ppm): 7.35 (dd, 1H), 7.30 ¢dd, 1H), 7.20-7.14 ¢m, 2H), 4.26 (1, 7H),
T3 {5, 250, 2.83 (5, 3H), 1.58 (s, OHY

LOMS (Method 1, ESEpos): Ry = 130 min, m/z = 421/422 [M+H".
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Example 11A

feri-Butyl S-methyl-2 4-dioxo-3-[2-(pyridin-3-yijethyi}-1,2,3 d-tetvahydrothiono] 2 3-d]pyrimidine-

G-carboxvlate

Analogously to the process described under Ex. 8A, 2.41 g (5.56 mumol} of the compound from Ex.
SA gave 1.89 g {87% of theory) of the title compound. Here, in deviation to the process described
above, the precipitated product was, after filtration with suction, dissolved in ethyl acetate and once
more washed with water and satarated sodium hydrogencarbonate solution. The organic phase was
then dried over anhiydrous magnesium sulphate, filtered and concentrated, and the residoe was

finally dried under high vacuum.

H-NMR. (400 MHz, DMSO-d,, Sppmy: 8.42-8.40 {m, 25D, 7.64 (d, 1), 7.31 (dd, 1H), 4.01 ¢,
2H), 2.81 (¢, 7H), 2.67 {5, 3H), 1.49 (5, 9.

LO/MS (Method 1, ESIpos)y: R= (.32 min, m/z = 388 [M+H].

Example 124

tert-Butyl 3-ethyi-S-methyi-2,4-dioxo-1,2,3 d-tetrahydrotiuenoc] 2, 3-dipyrimidine-6-carboxylate

HO———0 87 Sy Ny
W ) (.\ §'\§
MG

%98 g (19.6 mmol} of the compound from Ex. 6A were dissolved in 130 ol of ethanol, and 11 mi
{29.4 mmol} of a 20% sohution of sodhum ethoxide in ethanol were added. The reaction mixture
was stirred at RT for 2 h. The mixture was then poured into about 400 mi! of water and adjusted to 2
pH of about 5 using 5 M acetic acid. In the course of this, the product precipitaied cut. The product
was fitiered off with suction, washed neutral with water and dried vnder a high vacwum. 589 g

{37% of theory} of the title compound were obtained.
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HNMR (400 MHz, DMSO-de, 8/ppm): 12.39 (s, TH) 3.85 (quart, 2H), 2.71 (5, 3H3, 1.51 (s, 9H),
111t 3H).

LOC/MS Method 1, ESIpos): By= 1.06 min, m/z= 311 [M+H].

Example 134

teri-Butyl 3-(2 4-dimethoxyhenzyl)-S-methyl-2 4-dioxn-1,2,3,4tetrahydrothienc2, 3-dipyrimidine-

H-carboxylate

o CH 3
o e &)

{:j 2 e iy gl l\\ f"‘t\"l\"\

3 \' S 3 ;\:é %
HG \}‘w«f §

& # > & ¥ o

E _‘§ C \w; h 5% . N . ,«t“(:}«\ '\-\:f,f N C H 3
MO L

12.8 g (26.8 mmol} of the compound from Ex. TA were dissolved in 250 mi of ethanoi, and 13 mi
(40.2 mmol} of a 20% solution of sodimm ethoxide in ethangl were added. The reaction mixture
was stured at RT for about 16 h. The mixture was then poured into about 1.5 1 of water and
adjusted to a pH of about 5 using acetic acid. In the course of this, the product precipitated out. The
product was filtered off with suction, washed neutral with water and dried under a high vacuum.

11.3 g (979% of theory) of the title compound were obtained.

THNMR (400 Mz, DMSO-dg, 8/ppon): 12,50 (5, TH), 6.72 (d, 1H), 6.56 (d, 1H), 6.39 (dd, 1H),
4.89 (s, 2TT), 282 (s, 3FD), .72 (s, 3HD, 2.6 (s, 3H), 1.52 (s, 9H).

LC/MS (Method 1, ESIposy: B, = 1.20 min, m/z = 433 [M+H}".

Example 144

1-{2-Phenviegthylpyrnmiding-2 4,61 H 3H S H-trione

N
Q f ]

i
kl
\

- \Nf\ -

OF ey \*{;}
£

2000 g (122 mmol) of 2-phenethyiurea [eoromercially available; Hit. e.g. L. De Luca, A, Porcheddy,
G Giacomelll, T Murgia, Sywiesr 2010 (i6), 2439-24421 and 18.5 ml {122 mmol) of dicthyl
malonate were dissolved in 70 mi of ethanol, and 45.5 i {122 mmol) of a 20% strength solution of

sodivn ethoxide in ethano! were added. The mixture was heated under reflox for 16 k. Most of the
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solvent was then removed on a rotary evaporator, and about 100 nd of water were added 1o the
residue that remained. Insolubles were fillered off and the filtrate was acidified with concentrated
hvdrochioric acid to pi 3-4. This resulted in the precipitation of the product, which was {iltered off
with suction and washed initially with water and then with hexane/diethyl ether 1:1. Drying under

high vacuum gave 20.9 g (72% of theory) of the title compound.

TNMR (400 Mz, DMSO-ds, S/ppm): 11.36 (s, TH), 7.33-7.29 (m, 2511, 7.25-7.20 (m, 311}, 3.86
(dd, 2H), 3.62 (s, 2H), 2.77 (dd, 7H).

LOMS (Method 1, ESIpos) B, = 0.76 min, wz = 233 [M+H]".
Example 154

1-Ethylpynimudine-2,4,6(UH 3H 5 -trione

e TN
TN e,
§ 3
. J{.Js“\.\ ,.-‘*L"\ )

25.0 g (284 mynol} of cthylurea and 43 ml (284 mmeol} of diethyl malonate were dissolved in 180
ol of ethanol, and 106 ml {284 mmol) of a 20% solution of sodivm ethoxide in ethanol were added.
The mixture was heated under reflux for 1 h, resulting in the formation of a precipitate. After
cooling to BT, the precipitate was separated off and the filirate was freed from most of the solvent
on % rotary evaporator. About 300 ml of water were added {o the residue that remained, and the
mixture was acidified with 5 M hydrochloric acid 1o pH 3-4. The agqueous solution was then
extracied three times with about 100 mi of ethyl acetate each tme. Drying over anhydrous
magnesivm sulphate, {iliration and evaporation of the combined organic extracts gave a first
fraction of the title cowmapound (141 g, 31% of theory). The agueous phase left earlier was
concenitaied o a volume of about 250 mwl and adjusted to pH 1 with 5 M hydrochloric acid, and
solid sodium chloride was added to saturation. The mixture was once more extracted with ethyl
acetate and the organic phase was dried over magnesium sulphate, filtered and concentrated. At
KT, the product obtained in this manner was stirred with 200 mi of diethyt ether. The mixture was
then filtered and the residue was dried under high vacuum. This gave a second fraction of the title
commpound (6.0 g, 13% of theorv). A total of 20.1 g (45% of theory) of the title compound were

thus obtained.
HANMER (400 MHz, DMSO-dg, d/ppm)y: 1130 (s, TH), 3.70 {quart, 2H)}, 3.59 (s, 2H), 1.06 {¢, 3H).

GC/MS (method 4, ESIpos): R, = 4.28 min, miz = 156 [MT.
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Example 164

&-Chiore-3-{2-phenyiethyhpyninudine-2 401 £ 3 H)-dione

At a temperature of §°C, 36.5 ml (392 mnol) of phosphorus oxychloride were added carefully o
5.2 mi of 30% strength aguecus ethanol. Then, lkewise av 0°C, 182 ¢ (433 mmal} of the
compound from BEx.o 14A wereadded a lttle at a Yme. After the addition had ended, the reagiion
mixture was heated first for 30 min at 50°C and then for 50 min at 100°C. ARter the mixture had
cooled o BT, it was poured into about 100 mi of fce-water and stivved for 1 b The precipitated
solid was fltered off with suction and washed initially with water and then with hexane. The solid
was then surred with g hitle dichloromethane gt BT, once more filtered off with suction and finally

dried under hugh vacuom. This gave 3.16 g (26% of theory, 93% pure} of the title comopound.

HLNMR (400 Mz, DMSO-d,, S/ppm): 1238 (s, LI, 7.32-7.28 Gn, 2H), 7.23-7.19 (m, 3H), 5.91
(s, about 1H}, 3.9 (dd, 21D, 2.50 (44, 2H).

LO/MS (Method |, ESIposy R, = 0.79 min, m/z = 2517253 [M+HT.

Example 174

f-4 hloro-3-cthylpyrimudine-2 401 AL 38 -dione

O
. ol m”’g .
3 N Q
H

At # temperature of 0°C, 28.8 mi (389 mmol) of phosphorus oxyehloride were added carefolly to
6.5 mi of 0% sirength agueous ethanol. Then, likewise at 0°C, 5.4 ¢ (34.6 mmnd) of the compound
from Ex. 154 were added a hitle at a time. Alier the addition had ended, the reaction mixture was
heated first for 30 win at 56°C and then for 2 h at 100°C. ABer the mixture had cooled to RT, it
was poured into about 160 mi of ice~water, The precipiiated solid was filtered off with suction and

washed with water. Drying under high vacuurm gave 2.78 g {46% of theory) of the title compound.
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TLNMR (400 MHz, DMSO-dg, 8/ppm): 12.34 (s, 1), 5.89 (s, about 1H), 3.76 {quart, 2H), 1.07 t,
34,

LE/MS (Method 1, ESIpos)y: Ro= 0.42 min, o'z = 175/177 [M+H].

Exampie 184

1-{2,6-DHoxo-1-{2-phenviethyl}-4-(pyridintum-~1 -yh-1 6-dihvdropyrimidin-3{2 Hy-ylidene}-2,2,2-

trifluorocthanolate

([f W o F
R v,@j}Lv "’f\i\j' ~_“.~3‘\\\’:’,:_;‘" \“G
o
s . 'V.;:-;»\"\ S
R N j
E\"\ E‘
\\’\,\;7_,.(“"

At RT, 3.2 ml (39.9 mmol) of pyridine were added to a suspension of 1.0 g {3.99 mmol) of the
compound from Ex. 16A in 10 mi of acetonitrile. 2.3 ml (16.0 mmol} of triflucroacetic anhydride
were then slowly added dropwise. After the addition had ended, stirring of the mixture was
condinued at RT for 1 h. About 100 ml of water were then added, and the mixture was extracted
with about 100 ml of ethyl acetate. The organic extract was washed with saturated aqueous sodium
chloride solution. The solid, which was finely suspended in the extract, was then filiered off with
suction and washed with a little ethyl acetate. The residue was dried under high vacuum, thus
giving a first fraction of the title compound {659 mg, 42% of theory). The resulting filtrate was
dried over anhydrous magnesium sulphate, filtered and evaporated to dryness. The solid that
remained was stirred in a mixture of 25 i of dilsopropy] ether and 11 mi of ethyl acstate at 446°C
for 30 min. After cooling to RT, the solid present was filtered off with suction and washed with a
little dicthyl ether. This gave, after drying under high vacuum, a second fraction of the tiile
compound {499 mg, 32% of theory). A total of 1.16 g (74% of theory} of the title compound were

obtamed in this manner.

HNMR (400 MHz, DMSO-dg, d/ppm): 9.28 (4, 2H3, 8.81 (¢, 1H), 8.28 (¢, 2H), 7.36-7.28 {m, 41D,
7.25-7.21 {m, 1H}), 4.03 {dd, 21, 2.83 {dd, 2H).

LC/MS (Method 1, ESIpos): R, = (.85 min, w/z = 390 [M+H]"

Example 194

1-[1-Eithyl-2,6-dioxo-4-{pyridinium-1-v1}-1,6-dihydropyrimidin-3(2 &-ylidene)-2,2,2-

trifluoroethanclate
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Ar BT, 4.6 ml 573 ramol) of pyridine were added to a suspension of 1.0 g (5.73 mmol) of the
compound from Ex. 174 0 15 ml of acetonitrile. 3.2 ml (32.9 mmol} of tnithuoroacetic anhydride
were then slowly added dropwise. After the addition had ended, stirving of the mixture was
continued at RT for 1 h. About 100 mi of water were then added, and the mixture was exiracted
twice with about 100 mi of ethyl acetate cach time, The organic extract was washed with safurated
agqueous sodivrn chioride solution and then evaparated to dryness. The solid that remained was
stured in a puxture of 25 i of diisopropy! ether and 5 ml of ethyl acetate at 40°C for 30 min. After
cooling to RT, the solid present was filtered off with suction and washed with a little peniane.

Prrying under high vacuum gave 1.54 g {865 of theory) of the title compound.

'HANMR (400 MHz, DMSO-dg, 8/ppm): 9.28 (4, 253, 8.80 (¢, 1H), 8.26 {1, 2H), 3.87 {quart, 2H),
1,13 ¢, 3R,

LO/MS (Method 1, ESIpos): B = 0.56 min, wm/z = 314 [M+HT

Example 30A

Ethyl 2 4-dioxo-3-(2-phenyiethviy-S-{triflucromethyl}-1,2,3 4-tetrahydrothieno] 2, 3-djpyrimidine-6-

carboxyiate

In a microwave oven (Biotage Initiator with dynamic control of trradiation power), a mixture of
950 mg (2.44 mmod} of the compound from Ex. 184, 369 mg {8.37 mmol} of sodium carbonate
and 535 pl (4.88 mmol} of ethy! mercapiloacetate in 26 md of ethanol was heated at 120°C for | h
Then the muxture was evaporated to dryness on a rotary evaporator. The residue that remained was
taken up in about 700 mi of ethyl acetate and the mixture was washed successively with about 300

mi each of semisaturated agueons sodium chloride solution, water and saturated sodium chioride
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sohution. After drying over anhydrous magnesivm suiphate, the mixture was filtered and the filtrate
was evaporated. The crude product was purified by preparative HPLC (Method 5). This gave, after
combination and evaporation of the product fractions and drying of the residue under lugh vacuum,

728 myg (72% of theory) of the title compound.

"HNMR (400 Mz, DMSO-dg, 8/ppm): 12,61 (s, 1H), 7.33-7.29 (m, 2H), 7.26-7.20 {m, 3H), 4.33
{quart, 2FT), 4.02 (m, 2H), 2.83 (m, 2H), 1.29 ¢, 3H).

LC/MS (Method 1, ESipos): R, = 1.13 min, m/z = 413 [M+H]"

Exasmple 21A

Ethyi 3-gthyl-2,4-dioxo-S-(irifluoromethyi}-1,2,3 4-tetrahydrothiens| 2, 3-djpyrimidine-6-

carboxylate

In a nucrowave oven (Biotage Initistor with dynamic control of irradiation power), a mixiure of
4.75 5 {15.2 mumwol} of the compound from Ex. 184, 3.54 ¢ (33.4 mmol) of sodium carbonate and
3.3 mi (30.3 mmol) of ethy! mercaptoacetate in 39 mi of ethanol was heated at 120°C for 1 h. Then
the mixtore was evaporaied to dryness on a rotary evaporator. About 200 od of water were added o
the residue that remained, and the mixture was acidified slightly with acetic acid {about pH 4). The
mixture was extracted thres times with about 100 mi of dichloromethane cach time. The combined
organic phases were washed with saturated sodium chiloride solution and dried over anhydrous
magnesium sulphate and then filtered and evaporated. The crude product was purified by MPLC
{Puriflash cantridge with 25 g of silica gel, cyclohexane/ethyl acetate 3:1 —» 111} This gave, after
combination and evaporation of the product fractions and drying of the residue under high vacuum,

278 g (54% of theory} of the title compound.

FLNMR (400 MHEz, CDCly, S/ppmy 1138 (s, 1H), 4.40 (quart, 2H), 4.10 {quart, 2H), 1.39 (&, 3H),
1.29 (¢, 3H),

LCMS (Method 2, BESIposy: R, = 2.06 min, m/z = 337 [M+H]".
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Example 224

1-{2,6-Dioxo-1-{ 2-phenylethyvl}4 -{pyridinium-1 -vi}- 1 f-dihvdropyrimidin-5{ 2 H}-viidene}-2,2-

difluoroethanclate

ALRT, 161 mi (199 mmol} of pyridine were added to a suspension of 5.0 g {19.9 mmaol} of the
compound from Ex. 164 in 50 mi of acetominle. 9.9 mi (79.8 mmo!l} of difluorcacetic anhydride
were then slowly added dropwise. After the addition had ended, stirming was continued at RT for 1
h. About 300 mi of water were then added, and the mixture was extracted twice with sbout 500 ml
of ethyl acetate each time. The organic extract was washed with saturated agueous sodium chloride
solution. The solid, which was fincly suspended o the extract, was then filiered off with suction
and washed with a litle ethyl acetate. The solid was dried under high vacuum, thus giving a first
fraction of the ttle compound (2.8 g, 37% of theory). The filtrate was dried over anhvdrous
magnesivm sulphate, filtered and concentrated to dryness. The residue that remained was initislly
stirred in 3 mixture of 20 ml of diisopropyl ether and & ml of ethyl acetate at RT. Since the solid
obtained after filiration with suction was still slightly contaminated, the product was for a second
time stirred with & mixtore of 30 mi of diethyl ether and 10 ml of ethyl acetate. This gave, after
anather filtration with suction and drying under high vacuum, a second fraction of the tiile
compound (2.3 g, 31% of theory). In total, 5.1 g (68% of theory} of the title compound were

obtamned in this manner.

H-NME (400 Milz, DMSO-de, $/ppm): 9.272 (4, 2H), 8.81 (¢, 1H), 8.27 (¢, 2H), 7.36-7.28 (m, 4FD),
726722 (m, TH), 6.97 (1, 1H), 4.04 (m, 2H), 2.84 (m, 2H).

LOMS (Method 1, ESIposh: R= 0.82 min, w/z = 372 [M+H].

Example 234

Ethyl 2 4-dioxo-3-{Z-phenviethy-5-{difluoromethyl}-1,2,3 4-tetrahvdrothienof 2. 3-d pyrimidine-6-

carboxylate
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In a microwave oven {Biotage Initiaior with dynamic control of wradiation power), a mixture of 4.0
g {10.8 vunol) of the coropound from Ex. 224, 2.51 g (23.7 ramel’ of sodinm carbonate and 2.36
el (21.5 mmol} of ethyl mercaptoacetate in 22.4 ml of cthanel was heated at 120°C for 2 h. The
S reaction mixture was then evaporated to dryness on a rotary evaparaior. The residue that remained
was taken up m about 400 ml of water, acidified stightly by addition of acetic acid and extracted
three times with about 400 ml of dichloromethane each. The solid, which was finely suspended in
the combingd orgamce extracts, was fltered off with suction and stirred at RT with & nuxture of 25
ol of pentane and 25 ml of dichloromethane for 30 min. This gave, afier ancther filtration with
16 suction and drying under high vacuom, a first fraction of the title compound {(1.76 g, 41% of
theory}. The filtrate from the fltration of the combined organic extrasts was washed with saturated
aqueous sodiuvm chloride solution, dried over anhydrous magoesium sulphate, filtered and
concendrated. At R, the solid that remained was stitred 1o a mixture of 20 ol of pentane and 20 mi
of dichloromethane for 30 sun. This gave, after filtration with suction and drying under high
15 vacuum, a second fraction of the title compound {1.14 g, 26% of theory). In total, 2.9 g (68% of

theory} of the title cornpound were obtained in this manmer,

H-NMR (400 MHz, DMBO-d,, Sppmy 12.67 (s, UH), 7.72 (4, 1H), 7.34-7.29 (m, 2H), 7.26-7.20
(m, 3H}, 4.33 (quart, 2, 4.02 {m, 2H), 2.84 (m, 25}, 1.31 (&, 31D,

LO/MS (Method 1, BSipos): B, = 1.06 min, m/z = 395 [M+H]
3 Example 244

6-Chioro-2,4-droxe-3-(2-phenylethyi}-1,2,3,d-tetrabvdropyrimidine-S-carbaldehyde

O f‘ﬁ:\\,

o
{ |
’“J\ wﬂ\ e Ry

At a temperature of 0°C, 31.7 ral (340 mmol} of phosphorus oxyebloride were added dropwise to
7.9 ml of DMF. After the addition had ended, the cooling bath was removed and 3.95 ¢ (17.0

25 mmol} of the compound from Ex. 14A were added a little at a time at RT. The mixture was then
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heated under reflux for 2 h. After cooling, excess phosphoras oxychloride was removed on a rotary
evaporator. The residue that remained was, with vigorous stirring, carefully poured mto 1ce-water.
The resolting precipitate was filtered off with suction and then dissolved in ethyl acetate. The
wixture was extracted successively with water and saturated sodinmn chloride solution. The
combined aguoous wash phases were re-extracted with dichioromethane, and the dichloromethane
phase was combined with the ethy! acetate phase. After concentration of the corobined organic
phases, the crude product was suspended in about 70 ml of othyl acetate and strred at RT for 30
rin. This gave, after the solid had been tiliered off with suction and dried under high vacuum, &
first fraction of the iitle compound {(1.08 g, purity 91%, 20% of theory). The filirate was
councentrated and then subjected o coarse purification by filtration with suction through silica gel
using the mobile phase ethyl acetate. After re-evaporation, the solid that remained was stirced at BT
in a mixture of 10 ml of ethyl acetate and 3 ml of pentane for 3 h. This gave, after fSltration with
suction and drying under high vacuum, a second fraction of the title compound {0.91 g, purity 63%,
12% of theory). Both fractions could be employved for further reactions without further purnification.

This gave a total of 1.99 g (78% purity, 33% of theory) of the title compound.

YE-NMR (300 MHz, CDCL, Sfppm): 1014 (s, TH), 991 {br. o, TH), 7.33.7.29 m, 2H), 7.28.7.22
(m, 3H}, 4.19 {m, ZH), 2.96 {m, 2H).

LO/MS (Method 1, BSIpos): R = 0.72 min, m/z = 27%/281 [M+H]'.

Exsmple 254

Ethyl 2,4-dioxe-342-phenylethyl)-1,2,3 d-tetrahydrothieno] 2, 3-djpyrimidine-6-carboxylate

& Y
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in a mucrowave oven {Biotage Initiator with dynamic controd of irradiation power}, a mixture of
1.08 g (3.88 mmol) of the compound from Ex. 24A, 411 mg (3.88 mmol} of sodium carbonaie and
425 ul (3.88 munol) of ethyl mercapioacetate in 15 md of ethancl was heated at 120°C for 90 min.
The reaction mixture was then evaporated to dryness on a rotary evaporator. The residue that
remained was taken up in ethyl acetate and washed twice with water and once with saturated
aqueous sodium chloride solution. After drying over anhydrous magnesium sulphate, the mixture
was filtered and concentrated. The residue that remained with dissolved in a litile dichloromethane,
a few drops of ethanol were added and the material was then purified on a Biotage cartridge (530 ¢

of silica gel, mobile phase gradient: S:1 -» 12 cvelohexane/ethyl acetate). This gave, after
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evaporation of the product fraciions and drying of the residue under high vacuum, 901 mg (67% of

theory} of the {itle compound.

H-NMR (400 Mz, DMSO-de, 8/ppm): 12.54 (s, T, 7.77 (5, TH), 7.33-7.28 (ra, 2H), 7.24-7.20
{m, 3H), 4.29 {quart, 2H), 4.03 (in, 2H), 2,84 {m, 2H), 1.30 ¢, 35).

LC/MS (Method 1, ESIposy: R, = 1.00 min, m/z = 345 [M+H]".

Example 264

teri-Butyl S-methyi-2,4-dioxo-3-2-phenylethyl- 13,3, 3-trifluoropropy}-1,2,3,4-
tetrahydrothieno]2,3-d]pyrinudine-S-carboxylate
N
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5.35 g (17.0 vunoly of caesium carbonate were added 1o a solution of 598 g (15.5 mmol} of the
compound from Ex. BA in 150 mi of DMF, and the mixture was stirred at RT for 15 min. 4.16 g
(186 mmol} of 3,3 3-trifluoro-1-lodopropane were then added, and the mixiure was heated al
160°C for 3 h. The muxture was then evaporated to dryoess on a rofary evaporator. The residue that
remained was taken up in ethyl acetale and washed successively with waler and saturated sodium
chloride sobitinn. After drying over anhyvdrous magnesinm sulphate, the mixture was fltered and
the filtrate was evaporated. The crude product was purified by MPLC (Biotage cartridge with 340 g
of silica gel, cyelohexane/ethyl acetate 10:1). The product fractions were combined and
concentrated. The residue was then stirved in 5C ml of pentane/dichloromethane {100:3) at BT, This
gave, after another filivation, evaporation and drying under high vacuum, 5.33 g {(71% of theory} of

the title compound.

TH-NMR (400 MHz, DMSO-de, Sfppmy: 7.33-7.28 Gm, 2T, 7.25-7.20 (m, 3H), 4.14 {1, 7H), 4.06
(e, 2H), 2.84 (o, PFD, 2.79-2.72 (m, 2H), 2.76 (. 39, 1.54 (s, 9H).

LO/MS (Method 1, ESIposy: Ry = 1.49 min, mv/z = 483 [M+H]".
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Example 274

teri-Bulyl f-{4,d~diftuorobui-3-en-1-y}-S-methvl-2, d-dioxo-3-{Z-phenylethyvl}-1,2,3 4~

tetralydrothienof 2, 3-d]pyrimidine-6-carboxylate

Analogousty to the process described in Bx. 264, 1.0 g (2.59 mmol) of the compound from Ex. 84,
1.27 g {3.88 mmol) of cacsium carbonate and 664 mg {3.88 mumol) of 4-bromo-1,1 -diflucrobut-1-
ene gave 468 mg {37% of theory} of the title compound. In deviation from the process described
above, here, MPLC purification could be dispensed with. The crude product was purified by

stivring at RT with a mixture of 20 mil of pentane and 0.5 ml of dichloromethane.

TH-NMR (400 Milz, COCL, &/ppm): 7.32-7.29 {m, 430, 7.26-7.20 Gn, 1H), 4.28-4.24 (m, 1H),
4.24-4.18 (m, 2H), 3.97 (¢, 21, 2.96-2.92 (m, 2H), 2.86 {s, 3H), 2.47 (quart, 21, 1.59 (s, SH).

LO/MS (Method 1, ESIpos) Re= 1.52 min, m/z = 477 {M+H] .

Example 284

rert-Butyl  1-{2-methoxyethyl}-S-methyl-2,4-dioxo-3-(2-phenviethvi}-1,2,3,4-tetrahydrothieno[2,3-

dlpyrimidine-6-carboxylate
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L85 g (5.69 mmol) of caesium carbonate were added to a solution of 2.0 g {5.18 mmol) of the

compound from Ex. 8A in 60 mi of DME, and the mixture was stivred at RT for 10 min. 863 mg
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{6.21 mmel) of 2-bromomethyl methyl ether were then added, and the mixture was heated at 100°C
for 30 min. The mixture was then evaporated to dryness on & rotary evaporator. The residue that
remainad was taken up in ethyl acelate and washed successively with water and saturated sodium
chloride selution, After dryving over anhydrous magnesivm sulphate, the mixivre was filtered and
the filtrate was evaporated. The crude product was purnified by MPLC (Puriflash colunwm with 80 g
of ailica gel, cyclohexane/ethyl acetate 1(:1). Filtration, evaporation and drying of the residue

~y

under high vacuum gave 2.22 g (96% of theory} of the title corapound.

HANMR (400 MHz, DMSO-dg, 8/ppm): 7.32-7.28 (m, 2H), 7.24-7.20 (m, 3H), 4.09-4.04 (m, 47,

3.61 {1, 2H), 3.24 (s, 3H), 2.84 (dd, 2H), 2.74 (s, 3H), 1.533 (5, SH}.
LC/MS (Method 1, ESIpos)y: Ry= 1.40 min, m/z = 448 [M+H] |

FExample 2945

teri-Butyl 302+ 2-fuorophenyhethyi]-5-methyl-2 4-dioxo-1-(3,3 3rifluorepropyly-1,2,3,4-

5

tetrahydrothieno|2, 3-dipyrimidine-6-carboxviate
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665 mg {2.04 mmol} of caesium carbonate were added to a solution of 750 mg (1.85 mmol} of the
compound from Ex. 9A in 20 mi of DMF, and the mixwire was stured st RT for 15 min. 498 mg
{2.23 mmol) of 3,3,3-trifhuoro-1-todopropane were then added. The mixture was heated at 100°C
for a total of 17 b, with another 498 my (2.23 mmol} of 3,3, 3-riflucre-1 -iodopropane being added
after a reation fime of 5 h and a further 249 mg (1.12 ramol} of 3,3, 3-trifluore- i -iodopropane being
added after a reaction time of § h. Afier the reaction had ended, the mixture was evaporated 1o
dryness on a rolary evaporator. The residue that remained was taken up in ethyl acetate and washed
successively with water and saturated sodium chioride solution. After drying over avhvdrous
magnesturn sulphate, the mixture was filtered and the filtrate was evaporated. The crude product
was purified by MPLC (Puriflash column with 200 g of silica gei, cyclohexane/ethyl acetate 5:1).
The product fractions were combined and concentrated. Finally, the residue was stirred at RT ina

mixture of 30 ml of pentane and 1 ml of dichloromethane. This gave, after another filtration,
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evaporation and drying under high vacuum, 430 mg (44% of theory, purity 95%) of the title

compound.

H-NMR (400 MHz, DMSO-dg, Sfppm): 7.29-7.24 (m, 2H), 7.15-7.09 (m, 2HD), 4.12 (t, 2FD, 4.10
(t, 2HD), 2.91 (1, 2FD), 2.73 (s, 3FD), 2.71 (¢, 2H), 1.53 (s, 9H).

LC/MS (Method 1, ESIpos): R, = 1.42 min, nvz = 501 [M+HY.

Example 304

tert-Butyl  1-(4 4-diffuorobut-3-en-1-y1)}-3-[2-(2-fluorophenyliethyl]-5-methyi-2 4-dioxo-1,2,3,4-

tetrahydrothieno[2,3-djpyrimidine-6-carboxylate
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Analogously to the process described in Ex. 294, 750 mg (1.85 mmoel) of the compound from Ex.
94, 506 g (2.78 munol) of caesium carbonate and 476 mg {(2.78 mmol) of 4-brome-1,1-
diftuorobut-1-ene gave 480 mg (52% of theory} of the title compound. In deviation from the
process described above, here the reaction time was only 60 min, and during this time there was no
further addition of alkylating agent. Moreover, MPLC purification could be dispensed with. The

crude product was purified by stirring in 20 mi of pentane at RT,

"H-NMR (400 Mz, DMSO-dg, 8/ppm): 7.29-7.23 (m, 25D, 7.15-7.09 (m, 2H), 4.60 (d of t of 4,
TH), 4.10 {t, 2H), 3.94 (1, ZHD), 2.90 (1, 2H), 2.72 (5, 3, 2.38-2.32 (m, 2H), 1.53 (s, 91D,

LC/MS (Method 1, ESIpos): R, = 1.46 min, w/z = 495 [M+H]"
Example 314

tert-Butvl 3-{2-(2-chlorophenyllethyii-5-methyl-2,4-dioxo-1-{3.3, 3-irifluoropropyi-1,2,3.4-

tetrahydrothienof2,3-d]pyrimidine-6-carboxylate
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Analogously to the process described in Ex. 294, 750 mg {1.78 mmol} of the compound from Ex.
104, 639 mg (1.69 mmol) of cacsium carbonate and initially 479 mg (2.14 vuool) of 3,3,3-
trifluoro-~t~-iodopropans gave 440 og (48% of theory) of the title compound. In deviation from the
procass described above, here the reaction time was 3 days in total, and the addition of further

alkylating agent was carried out after 6 b and 16 h {in cach case 240 myg, 1.07 umol}.

"H-NMR {400 MHz, CDCH, Sfppm): 7.36-7.33 (m, 1H), 7.27-7.23 (m, 1H, partially obscured by
the CHCHL signal), 719714 (m, 2H), .23 (¢, 2H), 413 {4, 2H), 311 {8 2H), 2.84 (s, 3H), 2.59-
2.47 (m, ZFD, 1.59 {5, GOH}.

LOMS (Method 1, ESIpos) Ro= 146 min, m/z = 517/519 [M+H]"

Example 324

ter-Butyl  3-[2-{2-chlovophenyhiethyl}-1 {4, 4-diflvorobut-3-en-1 -yl }-5-meethyl-2 4-dioxo-1,2,3 4-

tetrabydrothienof 2 3-dlpyrimidine-6-carboxylate

Amnalogously o the process deseribed in Bx, 294, 750 mg (1.85 mmad} of the compound from BEx.
10A, 871 mg (2.67 mumol} of caesium carbonate and 457 mg {2.67 mmol} of 4-brome-1,1-
difluorobut-1-ene gave 543 mg (57% of theory) of the title compound. In deviation from the

process described above, here the reaction time was only 60 min, and during this fime there was no
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further addition of alkviating agent. Moreover, MPLC purification could be dispensed with. The

crude product was purified by stirring in 20 ol of pantane at RT.

YNME (400 MHz, DMSO-de, S/ppm): 7.42-7.38 (m, 1H), 7.30-7.22 (. 3H), 4.60 (¢ of t of 4,
TH), 4.12 ¢, 2FD, 3.93 (4, 2H), 2.99 (¢, 2D, 2.72 (s, 3H), 2.37-2.31 (m, 2H), 1.53 (s, OHL).

LC/MS (Methiod 1, ESIpos): By = 1.50 min, m/z = 511/513 [M+H]".
Example 33A

reri-Buiyl S-methyl-2,4-dioxoe-3-{2-{pvridin-3-yhethvl}-1-(3,3, 3-ritluoropropyis-1,2,3 4-

tetrabydrothieno 2, 3-d]pyrimidine-6-carboxylate
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114 ¢ (348 mmaol} of cacsium carbonate were added to a solution of 900 mg (2.32 mmol) of the
compound from BEx. 11A in 25 ml of DMF, and the mixture was stirred at KT for 15 min. 780 mg
{3.48 romol) of 3,3, 3-tritluore-1-iodopropans were then added, and the mixture was heated at 90°C
for 6 h. The maxture was then evaporated to dryoess on a rotary evaporaior. The residue that
remained was taken up in ethyl acetate and washed successively with water and saturated sodium
chloride solution. After drving over anhydrous magnesiwrn sulphate, the mixture was filtered and
the filtrate was evaporated. The crude product was purified by MPLC {Bintage cartridge with 50 g
of silica gel, eyclohexana/ethyl acetate 5:1 — 1:1). The product fractions were combined and
concentrated. At BT, the residue was then stirred in a mixture of 20 mi of cyclohexane and 1 ml of
dichloromethane for 2 b, This gave, after another filtration, evaporation and drying under high
vacuum, a first fraction of the fitle compound (117 mg, 10% of theory). After evaporation, the
filirate was purified further by preparative HPLC (Method 5). This gave, after combination and
evaporation of the product fractions, a second fraction of the title compound (381 mg, 33% of

theory}. A total of 498 mg (44% of theory) of the title compound were thus obtained.

H-NMR (400 MHz, DMBSO-dy, S/ppm): 8.43-8.41 (m, 2H), 7.67-7.63 (rn, 1H), 7.31 {dd. 1), 4.13
{t, 2HD, 4,30 (&, 2H), 2.89 (¢, ZF), 2.80-2.69 (m, 2H), 2.73 s, 3H), 1.53 (s, SH).

LE/MS (Method 1, ESIpos): R, = 1.07 min, nv/z = 484 [M+H]
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Example 34A

fert-Bulyl I-(4,4-difluorobut-3-en-1 -yh-S-methyl-2 4-dioxo-3-[2-{pyridin-3-yhethyi]-1,2,3,4-

tetrahydrothieno] 2, 3-d]pyrimidine-6-carboxylate
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Analogously to the process deseribed in Ex, 334, 900 rog (2.32 mmol) of the compound from Ex,
HA, 114 g 345 mmely of caesium carbonate and 596 mg (348 momol} of 4-bromo-1,1-

diflucrobut-1-ene gave a total of 610 myg {55% of theory} of the title compound.

"H-NMR (400 MHz, DMSO-dg, 5/ppm): §.43-8.40 (ra, 25}, 7.67-7.64 {m, 1), 7.31 {(dd, 1H), 4.6
(d oftof d, 1H), 4.10 (1, ZH3, 3.94 (1, 2H), 2.88 (¢, 2HD, 2.73 (s, 3H), 2.392.33 (m, 26, 1.53 &,
9H;).

LO/MS Method 1, ESIpos): B, = 1.10 min, m/z = 478 {M+H}.

Fxample 354

tert-Butyl 3-ethyl-S-methyl-Z,4-dioxs-1-(3,3, 3-trifleoropropyl)-1,2,3 4-tetrahydrothiens{2,3-

dlpyrimiding-6-carboxylate
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4.72 g (14.5 monol) of caesiom carbonate were added to a solution of 3.0 g (9.47 mmol) of the
compound from Ex. 12A in 100 mi of DMF, and the mixtore was stired at RT for 20 min. 2.57 g

{14.5 mmoi} of 3,3, 3-tritflooro-1-iodopropane were then added, and the mixture was hested at
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100°C for 5 b, The mixture was then evaporated to dryness on a rotary evaporator, The residue that
remained was faken up in ethyl acetate and washed successively with water and satursted sodiur
chloride solution. After drying over anhydrous magnesium sulphate, the mixture was fikltered and
the filtrate was evaporated. The crude produet was purified by MPLC (Puriflash coluron with 120 g
of silica gel, cyclohexane/ethyl acetate 1) The produet fractions were combined and
concentrated, and the residue was dried under high vacuwum. This gave 3.24 g (76% of theory, 93%%

purg) of the tifle compound.

"H-NMR (400 MHz, DMSO-dg, 8/ppm): 4.15 (1, 2H), 3.90 (quart, 2H), 2.84-2.74 (m, 2H), 2.76 (s,
3H), 153 (s, 81, 113 ¢, 3H).

LC/MS (Method 1, ESEpos): R, = 1.36 min, m/z = 407 [M+H] .

Example 364

tert-Butyl -4 4-difluorobui-3-en-L-vi}-3-ethyl-S-methyl-2 4-dioxo-1,2,3 4-tetrahydrothiena{2 3~

&

dipyrimidine-6-carboxylate
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Analogousty to the process described in Ex. 354, 800 my {2.58 mmol} of the compound from Ex.
124, 1.26 g (3.87 ronw!} of cacsium carbonate and 661 mg (387 nunol} of 4-bromo-1,1-
diffuorobui-1-ene gave 778 mg (76% of theory) of the title compound. In deviation to the process
described above, here the reaction time was only 1 h. Also in deviation, a Puriflash cannidge
containing 40 g of silica gel was used for MPLC purification, and the product was then purified by

stiring in perdane/dichloromethane {30:1)

H-NMR (400 MHz, CICl, 8/ppm): 4.25 (d of t of &, 1H), 4.06 (quart, ZH), 3.9% (¢, 21, 2.85 ¢,
3H3, 2.51 {prendo-gquart, 2H), 1.59 {s, 8H}, 1.25 ¢, 3HL

LO/MS (Method 1, ESIpos): K, = 1.39 nun, m/z = 401 [M+HY
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Example 374

tert-Butyl 3-ethyl-1-(Z-methoxyethyl}-5-methyl-2,4-dioxo-1,2,3 4-tetrahydrothieno{2,3-

dlpyrimidine-6-carboxylate
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Analogously 1o the process described m Ex. 354, 800 mg 2,58 mmol) of the compound from Ex.
124, 1.26 g (3.87 mmol) of caesium carbonate and 337 g (3.87 mumol} of Z-bromocthyvl methyl
ather gave 680 mg {(71% of theoryd of the title compound. In deviation to the process deseribed
above, here a Biotage cartridge containang 50 g of silica gel was used for MPLC purification, and

the product was then purified by stireing in 31 mi of pentane/dichloromethans (30:1}.

TH-NMR (400 MHz, CDCL, Sfppm): 4.13 (1, 2H), 4.07 (quart, 7H), 3.74 ¢, 7H), 3.36 (s, 3H), 2.84
(s, 310}, 1.58 (s, 9FD), 1.26 (1, 3H).

LOMS (Method 1, ESIposy: R, = 1.24 min, nv/z = 369 [M+H] .
Exasmple 384

Ethyi 2,4-dioxo-3-2-phenviethyl}-5-(trifluoromethyiy-1 (3,3, 3-riffuoropropyiy-1,2,3,4-

tetrahydrothicno{2,3-d]pyrimidine-6-carboxylate
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719 mg (2.21 mmol} of caesium carbonate were added to a solution of 700 mg (1.70 mmol) of the
compound from Ex. 20A in 20 ml of DMF, and the mixtore was stizved at RT for 15 min. $70 mg

(2.55 mmol} of 3.3,3-trifluoro-1-indopropane were then added, and the mixture was heated at
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FO0°C for 60 min. 400 mi of water were then added, and the mixiure was extracied three times with
about 130 mi of diethyl ether each time. The combined organic extracts were washed with saturated
sodium chioride sobtion. After drving over anhydrous magnesium sulphate, the mixture was
filtered and the filtrate was evaporated. At RT, the crude product was triturated in a mixture of 25
ml of pentane and 0.5 mi of diethyl ether for 1 h. The mixture was filtered and the residue was
dried under high vacuum. This gave & first fraction of the title compound (497 mg, 57% of theory).
A second fraction was isolated by preparative HPLC (Method 6} from the mother hquor obtamned
after stirming (138 mg, 16% of theory). A total of 635 mg {73% of theory) of the title compound

were thus obiained.

TH-NMR (400 MHz, CDCL, 8/ppm): 7.32-7.20 (m, 5H, partially obscured by the CHCY signal),
4,42 (quart, 2H), 4.26-4.22 {m, ZH), 4.16 (¢, 2H), 2.98-2.94 {m, 2H), 2.64.2.53 (m, ZH}, 1 41 §
3H}.

LO/MS (Method 1, ESIposy: By = 1.30 min, m/z = 509 [M+H]

Example 394

Eihyl 3-ethyi-2.4-dioxo-S-(rithuoromethy - 1033, 3-trifluoro@propyl}-1,2,3 A-tetrahydrothionn{ 2,3~

dipyrimidine-6-carbaxylate

139 g (131 munol) of casstum carbonate were added fo a solution of 2.0 g {(5.95 mmol) of the
compound from Bx. 214 1 40 ol of DMF, and the nuxture was stirred at BT for 15 mun. 266 g
{11.9 mmol} of 3,3, 3-rifloors- L -iodopropane were then added, and the mixture was heated at 60°C,
After 1 h, a further 2.66 g (11.9 mmol} of 3,3 3-triffoore-1-iodopropane were added. Stirring at
60°C was continued for 16 b, Afier cooling to RT, about 160 mi of water were added and the
mixiure was extracted three times with about 20 ml of dicthyl ether each time. The combined
organic extracts were washed with saturated sodivrm chloride solution. After drving over anhydrous
roagnesiung sulphate, the mixture was filtered and the filtrate was evaporated. The crude product

was purified by MPLC on 3 Puriflash cartridge (100 g of silica gel, cyelohexane/ethyi acetate 7:1
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— 1:1}. The product fractions were combined and concentrated, and the residue was dried under

high vacuum. This gave 1.86 g (72% of theory) of the title compound.

"H-NMR (400 MHz, CDCL, Sfppm}): 4.41 (quart, 2H), 4.20 (1, 2H), 4.68 {quart, 2H), 2.73-2.61 (m,
2H), 1.40 (¢, 31, 126 {4, 3H).

LO/MS (Method 1, ESIpos): Ry = 1.15 min, m/z = 433 [M+H]".

Example 40A

Ethyi S-{difluoromethyl}-2,4-dioxo-3-(2-phenylethyi}-1-(3,3, 3-trifluoropropvi}-1,2,3,4-

tetrahydrothiens]2,3-dlpyrimidine-§-carboxylate
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Analogously to the process described in Bx. 384, 2.90 g (7.35 mmol} of the compound from Ex.
23A and 1.72 ml {14.7 mmol} of 3,3, 3-triflucrg-1-odopropane gave 2.22 g (61% of theory) of the
title compound. Here, for purification the crude product was, at RT, stirred successively with the
following solvent mixtures; In the first and second instance in each case with 100 mi of pentane

and 5 mi of diethyl ether, in the third instance with 50 ml of pentane and 5 ml of diethy] ether.

TH-NMR (400 MHz, DMSO-ds, Sppm}: 7.74 (6, 1H), 7.33-7.29 (m, 2H), 7.26-7.21 (m, 3H), 436
(quart, 2H), 4.20 (1, 2FT), 4.08 (m, 25, 2.87-2.73 (1, 450, 1.32 (¢, 3H).

LO/MS (Method 1, ESTposy R, = 1.27 min, mv/z = 491 [M+H}

Example 41A

Fthyl 2,4-dioxo-3-{2-phenvlethvl}-1-(3,3, 3anfluoropropyl}-1,2,3 d-tetrahydrothieno| 2,3-

dipyrimidine-6-carboxylate
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1.28 g {3.92 mmol} of cacsium carbonate were added {0 a solution of $00 myg (2.61 mmol} of the
compound from Hx. 25A in 10 ml of DME, and the mixture was stirred at RT for 20 min. 878 mg
{3.92 guooh) of 3.3, 3-wriflucro-1-iodopropene were then added, and the mixiure was stirred in a
§  microwave oven {Biotage Initiator with dynamic control of irradiation power} at 100°C for 2 h 45
min. After cooling to RT, about 60 mi of water were added and the mixture was extracied with
ethyl acetate. The organic extract was washed with water and saturated sodium chloride solution.
After drying over anhydrous magneshum sulphate, the mixture was filtered and concentrated. At
RT, the solid obtained was stirred in a mixture of 20 ml of pentane and 1 wmi of diethy! ether for
10 about 16 b This gave, after filtvation with suction and drving under high vacuum, 895 mg (77% of

theory) of the title compound.

PH-NMR (400 MHz, DMSO-dg, S/ppmy: 7.87 (s, 1H), 7.32-7.28 (m, 25, 7.24-7.19 (o, 3H), 4.32
{quart, ZH}, 4.17 (&, 2H), 4.09 {m, 2H), 2.89-2.73 {m, 4HD), 1.31 (¢, 3H).

LC/MS (Method 1, ESIpos): B, = 1.24 min, w/z = 441 [M+H]
15  Example 424

ser-Butyl 3-(24-dimethoxybenzyi-S-methyl-2 4-dioxo-1-03,3 3 -triffluoropropyi-1,2,3,4-

tetrahydrothienc]2, 3-dpvrimidine-6-carboxyliate
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6.18 g (57.6 amol) of cagsium carbonate were added to 2 solution of 11.3 g {26.2 munch) of the
compound from Exo 13A i 250 wd of DMF, and the mixture was stimed at RT for 15 min. 117 g
{52.3 mmol) of 3,3 3-trifluore-1-odopropane were then added, and the mixture was heated at 70°C.
After 6 b, a further 11.7 g (§2.3 yomol) of 3,3,3-trifluoro-1-iodopropane were added. Stiming at
70°C was continued for 7 h. After cooling to RT, most of the volatile coraponents {including DMFE)
were removed on a rotary evaporator. About 400 mi of ethyl acetate were added to the residue, and
the mixture was washed successively with water and saturated sodium chloride solution. After
drying of the organic phase aver anhydrous magnesium sulphate, the mixtore was filtered and
evaporated. The crude product was purified by MPLC on a Bictage cartridge {340 g of silica gel,
cyclohexane/ethyl acetate 5:1). The product fractions were combined and concentrated. Stirring of
the residue with pentane/dichloromethane (235:1}, another filtration and drying under high vacuum

gave 8.78 g {63% of theory) of the title compound.

YI-NMR (400 Milz, DMSO-ds, S/ppm): 6.75 (4, 1H), 6.57 (d, 1H), 6.39 (ad, 18, 4.95 (s, 2710,
4.37 (4, 2H), 3.81 (s, 3, 3.72 (s, 3H), 2.87-2.74 (m, 2H), 2.74 (s, 3H), 1.54 (5, SH).

LO/MS (Method 1, ESIpos): R, = .38 min, m/z = 529 [M+H]".

Example 43A

S-Methyvi-2,4-dioxo-3-(2-phenviethy-1-(3,3, 3-trifluoropropyly-1,2 3 4-tetrahydrothieno[2,3-

dipyrimidine-6-carboxylic acid

80 md of wifluorcacetic acid were added to a solution of 5.69 g (11.8 mmol) of the compound from
Ex. 26A in 240 ml of dichloromethane, and the mixture was stirred at RT for 2 h. The reaction
mixture was then evaporated to dryness on a rotary evaporator. The residue that remained was
siirred in diethyl ether and filtered off with suetion, and the solid was dried under high vacuum.

This gave 4.89 ¢ {97% of theory) of the title compound.

H-NMR (400 MHz, DMSO-dg, S/ppm): 13.47 (br. s, 1H), 7.33-7.28 (m, 2H), 7.26-7.20 (m, 3H),
4.14 (t, 2H), 4.07 (m, 2H), 2.84 (m, 2H), 2.80-2.70 (m, 2H), 2.77 (5, 3H).
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LO/MS (Method 1, BSIpos)y Re= 111 min, m/z = 427 [M+H].
Example 444

i-{4,4-Difluorobut-3-en-1 -yi}-5-roethyi-2 4-dioxc-3 -{ 2-phenylethyl}-1,2,3,4-tetrabydrothienc|2,3-

dipyrimidine-G-carboxylic acid
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Analogously to the process described in Ex. 434, 520 myg (1.0% mmol} of the compound from Ex.
27A and 5 o of trifluoroacetic acid in 10 mi of dichloromethane gave 328 mg {71% of theoryy of

the title compound.

H-NMEK (400 MHz, DMSO-d, Sfppm): 1342 (br. s, 1HD), 7.33-7.28 (m, 2H), 7.25-7.20 {m, 35,
10 4.63 {doftofd, 1H), 4.07 (m, 2H), 3.96 (t, 21, 2.83 (m, 25D, 2.76 (s, 3H), 2.38 {1, 2H).

Example 454

1-(Z-Methoxyethyi}-S-methyi-2 4-dioxo-3-2-phenviethyl}-1,2,3 dtetrahvdrothienc{2,3-

dlpyrinddine-f-carboxylic acid

.
oy

75 mi of triftuoroacetic acid were added to & solution of 5.0 g (11.2 mmol) of the compound from

Ex. 28A in 225 mi of dichloromethane, and the mixture was stirred al RT for 2 h. The reaction
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maxture was then evaporsted to drvness on 2 rotary evaporstor, The residue that remained was
stirred in diethyl ether and fliered off with suction, and the sohid was dred under high vacuum 4.3

2 {92% of theory} of the title compound were obiained.

"H-NMR (400 MBz, DMSO-d,, &/ppmy: 13.37 (br. s, 1H) 7.33-7.29 (m, 2H), 7.25-7.20 (m, 3H),
4.09-4.04 (m, 4H}, 3.62 {t, 2H), 3.25 {5, 3K}, 284 (dd, 25, 275 {5, 3H}.

LOMAS (Method 1, ESipos): R = 1.03 min, m/z = 189 [M+H]"

Exsmple 464

3{2-2-Fluorophenyhethvll-S-methyl2 4-dioxo-1-03,3 3 -triflvoropropyly-1 . 2,3,4-

tetrabvdrothiene[2 3-dipyrimdine-6-carbonvhic soid

16 ml of tifluoroacetic scid were added to a solution of 420 me (0,84 muuol) of the compound
from Ex. 294 in 20 mi of dichlormmethane, and the muxture was sitrred at BT for | h. The reaction
mixture was then evaporated o dryness on a rotary evaporator and the residue was subseguently

dried under lugh vacuum, 300 mg (79% of theory) of the title compound wers oblained,

TH-NMR (400 MHz, DMSO-d,, Sfppmy 1347 (br. 3, 1H), 7.25-7.24 {m, 2H}, 7.16-7.0% (m, 2H),
4120 2H), 4100 2L 280 (L 280, 2.74 (s, 3D, 270 6, 28D

LO/MS (Method 1, ESIpos): Bo= 111 min, m/iz = 445 IMHH]

Example d7a

4 A-Difluorobut-3-cn-1-vD-3-{2-(2-fluorophenyliethyi}-5-methyl-2 4-dioxo-1.2,3 4-

tetrabydrothienoiZ 3-dipyrinudine-G-carboxvhio acid
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15 ml of trifluorcacetic acid wers added to a solution of 758 mg (1.52 mmol} of the compound
from Ex. 30A v 30 mil of dichloromethane, and the mixture was stirred at RT for 1 h. The reaction
mixinre was then evaporated to dryness on a rotary evaporator. The residue that remained was
S stirred in diethyl ether and fillered off with suction, and the solid was dried under high vacuum.
320 mg {47% of theory) of the title compound were thus obtained. Since, except for the target
compound, the roother liguor did not contain any further inpuritics, it was evaporated completely,
and the residue that remained was likewise dried under high vacuum (290 mg, 42% of theory). A

total of 610 mg (90% of theory} of the title compound were obtained in this manner,

16 'H-NMR (400 MHz, DMSO-dq, S/ppm): 1342 (br. 5, TH), 7.30-7.24 Gm, 2H), 7.16-7.10 (m, 2H),
4.61 (doft of d, 1H), 4.10 ¢x, 21D, 3.93 (1, 2H), 2.90 {t, ZED), 2.73 (5, 310, 2.38-2.32 (mn, 2H).

LC/MS (Method 1, ESIpos): Ko = 115 min, mv/z = 438 {M+H}+,
Exsmple 484

3-[2-(2-Chlorophenylethyl}-S-methyl-2,4-dioxo-1-(3,3, 3-riflucropropyiy-1,2,3 .4

15 tetrahvdrothieno{2 3-dJpyrimidine-g-carboxyiic acid

7 ml of triffuoroacetic acid were added to a solution of 420 mg {0.81 mmol} of the compound Fom
Ex. 31A in 15 ml of dichloromethane, and the mixture was stirred at BY for 2 h. The reaction

mixture was then evaporated o dryness on a rolary evaporator. The residue that remained was
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stirred in digthyl ether and filtered off with suction, and the solid was dried under high vacuum,

2895 my (79% of theory) of the tile compound were oblained.

HNMR (400 Mz, DMSO-ds, Sfppm): 13.46 (e s, 183, 743739 (m, 1D, 7.31.7.24 (m, 380,
4.15-4.10 {r, 4113, 3.00 (¢, 2H), 2.76-2.67 {m, M), 2.74 (3, 3D

LOMS (Method 1, ESIposy: R, = 1.17 nun, /e = 4617463 [M+HY.

Exampie 494

3-122-Chiomphenybethvil- L4 4-diffuorobut-Jen Loviko-methivi-2 4-diono-1 2,3 4

tetrabydrothienn{Z,3-dipyrimidine-6-carbaxylic acid

Analogously to the process desartbed in Bx. 484, 528 mg {1.03 mmol} of the compound from Ex.
324 and 7oud of tnfluoroacetic acid in 15 ml of dichloromethane cave 345 me (73% of theory) of

the titke compound,

'H-NMR (400 MHz, DMSGod, Sppmy: 1341 (br. s, 1H), 742-7.39 (m, 1H), 7.31-7.24 (m., 35,
451 (doftofd THL .12 ¢, 2H), 3.93 (1, 2H), 2.99 &, 2H), 2.73 (s, 3H), 2.37-2.31 {m, ZH).

LUMS (Method 1, ESIposk R = 119 min, m/z = 455/457 [M+H]
Example 544

S-Methiyl-2 4-dioxo-3-{2-{pyridin-3-yDethyii-1 {3 3, Iteifluoropropyi-1,2 3.4-

tetrahvdrothienol2 3-dlpyrimiding-6-carbonylic acid hvdrehlorids
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9.3 ml of g 4 M solution of hydrogen chloride in dioxane were added to 450 mg (0.93 ramol} of the
corppound from Ex. 334, and the mixture was stirred ai RT for about 16 h. The reaction mixiure
was then evaporated io dryness on a rotary evaporator. The residue that remained was stired in 1)
ml of disthyl ether at BT for 30 vun and filtered off with suction, and the solid was dried under

high vacourn. 463 mg (91% of theory) of the title compound were obtained.

H-NMR (400 Mz, DMSO-d,, S/ppmk 13.50 (br. s, TH), 8.82 (s, 1H), 8.74 (4, 1HD, 8.36 (d, 1H),
788 {1, L), 4.19 (4, ZHD, 4.12 (1, 25D, 3.09 (4, 21, 2.80-2.68 (m, 2H), 2.72 (s, 3H).

LC/MS (Method 1, BSIposy: R, = 0.67 nuin, m/z = 428 [M+H}

Example 514

1-{4 4-Difluorobut-3-en-1-yh-5-methyi-2,4-dioxc-3-{ 2-{pyridin-3-yethyi}-1,2.3,4-

tetrahydrothieno{2, 3~d]pyrimidine-6-carboxylic acid hydrochloride

Analogously to the process described under Ex. 304, 450 mg (0.94 mmol) of the compound from

. 34A gave 3635 myg (82% of theory} of the title compound.

"HONMR (400 Mz, DMSO-d,, Sfpproy £3.45 (bros, TH), 8.82 (s, 1H), 873 (d, 1H), 835 (d, 1H),
7.87 {6 1H) 40t {(doftof 4, 1H), 4.19 (4, 28, 3.92 {¢, 2}, 3.08 {, 2H, 2.72 {s, 3H), 2.37-2.36
{ma, 2H).
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LOMS (Method 1, ESIpos): R, = .70 min, m/z = 422 [M+HT,
Example 324

3-Ethyl-S-methyi-2 4-dioxo-1-(3,3 3+rifluoropropyi -1, 2,3, 4-tetrahydrothieno[ 2, 3-dpyrimiding-6-

carboxylic acid
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;Method A

50 ml of trifluoroacetic acid were added (o a salution of 6.89 g (16.9 mmal} of the compound from
Fx. 353A in 240 mi of dichloromethans, and the mixiure was stirred at RY for 2 h. The reaction
mixture was then evaporated fo dryness on a rotary evaporator. The residue that remained was
stirred in diethyl ether and fitered off with suction, and the solid was dried under high vacuum.

5.13 g {868% of theory) of the fitle compound were obtained.

H-NME (460 Mz, DMSO-dy, Sfppmy. 13,46 (br. s, TH), 4.15 (1, 283, 3.91 (quart, 21), 2.55-2.73
{ra, 2H), 2.76 (s, 3H), 1.13 (¢, 37D

LC/MS (Method 1, ESIpos): B, = 0.94 min, m/z = 351 [M+X].

Method B:

At about 2°C, 926 mg (9.54 mmol} of sulphaminic acid and 1.56 g {13.0 mmol) of sodium
dihydrogenphosphate were added to a solution of 2.9 g (.67 ramol} of the compound from Ex.
167A in a mixture of 22 md of acetone and 10 mwl of water, A solution of 1.03 g (9.11 mmol,
content &0%) of sodivm chlorite in 4 ml of water was then slowly added dropwise such that the
temperature of the reaction mixture did not rise above 6°C. After 30 min, the cooling bath was
removed and stirring of the nuxture was contivued overnight, The mixture was then dihuied with
108 mi of water and extracled twice with 150 wd of ethyl acerate each time. The organic exiract
was dried over anhydrous sodium aulphate and then filtered, and the filirate was concentrated to
dryness. The orude product was purified by chromatography (40 g of silica gel, mobile phase;
dichioromethane/methano!l 100:0 — 90:10). This gave, after concentration of the product fractions

and drying of the residue, 2.60 g (85% of theory) of the title compound.
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Example 534

i-{4,4-Difluorobui-3-¢n-1-yH-3-athyl-S-methyl-2 4-dioxo-1,2,3 4-tetrahydrothieno{2, 3-

dipvrimidine-g-carboxylic acid

Hv{: ?
3 - .»“"‘"l N -v"'@}\\m
SN ,J; )\\
Mo 3 \?ﬁ, 2
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F

Analogously to the process described under Ex. 524, 750 myg (1.87 mmol} of the compound from

Ex. 36A gave 528 mg {81% of theory) of the title compound.

THNMR {400 MHz, DMSO-ds, S/ppm); 13.40 (br. 5, 1H), 4.64 (d of t of d, 1H), 3.96 (¢, 21), 3.90
{quart, 2H}, 2.76 (s, 3H), 2.40 {(psevdo-quart, 28}, 1.12 (¢, 3H).

LO/MS (Method 1, ESIposk: R, = 0.94 min, m/z = 345 [M+H].
Example 544

3-Ethyl-1-(Z-methoxyethyl}-5-methyl-2 4-dioxo-1,2,3 4-tetrahydrothieno{ 2, 3-dlpyrinidine-6-

carboxvlic acid

Analogously o the process described under Ex. 324, 650 wyg {1.76 muool) of the compound from

Ex. 37A gave 489 mg (85% of theory) of the title compound.

"H-NMR (400 MEz, DMSO-de, d/ppm) 13.36 (br. s, 1), 4.07 (¢, 2H), 3.90 (quart, 2H), 3.65 {t,
2H), 3.25 (5, 3H), 2.75 (s, 3D, 113 (¢, 2H).

LO/MS (Method 1, ESIposy: Ry = 0.78 min, nv'z = 313 [M+H]"
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Example 8854

2,4-Dioxo-3-2-phenylethyD-S-(influoromethyl)-1-{3,3, 3 tniflvoropropyi3-1,2,3,4-

tetrahiydrothieno] 2, 3-dlpvrimidine-6-carboxylic acid

F 2N
- F & Fff \F
f !
Q “)‘( o P \\&_‘_f"‘\\’v’ Tt ’;\\’Q?\f M\“
e
J i ™ ey
iz
™
Py
LR
&

A solution of 35 mg (1.46 nunel) of lithium hydroxide in 10 mi of water was added {0 a solution of
485 mg {0.970 mmol} of the compound from Ex. 38A in 20 ml of ethanol, and the mixture was
stirred at RT for about 16 h, All the volatile constituents were then removed on a rotary evaporator.
The residue that remained was taken up in water and acidified with 2 mi of 1 M hydrochioric acid.
The product precipitated out and was fillered off with suction, washed with water and dried onder

bigh vacuum. 460 rag (25% of theory} of the title compound were obtained.

H-NMR (400 MHz, DMSCO-d,, Sppm): 14.50 (br. s, 1), 7.33-7.28 (m, 2H), 7.26-7.20 {m, 3H),
4.18 (¢, 2H), 4.07 (m, 2H), 2.74-2.68 (m, 4H).

LC/MS (Method 2, ESIpos)y: R, = 2.34 min, nv'z = 481 [M+H}".

Example 864

3-Ethyl-2 4-dioxo-S-{trifluoromethy}-1-(3,3, 3riflucropropyi}-1,2,3 4-tetrahydrothieno[2, 3~

dipyrimidine-6-carboxylic acid




1)

WO 2015/652065 - 110 - POT/EP2014/871113

Analogously to the process described under Ex. 554, 231 mg {0.540 mmol} of the cormpound from

Ex. 39A gave 178 mg (82% of theory) of the title compound.

H-NMR (400 MHz, DM3C-d,, 8/ppm): 14.51 {br. s, 1H), 4.18 (¢, 2H), 3.91 (quart, 2H), 2.87-2.75
(m, 2H), 1.13 (¢, 35D

LCO/MS (Method |, ESIpos): Ry = (.76 min, wm/z = 405 [M+H]}".

Example 874

5-{Difluoromethyl}-2,4-dioxo-3-2-phenylethv}-1-(3.3,3-trifluoropropyl}-1,2,3,4-
phenyiein;

tetrahydrothienof2,3-djpyrimidine-6-carboxylic acid

g {w & 2
S
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A solution of 539 mg (2.45 romol) of lithium hydroxide i 17 mi of water was added to a solution of
00 mg {(1.63 mmol) of the compound from Ex. 40A in 33 mi of cthanol, and the mixiure was
stirred at RT for 3 h. All the volatile constituents were then removed on a rotary evaporaior, The
residue that remained was taken up in water and acidified with 2 ml of 1 M hydrochloric acid. The
mixture was extracted three times with about 100 mi of dichloromethane each time. The combined
organic exiracts were washed once with saturated sodium chloride solution, dried over anhydrous
magnesium sulphate, filtered and concentrated. At RT, the solid that remained was stirred in a
mixture of 30 mi of pentane and 3 mi of diethy! ether. This gave, after filtration with suction and

drying under high vacuum, 482 rog (63% of theory) of the title compound.

TH-NMER (400 Mz, DMSO-dg, S/ppm): 7.79 (1, 1H), 7.34-7.29 (m, 2H), 7.26-7.20 (m, 3H), 4.19
{t, 2H}, 4.07 {mn, 210}, 2.87-2.73 (o, 4H).

LCMS (Method 1, ESIposk R, = 1.01 min, nvz = 463 [M+HT".

Example S8A

2,4-Dioxo-3-(2-phenylethyl}-1-(3,3,3-trifluoropropyi}-1,2,3,4-tetrahydrothieno| 2, 3-djpyrimidine-6-

carboxylic acid
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A solution of 65 myg (2.73 mmol) of Hihivm hydroxide in 8 mi of waier was added to a solution of
500 mag (1.82 nunol) of the compound from Ex. 41 A in 24 ml of ethanol. 2 mi of THF were then
added. The reaction nuxture was stired at RT for 3 b All the velatile constituents were then
removed on a rotary evaporator. The residue that remained was taken up in about 200 mi of water
and acidified with 3 ml of 1 M hydrochlonic acid. The product precipitated out and was filtered off
with suction, washed with water until neutral and dried under high vacuum, This gave 839 mg

{83% of theory, 7% pure} of the title compound.

TENMR (400 MHz, DMSO-ds, 8/ppm): 13.63 (br. 5, 1H), 7.79 (s, 1H), 7.32-7.28 (m, 2H), 7.24-
7.20 (m, 34, 4.16 (1, ZH), 4.08 (m, 25D, 2.85 (m, 28D, 2.78 (m, ZH).

LC/MS (Method 1, ESIpos): K= 1.04 min, m/z = 4123 [M+R]".

Fxample S9A

F-Methvl-2,4-dioxo-1-(3,3,3-rifluoropropy - 1,2, 3 d-tetrahydrothieno] 2, 3-dipyrimidine-6-

carboxylic acid

e O

/AR S
HO & N Vo

rrommonc .

3.32 g {6.27 mmol) of the compound from Fx. 42A were dissolved tn 130 mi of toluens, and 53.02 ¢
{37.6 mmol) of solid alumdnium trichkloride were added at RT. The reaction mixture was then
stirred at 30°C for 90 pun. Adter cooling to BT, 70 ml of water and 300 mi of cthyl acetate were
added. After phase separation, the organic phase was washed successively with water and saturated

sodium chloride solution. Afier drying over anhydrous magnesium sulphate, the mixture was
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filtered and the filtrate was evaporated. The crude product was stirred with 50 ml of

£l

pentane/dichioromethane {20:1) at RT. Filtration with suction and drying of the solid under high

vactum gave 1.93 g (87% of theory, about 92% pure) of the title compound.

H-NMR (406 MITz, DMBG-ds, Sfppm): 13.40 (broad, 1H), 1163 (s, 1H), 4.09 (1, 2H), 2.83-2.69
{tm, 2H), 2.72 (s, 3H).

LOMS (Method 1, ESIposy: R, =068 min, m/z = 323 [M+H].

Exsmple 60A

I-{{5-Methyl-2,4-dioxo-1-(3,3, 3trifluoropropyly-1,2,3, d-tetrabydrothienc{ 2, 3-dlpyrimidin-6-

vilcarbonyl} pipenidin-4-yi acetate

RO 2
& : k‘\h .»*'U\

o f\;-f} K
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1.93 g (5.0 mmol} of the compound from Ex. 58A were dissolved in 40 ml of DMF, and 274 ¢
{7.20 mumoly of HATU, 1.29 g {7.20 nunol) of piperidin-4-vi acetate hydrochloride [ht T, Kikuehi
et al., J Med Chem 2885, 48 (7), 257725831 and 31 ml {180 mmol) of NN-
diisopropyiethylamine were successively added. After the reaction mixture had been stirved at RT
for about 16 h, the mixture was poured onto water, resulting in the precipitation of the product. The
product was filtered off with suction, washed with a little water and died under a high vacuum.

Stirring with diethyl ether gave 2.35 g (80% of theory, purity aboui 92%:) of the title compound.

H-NMR (400 Mz, CDCL, S/ppm): 538 (s, TH), 5.04 {m, 1H) 4.15 (¢, 2H), 3.88-3 80 (m, 2H),
3.55.3.48 (m, 2F), 2.71-2.59 {m, 2H), 2.49 (s, 3H), 2.09 (s, 3H), 1.98-1.91 {m, 2H), 1.77-1.69 (m,
7).

-2

I3

LO/MS (Method 1, ESTpos): B, = 0.81 min, mv/z = 445 [M+HT .

Example 614

3-Ethyl-5-methyl-2 4-dioxo-1,2,3,4-tetrabydrothienol?, 3-djpyrimidine-6-carboxyvlic acid
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14% mi of wrifluoroacetic acid were added to a solution of 30.0 g (96.7 mumol) of the compound
from Ex. 1ZA in 300 mi of dichloromethane, and the mixture was stitred at RT for 12 h. The
reaction mixture was then evaporated to dryness on a rotary evaporator. The residue that remained
was stirred in ditsopropyl ether and filiered off with suction, and the solid was dried under high

vacuum. 22,80 g {92% of theory) of the title compound were obtained.
LC/MS (Method 1, ESIpos): B, = 0.61 min, m/z = 255 [M+HY.
BEaample 624

1-[(3-Eihyl-3-methyl-2,4-dioxe-1,2.3 d-tetrahvdrothieno] 2,3 -djpyrimidin-&-ylcarbonyi ipiperidin-

4-y1 acetate

H,ﬁgg C‘?
e h,
NN
\}““"Q
H,C

3

1850 g (76.7 mmol} of the compound of Ex. 614 and 1516 g (84.4 mmol} of piperidin-d-vi
acetate hydrochloride [Hio T, Kikuchi ef «f., J Med Chem 2005, 48 (73, 2877-2583) were
dissolved in 390 mi of DMFE, and 43.7 g (115 mmol) of HATU and 47 od (268 mmol) of N N-
diisopropylethylamine were added successively at 8°C. After the reaction mixture had been stirred
at RT for about 16 b, it was diloted with about 400 mi of ethyl acetate and washed successively
with water, 1 M hydrochloric acid, water and saturated aqueous sodium chioride solution. After
drying over anhydrous magnesturn sulphate, the mixture was Sliered and evaporated to dryness.
The residue obtained was purified by filtration with suction through silica gel using a
cyclohexane/ethy! acetate gradient. This gave, after evaporation of the product fraction and drying

of the residue under kigh vacoum, 8.80 g (3094 of theory)y of the title compound.

"HONMR (400 Mz, DMSO-d,, Sfppmy: 12.23 (s, 1H), 4.9 {m, 1H), 3.86 {quart, 2H), 3.77-3.6¢
{m, 2H}, 3.41-3.33 {m, 2F, partially obscured by the water signaly, 2.35 {s, 38}, 2.02 {5, 3H3, 1.90-
1.83 {m, 2H), 1.58-1.49 {m, Z2H), 1.1} {t, 3H}.
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LO/MS (Method 1, ESIpos): R, = 0.72 muin, nmv/z = 380 [M+H].
Example 634

1~ {5-Methyl-3-[2-(Z-roethyiphenyliethyl]-2 4-dioxo-1-{3,3 3rifluoropropyli-1,2,3,4-

tetrabydrothieno{2, 3-dipyrimidin-6-vi}carbonyDpiperidin-d-vl acetate

{:}I > i A e \‘V‘I"‘ ,.f‘f »
o T Y
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70 mg {0,156 mmol} of the compound from Ex. 804 and 315 pl (0.235 mmol) of 2-(2-
methylphenyliethyl alcohol were dissolved in 2 mil of anhydrous THE, and 62 mg (0.235 munol) of
triphenyiphosphine and 46.5 1l (8.235 punol) of diisopropyl arodicarboxyvlate (DIAD)} were added
suceessively. After about 16 b of stiving at RT, the reaciion mixture, in two portions, was
separated by preparative HPLC into its components {Method 53 The product fractions wers
corpbined and concentrated, and the residue was dried under high vacuum. 66 mg (72% of theory}

of the title compound were obtained.

'HLNME (400 MHz, CDCl, Slppro)y: 7.22-7.11 (m, 4H), 5.04 (m, TH), 4.15-4.13 (m, 43, 3.8
3.81 (m, 2HD, 3.55-3.48 {m, 2H), 2.95 (m, 2H), 2.64-2.55 (1, 2H), 2.53 (s, 3H), 2.47 ¢s, 3F), 2.09
(5, 3H}, 1.99-1.91 (m, 2H), 1.78-1.69 (m, 2H),

LC/MS (Method 1, ESIpos) Re= 1.24 min, m/z = 566 [M+HT.

Example 644

1-{{3-[2-(3-Fhuorophenylethyl}-S-methyl-2,4-dioxo-1-(3,3, 3-triflucropropyiy-1,2,3,4-

tetrahvdrothieno{2,3-djpyrmidin-6-v1 } carbonylpiperidin-4-vi acetate
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Analogously to the process described in Ex. 634, 70 g (0.158 mmol) of the compound from Ex,
60A and 293 pl {0,235 muooh) of 2-(3-fluorophenyliethy! alechol gave 65 rag (73% of thoory) of

the title compound.

H-NMER {400 MHz, CDCL, Sppm): 7.07 (d, TH), 7.00 (d, 1), 6.92 (dt, 1H), 5.04 (m, 1H), 4.23-
4.13 {rn, 4H), 3.89-3.81 {m, 25}, 3.56-3.48 (m, 2H), 2.94 {m, 2H}, 2.66-2.55 {m, 25D, 2.51 (s, 3H},
2.09 {s, 3H), 1.99-1.91 {m, 2E), 1.78-1.69 (m, 2H).

C/MS (Method 1, ESIpos) R, = 1.19 min, nvz = 570 [M+HT",
Example 654

F{{3-[2-3-Chlorophenyethyi}-5-methyl-2,4-dioxo-1-{3,3, 3rifluoropropyi)-1,2.3,4-

tetrahydrothienof 2, 3-dpyrimidin-6-yB carbonyvlipipenidin-4-y! acetate

Analogously to the process described in Ex. 634, 70 mg ({1.156 tunol) of the compound from Ex.
S0A and 37 mg (0.233 mmal) of 2-(3-chdorophenyhethyl alechol gave 74 mg (79% of theory) of

the title compound.

"H-NMR (400 MBz, CDCL, a/ppm) 7.28-7.17 (m, 4H, partially obscured by the CHCL signall,
304 (m, IH), 4.22-4.13 (m, 4, 3.88-3.87 (m, 2H), 3.56-3.48 (m, 2H), 2.92 {(m, 2H), 2.66-2.55
{m, 2H}, 2.52 (s, 3H), 2.09 {5, 3H), 1.99-1.91 {m, 2H), 1.78-1.69 {m, ZH).
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LO/MS {(Method 1, ESIpos): Ry = 1.24 min, nv/z = 586/588 [M+H} .

Example 66A

1-{{3-Methyl-3-{2-3-methviphenyliethyl]-2 d-dioxe-1-(3,3, 3-rifluoropropyi}-1,2,3 4«

tetrahydrothienof 2, 3-dlpyrimidin-6-yi} carbonvlipipendin-4-v] acetate

Analogousiy to the process deseribed in Ex. 634, 70 mg (0.136 mmol} of the compound from Ex.
S0A and 37 myg {0.235 mmol) of 2-(G-methyiphenyDethyl alcohol gave 61 mg (66% of theory) of

the tithe compound.

THNMR (400 MHz, CDCE, S/pprm) 720 (0 TH)Y, 7.03 (s, 1H), 7.10 €, 1H), 7.05 (4, 15D, 5.04 {m,
1H), 4.21-4.14 (m, 4H), 3.89-3.81 (n, 7H), 3.56-3.48 (m, ZH), 2.89 (m, 2H), 2.67-2.95 (m, 2H),
2.53 {s, 3H), 2.34 (s, 3, 2.09 (s, 3H), 1.99-1.91 (m, 2H), 1.78-1.69 (m, 2H).

LOMS (Method 1, ESIposy: R, = 123 min, m/z = 566 {M+H]"

Example §7A

1 3-[2-(4-Fluorophenyhethvl]-5-methyl-2 4-dioxo-1-(3,3 3-trifluoropropyi)-1,2,.3,4-

tetrahydrothieno[2, 3-dipyrimidin-6-vl}carbonyl jpiperidin-4-y1 acetate

LN
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Analogously to the process described in Ex. 634, 42 myg {(0.0%4 mmol} of the compound from Ex.
G0A and 28 myg (0.141 mmol) of 2-(d-fluorophenyhethyl aleohol gave 39 mg (72% of theory) of

the titke compound.

TH-NMR (400 MHz, CDCL, Sfppray: 7.27-7.23 (m, 2H, partially obscured by the CHCL signal),
6.59 (&, ZH}, 5.04 {m, 1F), 4.20-4.13 {(m, 4H), 3.88-3.81 (w, 2H}, 3.56-3.48 (o, 21, 2.81 {m, Z2H),
2.56-2.55 (m, ZH), 2.51 (s, 3H), 2.09 (5, 3H}, 1.99-1.91 {m, 2H), 1.77-1.69 {m, 2H).

LOMS (Method 1, ESIpos): B, = 1.20 min, mv/z = 570 IM+H]"

Example 684

1-{{3-[2-{4-Chiorophenylethyl]-5-methyl-2 4-dioxo-1-(3,3 3-riflucropropyl)-1, 2.3 4~

ietrahydrothieno]2 3-dlpvrimidin-&-yi} carbonvlipiperidin-4-vl acetate
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Analogously to the process desoribed in BEx. 634, 70 mg (0,156 ramol) of the compound from Ex.
504 and 37 mg {(0.235 mmol) of 2-{4-chlorophenyiiethy! alechol gave 78 myg {85% of theory) of

the title compound.

HANMR (400 Mz, CDCh, S/ppm): 7.27 (4, 2HD, 7.22 (d, 2H), 5.04 {m, 1D, 4.20-4.13 (m, 4H),
3.89-3.80 (m, 21, 3.56-3.48 (m, 2H), 2.91 (m, 7H), 2.65-2.53 Gm, 2H), 2.51 {s, 3H), 2.09 (s, 3H),
1.99-1.91 (m, 2T, 1.78-1.69 (m, 2ED).

LO/MS (Method 1, ESTpos): B, = 1.23 min, nv/z = S86/988 IM+HT

Example 6894

1-{{3-[2-(4-Methoxyphenyhethyl}-S-methyi-2,4-dioxo-1-(3,3, 3-trifluoropropyi)-1,2,3 4-

tetrabydrothienoi2 3-dipyrimidin-S-y B carbonyiipipendin-4-v acetate
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Analogousiy o the process described m Ex. 63A, 70 mg (8.156 mumol) of the compound from Ex.
G0A and 36 mg (0.235 mmol} of 2-{4-methoxyphenylethyl aleohol gave 72 mg (79% of theory) of

the title compound.

FENMR (400 MFEz, CDCL, Sfppm): 7.20 (d, 28, 6.84 (4, 2H), 5.04 (m, TH), 4.19-4.13 (o, 4H),
3.89-3.80 (m, ZH), 3.79 (s, 3H), 3.55-3.48 (m, 2E), 2.88 (m, 2H), 2.64-2.55 (m, 2F1), 2.52 {s, 3D,
209 (s, 3, 1.99-1.91 (m, 2H), 1.77-1.69 {m, 2H).

LC/MS (Method 1, ESIpos): Ry = 1.14 min, nv'z = $82 [M+HT.

Example 704

1-{{5-Mcthyl-2 d-dioxo-3-[2-{pyrazin-2-vlieihyi]-1-(3,3 3trmiflucropropy}-1,2,3 4-

tetrabydrothienof?2, 3-d]pyrimidin-6-vi} carbonylipiperidin-4-y1 acetate

\-"N ~
HT ‘ﬁ\ L\ )
T\) R e o A",o“"\’»_‘«"‘ =, '.\‘,e"‘
L
Jf\g‘»««“ Nx S \i\‘é__w \ N
| \ !‘{I L\,\}
{:‘}\\ ‘.,-*"
) ,
. J"; B ;?»"’ i &
HG S

Analogously to the process deseribed in Ex, 634, 70 mg (0.136 ramol) of the compound from Ex.
604 and 29 myg {0.235 wmol} of 2-(2-hydroxyethyljpyrazine [conumercially available; [t e.g.0 US
Patent US 5 344 830, Exarople 18/ step Al gave two fractions of the title compound: 14 mg {(16%
of theory, pure) and 93 mg of a mixture of the title conmpound with triphenylphosphine oxide, In
deviation to the process m Ex. 63A, here the purification by preparative HPLC was carried out

according to Method 7.
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"H-NME (400 MHz, CDCly, 8/ppm): 8.51-8.42 (m, 3H), 5.04 (m, 1H), 4.41 {4, 25}, 4.13 (¢, 20,
1.89-3.50 (o, JH), 3.55-3.47 (m, 25D, 318 @, 2H), 2.65-2.54 (m, 2H), 2.48 (s, 3H), 2.09 (5, 3H),
§.59-1.91 (m, 26, 1.78-1.68 {m, 2H).

LO/MS (Method 1, FSTposh B, = 0.93 min, mvz = 554 [M+H]"

Example T1A

2

1-{ {5-Methyl-2,4-dioxo-3-{ 2-phenyipropyli-1-(3,3, 3trifluoropropyly-1,2,3 4-tetrshydrothieno|2, 3-

dlpyrimidin-&-yl jearbonylpipenidin-4-vl acetate (racemaie)

Analogously to the process deseribed in Ex. 634, 200 mg (0.447 nunol) of the compound from Ex.
60A and 81 myg {0.670 mmol) of racemic 2-phenylpropan-1-6l gave 238 mg (84% of theorv) of the

title compound.

"B-NME (400 MHz, DMSO-d,, S/ppoy: 7.34-7.24 (m, 4H}, 7.22-7.17 {m, 1H), 4.92 {m, 1H}, 4.12-

4.05 (m, 3ED, 3.94 {m, 1HD, 379371 (my 2H), 3.43-3.36 (m, 2H), 3.27-3.09 (m, 1H), 2.78-2.66
{m, 2H), 2.38 (5, 31D, 2.03 (s, 3H), 1.92-1.85 (m, 2H), 1.60-1.51 (m, 2H), 1.19 (g, 3H).

LO/MS (Method 1, £SIpoes): R, = 1.20 min, m/z = 566 [M+H]

Example 72A

1-{[3-(2-Methoxy-2-phenylethyl}-S-methyl- 2, 4-dioxo-1-3,3, 3 trifhuoropropyi}-1,2,3,4-

tetrabydrothieno{ 2, 3-d]pyrimidin-6-vijcarbonyi } piperidin-d-yl acetaie (racemate)
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Analogously to the process described in Ex. 634, 200 my (0,447 mumol) of the compound from Ex.
S0A and 102 mg (8.678 mmol} of racemic Z-methoxy-2-phenviethanol gave 256 myg (83% of

theory, purtty 98%) of the title compound.

H-NMR (400 MHz, DMSO-d,, 3/ppm): 7.41-7.36 (m, 2H), 7.34-7.30 {m, 3, 4.92 {my, 1), 4.57
(dd, 1H), 4.35 (dd, 1), 4.19-4.04 {m, 2H), 3.81 (dd, 1H), 3.79-3.72 {m, 2HD), 3.44-3.37 (m, 2H),
3.07 (s, 3H), 2.79-2.67 (m, TH), 2.39 (s, 3H), 2.03 (5, 3H), 1.93-1 84 {1, 25}, 1.61-1.52 (m, 2H).

LC/AMS {Method 1, ESIpos): B, = 1.15 min, m/z = 582 [M+HT".

Example 73A

1-{{5-Methyl-2,4~-dioxo-3-[{1 -phenyicyclopropylimethyl]-1-(3,3 3-triflucropropyl}-1,2,3,4-

tetrabydrothieno{2,3-d]pyrimidia-6-vi}carbonyvipiperidin-4-vl acetate

£
H,C

Anzlogously to the process deseribed in Ex. 634, 160 mg {0.223 mmol} of the compound from Ex.
604 and 50 mg (0.335 mumol) of (1-phenyicyclopropylimethanot (it LK. Sydnes, P.F¥. Pereirg,
M. Sandberg, HH. Oevreboe, J Chem Kes. Minipring 2801 {4}, 464-474] gave 57 myg (42% of

theory, purity 96%) of the title compound.

TH-NMR {400 MHz, DMSQ-dg, S/ppmYy: 7.26-7.19 (m, 4H), 7.17-7.13 (m, 1H), 491 (m, 1H), 4.16
{s, 2H}, 4.00 {1, 2H), 3.74-3.70 (m, 23), 3.43-3.35 (m, 2H}, 2.63-2.51 {m, 2H, partly obscured by
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DMSO signaly, 2.32 (s, 3H), 2.03 (s, 3H), 1.91-1.85 (m, 2H), 1.60~1.51 {m, 2H), 0.95 {m, 2H), 0.72
{m, 2H}.

LO/MS (Method 1, BSIposy: R, = 1.22 min, mo/z = 578 [M+HT.

Example T4A

1-{5-Methyl-3-(2-methyl-2-phenvipropyh-2,4~-dioxo-1-{3,3, 3-triflucropropyi}-1,2,3.4-

tetratiydrothienof2,3-dlpynimudin-6-vllcarbonyi } piperidin-4-vl acetate

B4 o N
N N N
i,,} )\.\\* e ‘_.w“" o N o
W 40 . ?’i\
— § Vo e S
£ S AL OH
f"‘“‘”f\?‘\) 87 \E\L‘f o
il
. \'\“NN@,&‘} \:
Q\ A
}—«,, {:} Py -
R £ &

Analogously to the process described in Ex. 834, 150 myg (0.335 omol) of the compound from Bx.
H0A and 76 myg (0.503 mmol} of 2-methyl-2-phenylpropan-1-ol [lit.; B. Coletta, B. di Giacomo, B.
Natalind, M.-H. Ni, R. Pellicciar, Farmaco 19998, 54 {8}, 600-610] gave 104 mg (51% of theory,

purity 95%:3} of the title compound.

H-NMR (400 Mz, DMSO-d, 8/ppm}: 7.43 (4, 2H3, 7.32 (4, 2H), 7.21 (6, 1HD), 4.92 (m, 15, 4.10-
4.05 (m, 4Hy, 3.79-3.71 (m, ZH), 3.44-3.36 (m, ZH), 2.77-2.65 (m, ZH), 2.35 (s, 3H), 2.03 (5, 3H),
1.92-1.85 (m, 2, 1.61-1.52 (m, 2TD), 1.28 (s, 6H).

LC/MS (Method 1, ESIpos): R = 1.29 min, m/z = 580 [M+H]".

Fxample 754

1-{{5-Methyl-2,4-dioxo-3-{2-{pyridin-2-yliethyi-1-(3,3,3-trifluoropropyly-1,2,3,4-

tetrahydrothieno2,3-dipyrimidin-6-yi}carbonyDpiperidin-4-yl acetate (formic acid sall}
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Anslogously to the process described in Ex. 634, 70 mg (0,156 munol) of the compound from Ex.
60A and 29 mg (0.235 mmol) of 24 2-hvdroxyethyDpyridine gave 112 mg (95% of theory, purtly

#0%:} of the titie compound.

S 'H-NMR (400 MHz, DMSC-d, S/ppr): 5.88 (s, 1H) 8.48 (d, 11}, 7.71 (dt, 1H), 7.28 (4, 1H), 7.73
(dd, 1H), 4.92 (m, 1H), 422 ¢, 1H), 4.11 (&, 13D, 3.79-3.71 Gm, 2FD), 3.44-3.36 (m, 2H), 2.99 (4,
THD, 2.81-2.6% {mm, 2H), 2.39 (s, 3H), 2.03 (s, 3H), 1.92-1.85 {m, 25D, 1.61-1.51 {m, 2H).

LC/MS (Method 1, ESIpos): R, = 0.79 min, mv/z = 553 [M+HY"

Example 76A

10 1-{{5-Methyl-2 d-dioxo-3-[ 2-(pyridin-4-yDethyi}-1 (3,3, 3-trifluoropropyi}-1,2,3 4-

tetrabydrothienof2,3-dipyrimidin-6-vi }carbonylipiperidin-4-y1 acetate {formic acid salt)

el N
"""L\:\Q\ .-‘"ii
f x HCOOH
G, ;
& ’
MO

Analogously to the process described in Ex. 63A, 70 mg (0.156 vunol) of the compound from Ex,
63A and 29 mg {0.235 mmol) of 4-(2-hydroxyethylpyridine gave 34 mg (50% of theory, purity

£S5 B%) of the title compound.

LC/MS (Method 1, ESIpos): B = 0.76 min, m/z = 553 [M+H]"



10

Rk

WO 2015/052065 ~ 123 POT/EPZOI4/0TIILS
Fxample 77A
1-(03-[2-(1H-Tpudazol-1-ylethyli-5-moethyi-2 4-dioxo-1-(3,3 . 3-triflluoropropyiy-1,2,3,4-

tetrahydrothieno 2 3-dpyrimidin-&-y} carbonyiipipendin-4-yl acetate

Q

MG ]
0 >\.@ N »-*"”"‘\'\,,‘ff" N\’;‘}(

a'g’ * Q s *{ Prote
i I \\-N‘*“ e
& \) !
X, i
5 P g,
O Jreomomied
-
O -
& F
H,C =

182 mg {0.559 mmel} of cacsium carbonate were added to g sohition of 100 mg (0.223 mmol) of
the compound from Ex. 604 in 3 rol of DMF, and the mixture was stirred at RT for 10 min. 45 g
{0.268 mumnol) of 1-2-chloroethyl}-1H-imidazole hydrochloride [t ML, Burdeinyi, 8.V, Popkov,
M. V. Kharchevaikowa, Russ. Chem. Brdl. 2089, 58 {3), 936-938] were then added. After stirring at
RT overnight, conversion was incomplete. Therefore, the mixture was heated at 70°C for another 1
h. After cooling to RT, the reaction mixture was separaied directly by preparative HPLC into its
corppenents {(Method 53 The product fractions were combined and concentrated. The residue was
dissolved in a litle rmoethano! and the solution was passed over a bicarbonate cariridge
{Polymeriabs, Stratospheres SPE, PL-HCG: MP SPE, capacity 0.9 mmol). Subseguent evaporation
and drying of the residue under high vacuum gave 106 mg (87% of theory) of the title compound as

the free base.

H-NMR (400 M, DMSO-d,, Spom 7.58 (s, THYL 712 (s, 1H), 6.85 (s, 1H), 4.92 (m, 1H),
4.23-4.17 {m, 4H), 4.09 (1, 2H), 3.79-3.71 (m, 2FE), 3.43-2.36 (m, 2FD, 2.80-2.68 fm, 2H), 2.36 (s,
3H), 2.02 (s, 3H), 1.92-1.84 {m, 2F), 1.60-1.52 {1, 2F).

LC/MS (Method |, ESIposy: B, = (.67 min, m/z = 542 [M+HT.

FExample 78A

E-43-(But-3-yn-1-vi}-S-methyl-2 4-dioxo-1-{3,3, 3-trifluoropropyl)-1,2,3 4-tetrahydrothienc| 2, 3-

dipyrirnidin-a-yHcarbonyl) piperidin-4-yl acetate
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80 mg (0.246 mmol} of caesiom carbonate were added o a solution of 100 mg {0.223 mynol} of the
compound from Ex. 604 in 3 ml of DMF, and the mixture was stirred at BT for 10 min, 37 mg
{1.268 mmal} of 4-bromobutyne were then added. The reaction mixture was stirred at RT for about
16 h and then divectly separated indo its componenis by means of preparative HPLC (Method 5).
The product fractions were combined and concentrated, and the residue was dried under high

vacaurm, This gave 90 mg (80% of theory) of the title compound.

YENMR (400 Mz, DMSO-d,, S/ppm) 4.97 (m, TH), 4,13 (¢, 21D, 4.01 (@, 2H), 3.79-3.71 (m,
THY, 3.43-3.36 (m, 2H), 2.88 ¢, 1H), 2.85-2.73 (m, 2H), 2.49-2.44 (m, 2H), 2.39 (5, 3H), 202 (s,
383, 1.92-1.84 (m, 2H), 1.60-1.51 (m, 2H).

LO/MS (Method 1, BSIpos): R, = 0.9% min, m/z = 540 [M+HT"

Example 794

1-{13-(2-Methoxyethyi-5-methyl-2,4-dioxo-1-(3,3, 3-trifluoropropyl}-1,2,3,4-tetrahydrothienc|2,3-

dlpyrimidin-G-ylicarhonyl} piperidin-d-vl acetate

Analogously to the process described in Bx. 78A, 100 myg (0.223 mmol} of the compound from Ex.
60A and 37 mg {0.268 nmumnol) of 2-bromoethyl methyl ether gave 94 mg (83% of theory) of the title

compound.
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YHNMR (400 MHz, DMSO-d, 8/ppm): 492 (m, 1H), 4.13 {4, 2H), 4.06 ¢, 2H), 3.79-3.71 {m,
THD, 3.50 (4 2H), 3.44-3.36 (m, 2ED), 3.24 (s, 3H), 2.85-2.73 (m, 2H), 2.39 (s, 3H), 2.02 (s, 3H),
1.91-1.84 {m, 2H3, 1.60-1.51 (m, 20},

LCAMS (Method 1, ESIposh: R, = 0.93 min, mv/z = 506 [M+H]"

Example B0A

1-{[3-(2-Cyclopropylethyl-5-methyl-2 4-dioxo-1-€3,3, 3-rifluoroprapyis-1,2,3 4-
tetrahydrothiono[2,3-djpyrimidin-¢-vijcarbonyl} piperidin-4-vl acetate

HG E A
{:} “(’}‘x ‘”" v ™ ?‘E - \\\,,f"‘. »
\k {;\\ i
)
¢ R . o
. L
“ \\ ¢ RN
o . g
4
,f} ) . x—*?«\\ 8
H,C :

Analogously to the process described in Ex. 634, 100 mg (0.223 mmol} of the compound from Bx.
60A and 29 mg {8.335 mumol} of 2-cyclopropylethano! gave 52 mg (45% of theory) of the title

compournd.

"H-NMR (400 MHz, DMSO-d,, &/ppm): 4.91 {oy, 1H), 412 (&, 2H) 3.95 (¢, 2H, 3.78-3.71 (m,
2HY, 3.43-334 (m, 2H, partially obscured by the water signal}, 2.85-2.73 (m, 2H}, 2.39 (s, 3H),
2.02 (s, 3H), 1.91-1.84 {m, 2H), 1.60-1.51 (m, 2H), 1.44 {guart, 2H}, 0.72-0.65 (m, 1H), 0.41-0.37
{m, 2H3, .02 {m, 2H, partially obscured by the TMS signall

LO/MS (Method 1, ESTpos): Re=1.12 min, m/z = $16 [M+HT

Exanple 814

1-{{3-Isobutyl-S-methyl-2, 4-dioxo-1-{3,3, 3triflucropropyi}-1,2,3 4-tetrghydrothiena]2, 3~

dlpyrimidin-6-ylcarbonyl} piperidin-4-yl acetate
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Analogously to the process described 1n Ex. 634, 100 rag {0.223 mmol} of the compound from Ex.
60A and 25 mg {0.335 mmol} of 2-methyipropanct gave 95 myg (84% of theory) of the iitle

compound.

PH-NME (400 MHz, DMBG-d, $fppm): 4,92 (m, 1H), 4.13 (¢, 2H), 3.79-3.70 (m, 4H), 3.44-3.36
(m, ZHD, 2.85-2.73 (m, TH), 2.39 (5, 3H), 2.09-1.99 (m, 1H), 2.02 (s, 3H), 1.92-1.84 (m, 2H), 1.60-
1.51 (m, 2H), 0.86 (d, 6H).

LOMS (Method 1, ESIposy: R, = 111 min, m/z = 504 [M+H]
Example 834

1-{3-(2-Methoxypropy!}-5-methyl-2 4-dioxo-1-(3,3,3 riflucropropyiy-1,2,3,4-

tetrahydrothieno] 2 3-dlpyrimidin-6-ylcarbonyl} piperidin-4-vi acetate (racemare)

A A, ©
N BTN e e,
YO
. }"

o
0

He P

Analogously to the process described in Ex. 63A, 80 mg {0.179 mmol} of the compound from Ex.
50A and 24 mg {0,268 mmal} of racemic 2-methoxypropanol gave 53 mg (57% of theory} of the
title compound. In deviation to the processes described above, bere the product obtained afier
preparative  HPLC was chromatographed once more on silica gel (mobile phase: 201

cycichexane/ethyl acetate),

H-NMR (400 Mz, DMBC-d, Sppm) 4.97 (m, 1H), 4.13 (quart, 2H), 3.79-3.72 m, 4H), 1.64
(m, 1H), 3.44-3.36 {m, 28F), 3.22 (s, 3H), 2.85-2.73 G, 2H), 2.39 ¢s, 3H), 2.02 (s, 3H), 1.92-1.85
{m, 2H), 1.60-1.51 {m, 25, 1.06 {4, 3H).
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LOMMES (Method 1, ESIposy Bo= 099 min, m/z = 520 [M+H].
Example 834

1-{ {3-Ethyl-5-methyl-2 4-dioxo-1 -{2-(riffuoromethoxyiethyil-1,2,3 d-tetrahydrothiono] 2,3-

dipyrimidin-&-yl}earbonylpiperidin-d-vl acetaie

H, c\ 1
N/ A e,
‘) < L

‘5’" N Yo

&3 \

H,C

97 myg {0.296 mmel) of caesiom carbonate were added to a solution of 75 mg (0.198 mwool} of the
compound from Bx. 624 in 2 ml of DMF, and the mixture was stirred at RT for 20 min. 87 mg
{0,296 mmol} of 1-bromo-2-{irifluoromesthoxyiethane {commercially available;, bt P.E. Aldrich,
W.A. Sheppard, J Org Chem 1964, 29 (1}, 11-15] were then added. In a microwave oven
{Biotage Inttiator Sixty}, the reaction mixture was heated at 1006°C for 15 min, After cooling to RT,
the mixture was separated directly by preparative HPLC into ifs conmponenis {Method 13), The
product fractions were combined and concentrated, and the residue was dried under high vacuum.

66 mg (68% of theory) of the title compound were obtained.

TH-NMR (400 MHPz, DMSO-de, 8/ppm): 4.91 (m, 1H), 4.42 (¢, 2H), 422 (1, 2H), 3.91 {quart, 2H),
378-3.70 (m, 2H), 3.43-3.38 (m, 2H, partially obscured by the water signal), 2,39 (s, 3H)}, 2.02 (s,
3H), 1.91-1.84 (m, 2H), 1.59-1.50 G, 2H), 112 ¢, 3H).

C/MS (Method 1, ESTposk B, = 1.01 min, nvz = 497 [M+H]"

Example 844

F-{(3-Ethyl-S-methyi-2 4-dioxo~1 - {2-{(rithaoromethylsulphanyllethyl}-1,2,3,4-

tetrahydrothieno{2 3-djpyrimidin-g-yhcarbonyljpiperidin-4-vl acetate
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Analogously 1o the process deseribed in Ex. 834, 75 mg {0.198 mmol} of the compound from Ex.
62A and 62 mg (0.296 mmol} of 2-bromoethyl triflucromethyl sulphide gave 74 myg {(74% of

theory) of the title compound.

'H-NME (400 MHz, DMSO-ds, S/ppm): 4.91 (o, 1H), 4.16 (4, 283, 3.91 {(quart, 2H), 3.78-3.71 {(m,
2}, 3.43-3.34 (m, 4H, partially obscured by the water signal), 2.39 (s, 3H), 2.02 (s, 3H), 1.92-1 .84
(my, 2H}, 1.59-1.51 {m, ZH), 1.12 &, 3H}

LO/MS (Method 1, ESIpos): Ro= 1.97 min, m/z = 508 [M+HT".

Example 854

1-{{3-Ethyl-S-methyl-2 4-dioxo-1 -2 {trifluoromethyliprop-2-en-1-y1}-1,2,3 4~

tetrahydrothiens{2,3-dlpyrimidin-6-v1} carbonyDpiperidin-d-vl acetate

%-{‘3{%\‘ ﬁ
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Analogously o the process deseribed in Ex. 834, 75 mg {0,198 mmol} of the compound from Ex.

62A and 536 mg (0.296 mmoly of 2-{bromomethy13-3,3,3-trifluoropronene gave 77 mg (73% of
=N g w2 o

theory, purity 91%) of the {itle compound.

NMR (400 MHz, DMSO-dg, 3/ppm): 6.02 (s, 1H), 5.83 (s, 1HD, 4.91 {m, 1H), 4.79 (s, 25D, 1.92
{quart, ZH)}, 3.77-3.69 {m, 28}, 343-3.37 (m, 2H, partially obscured by the waler signal}, 2.40 {5,
3H), 202 (5, 3Hy, 191183 (u, 2D, 1.59-1.50 Gm, 2H), 113 {t, 3H).

LC/MS (Method 1, ESIpos): Ry = 1.03 min, mvz = 488 [M+HET™
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Example 864

1 {1-02. 2-Difluorocyclopropylimethyl]-3-ethvl-S-methyl-2 4-dioxo-1,2,3 4-tetralivdrothieno[2, 3~

dlpyrimidin-&-yi}carbonvipiperidin-4-vl acetate {racemaie)

H.C £ F

% Analogously 1o the process described in Ex. 834, 75 mg (0.198 romol} of the compound from Ex.
62A and 51 mg {0.295 nunol) of racemic 2-{(bromomethyl}-1,1-diflucrocyciopropane gave 68 mg

{72% of theoryy of the title compound.

TH-NMR (400 MHz, DMSC-d,, $/ppmi: 4.91 (m, 1H), 4.19-4.11 {m, 1H), 4.00-3.90 (m, 1HD, 3.91
(squart, Z2H), 3.79-3.78 {m, 2H}, 3.43-3.36 {m, ZH, partially obscured by the water signal}, 2.40 (s,
(0 3H), 229217 {o, 1H), 2.02 (5, 3H), 1.91-1.84 (m, 2H}, 1L.77-1.67 {m, 1H), 1.60-1.45 {(m, 33,

1.13 41, 3H).
LC/MS (Method 1, BESipos)y R, = 108 min, m/z = 470 IMAH]"
Fxample 874

2oteri-Butyl  deethyl  5-{{(2,2-difluora-2-phenylethylicarbamoviiamine - 3-methyithiophene-2 4-

15 dicarboxvlate

Analogously to the process desoribed n Ex. 24, 1.63 g {5.69 mmol} of 2-rert-butyl d-ethyl 5-
amino-3-methyithiophene-2 4-dicarboxylate  (Example 14A), 185 g (114 mmol) of NN

carbonyldiinoidazole, 3.2 ml (22,8 mmol) of triethylamine and 1.79 g (1 1.4 munol) of 2,2-difluoro-

2 Z-phenylethanamine [t KD, Kreuter, MLR. Plaver et afl., Rivorg. Med. Chem. Lert. 2008, 18 (9),
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2865-28701 gave 2.0 g (71% of theory, purity 95%) of the title compound. In deviation, MPLC

purification was carried out using the mobile phase ¢yclohexane/ethyl acetate 51,

TH-NME (4060 MHz, DMSO-dg, d/ppm): 10.64 (s, 1H), 8.59 (¢, 1H), 8.58-7.49 (m, 35, 4.32 {quart,
DED), 392 (dt, ZHD, 2.62 (5, 3H), 1.49 (s, 9H), 1.33 ¢, 3HD).

s LO/MS (Method 1, ESEposy: Ry= 1.37 min, w/z = 469 [M+H]"

Example 884

Z-teri-Butyl 4-ethyl 3-methyi-5-{(propyvicarbamovilaminejthiophene-2 4-dicarboxylaie

b Q
{:} ‘ o o /\
P N
§5%3L£\ ,.f H‘\.w«il'\\
H G = MM
SRy
MO | \
i ,\:’;_.« !’w"\"\\ /W{JH 3
o \5; o

Analogously o the process described in Ex. 24, 150 ¢ (52.6 mmol) of Z-eri-butyl 4-ethyl 5-
10 amino-3-methylthiophene-2,4-dicarboxylate  (Fxample 1A) 170 g (105 mmol} of NN-
carbonylditmidazode, 29 mi (210 mmol} of triethyvlamine and 17.3 mi (210 mmol} of propylamine
gave 12.4 g (53% of theory) of the title compound. In deviation, MPLC purification was carried out

using the mohile phase cyclohexang/ethyl acetate 10:1.

'H-NMR (400 MHe, DMSO-dq. 8/ppm): 10.54 (s, 15, 8.05 (5, 1T1), 431 (quart, 25, 3.07 {quart,
15 2H), 2.62 (s, 3H), 1.50 (s, 9H), 1.50-1.41 {m, 25, 1.32 (1, 3H), 0.88 {1, 31

LO/MS (Method §, ESIposy: Ry= 130 min, m/z= 371 {M+HT

Example 894

2-teri-Butyl 4-ethyl 3-methyl-5-{{3.3,3trifluore-2-methoxypropyhicarbarnoyl jamine dthiophene-

2 4-icarboxylate {racemaiz)
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Anzlogoushy o the process described in Ex. 24, 0.99 g (3.48 mucl) of 2-fert-butyl d-ethyl 5-
arpino-3-methylthiophene-2 4-dicarboxylate  (Example 1A}, 113 g (696 mmol} of NAN-
carbonyldimidazole, 1.9 ml (13.9 mmol} of iriethvlamine and 1.25 g (6.96 mmol) of racemic
3,3, 3-rifleoro-2-methoxypropane-1-amine hydrochloride gave 1.39 g (87% of theory) of the title
compound. In deviation, here MPLC purification was carried ouf using a8 mohile phase a

cycichexane/ethyl acctate gradient 10:1 — 5:1

'H-NMEK (400 MHz, DMSO-dg, S/ppm): 10.64 (5, TH), £.39 (1, 1H), 4.32 (quart, 2H), 4.03-3.96 (m,
18}, 3.57-3.50 {m, 1H}, 3.51 (s, 3FD), 3.33-3.26 (m, 1Y, partially obscured by water signal}, 2.63 (s,
3H), 1.50 {s, 9H}, 1.33 (&, 3HL

LO/MS (Method 1, ESIpos): Re= 1.3 min, m/z = 455 [M+HY.
Example 804

teri-Butyl 3-{2.2~difluoro-2~-phenylethyl}-S-methyl-2 d-dioxo-1,2,3,4-tetrahydrothieno{ 2,3-

dlpyrimidine-S-carboxylate

N Fa (\t‘ «é\\. F\ E:
‘*ia{?”f:}“{? 57 W o
H,C H

Analogously to the process deseribed under Bx. 84, 1.95 £ {(4.18 muowl} of the compound from Ex.

87A gave 1.64 g (92% of theory) of the title compound.

'H-NMR (400 MHz, DMSO-dg, Sfppm): 12.57 (s, 1H), 7.56-7.49 (m, Si), 4.56 (1, 7H), 2.69 (s,
3H), 1.52 (s, 9H).

LOMS (Method 1, ESIpos) By = 1.20 min, m/z = 421 [M-HJ"

Example 814

tere-Butyl S-methyl-2 4-dioxo-3-propyi-1,2,.3 d-tetrahydrothieno| 2, 3-dlpyrimidine-6-carboxylate

HBC @
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Analogously to the process deseribed onder Ex. 8A, 17.3 g (47.1 mumol) of the compound from Fx.

SRA gave 13.9 g (90% of theory) of the title compound.

HNMR (400 MHz, DMSO-d, /ppm) 12.38 (s, 1H), 3.77 (dd, 2H), 2.71 (s, 3H), 1.60-1.4% (m,
TFEL 1.52 (5, 9FD), 0.87 €1, 3T

LC/MS (Method 1, ESIpos): B, = 1.11 min, nv/z = 325 [M+H]".
¥xample 924

fert-Butyl S-methyl-2 d4-dioxo-3-03,3, 3trifluoro-2-methoxypropvil-1,2, 3, 4-teirah vdrothienof 2 3-

dlpyrimidine-&-carboxylate {racemaie)
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Analogously to the process described under Fx. SA, 1.38 g (3.04 mmol} of the compound from Fx,

89A gave 1.19 g {96% of theory} of the title compound.

MHNMR (400 Mz, DMSO-dg, S/ppmd: 12.56 (s, 1H), 4.24-4.16 {m, 2H), 4.00 {quart, 1H), 3.43 ¢,
3R, 2.72 (s, 3H3, 1.52 (s, SH).

LC/MS (Method ¢, BSIpash: Ry = 1.43 min, m/z = 409 [M+H].
Example 933

teri-Butyl 32, 2-difluoro-2-phenylethyl}-S-methyl-2,4-dioxo-1-(3,3, 3-trifluoropropyl}-1,2,3,4-

tetrahydrothiens{2, 3-dlpyrimidine-S-carboxyiate
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026 mg (2.84 mmol) of caesium carbonate were added to a selution of 800 mg (1.89 mmol} of the
compound from Ex. 90A in 20 m! of DMF, and the mixture was stirred at RT for 20 min. 636 mg
{2.84 mumol} of 3,3, 3-trifluoro-1-iodopropane were then added, and the mixture was stirred at 60°C
for 5 h. After cooling to RT, the mixture was diluted with ethyl acetate and washed successively
with water and saturated sodium chioride solution. Afler drying over anhydrous magnesium
sulphate, the mixture was filtered and concentrated. The crude product was purified by MPLC
{Biotage cartridge with 50 g of silica gel, mobile phase cyclohexane/ethyl acetate 10:1}). The
product fractions were combined and concenirated. After the residue bad been dried under high

vacoum, 625 mg {63% of theory) of the title compound were oblained.

TH.NMR (400 MHz, DMSO-d, 8/ppm): 7.56-7.49 {m, SH), 4.62 (1, 2H), 4.15 (1, 2H), 2.79-2.67
{m, 2H), 2.73 (s, 3H), 1.54 (s, 9H).

LC/MS (Method 1, ESIpos): Re= 1.39 min, miz = 519 [M+HT.

Example 944

5

tert-Butyl 3-(2,2-difluoro-2-phenylethyl)-1 - Z-methoxyethyh-5-methyi-2 4-dioxo-1,2,3 4~

~

tetrahydrothieno{2,3-dlpyrimidine-6-carboxylate

826 mg (2.84 mmol) of caesium carbonate were added to a solation of 800 mg (1.89 mmol) of the
compound from Ex. 90A in 20 ml of DMF, and the mixture was stirred at RT for 10 min. 395 mg
{2.34 mmol} of 2-bromoethyl methyl ether were then added, and the mixture was stirred at 63°C for
4 h. After cooling to RT, the mixture was diluted with ethyl acetate and washed successively with
water and saturated sodium chloride solution. After drying over anhydrous magnesium sulphate,
the mixture was filtered and concentrated. The crude product was purified by MPLC (Puriflash
cartridge with S0 g of silica gel, mobile phase cyclohexane/ethyl acetate 10:1). The product
fractions were combined and concentrated. For further purification, the residue was stivred with 20
rol of a mixture of pentane and dichloromethane (20:1) at RT. This gave, after another filtration and

drying ander high vacuum, 6835 mg (75% of theory) of the title compound.
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TLNMR (400 MHz, DMSC-dy, 8/ppm): 7.55-7.49 {m, SH), 4.62 (1, 2H), 4.06 {1, 2H), 3.58 (¢, 21,
3.24 (s, 3H), 272 (5, 311, 1.53 (5, 9H).

LC/MS (Method 1, ESIposy: Ry = 1.37 min, m/z = 481 [M+H7.

Example 954

tert-Butyl S-moethyi-2 4-dioxo-3-propyi-1-2-{riflucromethoxyiethyl]-1.2,3 4d-tetrahydrothiens] 2 3-

dlpyrimidine-S-carboxylaie

£
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1.67 g (3.18 nunol) of cassium carbonaie were added to a solution of 1.12 g (3.46 mmol} of the
compound from Ex. 914 i 30 mi of DMF, and the mixture was sticred at RT for 20 min, 1.0 g
{5.18 mmol} of I-bromoe-2-triflucromethoxyethane were then added, and the mixture was stirred at
80°C for 5 h. Subseguently, the mixture was concentrated to dryness and the residue was taken up
in ethyl acetate. The mixture was washed successively with waler and saturated sodium chloride
sohution. After drving over anhydrous magnesivm sulphate, the mixture was filtered and
concentrated. The crude product was purified by MPLC (Biotage cartridge with 100 g of silica gel,
mobile phase cyclohexane/ethyl acetate 131 — 511} The product fraciions were combined and
concentrated. Drving of the residue under high vacuum gave 1.28 g {82% of theary, 97% pure} of

the title compound.

H-NMR (400 Mz, DMSO-d,, S/pom): 4.42 (¢, 2H), 4.25 (¢, 2H), 3.83 (4, 2H), 2.75 (s, 3H), 1.61-
151 (m, 2H), 1.53 (s, 91D, 0.86 (1, 3H).

LO/MS {Method 1, ESTpos)y: By = 1.37 min; no lonizaiion.

Example 96A

teri-Buivl Semethyi-2 4-dioxo-3-(3,3,34rifluore-2-methoxypropyl}-1-(3,3, 3riflucropropyi}-

1,23 d-tetrahvdrothieno]2,3-d|pyrimidine-6-carboxylate {racemate
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598 mg {1.84 ramol} of caesium carbonate were added to a solution of 500 mp (3.22 mmel) of the
compound frore Ex. 924 1 § md of DMF, and the mixiure was stimred at RT for 20 min. 411 mg
{1.84 mamol) of 3.3 3-nflucro-1-jodopropane were then added. The mixture was stired in a
ahcriwave oven {(Biotage Initiator with dyvnamic control of iradiation power) at 100°C for 2 h
After cooling to RT, about 30 mil of water were added and the mixiure was extracted with ethyl
acetate, The organic exiract was washed with water and saturajed sodinm chioride solution, After
drying over anhydrous magnesiurn sulphate, the mixture was filtered and concentrated. The residue
oblained was purified by preparative HPLC (Method 6). This gave, after combination of the
product fractions, concentration and drying ander high vacuum, 495 mg (80% of theory) of the title

compound.

'H-NMR {400 MHz, DMSOG-dg, &/ppo): 4.29-4.17 {m, 4H), 4.05 (dd, 1H}, 3.42 {5, 3H}, 2.87-2.76
{m, 2HY, 2.76 {5, 3H), 1.54 {5, SH}.

LC/MS (Method 9, ESTpos)y: B, = 1.38 min, svz = 505 [M+H]".

Exampie 97A

rert-Butyl  3-ethyl-5-methyl-2, 4-dioxo-1-[2-(rifluoromethoxy jethyi}-1,2,3 4-tetrahydrothienof 2, 3~

dipyrimidine-6-carboxylate
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Analogously fo the process described in Ex. 264, 2.50 g {8.06 nunol} of the compound from Ex.

124 and 2.33 g (12,1 mmol) of 1-brome-2-riflooromethoxyethane gave 1.93 g (536% of theory) of
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the title compound. In deviation from the process described above, here the reaction time at 100°C
was § h. MPLC purification was carried odt via a Biotage cartridge contaimng 100 g of sthica gel,
using # mobile phase gradient of cyciohexane/ethyl acetate 50:1 — [0:1. Final stirring of the
product obtained in this manner was carmed out using a mixiure of 36 ml of pentane and 0.5 ml of

dichloromethane.

HH-NMR (400 Mz, DMSCO-d,, Sppoy: 442 {6 2H), 4.25 (4, 2H), 3.91 (quart, 2H), 2.75 (s, 3H),
1.53 {5, 9H), 1.13 (1, 3H).

EC/MS (Method 1, ESIpos) Re= 1.30 min; poor jonization.

Exampis 98A

fert-Butyl S-methyl-2 4~dioxo-3-propyl-1 (3,3, 3-riflaoropropyl -1, 2,3, 4-tetrahydrothienn{2,3-

dipyrimidine-6-carboxylate

6.03 g {18.5 mmol} of caesium carbonaie were added to g solution of 4.0 g {12.3 mamol) of the
compound frome Ex. 91A in 120 ml of DMF, and the mixture was stirred at RT for 20 min. 4.14 ¢
{18.5 mmol) of 3,3,3r1fluore-1 -iodopropane were then added, and the mixture was stirred at 70°C
for § h. After this time, a further 4.02 g {12.3 mmol} of cacstum carbonate and 2.76 g (12.3 numol)
of 3,3 3-rifluoro-1-iadopropane were added, and the mixture was stirred at 70°C for another 4 h.
After cooling to RT, the mixture was diluted with cthyl acetate and washed successively with water
and ssturated sodinvm chioride solution. After dryving over anhydrous magnesium sulphate, the
mixture was filtered and concentrated. The crude product was punified by MPLC (Bintage cariridge
with 100 g of silica gel, mobile phase cyclohexane/ethyl acetate 10:1). The product fractions were
combined and concentrated. Since the product obtained in this manner was still contaminated,
further purification was carried out by preparative HPLC (Method 6). Another evaporation and

drying under a high vacuum gave 4.23 g {81% of theory) of ihe title compound.
g B 3 &

TH-NMR (400 MHz, DMSC-dy, 8/ppm): 4.15 (. 2H), 3.83 {1, 2H), 2.85-2.73 (m, 2H), 2.75 (s, 3H),
1.62-1.51 (m, 2H), 1.53 (5, OH), 0.87 @, 3H).

LO/MS (Method 1, BSIposy Ry= 137 min, m/z = 421 [M+H]
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Exasmple 994

tert-Butyl {~{2-methoxyethyD-S-methyvl-2,4-dioxo-3-propyi-1,2,3 4-tetrahydrothueno[2,3-

dipyrimiding-S-carboxyiaie
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¥ Analogously to the process described in Ex. 264, 4.0 g (12.3 mmol} of the compound from Ex.
G1A and 2.57 g (18.5 mmol} of 1-bromo-2-methoxyethane gave 3.59 g {76% of theory} of the title
compound. In deviation from the process described above, here the reaction time at 100°C was S h.
MPLC purification was carried out via a Biotage cartridge containing 100 g of silica gel, using a
mobile phase gradient of cyclohexanelethy! acetate 1001 — 5:1. Final stirring of the product
10 obtaiped in this manner was carried out using & mixtare of 60 ml of pentane and 1.5 ml of

dichloromethane,

H-NMR (400 MHz, DMSBO-dg, S/ppmy: 4.07 (1, 2F), 3.82 (¢, 2H), 3.65 (1, 2H), 3.24 (s, 3H), 2.74
(s, 3H}, 1.61-1.50 (m, 7¥D), 1.53 (s, OH), 0.87 €1, 3H).

LOMS (Method 1, ESTpos) R, = 1.29 min, ovz = 383 [M+H]"

15 Fxample 180A

302, 2-Difluore-Z-phenylethyh-S-methyvl-2,d-dioxo-1-03,3, 3-rifluorapropyl)-1,2,3,4-

tetrahydrothieno{2, 3-d]pyrimidine-6-carboxylic acid
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Analogously to the process deseribed m Ex. 434, 614 mg (1.18 mmol) of the conpound from Ex.
934 and 10 mi of trifteorcacetic acid in 20 ml of dichioromethane gave 543 mg (99% of theory) of

the title compound.

THNMR (400 MHz, DMSO-dg, 8/ppo): 13.57 (s, broad, TH), 7.56-7.49 (m, SH), 4.63 (1, 7H), 4.15
(¢, P, 2.79-2.67 (m, 2H), 2.74 (5, 3H)

LOAMS (Method |, ESIpos): By = 1.0% min, m/z = 461 [M-H}"

Example 101A

3-(2,2-Dnifhuore-2-phenylethyll-1 - 2-methoxyethyDy-S-methyl-2 4-dioxo-1,2,3.4-

wetrahydrothieno|2,3-dpyrimidine-6-carboxylic acid
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Analogonsly to the process deseribed in Ex. 434, 673 mg {1.40 wmol} of the compound from Ex.
944 and 10 md of iriflucroacetic acid in 20 nd of dichloromethane gave 419 mg {67% of theory,

purity 96%) of the title compound.

THNMR (400 MHz, DMSO-dy, S/ppmy: 13.41 {5, broad, 1H), 7.56-7.49 {m, 5H), 4.62 {1, 2H), 4.06
{t, 2H), 3.58 (1, 2H), 3.24 (s, 3H), 2.73 {5, 3H).

LO/MS (Method 1, ESipos): B, = 0.98 min, nvz = 425 [M+H]"
Example 182A

5-Methyl-2 4-dioxo-3-propyl-1-L2-(rifluoromethoxyiethyil-1,2,3 d-tetrahydrothieno[2 3~

dipyrimidine-6-carboxylic acid
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Analogously to the process described in Bx. 434, 1.25 g (2.36 mmol} of the compound from Ex.
954 and 15 md of wifluorcacetiv acid in 30 mi of dichloromethane gave 1.06 g (95% of theory,

purity 97%;} of the title compound.

HANMR (400 MHz, DMBO-ds, 8/ppm): 13.40 (5, broad, 1HD, 4.41 (6. 2H), 4.25 (1, 2H), 3.83 ¢,
2H), 2.75 (s, 3, 1.57 (m, 250, 0.87 (&, 3H).

LC/MS (Method 9, BSIpos): Ry= 1.25 min, m/z = 381 [M+HT'.

Example 103A

S-Metbyl-2,4-dioxe-3-(3,3, 3-trifluoro-2-methoxypropyi-1-{3,3, 3-irifluoropropyi}-1,2,3 ,4-

tetrahydrothieno]2,3-dlpyrinudine-&-carboxylic acid {racemaie)

Analogously to the process deseribed in Bx. 43A, 488 mg {0.967 nunol) of the conmpound from Ex.
964 and 8 mi of trifluoroacetic acid in 16 mi of dichloromethane gave 432 mg (99% of theory) of

the title compound.

HNMER (400 MHz, DMSO-ds, S/ppm): 13.50 (s, broad, 1H), 4.29-4.16 {m, 4H), 4.05 (dd, 11,
343 (s, 3H), 2.87-2.75 (rn, 2H), 2.76 (s, 3H).

LO/MS (Method 1, ESIposy: Re= 1.0 min, m/z = 448 [M+HT .
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Example 1044

3-Ethyl-S-methyl-2 4-dioxo-1-[2-{trifluoromethoxyiethvl]-1,2,3 d-tetrahydrothiona{2,3-

dlpyrimidine-G-carboxylic acid

30 ol of trifluorcacetic acid were added to a solution of 2.31 ¢ (5.47 mmol} of the compound from
Fx. 97A in 60 ml of dichloromethane, and the mixture wag stirved at RT for 1 b, The reaction
mixigre was then concentrated to dryness on 8 rotary evaporator, The residue that remained was
dissclved in about 430 mi of ethyl acetate and washed twice with water and once with saturated
sodium chloride soiution. After drying over anhydrous magnesivm sulphate, the mixture was
filtered and concentrated, and the residue was dried under high vacuum, 2.04 g {99% of theory) of

the title compound were obtained.

PHONMR (400 MHz, DMSO-d, Afppm): 13,40 {5, broad, 1H), 442 (¢, 2H), 4.25 (¢, 2H), 3.91
{quart, 2H), 2.76 (s, 3H} 113 {, 31

LO/MS (Method 1, ESIpos): R, = 0.91 nun, w/z = 367 [M+H]"

Example 1854

S-Methyl-2,4-dlono-3-propyi-1-{3,3,3-iriflusropropyD- 12,3, 4-4etrahydrothiene[2 3-djpyrimidine-

S-carboxylic acid
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Analogously to the process described o Ex. 43A, 4.20 g (9.99 nunol) of the compound from Fx.
SEA and 60 mi of trifluorescetic acid in 120 mi of dichloromethane gave 2.61 g (71% of theory) of
the title compound.

H-NMER (400 MHe, DMSO-de, S/ppm); 13.35 (s, broad, TH), 4.15 (t, 2H), 3.83 ¢, 2H), 2.84-2.74
(m, 21, 276 (s, 3H), 157 {m, 2H), 0.87 (¢, 3H).

LO/MS (Method 1, ESIpos): R, = 0.98 roin, m/z = 365 [M+H]"

Example 1864

1-{2-MethoryathyD-S-methyl-2 4-dioxo-3-propyi-1,2,3,d-tetrahvdrothieno{ 2, 2-dlpyrimidine-6-

carboxylic acid
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Anatogously 1o the process described in Ex, 434, 4.18 g (16.8 mmol} of the compound from Ex.
394 and 60 mi of triflusreacetic acid in 120 ml of dichioromethane gave 3.44 g (7% of theory) of

the fitle compound.

H-NMR (400 MHz, DMSO-dg, 8/ppm: 1332 (s, broad, 1H), 4.07 (1, 2H), 3.82 (dd, 2H), 3.63 (1,
2H), 3.24 (s, 3H), 2.75 {5, 3E), 1.57 (m, 21, 0.87 (1, 35D,

LOMS (Method 1, ESIpos): R, = 0.85 min, m/z = 327 [M+H]"

Example 187A

F-tert-Buiyl d-cthyl S-amino-3-cthvithiophene-2 4-dicarboxvlaie
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6.5 ¢ (37.7 mooly of tert-bulyl 3-oxopentancate {16 3. Luedeke, M. Mueller, M. Richier, 4dv.
Synth. Carad 20888, 351 (1.2), 253-259], 4.27 2 {37.7 mmel} of ethyl cyancacetate and 1 33 g (415
mmol} of solphur were initially charged in 10 mi of ethanol and heated to 45°C. 3.3 ml (433
rueol} of morpholine were added dropwise o this mixture. The reaction mixture was then stirred at
60°C for 3 h. All the volatile constituents were then remooved on & rofary evaporator. About 250 mi
of water were added to the residue that remmained, and the mixture was extracted three tirmes with in
each case about 200 ml of cthyl acetate. The combined organic extracts were washed with sbout
200 ml of saturated sodium chloride sohition and then dried over anhydrous magnesium sulphate.
After filtration, the mixture was concentrated to dryness. The crude product obtained in this manner
was purified by MPLC {(Biotage cariridge, 340 g of silica gel, mobile phase cyelohexane/ethyl
acetate 201 — 1813 This gave, after combination of the product fractions, concentration and

drying uvnder hkigh vacuur, 4.06 g {35% of theory) of the title cornpound.

"HANBR {400 MUz, CDCL, 8/ppm): 6.45 (3, broad, 2H), 4.32 {(quart, 2H), 322 {quart, 2H), 1.54
{s, 9H), 1.37 {1, 3H). 1.16 {1, 3H).

LO/MS (Method 1, ESTpos): Ry = 1.23 min, nvz = 300 [M+H"

Example 188A

Zetere-Buotyl d-ethyl 3-ethyl-5-[{ethylcarbammoyDamincthiophene-2 4-dicarboxylate

Analogously to the process described in Ex. 24, 1.44 g {(4.8] mmol} of the compound from Bx.
1074, 1.56 g (89.62 mmol} of N N'-carbonyldiimidazeole (CM), 2.7 md (19.2 mmol} of inethvlaming
and 9.6 mi {(19.2 mmol} of a 2 M solution of ethylanune tin THF gave 1.68 g {89% of theory, purity
§5% of the title compound. Here, the reaction time for the reaction with CDI was 4 days, and

MPLC purification was carried out using the mobile phase cyclobexane/ethy! acetate 1001 — 511

TH-NMER (400 MHz, CDChL, S/ppmy 10.98 (s, broad, 1H), 4.85 (¢, 1H), 4.35 {quart, 2H). 3.37 (m,
2HD, 3.27 (quart, ZFD), 1.55 (s, SFD, 1.40 (5, 38), 1.22 {4, 3 1.17 ¢, 3H).

LO/MS (Method |, BSIpos): R, = 1.24 min, m/z = 371 [M+H]".
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Example 109A

teri-Butyi 3,5-diethyl-2,4-dioxe-1,2,3 d-tetrahydrothiens{ 2, 3-djpyrimiding-6-carboxyiaie
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Analogously to the process described under Ex. 8A, 1.60 g (4.32 mmol) of the compound from Ex.

108A gave 1.34 g {88% of theory, purity 92%) of the title compound.

H-NMR (400 MHz, CDCL, S/opm): 10.49 (s, broad, 1T, 4.08 (quart, 2H), 3.37 (quart, 2H), 1.58
{s, ST}, 1.29 ¢4, 3F1), 1.23 ¢, 3HD).

LO/MS (Method 1, BSIpos) Ry= 1.07 min, ro/z = 325 [M+H]".

Example 110A

rert-Botyl 3, 5-diethyl-2 4-dioxo-1-03,3 3-triflnoropropyly-1,2,3,d-tetrahydrothiens{2,3-

dipyrimidine-6-carboxylate
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1.42 g {4.53 ramol} of cacsium carbonate were added o a sofution of 980 mg (3.02 mmol) of the
compound from Ex. 109A in 15 mwl of BMF, and the mixture was stivred at RT for 20 min. 1.02 ¢
{4.53 mmol} of 3,3,3-rifluors-1 -iodopropane were then added, and the mixture was stired m a
mictowave oven (Biolage Initiator with dynamuc control of irradiation power} at 160°C for 2 h.
After cooling to R, about 75 ml of water were added and the mixture was extracted with ethyi
acetate. The organic extract was washed with water and saturated sodiam chloride sobtion. After
drying over anhydrous magnesium sulphate, the mixtare was filtered and concentrated. The residue
obtained was first prepurified coarsely by MPLC (Biotage cariridge, 50 g of silica gel, mobile
phase cyclohexane/ethyl acetate 20:1). The produci-contaiming fractions were combined and

concentrated o dryness. At RT, the residue was stirred in a mixture of 20 ml of pentzne and abowt
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1.5 ol of dichloromethane for 16 b After filtration with suction and dryving under high vacuum, a
first fraction of 326 mg of the title compound was obtaingd. The filtrate of stirring was
concentrated and the residue was purified by preparative HPLC (Method 6). This gave, afier
coneentration of the product fractions and drying under high vacwum, a second fraction of 565 myg
of the title compound. In total, 891 my (70% of theory} of the title compound were oblained in this

manner.

HNMR (400 Mz, CDCL, 3ppm): 4.19 (m, 7H), 4.07 (quart, 28D, 3.38 {quart, 2H), 2.71-2.59
(m, 2H), 1.59 (s, SH), 1.26 {1, 3HD), 1.23 (1, 3,

LC/MS (Method 1, ESIpos): B, = 1.39 min, m/z = 421 [M+HT.

Example 1114

3,5-Dnethyl-2 4-dioxo-1-3,3,3-trifluoropropyl}-1,2,3 4-tetrahydrothieno{ 2, 3-dpyrimidine-6-

carboxyhic acid

Analogously to the process described in Ex. 434, 1.15 g {(8.73 mmol} of the compound from Ex.
110A and 20 o of trifluorcacetic acid in 60 mi of dichloromethane gave 851 mg (85% of theory)

of the title cownpound,

'HENMER (400 Mz, DMBO-dg, Sfppmy: 13.43 {8, broad, 1H), 4.15 (3, ZH), 3.92 {guart, 2H}, 3.35-
3.29 (1, 2H, partially obscured by water signal), 2.86-2.74 (m, 2H}, 1.138 {1, 331, 1130 ¢, 3H).

LO/MS (Method 10, ESIpos): B = 1.26 min, nvz = 365 [M+HT".

'l

Yxample 1124

3-Bthyl-S-methyl-6-[(3-methyl-4-oxopiperidin-1-vl}carbonyl}-1-(3,3, 3-trifluoropropylithieno{ 2, 3-
dipyrimidine-2 415 3H)-dione {racemaie)
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Preparation of the acid chioride: At RT, first 249 ui (2.86 mmol) of oxalyl chloride and then a
small drop of DMF were added to a solution of 200 myg {0.571 mmol} of the compound from Bx.
524 in 4 mi of dichloromethane. After the reaction mixture had been stirred at RT for 2.5 b, it was
concentrated fo dryness on a rotary evaporator. The residue that remained was dried under high

vacuum and then reacted firther in the next partial siep.

FPreparation of the amide: The acid chloride obtained sbove was dissolved in 1 ml of
dichioromethane and added dropwise to 8 solution of 171 wmg (1.14 mmol) of 3-methylpiperidin-4-
one hydrochloride and 398 pl (228 mowol) of NN-ditsopropylethylamine in 3 mi of
dichloromethane, The reaction muxiure was stired at RT for 2 h. After the mixture had been
concentrated to dryness on a rotary evaporator, the crude product was purified by preparative
HPLC (Method 6). This gave, after combination of the product fractions, concentration and drying

under high vacuum, 236 myg (88% of theory, purity 95%:) of the title compound.

TFENMR (400 MHPz, DMSO-ds, Sfppm)y 4.18-4.09 (o, 4H), 3.92 (quart, 2H), 3.53-3.45 {m, 1H),
339312 ¢m, TH)Y, 2.86-2.74 (m, 2H), 2.71-2.63 (o, 1H), 2.61-2.52 {m, 1H, partially obscured by
the DMSC signaly, 2.44 {s, 3H}, 2.38 {dt, 1H}, 1.13 ¢, 3H), 0.92 (4, 3H).

LO/MS (Method §, BSIpos): B, = 0.93 roin, nvz = 446 [M+H]

Example 1134

1-[1-Ethyl-2,6-dioxo-4-{pyridinimm- 1-yi}-1,6-dihvdropyrimidin-S{2 H-vlidene]-2,2-

difluoroethanolate
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130 mmoel) of pyridine were added to a suspension of 7.5 g (43.0 mmnl) of the
comnpound from Bx. 174 m 10 mi of acetominie. 214 mi (172 vunol) of diffvorsacetic anhydnde
were then slowly added dropwise. After the addition had ended, stirring was contimued at B for |
h. About 300 ml of waler were then added, and the mixture was exivacted four times with shout

S 100 mil of ethyl acetate cach time. The organie extract was washed with saturated aqueous sodium
chloride solution, dried over aphydrous maguesium sulphate and then concentrated to dryngss, At
R, the solid that remained was sticved in 2 mobxture of 30 ml of diizopropyl ether and 80 ml of
dicthyl ether. This gave, after filivation with suchion and drying under lugh vacuoum, 6.38 g (50% of

theory} of the title compound.

16 'HANMR (400 Mz, DMSC-dy, Sfppmd: 920 (4, 2H), 580 (1 1H), 8.25 (¢ 2H), 6.97 (¢, 1HD, 1.89
{quart, 210}, 1.14 {t, 3H},

LOMS (Method 1, ESosh Ri= 846 min, m/z = 296 | M-%-E-EF.
Exsmple 1144

Ethy! S<diftuoromethyl}-3-ethyl-2 4-dioxe-1,2,3 4-tetrabydrothiens{ 2, 3-dipyrnimidine-6-

i3 carboxviate
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1.5 ml (13.8 mmol) of ethyl mercaptoncetate were added to a suspension of 2.04 ¢ (6.92 mumol} of
the compound from Ex. 1134 in 15 mil of ethancl, and the mixtore was stimred at BT for 8 min 161
g {152 mmod} of sodivm carbonate wers then added, and the mture was heated in 2 microwave
26 oven {Biotage Initiator with dynaric condrol of irsdiation powery at 12090 for 1 b Three such
batches were combined and concentrated 1o dryness on g rotary evaporator: The residue that
remaaingd was taken up in about 300 mi of water, acidified slightly by addition of acetic acid and
extracted three times with about 100 md of dichloromethane each The organic extract was washed
with samurated aguenus sodium chloride solution, dried over anhwdrous magnesium sulphate,
25 lillered and concentraied. The solid that remained was chromatographed o a silica gel carinidygs
(Puriflash, cyclohenanefethyvl acetate gradisnte 3.1 —+ 1113 This gave, afler evaporation of the
product fractions and drying of the residue under high vacuuny, 390 myp (129 of theanyyof the title

compound,
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TH-NME {400 Mz, DM3O-d,, Sppmy 12.89 (s, 1M, 771 ¢4, 1H), 4.32 {quart, ZH), 3.87 {guart,
2HY L300 3Hy, L34, 3HY

LO/MS (Method 1, BSTpos): B, = 0.87 min, miz = 319 [MHH]

Exampis 1154

Ethyl S-(diftuoromethyily-3-ethyl-2 4-dioxo-1-(3.3, 3-inifiucropropyli-1,2,3 4-istishydrathicno{2 3~

dl-pyrimidine--carboxyiaie

135 2 ¢4.15 mmol) of caenium carbonate were added to a solotion of 880 myg (276 munol) of the
compound from BEx 1A in 12 mbof DME, and the mixture was stived at RT for 20 min. 929 my
{4.15 romel) of 3.3 J-trifluore- 1 odopropans were then added, and the mixiure was heated at 80°C
for 2 h. After cooling to RT, the mixiure was diluted with about 100 mil of sthyl acetate and, w
sucossion, washed twice with neach case about 100 md of water and once with sbout 100 mbof
saturated sodium chloride solution. Afier drving over anhyvdrous magnesium sulphate, the mixture
was filtered and concentrated. The crude product was purnified by preparative HPLC (Method 6}
The product fractions were combined and concentrated, and the residue was dried under high

vacuumn, 750 mg {(63% of theory) of the tile compound wers obtained,

'H-NMER (400 Mz, DIMBO-dg. Hppm): 774 (& 1H), 4.36 (quar, 2H), 426 (¢, 2H), 3.92 {quan,
240, 2.88-2.76 (m, 2H), 1,32 ¢4, 31D, 114 ¢, 35D,

LO/MS (Method |, ESlposy Ro= L3 min, miz = 4135 [M+H]

Fxample 1184

Ethyl S-tdiflusromethyly-3-ethylb2 4-dioxo-1 -{2-{triflupromethoxylethyll-1,2 3 4-tetrabydrothiens-

2. 3-dlpyrimidine-6-carboxylate
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Analogously to the process described in Ex. 115A, S00 mg (1.57 mmol) of the cornpound from Ex.
114A and 455 mg {2.36 mmeol) of -brome-2-{triflucromethoxyiethane {commercially available;
lit P.E. Aldrich, W.A. Sheppard, J. {rg. Chem. 1964, 29 (13, 11-15] gave 385 myg {369 of theory)
& of the title compound. Here, purification of the crude product by preparative HPLC was carried out

according to Method S.

TH-NMB (400 MHz, DMSO-d,, 8/ppm): 773 (1, 1H), 4.43 (1, 2H), 4.35 {(quart, 25), 432 (1, 2H),
393 {quart, ZH), 131 {1, 3H), 1.14 {1, 3H).

LO/MS (Method 1, ESIpos): B, = 1.12 min, m/z = 431 [M+H]".

10 Hxample 1174

tere-Butyl S-methyi-2,4-dioxo-3-{2-phenylethyi)-1 - 2-(irifluoromethoxyiethyil-1,2,3 4~

tetrahydrothieno] 2,3-d]pyrimidine-G-carboxylate

U NN\
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1.26 g (3.88 punol) of caesivm carbonate were added to a sohution of 1.0 g (2.59 mmol) of the
i5  compound from Bx. 8A in 15 ml of DMF, and the mixture was stireed at RT for 20 min, 749 mg
{3.88 mmol} of l-bromo-2-(iriflucromethoxyjethane [commercially available; I P.E. Aldrich,
WA, Sheppard, J. Org. Chem. 1864, 259 (1), 11-18] were then added, and the mixture was heated at
80°C for 2 b, After cooling to RT, about 300 ml of water were added and the mixture was extracted

three times in succession with in each case about 75 mi of diethyl ether. The combined organic
o )
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extract was washed in each case once with about 100 ml of water and abowt 100 mi of saturated
sodivm chioride solution. After drying over anhydrous magnesium sulphate, the mixture was
filtered and concontrated. At 0°C, the cmide product was stitred with 30 mi of pentane, to which a
few drops of dichioromcthane had been added. The sohid was filiered off with suction, and gave,
after drying under high vacuum, a first fraction of 663 mg of the title corepound. The concentrated
mother hquor gave, after purification by preparative HPLC (Method 15}, a second fraction of 402
myg of the title compound. A total of 1.07 g (82% of theory) of the title compound were thus

obtained.

H-NMR (400 MHz, CDCL, d/ppmYy: 7.30-7.20 (m, SH, partially obscured by the CHCY signal),
428 {1, ZH), 422 (1, 2H), 4.21 (¢, ZH), 2.97-2.93 {m, 2H}, 2.85 (s, 3H), 1.539 (s, oH}.

EC/MS (Method 1, ESipos): B, = 1.43 min, m/z = 499 [M+H}".

Example 1184

S-Methyl-2 4-dioxo-3-{2-phenylethyl}-1-[2-{inifluoromethoxyiethyli-1,2,3 4-tetrahydrothieno 2, 3-

dipyrimidine-6-carboxyviic acid

sy
0 7
H.G i |
£}
% Pro

12.5 al of trifluoroacctic acid were added to a solution of 1.0 g (2.01 mmol) of the compound from
Ex. 1174 in 25 md of dichioromethane, and the mixture was stirred at BT for 1 h. The reaction
mixture was then concentrated to dryness on & rotary evaporaior. The residue that remained was
stirred at RT in a mixture of 40 mi of diethy] ether and 20 md of pentane overnight. After filtration
with suction and drying under high vacuum, a first fraction of 559 mg of the title compound was
obtained. The concenirated mother Hquor gave, after purification by preparative HPLC (Method 5),
a second fraction of 266 mg of the title corapound. A total of 825 my (92% of theory) of the title

compound were thus obtained.

'TENMR (400 MHz, DMSO-dg, Sppm): 13.42 (broad, 1H), 7.32-7.27 (m, 2H), 7.24-7.19 {m, 3H},
439 ¢, 28, 4.25 (1, 28}, 4.10-4.06 (m, 2H), 2.87-2.82 (my, 2H), 2.75 (s, 3H).

LO/MS (Method |, BSIpos) Ry = 111 min, vz = 443 IM+H}
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Example 1134

5-{Difluoromethyl}-3-ethyl-2 4-dioxe-1-03,3 3-trifluoropropyl}y-1,2,3 4-tetrahydrothions{ 2, 3-d}-

pyrimidine-t-carboxylic acid

HO ST Ny
e
§

F©" L F
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Analogously to the process described under Ex. 55A, 733 me (1.77 mmeol} of the compound from

Ex. 115A gave 668 mg (95% of theory) of the title compound.

H-NMR (400 MHz, DMSO-dg, $fppmy: 7.77 (¢, ), 4.19 (1, 2H), 3.92 (quart, 2H), 2.88-2.75 (s,
TH), 1.14 ¢, 3ED.

LC/MS {Method 1, ESIpos): B, = 0.85 min, nv'z = 387 [M+HY

Example 1204

S-{Difluoromethyi)-3-ethyl-2,4-dioxo-1 - 2-(rifluoromethoxy)ethyi}-1,2, 3 4-tetrahydrothieno[2,3-

di-pyrimidine-G-carboxyviic acid

f “y
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Analogously to the process described under Ex. 554, 365 mg {0.848 mmol} of the compound from

Ex. 116A gave 320 g (91% of theory} of the title compound. Here, the reaction time wag 3 h.

"H-NMR (400 MHz, DMSC-d,, Sfppmy: 14.38 {very broad, 1H), 7.77 (¢, 1H), 443 {1, 2H), 4.30 &4,
25}, 3.92 (quart, ZH), 1.14 {4, 3H).
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LOC/MS (Method 1, BESIpos) B, = 0.85 min, m/z = 403 [M+HY

Example 1214

i-{[5-Methyl-2,4~-dioxo-3-{2-oxo-2-phenylethy-1-(3,3, 3-nfluoropropyl}-1,2,3,4-
1 P

tetrahydrothienoi 2, 3-dJpyrimidin-G-ylicarbonyl } piperidin-d-vi acetate

O ‘f‘:\
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Analogously to the process described in Ex, 78A, 500 mg {1.12 mumol) of the compound from Fx.
60A and 190 mg (3.23 mmol} of 2-chioroaceiophenone gave 573 mg (88% of theory) of the title
compound. In this case, purification of the product was carried out by MPLC (Biotage cartridge, 50

g of silica gel, cyclohexane/ethy! acetate gradient 2:1 — 1:1)

"H-NMR (400 MITz, DMSO-ds, Sfppro): 8.10 (d, 2H), 7.74 (1 1H), 7.60 (. 2H), 5.43 (5, 2H), 4.94-
4.90 (m, 1H), 4.19 {t, 2H), 3.80-3.74 (m, 2H), 3.44-3.40 (m, 2H), 2.86-2.78 {m, 21}, 2.38 ¢s, 35D,
2.0% (s, 370, 1.92-1.87 m, 7¥, 1.60-1.54 (m, 7H).

LO/MS (Method 1, BSIpos): Ry= 1.06 min, m/z = 566 [M+HT.

Example 1224

1-{[5-Methyl-2, 4-dioxo-3-(3,3, 3trifhuore-2-phenyipropy-1-(3,3, 3-triflucropropyl)-1,2,3,4-

tetrahydrothienoe]2,3-dlpyrimidin-6-vilcarbonyl) piperidin-d-viacetate {(racemare)
Y ¥ Vg P 3
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Analogously 10 the process desertbed in Ex. 634, 100 rog (0.223 mmol) of the compound from Ex
H0A and 64 mg (1.335 mupol) of racemic 3,3,3-triflooro-2-phenyipropano! {prepared analogously
to 1Y, Hamilton ¢f of,, Syathesiz 2613, 45 (13}, 1857-1862] pave 11 mg {7% of theory) of the title
§ compound. A second batch of 200 mg (0.447 mmol} of the compound from Ex. 60A gave 17 mg

{6% of theory} of the title compound.

HNMR (400 MHz, CDCL, 8fppm); 7.37-7.30 (m, SID, 5.06-5.00 (m, 1H), 4.62-4.50 (m, 2H),
£.16-3.98 {m, 3H), 3.87-3.79 {m, 21), 3.54-3.46 (m, 21D), 2.52-2.40 (m, 230}, 2.47 (s, 3H), 2.09 (s,
383, 1.98-1.90 {m, 25, 1.77-1.68 (m, 2H).

10 LC/MS (Method 1, ESIpos) Re= 1.19 min, m/z = 620 [M+BY.

Example 1234

{34 4-Difluorobot-3-en-Foyl)-S-methyl-2 4-dioxo- 13,3 3-rifluoropropyi-1,2,3,4-

tetrahydrothienc{2,3-djpyrimidin-6-yljearbonyl } piperidin-4-yvlaceiate

O >
5 £

H,C

15 Analogously to the process deseribed in Ex. 784, 100 mg (0.223 mmol) of the compound from Ex.
60A and 46 mpg (0.268 mmol) of 4-bromo-I,1-difluorobutene gave 97 myg (80% of theory) of the

title compound.
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"H-NMR (400 MHz, DMSG-do. 8/ppm); 4.85-4.89 (m, 1), 4.53 (dtd, 11D, 4.13 (1, 2H), 3.93 {1,
2Hy, 3793771 (1, 2HD), 3.44-3.37 (m, ZH, partially obscured by the water sigral), 2.85-2.71 {m,

IH), 2.39 (s, 3H), 2.27 {quary, 2H), 2.02 {3, 3H), 1.92-1 .85 (m, 2H), 1.60-1.52 (m, 2H}.
LC/MS (Method 1, ESIpos): Ry= 1.10 min, m/z = 538 [M+H]".

Example 1244

1403+ 2-Hydroxy-2-phenyiethyl)-S-methyl-2,4-dioxo-1-(3,3, 3-influcropropy}-1,2,3,4-

etrahydrothieno| 2, 3-d]pyrimidin-é-vilcarbonyi i piperidin-d-viacetate {racemare)

At RT, a little at & time and over a period of about 2 b, a3 total of 18 mg {0,476 mmel) of solid
sodium borchydride was added to a solution of 538 myg (0.951 vunol) of the compound from Ex.
121A in 40 ml of methano! and 1 mi of dichloromethane. Afler a further 30 min at RT, water was
added and the raixture was exiracted repestedly with ethy! acctate. The combined organic exiract
was washed with saturated sodium chloride solution, dried over anhydrous magnesium sulphate,
filiered and concenirated. The residue obtaned was purified by preparative HPLO (Method 16).
This gave, alter evaporation of the product fractions and drying of the residue vader high vacuum,

435 mg {80% of theory} of the title compound.

THNMR (400 Mz, DMSO-de, #/ppm): 7.38-7.31 (m, 4H), 7.28-7.23 (m, 1H), 5.39 (4, 1H), 4.96-
4.8% {m, 2H), 4.23 (dd, TH) 411 (¢, 2H), 3.82 {dd, 1H), 3.78-3.72 (m, 2H), 3.44-3.37 (m, 25,
279267 (m, 2H), 2.39 (s, 3H), 2.03 (s, 3H), 1.93-1.85 (m, 2H), 1.61-1.52 (m, 2H}.

LO/MS (Method 1, ESIpos): B, = 0.98 min, w/z = 568§ [M+HT"

Example 1254

-{[3-2-Hydroxy-2-phenyiethyl}-S-methyi-2,4-dioxo-1-(3,3 3-rifluoropropyi)-1.2,3,4-

tetralydrothieno] 2, 3-djpyrimidin-G-yiicarbonyl} piperidin-4-vlacetate (enantomer [}
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452 mwg {0.796 ouool} of the racemic compound from Ex. 124A were dissolved in 20 mi of
sthanol/acetonitrile (1:1} and, i 40 portions, separated into the enantiomers by preparative SFC-
HPLC on a chiral phase [eolumn: Daicel Chiralpak IC 5 pm 230 mm x 20 oy mobile phase:
carbon dioxide/methanc] 60:40; flow rate: 30 mi/min, teraperature: 40°C; detection: 210 nm]. This
gave, afier concentration of the product fractions and drying of the residue under high vacuum, 210

mg {92% of theory) of enantiomer 1.

'HNMR (400 MHz, DMSO-dg, S/ppm): 7.38-7.31 (m, 411, 7.28-7.23 G, 1H), 5.39 (4, 1¥D), 4.96-
489 (m, 23D, 4.23 (dd, 13D, 4.11 (¢, 2H), 3.82 (dd, 1HD, 3.79-3.71 (m, 2ED, 3.47-3.37 fm, 28),
2.80-2.66 (m, 2H), 2.39 (s, 3H), 2.03 (s, 3D, 1.93-1.85 {m, 21D, 1.61-1.52 {m, 2HD),

Chiral analytical SFC [colun Daicel Chiralpak IC 5 pm 250 vuo x 4.6 mum; mobile phase: carbon
dioxide/methanol 60:40; flow rate: 3 mb/min, ieraperature: 40°C; detection: 210 nm]: B, = 6.53

i 99.9%% ce,

Example 1264

1-413-{2-Hydroxy-2-phenylethyl}-S-methyl-2 4-dioxo- 13,3, 3-irflusropropyl}-1,2,3,4-

tetrahydrothiena {2, 3-dlpyrimidin-6-yljcarbonyl} piperidin-d-viacetate {enantiomer 2}

452 mg {0,796 mmol} of the racemic compound from Ex. 124A were dissolved in 20 ml of

ethanolacetonitrile {1:1} and, in 40 portions, separated into the enantiomers by preparative SFC-
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HPLC on a chiral phase [column: Daicel Chiralpak 1O S um 250 mom x 20 mum; mobile phase:
gave, after concentration of the product fractions and drying of the residue under high vacuum, 206
mg {41% of theory) of enantiomer 2.

"HA-NMR {400 MHz, DMSG-dy, Sdfppmy: 738731 (my, 4H), 7.28-7.23 (m, 1H), 539 (d, 1H]}, 4.96-
4.89 (m, 2H), 4.23 {dd, 1), 4.11 {t, 2H), 3.82 {(dd, 1H}, 3.79-3.71 {m, 2H}, 3.47-3.37 {m, 2H),
2.79-2.66 (m, 2H), 2.39 {5, 3H), 2.03 (5, 3H), 1.93-1.85 (m, 213, 1.61-1.52 (m, 2H}.

Chiral analytical SFC {colummne Dateel Chiralpak IC 3 pm 250 mm x 4.6 yony mobile phase: carbon
dioxide/methanol 60:40; flow rate: 3 mi/min, temaperature: 40°C; detection: 210 nmi: R, = 5.04

min; 9999 ce.

Example 1274

-{{3-(2-Fluoro-2-phenylethy}-S-methyl-2 4-dioxe-1-(3,3 3-trifhuropropy!-1,2.3,4-

tetrahydrothienol2, 3-dlpyrimidin-G-yiicarbouvl i piperidin-d-ylacetate {enantiomer I}

o
&

o N:\\'\wa

HC

At -20°C, a solution of 28 1l (0.211 mumol) of dicthylaminosulphur trifluoride (DAST) in 0.5 mi of
dichloromethane was added dropwise to a solation of 100 mg (0.176 mmol) of the compound from
Ex. 1254 in 5 mi of dichloromethane. The reaction rixture was then stirred at RT for 3 h. The
same amount of DAST in dichloromethane was then added again, After 3 further 4 h of stirring,
semisaturated agueous sodium bicarbonate solution was added and the mixture was exiracted with
dichdoromethane. The organic extract was dried over anhydrous magnesium suiphate, filiered and
concenirated. The residue was punified by preparative HPLC (Method 5). This gave, after
concentiration of the product fractions and drying of the residue under high vacoum, 84 mg (83% of

theory) of the title compound.

"H-NMR (400 MHz, DMSO-dq, 8/ppm): 7.49-7.40 (m, SH), 5.77 (ddd, 133, 4.92 {m, 130, 4.63 (ra,
LD, 4.16 (1, 2H), 4.00 (ddd, 15D, 3.80-3.72 {m, 25D, 3.45-3.37 {m, 211, 2.86-2.74 (m, 2H), 2.41 {s,
3H), 2.03 (s, 3H), 1.93-1.85 (an, 2H), 1.61-1.52 {o, 2H).

43

i
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LC/MS {Methed 1, ESIpos) Re= 111 min, m/z = 570 iM+H] .
Example 1284

-3 2-Fluore-2-phenyiethyl-S-methyl-2 4-dioxe-1-(3,3, 3-trifluoropropyl)-1,2,3,4-

tetrahydrothieno]2, 3-dlpyrimidin-6-yljcarbonyl } piperidin-4-ylacetate (enaniiomer 1)

AL -20°C, a solution of 20 pl (0,148 numol) of dicthylaminosuiphur wriflucride (DASTY in 0.5 mi of
dichioromethane was added dropwise o a solution of 70 mg (0.123 mmol} of the compound from
Ex. 12584 in 4 vol of dichloromethane. The reaction mixiure was subsequently stirved at -20°C for |
h. The same amount of DAST mn dichloromethane was then added again. After a further hour at -
20°C, the cooling bath was removed and stirring was continued at RT. After ¢ h at RT,
semisatorated aqueous sodivm bicarbonate solution was added and the mixture was extracted with
dichioromethane. The organic extract was dried over anhydrous magnesium sulphate, filtered and
concentrated. The residue was purified by preparative HPLC (Method 5). This gave, after
concentration of the product fractions and drying of the residue under high vacoum, 62 mg {88% of

theory} of the title compound.

"H-NMR (400 MHz, TMSO-d, Sfppm): 7.49-7.41 (m, SH), $.77 (ddd, 1713, 4.92 (m, 1H), 4.63 {1,
H), 4.16 (5, 7H), 3.99 {ddd, 15D, 3.81-3.72 (m, 2HD), 3.45-3.37 {m, 2H), 2.86-2.74 (m, 2H}, 2.41 (s,
3TE), 2.03 {s, 3H), 1.93-1.85 (m, 2H), 1.61-1.32 (m, 2H).

LO/MS (Method 1, ESlposy: B, = 1.11 min, m/z = 570 [M+H]".
BEaasmple 1294

1-{3-(2-Hydroxy-2-phenyipropy-5-methyl-2,4-dioxo-1-{3,3 3-rifluoropropyl}-1,2,3,4-

tetrahydrothienof2,3-dlpyrimidin-é-yijcarbonyl } piperidin-d-vlacetate (racemare)
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105 mg (0.186 mmol) of the compound from Ex, 121 A were dissolved in 3 mil of anhydrous THE,
and 186 ul (0,186 mmol} of 2 1 M solution of methylmagnesiurg bromide in THE were added at
G°C. After 3 b at 0°C, an identical amount of Grignard reagent was added. After a further 30 min,
gbout 0.5 md of saturated aqueous amrooninm chloride solution was added, the reaction mixture
was then dihited with ethyl acetate and finally anhydrous magnesium sulphate was added in such
an amount that the agueous phase was taken up corapletsly. The mixture was then filtered off with
suction and the filirate was evaporated. The filirate residue was purified by preparative HPLC
{Method 5}. This gave, after combination of the produst fractions, concentration and drving under

high vacuur, 55 mg (50% of theory) of the titie compound.

"H-NMR (400 MHz, DMSO-d,, S/ppmY: 7.48 (4, 2H), 7.30 ¢, 21, 7.21 ¢4, 11D, 5.04 (s, 1H), 4.96-
4.59 (m, 1H}, 4.18 {quart, 2F), 4.12-4.03 {m, 2H}, 3.79-3.72 (m, 2H), 3.44-3.37 {m, 2H), 2.76-2.64
{m, 2H}, 2.36 (5, 3H), 2.03 (s, 3H}, 1.93-1 83 (m, 2H}, 1.61-1.52 (m, 2H}, 142 (s, 3H).

LOMS (Method 1, ESIpos): Ry = 1.10 min, nv'z = 582 [M+H}
Example 136A

-{[3-Ethyl-S-methyl-1-3-methytbutyl)-2 4-dioxo-1,2,3 4-tetrahydrothieno] 2,3-d pyrimidin-6-

yijearbonyl} piperidin-4-vi acetate

oy )

i
3 ~
H:ﬁs(J

Anslogously o the process described in Ex. 83A, 150 mg (0.395 mmol} of the compound from Ex.

624 and 117 mg (G.593 mmol} of I-iodo-3-methvibutane gave 150 my {84% of theory) of the title
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compound. In deviation, the reaction time in the microwave oven was 60 min, and purification by

preparative HPLC was carried out according to Method 6.

"H-NMR (400 MHz, DMSO-ds, S/ppro): 4.91 (m, 1H), 3.92-3.87 {m, 2H), 3.97 (quart, 2H), 3.78-
371 Gm, 2H), 340 (m, 2H), 2.39 (5, 3H), 2.02 (g, 3H), 1.91-1.84 {m, ZH}, 1.65 {sept, 1H), 1.60-
1.54 {m, 4H), 1.12 {8, 3H]}, .98 {d, 6H).

LO/MS (Method |, ESIpos)y: Ry = 110 min, o'z = 450 [M+HT.

Example 1314

1-§[3-Ethyl-S-methyl-2 4-dioxo-1-{4 4, 4-rifluorcbutyiy-1,2,3 4 -tetrabydrothieno] 2, 3-djpyrimidin-

S-ylicarbonyl}piperidin-4-vl acetate

e N v
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Analogously {o the process described in Ex. 834, 180 mg (0.395 mmol)} of the compound from Ex.
62A and 141 mg (0.593 muool) of 4,4, 4-trifluoro-1 -odobutane gave 163 rog (84% of theory) of the
title compound. In deviation, the reaction time in the microwave oven was 60 min, and purification

by preparative HPLC was carried out according (o Method 6.

"H-NMR (400 MHz, DMSO-d,, Sfopm): 4.92 (m, 1H), 3.97 (¢, 2H), 3.90 (quart, 2H), 3.79-3.71 (m,
281}, 3.40 {m, 2H), 2.47-2.38 (m, 211}, 2.39 (s, 370, 2.02 {5, 3D, 1.95-1.8S {m, 4H), 1.60-1.51 m,
2H), 1.13 (¢, 3H).

LC/MS (Method 1, ESIpos): B,= 1.01 min, m/z = 450 [M+H}.

Example 1324

1-{i3-EHthyl-5-methyl-2, 4-dioxo-1-{3 4, 4-trifluorobut-3-en-1-vi)-1,2 3 4-tetrahydrothieno{2 3-

dipyrimidin-6-yijcarbonyl} piperidin-4-yl acetate
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Analogously 1o the process described in Ex. 834, 150 mg (0.395 momol) of the compound from Ex.
624 and 140 mg (0.593 gunol) of 1,1, 2-trifluoro-d-1odobut-1-ene gave 72 mg (37% of theory) of
the ttle compound. In deviation, the reaction fime in the microwave oven was 20 min, and

purification by preparative HPLC was carried out according to Method 6.

TH-NME (400 Mz, DMSO-de, &/ppo): 4.91 (m, TH), 4.10 (6. 2H), 3.91 {quart, 2H), 3.78-3.70 {m,
2H), 139 (m, 2, 2.82 (m, 2ED), 2.39 (s, 3H), 2.02 s, 3H), 1.91-1.84 (m, 2H), 1.60-1.51 {m, 2H),
1.12 ¢, 3H).

LOMS (Method 1, ESIposy: R, = 1.00 min, m/z = 488 [M+H].

Example 1334
o-Chloro-3-isobutylpyrimidine-2 41 H 3H)-dione

£

!

H -
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At g temperature of §°C, 18.8 ol {201 muaol) of phosphorus oxychloride were added carefeliv to 4
ol of 50% strength aguenus ethanol. Subsequently, bkewise at 0°C, 4.15 g (22.6 mumol) of 1-
isobutyipyrimiding-2,4, 61 H 3H 3 -trione [lit: G, Brilckmann, S, D, Isaacs, J. Am Chem. Soc.
1949, 71 (23, 3903921 were added a little at a time. After the addition had ended, the reaction
nmuxture was heated fivst for 30 min at 50°C and theo for 2 b at 100°C. After cooling to RT, the
reaction mixture was poured into about ¥0 mi of wce-water. The precipitated sclid was filtered off
with suction and washed with water, Drying under high vacuure gave 3.20 ¢ (70% of theory) of the

title compound.

TH-NMR (400 MHz, DMSO-dg, &/ppm): 12.33 (br. s, TH), 5.89 (s, 1H), 3.56 {d, 2H), 1.99 {m, 1H),
0.83 {4, 6H).
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LO/MS (Method 1, ESTpos): R, = 0.64 min, nvz = 203/205 [M+H]"
Example 1344

2.2-Difluore-1 -[1 -dsobutyl-2, 6-dioxo-4-{pyridinium-1 -v)-1, 6-dibydropyrimidin-3{ 2 H)-

yiidenelethanolate

At BT, 13 ml (158 mmol} of pyridine were added to a suspension of 3.2 g (5.8 muncl) of the
compound from Ex. 133A 10 35 mi of ethyl acetate. 7.9 ml (63.2 muol} of difhuioroscetic anhydride
were then slowly added dropwise. After the dropwise addition had ended, stirring was continued at
RT for 1 k. The solid was then filtered off with suction, washed with a little ethyl acetate and

pentane and dried under high vacvum. This gave 2.30 g (45% of theory} of the title compound.

H-NMR (400 Mz, DMSO-dg, 8/ppm): 9.22 (d, 2H), 8.80 (1, 1H), 8.25 {, 2H), 6.5 (1. 1H), 3.70
(d, 2H), 2.08 {m, 11, 0.39 (d, 611},

LO/MS (Method 1, BSIpos): B, = .66 min, m/z = 324 [M+H]"
Example 1354

Eihyl S-{difluoromethyi}-3-isobutyl-2,4-dioxe-1,2,3 4-tetrahydrothieno|2, 3-dpyrimidine-6-

carboxviate

757 ul (6,90 mmol) of ethyl mercaptoacetate were added 1o a suspension of 1.11 g (3.45 mmol) of
the compound from Ex. 134A in 14 ml of sthanol, and the mixture was stirred at RT for 5 mdn. 804
mg {7.5% munol) of sodium carbonate were then added, and the mixhure was heated in g microwave
oven {Biotage Initiator with dynamic control of brradiation power} at 125°C for 2 h. Two such

batches were then combined and concentrated to dryness on a rotary evaporator. The residue that
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emained was taken up o about 300 mi of water, acidified shightly by addition of acetic acid and
extracted three times with about 100 ol of dichloromethane each. The orgamce exiract was washed
with saturated agueous sodium chioride solution, dried over anhydrous magnesium sulphate,
filtered and concenirated. The residue was suspended in 3 little dichloromethane and stirred at RT.
The solid was then filtered off with suction and dried under high vacuum. This gave a first fraction
of 1.59 g of the title compound. The tiltrate was concentrated to dryness and chromatographed on a
silica gel cartnidge (Biotage, 100 g of sihica gel, mobie phase cyelchexane/ethyl acetate 3.1 —
{:1}. Bvaporation of the product fractions and drying of the residue under high vacuum gave 3533
mg of a second fraction of the title compound. A total of 1.94 g {(81% of theory) of the title

compound were thus obiained.

FLNMR (400 Mz, DMSO-d, Sppm) 12.59 (5, 1H), 7.70 (1, 1H), 432 {quart, 2H), 3.68 (d, 2H),
2.03 (mn, 1ED), 1.30 {1, 371% 0.86 (d, 67,

LTS (Method 1, ESTposy: R, = 0.98 min, vz = 347 [M+H]"

Example 1364

Ethyl S-{dittuoromethyl}-3-iscbutyl-2 4-dioxo-1 -2 {trifluoromethoxyethyll-1,2,3,4-
tetrahydrothieno] 2, 3-djpyvrimidine-8-carbogylate
F

847 mg {2.60 mmol) of cacsium carbonate were added o a solution of 600 mg (1.73 mrnol) of the
compound from Ex. 1354 in @ ml of DMF, and the mixture was stirred at RT for 20 min. 501 mg
(3.60 mmoly of I-bromo-2-{trifluoromcthoxy)ethane [commercially available; 1. PE. Aldrich,
WA, Sheppard, J. Org. Chem. 1964, 29 (1}, 11-15] were then added, and the mixture was heated in
& microwave aven {(Biotage Initistor with dynamic control of irradiation power) at 100°C for 1 k.
After cooling to RT, the mixture was difuted with about 80 mi of etbyl acetate and, in succession,
washed twice with in each case about 808 nd of water and once with about 80 ml of saturated
sodivm chioride solution. After drving over anhyvdrous magnesium selphate, the mixiure was

filtered and concentrated. The crude product was purified by preparative HPLC (Method 3). The
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product fractions were combined and concentrated, and the residue was dried under high vacuum.

553 mg {6%% of theory) of the title compound were obtained.

H-NMR (400 MHz, DMSO-ds, 8/ppm): 7.72 (. 1H), 4.42 (1, 2H), 435 (quart, H), 4.32 (¢, 25D,
374 (d, 2¥D), 2.03 (m, 1H), 1.31 (t, 3H), 0.86 (d, 6H).

LC/MS (Method 1, ESIpos): R, = 1.23 min, vz = 459 [M+HJ",

Example 137A

Ethyl S-{difluoromethyl}-3-isobutyl-2,4-dioxo-1-{3,3, 3-trifluoropropyl}-1,2,3,4-

tetrahydrothieno{2,3-djpyrimiding-6-carboxylate

Analogousiy to the process described in Ex. 1364, 600 mg (1.73 mmol} of the compound from Hx,
135A and 582 mg (2.60 romol) of 3,3,34riflucre-1-iodepropane gave 570 meg {74% of theory) of

the title compound. Here, purification by preparative HPLC was carried out according to Method 6.

"H-NMR (400 MHz, DMSO-dg, S/ppm): 7.73 (¢, 1H), 4.36 {quart, ZH), 421 (1, 2H), 3.73 (d, 2H),
2.81 (m, 28, 2.03 (m, 11D, 1.32 (¢, 3H), 0.87 (d, 6H).

LC/MS (Method 1, ESTpos): R, = 1.22 min, nvz = 443 [M+HT".

Example 1384

S-(Difluoromethyl}-3-iscbutyl-2 4-dioxo-1-[2-{triflaoromethoxydethyi]-1,2,3,4-

tetrabydrothieno[2,3-d]pyrimidine-6-carboxylic acid
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173 ml (1.73 mmol} of a 1 M solution of lithium hydroxide in water were added to a solution of
530 mg (1.16 mmeol) of the compound from Ex. 1364 in 12 ml of ethanol, and the muxiure was
stirved at RT for 3 b All the volatile constituents were then removed on a rotary evaporator. The
. residue that remained was taken up in water and acidified with about 1.5 ml of 1 M hydrochlorie
acid. The product precipitated out and was fillered off with suction, washed with water and dried

under high vacuum. 466 mg {93% of theory} of the title compound were obtained.

"H-NMR (400 MHz, DMSO-dq, S/ppmY: 14.43 {very broad, sbout 1H), 7.76 {t, 1H), 4.42 {1, 2H),
430G {, 2H), 3.74 (d, 2H), 2.03 {m, 1H}, 0.86 {4, 6H).

10 LC/MS (Method 1, ESTpos): R, = 0.99 min, m/z = 431 [M+H]".

Exampie 13%A

S~(Diflaoromethyi)-3-isobutyl-2,4-dioxo-1-(3,3,3-trifluoropropyi)-1,2,3,4-tetrahydrothieno{2,3-

dipyrimidine-6-carboxylic acid

A i
£ i a0
"} Y » ’L\ P J_,wkfi“%
VR S

13 Analogously to the process described under Ex. 1384, 540 myg {1.22 mmol} of the compound from

Bx. 137A gave 463 mg (91% of theory? of the title compound.

THAMR {400 MHz, DMSO-d,, 8/ppm): 14.39 {very broad, about 1H), 7.77 (1, 1H), 4.19 (1, 2H),
3.73¢d, ZH}, 2.81 {m, 2H), 2.03 (m, 1H), 0.86 {d, 6H).
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LC/MS (Method 1, ESIpos): R, = 0.98 min, m/z = 415 [M+H]"

Example 1484

teri-Butyl S-{bromoraethyi}-2,4-dioxe-3-propyl-1-03,3, 3trifluoropropyiy-1,2,3,.4-

tetrahydrothienoi 2, 3-d]pyrimidine-8-carboxviate

B ?
] \\“ \»fL\“f'g\;”f\xf”CHl’i

200 mg {0476 wmmoel}l of the compoand from Ex. 98A, 173 mg {(3.99% mmoly of N-
bromosuccinirpide (NBSY and 7.8 mg {0.048 mmol) of 2 2-azobis(Z-methyiproplonitrile’ (AIBN)
i 5 mi of anhvdrous acelonitrile were heated under reflux for abouwt 16 h Al the volatile
constituents were then substantially removed on a rotary evaporator. The residue that remained was
purified by means of fiitration with suction through silica gel using dichloromethane as mobile
phase. This gave, after combination of the product fractions, concentration and drying under high

vacuum, 213 mg (9% of theory) of the title compound.

H-NMR {400 Mz, DMSO-dg, 8fppm): 5.21 (5, 2H), 4.17 (¢, ZH), 3.85 (¢, 2H), 2.87-2.75 (m, 2H),
1.63-1.53 {m, 2H), 1.57 {s, 9H), Q.88 {t, 3H}.

LC/MS {Method 1, ESIpos): B, = 1.34 min, nvz = 499501 [M+H]".

Fxampie 1414

teri-Butyi S-{bromomethyl}-3-ethyl-2 4-dioxo-1-(3,3 3-wrifluoropropyi-1,2,3,4-

tetrahiydrothieno[2,3-dlpyrimidine-6-carboxylate
E:i A,

3 \\ N x"'\\ e
\ H{

x
i

.G Q g N
H.C k
F.e“'" {:
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Analogously 1o the process described in Ex. 140A, 4,40 z {108 mumoel) of the compound from Ex,
35A, 2.02 g {11 .4 mmol) of N-bromosuccinirnide {(NBS) and 89 mg (8,541 munol) of 2.2-azobis(2-

roethyipropionitrile} {AIBNY gave 4.56 g (82% of theory, purity 95%;) of the title compound.

'H-NMR (400 Mz, DMSO-de, 8/ppm): 5.21 (s, 2H), 4.17 {t, 2H), 3.93 (quart, 2}, 2.88-2.76 (m,
IH), 1.57 (5, GH), 1.15 (¢, 3H).

LC/MSB {Method 1, ESIpos): Ry = 1.31 min; no iomzation.
Example 1424

teri-Buiyl S-formyl-2,4-dioxo-2-propyl-1-(3,3 3-tnifluoropropyl -1, 2,3 4-tetrahvdrothieno]2,3-

dlpyrimidine-6-carboxylate

G

SN O
X\ f’CHs
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385 rog of molecular sieve (4A} and, at a teraperature of -10°C and a littde at & time, a total of 181
mg {(1.54 mmol) of N-methylmorpholine N-oxade (MMO) were added to a solution of 385 mg
{0.771 mmol)y of the compound from Ex. 1404 n 5 mi of anhydrous acetonitrile. The reaction
mixture was then stirred at RT for 4 b, The mixture was then filtered throvgh a little kicselgubr and
the filtrate was concentrated to dryness, The residue aobtained was taken up in 20 wd of diisopropyi
ether/ethyl acetate €1:1) and washed succesmively twice with in each case 10 ol of agueous citric
acid solution and once with 10 mi of saturated agueous sodium chloride sohution. After drying over
anhvdrous magnesiom sulphate, the mixture was filtered and concentraied. Drving of the residue

under high vacuum gave 247 myg (73% of theory) of the title compound.

"H-NMR (48-0 MHz, DMSG-dq, &/ppm): 10.36 (s, 1H), 419 {t, 211), 3.81 {1, 2H), 2.88-2.76 {m,
28y, 1.61-1.51 {m, 2H), 1.50 (s, SH), 0.836 (1, 3H)

LCMS (Method 1, ESIposy K= 1.22 mun, m/z = 435 [TVE-%-H}*.
Example 1434

teri-Butyi 3ethyi-S-formyl-2, 4-dioxo-1-{3,3, 3-trifluoropropyl-1,2, 3 d-tefvahydrothieno]2,3-

dlpyrimidine-g-carboxylate
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Analogously to the process described in Ex, 1424, 3.75 g (7.73 mmol} of the compound from Ex.
1414 snd 1.81 g (154 mmol) of Nomethvlmorpholine M-oxide (NMO) gave 2.38 ¢ (73% of

theory} of the title compound. The reaction time in this case was 5 b,

FNMR (400 Mz, DMSO-d, S/ppm): 1036 (s, TH), 4.19 (¢, 2H), 3.88 (quart, 2H), 2.88-2.76 {m,
TEEL 150 (5, 9HD, 112 ¢, 36

LCMS (Method |, ESIpos)y: R, = 1,15 min, m/z = 421 [M+H]

Fxample 1444

tert-Butyl S-{difluoromeihyl)-2 4-dioxo-3-propyl-1-(3.3, 3-triflucropropy-1,2,3 4-

tetrahydrothieno{2,3-dipyvrimidine-6-carboxylate
. JF

3 “\wa L
HG t‘,\\'*_*ff ] N
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At 0°C, 218 mg (1.35 mmol} of N N-diethylaminosalphur trifluoride (DAST) were added 1o g
solution of 235 mg (3.541 mmal)} of the compound from Ex. 1424 in 5 mi of dichioromethane. The
mixture was then stirred at RT for 3 h. 6.5 ml of ssturated agueous sodium bicarbonate solution
were then added, and the mixture was siirred at RT for g few minutes. The mixture was then diluied
with S mi of ethyl acetate and sohd anhydrous magnesium sulphate was added in the amount
required to take up the aqueous phase completely. The mixiure was filtered, the residue was

washed with a little othyl acetate and the fltrate was concentrated. The solid obtained was purified
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by preparative HPLC (Method 6}, This gave, after concentration of the praduct fractions and drying

unider bigh vacuum, 198 mg (46% of theory) of the titie compound.

FINMR (400 MHz, DMSO-dg, d/ppm): 7.71 ¢, VH), 4.19 (1, 25D, 3.84 (1, 2HD), 2.87-2.75 {m, 2H),
1.62-1.53 (m, 2H), 1.55 (s, 9H), 0.88 (¢, 34},

LOMS (Method 1, ESIposy: B, = 1.32 min, m/z = 457 [M+HY
Example 1454

fert-Butyl 3-ethyl-S-{fluoromethyi}-2,4-dioxe-1-03,3 3trifluoropropyly-1,2,3,4-

tetrahydrothieno[2 3-dlpyrimidine-6-carboxylate

400 mg of molecalar sieve (4A) and 2 mi (1.98 mmol) of a 1 M solation of tetra-n-butyvlamnonium
fluoride (TBAF) in THF were added to a solution of 800 mg (1.65 mmeol} of the compound from
Ex. 141A in 16 ml of anhydrous acetonitrile. After the mixture had been stivred at RT for about 16
h, it was filtered and the filtrate was concentrated to dryness. The residue obtained was purified by
preparative HPLC (Method 18} This gave, after concentration of the product fractions and drving

under high vacuum, 450 mg (60% of theory, purity 94%) of the title compound.

HANMR (400 Mz, DMSO-dg, 8/ppm): 5.93 (d, 2H), 4.19 (1, 2H), 3.93 (quart, 2H), 2.88-2.76 (m,
2HG, 155 (s, 04D, 1.14 ¢, 3H).

LC/MS (Method 1, ESIpos)y: Re= 1.21 min, m/z = 425 [M+HT"

Exasmpie 1464

tert-Buivl 3-ethyl-5-{1-hydroxyethyi}-2,4-dioxo-1-(3,3, 3arifluoropropyis-1,2,3,4-

tetrabydrothieno]2 3-dlpyrimidine-g-carboxylate (racemare}
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At °C, 1 9 mil of a 1.4 M solution of methylmagnesium bromide in & mixtwre of THF toluene were
added dropwise to a solution of 1.0 g (2.38 mmol} of the compound from Ex. 1434 in 24 mi of
aphydrous THF. After the reaction mixture had been stivred at 0°C for T h, 5 mi of waier were
§  added at this temperature. The mixture was allowed to warm fo RT and then extracied with etlyd
acetate. The organic extract was washed successively with water and saturated sodium chloride
sofution. After drying over anbydrous sodium suiphate, the mixture was filtered and concentrated.
The residue obtained was purified by preparative HPLC (Method 18). The product fractions were
combined and concentrated, and the residue was dried under high vacuum. 480 mg {46% of theory)

10 of the title compound were obtained.

HANMR (400 MHz, DMSO-de, 3/ppm): 5.76 (broad, 1H), 4.18 ¢, 2H), 3.97 (quart, 21, 2.88-2.76
{m, 2H), 1.54 (s, OH), 1.41 {d, 3H), 1.16 ¢, 3H).

LC/MS (Method 1, BESIpos) Ry = 1.22 min, mv/z = 437 [M+H]".

Fxample 1474

1§ tert-Butyl eethyl-S-{1-fluoroethyi}-2,4-dioxo-1-{3,3, 3-influcropropyl}-1,2,3,4-

tetrahydrothieno{ 2, 3-djpyrimidine-6-carboxvlate (racemaie)

AL 0°C, 403 mg (0.916 romol) of a 50% strength solution of bis(Z-methoxyethylaminosulphur

triftuoride {Deoxo-Fluor™) in THF were added to a solution of 400 mg (0.916 mumol) of the



<4y

WO 201 5/052065 ~ 169 . POET/EP2014/0871113

compound from Fx. 146A m 9.2 mi of dichloromethane. After stisring at RT for 30 min, a further
202 mg (1.458 mmol) of Deoxo-Fluor” solution were added. After a further 30 min of stirring,
saturated aguenus sodium bicarbonate sclution was added and the mixiure was extracted with ethyl
acetate, The organic extract was washed with water and dried over anhydrous sodium sulphate.
This gave, after filtration, concentration and drying under high vacuum, 430 mg {80% of theory,

purity 85%;} of the title compound,
LC/MS (Method 1, ESIpos): B = 1.28 min, n/z = 439 IM+HHT.

Example 1484

S« Difinoromethyi)-2,4-dioxo-3-propyl-1-(3,3, 3riflucropropyi}-1,2,3,4-tetrabydrothieno| 2, 3-

dlpyrimidine-6-carboxylic acid

H{'{ Fotaailiae Nﬁfﬁi&;?()
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b ml of mifluorcacetic acid were added 1o a solution of 190 mg {8,418 mmol} of the compound
from Ex, 144A in 2 ml of dichloromethane, and the mixturs was stitred at RT for 3 b, The reaction
nuxiure was then concentrated to dryness on a rotary evaporator. The residue that remained was
twice dissolved in in each case § mi of dichloromethane and in each case concentrated again, After
drying under a high vacoum, 166 mg (97% of theory, 97% purity} of the title compound were

obtained.

H-NMR {400 MHz, DMS0-de, $/ppm); 14.43 (very broad, about 1H), 7.76 (¢, 1D, 4.19 {t, 2H},
3.84 (1, 2H), 2.87-2.7S {m, 2H}, 1.62-1.53 {m, 2H), 0.88 {1, 3H}.

LCMS (Method 1, ESIposy: R = .91 min, mv/z = 401 [M+H],

Example 1494

3-Ethyl-5-{fluororuethyi}-2, 4-dioxo-1-(3,3, 3-trifluoropropyli}-1,2,3, 4-tetrabydrothienc| 2, 3-

dlpyrimidine-6-carboxylic acid



WO 2015/052065 S 170 - POT/EP2014/071113

X\

Q S T N
W T T en,
A S S

g s et NN
g:f"' \§:
F

Analogously to the process described under Ex. 1484, 450 mg (1.06 mmol) of the compound from

Ex. 143A gave 390 mg {92% of theory, purity 93%6} of the title compound.

FL-NMER (400 Mz, DMSO-d, 8/ppm): 14.04 (very broad, about 1H), 5.95 (d, 2H), 4.18 (1, 2H),
3.93 {quart, 28D}, 2.87-2.75 {m, 25, 1.14 ¢, 31,

LO/MS (Method 1, ESIpos): R, = 0.86 min, ro/z = 369 [M+H]".

Example 1504

3-Erhyl-5-{ 1 -flucroethyl}-2 4-dioxo-1-(3,3, 3-rifluoropropyh-1,2,3,4-tetrahydrothieno{ 2,3~

dipyrimidine-6-carboxylic acid {racemare)

V.«""&;h‘\'\ oS
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Analogously to the process described under BEx. 1484, 430 rog (0.834 ramol, purity 85%) of the

compound from Ex. 1474 gave 290 yog (779 of theory, purity 85%; of the title compound.

FLNMR (400 Mz, DMSO-d,, dfppm): 13.91 {very broad, about 1H}), 6.75 {d of quart, 1H), 4.17
{t, 21}, 3.92 {quart, 28}, 2.87-2.75 (m, 2H), 1.73 {dd, 3H), 1.14 ¢4, 3H).
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Example 1514

rert-Butyl 5-{bromomethyl}-2, 4-dioxo-3-propyl-1-{2-{trifluoromethoxyjethyt}]-1,2,3 .4~

tetrabydrothieno 2, 3-dipyrimidine-6-carboxyiale

3 Amalogously 1o the process described in Hx. 1404, 2.0 g {4.58 mmol) of the compound from Ex,
B34, B0 mg (481 mmel} of N-bromosuccinimide (NBS) and 38 mg (0.229 mmel) of 2,2
azobis{Z-methylpropiontinile) {AIBMN} gave 1.90 g (80% of theory} of the ttle compound. The

reaction time in this case was 1 h.

HNMT (400 Mz, DMSO-dy, $/ppm): 5.20 (s, 2H), 4.42 (¢, 2H), 4.27 (¢, 25D, 3.86 (¢, 2H), 1.63-
19 1.54 (m, 2H), 1.56 (s, 9H), 0.88 (1, 3H).

LO/MS (Method 1, BSIpos)y: R, = 1.37 min, m/z = 515/817 [M+H]

Example 1524

tert-Butyl S-formyl-2 4-dioxo-3-propyl-1-[2-(riflucromethoxylethyi}-1,2,3 d-tetrahvdrothieno{2,3-

dipyrimidine-G-carboxylate

My
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Ansiogously to the process described in BEx. 1424, 1.80 g (3.49 mmol} of the compound from Ex.
1S1A and 818 mg (6.99 wumol) of Mmethyhnorpholine N-oxide (NMO)Y  gave 117 g (74% of

theory} of the title compound. The reaction time in this case was § h
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TH-NMR (400 MHz, DMSO-de, 8/pp): 16,35 (5, 1HY, 4.43 (¢, 2H), 4.25 (1 2H), 3.81 ¢4, 2H), 1.61-
1.81 (m, 281, 1.50 {s, 9F1), 0.83 (1, 3H).

LO/MS (Method 1, ESIpos) B, = 1.21 min, nv'z = 451 [M+H}"

Example 1834

tert-Butyl S-{difluoromethyly-2 4-dioxe-3~propyl-1 - 2-(irifluoromethoxyiethyil-1,2,3,4~

tetrahydrothieno[2,3-dlpyrimidine-6-carboxylate

Analogously to the process described in Hx, 1444, 1.11 g €2.47 ramol} of the compound from Ex.
132A and 998 mg (6.19 mmel) of M N-dicthylaminosuiphur trifluoride (DAST) gave 935 mg (79%
of theory} of the title compound. Here, purification of the product was camvied out by
chromatography on a silica gel cariridge {(Biotage, 50 g of silica gel, mobile phase: 5:1

cyclohexane/ethyl acetate).

TH-NMR (400 MHz, DMSO-de, 8fopm): 7.71 {6 1H), 4.42 (&, 2H), 4.30 (¢, 2H), 3.85 (¢, 21D, 1.62-
1.52 {m, 2H), 1.54 (s, 95}, 0.87 (¢, 3H).

LCMS (Method 1, ESIpos): Ry = 1.29 min, sz = 473 [M+H].
Example 1544

S{Diftuoromethyl)-2,4-dioxo-3-propyl-1- 2-(irifluoromethoxyiethyi}-1,2,3 4-tctrahydrothienof 2, 3-

dlpyrimadine-G-carboxyvlic acid
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Analogously tn the process described under Fx. 1484, 916 mg {1.94 mmal} of the compound from

Ex. 1534 gave 806 mg (98% of theory) of the ttle compound.

PH-NMR (406 Mz, DMSO-ds, §/ppm): 14.34 (very broad, 11), 7.76 &, 11D, 4.42 (1, 2HD, 4.30
26D, 3.85 (¢, 2H), 1.62-1.53 (m. 2H), 0.87 (1, 35,

LO/MS (Method 1, ESIposk: Ry = 0.8% min, /e = 417 [M+H}

Example 1554

tert-Butyl 1-gthyl-5-methyl-2,4-dioxo-3-propyi-1,2,3 4-tetrahydrothienef 2, 3-dlpyrimidine-6-

carboxylate
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4.52 g {13.9 mumol} of caesiumn carbonate were added to a solution of 3.0 g (925 mmol} of the
compound from Ex. 91A in 36 ml of DMF, and the mixture was stirred at BT for 10 . 1.1 ml
{13.% mmol} of ndoethane were then added, and the mixture was stirred in g microwave oven
{Biotage Initiator with dynamic condrol of trradiation power} at 100°C for 1 h. After cooling io RT,
the mixture was diluted with ethyl scetate and washed successively with water and saturated
sodivm chlonde solution. After drving over snbydrous magnesium sulphate, the mixiure was
filtered and concentrated. The crode produet was purified by MPLC (Biotage cartridge with 100 g
of silica gel, mobile phase: 20:1 cyclohexane/ethyl acetate). The product fractions were combined
and concentrated. After the residue had been dried under bigh vacuurn, 3.06 g (93% of theory) of

the title compound were obtamed.
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THONMR (400 MHz, DMSO-dg, Sfppm): 3.94 (quart, 2H), 3.82 (m, 2HY, 2.75 (3, 3H)L 1.61-1.51 (m,
2H), 1.52 (s, OFL 1.25 (4, 3HD), .87 (1, 3H).

LOMS (Method 1, ESIpos): R, = 1.34 min, m/z = 353 [M+HY"

Exampie 156A

tert-Butyl S-(bromomethyil-1-ethyl-2 4-dioxe-3-propyl-1,2,3 4-tetrahydrothieno[2,3-djpyrimidine-

S-carboxylale

B~ i’ﬁ
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Analogously to the process deseribed in Fx. 140A, 2.0 g (5.67 nunol) of the compound from Ex.
1554, 1.06 g (5.96 romwol) of N-bromosuecinimude (NBS) and 47 mg (0.284 mmol} of 2,2
azobis{ T-methylpropioniinile) (AIBN) gave 222 g (0% of theory) of the title compound. The

reaction time in this case was 1 h.

H-NMR (400 Mz, DMB0-d, Sppm): 5.21 €5, 2H), 3.96 (quart, 2H), 3.84 (m, 2H), 1.63-1.53 (i,
TH), 1.57 (s, 9D, 1.26 (¢, 3HD), 0.89 {1, 310y,

LC/MS (Method 1, ESIpos): Re= 1.38 min, m/z = 431/433 [M+H]".
Fxample 1874

tere-Butyl P-ethyi-S-formyl-2,4-dioxo-3-propyl-1,2,3,4-tetrahydrothieno| 2, 3-djpyrimidine-6-

carboxylate

.

CH,

Analogousty to the process described in Ex, 1424, 2,15 g (4.98 mmel} of the compound from Ex.
156A and 1.17 g (5.97 mmol) of N-methylmorpholine N-oxide (NMO} gave 1.38 g {75% of

theory) of the title compound. Here, the reaction time was about 16 h.
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H-NMR (400 Mz, DMSO-dg, Sfppm): 10,35 (s, 1H), 3.97 (quart, 2}, 3.80 (m, 2H), 1.62-1.5]
(i, 2, 1.50 (s, 971, 1.27 (¢, 3H), 0.86 (1, 3H).

LOCMS (Method 1, ESIpos): R, = 1.16 mun, m/z = 367 [M+H].
Example 158A

teri-Butyl S~{difluoromethy)-1-ethyl-2 4-dioxo-3-propyi-1,2,3 4-tetrahvdrothienn{ 2,3-

dlpyrimidine-6-carboxylate
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Anslogously to the process desertbed in Ex. 1444, 1.32 g (3.60 amwol) of the compound from Ex.
157A and 1.45 g {8.01 mumol} of N N-dicthvlaminosulphur trifluoride (DAST) gave 1.08 5 (77% of
theory) of the title compound. Here, purification of the product was carried out by chromatography

on a silica gel cartridge (Biotage, 100 g of silica gel, mobile phase: 5:1 oyelchexane/ethyl acetate).

‘H-NMR (400 Mz, DMSO-ds, S/ppray: 7.72 (1, 1HD, 3.98 (quart, 2H), 3.83 (m, 2H), 1.62-1.53 (m,
2H), 1.55 (s, OH), 1.27 (¢, 35D, 088 (5, 3H).

LOMS (Method 1, ESTposy: K, = 1.25 mun, m/z = 389 [M+HT
Example 1594

S-{Enfluoromethyl)-1-ethyl-2,4-dioxe-3-propyl-1,2,3 d-tetrabydrothieno] 2, 3-d pyrimidine-6-

carboxyiic acid

T . S
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Analogously to the process described under Ex. 1484, 1.0 ¢ (2.57 mmol} of the compound from

Ex. 1584 gave 855 mg (99% of theory) of the Hitle compound.
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TH-NMR (400 MHz, DMSO-d.. S/ppmy 14.28 (very broad, about 1H), 7.76 (1, 1H}, 3.98 {quar,
2HY, 383 (o, 2HD, 1.62-1.53 dms, 2H), 1.27 1, 3H), 0.88 {4, 3H)

LO/MS (Method 1, ESIposy: K= 0.74 min, nvz = 333 {M+H]"

Example 1604

h

3-Isobutyi-S-rnethyl-2 4-dioxo-1-(3,3, 3-trifluoropropyi}-1,2,3,4-tetrahydrotheens{ 2, 3-djpyrimiding-

G-carboxylic acid
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758 mg {2.33 mmol} of caesium carbonate were added to a solution of 250 mg (0.776 romol) of the
compound from Ex. 39A 7.5 ml of anhydrous DME, and the mixture was stitved at RT for 10
min. 211 pl {1.94 mmol} of [-bromo-3-methylpropane were then added, and the mixture was
stirred inttially at RT for 3 b and then at 60°C for 16 h. After cooling to RT, 2 ml of 2 M aqueocus
sodium hydroxide solution were added and the reaction mixture was stirred at RT for a further 2 &,
The puxture was then poured onto about 56 mi of water and extracted with dichloromethane. The
organie extract was discarded and the agueous phase was brought to a pH of about 4 with 1 M
hydrochloric acid. The nuxture was exiracted with ethyl acetate. The organic extract was dried over
arhydrous magnesium sulphate, fikered and concentrated. The residue obtained was purified by
preparative HPLC (Method 3}, This gave, after evaporation of the product fractions and drying of

the residue under high vacuum, 132 mg (44% of theory) of the title compound.

H-NMR (400 MHz, DMSO-ds, #/ppm): 13.42 (broad, 1H), 4.15 (&, 2H), 3.72 (4, 2H), 2.85-2.71
(m, 2FD), 2.75 (s, 3HD, 2.09-1.98 (m, 1H), 0.86 {d, 6H).

LO/MS (Method 1, ESIposy R, = (.99 min, m/z = 379 [M+H]

Example 18158

34{Cyclopropylmethyl-5-methyi-2,4-dioxo-1-(3,3,3-trifluoropropyi-1,2,3 4-tetrahydrothieno[2 3-
FERPTOPY ; . Prop; y )

dipyrimidine-6-carboxylic acid
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738 mg (2.33 mmol} of cacsiom carbonate were added to a solution of 250 mg (0.776 wamotl) of the
compound from Ex, 584 in 7.8 mi of anhydrous DMF, and the mixture was stived gt RT for 10
min. 262 mg (1.94 mmol} of (hromomethylieyclopropane were then added and the mixture was
stirred at BT for about 16 h. 2 ml of 2 M aqueocus sodiom hydroxide solution were then added and
the roixiore was stirred at RT for a further 3 b The mixture was then poured onto about 50 mi of
water. The sodid that precipitated out was filtered off and discarded. The filirate was adjusied to g
pH of about 4-5 asing 1 M hydrochloric acid, The product which precipitated out was filtered off
with suction, washed with a little water and dried under high vacuum. This gave 160 mg (52% of

theory, purity 95%;} of the title compound which was used further without further purification.

TH-NMR (400 MHz, DMSO-de, S/ppmy: 13,44 (broad, about 1HY, 4.16 (&, 2H), 3.77 (4, 2H}, 2.86-
293 (o, 2D, 276 {5, 3H), 1.20-1.13 {m, 1THD, 0.45-0.40 {m, 2H), 0.36-0.32 {m, 2H)}.

LC/MS (Method 1, ESlpos): B, = 0.95 min, m/z = 377 [M+HT.
Example 1624

3-{2-Methoxypropyly-S-methyl-2 4-dicxo-1 (3,3 3-trifllucropropyl)-1,2,3 4-tetrahydrothieno{ 2,3-

dipyrimidine-&-carboxyiic acid {(racemate)
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2-Methoxypropyl  3-{2-methoxypropyi-S-methvi-2,4-dimee-1-(3,3 3-triflucropropyl)-

1,2,3 4-tetrahydrothiens{ 2, 3-dpyrimidine-G-carboxylate
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1.52 g (4.66 mmol} of caesium carbonate were added to a solution of 300 mg (1.55 mmol} of the
compound from Ex. 59A in 15 mi of anbyvdrous DMF, and the mixture was stirred at RT for 10
min, 948 mg (3.88 mmol} of racemic 2-methoxypropyi-4-methylbenzene sulphonate {prepared
anziogously {0 a published method starting from racemic methyl Z-methoxypropionate; lit: A
Terfort, H. Bronner, JJ Chem. Soc. Perkin Trans. 1, 1956 (12), 1467-1479} were then added, and
the mixiture was stirred tutially at KT for 16 b, Since the reaction was still incormplete, the mixture
was then stirred at 80°C for ancther about 18 h. After cooling to RT, about 100 wi of water were
added and the mixiure was extracted with dichloromethane. The organic exiract was dried over
anhydrous magnesium sulphate, filtered and concentrated. The residuc oiained was purified by
preparative HPLC (Method 6). Concontration of the product fractions gave 130 mg {18% of theory}

of the title compound.

H-NMR (400 MHz, DMSO-de, 8/ppmy 4.31 (3, TH), 4.22-4.13 (m, 30, 4.06 (dd, 1H), 3.77 (4,
1H), 3.67-3.59 {mm, 25D, 3.29 (s, 3H), 3.22 (s, 3F), 2.86-2.74 (m, 2H), 2.79 (s, 3, 1.15 (d, 31,
1.06 {d, 35D,

LO/MS (Method |, TSIposk: R, = 1.12 min, ro/z = 467 [M+H] .

Zudsten:  3-(2-Methoxypropyi}-S-methyi-2 4-dioxo-1-03, 3, 3-triflucropropyl)-1,2,3,4-

tetrahydrothienol 2, 3-djpyrimidino-S-carboxylic aied (racemare)
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125 mg {4.26% mmol} of the compound from the preceding step were dissolved i 5 mi of ethanol,
1.34 mi (1.34 mmol) of a T M solution of Hihium hvdroxide in water ware added and the mixture
was stirred at RT for 2 h. The ethanol was then removed on a rotary evaporator and the residue was
diluted with water and acidified by addition of 1 M hydrochloric acid. It was then exiracied with
ethyl acetate. The organic extract was dried over anhvdrous magnesium sulphate, filtered and
concentrated. This gave 103 mg {63% of theory, purity 66%) of the title compound which was

regcied further withowt further purification.

YNMER (400 MYz, DMSO-ds, 8/ppm): 13,41 (broad, 1H), 4.19-4.13 (m, 2H), 4.05 (4d, 13, 3.77
(dd, 1H), 3.67-3.59 {m, 1H), 3,22 (5, 3H), 2.85-2.73 (m, 2H), 2.76 (5, 3H), 1.06 (4, 3H).

LO/MS (Method 1, ESIpos): R, = 0.84 min, m/z = 395 [M+H]"

FExample 1634

Ethyt 2-{{ethylearbhamoylamino]-4-methyithiophene-3-carboxylate

~

86 ml {1.21 mol) of ethyl isocyanate were added to a solution of 158 g {0.810 mel) of cthyl 2-
amino-4-methylthiophene-3-carboxylate and 113 ml (G.810 mol} of triethylamuine in 1.5 litres of
THF. The reaction mixture was heated under reflux for 2 days. After cooling to RT, the mixture
was poured into about 2 lires of water and extracted fowr times with a total of 1.1 liires of
dichloromethane. The organic extract was dried over anbydrous sodium sulphate and then filtered
and concentrated to dryness. After the residue had been dried under high vacuum, 200 g (89% of
theory, purity about 93%) of the title compound were obtained, this being employed in the next

reaction step without further purification.

TH-NMR (300 MHz, DMSO-d, Sppmy 16.28 (s, 1H), 7.83 (broad, 1H), 6.39 (s, 1H), 4.27 {quart,
2H), 343 (my, 2H), 2.26 (s, 3H), 1.31 {, 3H), 1.06 {1, 3H).

LC/MS (Method 1, ESiIpos): By = 0.92 min, m/z = 257 [M+H]".
Example 1644

3-Ethyl-S-methyithieno[2,3-djpyrinudine-2,4{1 4 3 H)-dione
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657 g (261 mumol) of the compound from Ex. 1634 were dissolved in 1.6 hires of ethanod and 141
mi (392 mmol} of a 21% strength solution of sodivm ethoxide in ethano! were added. After the
mixture had been stirved at RT for abowt 16 b, it was poured into about 500 mi of cold water and
adjusted {0 8 pH of about 5 by addition of giacial acetic acid. The resuiting precipitate was filiered
off with suction, washed with water uniii neutral and dried. 56 g {81% of theory) of the title

compound were obtained.

HLNMR (300 Mz, DMSO-dq, S/ppm): 6.66 (s, 1H), 3.86 (guart, 2H), 235 (s, 3H), 1.11{L, 3H)
LO/MS iMethod |, ESIpos)y: B = 0.67 min, m/z = 211 [M+HY.

Example 1654

3-Eibyl-3-methyl-2,4-dioxo-1,2,3 d-tetrahvdrothieno] 2. 3-dlpvrimidine-6-carbaldehvde

HO o
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4.5 ml {48.5 mmol} of phosphorus oxychloride were added carefully to a solution of 830 mg (4.04
mmol} of the compound from Ex. 1644 in 3.1 md (404 mmol} of DMF. After the strongly
exothermic reaction had subsided, the mixture was stirred for a further 13 min. The reaction
mixture was then carefully stirred into 100 ml of ice-water. After T h of stiming, the precipiated
product was filtered off with suction, washed with water until neutral and dried. 936 mg (87% of

theory} of the title cornpound were obtained.

TH-NMR (400 MHz, DMSO-dg, 8/ppm): 12.5% (broad, 1H), 10.06 (s, 1HD, 3.86 (quart, 2H), 2.76 (s,
3HY, L2 (¢ 38).

LO/MS (Method 1, ESIpos)y: R, = 0.68 nun, m/z = 239 [M+HT

Exampie 166A

3-Ethyl-S-methyi-1-03,3,3-tiflucropropyifthieno[2,3-dpyrimidine-2 41 H 3 H)-dione
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2.8 g {9.51 mmol} of the compound from Ex. 1644 and 3.29 ¢ (23.8 mmel} of potassium carbonate
in 36 rol of anbydrous DMF were stivred at BT for 15 min, and 3.3 md (283 mmol} of 1,1,1-
trifluoro-3-iodopropane were thon added. Since, after stirving overnight at RT, conversion was
incoroplets, & further 1.31 g (9.51 mmol) of potassium carbonate and 1.1 md (9.51 mumol) of 1,1,1-
triffuoro-3-odopropane were added and the mixture was stirred gt 60°C for 2 b, After cooling to
RT, the mixture was diluted with ethyl acetate and washed successively twice with water and once
with saturated sodium chloride solution. After drying over anhydrous magnesium sulphate, the
mixture was filtered and the filtrate was evaporated to dryness. The crude product was purified by
clromatography on a siica gel cartridge (Biotage, 340 g of silica pgel, mobile phase:
cyclohexane/ethyl acetate 2411 — 10:1). Concentration and drying of the product fractions gave

2.06 g (70% of theory) of the title compound.

"H-NMR (400 MHz, DMSO-d,, &/ppm): 6.88 (s, 1H), 4.12 ¢, 2D, 3.91 {quart, 28, 2.84-2.71 {m,
2H}, 2.39 (s, 3H), 112 (8, 3HD

LS (Method 1, ESTposh &, = 1.02 min, nvz = 307 [M+HT

Example 167A

3-Bthyl-5-methyl-2,4-dioxs-1-(3,3, 3-rifluoropropyl}-1,2,3 4-tetrahydrotinens{ 2, 3-dlpyrinudine-6-
carbaldehyde

¥



<

g

15

WO I615/032065 =182 - PCT/EP2014/071113

Method 4

5.0 5210 munol) of the compound from Ex. 1654 and 7.25 2 {52.5 muiol) of potassivm carbonats
tn a roixture of 95 ud of acetonitrile and 15 o of DME were stirved at RT for 15 min, and 141 ¢
(63,0 momolp of 1, 1L trifleors-3-lodopropane were then added. The reaction mixture was stivved at
a temperature of 78°C for about 15 h. After cooling to RT, the mixture was dilited with 560 ml of
athvl acetate and, m succession, washed twvice wathuan each case 100 mi of water and once with 50
mi of satursted sodivm chlonide solotion. Afier drving over anhydrous sodium sulphate, the
mixtire was hlterad and the Hlirale was evaporated to dryness. The crude product was punified by
chromatograpby (40 g of silica gel, mohile phase: heptane/ethyl acetate 106:0 — 66:40) This gave,
afler concentration of the product fractions and drving of the residue, 2.9 x (42% of theory) of the

fitle compound.

Method B.

7.8 mi {832 mmol)y of phosphorus oxvebloride were added carciully to a sodution of 5§10 g {166
mamol) of the compound from Ex. 166A in 256 ml (333 mowd} of DME. After the strongly
exothermic reaction had almost subsided, the mixture was stivved for a further 30 min ap 168°C,
After cooling to BT, the reaction mixiure was carefully stured into 100 ml of ice-water, After 1 h
of sthring, the precipitated product was filtered off with suction, washed with water uniil neutral

and dricd. This gave S.08 ¢ (85% of theory, 84% pure) of the tifle compound.
g £ 3 D P

THLNME (400 Milz, DMSO-de Sfppmy: 10,11 (s TH) 418 60 21D, 397 (quart, ZH), 2.86-2.74 (m,
T 250 (s, 3HY, 114 {1 3.

LO/MS (Method |, EBIposy: Bo= 098 min, mfz = 335 [M+HL
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Working examples:

Example §

&-f{4-Hydroxypiperidin- i -viearbonyi]-5-methyl-3-2-phenyiethyl}-1-(3,3,3-

triffaoropropylthienc]2, 3-djpyrimidine-2 4{1F 3 -dione

Preparation of the acid chioride: At RT, fust 61 ul {0.70 mmol) of oxalyl chioride and then a small
drop of DMF were added 1o a solution of 60 mg (0.140 mmeol} of the compound from Ex. 43Ain 2
ml of dichloromethane. After the reaction muxture had been stirred at RT for 2 h, it was evaporated
to dryness on a rotary evaporator. The regidue that remained was dried under high vacwum and then

reacted further in the next partial siep.

Freparation of the amide: The acid chloride olstained above was dissolved in 2 mi of anhydrous
THF, aod this solution was added dropwise to a solution of 17 mg {6170 mmoel) of 4-
hydroxypiperidine and 49 ul (8,280 romol} of N N-diisopropylethylamine in 2 mi of anhvdrous
THF. A few drops of dichloromethane were then added, and the reaction mixture was stirved at RT
for 1 b, After the mixture had been evaporated (o dryness on a rotary evaporator, the crade product
was purified by preparative HPLC (Method 33 This gave, after combination of the product
fractions, evaporation and drying of the residue under high vacuum, 69 mg {96% of theory) of the

sitle compound.

HINMR (400 MHz, CDCL, Sppm): 7.32-7.21 (m, 5H, partially obscured by the CHCL signal),
4.22 &, 28y, 4.14 (1, 2H), 4.03 (m, 1H}, 3.98-3.80 {br. m, 2H), 3.45-3.37 {m, 2H), 2.94 {1, 2H),
2.64-2.52 (m, 2H}, 251 {5, 3, 1.98-1.91 {m, 2H), 1.65-1.55 {m, 2H, partially obscured by the

water signal).
LC/MS (Method 1, ESIpos)y: B, = 1.04 mmin, m/z = 510 [M+HT

Example 2

1-{4,4-Diffuorobut-3-en-1-yD-6-{{4-hydroxypiperidin-1-yDcarbonyl]-S-methyl-3-(2-

phenylethyhithieno{ 2, 3-d]pyrimiding-2,4{1 H,35})-dione
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Analogously to the process described in Ex. 1, 70 mg (0.170 mmol} of the compound from Ex. 44A
and 20 mg (0.20 ramol} of 4-hydroxypiperidine gave 42 mg (50% of theory} of the tille compound.
In deviation to the process described ahove, the reaction time in the second partial step {amide

5 formation) was not 1 b but about 16 h.

PH-NMR {400 MHz, DMSO-dq, 8/ppm): 7.33-7.29 (m, 21, 7.27-7.20 (m, 3H), 4.82 (d, 1H), 4.62
(d of t of &, LED, 4.07 (dd, 21D, 3.93 (1, 2H), 3.82-3.71 (br. m, 30}, 3.24 (m, 21, 2.83 (dd, 2H),
2.41-2.33 (m, 2H), 2.38 (s, 3H), 1.80-1.72 {m, 2H), 1.40-1.30 (m, 2H).

LO/MS (Method 1, ESIposy: R, = 1.04 min, nvz = 504 [M+H}

10 Example 3

&-[{4-Hydroxypiperidin-1-ylcarbonyl}-1-{2-methoxyethyl}-3-methyl-3-(2-phenvilethyDithienof 2,3-
dipvrimidine-2,4(1 4 3H)-dione
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Analogously to the process described in Ex. 1, 180 mg (0.260 munol) of the compound from Ex.
15 45A and 31 mg (0.310 mmol} of 4-hydroxypiperidine gave 102 mg (82% of theory) of the title
compound. In deviation fo the process described above, the reaction time in the second partial step
{amide formation) was not 1 h but about 16 h. Here, purification by preparative HPLC was carried

out according to Method 6.
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H-NMR {400 MHz, DMSO-d, 8/ppm): 7.33-7.29 (m, 2H), 7.26-7.20 (m, 3H), 4.52 {d, 1H), 4.09-
4.07 (m, 4H)Y, 3.82-3.71 (m, 3, .62 {4, 2H), 3.27-3.19 (m, 2H), 225 (s, 3H), 2.84 {m, 2H), 2.37

{s, 3, 1.80-1.73 (m, 2, 1.40-1.30 (m, 2H).
LC/MS {(Method 1, ESIpos): R, = 0.93 min, m/z = 472 [M+H]

Example 4

32+ 2-Finorophenviethyl}-6-[{4-hydroxypiperidio-1 -yl carbonyi}-3-methyl-1-(3,3,3-
triftucropropylithienc]2 3-dipyrimidine-2 4{1 F 3H)-dione

Analogously 1o the process described 1 Ex. 1, 95 mg {0.210 ramol} of the compound from Ex. 46A
and 29 mg (0287 mmol) of 4-hydroxypiperidine gave 112 mg {99% of theory) of the title
compound. In deviation fo the process described above, the reaction time in the second partial step

{amide formation) was not | h but about 16 h.

HNMR (400 MHz, DMSO-dq, 8/ppm): 7.30-7.24 (m, 2H), 7.17-7.10 (m, 2H), 4.62 (d, 1H), 4.13-
4.06 {m, 44}, 3.82-3.71 (m, 3H), 3.24 (m, 2H}, 2.90 (¢, 2H), 2.78-2.86 {1, 2H}, 2.36 (s, 3H), 1.80-
172 (my 2H), 1.40-1.31 (m, 2H).

LC/MS (Method 1, ESIposy: B, = 1.03 min, sv/z = 528 {M+H]"

Example 8

1-{4.4-Diflucrobut-3-en-1 -yh-3-{2-(2-fluorophenyethyi-6-{(4-hydroxypiperidin-1 -yhcarbonyl}-
S-methyithieno]2, 3-dlpyrmdine-2, 41 H 3 H)-dione
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Analogously to the process described in Ex. 1, 75 mg (6,170 mmol) of the compounnd from Ex. 474
and 41 mg (0,405 nmmoel) of 4-hydrowypiperidine gave 88 mg (99% of theory) of the title
compound. In deviation to the process described above, the reaction time in the first partial step

{acid chioride formation} was 3 h and in the second partial step (amide formation) was abowt f6 h

FLNMR (400 MHz, DMSO-dg, Sppm): 7.30-7.24 (m, 2H), 7.16-7.10 (s, 2H), 4.81 (&, 1H), 4.60
(d of tof d, 1H), 4.10 (m, 2H), 3.91 (m, 2H), 3.81-3.71 (m, 3H), 3.23 (m, 2H), 2.90 (m, 25, 2.36
(s, 31}, 1.80-1.72 {rn, 2FD), 1.40-1.30 (m, 2H),

LO/MS (Method 1, ESTpos): R, = 1.04 min, vz = $22 [M+H]"

Example 6

3-[2-{2-ChlorophenyDethyvi]-6-[{4-hydroxypiperidin-1 -vDearbonytl-S-methyl-1-(3,3,3-

trifhioropropyDithieno! 2, 3-dlpyrimidine-2,4(1 H, 3 H)-dione

TN
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Preparation of the acid chioride: At KT, first 71 pl (0.810 mmol) of oxabyl chioride and then a
small drop of DMF were added to a solution of 75 myg (0.160 mmol} of the compound from Ex.
48Ain 2.5 mi of dichioromethane. Afler the reaction mixture had been stired at RY for 2 b, & was
evaporated o dryness on a rotary evaporator. The residoe that remained was dried under high

vacuum and then reacted further in the next partial step.
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Preparation of the amide: The sacid chloride obtaived above was dissobved in 2 mli of
dichloromethane, and thus solution was added dropwise fo a solution of 25 mg (0.240 mmol) of 4-
hydroxypiperidine and 37 ul (0330 mmeol} of N N-diisopropylethylanune in 2.5 mi of anhydrous
THE. The reaction mixture was then stirred at RT for abowt 16 ho After the mixture had been
gvaporated o dryness on a rotary evaporator, the crude product was purified by preparative HPLC
{Method 35). This gave, afier combination of the product fractions, evaporation and drying of the

residue under high vacuum, 83 mg {94% of theory) of the title compound.

H-NMR (400 MHz, DMSCdq, S/ppm: 7.43-7.40 {m, 1H3, 7.31-7.24 (m, 3H), 4.82 {d, 111}, 4.15-
407 {ma, 45D, 3.82-3.7F {m, 3H), 3.24 (i, 25D, 2.9 (1, 2H), 2.78-2.66 (m, 2H), 2.36 (s, 35, 1.80-
1,73 (o, 26, 1.40-1.31 (m, 25D,

LO/MS (Method 1, ESIposy: B, = 1.08 min, nvz = 544/546 [M+H].
Example 7

3-{2-(2-Chlorophenylethyl]- 1 {4, 4-diflyorcbut-3-en-1-y1}-6-{ (4-hydroxypiperidin-1 -yilcarbonyvli-

S-methylthienol2,3 dlpyrimidine-2,4(1 4,3 H)-dione

Arnalogously to the process described in Bx. 6, 75 mg {0.160 mimol} of the compound from Bx. 48A
and 25 mg {0,250 suncl) of 4-hydroxypiperidine gave &5 mg (95% of theory) of the title

compound.

H-NMR (400 Mz, DMSC-dy, Sfppmy 7.43-7.40 (m, 1TT), 7.32-7.23 (m, 37D, 4.82 (d, 1H), 4.60
{d of tof &, 1H), 4.13 {m, 2H), 3.91 (¢, 2H), 3.81-3.71 {m, 35}, 3.23 (m, 2H), 2.99 (1, 2H), 2.35-
2.32 {mw, 2H), 2.35 (s, 3H), 1.80-1.72 (m, 25, 1.40-1.30 (ro, 2H).

LC/MS (Method 1, ESlpos): B, = 1.10 min, m/z = §38/540 [M+HT.
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Example 8

6~[{4-Hydroxypiperidin-1-yUcarbonyi]-5-methyl-3-[ 2-(2-methylphenyDethyl}- 14(3,3,3-
triftuoropropyDithienc 2, 3-dlpyrimidine-2,4{1L 7 3 H-dione

59 mg {0.104 muaol) of the compound from Ex. 63A were dissolved in 3 mi of ethanol, and 210 ul
(3210 mumoby of a 1 M solution of lithium hydroxide in water were added. After 1 h of stirring at
RT, the reaction mixture was separated directly by preparative HPLC into s componenis {Method
53. The product fractions were combined and concentrated, and the residue was dried under high

vacuum. 531 myg (93% of theory) of the title compound were oblained.

"H-NMER {400 MHz, CDChL, &/ppoy: 7.22-7.30 (m, 45, 4.19-4.12 {m, 4H), 4.03 {m, 1H}, 3.98-
380 {m, 2H), 3.44-3.37 {m, 2H), 2.94 (m, 2H), 2.63-2.54 {m, 2H), 2.32 {s, 3H), 2.47 {5, 3H), 1.98-
1.90 {mn, 2H)}, 1.65-1.57 {(m, 2H, partially obscured by the water signal).

LO/MS (Method 1, ESIpos)y: Ry= 1.06 min, m/z = 524 [M+HT
Example &

3-{2-(3-Fluorophenyhiethyl]-6-[{(4-hydroxypiperidin-1-vljcarbonyl]-5-methyl-1-{3,3,3-
triffuoropropybthienc{2,3-dipyrimidine-2 41 H,3H-dione




WO 2015/082065 - 189 - POT/EPZO14/071113

Analogously to the process described in Ex. 8, 53 mg (0.093 mmol} of the compound from Ex. 64
gave 37 mg (75% of theory) of the title compound. In deviation to the process described above,

here the reaction time was 3 h,

H-NMR {400 MHz, CDCL, §/ppm): 7.07 {d, 1H), 7.00 {d, 1H), 6.92 (dt, 1H), 4.23-4.13 {(m, 457},
4,04 {m, 1), 3.98-3.90 (m, 2H), 3.45-3.37 {m, 2H), 2.94 {m, 2H), 2.66-2.55 {m, 2H)}, 2.51 (s, 3H},
1.98-1.91 {m, 2H}, 1.66-1.57 {m, 2H, partiaily obscured by the water signal).

LC/MS (Method 1, ESIpos): R, = 1.01 min, m/z = 528 [M+H]".

Exampie 10

3-[2-(3-ChlorophenyDethyij-6-[{4-hydroxypiperidin-1-yijcarbonyl}-5-methyi-1-(3,3,3-
triflucropropyiithieno{2,3-djpyrimidine-2,4(1 4 3H)-dione

Analogously to the process described in Ex. 8, 60 mg {0.10 ramol) of the compound from Ex. 654
gave 45 mg (77% of theory, purity 95%) of the title compound. In deviation to the process

described above, here the reaction time was 3 h.

'H-NMR (400 MHz, CDCL, d/ppm): 7.29-7.17 (m, 4H, partially obscured by the CHCI; signal),
4.22-413 (m, 4H}, 4.03 (m, 1H), 3.98-3.89 (m, 2H), 3.45-3.37 {m, 2H}, 2.92 (m, 2H), 2.67-2.55
{m, 2H)}, 2.51 {s, 3H)}, 1.98-1.90 {m, 21}, 1.66-1.56 (i, 2H, partially obscured by the water signal).

LO/MS (Method 1, ESIpos): R, = 1.06 min, m/z = 544/546 [M+H]".

Example 11

X

&-f{4-Hydroxypiperidin-1-yicarbonyl]-3-methyb3-[2-(3-methyiphenyliethyl}]-1-(3,3,3-
trifluoropropylithienc]2,3-dipyrimidine-2 4(1 H,3H}-dione
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Analogously to the process described in Ex. 8, 535 mg (0.10 mmol} of the corapound from Ex. 66A

gave 44 mg {(86% of theory) of the title compound.

'H-NMR {400 MHz, CDCL, 8fppm): 7.20 {4, TH), 7.14 (s, 1H), 7.10 (d, 1H), 7.04 (d, 1H), 4.21-
4.14 {m, 4H), 4.03 {m, 1H), 3.98-3.80 (m, 2H), 3.44-3.37 {m, 2H}, 2.89 (m, 2H), 2.66-2.55 (m,
2H), 2.52 (s, 3H}, 2.33 (s, 3H), 1.98-1.90 {m, 2H), 1.66-1.56 (m, 2H, partially obscured by the

water signal).
LC/MS (Method 1, ESIpos): Ry = 1.09 min, m/z = 524 [M+HJ"

Example 12

3-{2-{4-Fluorophenyhethyll-6-[{4-bydroxypiperidin- 1 -vi}carbonyl]-S-methyi-1-(3,3,3-
trifluoropropylithieno{2,3-d]pyrimidine-2,4(1 &, 3 H-dione
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Analogously to the process described in Bx. &, 35 mg (0.061 mmol) of the compound from Ex. 67A
gave 30 mg (93% of theory) of the title compound. In deviation to the process described above,

here the reaction time was 2 h.

H-NMR (400 MHz, CDCL, d/ppm): 7.27-7.23 (m, 2H, partially obscured by the CHCL signal},
6.99 {1, 2H}, 4.20-4.13 ¢m, 4H), 4.03 {m, 1H), 3.97-3.90 (m, 2H), 3.45-3.37 (m, 2H), 2.91 {m, 2H),
2.66-2.54 (m, 2H), 2.51 (s, 3H}, 1.98-1.90 {m, 2H), 1.66-1.55 (m, 2H, partially obscured by the

water signal}.
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LO/MS (Method 1, ESfpos)y: B, = 1.02 min, m/z = 528 IM+HT,
Example 13

3-[2-{4-Chlgrophenyiiethyl}-5-[(4-hydroxypiperidin-1 -vlcarbonyi}-S-methyl- 1 -(3,3,3-
tnfluoropropyihienc{2, 3-dlpyrinudine-2,4(1 F, 3 H)-dione
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Analogously to the process desceribed in Ex. 8, 74 mg (0,126 mmal} of the compound from Ex. 68A
gave 60 mg {87% of theory} of the title compound. In deviation fo the process described above,

here the reaction time was 2 h.

H-NMR (400 Mz, CDCL, 8/ppm): 7.27 (4, 28D, 7.22 (d, 2H), 4.20-4.13 (m, 45D, 4.04 (m, 1H),
3.97-3.90 (m, 20), 3.45-3.37 (m, 25D, 2.91 (m, 2H), 2.63-2.53 (m, ZH), 2.51 (s, 35, 1.98-1.90 (m,

2H), 1.66-1.56 (m, 2H, partially ohscured by the water signal),
LOMS (Method 1, ESIpos): K= 1.10 min, nv'z = 544/546 [M+HT"
Example 14

&-[{4-Hydroxypipendin-1 -yhearbonyi}-3-{2-{(4-methoxyphenyhethyl}-S-methyi-1-{3,3,3-
trifhuoropropyBthieno] 2, 3-dlpyrimadine-2 41 H, 3/ -dione




10

W 2815/052868 ~ 192 - POT/EP2G14/071113

Analogously to the process described m Ex. 8, 66 mg {0.11 mmol} of the compound from Ex. 69A
gave 54 myg (87% of theory) of the title compound. In deviation to the process described above,

here the reaction time was 2 h.

H-NMR (400 MHz, CDCL, $/ppra): 7.20 (d, 2H), 6.84 (d, 21), 4.19-4.12 (m, 4H), 4.03 (m, 1H),
3.98-3.90 {ra, 2H), 3.79 {5, 3H), 3.44-3.37 (m, 2H), 2.88 (m, ZH), 2.64-2.54 (m, 2H), 2.51 (s, 3H),

1.98-1.91 (m, 2H}, 1.65-1.55 (i, 2H, partially cbscured by the water signal),
LC/MS (Method 1, ESIpos): R = (.98 min, m/z = 540 [M+HY".

Example 15

3-[2-(2-Chlorophenyiiethyi]-1 (4, 4-difluorcbut-3-en-1-v1)-6-[{4-hydroxypiperidin-1-yhearbonyl}-

S-methylthieno{2 3-djpyrimidine-2,4(1 #,3#)-dione
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Analogously to the process deseribed in Ex. 6, 75 mg (0.160 mmol) of the compound from Ex. 50A
and 25 mg {0.250 mmol} of 4-hydroxypiperiding gave 62 mg (70% of theory, purity 83%) of the
title compound. In addition to the process described above, here the product obtained after
preparative HPLC purification was dissolved in a hitle methanol, and the solution was passed
through a bicarbonate cartridge (fromm Polymerlahs, Stratospheres 8PE, PL-HCGO; MP SPE,

capacity 0.9 munel) fo yield, afier subsequent evaporation and drying of the residue under high

vacuum, the free base,

TH-NMR (400 MHz, DMSO-de, 8/ppm): 8.44-8.41 (m, 2H), 7.66 (4, 1H), 7.32 (dd, 1H), 482 (d,
§H), 4.13-4.08 (m, 4H), 3.82-3.71 (m, 3H), 3.24 (m, 2H), 2.88 (1, 2H), 2.81-2.68 (m, 2H), 2.36 (s,
3H), 1.80-1.72 (m, 2H), 1.41-1.31 (rg, 2H).

LC/MS (Method 1, ESIposy: B, = 0.60 min, oz = 511 [M+H]".

Exampie 16

(4, 4-Diffuorobut-3-en-1-y13-6-{{4-hydroxypipenidin-1 ~yljearbonyl]-S-methyi-3-[ 2-{pyridin-3-

yijethylithienof 2, 3-dipyrimidine-2 4(1 5,3 H)-dione
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Analogously to the process described in Ex. 6, 75 mg {8.160 mmol) of the compound from Ex. 514

and 25 mg (0.250 mmol} of 4-hydroxypiperidine gave 530 myg (61% of theory) of the title

compounnd. In addilion to the process described above, here the product obtained after preparative

3 HPLC purification was dissolved in g little methanol, and the solution was passed through a

Bicarbonate cartridge {frome Polvmeriabs, Stratosphergs SPE, PL-HCO, MP SPE, capacity 0.9

romot) to yield, after subsequent evaporation and drying of the residue under high vacoum, the free

base.

HLNMR (400 Mz, DMSO-d,, §/ppm): 8.44-8.41 (m, 2H), 7.66 (4, 1H), 7.32 (dd, 1H), 4.82
10 (broad, 1H), 4.61 {d of t of &, 1H), 4.10 {(m, 2H), 3.92 {t, 2H), 3.81-3.72 {m, 3H), 3.24 {m, 2H),
288 (1, TEH), 2.39-2.33 (m, 2H), 2.36 (5, 3H, L80-1.72 (m, 2H), 1.40-1.31 (m, 2H),

LC/MS (Method 1, ESIpos): R, = 0.63 min, nvz = 505 [M+HT

Example 17

&-[{4-Hydroxypiperidin-1-yljcarbonyi}-5-methyl-3-{ 2« pyrazin-2-yDethel}-1-(3,3,3-

15 triflnoropropylithienc2,3-djpyrimidine-2 41 H 3H)-dione

Analogously to the process described in Ex. 8, 90 mg (0.08 gunol, purity about 50%) of the

compound from Ex. 70A gave 35 mg (85% of theory) of the title compound. In addition to the

process described above, here the product obtained after preparative HPLC purification was



Lo

15

B
<

Wi 201 5/0524065 ~ 194 « POTAEPIO4/ATINIS

dissolved in a little methanol, and the solution was passed through a bicarbonate cartridge {from
Polymerlabs, Stratospheres SPE, PL-HCO: MP SPE, capacity 0.9 ramol) to yield, after subsequent

cvaporation and drving of the residue under high vacuum, the free base.

TH-NMR (400 MBz, DMSO-d,, Slpprmy 8.50 (4, TH), 8.49 (e, TH), 843 (4, 1H), 442 (¢, 28D, 4.13
{t, ZH), 4.04 (m, 1H), 3.98-3.90 {m, ZH), 3.44-3.37 (oy, 2H}, 318 (8, 2H), 2.65-2.53 (m, 2H), 2.4%
{s, 3H), 1.98-1.90 (m, ZH), 1.66-1.55 (m, 2H, obscured by the water signal}.

LO/MS (Method 1, ESIposk: R, = 0.77 min, m/z = 512 [M+H]",

Example 18

3-Ethyl-o-[{4-hydroxypiperidin--yhcarbonyl -5-methyl-1-(3,3,3 trifluoropropyiithieno{2,3-
dipyrimidine-2 41 H 3fD-dione
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Preparation of the acid chioride: At RT, first 2.5 ol (28.6 nunal) of oxalyl chloride and then a
drop of DMF were added (o a solution of 2.0 g (5,71 mmol} of the compound from Bx. 52A in 60
ol of dichioromethane. After the reaction mixture bad been stivred at RT for 2 b, it was evaporaled
to dryness on a rotary evaporator, The residue that remained was dried under high vacuum and then

reacted further in the next partial step.

Preparation of the amide. The acid chioride obtained above was dissolved in 30 mi of anhydrous
THF, and thus solution was added dropwise to a solution of 693 mg (6.85 mmol) of 4-
hydroxypipenidineg and 2 ml (11.4 mmol} of N N-diisopropylethylamive in 30 md of anhydrous
THEF. The reaction mixture was then stimed at RT for about 16 h. After the mixiure had been
evaporated to dryvness on a rotary evaporator, about 160 ml of water were added 1o the residue and
the mixture was cxtracted three times with in cach case about 150 mi of ethyl acetate. The
combined organic extract was washed with saturated agueous sodium chloride sohition, dried over
anhydrous magnesium sulphate, filtered and evaporated. AL RT, the residue obtained in this manner
was stirred in a mixture of 30 mi of pentane and 0.5 mi of dicthyl ether for 2 h. The misture was
then filtered and the solid was washed with a little pentane and dried under 8 high vacuum. This

gave 2.32 g (%1% of theory) of the titie compound.
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TH-NME (400 MHz, DMSO-ds, S/ppm): 4.81 (d, 1H), 4.13 {t, 2H), 3.91 (quart, 2H), 3.82-3.71 (m,
SHDY, 334 (o, 2HD, 2.85-2.73 (o, 2H), 2.38 (5, 3H), 1.8G-172 (i, 2H), 139130 (m, 2H), 113 (8,
3H).

LE/MS (Method 1, ESTpos)h: B, = 0.84 min, nvz = 434 [M+H]".

Exampie 19

1-{4,4-Drifhuorobut-3-en-1-vi-3-ethyl-6-{{(4-hydroxypiperidin-1 -yDcarbonyl -S-methyithieno{2, 3~
dipyrimidine-2 41 H,3H)-dione

HG q
G \RA. ‘f"‘u‘\v AN
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Analogously to the process deseribed in Ex. 1, 70 mg (0.20 manol) of the compound from Ex. 334
and 25 mg {0.240 mmol} of 4-hydroxypiperidine gave 70 mg (80% of theory) of the title
compound. In deviation o the process described above, the reaction time in the first partial step
{acid chionide formeation) was only 1 h and in the second partial siep (amide formationy wasnot 1 h

but about 16 h.

"HNMR (400 MHz, DMBO0-dg, Sfppm) 481 (d, 1H), 4.63 (d of t of &, 1H), 3.96-3.88 (m, 4H),
381371 (mm, 3ED), 323 (m, 25D, 2.42-2.36 (m, 2H), 2.38 (s, 3H), 1.79-1.72 (m, 2H), 1.39-1.30 (m,
2H), 112 (8, 3.

LC/MS (Method 1, ESIpos): B, = 0.84 min, m/z = 428 [M+H}".
Example 28

3-Ethyl-6-{{4-hydroxypiperidin-1~yDecarbonyl}-1-(Z-methoxysethyl}-S-methylthieno{2,3-
dipyrimidine-2 4{1H 3H)-dione
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Analogously to the process described in Ex. 1, 73 rog (0.220 remol) of the compound from Hx, 534A
and 27 mg (0270 mmol} of 4-hydroxypiperidine gave 57 mg (64% of theory) of the title
compound. In deviation to the process described above, the reaction time in the first partial step

{acid chioride formation) was only 1 h.

H-NMR (400 MHz, DM5O-dg, Sppm): 4.81 (d, TH), 4.65 (1, 21D, 3.91 (quary, 2H), 3.82-3.70 (m,
3H), 3.65 (t, 2HD), 3.26-3.19 (m, 28, 3.25 ¢s, 3FD), 237 (s, 3H), 1.79-1.72 (m, 2H), 1.39-1.30 (m,
2H), 1.12 (¢, 230,

LC/MS (Method |, ESIpos): Ry = (.72 min, w/z = 396 [M+H]"
Fxampie 31

3-Ethyl-6-[{4-hydroxy-4-methylpiperidin-1 -ylcarbonyl}-S-methyl- 143,33~

triflooropropyhthieno{ 2, 3-dipvrimidine-2 41 3H -dione

N ffi*':g\i 7w om,
f‘,mw?\{\ k Si_,.-é . Nr’“& a
¢ ) N
HOl ;
My ?xg\.?

Freparation of the acid chioride: At RT, fust 125 1l {1.43 mumol) of oxalyl chloride and then a
drop of DMF were added to a solution of 100 mg (0.290 mmol} of the compound from Bx. 32A in
3 ml of dichloromethane. Afler the reaction mixture had been stirred at RT for 1 b, it was
evaporated to dryness on a rotary evaporstor. The residue that remsined was dried under high

vacuum and then reacted further i the next partial step.

Freparation of the amide: The acid chloride obtained above was dissolved in 3 mi of anhydrous

THF, and 40 mg {0.340 mmol) of 4-methyipipenidin-4-of [commercially available; it eg: J M.
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MeManus er @f,, J Med Chenm. 1865, B (5}, 766-776] and 100 ul {0.570 mmol} of NN-
diisopropyisihyiamine were added. The reaction mixture was then stirved at RT for about 16 b,
After the mixture had been evaporated to dryness on a rotary evaporator, the crude product was
pwrified by preparative HPLC (Method 5). This gave, after combination of the product fractions,
evaporation and drving of the residue under high vacuum, 113 mg (88% of theory) of the title

compaund.

"H-NMR (400 Mz, DMSO-dq, d/ppm): 4.47 (s, 1H), 4.12 (1, 2H), 3.91 {quart, 2H), 3.72 (broad,
24, 3.36 (broad, ZH), 2.85-2.73 (m, 2T, 2.38 (s, 3H), 1.53-1.40 (m, 451, 1.15 (s, 3H), 113 (4,
AH).

LO/MS (Method 1, BSIpos) Ry= 0.90 min, m/z = 448 [M+H]

Yxample 27

P

3-Bihvl-6-{[4-hydroxy-4-{trifluoromethyiipiperidin-1-vljcarbonyl}-S-methyl-1-(3,3,3-

trifluoropropyiithieno{2 3-djpyrimidine-2,4{1 H,3H})-dione

Analogously to the process described n Ex. 21, 100 mg {3290 nunel} of the compound from Ex.
32A and 78 mg (0.340 mmol} of 4-inifluoromethyipipenidin-4-ol [commercially available; lit. e.g.:

WO 2005/103002-A2, intermediate product 1] gave 135 myg (949 of theory) of the title compound.

H-NME (400 MIte, DMSC-dg, Sppmy: 6.19 (s, 1H), 4.13 (&, 2H), 4.07 (broad, 2H}, 3.91 (quart,
2H), 3.22 (br. t, 2H), 2.86-2.73 (m, 25D, 2.40 (s, 3H), 1.76-1.61 (m, 44, 1.12 (1, 310

LOCMS (Method 1, ESlpos): B, = .97 min, m/z = 502 [M+H]".

Exgmple 23

3-Ethyl-6-{{3-hydroxy-8-azabicyelo[3.2. 1 Joct-8-yDcarbony}-S-methvl-1-{3,3,3-

intfhuoropropyljthieno|2,3-dipyrimidine-2 41 H 3H-dione
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In suecession, solutions of 35 mg (0.10 mmol} of the compound from Ex. 524 and 45.6 mg {0.120
mmel} of HATU i in each case 300 pl of DMFE and 35 ul {(0.20 mmol} of ANN-

ditsopropylethylamine were added 1o 12.7 mog (0.10 mmeo!} of S-azabioyelo[3.2. 1 octan-3-01 {G. B.

iy

Kok et al., J Tz Chem. 2810, 75 (14), 480648117, After a reaction time of about 18 hat RT, the
& Ao ;

reaction mixiure was separated directly by preparative HPLC into s components {(Method 8). The

product fractions were combined and concendrated, and the residue was dried under high vacuum.

Fhis gave 29 mg (52% of theory, 0% pure) of the title compoued.
LO/MS (Method 3, ESIpos): R, = 0.9% min, m/z = 460 [M+H]".

10 Fxamnple 24

&-[{4-Hydroxypiperidin-1 -yhcarbonyii-3-{2-phenylethy!}-5-{trifluororaethyi}-1-(3,3 3~

irifluoropropyljthieno{ 2, 3-dipyrimidine-2 41 H, 34 }-dione
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Preparation of the acid chioride: At R, first 67 yl {0,760 nuneol) of oxalyl chloride and then a
15 small drop of DMF were added 1o a sohution of 75 rag {0,150 mmol} of the compound from Fx.
S3A in 2.2 ml of dichloromethane. Afler the reaction mixture bad been stirred at BT for 2 h, it was
svaporated to dryness on a rotary evaporator. The residue that remained was dried under high

vacuum and then reacted further in the next partial step.

Freparation of the amide: The acid chioride obtained above was dissolved n 2 mi of anhydrous

2¢ THF, and this solution was added dropwise to a solution of 20 mg {0.20 mmol} of 4-
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hydroxypiperidine and 53wl (0310 mmol} of NN-dusopropvlethylamine in 1 ml of
dichloromethane. The reaction mixture was then stired at KT for 1 he The mixture was evaporated
to dryness on a rotary evaporator, and the residue was purified by preparative HPLC (Method 53
This gave, after combination of the product fractions, evaporation and dryving of the residue under

high vacinem, 77 myg (84% of theory} of the title compound.
& g o b

THNMR {400 MHz, DMSO-dg, &/ppm): 7.34-7.29 (m, 250, 7.27-7.21 (e, 3H), 4.86 (4, 1H}, 4.16
(m, ZH), 4.07 (o, 28, 3.97 {(broad, 13), 3.76 (broad, 1), 3.45 (broad, 11D, 3.35-3.21 (m, 1FD,
3,16 (o, 1HD, 2.87-2.73 {ro, 4H), 1.84-1.65 (broad, 2H), 1.45-1.28 (broad, 2H).

LO/MS (Method |, ESIposy: Be= 107 min, mfz = 564 IMAH]

Yxample 35

3-Bibyl-6-[{4-hvdroxypiperidin-1-yhcarbonyl]-3-(irifluoromethyl}-1-(3,3 3-
triflaoropropylithieno]? 3-djpyrimidine-2 41 H 3/ }-dione
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Anslogously to the process described in Ex. 24, 35 my (0.140 mmol} of the compound from Ex.
564 and 18 mg {0180 mmol} of 4-hydroxypiperidine gave 64 mg (97% of theory) of the title
compound. In deviation to the process described above, the reaction tisee in the second partial step

{amide formation} wasg abowt 16 h

H-NMR (400 Mz, DMSO-dg, #/ppm): 4.85 (4, 1H), 4.16 (4, 2H), 4.02-3.88 (m, 3H), 3.76 (broad,
TH), 3.45 (m, 1H), 3.32-3.22 (br. m, TH), 315 {m, 15D, 2.88-2.76 {m, 2H), 1.83-1.64 (broad, 2H),
1.43-1.25 (broad, 2H), 1.13 {4, 3H).

LC/MS (Method 1, BSIposy: B, = 0.87 min, m/z = 488 [M-+H]'.
Fxample 26

S-Methyl-6-[(3-oxopiperasin-1 -vijcarbonyl}-3-(2-phenviethyl}-1 (3,3, 3-trifluoropropylthiens{ 2,3~
dipyrimidine-2, 4{1 7 3+ -dione
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Preparation of the acid chlorider At RT, Brat 77 pl {3.880 mmol) of oxalyl chloride and then a
small drop of DMF were added to & sclution of 75 mg (0,180 mmol) of the compound from Ex.
434 10 2 mi of dichloromethane. After the reaction mixture had been stirred at BT for 1 h, i was
gvaporated to dryness on a rotary evaporator, The residue that rersained was dried under high

vacuums and then reacted further in the next partial step.

Freparation of the amide: The acid chloride obtained above was dissolved in 2 mi of anhydrous
THF, and 21 mg {0.210 ramol} of piperazin-Z-one and 61 ul (0350 nunoly of NAN-
diisopropyviethylamine were added. The reaction mixture was then stirred af RT for about 16 h
After the mixture bad been evaporated o dryness on a rotary evaporator, the crude product was
puritied by preparative HPLC (Method 5). This gave, afier combination of the product fractions,
evaporation and drving of the residue wnder high vacuum, 35 mg {(93% of theory) of the title

compound.

H-NMR (400 Mz, DMSO-ds, S/ppm): 8.16 (s, TH), 7.33-7.28 (m, 253, 7.26-7.21 (m, 3H), 4.13
{1, 25, 4.07 (m, 2H), 4.05 (s, 2H), 3.69 (m, 2H), 3.25 (m, 20, 2.84 (m, 2H), 2.82-2.71 (m, 2H),
2.41 {s, 3H),

LEMS (Method |, ESIpos): Ry = 0.97 win, m/z = 509 [M+H["

Exampie 27

P-{4,4-Difluorobut-3-en-1 -yh-S-methyl-6-[{3-oxopiparazin- 1 -vljcarbonyl]-3-{2-
phenylethvhithiono{2,3-dipyrimidine-2, 4(1 H 3 H)-dione
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Analogouosly to the process deseribed in Fx. 26, 75 mg {0,180 mmol} of the compound from Ex.
444 and 21 mg {0.210 mmol} of piperazin-Z-one gave 88 mg (93% of theory) of the title

compound.

H-NMR {400 MHz, DMSO-de, 8/ppm): §.16 (s, 1H), 7.34-7.29 (m, 2H}, 7.26-7.20 {m, 3H), 4.62
(d oft of &, 1ED), 4.07 {m, 21T, 4.04 (s, 2EL), 3.94 {t, 21}, 3.68 {m, 2H), 3.25 (m, 21}, 2.83 {m, 2H),
2.40 (s, 3T, 238 {m, 2ED.

LC/MS (Method 1, ESIpos): R, = 1.00 min, mv/z = 503 [M+H]".

Example 28

1-(2-Methonyethyl-S-methvl-6-{(3-oxopiperazin- 1 -vlxcarbonyl-3-2-phenviethyljthieno[ 2,3~
dlpyrimidine-2,4{1 H,3H)-dione

Analogously to the process described fn Ex. 26, 75 wog (0,190 mmol} of the compound from Ex.
43A and 23 mg (0.230 mmol} of piperazin-Z-one gave 82 myg {(80% of theory) of the title

compound.

TENMR (400 MHz, DMSO-dg, Sfopm): £.15 (s, VD, 7.34-7.29 (m, 2H), 7.26-7.20 (m, 3H), 4.00-
403 {tm, 4H), 4.04 (s, 2ID), 3.68 (m, JED, 3.62 (¢, 2H), 3.26-3.22 (m, 2H, 3.25 (s, 3H), 2.84 (m,
TED, 2,39 (5, 3H).
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LO/MS {(Method 1, ESIposh: K, = .86 min, m/z = 471 [M+H1"

Example 29

3-12-02-Fluorophenylethyi}-S-methyl-6-[3-oxopiperazin- i -vhcarbonyl -1 +(3,3,3-
trifhioropropylithienof 2 3-djpyrimidine-2 4{1 F 35)-dione

pi
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Preparation of the acid chioride; At R, first 74 pl {6.840 nueol) of oxalyl chloride and then a
small drop of DMF were added to a solution of 75 mg {0,170 mool} of the cornpound from Ex.
464 in 1.9 o of dichloromethane, After the reaction mixture had been stirred at RT for 1 h, it was
evaporated o dryness on a rotary evaporator. The residue that remained was dried under high

vacuum and then reacted further in the next partial step.

Prepavation of the amide The acid chioride obtained above was dissolved in 1.9 md of anhydrous
THF, and 20 wmg (020 munol) of piperacin-Z-one and 359 ul (0.340 mmoly of NN-
ditsopropylethylamine were added. The reaction roixture was then stirred at RT for about 16 b,
After the mixture had been evaporated to dryness on a rotary cvaporator, the crude product was

urifled by preparative HPLC (Method 5). This gave, after combination of the product fractions,
evaporation and drying of the residue under high vacvum, 65 myg {73% of theoryy of the nile

corepaound.

PH-NMR (400 Mz, DMSO-dg, Sfppm): 8.16 (s, 1H), 7.28-7.24 (o, 2H), 7.17-7.10 {m, 263, 4.13-
407 6m, 4H), 4.04 (s, 21D, 3.68 (m, 2H), 3.25 {m, ZH), 2.91 (t, 2H), 2.78-2.66 {m, 2H), 2.38 (s,
3H).

LC/MS (Method 1, ESIpos): R, = (.98 min, m/z = 327 [M+H]".

Example 38

t-{4,4-Difluorobut-3-en-1-vH)-3-[ 2-{3-fluorophenylethyli-5-methyi-6-{(3-oxopiperazin-1-

yljcarbonyifthienof 2, 3-dlpyninndine-2,4{1 ¥ 35)-dicne
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Anaiogously to the process described in Ex. 29, 75 mg {0.170 mmol} of the compound from Ex.
47A and 21 mg (0.210 mmel} of piperazin-Z-one gave 60 mg (64% of theory, purity 959%) of the

title compound.

"H-NMR (400 Mz, DMBSO-ds, S/ppm): £.16 (s, 1H}, 7.29-7.24 {m, 2H), 7.16-7.10 (mn, 2IT), 4.60
(doftofd 1H), 4.10 (¢, 25D, 4.04 (5, 2H), 2.92 (1, 7H), 3.68 (my, ZH), 3.24 (m, 2H), 2.90 (1, 2H),
2.39-2.32 {m, 210, 2.37 (s, 3F).

LC/MS (Method 1, ESIpos): B = 0.9% min, m/z = S21 [M+HT".

Example 31

3-2-(2-Chlorophenyljethyl}-S-methyvl-6-[3-oxopiperazin-i -vDcarbonyi}-1 -{3,3,3-
trifiooropropyDthiens]2, 3-dlpyrimidine-2 401 FL 3F-dione

Freparation of the acid chioride: At R, first 71 pl (0810 nunol) of oxalyl chloride and then a
small drop of DMF were added to a solution of 78 myg {6,160 mmeol} of the compound from Ex.
48440 2.5 mi of dichioromethane. After the reaction mixture had been stirred at RT for 2 b, it was
evaporated to dryness on a rotary evaporator. The residue that remained was dried under high

vacuum and then reacted further in the next partial step.
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Preparation of the amide: The acid chloride obtained above was dissoived in 2 ml of
dichioromethane, and this solution was added dropwise to a solution of 24 mg (0.240 nunol) of
piperazin-2-ong and 57 pl {0330 mroeol) of N N-dilsopropylethylanise in 2.5 el of anhvdrous
THF. The reaction nuxture was then stred at RT for about 16 h. After the mixture had been
evaporated to dryness on a rotary evaporator, the erude product was parified by preparstive HPLC
{(Method 3). This gave, atter combination of the product fractions, evaporation and drving of the

residue under hagh vacuem, 75 mg (84% of theory) of the title compound.

TENMR (400 MHz, DMSO-ds, Sppr); 8.16 (s, [H), 7.43-7.40 (m, 1H), 7.31-7.24 (m, 3H), 4.15-
408 {m, 4H), 4.04 (s, 211y, 3.68 (m, ZH), 3.25 (m, 2HD), 3.00 ¢, 2FD, 2.78-2.67 (m, 2H), 2.38 {5,
3H).

LU/MS (Method 1, ESIposy: Ry= 1.01 min, m/z = 543/545 [M+H] "
Example 32

3-2-(2-ChlorophenyDethyil-1 {4 4-difluorobut-3-en-{ - vi3-5-methyl-6-{G-oxopiperazin-| -

yDecarbonvifthiens{2, 3-dipyrimidine-2 4(1 H 3H-dione
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Analogously o the process desertbed m Exo 31, 75 mg (170 mmol) of the compound from Ex.
494 and 25 myg {(0.250 mmwol) of piperazin-2-one gave 71 mg (80% of theory) of the title

compound.

"H-NMR (400 Mz, DMSC-d,, S/ppm): 8.15 (5, 1H), 7.43-7.39 (m, 1H), 7.32-7.23 {m, 3H), 4.60
(dof t of d, TH), 4.13 (1, ZH), 4.04 (s, 2H), 3.91 (t, 21, 3.68 (m, 2H), 3.25 (m, 2H), 2.99 (1, 2H),
2.39-2.32 {m, 2H), 2.37 (s, 3H).

LO/MS (Method 1, ESIposy: B, = 1.03 min, mv/z = S37/539 [M+H].
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Example 33

5-Methyl-6-f(3-oxopiperazin-i-yhicarbonyl}-3-[2-(pyridin-3-yhethyl |- 1-(3,3,3-

triffuoropropyDibienci 2, 3-dipyrimidine-2. 41 H.3H)-dione

Preparation of the acid chloride: At RT, first 71 pl (8.810 mmol} of oxalyl chloride and then a
sonall drop of DME were added o a solution of 75 myg {0,160 mmol} of the compound from Ex.
504 in 2.5 md of dichloromethane. Afier the reaction mixture had heen stirred at RT for 2 b, i was
evaporated fo dryness on a rotery evaporator. The residue that remained was dried under high

vacuum and then reacted further in the next partial step.

Preparation of the amide: The acid chloride obtained above was dissolved in 4 mi of
dichloromethane, and this schution was added dropwise to a sobition of 24 mg (1.240 mmol} of
piperazin-2-one and 84 pl (G490 vunch) of N N-ditsopropylethylamine in 2.5 ml of anhydrous
THF. The reaction mixture was then stizred at BT for about 16 h. Afier the mixture had heen
evaporated o dryness on & rotary evaporstor, the crude product was purified by preparative HPLC
{(Method 53 Afier combination and concentration of the product fractions, the residue was
dissalved in a little methanol and the solution was passed over a bicarbonale cartridge
(Polymerlabs, Stratospheres SPE, PL-HCG; MP SPE, capacity 0.9 mamol). Subsequent evaporation

and drying under high vacuum gave 86 mg {100% of theory} of the title compound as the free base.

THA-NMR (400 MHz, DMSO-d,, Sippm): 8.44-8.42 {m, 2Hy, 8.16 (s, 1FD), 7.66 (m, 1H), 7.32 (m,
TH), 4.13-4.08 (m, 4H), 4.05 (s, 210, 3.68 {m, 24, 3.24 {m, 28}, 2.89 (¢, 2H), 2.81-2.69 Gm, 2H),
2.38 {5, 3H).

Exanmple 34

f-{(4,4-Diffuorobut-3-e0-1 -y }-S-methyl-6-{(3-oxopiperazin-i -yiYcarbonyl-3-{ 2-{ pyridin-3-

vhethyitthieno2 3-dipyrimiding-2,4(1 ¥, 3{)-dione
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Analogously to the process described in Ex. 33, 75 mg (0.160 nunol} of the compound from Ex.
S1A snd 25 mg (0.250 munel) of piperazin-2-one gave 52 mg {(83% of theory) of the title

compound.

5 TH-NMR (400 MHz, DMSO-d, Sppm): 8.44-841 {m, 2H), 8.16 {s, 1H), 7.66 {m, 1H), 7.32 {m,
1H), 4.61 {(doftofd, 1H), 4.11 {t, 2H), 4.04 (s, 2H), 3.92 (¢, 2H]}, 3.68 (m, 2H), 3.24 (m, 2H), 2.88
{t, 2FD), 2.40-2.33 {m, 2H}, 2.38 {5, 3H}.

LC/MS (Method 1, ESIposy: Ro= (.59 min, m/z = 504 [M+H]",
Example 38

0 3-Ethyl-S-methyl-6-[(3-oxopiperazin-1-yhecarbonyl}-1-(3,3,3-triffuoropropylithienc|2,3-

dipyrimidine-2,4(1 7 35)}-dione

Analogously to the process described in Ex. 26, 100 mg (0.290 mmol} of the compound from Ex.
52A and 34 mg (0.340 mmol) of piperazin-2-one gave 49 mg (39% of theory) of the title

15 compound

"H-NMR (400 MHz, DMSO-dg, S/ppm): 8.15 (s, TH), 4.13 (1, 2H), 4.04 (5, 2H), 3.91 {quart, 2H),
3.68 (m, 2H), 3.24 (o, 2H), 2.85-2.73 (m, 2H), 2.40 (s, 3H), 1.13 (1, 3H),

LC/MS {(Method 1, ESIpos): B, = 0.76 min, nvz = 433 [M+H]".
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Example 36

1-{4,4-Diflyorobut-3-en-1-yi)-3-gthyi-5-methvi-6-{{ 3-oxopiperazin- i -yl jearbonyiithieno{ 2, 3-

dipyrimidine-2,4(1 H,3H)-dione

Analogously to the process described in Ex. 26, 75 mg {0.220 nunol) of the compound from Ex.
53A and 26 mg {0.260 mmol} of piperazin-Z-one gave 73 mg {74% of theory) of the title

compeond.

H-NMR {400 MHz, DMSO-dg, 8/ppra): 8.15 (s, 1H), 4.63 (d of t of &, 11D, 4.84 {5, 2F), 3.96-3.88
{m, 451}, 3.68 {m, 211}, 3.23 (m, 2FD), 2.43-2.37 (m, 25D), 2.40 (s, 3H), 1.12 (¢, 31D,

LE/MS (Method 1, ESIposy: B, = (.81 min, m/z = 427 [M+H].
Example 37

3-Ethyl-1-2-methoxyethyl)-S-methyl-6-[{ 3-oxopiperazin-1-yhearbonyiithienol 2, 3-d]pyrimidine-
2,41 H 3f-dione

Analogously to the process described in Bx. 26, 75 mg (0.240 romol} of the compound from Ex.
54A and 29 mg {(0.290 mmel} of piperazin-Z-one gave 84 myg (88% of theory) of the titke

compound.
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"H-NMR (400 MBz, DMSO-de, 8/ppm): 8.15 (5, TH), 4.05 (1, 2H), 4.04 (5, 2H), 3.91 {quart, 2H),

3.69-3.63 {m, 4H), 3.25 (s, 33, 3.25-3.21 {m, 2H}, 2394, 3H), 1.13 (& 3H)
LO/MS (Method 1, BESIpos): R, = 0.63 min, m/z = 395 [M+H]".

Example 38

£ 6-[2,2-Dimethvl-3-oxopiperazin-t ~yDearbonyi}-3-sthyl-S-methyl-1-(3,3,3-

triftaoropropythieno] 2, 3-d]pyrimidine-2,4(1.H 3 -dione
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Analogously to the process described under Ex. 23, 12.8 mg (0.10 mmol} of 3,3-dimethyipiperazin-
Z2-ome [A. Benyahad er @f., Tatrahedron Legr. 1994, 35 {513, 9545-9548] and 35 mg {0.10 mmol) of

10 the compound from Ex. 524 gave 33 mg (83% of theory, purity 753%;) of the tithe compound.

LO/MS (Method 3, ESipos): R, = 0.97 min, m/z = 461 [M+H]".

Example 3%

3-Bibyl-3-methyl-6-{(2-methyl-3-oxopiperazin-1-ylcarbonyl]-1-{3.3, 3-triflucropropy Dihieno{2,3-
dipyrimidine-2,4(1H 3H)-dione {racemate)

e e
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Analogously 1o the process described under Ex. 23, 11.4 myg (0.10 nunch) of 3-methyipiperazin-2-

one [K. M. Beck ¢f al., J. Amer. Chem. Soc. 1853, 74 (3), 6053-608] and 35 mg (0.10 mmol) of the
compound from Bx. 524 gave 20 mg {(46% of theory) of the title compound.
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LO/MS (Method 3, ESipos): R, = 0.91 rain, nv/z = 447 [M+H]

Example 48

3-Ethyl-6-[(Z-ethyl-3-oxopiperazin-1-yDearbonyi]-3-methyl-1-(3,3 3-trifluoropropylithieno{2,3-

dipyrimidine-2 41 H 3H)-dione {racemate)

o 4 M
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Analogously to the process described under Ex. 23, 12.8 mg ({1.10 vuool} of 3-cthylpiperazin-2-one
[5. B. Aspinall, J dmer. Chem, Soc. 3946, 62 (5), 1202-1204] and 35 mg (0.10 mmeol) of the

compound from Bx. 52A gave 15 mg (32% of theory) of the title compound.
LOMS (Method 3, ESIpos) Ky = 0.94 min, m/z = 461 [M+H]"

Example 43

6-[(3-Oxopiperazin-1-yhearbonyli-3-2-phenylethyl}-5-{trifluoromethyl}-1-{3,3,3-
trifluoropropylithieno] 2, 3-dlpyrimidine-2 4(1 H 3H}-dione

Fooe .
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Freparation of the acid chlovide: At RT, first 86 ul (0,760 mmol} of oxalyl chloride and then a
small drop of DME were added to a solution of 75 mg {0.150 mmol) of the compound from Ex.
554 in 2.2 wl of dichloromethane, After the reaction mixture had been stirred at RT for 2 b, it was
evaporated to dryness on a rotary cvaporator. The residee that remained was dried under high

vacuum and then reacted further in the next pantial step.
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Preparation of the amide: The acid chioride obtained above was dissolved in 2.2 mi of anhvdrous
THF, and this selation was added dropwise 1o a solution of 20 my (0.20 mmol} of piperazin-2-one
and 53 pi (0310 ramol} of N N-diisopropylethviaming in 1 mi of dichloromethane. The reaction
mixture was then stirred at RT for about 16 b Afler the mixture had been evaporated to dryness on
3 rotary evaporaior, the crude product was purified by preparative HPLO (Method 5). This gave,
after combination of the product fractions, evaporation and drying of the residoe under high

vacuum, 27 mg (24% of theory) of the title compound,

"H-NMR (400 MHz, DMSO-de, 8/ppm): 8.20 {5, TH), 7.34-7.29 (m, 2H), 7.27-7.21 (m, 3H), 4.17
(m, 2H), 4.11-4.04 {m, 3H), 3.89-3.76 (m, 2H), 3.51 (m, 1FD), 3.30-3.12 (m, 2H), 2.88-2.74 (m,
430).

LOMS (Method 1, BSIposy: R, = 1.02 nun, m/z = 563 [M+H] .

Example 42

3-Ethyl-6-{(3-oxopiperazin- 1 -vicarbonyl1-5-(influoromethyl}-1-(3,3, 3trt Bugropropyvitthieno| 2,3~

dipyrimidine-2,4(1 H 3 -dione

FoE
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Analogously to the process described in Ex. 41, 535 mg {0.140 vwool} of the compound from Ex.
56A and 18 wmg (0180 rmoomel) of piperazin-Z-one gave 56 mg (83% of theory) of the title

compotmd.

"HANMR (400 MHz, DMRO-dg, S/pprak 8.12 (s, TH), 4.17 (m, 2H), 4.09 {(broad, TH), 3.92 {quart,
2H3, 338 (broad, 1H), 3.78 (broad, 1H}, 3.50 {m, 1H}, 3.26 (broad, 1H), 3.18 {broad, 1H}, 2.88-
276 (ro, 2H3, 1.14 (4, 3H).

LC/MS (Method i, ESIpos)y: R, = .82 nun, mo/z = 487 [M+H]
Example 43

&-{{4-Hydroxypiperidin-1 -vijcarbonyil-S-methyl-3-(2-phenyipropyl}-1-(3,3,3-

irifhuoropropylithienof 2, 3-dlpyrimidine-2, 41 H 3 F)-dione {racemaie)
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230 mg (0.407 mmol} of the compound from Ex. 71A were dissolved in 8 mil of ethanol, and 813
pl {0813 mmol} of a T M solution of Hthiun hydroxide in water were added. Afler 1 | of stirving at
RT, the reaction mixture was separated directly by preparative HPLC into its components {(Method
5}, The produet fractions were combined and concenirated, and the residue was deied under high

vacuun. 176 mg (82% of theory) of the Hile compound were obiained.

H-NMR (400 Mz, DMSO-dg, Sppm)y: 7.31-7.24 {r, 4H), 7.22-7.18 (m, 15}, 4.82 (4, 1ID), 4.12-
4.05 (m, 3, 3.95 (dd, 1H, 3.82-3.71 (m, 3, 3.28-3.19 (m, 3H), 2.77-2.65 {m, 28D, 2.36 (s, 3},
1.80-1.72 {m, 2H3, 1.40-1.31 (m, 2H), 1.15 4, 3H).

LO/MS (Method 1, BSIposy: Ry = 1.06 min, wm/z = 524 [M+H]"

Separstion of the enaptiomers

168 mg (0.321 mmol} of the racennic compound from Ex. 43 were dissolved in 2 md of ethanol and,
m § portions, separated into the enantiomers by preparative HPLC on a chiral phase (ses Examples
44 and 45) [column: Daicel Chiralpak AD-H, 5 um, 250 num x 20 mm; mobile phase:

isohexane/ethanol 1:1; flow rater 20 wl/min, temperature: 23°C; detection: 220 nm}:

Exampic 44

&-[(4-Hydroxypiperidin-1-yhcarbonyl]-S-methyl-3-{2-phenvipropyt}-1-(3,3,3-
tmfluoropropyiithieno{ 2, 3-dlpyrimidine-2 41 H,3H)-dione {enantiomer 1)
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Yieid: 54 mg (64% of theary)
HNMR (400 MHz, DMSO-d,, S/ppm): 7.31-7.24 (m, 4H3, 7.22-7.18 {m, 1R}, 4.82 (s, broad, 1H),

4.12-4.05 (m, 3H), 3,95 (dd, 1ED, 3.82-3.71 (o, 3, 3.28-3.19 {m, 3H), 2.77-2.65 (m, 28], 2.36 (s,
3EE, 1.80-1.72 {m, 2H), 1.40-1.31 {m, 2FD), 1.19 (&, 3H).

Analytical HPLC [oolomn: Daicel Chiralpak AD-H, § pm, 250 gun x 4.6 mm; mobile phase:
isohexang/ethanc] 1:1; flow rate: 1 mifmin, temperature: 30°C; detection: 220 nm]: R, = 4.39 min,

GG 8% e,

Example 43

&-[{4-Hydroxypiperidin-1 -vlicarbonyl}-3-methyvi-3-(2-phenyipropyl}-1-{3,3,3-

irifluoropropyDithieno 2, 3-dlpyrimidine-2 4 1 F 3 -dione {enantiomer I}

Yield: 38 mg {(69% of theory)

THNME (400 MHz, DMSO-d, Sfppmy 7.31-7.24 (o, 45), 7.22-7.18 (m, 1H), 4.82 {s, broad, 1H),
4.12-4.05 (m, 3H), 3.95 (dd, 1H), 3.82-3.71 (rm, 3H), 3.28-3.19 (m, 3H), 2.77-2.65 (m, 7H), 2.36 (s,
3H), LB-1.72 G, 2H), 1.40-1.31 {m, 250, 1.19 (d, 3H).

Analytical HPLC [colunm: Daicel Chiralpsk AD-H, 5 pm, 250 mm x 4.6 mm; mobile phase;
isphexane/ethano! 1:1; flow rate: I mb/min, teroperature: 30°C; detection: 220 nm): R, = 6.76 min,

§9.9% ee.
Example 46

&-{{4-Hydroxypiperidin-1-vicarhonyl]-3-{2-methoxy-2-phenviethyh-S-methvl- 103,33~
triflooropropylithieno] 2, 3-dipyrimidine-2, 41 H,3#-dione (racemate}
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249 myg (0.428 mmol) of the compound from Ex. 724 were dissolved in § md of ethanol, and 356
wl{0.856 mmol} of a I M solution of lithiuwm hydroxide in water were added. Afier 1 h of siirring at
RT, the reaction mixture was separated directly by preparative HPLC into its components (Method
5y, The product fractions were contbined and concentrated, and the residue was dried under high

vacuum. 172 mg (74% of theory) of the title compound were ohiained.

'H-NMR (400 MHz, DMSO-de, 8/ppmy: 7.41-7.37 {m, 2H), 7.34-7.30 {(m, 3H), 4.82 (d, 11}, 4.5%
(ad, 1F), 4.35 (ad, 1H), 4.1%-4.04 (m, 2H), 3.84-3.71 (o, 4H), 3.28-3.20 (m, 2H), 3.07 (s, 3H),
2.79-2.67 (m, 2H), 2.37 (s, 3, 1.80-1.73 (m, 2H), 1.41-1.31 (o, 2H)

Separation of the enantiomers:

160 myg (0.298 mmol) of the racemic compound from Ex. 46 were dissolved in 6 md of ethanol and,
in & portions, separated into the enantiomers by preparative HPLC on a chiral phase (see Examples
47 and 48} {column: Daicel Chiralcel OF-H, § pum, 250 mom x 20 mum; mobile phase: ethanol; flow

rate: 25 md/min, temperature; S6°C; detection: 220 nm];
Example 47

&-[{4-Hydroxypiperidin-i-ylcarbonyl}-3-{Z2-racthoxy-2-phenylothy-S-methyi-1-{3,3,3-

rittaoropropyDihieno2, 3-dipyrimidine-2 4( 1 # 3H)-dione {enantiomer 2}

i
¢ S "‘ - - \ C}
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Yield: 68 mg (85% of theory}

HNMER (400 MHz, DMSO-d,, $fopm): 7.41-7.37 (m, ZH), 7.34-7.30 {m, 3H), 4.82 (4, 11D, 4.57
(dd, TH), 4.35 (dd, 11D, 4.18-4.04 {m, 2H), 3.84-3.71 (o, 43D, 3.28-3.20 Gm, TH), 3.07 (s, 3H),
279-2.67 (1, 2FD), 2.37 (5, 3H, 1.80-1.73 G, 2HD), 1.41-1.31 G, 2H),

Analytical HPLC [columne Daicel Chivaleel OZ-H, 5 o, 2530 mm x 4.6 mmy; mobile phase:

gthanol; flow rate: 1 ml/min, temperature: 30°C; detection: 220 nm}: Ry = 14.25 min, 89.9% cc.

Example 48

&-[{4-Hydroxypiperidin-1-vlcarbonyl]-3-{2-methoxy-2-phenyiethy!}-5S-roethyl-1-{3,3,3-

trifluoropropylihiensi 2 3-dpyrimidine-2, 4{ 1 FH 3 M -dione {enantiomer 1)

Yield: 70 mg (87% of theory)

H-NMR (400 MHz, DMSO-ds, #/ppm): 7.41-7.37 (m, 2H, 7.34-7.30 {m, 3H), 4.82 (4, 1H), 4.58
(dd, 1H), 4.35 {dd, 1H}, 4.18-4.04 (m, 2D, 3.84-3.71 (m, 4H), 3.28-3.20 (m, 28, 3.07 (s, 3D,
2.79-2.67 (m, 2EY, 2.37 (5, 3H), 1.80-1.73 (m, 2H), 1.41-1.31 (m, 21D,

Apalytical HPLOC {coluren: Daicel Chirsleel OZ-H, 5 um, 250 rom x 4.6 oo mobile phase:

ethanol; How rate: T ml/min, temperature: 50°C; detection: 220 nm]: R, = 6.54 min, 99.9% ee.

Exampls 49

f-f{4-Hydroxypiperidin-1-yhearbouyl}-S-methyl-3-{{ L -phenyleyelopropyDmethyt}-1-(3,3,3-
trifluoropropylithicnoi 2, 3-dlpvrimidine-2,4(1 H,3H)-dione
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Analogously to the process described in Fx. 43, 34 mg {0.094 mmol) of the compound from Ex.

73A gave 38 mg (75% of theory} of the title compound.

H-NMR (400 MEz, DMSG-dg, 8/ppm): 7.26-7.19 {m, 4FD), 7.17-7.12 (m, 15}, 4.82 {d, 1D, 4.18
{5, 2H}, 3.99 (1, ZH), 3.81-3.71 (1o, 3H), 3.26-3.20 (m, 2H), 2.63-2.52 {m, 2H, partially obscured by
DMSO signal), 2.31 {8, 3H), 1.80-1.73 (m, 2H}, 1.40-1.31 (m, 2H), 0.95 (m, Z2H}, .72 (o, 2H).

LO/MS (Method 1, ESTpos): R, = 108 roin, mv/z = 536 IM+H]"
Example 58

o-[{4-Hydroxypiperidin-1 ~yDearbonyi-S-methyl-3-{ 2-methvi-2-phenylpropy-1-(3,3,3-
trifiuoropropylithionaf 2, 3-dlpyrimidine-2 4{1 H.3H)-dione

. ¥ \ : .‘l
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Analogously o the process deseribed in Ex. 43, 96 mg ((.166 mumel) of the compound from Ex.

744 gave 68 mg {76% of theory} of the title compound.

'H-NMR (400 Mz, DMSO-dg, S/ppm) 7.43 (d, 2H), 7.32 {6, 2H), 701 (&4, 1H), 4.82 (d. 1H), 4.11-
4.04 {rm, 4H), 3.82-3.71 (o, 3H), 3.28-3.21 G, 2H), 2.77-2.65 (mm, 28, 2.34 (s, 3H), 1.80-1.73 {m,
JHY, 1.40-1.31 (m, 21D, 1.28 (s, 6H).

LOMS (Method 1, ESIpos): Ry = 1.08 min, m/z = 538 [M+H]".
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Example 51

3-(2,2-Difluoro-2-phenyiethyl-6-[{4-hydroxypiperidin-1-vlcarbonyl}-5-methyl-1-(3,3,3-
iriflooropropyithiens{2, 3-dlpyrinudine-2 401 & 3 -dione
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21 mg (0.208 mmel) of 4-hvdroxypiperidine, 39 pi (0.225 mmol) of N N-diisopropylethylamine
and 79 myg {0.208 mmol} of HATU were added successively to a sohution of 30 mg {8.173 mmol)
of the compound from Ex. 10A in 2.5 ml of anhydrous DMF. After a reaction time of aboul 16 h
at RT, the reaction mixture was separated directly by preparative HPLC mnto its components
{Method 53 The product fractions were combined and concentrated, and the residue was dried

under high vacuum. 88 mg (93% of theary) of the title compound were obtained.

H-NMR {400 MHz, DMSO-,, Sfppray 7.57-7.49 {m, SH), 4.80 (broad, 1H}, 4.62 (¢, 28, 4.12 {4,
28, 2.82-2.72 (m, 3H), 329321 (my, 2H), 2.79-2.67 (m, ZH), 2.36 {5, 3H), 1.81-1.73 (m, 2H),
1.41-1.31 {m, 2H).

LO/MS (Method 1, ESIpos): Ry = 0.98 min, m/z = 546 [M+HY.

Example 82

3-(2,2-Diflyoro-2-phenylethy}-6-[{4-hydroxypiperidin-1 -yl earbonyl}-1 - Z-methoxyethyl)-5-
methylhieno[2,3-dlpyrimidine-2 4(1LH 3H-dions
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Analogously to the process described in Ex. 51, 80 mg (6. 188 mmol) of the compound from Ex.
101A and 23 mg (0.226 punol} of 4-hydroxypiperidine gave 90 myg (94% of theory} of the ntle

compound.

H-NMR (400 MHz, DMSO-de, 8/ppm): 7.57-7.50 (m, SH), 4.80 (d, 1H), 4.62 ¢, 2H), 4.04 (1, 2H),
3.82-3.71 (m, 3H), 3.59 {1, 270, 3.27-3.21 (m, 2H), 3.25 (s, 31, 2.35 (5, 3H), 1.81-1.73 (m, 2H),
1.40-1.32 (mn, 2H).

LO/MS (Method 1, ESipos): R, = 0.90 min, nvz = 508 [M+H]".

Example 83

b
bl

6-[{4-Hydroxypiperidin-1-yhcarbonyi}-S-methyl-3-{ 2-(pyridin-2-ylethyli-1-(3,3,3-

trifluoropropyijthieno{2,3-dlpyrimidine-2,4(1 5,3 H}-dione

Analogously to the process described in BEx. 43, 110 mg (0.199 ramol} of the compound from Ex.
T5A gave 35 mg (33% of theory, purity 96%) of the title compound. In addition to the process
described above, here the product obtained after preparative HPLC was dissolved once more in &
iittle wethanol, and the solution was passed through a bicarbonate cartridge (from Polymerlabs,
Stratospheres SPE, PL-HCO; MP SPE, capacity 0.9 mmol} to convert the formic acid salt into the

free base.

H-NMR (400 MHz, DMSCO-de, S/ppm): 847 (¢, 1H), 7.71 (dt, (1), 7.28 (d, 1H), 7.23 (dd, 11),
4.82 (d, 1H), 4.22 (¢, 11}, 4.11 (1, 1), 3.82-3.72 (m, 3H), 3.28-3.21 (m, 2H), 2.99 (1, 2H), 2.81-
2.69 {m, 2H}, 2.38 (5, 343, 1.80-1.73 (m, 210, 1.40-1.31 {m, 2F).

LC/MS (Method {1, ESIpos): Ry= (.63 min, m/z =511 [M+HT".

Example 54

6-{(4-Hydroxypiperidin-1-yhearbonyl}-S-methyl-3-[ 2 {pyridin-4-ylethyl}-1-3,3,3-

triftuoropropvlithieno]2,3-d \pyrimidine-2,4{ 15 3 H)-dione



131

15

WO Z015/052065 - 218 - POT/EPZOI4ATIES

"
TR
Pty ", 'é
- $
3
i
yir
‘ i
;s
&
TN s
o N
N

Analogously to the process described in Hx. 43, 54 myg {0.09€ muool} of the compound from Ex.

T6A gave 24 rog (43% of theory, purity $0%) of the title compound.

TH-NMER (400 MHz, DMSO-ds, Sppm): 847 (d, 2H), 7.26 ¢4, 21D, 4.82 (d, 11D, 4.14-4.09 (m,
4FD), 3.81-3.71 {m, 3H), 3.28-3.20 (rn, 2H), 2.88 {t, 25, 2.82-2.70 {m, 2H), 2.37 (s, 3H), 1.80-1.73
(rn, 2HD, 1.40-1.31 fm, 2H).

LOMS (Method 1, ESTpos): Re=0.58 min, nvz = 511 [M+HT
Example 55

&-{{4-Hydroxypiperidin-1-yhearbonyi}-3-[2-{ 1 H-imidazol-1-9Dethyi}-5-methyl-1-(3,3,3-
trifluoropropyhithieno] 2, 3-djpyrimidine-2,4(1 H,3 H)-dione

Analogously to the process described in Ex. 43, 100 mg {0.185 romol} of the compound from Ex.
77A gave 18 mg (19% of theory} of the title compound. In addition o the process described above,
here the product obtained afier preparative HPLC was dissolved once more in a little methanol, and
the solution was passed through a bicarbonate cartridge (from Polymerlabs, Stratospheres SPE, FL-

HCO; MP SPE, capacity 0.9 mmol} (o convert the formic acid salt into the free base.

H-NMR (400 MHz, DMSO-d,, 8/ppm): 7.56 (s, 1), 7.11 (s, 1H), 6.84 (s, 1H), 4.82 (4, 1H), 4.22-
4.17 (m, 4H), 4.08 (1, 2H), 3.81-3.71 (m, 3H), 3.27-3.20 (m, ZFD), 2.80-2.6% (m, 2H), 2.34 (s, 3H),
§.80-1.73 (m, TH), 1.40-1.31 (o, 2FD).
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LO/MS (Method 1, BSIpos): By 0.49 min, m/z = 500 [M+H]".
Example 56

3-Ethyi-§-{{4-hvdroxypiperidin-1-yhcarbonyi|-S-methyl-1-[ 2-{rifluoromethoxytethyljthieno{2,3-
dlpyrimidine-2,4{1 H,35)-dione

Axnalogously to the process described in BEx. 43, 39 mg (0.121 mmol} of the compound from Ex.
834 gave 44 mg (80% of theory) of the title compound. In this case, the reaction fime was 2 b, and

purification by preparative HPLC was carried out according to Method 12,

THNMR (400 MHz, DMSO-dq, 8/ppm): 4.41 {t, 28, 4.22 (&, 2H), 3.91 (quart, 2H), 1.86-3.71 {m,
3H), 3.26-3.19 (m, 21D, 2.37 (5, 3H), 1.79-1.71 (m, 2H), 1.39-1.29 (m, 2H), 1.12 (&, 3H).

LOMS (Method 1, ESIposy: R, = Q.83 min, m/z = 450 [M+H]"
Example 57

3-Ethyl-6-{{4-hydroxypiperidin-1 -yDearbonyl}-S-methyi-1-{2-
[(influoromethyiisulphanyljethyi tthieno[ 2, 3-djpyrimidine-2,4(1 K, 3 )-dione

Analogousty to the process described in Ex. 43, 67 mg (0,132 mmol} of the compound from Ex.
84A gave 47 mg (76% of theory) of the title compound. In this case, the reaction tme was 2 h, and

purification by preparative HPLC was carried owt according fo Method 12.
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H-NMR (400 MHz, DMSO-d,, S/ppmy 4.16 (4 2H), 3.91 {guart, 2H), 3.81-3.71 {m, 3HD, 337 ¢4,
JHY, 3.26-3.20 (ra, 2H), 238 {5, 3HG, 1.79-1.72 {m, 2H), 1.39-1.30 (m, 2H), 1,12 ¢4, 3H).

LCMS (Method 1, ESTpos): R, = 0.90 min, mv/z = 466 [M+H].

Fxample 58

3-Eihyl-6-{{4-bydroxypiperidin-1-ylicarbonyi|-S-racthyi-1-{2-(trifluoromeethyDprop-2-en-1 -
vithienof2 3-djpyrimidine-2 41 H 3 -dione

Analogously 10 the process deseribed in Bx. 43, 69 mg (0.142 vuool) of the compound from Ex.
8SA gave 49 mg (78% of theory) of the title compoeund. In this case, the reaction tiree was 2 b, and

purification by preparative HPLC was carried out according to Method 14,

H-NMR (400 MHz, DMSO-d;, d/ppm): 6.02 (s, 1H), 5.83 (s, 1H3, 4.78 {5, 28, 3.93 (quars, 2H),
3.50-3.70 (r, 3H), 3.26-3.19 (m, 25D, 2.38 (s, 35D, L.78-1.71 {m, 27D, L.35-1.29 (m, 2FD), L.13 (4,
3H).

LO/MS (Method 1, ESlpos): R, = 0.84 min, mv/z = 446 [M+H]"

Example 59

12, 2-Dnfluorceyclopropylimethyi}-3-ethvl-6-[ {(4-hydroxypiperidin- 1 -ylcarhonyt}-3-
methylthieno] 2, 3-djpyrimidine-2 401 F 3 D-dione (racemaiz)




Y

WO 2G15/052063 =227 - PCT/EPZO14/071113

Anslogously to the process described in Ex. 43, 62 myg (0132 mmol) of the compound from Ex.
(=2 < L "
864 gave 57 mg (1080% of theory) of the title compound. In this case, the reaction time was 2 h,

and purification by preparative HPLO was carried out according to Method 14,

H-NMR (400 MHz, DMSO-dg, S/ppm): 4.15 (m, TH), 4.00-3.88 (m, 4H), 3.81-3.70 (m, 3H), 3.27-
3.20 (m, ZH), 238 (s, 3H), 2.28-2.17 {m, 1H), 1.79-1.67 (m, 3H), 1.53-1.44 (m, 1M, 1.39-1.30 (i,
JH3, 113 €, 3D

LC/MS (Method 1, ESTpos): B, = 0.80 min, ovz = 428 [M+H]".

Exampie 68

&-{{4-Hydroxypiperidin-1-vhcarbonyti-S-methyl-3-propyi-1-{ 2-{iriflucrorethoxyjethylithieno]2, 3-
dipyrimidine-2,4(1 &3 H-dione

32 mg (0.316 nuool) of 4-bydroxypiperiding, 60 pi (0.342 numol} of N N-diisopropylethylamine
and 120 mg (0.316 mmol} of HATU were added successively to a solution of 100 mg (0.263
mmol} of the compound from Fx. 102A in 3 wd of anhydrous DMFE. After a reaction time of about
16 b at RT, the reaction mixture was separated directly by preparative HPLC info #ts components
{Method 5). The product fractions were combined and concentrated, and the residue was dried

uiider high vacuun. 107 mg (82% of theory) of the tifle compound were obtained.

TH-NME (400 MHz, DMSO-dy, S/ppm)y: 4.79 (d, 17D, 4.41 (8, 2H), 4.22 (¢, 2H), 3.84 (¢, 2H), 3.80-
2,70 (m, 3HY, 3.26-3.19 (m, 2H), 2.37 (s, 3H), 1.79-1.71 {m, 2H), 1.57 (m, 2H), 1.36-1.30 (m, 2H),
0.87 {t, 3H).

LO/MS (Method 1, ESIposy Ry= 0.88 min, m/z = 464 [M+H]

Example 61

3-{But-3-yn-b-yh-6-{{(d-hydroxypiperidin-1 -yl carbonyt}-S-methyl-1-(3,3,3-

trifluoropropylithieno]2 3-dlpyrimidine-2 4{1H 3H)-dione
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Analogously o the process desenibed in Ex. 43, 21 mg (0.162 nunel) of the compound from Ex.

79A gave 48 mg {64% of theory} of the title compound.

"H-NMER (400 MBz, DMSO-d,, S/ppm): 4.81 (d, TH), 4.13 (4, 2H), 4.01 <&, 2H), 3.81-3.71 (m, 3H),
327320 (m, 2H), 288 (1, 1H), 2.858-2.72 (1, 2H), 2.51-2.44 (m, 2H, partially obscured by DMSO
signaly, 2.38 (s, 3D, 1.79-1.72 {m, 284}, 1.3%-1.31 (m, ZH).

LC/MS (Method 1, ESIpos): By = 0.83 min, m/z = 458 [M+H] .

Example 62

6-[{4-Hydroxypiperidin-L-yhicarbonyl-3-(2-methoxyethyl-S-methyl-1-3,3 3-
iriflaoropropyDthiens2, 3-dlpyrimidine-2,4(1 £ 3H-dione

Analogously to the process described in Ex. 43, 88 mpg {0.174 mmol) of the compound from Ex.
T9A gave 40 mg {49% of theory) of the title compound. Here, the product obtained after

preparative HPLC was triturated again with pentane.

'B-NMR (400 MHz, DMSO-de, &/ppm): 4.81 (4, 1H), 4.13 (5, 2H), 4.06 (¢, 2D, 3.82-3.71 (m, 3H3,
350 {1, 28, 3.27-3.20 (n, 2H), 3.24 {5, 3H), 2.85-2.72 {(m, 2H), 2.37 (s, 3H), 1.79-1.72 {m, ZH),
1.48-1.30 (m, 2H).

LOMS (Method 1, ESIpos): R, = (.77 min, nvz = 464 {M+H]".
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Example 63

342-Cyclopropylethyvy-6-[{4-hydroxypipendin-1 ~yDcarbonyl}-3-methyi-1-(3,3,3-
triflaoropropy Dthieno{ 2, 3-dlpyrimidine-2 41 H,3H)-dione

5  Analogously to the process described in Ex. 43, 50 mg (0.097 mmol} of the compound from Ex.

304 gave 37 mg {80% of theory) of the title compound.

HNMR (400 Mz, DMSO-ds, 5/ppray: 4.81 {d, TH), 4.12 ¢, 28D, 3.95 {1, 2FD), 3.81-3.71 (m, 31,
3.27-3.20 {m, 2H), 2.45-2.73 (m, ZH), 2.37 {3, 3H}, 1.79-1.72 {m, 2H), .44 {guart, 2H), £.389-1.30
{m, 2H}, 0.72-0.65 {m, 1H}, 6.41-0.37 {m, 2H}3, 0.01 {m, 2H, substantially obscured by the TMS

10 signal).
LOMS (Method 1, ESIposy: R, = 0.9 min, m/z = 474 [M+HT.

Example 64

&-[{4-Hydroxypipenidin-1-yearhonyl]-3-isobutyl-S~methyi-1-03,3 3-trifluoropropyiYthiens{2,3-
dipyrnmidine-2,4{1 5, 3H-dione

Anglogously to the process describad in BEx. 43, 87 mg {0.173 ounol) of the compound from Ex.

81A gave 65 mg (81% of theory} of the title compound.



10

,__.
n

WO 2015/052063 -224 - PCT/EPZHI4GT7I1IS

TINMR (400 MHz, DMSO-d,, Sfppmy: 481 ¢4, 1H), 4.13 (¢, 2H), 3.82-3.70 G, SH), 3.27-3.20
(e, 2HD, 2.85-2.73 (m, 2H), 257 (5, 3H), 2.09-1.99 (m, 130, 1.80-1.72 (m, 2H), 1.40-1.30 (m. 2H),
0.86 ¢d, 61D,

LOMS (Method 1, ESIpos)y: B, = 0.96 min, nvz = 462 [M+H]"

Example 65

&-[{4-Hydroxypipenidin-1 -vhearbonyil-3-2-methoxypropyl)-S~methyi-1-03,3,3-

triflucropropyijthieno]2, 3-dpyrinudine-2 4{1 H,3f)-dione {(racemare)

T
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Analogously to the process described in Bx. 43, 50 mg (0.096 mmol} of the compound from Ex.

B2A gave 26 mg {51% of theory, purity 90%) of the title compound.

H-NMR (400 MHz, DMSO-d,, &/ppm): 4.81 (d, 1H), 4.13 (m, 2H), 4.06 (m, 1H), 3.82-3.71 (m,
4HD), 3.64 (m, 1TD), 3.28-3.23 {m, 2H), 3.22 ¢s, 31D, 2.85-2.73 {m, 2, 2.38 (s, 1), 1.80-1.72 {mn,
2H3, 1.40-1.30 (m, 2H), 1.06 (4, 3H).

LC/MS (Method 1, ESIpos): R, 0.81 min, m/z = 478 [M+H{".

Example 66

6-[{4-Hydroxypiperidin-1-yhecarbonyl]-S-methyl-3-(3,3,3-trifluoro-2-methoxypropyD-1-(3,3,3-

triflaoropropyDihienc 2, 3-dlpyrimidine-2,4(1 #,3H)-dione {racemate)
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Analogously fo the process described in BEx. 51, 140 mg (0.312 mmol) of the comopound from Ex.
O34 and 38 mg (3.375 mmol) of d-hydroxypiperiding gave 162 mg (97% of theory) of the title

compound.

HH-NMR (400 MHz, DMSO-de, /ppmy: 4.81 ¢4, 1H), 4.29-4.14 (m, 4H), 4.05 (a4, 1H), 3.82-3.71
{m, 3H), 3.43 (s, 3700, 3.28-3.21 (mm, 2H), 2.87-2.75 (m, 2F1), 2.38 (s, 3F0), 1.80-1.73 G, 2H), 1.41-
1.32 {m, 2H).

EC/MS (Method 1, ESIposy Ry =092 min, m/z =

(¥

32 [MHT

Example 67

&-[{4-Hydroxy-4-methylpiperidin-t -ylicarbonyl}-5-methyi-3-2-phenyiethyh-1-(3,3.3-

rithuoropropyDthuieno{ 2, 3-dlpyrimidine-2,4(1 &, 3} -dione

“ JEeaN
HO ‘J“" j
O j’>./ . ‘*\"\-AF’&(“ \\.\_ﬂ ”‘)\‘t} s
S
4 !\v.‘»ﬁ’"g f”g;
o G
; q
s _,"’(‘
HO" }
oH Sh
; S
F
26 mg {.225 nunoly of 4-methylpiperidin-4-ol {commercially available; Bt e.g0 J. M. McManus &2

al., J Med, Chem. 1968, 8§ (6}, 766-7761, 43 3l (0.244 mmel} of N,N-diisopropylethviamine and 86
mg (0.225 romol} of HATU were added i succession to a solution of 80 mg (0,188 mmol) of the
compound from Ex. 434 in 2 ml of anhydrous BDMF. After a reaction time of about 16 h at RT, the
reaction raixture was separated directly by preparative HPLC into its components (Method 6}, The
product fractions were combined and concentrated, and the residue was dried under high vacuum,

79 mg (80% of theory} of the title corapound were obtained.

HNME {400 MHz, DMBO-dg, dppmy: 733729 (m, 2H), 7.26-7.20 (i, 3H), 4.47 {(broad, 1H},
432 (t, 23, 406 {m, 2H), 3.79-3.65 (m, broad, ZH}, 3.37-3.29 {(m, broad, 2H, substantially
obscured by the water signal), 2.83 (m, 2H), 2.82-2.70 (m, ZH), 2.38 (5, 3H), 1.54-1.41 {m, 4H),
1.16{s, 3H).

LE/MS (Method |, ESIposy: Ry = §.07 min, ovz = 524 [M+HT.
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Example 68

G- d-Hydroxy-4-Chydroxymethylipiperidin-T-ylicarbony!}-S-methyl-3-(2-phenylethyvi}-1-(3,33-

trifiuoropropylithieno] 2,3-dlpyrimidine-2,4{1 4,3 H)-dione

38 mg (0.225 mmal} of 4-(hydroxymethylipiperidin-4-ol hydrochloride [commercially available;
it egs WO 2008/103037-A2, Example A3b (free base); US 2011/ 2880653-A1, Example 105/
Step 1 (hydrochloride}], 43 pl {0.244 muwnol) of N N-diisopropylethylamine and 856 mg ({0,225
mmel} of HATU were added in suecession to a sohution of 80 myg (0.188 mmol} of the compound
from Ex. 43A in 2 ml of anhydroos DMFE. After a reaction time of about 16 b at RT, the reaction
mixiure was separated directly by preparative HPLC inlo its components (Method 11}, The product
fractions were combined and concentrated, and the residue was dried ander high vacuum. 84 mg

{83% of theory} of the fitle compound were ohiained.

H-NMR (400 MHz, CDCH, S/ppm) 7.32-7.21 (m, 5H, partially obscured by the CHCL signal),
4.21 (m, 2H), 4.14 (m, 2D, 4.08 (broad, 21}, 3.52 {d, ZH), 3.49-3.40 (m, 2H), 2.96-2.92 (m, 2H),
2.64-2.52 {m, 2H}, 2.51 {5, 3H), 2.15 (s, 1H), 1.86 (1, 1H), 1.76-1.70 {m, 2H}, 1.57-1.51 (m, 2H,

partially obscured by the water signal),
LO/MS (Method 1, ESTpos): R, = 0.94 nun, m/z = 540 [MAH]

Example 69

&-{{4-Hydroxy-4-(triftuoromethylipiperidin-1 -yljcarbonyl} -S-methyl-3-{2-phenylethyl)-1-(3,3,3-
trifluoropropyhithieno]2, 3 -dlpyrimidine-2,4(1 /4,3 H)-dione
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Analogously to the process described in Ex, 531, 80 mg (0.188 mmol) of the compound from Ex.
434 and 46 mg (0225 ramol} of 4-(triflucromethyhpipendin-4-ol {cormercially available; it
g.g. WO 2008/103002-A2, intermediate 1] gave 90 mg (83% of theory} of the title compound. In

this case, preparative HPLC was carried out sccording to Methad 6.

'H-NMR (400 Mz, DMSO-ds, $/ppm): 7.34-7.29 (m, 2H), 7.26-7.21 (m, 35, 6.20 (s, 1H), 4.13
(¢, TH), 4.07 (m, 2H), 4.00 {broad, 25D, 3.27-3.18 {m, 2H), 2.85-2.81 (m, 2H), 2.82-2.71 {m, 2H),
340 (s, 3H), 1.77-1.61 {m, 4H).

LC/MS (Method 1, BSipos) By= 1.14 min, miz = 577 [M+H]

Frample 70

3-(2,2-Difluoro-2 -phenylethy}-6- {[4-bhydroxy-4-(hyvdroxymethylpiperidin- T -ylicarbonyi}-5-
methyl-1-(3,3,3wiflucropropy thiens] 2, 3-dipyrimidine-2, 41 # 3 -dione

HO

(ol

35 mg (0.208 mmol) of 4-{hydroxymethylpipenidin-d-ol hydrochloride {commercially available;
Hi ege WO 2005/103037-A2, Example A3b (free base); US 2011/ 288065-A1, Example 105/
Step 1 (hydrochlorided], 75 pl (1433 mumol) of N N-difsopropylethylamine and 79 mg {0.208
mmol} of HATU were added in succession to a solution of 80 mg (0.173 mmol) of the compound
from Ex. 100A in 2.5 o of anhydrous DMF. After a reaction time of about 16 h at RT, the reaction

mixiure was separated directly by preparative HPLC into iis components (Method 53, The product
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fractions were combined and concentrated, and the residue was dried under high vacuum. This

gave 73 my {(69% of theery, 953% pure} of the title compound.

"H-NMR (400 Mz, DMBO-ds, Sppmy: 7.57-7.50 (m, SH), 4.62 (1, 2H), 4.39 (broad, 1H), 412 ¢4,
2H}, 3.92-3.78 {(m, broad, 21}, 3.34-3.24 {m, ZH, partially ohscured by the water siguall, 3.21 {5,
¥ 2H), 2.79-2.67 (m, ZH), 2.36 (s, 3H), 1.60-1.51 (yu, 2H}, 1.44-1.38 {m, 2H).

LO/MS (Method 1, BSIposy: Be=0.93 mun, w/x = 576 {IVI-*-H]*’,
Example 71

3-2.2-Bifluoro-2-phenylethy}-6- {{ 4-hydroxy-4-(hydroxymethyDpiperidin- L -vilearbonyl} -1 -(2-

raethoxvethy!-S-raethylithienc] 2, 3-dipyrimidine-2,4( 1 5,3 H-dione

g
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Analogously to the process described in Ex. 51, 30 mp (3,188 mmol) of the compound from Ex.
101 A and 38 mg (1.226 wmmeol} of 4-(hydroxymethyDpiperidin-4-ol hydrochloride [commercially
available; lit. e.g.0 WO 2005/103037-A2, Example A3b {free base); US 2011/ 288065-A1, Exanmple

105/ Step 1 {bydrochloride}] gave 75 mg {74% of theory) of the title compound.

15 'H-NMR (400 MHz, DMSO-dg, 8/ppm): 7.56-7.51 {m, 5H), 4.62 {1, ZH), 4.35 (broad, 1H), 4.04 (¢,
IHD, 3.91-3.77 {m, broad, 2H), 3.31-3.25 {m, 2H, partially obscured by the water signal), 3.25 {s,
3HG, 320 4s, 2H), 235 (s, 3H), 159151 {m, 2H), 1.44-1.38 (m, 2H).

LOAMS (Method 1, ESIpos): B, = 0.86 min, m/z = 538 [M+HT".
Example 72

My 3-Eithyb-6-[{9-bhydroxy-3-azabicyelo{3.3.] jnon-3-yhcarbonyli-S-methyl-1 (3,3 3-

triflecropropyithienc[2,3-djpyrimidine-2 41 H 3 -dione {a-epimer)
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48 mg {0.343 mmol) of 3-azabicyclo[3.3.1nonan-9-¢} [epimer mixture, commercially available;
it, e.g: A, L Moskalenko, V. 1. Boev, Russ. J Org. Chem. 2010, 46 (10), 1527-1533 {(as
hydrochloride}], 114 ul (0.657 mmol) of N, N-diisopropylethylamine and 130 mg (0.343 mmol} of
HATU were added in succession to a solution of 100 mg ({1285 mumol) of the compound from Ex.
524 1o 3 ml of anhydrous DMF. After a reaction time of about 16 h at RT, the reaction mixture was
separated directly by preparative HPLC into its components (Method 3). Two fractions were
obtained: 36 mg (26% of theory) of the title compound {i-epimer, as shown} and 41 mg (29% of
theory) of the corresponding f-epimer. The assignment was carried out analogously to the literature
cited above via the chemical shifi of the epimeric CHOH protons {o: 3.81 ppm, B: 3.62 ppm; in

DMSO-d).

H-NMR (400 MHz, DMSO-dg, /ppm): 4.89 (d, 1H), 4.70-3.60 (very broad, 2H), 4.13 (1, 2H),
3.91 (quari, 2H}), 3.81 {m, 1H), 3.50-3.00 {(very broad, 2H, partially obscured by the water signal),
2.85-2.773 (m, 2H), 2.35 (s, 3H), 2.04-1.93 {m, 2H), 1.77-1.71 (m, 2H), 1.63-1.52 (m, 1H), 1.42-
1.33 (m, 38}, 113 (¢, 3H).

LC/MS (Method 9, ESIpos): Ry = 1.14 min, m/z = 474 [M+H]".

Fxample 73

3-Ethyl-6-[{4-hydroxy-3-methylpiperidin-1 -yl jcarbonuyl]-S-methyl-1-{3,3,3-

trifluoropropylithienc|2,3-dpyrimidine-2,4(1 H 3H-dione {enantiomer pair I}
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16 mg {0,427 mmol) of sodium borohyvdride were added to a suspension of 190 mg {(0.427 numod)
of the racermc compound from Ex. 112A in 20 mi of methanol, and the mixture was stirred at BT
for 2 h. The reaction muxture was then concentrated on a rotary evaporator (o a small residual
voslume. This residue was then subjected o coarse pre-purtfication by preparative HPLC {(Method
53 such that all four sterecisomers of the target product werg isolated together (185 mg). Separation
of the stereoisomers was then carried out by preparative HPLOC on a chiral phase {column: Daiced
Chiralpak ¥C 5 pm 250 mm x 20 mm; mobile phase: ischexane/ethanol 7:3; flow rate: 15 ml/ mun;
remperature: 25°C; detection: 220 nml. To this end, the stereoisomer mixture obtained {185 mg)
was dissolved in 3 ml of ethanol and passed through the cohumn in 10 portions. In this manner,
separation into the two diastereomeric enantiomer pairs was achieved. Coneceniration of the
respective product fractions and drying under high vacuum gave 37 mg {18% of theory) of the title
compound {epnantiomer pair 1} and 62 meg (30% of theory) of the diasterecmeric enantiomer pair 2.
Retention Hmes {R) on an analytic HPLC colunu on a chiral phase were £.11 and 848 min
{enantiomer pair 1} and 9.82 and 10.06 min {enantioraer pair 2), respectively [eohumn: Daicel
Chiralpak 1T 5 um 250 mm x 4.6 mm; mobile phase: sohexan/ethanol/diethylamine 70:30:0.2;

flow rate: T ml/min, ternperature: 25°C; detection: 235 nm}.

H-NME (40(} MHz, DMSO-de, d/ppayy: 4.72 {broad, TH), 4.12 {t, 2H}, 3.91 (quart, 2H), 3.74 {m,
PHY, 3.62-3.48 {m, broad, 2H), 3.43 {m, 1H, partially obscured by the water signal), 3.17 {dd, 1H]},
2.85-2.73 (m, 2HY, 237 {5, 3H}, 1.76-1.68 {m, 1TH), 1.65-1.54 (m, 2H), 1.13 {t, 311, 0.83 {d, 3D,

LO/MS (Methad 1, ESIposh: R, = (.87 min, vz = 448 [M+H]".

Exampie 74

PN
Lo
[¥8)

3-Bthyi-6-{{4-bydroxy-d-(hydroxymethylipiperidin-i -vlicarbonyl |- S-methyl-1

23

triffooropropylthieno] 2, 3-dipyrinddine-2,4(1 F,3H)-dione

HO
OH

Analogously to the process deseribed in Ex. 51, 100 mg (0.285 mmol} of the coropound from Ex.
S2A and 57 mg {0.343 mmol} of 4-thydroxymethylpipendin-4-ol hydrochloride [comomercially
available; lit. e.g.s WO 2005/103037-A2, Example A3b (free base); US 2011/ 288065-A1, Example

105 / Step 1 (hydrochloride)] gave 88 myg (66% of theory} of the title compound. In deviation from
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the process deseribed above, here the first preparative HPLC (sccording to Method 3} was folowed

by a second HPLC purification {according to Method 7}

THANMR (400 MHz, DMSO-d,, &/ppo): 4.65 (1, TH), 4.38 (s, 1H), 4.12 (1, 2H), 3.91 {quar, 2H),
3.84 (broad, 2H}, 3.27 {broad, 2H, partially obscured by the water signal), 3.20 {d, 2H}, 2.85-2.73
{m, 2H, 238 (5, 3HY, 1.59-1.50 (my, 2H), 1.43-1.37 (o, 2H), 112 (4, 3H)

LC/MS (Method 1, ESIpos): B, = 0.7% min, m/z = 464 {M+H]".

Example 758

3-BEihyl-6-{[4-hydroxy-4-Chvdroxyvmethylpiperidin-i -vijcarbonyi -5 -maethyi-1-[2-

{trifluoromethoxylethyilthieno{2,3-dlpyrimidine-2, 41 H 3H -dione

HO

52 rog (0.311 nuonol) of 4-(hydroxymethylipiperidin-4-ol hydrochionde [commerciaily available;
HE ez WO 2005/103037-A2, Example A3b (free base);, US 2011/ 288065-Al, Example 105 /
Step 1 {hydrochloride)i, 113 pl (0.648 mmel} of N N-diisopropviethylamine and 118 mg {0.311
mmol} of HATU were added in succession to a solution of 100 me {0.259 mmaol, purity 83%) of
the compound from Ex, 1044 m 1.7 ml of anhydrous DMF. After a reaction time of about 16 hat
RT, the reaction mixture was separated directly by preparative HPLC into #s components (Method
73. The product fractions were combined and concentrated, and the residue was dried under high

vacuunt. 103 mg {82% of theory) of the title compound were obtained,

HANMR (400 MHz, DMSCQ-dg, 8/ppm): 4.63 (1, TH), 4.41 {1, 2H), 4.36 (s, TH), 422 (¢, 2H), 1.91

{quart, 2H}, 3.82 {(broad, 2H}, 3.25 {broad, 2H, partially obscured by the water signal}, 3.20 {4, 2H),
237 (s, 3H}, 1.54 {ds, 2H), 1.43-1.37 {m, 2H), 1.13 (1, 3H)

LC/MS (Method 9, ESIpos): R, = 0.98 min, m/z = 480 [M+HY"

Example 76

o-f{4-Hydroxy-4-methvipipenidin-1 -yhicarbonyl}-S-methyi-3-propyl-1-(3,3,3-
triftuoropropyl fthienc2, 3-dipyrimidine-2, 41/, 3H)-dione
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38 mg (0,329 ramol) of $-methylpiperidin-4-ol [commercially available; it e.g. J. M. McManus ef
al., J Med Chem. 1968, 8 (6), 7667761, 62 ul {0.357 mmol} of N N-ditsopropylethviamine and
125 mg {(0.329 mmol) of HATU were added in sucoession to a solution of 100 myg (0.274 mumol) of
& the compound from Ex. 103A in 3 mi of anbydrous DME. After a reaction time of about 16 h at
KT, the reaction mixture was separated directly by preparative HPLC into s components {Method
53 The product fractions were combined and concentrated, and the residue was dried under high

vacuura. 95 mg {(75% of theory} of the title compound were obtained,

TH-NMR (400 MHz, DMSO-dg, 8/ppm): 4.46 (s, 1H), 4.12 (6, 2H), 3.83 (¢, 28, 3.72 {broad, 21,
10 3.34 (i, broad, 2H, partially obscured by the water signal}, 2.85-2.72 {m, 2H), 2.68 (s, 3H}, 1.61-
1.4 (m, sHD, 115 (5, 3H), 0.87 {1, 3H)

LO/MS (Method 1, ESIposy: Ry = (.93 min, m/z = 462 [M+H}'.
Example 77

6-{f4-Hydroxy-d-(hydroxymethylipiperidin-1-yjcarbonyl} -5-methyl-3-propyl-1-(3,3,3-

15 nthioropropybhithienof 2, 3-dlpyrimidine-2 41 H,3H)-dione

JWN‘L
»i"l 3 3
!‘X 3 \“ ‘
Hi‘_}“;{— L
o £ R

Anaiogously to the process described in BEx. 51, 100 mg (1.274 mmol} of the compound from Ex.
P05A and 55 mg (0.329 mmol) of 4-(hydroxymethylipiperidin-4-ol hydrochloride [commercially
available; bt e.g.: WO 2008/103037-A2, Example A3b (free base); US 2011/ 288065-A1, Example

Hy o 105/ Step 1 (hydrochloride)] gave 116 rog (88% of theory) of the title compound.
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YHANME (400 MHz, DMSCGed,, Slppmy 4.63 44 1My 436 (s, THy 412 ¢0 2H 385 {(broad, 2H3,
383 4, 2HD, 3258 (broad, ZH, portially ohecured by the water signaly, 321 (4, 253, 2.85-2.73 (m,
JH 238 (5, 5H 16T S tm 48, V441 3 (o 2HD 08T &, 3HL

£0/MS (Method 1, ESlpos): B, = 0.43 min, w/z = 478 IMHHT.

Exampic 78

6-{id-Hydroxy-4-(hydroxymethybpiperidin- L viicarbonyl: -1+ 2-methoxyethyl}-S-methyi-3-

propylthieno] 2 3-dipyrimiding-2,401 F, 3 -dione

,‘! :_:‘ _'_‘j-,v
N S
Ho 1
OH

Analogously 1o the process described 1n Ex. 81, 100 mg (0.306 mumol) of the compound from Ex.

106A and 62 mp (0358 mnwll of d{bvdroxymethybpiperidin-d-ol hydrochloride [conupercially
available: Bt epo WO 2005/103037-A2. Example ASh (free basey US 2011/ 283065-A1, Examnple
103 / Siep 1 thydrochloride}] gave 76 mg (36%: of theory) of the title compound. In deviation from
the process described above, heve the first preparative HPLO {actording to Method 5) was followed

by a second HPLC purification {according to Method 73

FIINMR (400 ME:, DMSO-d,, S/ppro) 453 (1, TH), 435 (5, 1H3, 4.04 (¢ 2H). 3.85 (broad, 28D
3.83 ¢, 24, 3.65 ¢, 2H), 3.26 (broad, 28, partially obscured by the water signal}, 324 {5, 3H),
320 (d, 283, 2.36 (=, 3H), 1.601-1.50 (o, 4H), 1.43-1.37 (m, 28D, .87 (4 30

LO/MS Method 1, ESIposy B o= 0.7 min, miz = 440 [MAH] |

Exanmple 78

-{t4-Hydroxy-d-methvliperidin: L -vhicarbonyil-Sormetbvl-3 propvi 1442

{trifluoromethoxyethyibhienol2, 3-dipyrimidine-2 401 H 3 H -dions
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36 mg {0.316 mmol} of 4-methvipipendin-d-ol [commerciaily available; Lt e g J. M. MoManus o2
ol A Med. Chem. 1968, 8 (63, 766-776], 539 pl {0.342 mmol} of N N-diisopropylethylamine and
120 mg (0.316 mmol} of HATYU were added i succession to a solution of 100 mg (0.263 mmol} of
the compound from Ex. 1682A in 3 mi of aphydroas DMF. After a veaction time of about 16 b at
RT, the reaction mixture was separated directly by preparative HPLC indo its components {(Method
5). The product fractions were combined and concentrated, and the residue was dried under bigh

vacuuin. 108 mg (86% of theory) of the title compound were obtained.

HNMR (400 MHz, DMSO-dg, /ppm): 4.46 (s, TH), 4.41 (1, 2H), 4.22 (t, 28, 3.84 (1, 2H), 3.71
10 {broad, 2H}, 3.34 (m, broad, 2H, partially ohscured by the water signal), 2.37 {g, 3H), 1.62-1.40 {m,

6HY, 1,15 (s, 35, 0.87 (1, 3H).
LOMS (Method 1, ESIpos): B, = 0.94 min, m/z = 47% [M+HT

Example 8¢

&~ {{4-Hydroxy-4-{hydroxymethypiperidin-1-yljearbonyl} -5-methyi-3-propyl-1 -[2-

13 {irfluoromethoxylethylfthicnof 2,3-dlpyrimidine-2 41 5,3 4)-dione

53 mg {0.316 mmol) of 4-(hydroxymethylpiperidin-4-ol hydrochloride [commercially available;
it e.g.0 WO 2005/103037-A2, Example A3b (free base); US 2011/ 288065-A1, Bxample 105/
Step 1 (bydrochloridey], 114 pl (0.657 mmod) of N N-diisopropylethylamine and 120 mg (0.316

3y nnol} of HATU were added in succession 1o a solution of 100 myg (0.263 mmol} of the compound
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from Ex. 102A in 3 mi of anhydrous DMF. After a reaction time of about 16 b at RT, the reaction
mixiure was separated direcily by preparative HPLC into its components {Method 53 The produet
fractions were combined and concentrated, and the residue was dried under high vacoum, 78 mg

{(60% of theory) of the title compound were obtained.

H-NMR (400 MHz, DMSQ-d,, S/ppm): 4.63 (4, 1HY, 441 (4 2H), 4.36 (s, 18D, 4.22 {1, 2H), 3.84
{t, 2H}, 3.82 (broad, ZH), 3.27 {broad, 2H, partially obscured by the water signall, 3.20 {d, ZH),
237 (s, 3H), 1.62-1.50 (o, 4H), 1.43-1.37 {m, 2H), 0.87 (1, 3H).,

LC/MS {Method 1, ESIpos): R, = 0.82 win, m/z = 494 [M+H]".

Exampic 81

&~ {{4-Hydroxy-4-(hydroxyomethylipipenidin-U-yllcarbonyl) -5-methyl-3-(3,3, 3 -tritluore-2-
, ¥ ¥-a-{ay ¥ yipp b

methoxypropy!)-1-(3,3, 3-tnflucropropyt jthieno{ 2, 3-dpyrmudine-2 41 H 3 H)-dione {racemate}

Analogously to the process deseribed tn Ex. 51, 140 wg {0.312 munol} of the corpound from Ex.
103A and 63 mg (0.375 mmol} of 4-(hydroxymethyvlipiperidin-4-ol hydrochloride {commercially
available; lit. e.g.0 WO 2005/103037-A2, Example A3b (free base);, US 2011/ 288063-A1, Example

105/ Step 1 ¢hydrochlonide}] gave 140 myg {79% of theory) of the title compound.

TH-NMR (400 MHz, DMSO-dg, 8/ppmy 4.64 (6, 1H), 4.37 (s, 1H), 4.29-4.14 (m, 4H), 4.05 {dd,
1H}, 385 (broad, 2H}, 3.43 (5, 3H), 3.28 {broad, 2H, partially obscured by the water signal}, 3.21
(d, 2H}, 2.87-2.78 {m, 2H), 2.38 (s, 3H), 1.56 {dt, ZH), 1.44-1.38 {m, ZH).

LO/MS (Method 1, ESIpos)y: Ryo= (.87 min, w/z = 562 [M+H]"

Example 82

3-Hihyl-6-[{4-hydroxy-4-methyipiperidin-1-vhcarbonyl}-5-{trifluoromethyD-1-(3,3,3-

trifluoropropyithienc[2 3-djpyrimidine-2 41,3 }-dione
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31 mg {0.272 momol) of 4-methylpiperidin-4-ol {commercially available; Hi. e.g I M. McManus e
al., J Med Chem. 1988, 8 {6}, 766-776], 56 pl {(0.322 wunol} of N N-diisopropylethylamine and
113 mg {0.297 mmol) of HATU were added in succession to a sohution of 100 mg {0.247 mmol} of
the compound from Ex, S6A in 2 ml of avhydrous DMF. After a reaction time of sbout 16 b at RT,
the reaction mixture was separated directly by preparative HPLC into its components {(Method 5}
The product fractions were combined and concevtrated, and the residue was dried under high

vacuug. This gave 96 mg {75% of theory, 97% pure} of the title compound.

H-NMR (400 MHz, CDCh, #/ppm): 4.38 (m, broad, 1H), 4.24-4.06 (m, 2H), 4.09 (quart, ),
3.57-3.43 (m, 1H}, 3.41-3.26 {m, 25, 2.72-2.61 {m, 2H), 1.70-1.48 (m, 4H), 1.33 (s, 35), 1.27 G,
31},

LE/MS (Method 1, ESIpos): Ro= (.91 min, m/z = 502 [M+H].

Example 83

3-Ethyl-6- {{4-hydroxy-d-(hydroxymethyDpiperidin-T-vlicarbonvi}-5-{trifuoromethyl}-1-(3,3,3-

trifluoropropyithieno| 2, 3-djpyrimidine-2,4(1 5, 3H}-dione

Analogously o the process described in Ex. 51, 100 mg (.247 mmol} of the compound from Ex.

56A and 46 mg (0.272 oveol} of 4-(hyvdroxymethylpiperidin-d-ol hydrochloride [commercially
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avalable; Ht, e.gr WO 2005/103037-A2, Example A3b {free base); US 2011/ 288065-A1, Example

105/ Step | (hydrochloride)} gave 79 myg (61% of theory) of the title compound.

H-NME (400 MHz, DMSCO-de, 8/ppm): 4.23 (4, 2H3, 4.16 (4, 2H), 3.92 Gm, 2H), 3.20 (5, 2H), 3.10
(t, 2H}, 2.87-2.75 {m, 2H), 1.60-1.32 {m, 4H), 1.12 (¢, 3H).

LO/MS (viethod 1, ESIposh K, = 0.79 min, nv/z = 518 [M+HT.
Example 84

S-{Difluoromethyl}-6-{4-hydroxypiperidin-1-vlcarbonyl}-3-(2-phenylethyl}-1-(3,3,3-

trithioropropyithienof2, 3-dipyrimidine-2 41 H 3 -dione

f‘) N AR,
s U
. .
X j,\ \\
S ;
&
M e
BTLCF
&

17 mg (9.165 mmoly of 4-hydroxypiperidine, 29 ul {0,165 ramol} of N N-diisopropyiethylamine
and 58 myg {0.152 mmol} of HATU were added successively t0 a solution of 60 mg (0.127 mmol,
purity 97%;) of the compound from Ex. 57A in 1.9 mi of anhydrous DMF. After a reaction time of
gbout 16 h at RY, the reaction mixture was separated directly by preparative HPLC into its
components (Method 6). The product fractions were conbined and concenirated, and the residue

was dried under high vacuum. 60 myg {88% of theory} of the title compound were obtained.

"H-NMR (400 MHz, DMSO-d,, /ppm): 7.34 (4, TH)Y, 7.33-7.29 (m, 28, 7.27-7.23 (m, 3H), 4.84
{d, 1H), 4.15 &, 2H), 4.07 {m, ZH), 3.96 {broad, 1H), 3.79-3.71 {m, 1H), 3.49 {broad, 1H), 3.22
{broad, 2H}, 2.87-2.72 {m, 4H}, 1.74 {broad, 2H), 1.41-1.31 {n, 2H).

LOMS (Method 2, ESIpos): B, = 2,27 min, m/z = 546 [M+HT.

Example 835

S5-{Ditluoromethyi-6-[{4-hydroxy-4-methyipiperidin-1-vljcarbonyl}- 3 2-phenyiethyD-1-(3,3,3-

trifhuoropropylithieno[2,3-dlpyrimidine-2 4V H 3 -dione
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33 mg (0.274 nunol) of 4-methylpiperidin-d-o} [conunercially available; it e.g. J. M. McManus ef
al., & Med Chem. 1968, 8 (8}, 766-776], 48 ul {0.274 romol) of N N-ditsopropylethvlamine and 96

mg {0.233 musol) of HATU were added in succession to a solution of 100 mg (0.211 sunol, purity

tH

97%; of the compound from Ex. 574 in 3.2 ml of snhydrous DMFE. Afier a reaction time of about
16 h at RT, the reaction mixwure was separated direcily by preparative HPLC into its components
{Method 6}, The product fractions were combined and concenirated, and the residue was dried

under high vacuunt 102 myg {86% of theory) of the title compound were obtained.

H-NMR (400 MHz, DMSO-d,, Sfppmy 733 {1, TH), 7.32-7.28 (m, 2H), 7.26-7.21 {m, 3H), 4.48
10 (s, 1), 4.15 ¢, 2H), 4.08 {m, 2H}, 4.08 (broad, 1H}, 3.37-3.19 {1, broad, 3H, partially obscured by
the water signal), 2.89-2.72 {m, 4H}, 1.56-1.40 G, broad, 4H), 113 (5, 3H).

Sy

LO/MS (Method 1, BSIpos)y: K, = 1.06 min, mfz = 360 [M+H]".

Exazmple 85

S-{Difluoromethyi)-6-{ [4-hydroxy-4-(hydroxymethyDpiperidin-1-vljcarbonyl} -3-(2-phenylethyi)-

15 13,3 3rifluoropropyiithiene(2, 3-dlpyrmidine-2, 4L H 3 M) -dione

31 mg (0.225 mmol) of 4-(bydroxymethylipiperidin-4-ol hydrochioride [commerciaily available;
ht. eg.r WO 2005/103037-A2, Examople A3b (free base); US 2011/ 288063-A1, Example 105 /

Step 1 (hydrochloride}], 39 ul (0.225 mmol} of N N-diisopropyviethylamine and 79 mg (0.208
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mmod} of HATU were added in succession to a solution of 88 mg {8.173 ramol} of the compound
from Bx, 57A in 2.5 mi of anhydrous DME, After a reaction time of about 16 h at RT, the reaction
mixture was separated directly by preparative HPLC mnto its components {Method 6). The product
fractions were combined and concentrated, and the residue was dried under high vacuum. Stirring
with a minture of 10 ml of pentane and 1 md of diisopropyl ether for 20 win at RT, filtration with
suction and once more dryving under high vacuum gave 535 myg {§5% of theory, purity 96%6) of the

title compound.

TH-NMR (400 MHz, DMSO-de, S/ppmy 7.33 (¢ THD, 7.32-7.29 (m, 2H), 7.26-7.21 {m, 3H), 467
{t, 1My, 4.39 (s, 1), 4.22 {broad, 1), 4.15 {1, 2H), 4.08 {m, 2H}, 3.3% {(broad, 2H, partially
obsecured by the water signal), 3.20 {d, 2H), 3.10 (broad, 1H), 2.88-2.73 {m, 4H), 1.54 (&, 2H),
1.51-1.31 {broad, 2H}.

LCMS (Method 1, ESTpos): R, = 0.96 min, m/z = §76 [M+H].

Example 87

3,5-Diethyvi-6-[(4-hydroxyvpiperidin- T -yDcarbonyi]-1-43,3  3-riflucropropyl hienc{ 2 3-

dlpyrmidine-2,4(: H, 3 H)-dione

MO G
{3‘ 1 oo j\j\a ‘”";“\e\
A CH.
7N ,J g
N §7 W o

Analogously fo the process described in Hx. 51, 80 mg (0.220 mowel} of the compound from Ex.

PEEA and 24 mg (0.242 mmol) of 4-hydroxypiperidine gave 26 mg (979 of theory) of the title

compound.

TLNMR (400 MHz, DMSO-dg, 8/ppm): 4.80 (d, 1H), 4.12 (¢, 2H), 3.92 (quart, 2H), 3.52-3.71 (m,
38}, 3.23 {m, 2H), 2.86-2.74 (m, 4H), 1.79-1.72 (m, 2H), 1.39-1.29 (m, 21D, 1.13 ¢, 3H), 1.12 ¢4,
3H),

LE/MS (Method 1, ESIpos): R, = 0.58 min, m/z = 448 [M+H]"
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Example 88

3, S-Dnethyl-6-[{4-hydroxy-4-methylpiperidin-1 -y Hearbonyii-1-(3,3,3-trifluoropropvijthienof 2,3

dipyrimidine-2 41 H,3H)-dione

)\\\:‘x } ,,}f “g N CH,
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28 myg (1.242 munol) of 4-methylpipenidin-4-ol [commercially available; lit. ez I M. MceManus e
al, A Med Chem. 1965, 8 (8), 766-776], 86 ul (4.549 mumel} of N N-diisopropylethviamine and
100 mg {0.263 mmol) of HATU were added in succession to a solution of 80 mg {0.220 mmei) of

the compound from Bx. 1114 in 2 ml of anhydrous DMF. Afler a reaction time of about 16 h at
RT, the reaction mixture was separated directly by preparative HPLC inio s components {Method
53, The product fractions were combined and concentrated, and the residue was dried under high

vacuam. 96 mg {95% of theory} of the title compound were obtained.

TH-NMR (400 MHz, DMSO-d,, Sfppmy 4.47 (s, 1H)y, 412 (1, 2H), 3.83 {(quart, 2F), 3.72 (broad,
23}, 3.37-3.28 (m, broad, 2H, partially obscured by the water signal), 2.86-2.74 {m, 4H)}, 1.53-1.3%
{mo, 4H), LIS (5, 35, 113 {0, 38D, 1.11 (1, 3HD.

LC/MS (Method 1, ESIpos): R, = 0.91 min, nvz = 462 [M+H] .

Example 88

3,5-Diethyi-6- {{4-bydroxy-4-Chydroxymethylpiperidin-1 -yl jcarbonyi$-1-(3,3,3-
irifluoropropyl ithieno[2,3-dlpyrimidine-2,4(1 H 3 H)-dione

HO
i F
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44 mg {0.242 manol)} of 4-(hydroxymethylipiperidin-d-ol hydrochloride feommercially available;
it e.g WO 2005/103037-A2, Example Adb (free base); US 2011/ 288065-A1, Example 105/
Step | (hydrochlorided], 96 ul {0,549 mmol} of N N-diisopropylethylamine and 100 mg (0.263
mmod} of HATU were added in succession to a soiution of 80 my {(0.220 mmol} of the compound
from Hx, 111A in 2 mi of anhydrous DMF. After a reaction time of about 16 b at RT, the reaction
miixture was separated direcily by proparative HPLO into its components (Method 53, The prodact
fractions were comsbined and coucentrated, and the residus was dried under high vacuum. 89 mg

{85% of theory} of the title compound were obtained.

"H-NMER (400 M8z, DMSO-de, S/ppmy: 4.64 (¢, 1R, 437 (s, 1H), 4.12 €t, 2H), 3.92 (quart, 2H),
3,85 (broad, 2H), 3.30-3.21 {m, broad, 2H, pamally obscured by the water signal), 3.21 {d, 2H),
2.86-2.74 (m, 4H), 1.54 {de, 2H}, 1.43-1.37 {m, 2H), 113 (¢, 3H), 112 {1, 3H).

LO/MS (Method 1, ESIpasy: R, = (.80 min, m/z = 478 {M+H]".
Example 94

G-{{4-Bydroxypiperidin-1-yhearbonyl]-3-(2-phenyiethy3-1-(3,3 3-miluoropropyiithieno] 2,3~

dipyrimidine-2,4(1 F 3 H)-dione

, a >
P
Hel e
F ¥
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Analogously to the process described in Hx. 51, 85 mg (0.196 mmol, purity 96%) of the compound
from Ex. 584 and 22 mg ((.215 nunol) of 4-hydroxypiperidine gave 79 mg (81% of theory} of the

title compound,

PH-NMER (400 MHz, DMSO-dq, Sfppmy: 7.55 (s, TH), 7.32-7.28 (m, 2H), 7.25-7.19 {m, 3H), 4.15
{1, 28}, 4.09 (m, 2H), 4.00-3.92 (m, 2H), 3.39 (broad, 2H), 2.85 (1, 2H), 2.84-2.71 {m, 2H), 1.54-
1.77 (n, 2H), 1.45-1.36 (o, 2H),

LO/MS {Method 1, ESIposy Ry= 0.99 min, nv/z = 496 [M+H]"
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Example 81

&-[{(4-Hydroxy-4-methylpiperidin-{ -yhicarbonyl}-3-{2-phenylethyl}- 1+(3,3,3-
trifluoropropyiithienof2,3-djpyrimidine-2,4(1 H,3H)-dione
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§  Anclogously to the process described in Ex, 51, 85 mg (8.196 mmol, purity 965 of the compound
from Ex. 584 and 22 mg (0.215 mmol} of 4-methylpiperidin-d-ol {commercially available; lif e.g.:
F M. McManus ¢f al, J. Med, Chem. 1965, 8 {8}, 766-776] gave 44 mg (44% of theory} of the title

corapound.

'H-NMER (400 MHz, DMSO-d,, SlppmYy 7.55 (s, 1H}), 7.32-7.28 {m, 2H}, 7.24-7.19 {m, 38}, 4.15
10 {1, 28D, 4.09 {m, 2H}), 4.00-3.93 (m, 2H), 3.472 {broad, 2H), 2.85 (1, 2H), 2.83-2.71 {m, 2H), 1.57-
147 ¢, 4H), 1.17 (s, 3H)

LC/MS (Method 1, ESIpos): B, = 1.02 roin, vz = 510 [M+H].

Example 92

&-{[4-Hydroxy-4-(hydroxymethyllpiperidin-1 -yllcarbonyt} -3-{2-phenylethyi}-1-(3,3,3-
15 trifluoropropyhithieno{2 3-dlpyrimidine-2,4{ 1 H,35)-dione

Q j"ﬁ»" W
i\i e Ry
N M\*
Mo ﬁ
P
}L.

Analogously to the process described in Ex. 51, 85 mg ({1.196 mmol, purity 96%;) of the compound

from Ex. 58A and 36 mg (0.215 mmol} of 4-{hydroxymethyljpiperidin-d-o} hydrochioride
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[commercially available: it g WO 2008/103037-A2, Example A3b (free base);, US 2011/

288065-A1, Example 103 / Step 1 (hydrochlonide}] gave 86 mg (83% of theory} of the nile

compound,

HNMRE {400 MHz, CDClL;, d/ppmy 7.52 (s, 1H), 7.32-7.21 (m, 5H, partially obscured by the
CHCY signaly, 4.29 (broad, 2H), 4.24 (m, 2H}, 4.17 (4, 28}, 3.53 (4, 2H), 3.56 (broad, 2H), 2.95 (3,
ZH), 2.65-2.54 {m, 2, 2.21 (broad, 1H), 1.94 {broad, 1H), 1.80-1.74 {m, Z2H}, 1.61 {m, 2H,

partially obscured by the water signal).
LO/MS (Method 1, ESIpos): R, = 0.92 min, ovz = 526 [M+HY.

Example 93

3-(2,2-Bittluore-2-phenylethy}-S-methyl-6-[3-oxopiperazin-1-vlcarbonyl}-1-{3,3,3-

trifluoropropyiithienc{2 3-djpyrimidine-2,4{1 #.3H)-dione

"\.} s ~;
'G\\ S —}v M e
4 E:L “}«\%
. ¥ N .
d p i .r—‘&‘::\'\ %
Pt S R

»

21 mg {0.208 mumel) of 2-oxopiperazine, 39 ul {0.225 mmol} of N N-diisopropylethylamine and 79
g {0.208 mmol) of HATU were added successively to a sohulion of 80 mg (0,173 mumel) of the
compound from Ex. [00A in 2.5 mi of anhydrous DMFE. After a reaction time of about 16 h at RT,
the reaction mixture was separated directly by preparative HFLC into s components (Method 53
The product fractions were combined and concentrated, and the residue was dried under high

vacuum. 80 mg (84% of theory) of the title compound were obtained.

PH-NMER (400 MHZz, DMSO-dg, S/ppm): 8.16 (s, 1H), 7.57-7.49 (ro, SHY, 4.63 {1, 2H), 4.13 (1, 21,
4.05 (s, 2H), 3.69 (1, 2H), 3.25 (m, 2H) 2.79-2.67 (m, ZH), 2.38 (s, 3H).

LO/MS (Method 1, ESIposy: Ry = 0.94 min, m/z = 545 [M+H}

Exampie 84

3-(2,2-Dntlaoro-2-phenviethyly- 1 -(2-methoxyethyl}-5-methyl-6-{(3-oxopiperazin-1 -

yDearbonyijihieno[2, 3-dipyrinndine-2 41 F,3F-dione
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Analogously to the process described in Ex. 51, 80 mg {0.188 vunol) of the compound from Ex.
101A and 23 mg (0.226 vunol) of oxopiperazine gave 33 mg (32% of theory, purity 95%) of the
title cornpound. In this case, the product was purified by preparative HPLC {(twice, in cach case

Method 5) and finally by stirring with pentane.

'H-NMR (400 MHz, DMSO-de, 5/ppm): 8.13 (5, 1H), 7.56-7.50 (on, SH), 4.63 (1, 2H), 4.05 {5, 2H),
4.04 (¢, 25T, 3.69 (1, 2F0), 2.59 (¢, 2H), 3.24 (s, 3H), 3.24 {m, 21}, 2.37 (s, 3

LU/MS (Method 1, ESIpasy: R = 0.83 min, m/z = 507 [M+H]'.

Example 95

S-Methyl-6-[(3-oxopiperazin-1-ylcarbonyl}-3-propyi-1-(3.3, 3-trithucropropyithieno{2 3+
dlpyrimidine-2, 4{1 H3H-dione

Analogously to the process described in Ex. 51, 100 mg (0.274 munel) of the compound from Ex.
1034 and 33 mg (0.329 mmol} of 2-oxopiperazine gave 106 mg (86% of theory} of the ile

compound.

H-NMER (400 Mz, DMSO-dq, #/ppm): 8.13 (s, 1H), 4.13 (¢, 24, 4.05 (s, 21, 3.83 (¢, 2H), 3.69
{t, 2H), 3.24 (m, 2H), 2.84-2.74 (m, 25, 2.40 (s, 35, 1.57 (sext, JH), 0.%7 ¢, 3H),

LO/MS Method 1, ESIpos): K, = (.84 min, nvz = 447 [M+HT"
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Example 96

S-Methyi-6-I(3-oxopiperazin-l -vhcarbonyt]-3-propyl- 1 2-{trithioromethoxyethyt fthieno[2 3~

dipyrimidine-2,415,3H}-dione

Analogously to the process desoribed in Bx. 31, 100 mg (0.263 mumely of the compound from Ex,
102A and 32 mg (0.316 romol) of 2-oxopiperazine gave 78 mg (64% of theory) of the dtle

corapound,

TH-NME €400 Mz, DMSO-ds, Sppm): 8.13 (s, 1H), 4.41 (¢, 2H), 4.23 {1, 2H), 4.04 (s, 2H), 1.84
(¢, 21, 3.67 {4, 25, 3.23 (m, 2FD), 2.39 (s, 3H), 1.57 {sext, 2EL), 0.87 (¢, 3.

LO/MS (Method 1, ESIpos): Ro= 0.83 min, mvz = 463 [M+HY.
Example 97

S-(Dnfiuoromethyl -6 (3-oxopiperazin-1-vhcarbooyl}-3-(2-phenylethy)-1-(3,3,3-
trifluoropropylithieno[ 2 3-dlpyrimidine-2,4(1 H 3 H-dione

28 mp (0.281 mmol} of Z-oxopiperazine, 49 pl (0.281 mmol) of N N-dilsopropylethylamineg and 99
g (0,260 mmol} of HATU were added successively 1o a solution of 100 myg (0.216 mmol} of the
compound from Ex. 37A in 3.1 mi of avhydrous DMF. After a reaction time of about 16 b at RT,

the reaction mixture was separated divectly by preparative HPLC ioto s components (Method 6},
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The product fractions were combined and concentrated, and the residue was dried under high
vacuum. Stiring with a mixture of 10 mi of pentane and | mi of ditsopropyl ether for 20 min at
RT, filtration with suction and once more drying under high vacoum gave 78 mg (66% of theory}

of the title compound.

TH-NMR (400 MHz, DMSO-dg, 8/ppmy: 818 (s, 1H), 7.36 ¢, 1H), 7.34-7.29 (m, 2H), 7.27-7.21
(m, 3, 4.15 (t, 2H), 4.08 (m, 7H), 3.50 (broad, 1FD), 3.77 (broad, 1), 3.52 (broad, 2H), 3.22
fbroad, 2H), 2.86-2.71 {m, 4H).

LOMS (Method 1, ESIpos): R, = 0.98 min, m/z = 545 [M+H].

Example 98

3,5-Diethyvl-6-[{3-oxopiperazin-1 -yhearbonyl}-1-(3,3, 3triffuoropropyiithieno] 2 3-djpyrimidine-

24{1 H 3 -dione

& \i {{ o e NN
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Analogously to the process described in Ex. 81, 80 mg (.22 romel) of the compound from Ex.
111A and 24 mg {(0.242 mmol) of 2-oxopiperazing gave 93 mg {95% of theorv) of the title

compound.

H-NME (400 MHz, DMSC-ds, S/ppm): 8.14 (s, TH), 4.13 (1, 2H), 4.04 (5, 2F), 3.93 {quart, 2H),
3.67 (1, 2H), 3.23 (m, T, 2.86-2.74 (m, 45D, 113 (¢, 3H), 1.11 (¢, 35D,

LOMS (Method 1, ESIpos)y: R, = 0.79 min, m/z = 447 [M+HT

Example 99

6-{{4-Hydroxypiperidin-1 wvhcarbonyvi]-5-methy - 3-2-phenyiethyi}-1-[2-

{trifluoromethoxyjethyljthienof 2, 3-dlpyrimidine-2,4(1 H,3 H)-dione
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Analogously to the process described in Bx. 51, 65 mg (0.147 muwol) of the compound from Ex.
118A and 17 mg {0.162 mmol} of 4-hydroxypiperidine gave 72 mg {83% of theory) of the title

compound,

H-NMR (400 MHz, DMSO-d,, S/ppm): 7.32-7.28 (m, 2H), 7.25-7.20 (m, 3H), 4.80 (4, 1H), 4.39
{t, 2H), 4.22 {1, 27D, 4.08 {m, 28, 2.80-3.71 (m, 3H), 3.23 (m, 2H), 2.84 (m, 2H), 2.37 (s, 3,
1.79-1.72 (m, 2H), 1.40-1.30 (m, 2H),

LO/MS (Method 1, ESIposy: R, = 1.05 min, m/z = 526 M+HT"

Exasmple 160

3-(2-Hydroxy-2-phenylethyi}-6-{{4-hydroxypiperidin--yhcarbonyi}-5-methyi-1-(3,3,3-

triffuoropropyiithienc{ 2, 3-djpyrimidine-2 41 5 3H-dione {enantiomer 1}
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Analogously to the process described in Ex. 43, 50 mg (0.088 mmol} of the compound from Ex.

1254 gave 18 mg (38% of theory) of the title compound.

HNMR (400 MHz, DMSO-dg, $/ppm): 7.37-7.31 {(u, 4H), 7.28-7.23 {m, 1H), 5.40 (4, 1H), 4.96-
491 (m, 1H}, 4.80 {d, 1H), 4.23 {dd, 1H}, 4.11 (¢, 2H), 3.85-3.72 {m, 4}, 3.31-3.21 {m, 2H,
partially obscured by the water signal), 2.77-2.66 {(m, 2H), 2.38 (s, 3H), 1.80-1.73 {m, 2H), 1.41-
1.31 {m, 2H).
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LUMS (Method 1, ESIposy: R, = (.86 min, nvz = 526 [M+H]"

Chiral analvtical HPLC [column: Daicel Chiralcel OD-H, 5 pm, 236 nue x 4.6 mmy; cluent:
tsohexane/ethanol 1:1; flow rate: 1 mb/min, temperature: 30°C; detection: 220 om}: Ry = 6.65 min;

28% ee.

Example 181

3-(2-Hydroxy-2-phenylethy}-6-{(4-hydroxypiperidin-1 -y Hoarbonyl}-S-methyl-1-{3,3,3-
inftuoropropylithieno[ 2, 3-dlpyrnmadine-2 41 H, 3 F-dione {enantiomer 2)

Analogously to the process described 1o Ex. 43, 50 mg (3.088 mmol} of the compound from Ex.

126A gave 13 mg (29% of theory) of the title compound.

TB-NMR (400 MHz, DMSO-d,, S/ppm): 7.38-7.32 (m, 4H), 7.28-7.23 {m, 1H), 5.40 {d, 1H), 4.96-
4.91 (m, 1H), 4.80 {d, 13, 4.23 (dd, 13D}, 4.11 (¢, 2H, 385372 (m, 48, 3.31-3.21 (o, 2H,
pariiaily obscured by the water signal), 2.77-2.66 (yo, 2H), 2.38 {g, 3H}, 1.80-1.73 {m, 2H), 1.40-
1.31 {m, 2H).

LOMS (Method 1, ESIpos): R, = 0.86 min, m/z = 526 [M+H].

Chiral analytical HPLC [cobmmn Daicel Chiraleel OD-H, § um, 230 mm x 4.6 mum; eluent:
ischexane/ethanol 1:1; flow rate: 1 mb/min, temperature: 30°C; detection: 220 nm]: B, = 4.98 min;

>99% ez

Example 182

3-{2-Fluoro-2-phenylethyl}-6-[{4-hydroxypiperidin-1-vcarbonyi}-S-roethyl-1-(3,3,3-

triflucropropylithieno{2,3-dipyrinudine-2,4(1 F 3 -dione {enantiomer 1}
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Analogously to the process deseribed 10 Ex, 43, 75 mg (6133 mmol} of the compound from Ex.

127 A gave 57 mg {(81% of theory} of the title compound. In this case, the reaction time was 30 min,

H-NMR (400 MHz, DMSO-dq, 8/ppm): 7.49-7.40 {m, 5T0), 5.77 (ddd, 11D}, 4.80 (d, 1H), 4.63 (m,
1H), 4.15 (¢, 2H), 4.00 (ddd, 1IT), 3.83-3.72 (m, 3H), 3.29-3.22 {m, 2H), 2.86-2.74 {m, 2ED), 2.40 {s,
37D, 1.81-1.73 G, 2D, 1.41-1.32 (i, 2HD.

LC/MS (Method 1, ESIpos): R, = 0.98 min, m/z = 828 [M+H].

Example 183

3-(2-Flusro-2-phenyiethyl-6-{{4-hydroxypiperidin-L-vlicarbonyi]-S-methyl-1-(3,3,3-
triftuoroprapylthieno{2, 3-dlpvrimidine-2 41 H 3 H)-dione {enansiomer 2}

Axnalogously to the process described in Ex. 43, 38 myg (0.102 mnol) of the compound from Ex.

I28A gave 41 mg (76% of theory) of the title compound. In this case, the reaction time was 30 min.

H-NMER {400 MHz, DMSO-d,, S/ppm): 7.49-7.40 (m, SH), 5.77 (3dd, 1H), 4.82 {d, 1H), 4.63 (m,
1), 4.16 (¢, 28D, 3.99 (ddd, 1H), 3.82-3.71 {m, 31, 3.29-3.21 (o, 2ED), 2.86-2.74 (m, 2H), 2.40 (s,
3H), 1.80-1.73 (m, 21, 1.41-1.32 (e, 2H).

LM (Method 1, ESIpos): B, = 0.98 min, m/z = 528 [M+H]"
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Example 184

6-{{4-Hydroxypiperidin-1 -yhcarbonyil-5-methyi-3-(3, 3. 3-trifluore-2-phenylpropyl}-1-(3,3,3-

infhioropropylthieno{ 2, 3-djpyrimudine-2 41 H, 3 f)-dione {racemare)

R

Analogously 1o the process described in Bx. 43, 25 mg {0.040 nunol) of the compound from Ex.

122A gave 20 mg (81% of theory, purity 95%) of the title compound.

H-NMR (400 MBz, CDCl, 8/ppm): 7.37-7.31 (on, 5H), 4.62-4.50 (m, 2H), 4.16-4.0% {m, JH),
4.06-3.98 {m, 2H}, 3.95-3.88 {(m, 2H), 3.43-3.36 {m, TH), 2.51-2.40 {m, 2H}, 2.47 (s, 3H), 1.97-
1.90 (m, 28, 1.65-1.56 (m, 2H}, 1.51 (broad, 1H).

16 LO/MS (Msthed 1, BSIpos) Ry= 1.04 min, m/z = 578 {M+H]".

Esxampie 185

3-(2-Hydroxy-2-phenylpropyl}-6-{{4-hydroxypiperidin-1 -vljcarbonyl}-5-methyl-1-(3,3 3~

triffuoropropylithieno{2 3-dipyrimidine-2 41 H 3F-dione {racemaie)
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15 Analogoussly to the process described in Ex. 43, 67 g (8.115 mmol} of the compound from Ex.

129A gave 17 mg (27% of theory) of the tile compound.
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HNMR (400 MHz, DMSO-d, &/ppm): 7.48 (d, 2H), 7.30 (1 2H), 721 ¢, TH), 5.05 (s, 1H), 4.81
(d, 11, 4.18 {(guart, 211}, 4.12-4.03 (m, 2H), 3.81-3.72 (ou 3H), 3.283.21 (m, 2H), 2.75-2.63 (m,
2T, 2.34 (s, 3H), 1.80-1.74 (m, 28), 1.42 {5, 3H), 1.41-1.32 {m, 2H).

LO/MS (Method 1, ESIposk: R, = 0.93 min, m/z = 540 [M+H]".

) Example 186

3-{4,4-Diftuorobut-3-en-1-yl3-6-{{(4-hydroxypiperidin-i-vijcarbouyi -5 -methyl-1-(3,3,3-
triftuoropropyhihieno] 2, 3-djpyrinadine-2 41 A3 -dione
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Analogously to the process described in Ex. 43, 90 mg ((.167 mmeol) of the compound from Ex.

13 123A gave 66 mg {79% of theory} of the title coropound.

H-NMR (400 MHz, DMSO-dq, S/ppmy; 4.30 {4, 1H), 4.53 {(dtd, 1H), 4.13 (¢, 2H), 3.82 (¢, ZH),
3.81-3.71 {(m, 3H), 3.27-3.21 (m, 2H), 2.84-2.71 (m, 2H), 2.38 (s, 3H}, 2.32-2.27 {m, 2H), 1.80-
V.72 {m, 2H), 1.40-1.30 {m, 2H).

LC/MS (Method 1, ESIpos): R, = 0.96 min, nvz = 496 [M+HT]".

15 Example 187

6-{{4-Hydroxypiperidin-1-yljcarbonyi}-S-methyl-3-(3,3, 3-trifluors-2 ~-methoxypropy -1 -(3,3,3-
trifluoropropylithieno{2,3-dipyrimidine-2,4(1 F 3F-done {enantiomer [)
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134 mg {(6.252 momol} of the racemic compound from Ex. 66 were dissolved in 4 ml of isopropanol
and, in 13 portions, separated into the enantiomers by preparative HPLC on a chiral phase fcolumn:
Daicel Chiraleel OX-H, 5 um, 250 mm x 20 mm; mobile phase: isohexane/isopropanol 65:35; flow
raie: 15 ml/min, temperature: 40°C; detection: 220 nm]. This gave, afler concentration of the
product fractions and drying of the residue under high vacuum, 32 mg (47% of theory) of

enantiomer 1.

H-NMR €400 MHz, DMBO-dg, 8/ppm); 4.81 (4, UH), 4.29-4.14 (m, 4H), 4.05 (dd, 1H), 3.82-3.71
(m, 3H), 3.43 (s, 3H), 3.28-3.21 (m, 2H), 2.87-2.75 (m, 25, 238 {5, 3H), 1.80-1.73 (m, 2H), 1.40-
1.31 {m, 2H).

LOMS (Method |, ESIposy: By = 0.92 min, m/z = 532 [M+H]".

Chiral analvtical HPLC {colunuy LUX Cellulose 4, 5 pm, 250 mm x 4.6 mm; mobhile phase:
ischexane/isopropano! 60:40; flow rate: 1| ml/min, temperature: 40°C; detection: 220 nm): R, = 7.47

min; 99.9% ee,

Example 108

5-[{4-Hydroxypiperidin-1 -yicarbonyl]-5-methyi-3-(3,3, 34ntlvore-2-methoxypropyi-1-(3,3,3-

]

trifluoropropyhithiena{ 2, 3-dlpyrimiding-2 4{1 H . 3H)-dione {enantiomer 2)

134 mg (0.252 mmol} of the racemic compound from Ex. 66 were dissolved in 4 ml of isopropanct
and, in 13 portions, separated into the enantiomers by preparative HPLC on a chival phase [column:
Daicel Chiraleel OX-H, 5 um, 250 rom x 20 mam; mobile phase: ischexane/isopropanct 65:35; flow
rate: 15 ml/min, temperature: 40°C; detection: 220 nm]. This gave, afier concentration of the
product fractions and drying of the residue under high vacuum, 53 mg (79% of theory) of

enantiomer 2.

TH-NMR (400 MHz, DMSO-dg, 8/ppm): 4.81 (d, 1H), 4.29-4.14 (m, 4H), 4.05 (dd, 1H), 3.82-3.71
(o, 3H}, 3.43 (s, 3H), 3.28-3.21 (m, 2H), 2.87-2.75 {m, 2H), 2.38 {5, 3H), 1.80-1.73 (m, 2H), 1.40-
1.31 {m, 2H).
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LO/MS (Method 1, BSIpos): R, = 0.92 nun, ro/z = 532 [M+HT.

isohexane/isopropanol 60:40; flow rate: 1 wol/min, temperature: 40°C; detection: 220 niol: Ry = 9.67

min; 99.9% ee.

Example 109

&-H{4-Hydroxy-4-methylpiperidine 1 -yhcarbonyi-5-methyl-3-( 2-phenyviethyl}-1-{2-
{triffacromethoxy Yethylithienof 2 3-dipyrimidine-2,4(1 H 3 H)-dione
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Analogously to the process deseribed n Ex. 31, 65 myg (0,147 mumel) of the compound from Ex.
1184 and 19 mg (1,162 mmol) of 4-methyipipenidin-d-ol [commercially available; hit. eg: J. M.
McManus e al., S Med, Chem, 1968, 8 {8}, 766-776] gave 65 myg (79% of theory} of the tiile

compound.

'FNMR (400 Mz, DMSG-de, S/ppmy; 7.33-7.28 (m, 2FD, 7.25-7.20 (m, 3H), 4.46 (5, 1H), 4.39
(t, 2H}, 4.22 (&, 21}, 4.08 {m, 28, 3.76-3.65 (broad, 2H), 3.37-3.29 {m, 2H, partiztly obscured by
the water signal}, 2.84 (m, 2H), 2.37 {s, 3H), 1.54-1.40 {m, 430}, 1.15 {5, 3H).

LO/MS (Method 1, ESIpos)y: R, = 1.10 min, nv/z = 540 [M+H].

Example 118

6-{[4-Hydroxy-4-(hydroxymethylipiperidin-1-ylcarbonyl} -S-methyl-3-{2-phenylethyli-1-[2-

{inthioromethoxyiethyljthieno{2,3-djpyrimidine-2,4{1 H,3H)-dicne
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Analogously 1o the process described in Bx. 81, 65 mg {0.147 mmol) of the compound from Ex,
118A and 27 mg (0.162 mumel} of 4-(hydroxymethylpiperidin-d-ol hydrochloride {commercially
available; lit. e.g.0 WO 2005/183037-A2, Example A3b (free base}; US 2011/ 283065-Al, Example
105/ Step 1 (hydrochloridel} gave 73 mg {90% of theory) of the title compound,

H-NMR (400 MHz, DMSO.d,, Sfppmy: 7.32-7.28 (m, 28}, 7.25-7.20 {m, 3H), 4.63 {1, 11D, 4.39
{t, 2H}, 4.36 (s, 1H), 4.22 {1, ZH), 4.08 {m, 2H}, 3.85-3.77 {broad, 2H), 3.31-3.22 {m, 2H, partially
obscured by the water signal}, 3.21 {(d, 2H), 2.84 Gn, ZH), 2.38 {5, 3H), 1.59-1.51 {m, 2H), 1.43-
1.37 (m, 2H).

LO/MS (Method 1, ESIposh: R, = 0.99 min, m/z = 556 [M+H]".

Example 111

3-Ethyl-6-{(4-bydroxy-4-methvipiperidin-L-vDearbonyl]-5-methyl-1-{2-
(rifluoromethoxy jethylithiene{2,3-djpyrimidine-2 4{1 H 3H)-dione

Analogously to the process described in Ex. 51, 100 myg {8.273 mmol} of the compound from Ex.
104A and 38 mg (0.328 mumol} of 4-ethylpiperidio-4-of {commercially available; lit. g I M.
McManus e af., J Med Chem. 1965, § {6), 766-776] pave 98 mg (7

y
7% of theory) of the title

compound. The reaction time in this case was | h



10

Yot
(¥4

35 - POT/EPIO14/071113

N2

WO 2015/052665 -

"H-NMR (400 Mz, DMSO-dg, Stppmy: 4.45 (s, 1H), 441 (1, 2H), 4.22 (¢, 2H), 3.91 (quart, 2H),
3.75-3.63 {broad, 2H}, 3.37-3.29 {m, 2H, partially obscured by the water signal}, 2.37 (s, 3H}, 1.53-
1.40 (rm, 4F, 135 {s, 3H), 113 4, 35D

LC/MS (Method 1, ESIpes): R, = 0.88 min, mv/z = 464 [M+H]".

Example 112

3-Ethyi-6-{{4-cthyl-4-hydroxypiperidin- 1 -vljcarbonyl}-S-methyi-1-{2-

{triffuoromethoxy ethylfthieno]2,3-dlpyrimidine-2,4{1 H 3 5)-dicve

HO \
cH, e
FF

Anslogously to the process described in Ex, 51, 80 myg (0.21% mmol) of the compound from Ex.
104 A and 44 mg (0.262 mmol) of 4-sthylpipendin-4-ol hydrochlonde [commercially available; Ht.
e.g.. US 2004/0067931-A1, Example 3.232 (free base}] gave 97 myg (93% of theory) of the title

compound,

"H-NMR (400 MHz, DMSC-d,, S/ppm}: 4.41 {t, 2H), 4.26 (s, 1H), 4.22 {t, 2H), 3.91 {quart, 2H),
382372 (broad, 2H), 3.33-3.25 {m, 2H, partially obscured by the water signal}, 2.37 (s, 3, 1.51-

£.45 (m, 2H), 1.42-1.34 (o, 2H), 1.40 {quart, 28}, 1.13 (4, 3H), 0.83 (¢, 3H).
LEMS (Method 1, ESIpos): R, = 0.94 min, nvz = 478 [M+H]"

Example 113

3-Ethyl-s-[{d-ethyl-d-hyvdroxypiperidin-t-yhcarbonyi-S-methyi-1-(3,3,3-
triftuoropropyiithienof2, 3-dlpyrimidine-2 41 H 3 }-dione



WO 2015/352063 - 230 - POT/EP2OI4/671113

Analogously to the process described 1n Ex. 51, 80 myg (0.228 mmol} of the compound from Ex.
524 and 45 myg (0.274 mmol) of 4-cthylpiperidin-4-o! hydrochloride [conunercially available; lit.
e.g.. US 2004/0067931-A1, Exaraple 3.232 {free base}] gave 94 mg (89% of theory) of the title

5 compound.

TH-NMR (400 MHz, DMSO-d, 3fppmy: 4.26 (s, 1H), 492 (1, 2H), 3.91 (quart, 2H), 3.84-3.73
{broad, 2H), 3.33-3.25 (m, 2H, partially obscured by the water signal), 2.85-2.73 (m, 2H), 2.38 {5,

3H), 1.52-1.46 {m, 2F), 1.41 {quart, 2H), 1.41-1.35 (m, 2H), 1.13 (t, 3H}, 0.84 {t, 3H).
LOMS {(Method 1, ESIpos): R, = .50 min, mv/z = 462 [M+H].

10 Example 114

&- {{4-Hydroxy-4-(hydroxymethyDpipendin-1 -yljcarbonyi}-S-methvl-3-(3,3, 3-tnfluoro-2-

methoxypropyl)-1-03.3, 3-riflucropropy Dithieno2, 3-dlpyrimiding-2 41 7 3 H-dione {enantiomer [}

HQ W

Ed
OH FTLE

P20 g (0.214 monwel) of the racernic compound from Ex. 81 were dissolved in 4 ml of isopropanol
15 and, i 13 portions, separated into the enantiomers by preparative HPLC on a chiral phase {coluran:
Daicel Chiraleel OX-H, § pm, 250 mm x 20 oy mobile phase: isohexane/isopropanol 60:40; flow
rater 15 mifmin, temperature: 30°C; detection: 228 mu] This gave, after concentration of the
vroduct fractions and drying of the residue under bigh vacuum, 54 mg (86% of theary, chem. purity
95%., >99% ee} of enantiomer 1. Re-purification by preparative HPLC (Method 5) gave 44 myg

W {73% of theory) of the title compound i pure form.
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YHANMR (400 MHz, CDCL, d/ppm): 4.46 (dd, 1H), 4.21-3.97 (o, 6H), 3.51 {5, SH), 3.45 (br. 1,
2, 2.71-2.60 (o, 2H), 2.50 (s, 31D, 2.21 {broad, 1H), 1.95 (broad, 15}, 1.76-1.70 {m, 2H), 1.58-

1.51 (o, 2H, partiaily obscured by the water signal.
LC/MS {Method 1, ESIpos): B, = 0.88 min, m/z = 562 [M+H".

Chiral analytical HPLC [column: LUX Cellolose 4, § pmy, 250 rom 2 4.6 mm; mobile phase:
1sohexane/isopropanct 60:44; flow rater 1 mb/min, temperature: 40°C; detection: 220 nm]: Ry= 8.11

min.

Exampie 115

-~

6-{{4-Hydroxy-4-(hydroxymethylipiperidin-1 ~ylicarbonyi}-S-methyl-3-(3,3,3-trittuorg-2~

methoxypropyi}-1-(3,3,3-tritiuoropropylihienc|2,3-dpyrimidine-2, 41 H 3 })-dione (enansiomer 2}

120 mg (0.214 punol) of the racemic compound from Ex. 81 were dissolved in 4 mi of isopropanol
and, in 13 portions, separated into the enantiomers by preparative HPLC on a chirval phase {column:
Daicel Chiralcel OX-H, § um, 250 mam x 20 mmy; wobile phase: isohexane/isopropanol 60:40; flow
rater 15 mi/min, temperature: 30°C; deteciion: 220 nra]. This gave, after concentration of the
product fractions and drying of the residue under bigh vacuurg, 5% me (92% of theory, chem. purity
95%, >99% ee) of enantiomer 2. Re-purification by preparative HPLC (Method 5) gave 45 mg

{75% of theory} of the title compound m pure form.

"H-NMR (400 MHz, CDCL, Slppmy 4.46 {dd, 1H), 4.21-3.97 (1, 6H), 3.51 {s, SH), 345 (br. ¢,
ZH), 2.71-2.60 {m, 2H), 2.50 {s, 3R}, 2.20 {(broad, 1H}, 1.94 {broad, 1H), 1.76-1.70 {m, 2H), 1.57-

1.51 (m, 2H, partially obscured by the water signal).
LC/MS {Method 1, ESTpos): R, = 0.88 min, m/z = 562 [M+H]".

Chiral analytical HPLC feoluran: LUX Cellulose 4, § um, 250 mm x 4.6 mm; mobile phase:
ischexane/isopropanol 60:40; flow rater T ml/nun, temperature: 40°C; detection: 220 nml R, =

10.96 min.
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Example 116

£
:'

6-{(3,4-Dihydroxypiperidin-1-vhcarbonyl]-3-ethyi-S-methyi-1-(3,3.3-trifluoropropyljthiens{2,3-

dipyrimidine-2,4(1 4, 3H)-dione {cis-racemaie)

Hi&i
O,
N 5
el p
<

Analogously to the process described in Ex. §1, 200 mg {0.571 mmol) of the compound from Ex.
5284 and 105 mg (0.685 romoly of racemic cis-3,4-dibydroxypiperidine hydrochloride
[comunercially available; Ht ego H. H. Jensen er af., Chemistry Eur, J 2082, 8 (5), 1218-1224]
gave 160 mg (52% of theory) of the title compound. Purification was camried out by preparative

HPLC {(twice) according to Method 8.

"H-NMR {400 MHz, CDChL, S/ppmy 4.23-4.11 {m, 2D, 4.07 (quart, 2B), 3.57 {dt, 11D, 3.89-3.82
{m, 2D, 3.81 (&, 1H), 3.61-3.55 (m, 15D, 3.42-3.36 (m, 1H), 2.70-2.59 (m, 2H), 2.51 (s, 3H), 1.98-
1.8 (m, 1FD), 1.79-1.72 {m, 1FD) 1.25 (&, 3H).

LO/MS (Method 1, ESIpos): R,= 0.76 min, m/z = 450 [M+HY.
Example 117

&-[{3,4-Dihydroxypiperidin-1-vlcarbonyii-3-cthyl-S-methyl-1-{3,3, 3-triflooropropyl thieno| 2 3-
dipyrimidine-2 4(1 H 3H)-dione {cis-enantiomer 1}

;\L

{,s’
\
\3

149 mg (0,332 romel) of the racenie compound from Hx. 116 were dissolved in a mixiure of 1 mi

of methanol and 0.5 ml of isopropanol and, in & portions, separated into the epantiomers by
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preparative HPLC on a chiral phase [column: Daicst Chiralpak IO 5 um 250 mm x 20 mny; mobile
phase; isohexane/ethanol $G:30; How rate: 20 mi/min, temperature; 23°C; detection: 220 nm]. This
gave, after concentration of the product fractions and dryving of the residue under high vacuum, 49
mg {63% of theory, chem. purity 97%, 95% ee} of enantiorer 1. Subsequent stirring with pertane

gave 38 mg (51% of theory} of the title compound in pure form,

'H-NMR (400 MHz, CDCl, 8/ppm): 4.23-4.11 (m, 2H), 4.07 (quart, 250, 3.99-3.94 (m, 1H), 3.89-
3.82 {m. 2H), 3.81 (¢, 1H), 2.61-3.55 (m, 11, 2.42-3.36 (m, 15D, 2.70-2.59 (mn, 2H), 2.51 (s, 3H),
2.26 (d, TH), 2.11 (d, 1H), 1L98-1.89 (m, 1H), 1.79-1.72 (m, 1H), 1.25 (¢, 3H).

Chiral analytical HPLC {colorn: Daicel Chiralpak 1E-3, 3 um 30 mm x 4.6 vun; mobile phase:
ischexane/cthanol 5G:50; flow rater 1 mb/min, temporature: 40°C; detection: 220 nm B, = 1.96

man.

Example 118

6-{(3,4-Dihydroxypiperidin-l -yhearbonyl]-3-cthyl-S-methyl-1-03,3 2-irifluoropropybithiens{2,3-

dipyrimidine-2,4(1 H 3 -dione (cis-enantiomer 2}

HE oo
2 \
{: } g"%"\"“w-" N P ".‘/“’\‘\,\‘ C H
.’\:x-‘»-ms’if ! [ ‘ ¥ 3
féf \ v-"‘i\,\
P SR

149 rag €0.332 mmeol} of the racemic compound from Ex. 118 were dissolved in g mixture of 1 ml
of methanol snd 0.3 mwl of isopropanol and, in 6 portions, separated into the enantiomers by
preparative HPLC on a chiral phase [colunuy: Daicel Chiralpak IC 5 pm 250 mm x 20 mm; mobile
phase: ischexane/ethanol 30:50; flow rate: 20 mlmiy, temperature: 23°C; detection: 220 nim]. This
gave, atter concentration of the product fractions and drying of the residue under high vacuum, 36
mg {74% of theory, chom. purity 97%, 94% co) of enantiomer 2. Subsequent stirring with pentane

gave 50 mg {(67% of theory) of the title compound in pure form.

"H-NMR €400 MHz, CDCL, ppmy 4.23-4.11 (m, 2H}, 4.07 {quart, 2H}, 3.99-3.84 (m, 1H), 3.89-
3.82 {m, 2H}, 3.81 {t, TH), 3.61-3.55 (m, 1H), 3.42-3.36 (m, 1H), 2.70-2.59 {m, 2H}, 2.51 (5, 31},
2.31 {(broad, 1H}, 2.14 (broad, TH), 1.98-1.89¢ {m, 1H}, 1.79-1.72 (m, 1H}, 1.25 (¢, 3H).
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Chiral analytical HPLO {column: Daicel Chiralpak 1E-3, 3 pm 50 mm x 4.6 mm; mobile phase:

isohexane/ethane! 30:50; flow raie: 1 mi/min, teraperature: 40°C; detection: 220 nm) R, = 1.62

TR

Example 119

5-[(3,4-Drihydroxypiperidin-1 -ylearbonyl]-3-ethyl-S-methyl~1 -(3,3, 3-rifluoropropyithienc|2,3-
dipyrimidine-2,4(1 # 3H)-dione {vis-racemaie)

H.& {ﬁ
%h ;} \; W «H
$ i{;
RMR 87 \\ ,—
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Analogously to the process described in Ex. 51, 200 mg {0.571 mumob) of the compound from Ex,
524 and 105 mg (0.685 mmol} of racemic frans-34-dibydroxypiperidine hydrochlioride
fcommercially available; ht. e.g: H. H. Jensen et al., Chemistry Fur. J 20802, § (5), 1218-1226]
gave 161 mg {(62% of theory) of the title compound. Purification was carried out by preparative

HPLC {twice) according to Method §,

THNMR (400 MHz, CDCl, Sfppm) 4.24-4.13 (m, 3H), 4.11-4.02 {m, 3H), 3.74-3.66 (m, 1H),
3.60-3.53 (m, 1H), 3.22-3.05 (m, 2H), 2.70-2.59 (m, 21, 2.51 (s, 3H), 2.11-2.03 (o, 1H), 1.62-
1.51 {m, 1H), 1.26 (t, 3H).

LC/MS (Method 1, ESIpos)y: R, = 0.76 min, nvz = 450 [M+H].

Example 128

6-1(3,4-Dihydroxypiperidin-t~yhearbonyl}-3-ethyl-S-methyl-1-3,3,3-triflucropropy! jthieno{ 2, 3

dipyrimidine-2 41 H 3H-dione {(frans-enantiomer 1}
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146 yeg (0325 mmol) of the racemic compound from Bx. 119 were dissolved in 3 mi of
isopropanol and, in 4 portions, separated into the enantiomers by preparative HPLC on a chiral
phase [eolumie Datcel Chiralpak 1O 5 wm 250 mam x 20 mm; mobtle phase: ischexane/isopropano!
o 40:60; flow rater 13 ml/min, temperature: 35°C; detection: 220 nm]. This gave, after conceniration
of the product fractions and drving of the residue under high vacuum, 62 g (84%6 of theory) of

enantiomer 1.

"H-NMR (400 MHz, CDCly, 8/ppm): 4.20 {broad, iH), 4.17 (m, 2H), 4.08 (broad, 1H), 4.07 {guart,
2H}Y, 3.73-3.67 {mm, TH}, 3.59-3.53 {m, 1H), 337 {4, 1H}, 3.09 (dd, 1H), 2.70-2.59 (m, 2H), 2.51 (s,

10 3H) 2.48 {(broad, 1H), 2.25 (broad, 1H}, 2.16-2.04 {(m, 1H), 1.61-1.51 (m, 1H, partially ohscured
by the water signal}, 1.25 (¢, 3H).

Chiral analytical HPLC [cohuran: Datcel Chiralpak IC 5 pm 250 mum x 4.6 mm; mobile phase: 409
isohexane / 60% isopropancl with 0.2% TFA and 1% water; flow rater 1 mli/min, temperature:

40°C; detection: 220 nm]: B, = 6.6% min; >99%% ce,

15 Exampie 121

6-[(3,4-Dihydroxypiperidin-t -yhcarbonyl}-3-ethyl-S-methyl-1-(3,3, 3-trifluoropropyipthiens{2,3-

dipyrimiding-2, 41 A 3 -dione (rans-enaniiomer 1}

X

HG I
\ 3
e T

£
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;@‘ e
H O * s
/
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146 mg (0.325 mmol} of the racemic compound from Ex. 119 were dissolved in 3 mi of

20 isopropanol and, in 4 portions, separated into the enantiomers by preparative HPLC on a chusl
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phase {colurmn: Daicel Chiralpak IC 5 um 250 mm » 26 mm; mobile phase: isohexane/isopropanol
44:60; flow rate: 15 mifmin, temperature: 353°C; detection: 220 nm). This gave, afier concentration
of the product fractions and drying of the residue under high vacuum, 62 mg {84% of theory} of

enantiomer 2.

YH-NMER (400 Mz, CDCL, 8/ppmy: 420 {broad, 1M}, 4.17 {m, 2H), 4.68 (broad, 1H}, 4.07 {gquart,
283, 3.73-3.67 {m, TH), 3.59-3.53 (m, TH), 3,17 4, 1H), 3.09 {dd, 1H}, 2.70-2.59 (m, 2H), 2.51 {br,
5, 4H), 2.27 {(broad, 1H), 2.10-2.04 (m, 1H), 1.61-1.51 (m, 1H, partially obscured by the waier

aignal), 1.26 {t, 3H).

Chiral analytical HPLC {column: Daicel Chiralpak IC 5 pm 250 i x 4.6 mn; mobile phase: 40%
isobexane / 60% isopropanc! with 0.2% TFA and 1% water; flow rate: 1 mi/min, forperature:

403°C; detection: 220 nmi: B = 5.74 min; >89% ge.

Example 133

5-{Diftuoromethyl}-3-ethyl-6-[{4d-hydroxypiperidin-1 -yhearbonyl}-1-(3,3,3-

trifluoropropylithienof 2, 3-djpyrimidine-2? 4{1 H 3F)-dinne

O . g
N A z N7 TCH,
SNURS i i
ki i %
‘,3 BN - 3\/\'\
£ S Vi
¢ 3
, 7
! Fi i
4
H{:} ,‘f‘%'\
S
?

23 mg {0.228 mmol} of 4-hydroxypiperidine, 95 mg {0.24% ramol) of HATU and 54 ul {6.311
mmol) of N N-diisopropylethylanine were added successively to a solution of 80 mg (8.207 mmol)
of the compound from Ex. 1194 in 3 od of anhiydrous DME. Afier a reaction time of about 16 h at
KT, the reaction mixture was separated directly by preparative HPLC (Method 5) into s
components. The product fractions were corabined and concentrated, and the residue was dried

under high vacuum. 86 myg (88% of theory) of the title compound were ohiained.

H-NMR (400 MHz, DMSO-de, 8/ppm): 7.33 (&, TH), 4.81 (broad, 1H), 4.15 (&, 2H), 2.94 (broad,
FH), 3.92 {quart, 2H), 3.75 (o, 1H}, 3.50 ¢broad, 1H), 321 (broad, 2H), 2.89-2.73 {m, 2, 1.73
{broad, 2B}, 1.36 (broad, 2K}, 1.14 3, 3H).

LUMS (Method 1, ESIpos)y: R, = .83 min, m/z = 470 [M+H]"
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Example 123

S+{Diflueromethyvi}-3-ethvi-6-{{4-hydroxypiperidin- i -viarbonyvii-1-{2-

(irifluoromethoxy jethvl fthiencf 2, 3-dipvrimidine-2,4(1 #,3H)-dione

"‘:} i T e ~
2 M OH
et g
P 57T o
(T
X
S .
> |
HE Oo oF
AN
FF

#  Analogously to the process descrived in Ex. 122, 160 mg (0.249 mmol) of the compound from Ex.
F20A and 30 mg (.298 mmel) of 4-hydroxypiperidine gave 70 mg {58% of theory) of the title

compound.

H-NMR (400 Mz, DMSO-de, Sppm): 7.33 (¢, 11D, 4.81 (broad, 11), 4.43 ¢, 2H), 4.26 (¢, 2H),
3.96 (broad, TH), 3.93 (quart, 2H), 3.74 (m, 1H), 3.46 {broad, 1H}, 3.20 (broad, 7H), 1.72 (broad,
10 2H), 1.35 (broad, 2H), 1.14 {t, 3H).

LO/MS (Method 1, ESIposy: R, = (.84 min, m/z = 456 [M+HT
Example 134

S-(Mhfluoromethy}-3-cthyb-6-{{(4-hydroxy-4-methvipiperidin-1-vDearbonyl]-1-3,3,3-
triftuoropropylithieno[2,3-dpyrimidine-2 4(1 H, 3 F}-dione

.F’f
?«X g
k i
O gg;m{ -..N,/‘\CH\
I PN
KeMN\ ::"f N O
/) .
N & B
HO™] |
GH, e T
‘i:',

Analogously to the process described in Bx. 122, 80 myg {0.207 mmol} of the compeound from Ex.

HBA and 26 mg (0.228 ouool) of d-methylpiperidin-gd-ol [commercially available; lit. eg: J. M.



is
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McManus et af ., J Med Chem. 1965, 8 {6}, 766-T76]1 gave 87 mg (3% of theory, purity 26%) of

the title compound.

'H-NMR (400 MHBz, DMSO-d, Sfpproy 7.33 (¢, 1H), 4.47 {broad, 1H), 4.15 {t, 2H), 4.06 {(broad,
1H}, 3.92 {qoart, 2H), 3.24 {broad, 3H), 2.88-2.73 (m, 2H), 1.56-1.40 {(broad, 4H)}, 1.15 {5, 3H),
1.14 ¢, 3HL

LOMS (Method |, ESIpos: R = 0.38 min, m/z = 484 [M+HT"

Example 125

S-(DifluoromethyD-3-ethyl-6-[{4-cthyl-4-hydroxypiperidin-1 -ylcarbonyi}-1-(3,3,3-
trifluoropropyDithneno{ 2, 3-dlpyrinudine-2, 41 &, 3 )-dione

F:“"‘““ \“{ E
Q s e,
L
N S e ’\.,\ Pf ﬁ‘w {:}
\‘}
HO
CH, P

Axnalogously to the process deseribed in Ex. 122, 80 mg {0.207 momol} of the compound from Ex.
FI9A and 41 mg (0.249 mmol} of 4-ethylpiperidin-4-ol hydrochloride [commercially available; Iit.
ez US 2004/0067931-A1, Example 3.232 (free base}] gave 86 mg (83% of theory} of the title

compound.

H-NMR (400 Mz, DMSO-ds, Sfppm): 7.33 (¢, 1H), 4.27 (5, 1H), 4.16 (broad, 1H), 4.15 (¢, 2H),
3.92 {guart, 2F), 3.36 {broad, 2H), 3.13 (broad, 1H}, 2.87-2.75 (m, 2H), 1.50 (broad, 2H), 1.40
(quart, 2H), 1.39 (broad, 2FD), 1.14 (1, 3H), 0.83 {t, 33D.

LC/MS (Method 1, ESIpos): R, = 0.92 min, m/z = 498 [M+H]".

Example 126

S-{Diftuoromethyiy-3-ethyi-6- {[4-hvdroxy-d-(hydroxymethylpiperidin-f-vilcarbonyi}-1-(3,3,3-

srifluoropropylithieno|2,3-d]pyrimidine-2 41 H,3H-dions



A8

G

W 2015/852865 - 265 - POCT/EPZH14/671113

HO
OH

Analogously 1o the process described in Ex, 122, 80 mg (0.207 nuool} of the compound from Ex.
1184 and 38 mg (0.228 mmol) of 4-(hydroxymethylpiperidin-d-o} hydrochloride [commercially
available; i e.g s WO 20058/103037-A%, Example A3b {free base); US 2011/ 288065-A1, Hrample

185/ Step | {(hydrochloride}] gave 88 myg (85% of theory) of the title compound.

H-NMR (400 Mz, DMSO-de, Sfppmy 7.32 1, 1H), 4.63 (broad, 1H), 4.36 (broad, 1H), 4.21
{broad, 1H), 4.15 {t, 2H), 3.92 {quart, 2H), 3.37 (broad, 28, 3.20 (s, 2F), 3.10 (hroad, 1H), 2.89-
2.73 (m, 235, 1.53 {dt, 2FD), 1.40 (broad, 2H), 1.14 (¢, 3.

LC/MS (Method 1, ESIpash: Ry = (.77 min, m/z = 500 [M+H]'.
Example 127

S-{Difluoromethyl}-3-ethyl-6-{(4-hydroxy-4-methylpiperidin-1 -ylcarbonyl -1 -{2-
(trifluoromethony jethvijthieno{2,3-dpyrimidine-2,4{1 H.3 F)-dione

Analogously to the process described in Ex. 122, 100 mg (10.249 munol) of the compound from Ex.
1204 and 34 mg (0.298 mmol) of 4-methylpiperidin-4-ol [conunercially available; lit. eg.: 1. M.
McManus o af., J Med. Chem. 1968, 8 (63, 766-776] gave 82 mg (66% of theory) of the tiile

compound.
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H-NME (400 MHz, DMSO-de, ppm): 7.32 (1, UH), 4.47 (s, TH), 4.42 (¢, 2H), 4.25 (1, 2H), 4.05
(broad, 111), 3.92 (quart, 2H), 3.25 (broad, 3H), 1.57-1.38 {broad, 410, 1.14 (s, 3H), 1.14 (1, 3H).

LC/MS (Method 1, ESIpos): R, = 0.88 min, m/z = 500 [M+H].

Example 128

3,5-Diethyi-6-[{4-ethvi-4-hyvdroxypiperidin-1-ylcarbonyl}-1-(3,3,3-trifluoropropylithienc| 2,3-
dlpyrimudine-2 4{1 H,38)-dione

Analogously to the process described in Ex. 122, 80 mg (1.220 mmol} of the compound from Ex.
111 A and 44 mg (0.263 mmol) of 4-cthyipiperidin-d-ol hydrochlonide [commercially available; 1.
e.g.r LS 2004/0067931-A1, Example 3.232 {free base)] gave 180 myg (95% of theory} of the title

compound.

F-NMR (400 MEkz, DMSO-de. 8/ppm): 427 (5, 1H), 4.12 (1, 2H), 3.92 (quart, 2H), 3.80 (broad,
2H}, 3.27 (broad, 2H, partially obscured by water signal}, 2.86-2.74 (m, 2H}, 2.79 {quazt, 2H}, 1.4%
{broad, ZH}, 1.41 {guart, 2H}, 1.38 {broad, 2H), 113 {, 3H), 111 (4, 34D, 083 {1, 3H),.

LC/MS (Method 1, ESIpos)y: Ry= 0.96 min, m/z = 476 [M+HI".

Exampie 129

S-Methyi-6-{(3-oxopiperazin- 1 -vijcarbonvi]-3-(2-phenviethyly-1-{2-
{irifluoromethoxylethyl thieno{2 3-djpyrimidine-2,4(1 H 3 -diong
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14 mg {0.162 nuool} of piperazin-2-ong, 67 mg (0.176 romol) of HATU and 64 1 (8.367 mmol} of
N N-ditsopropylethylamine were added successively o a solution of 65 mg (3,147 mmol} of the
compound from Ex. 1184 in 2 mi of anhydrous DMF. After a reaction time of about 16 h at RT,
the reaction mixture was separated directly by mreparative HPLC (Method §) into its components.
The product fractions were comghined and concentrated, and the residus was dried under high

vacuum. 69 mg (77% of theory} of the title compound were obtained.

TH-NMR (400 Mz, DMSO-d,, d/ppm); 8.14 (br. 5, 1H), 7.32-7.28 (m, 2H), 7.25-7.20 (i, 3H),
439 (1, 21, 4.23 {¢, 25D, 4.08 (o, 2HD), 4.04 (5, 2H), 3.67 (4, 2H), 3.26-3.22 {m, 2H), 2.84 {m, TF),
2.39 {s, 3H).

LO/MS (Method 1, ESIpos) Ry = (.99 mun, m/z = 325 [M-%HT.
Example 130

3-Eihyl-S5-methyvl-6-[(3-oxopiperarin-1-yljcarbonyi}- 1 -{ 2 -{trifluoromethoxy)ethyl Jthieno{2,3-
dipyrimidine-2 41 7 3 -dione

33 mg (1.328 mmol) of piperazin-2-one, 125 myg (3.328 mmol} of HATU and 62 pl (6.355 nunol)
of N,N-dilsopropylethyiamine were added successively to a sohstion of 160 mg (0.273 mmol} of the
compoungd fromn Ex. 104A in 3 mi of anhydrous DMF. After a reaciion time of 1 h gt RT, the

reaction mixture was separated divectly by preparative HPLC (Method 5} into its components. The
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product fractions were combingd and concentrated, and the residuc was dried under high vacuum.

95 mg (77% of theory) of the title compound were obtained.

HANMR (400 Mz, DMSO-de, S/ppmy: 8.13 (br. s, 1H), 4.42 (5, 2H), 4.23 (¢, 2H), 4.03 (s, 2HD),
3.92 {quart, T, 3.67 {t, 20, 3.25-3.21 (m, 2H), 2.40 {5, 3H), 1.13 (1, 3H),

LC/MS {Method 1, ESIpos): By = 0.74 min, m/2 = 449 [M+H]".

Example 131

S5-(Dhflugromethyl)-Leethyb6-[G-oxopiperazin-1-yhcarbonyii-1-(3,3, 34rifluoropropylthieno{ 2,3~

dipyrimidine-2,4(1 5 3 -dione
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Analogously to the process described in Ex. 122, 83 myg {0.207 mmol} of the conmpound from Ex.
1194 and 23 mg (0.225 mmol) of piperazin-2-one gave 49 myg {30% of theory) of the title

compound. Purification was carried out by preparative HPLC (twice) according to Method 8.

'HANMR (400 MHz, DMSBO-dg, S/ppmy: 8.15 (be. s, TH), 7.35 (1, 1H), 4.16 (¢, 2H), 4.05 {broad,
283, 3.93 (guart, 2H), 3.75 (broad, 1H), 3.53 (broad, 1H}, 3.21 (broad, 2H}, 2.88-2.76 {m, 2H),
1.14 ¢, 3H).

LO/MS (Method 1, ESIposy: B 0.77 min, m/z = 469 [M+H].

Example 132

3-{2-Hydroxy-2-phenylpropy-6-{{4-hydroxypiperidin-1 -vijcarbonyl}-S-methyl-1-(3,3,3-
irifluoropropyhithieno! 2,3-dlpyrimidine-2 41 H 3H-dione (enantiomer %
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35 myg (065 mmob) of the racemic compound from Ex. 105 were dissolved in § mi of
isohexane/cthanol (1:1) and, in 3 portions, separated into the enantiomers by preparative HPLC on
a chiral phase {[column: Daicel Chiralpak 1D Spm 250mm x 20 mm; mobile phase:
isohexane/ethanol S4:50; flow rate: 20 ml/muin, temperature: 353°C; detection: 220 mm]. This gave,
after concentration of the product fractions and drving of the residue under high vacuum, 11 mg

{62% of theory) of enantiomer 1.

FL-NMR (400 Mz, DMSO-d, d/ppm): 7.48 4, 25D, 7.30 (¢, 2FD, 7.21 (4 1H), 5.05 s, 1H), 4.81
{d, 13D, 4.18 {quart, 25D, 4.12-4.03 (s, 2H), 3.81-3.72 ¢m, 3H), 3.28-3.21 (m, 2H}, 2.76-2.63 {im,
2HY, 2.34 {5, 3H), 180-1.73 (m, 20, 1.42 (s, 3H), 1.41-1.32 {m, 2H).

Chival analytical HPLC {column: Daicel Chiralpak IB-3, 3 um 50 nun x 4.6 nug; mobile phase:
isohexana/ethano! 50:30; flow rate: 1 mi/min, temperature: 40°C; detection: 220 nm]: R, = 1.23

min; >89% ce.

Example 133

3-{2-Hydroxy-2-pheaylpropyl}-6-[{(4-hydroxvpiperidin- | -yhcarbonyi}-S-methyl-1-{3,3,3-

iriffuoropropylithieno| 2, 3-dlpvrimidine-2 41 H 3 -dious {enantiomer 1)
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35 mg (0.065 mowel} of the racemic compound from Ex. 105 were dissolved in & ml of
isohexane/ethanel (1:1) and, in 3 portions, separated inlo the enantiomers by preparative HPLC on
a chiral phase [columw Daicel Chiralpak I Spm 250 mm x 20 mm; mobile phase:
tsohexane/ethanol 50:5(; flow rate: 20 ml/min, temperature: 357C; detection: 220 nmn]. This gave,
after concentration of the product fractions and drying of the residue under high vacuum, 10 mg

{57% of theory} of enantiomer 2.

H-NMR (400 Mz, DMSO-ds, S/ppm): 7.48 (d, 2H), 7.30 (4, 2H), 7.20 ¢, 1H), 5.03 (s, 1H). 4
(4, 111, 4.18 (quart, 251}, 4.12-4.03 (m, 2H), 2.82-3.72 (1, 3H), 3.28-3.21 {m, 2H). 2.76-2.63 (m,
2H), 2.24 (s, 3HD), 1LE1-1.73 (m, 20T), 1.42 (s, 310}, 1.41-1.32 (mn, 2H),

Chiral analytical BPLC {colunuwy Daicel Chiralpak IB-3, 3 pm 50 mm x 4.6 mim; mobile phase:
isohexang/ethanol S{:50; flow rate: | ml/min, temperature; 40°C; detection: 220 mnl R, = .10

min; >99% ee,

Example 134

3-Ethyl-6-{{4-bydroxypiperidin-1-yBoarbonyl]-5-methyl-1-G-methyibatyithienof2 3-
dipyrimidine-2 401 H,3H)-dione
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135 mg (0.306 mmol} of the compound from Ex. 130A were dissolved in § mi of ethanol/THF
{1:1}, and 360 pl {0360 mowol) of 2 1 M sclution of thium hydroxide in water were added. Afier
sturing at RT for about 16 h, 250 ul of glacial acetic acid were added and the reaction mixture was
diluted with about 200 ml of ethyl acetate. The mixnure was washed successively twice with water
and once with saturated scdinm chloride solution. Afler drving over anhvdrous magnesium
sulphate, the reixture was filtered and concenirated to dryoess. 115 mg (94% of theory) of the title

compound were obtained.

H-NMR (400 MHz, DMSO-de, S/ppmy 4.79 (d, 1H), 3.92-3.88 (m, 2H), 3.91 {quart, 2F), 3.81-
3.70 (m, 3H) 3.23 (m, 2H), 2.37 {5, 30, 1.79-1.72 {m, 2HD, 1.65 (sept, 1H), 1.59-1.54 (m, 2H),
1.39-1.31 fm, 2H), 1.12 (¢, 3H), 0.94 (4, 6H).

LO/MS (Method 1, ESIpos): By = 0.91 min, m/z = 408 [M+HI"
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Example 138

3-Erhyl-o-[{4-hydroxypipendin-1-yhcarbonyl]-S-methyl-1 {4 4, 4-nifhuorobutyithieno|2,3-
dipyrimidine-2 41 H 3} -dione

% Analogously to the proosss described in Ex. 134, 150 mg (6.3006 mmal} of the compound from BEx.
1314 gave 127 myg (92% of theory) of the title compound, Here, at RT the product was stirred with

a mixture of 10 md of pentane and 2 m1 of diethy! ether for 10 min.

H-NMR (400 MHz, DMSO-dg, S/ppmy: 4.79 (d, 1), 3.97 ¢, 75D, 3.90 (quart, 2H), 3.81-3.71 (m,
3H), 3.23 (m, 2H), 2.46-2.40 (m, 2H), 2.38 (s, 3H), 1.91 {quint, 2, 1.79-1.72 (m, 2H), 1.39-1.31
10 (m, 2H), 112 ¢, 3H).

LO/MS (Method 1, ESIpns): B, = 0.83 min, ro/z = 448 [M+HT".

Fxample 136

3-Ethyi-6-[{4-hydroxypiperidin-1 -yUearbonyl}-5-methvl-1-(3,4,4-trifluorobut-3-en-1 -y )thienc{ 2,3-
pyrimadine-2, 401 H 3 -dicne
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6% mg {0.143 mmol} of the compound from Ex. 132A were dissolved in 2.5 ol of ethanol/THF
{1:1}, and 158 ul {0,158 mmel} of 2 T M solotion of hilnum hydroxide in water were added. After

sturing at BT for 2 h, the reaction mixture was concentrated to dryness. The residue was taken up
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in 3 mid of dichloromethane and 1 mi of water and stired vigorously, The aqueous phase was then
separated off via an Extrelut -NT3 cartridge. Conceniration of the organic phase and drying of the

residue under high vacuum gave 57 myg (8%% of theory, 98% pure} of the title compound.

H-NME (400 MHz, DMSO-ds, /ppm): 4.80 (4, 1H), 4.10 (¢, 2H), 3.9 (quart, 2F), 3.80-3.71 (m,

5 3HD, 3.23 (s, 2H), 2.81 (m, 2H), 2.38 (5, 3H), 179172 (m, 2H), 1.39-1.31 (m, ZH), 112 ¢, 3H).
LO/MS (Method 1, BSIpos): R, = 0.81 min, m/z = 446 [M+H]
Example 137
S-{Dfluoromethyly-6-fH{4-hydroxypipernidin--ylcarbooyi]-3-isobutyl-1-12-
{trithuoromethoxyjethyijthieno 2, 3-dipyrividine-2,4(1 /1,34 {-dione
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28 mg (0.279% mmol} of 4-hydroxypiperidine, 106 mg (0.27% mmol) of HATU and 33 ul (0.302
mmol} of N AN-diisopropylethylamine were added successively to a sobution of 100 myg (0.232
mmod) of the compound from Bx, 138A in 3 md of anhydrous DMF. Afier a reaction time of about
16 h at RT, the reaction mixiure was separated directly by preparative HPLL (Method 5} into dis
15 components. The product fractions were combined and concenirated, and the residue was dried

ander high vacowm, 102 mg (83% of theory) of the title compound were obtained,

'FE-NMR (400 Mz, DMSO-d,, Sppmy 732 (4, TH), 4.81 {d, 1H), 442 (&, 2H), 426 (1, ZH), 3.95
{broad, 1Hy, 3.75 (m, 1H), 3.73 {d, 21}, 3.48 {broad, 1H), 3.20 (broad, 2H), 2.04 (m, 1H), 1.72
{oroad, 2H}, 1.35 (broad, 2H), 0.84 (d, 6H).

2 LOMS (Method 1, ESIposy: Ry= 0.96 min, miz = 514 [M+H]".

Exampile 138

S+(Dithioromethyl-6-{{4-hyvdroxy-d-rethyipiperidin- L-yvhcarbonyl]-3-isobutvi-1-{2-

{trifluoromethoxyjethytithieno{2, 3-dlpyrimidine-2 41 H 3 /}-dione
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Analogously to the process described in Ex. 137, 100 myg (8.232 munol} of the compound from Ex.
138A and 32 mg (8.279 mmol} of 4-methylpiperidin-4-of [commercially available; 1, e.g.0 J M
MeManus et al., J Med, Chem. 1985, 8 (&), 766-776] gave 55 mg (44% of theory} of the title
£ compound. In devistion from the process described above, here the first preparative HPLC
purification {according to Method §) was followed by a second HPLC purification on {column:
Kipetix C18, § pm, 100 mm % 21.5 mny; mobile phase: 50% water, 45% acetomitrile, 5% formic

acid (1% in water); How rale: 25 m¥/min, temperature: 25°C; detection: 210 nm}

H-NMR (400 Mz, DMSC-dg, Sppmy: 731 (4 UHD, 4.47 (s, 1H), 4.42 (1, 2H), 4.25 (¢, 2H), 4.06
10 (broad, 1HD, 3.73 (d, 23, 3.22 (broad, 3H), 2.04 {m, 1H), 1.52 (broad, 131, 1.43 (broad, 3H), 1.14
{5, 343, 0.86 (4, 6H.

LC/MS {Method 1, ESIposy: Ry = 1.01 main, sv/z = 528 [M+HT .

Example 139

S-{Difluoromethyl}-6-[{4-hydroxypiperidin-1-vilcarbonvi]-3-isobutyl-1-(3,3,3-
15 tnflocropropyiithieno] 2 3-dipyrimidine-2,4(1 5, 3#H)-dione

Analogously to the process described m Ex, 137, 100 myg (0.241 nomol) of the compound from Ex.
1394 and 29 mg (6.290 mmol} of d-hydroxypiperidine gave 109 mg (80% of theory) of the title

corgpound.
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‘H-NMR (400 MHz, DMSO-de, S/ppmy: 7.32 {, 1H), 4.81 (d, 1H), 4.15 (1, 2H), 3.96 (broad, 1H),
375 (m, TH), 373 (d, 2H), 3.51 {broad, 1H), 3.27 {(broad, 2H}, 2.81 (m, ZH), 2.04 {m, 1H}, 1.73

{broad, 2H), 1.36 {(broad, 2H), 0.87 {d, 6H).
LO/MS (Method 1, ESIpos)y: B, = 0.94 min, mv/z = 498 [M+HY"

Esampie 140

S-{Dyitfluoromethyl}-6-{{4-hydroxy-d-methylpiperidin-i -vicarbonyll-3-isabutyl-1-(3,3,3-
trithnoropropyithieno2, 3-dlpyrimudine-2,4(1 H, 3 &) -dione
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Analogously to the process described in Ex. 138, 100 mg (11.241 suool} of the compound from Ex.
1394 and 33 mg (0.279 mmol) of 4-methylpiperidin-4-ol {conunercially available; Ht. e.g.; J. M.
MceManus e af., J Med Chem. 1988, 8 (63, 766-776] gave 47 myg (38% of theory} of the title

compound.

TH-NMR (400 MHz, DMSO-ds, Sfppm): 7.31 (¢, 11D, 4.47 (s, 1H), 4.15 (¢, 2H), 4.06 {broad, 1H),
3.73 {d, 25D, 3.35 (broad, 2H), 3.22 (broad, 1H), 2.81 {m, 20), 2.04 (rm, 1H), 1.57 (broad, 1H),
1.44 (broad, 3H), 1.15 ¢s, 3H), 0.87 (4, 6H).

LC/MS (Method 1, ESlpos): R, = 100 min, w/z = §12 [M+H}.

Example 141

S-{Diflucromethyl}-6-[{4-hydroxypiperidin-1 -vhcarbonyil-3-propyi-1-(3,3,3-
irifluoropropyDithiens]2, 3-dlpyrimidine-2,4(LH 3 -dione
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Analogously to the process described in Ex. 137, 35 mg (0.137 ramel} of the compound from Ex.
148A and 17 mg (0.165 mmol} of 4-hydroxypiperidine gave 54 mg (81% of theory} of the title

compournd.

PH-NMER (400 MHz, DMRO-dg, S/ppmy: 7.32 {t, 1H), 4.81 (broad. 1H), 4.15 {1, ZH), 3.93 (broad,
FH), 3.84 {1, 2H), 3.75 (broad, 1H), 3.50 {broad, 1H), 3.21 {(broad, 2H), 2.89-2.758 {(m, 2H}, 1.73
{broad, 2H}, 1.58 {m, 2H), 1.36 {broad, 2H), .88 {4, 3H).

LOMS (Method 1, ESIposy: R, = 0.88 min, wm/z = 484 [M+H]"

Example 142

S-{(Enfluoromethyl}-6-[{4-hydroxy-4-methylpipenidin- L -vDesrbonyl}-3-propyi-1-(3,3,3-
triftuoropropylithieno[ 2, 3-dlpyrimidine-2 41 5, 3H)-dione
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Analogously to the process described in Ex. 137, 535 myg {0.137 mmol} of the compound from Ex.
148A and 19 mg (0.165 munel) of 4-ethylpiperidin-d-of {coramercially available; 1t ez L M.
McManus ¢f of., S Med. Chem. 1968, § (63, 766-776] gave 56 mg (78% of theory, purity 95%) of

the title compound.

FLNMR (400 MHz, DMSO-ds, S/ppm): 7.32 (4, 1H), 4.47 (broad, 1), 4.15 (¢, 2H), 4.05 {broad,
1H), 3.84 (¢, 25, 3.25 (broad, 3H), 2.87-2.75 (m, 2H), 1.58 (m, 250, 1.55 (broad, 2H), 1.44 (broad,
2H), 1.15 (5, 31, .88 {t, 3H).
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LO/MS (Method 1, ESIpos): B, = 0.94 min, m/z = 498 [M+H]".

Example 143

3-BEthyl-5-{fluoromethyl)-6-{{4-hydroxypipendin-| ~-vhearbonyl}-1-{3,3,3-

B

irifluoropropyhithieno] 2, 3-dlpyrimiding-2, 41 3 H)-dione
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Analogously to the process deseribed in Ex. 137, 40 mg (0.10%9 mmol} of the compound from Ex.
1494 and 13 mg (0.130 mmol} of 4-hydroxypiperidine gave 48 mg {(93% of theory) of the title
compounnd. To this case, the reaction time was 1 h, and punfication by preparative HPLC was

carried out according to Methed 19

THANMER (400 MHz, DMSO-dg, S/ppmy: 5.57 (d, 2H), 4.15 (&, 2H), 3.92 (quart, 2H), 3.87-3.58
{broad and m, together 4H), 3.28-3.20 {m, 2H), 2.87-2.75 {m, 2H), 1.78-1.71 {m, 2H), 1.41-1.31
{m, 2H}, 1.14 {8, 3H).

LOC/MS (Method 1, ESIpos): Re= 081 min, mfz = 452 [M+HT".

Example 144

3-Ethyl-5- fuoromethyli-6-{{4-hydroxy-d-roethylpipenidin-1 -vhearbonyl}-1-(3,3,3-
trifluoropropyithienol 2 3-dlpvrimidine-2 4(1H,3H -dione

Analogously to the process described in Ex. 137, 60 mg (0,163 pusol) of the compound from Ex.

1494 and 30 mg (1.195 mmol} of $methylpiperidin-d-ol [commercially available; it e.g.: J. M.
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McManus ef af, J Med Chem. 1965, § (6), 766-776] gave 33 mg (69% of theory} of the title
compound. In this case, the reaction time was 1 b, and purification by preparative HPLO wag

carrigd out according to Method 19,

HNMR (400 MHz, DMSO-de, S/ppm): 5.57 (d, 25D, 4.15 (¢, 2H), 3.97 (quart, 25D, 3.36-3.27 (m,
§ 2H), 2.87-2.75 ¢, 2D, 1.52-1.40 (o, 4HD), 115 (5, 31D, 1.14 ¢, 3D

LC/MS (Method 1, ESIposh R, = 0.84 min, m/z = 466 [M+H].

Example 148

3-Ethyl-3-{1-fleoroethy}-6-[{4-hydroxypiperidin-1 -yDearbonyli-1-(3,3,3-

trittuoropropyiithieno{ 2 3-dlpyrimidine-2,4( 1L H 3H -dione (racemate)

Analogously to the process described in Ex. 137, 11 wg {($.029 munol) of the compound from Bx.
1530A and 3.5 og (0.035 mmol) of 4-hydroxypipendine gave 13 mg (97% of theory) of the iitle
compound. In this case, the resction time was 1 h, and purification by preparative HPLC was

carried out according to Method 19.

15 'H-NMR (400 Mz, DMSO-dg, S/ppm): 6.20 (d of quart, 1H), 4.19-4.06 (m, 431, 3.91 {quart, 2H),
3.76-3.70 (m, 1FD, 3.25-3.11 (o, 2H), 2.86-2.74 (m, 2FD), 1.76-1.66 (m, 2H), 1.61 (dd, 3H), 1.39-
1.29 (m, 2H), 1.13 {1, 3H.

LCMS (Method 1, ESIpos): R, = 0.81 min, mvz = 466 [M+H]".
¥rxample 146

H 3-Ethyl-3-(1 -fuoroethy-6-{{4-hydroxy-d-methyipiperidin-1 -yljcarbonyl}-1-(3,3,3-

triffuoropropylithienof 2, 3-djpyrinudine-2,4(1 5, 3 H)-dione (racemate)
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Aunalogously to the process deseribed in Ex. 137, 80 mg {8.178 munol, purity 83%) of the
compound from Ex. 1530A and 32 mg {(80.213 mmol} of d-methylpiperidin-d-ol hydrochioride
feommerecially available; Bt e.g.0 J. M. McManus ef af., J Med. Chem. 1968, 8 (6}, 766-776] gave
46 myg (53% of theory) of the title compound. Tn this case, the reaction time was 1 h, and

purification by preparative HPLC was carried out according to Method 19,

"HNMER (400 M¥z, DMSO-dy, Slppm): 6.20 (d of quart, 1H), 4.44 (broad, 1H), 4.19-4.05 {x, 2H),
391 (quart, 2H), 3.24 (broad, ZH), 2.86-2.74 {m, 2H), 1.51 {dd, 3H), 1.52-1.37 {m, 41}, 114 (s,
3H), 1.13 (¢, 3.

LOMS (Method 1, ESIposh R, = 0.89 min, m/z = 480 [M+HT.

Example 147

3-EHthyl-53-(1 -fluoroethy-6-[(3-oxopiperazin-1-vDearbonyl}-1-(3,3, 3-triflucropropyl thieno [ 2,3~

dipyrimadine-2,4{1 H,3H)-diove {racemaie)

}\..“..
&
e N
| J; N
Nt
H

Axnslogously to the process deseribed o Ex. 137, 100 mg (0222 vuuol, purity 83%) of the
compound from Ex. 150A and 27 mg (0.267 mmol) of Z.oxopiperazine gave 72 mg {(66% of
theory, purity 95%;) of the title compound. In this case, the reaction time was | b, and purification

by preparative HPLC was carnied out according to Method 19,
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'H-NMR {400 MHz, DMSO-dg, S/ppm): 812 (s, 1H}, 6.23 {d of guart, 1H), 4.19-4.07 {m, 2H),
391 {quart, 2H), 3.60-3.48 (broad, 4H), 3.22-3.18 {broad, 2H}, 2.87-2.75 {m, 2H), 1.61 {dd, 3H),

103 ¢, 3H).
LO/MS (Method 17, ESIposk: R, = 2.09 min, mv/z = 465 [MAH].

Example 148

3-Ethyl-5-(1 -flaoroethyv]}-6-{(3-ovopiperazin-1-vljcarbonyl}-1-(3,3, 3-trifluoropropyi thieno[2,3-
¥ ; { P

dlpvrimidine-2, 41} 3H)-dione {enantiomer 1)

K o
i
o
S
T 2 T
S S
&

60 mg {0123 mmol} of the racemic compound from Ex. 147 were dissolved in 7 md of
methanol/ethanolacetonitrile (1111} and, o 4 portions, sepavated into the epantioers by
preparative SFC-HPLC on a chiral phase {column: Daicel Chiralpak ¥C 5 pm 230 rom x 20 muw;
mobile phase: carbon dioxide/sthanol 75:25; flow rate: 60 ml/min, temperature: 40°C; deiection:
210 nun}. This gave, after concentration of the product fractions and drying of the residue under

high vacuum, 12 rog {(42% of theorv) of enantiomer 1.

THANMER (400 Mz, DMSO-d,, Sppray B2 (s, 1H}, 6.23 (¢ of quart, 1H), 4.19-4.08 {m, 2H),
3.97 {broad, 2H), 3.91 {quart, 2H}, 3.56 {(broad, 28}, 3.20 {broad, 2H}, 2.86-2.76 {m, ZH), 1.6} {dd,
3H), 1133, 3H)

EC/MS (Method 1, ESIposh Re= {078 min, m/z = 465 {M+H].

Chiral analytical SFC [coburan: Daice! Chiralpak IC 3 jum 250 ram x 4.6 ooy mobile phase: carbon
dioxide/methanol 95:5 — 5{:50; flow rate: 3 ml/min, tomperature: 40°C; detection: 210 nm}: R =

2.91 min; >99% ce.

Example 149

3-Ethyl-S-(1-fhuoroethyl)-6-{(3-oxopiperazin-1-yhearbonyl}-1-(3,3, 3-nflucropropyljthieno{2,3-

dipyrimidine-2, 40 H 3H-dione {enantiomer 2}
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Q\> a ; W Nem,
S WY
ST Y
£ \ ‘
GM ‘.'g,\i\,..-.- qu L\
F.c-f‘” :\”F
i3

60 mg (123 mmol} of the racemic compound from Ex. 147 were dissolved in 7 mil of
methanolethanol/acetonitrile (1:1:1) and, in 4 portions, separated into the cnantiomers by
preparative SFC-HPLC on a chirsl phase {column: Daicel Chiralpak IC 5 pm 250 mm x 20 mum;
mabile phase: carbon dioxide/cthanol 75:25; flow rater 60 ml/min, temperature: 40°C; detection:
210 nm]. This gave, after conecentration of the product fractions and drying of the residue under

high vacuum, 12 myg (42% of theory) of enantiomer 2.

THANMR (400 MHz, DMB0-de, /ppm): 812 (s, 1H), 623 (d of quart, 1H), 4.18-4.08 (m, 2H),
3.96 (broad, 275, 3.91 (quart, 7H), 3.57 (broad, ZH), 3.20 (broad, ZH), 2.86-2.76 (m, 2H), 1.61 {d4,
3D, 1.3 (1, 3H).

LOMS (Method 1, ESIposy: Bo= 0.78 min, w/z = 465 {M+H]".

Chiral anaiytical SFC {cohuon: Daicel Chiralpak KT 3 pm 250 mm x 4.6 mum; mobile phase: carbon
dioxide/methanol 85:5 — 50:50; flow rate: 3 mi/min, temperature: 40°C; detection: 210 nm}: R =

348 min; »99% ee.
Exasmple 150

S-{Diflucromethyl}-6-[{4-bydroxypipendin-1 ~ylcarbonyi]-3-propyl-1-{2-
{trifluoromethoxyjethylfthieno{2 3-dlpyrimidine-2 4(15 3 H)-dione

R
SN g;
Pat i 4 8§ N »f”\l’;{}
4 N K
)
;‘f f §
HO &
\?(
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Analogously to the process described in Ex. 137, 100 myg (0.240 momol} of the compound from Bx.

1544 and 29 myg (0.288 mmol) of 4-hvdroxypiperidine gave 93 mg {(77% of theory) of the utle

componnd.

THANME (400 MHz, DMSO-de, Sppm): 7.32 (6 TH), 4.81 (4, TH), 4.42 (1, 2H), 4.25 (¢, 2H), 3.95
(broad, 1H), 3.85 (1, ZH), 3.74 (m, 1H}, 3.47 (broad, 1H) 3.20 (broad, 2H), 1.72 (broad, 2H), 1.58
(m, 2813, 1.35 (broad, 23, £.87 {t, 310

LO/MS (Method 1, BSIpos): B, = 0.99 min, m/z = 500 [MHH]"

Example 151

S5-{Difluoromethyl}-6-{{4-hydroxy-4-methylpiperidin-1-ylcarbonyil-3-propyt-1-{2-

{trifhworomethoxyjethyl fthienof 2, 3-dlpyrinidine-2,4(1 .3 -dione

Analogously to the process deseribed in Ex 137, 100 g (0.240 wmol} of the compound from Ex.
154A and 33 mg (0.165 mol} of 4-methylpiperidin-4-cl [commercially available; It g §. M.
McManus ef af., J Med Chem 1965, 8 {8}, 766-776] gave 65 mg {532% of theory) of the title
compound, In deviation from the process deseribed above, here the first preparative HPLC
purification (gccording to Method 5) was followed by a second HPLC purification on [eolumn:
XBridge C18, 5 um, 100 mm x 30 mum; roohile phase: water/acetonitrile/1% ag. aromonia 55:40:8;

How rate: 78 ml/min, temperature: 40°C; detection: 210 nod.

YH-NME {400 MHz, DMSO-dq, &/ppm): 731 ¢t 1H), 448 (5, TH), 4.42 (4, 2H), 4.25 (4, 2H), 4.05
(broad, 1H}, 3.85 (. 21}, 3.30 (broad, 1H), 3.21 (broad, 2H), L.58 {m, 2F), 1.53 (broad, 2H}, 1.43
{broad, 2H}, 1.14 {s, 3H), 6.87 {1, 3H).

LC/MS (Method 1, ESIposy: K, = 0.54 min, m/z = 314 {M+H]"
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Example 152

H-4{4-Hydroxy-4-~{hydroxymethyDpiperidin-1-vijcarbonyi}-3-isobutyl-S-methyl-1-3,3,3-
tnfluoropropyiithieno{ 2, 3-djpyrimidine-2 4{1 ¥, 3F)-dione

o

e Gy

0
3 Sy ‘

o i\‘{ 5 e N e L 5

)

ﬁt\} ’j

Analogously to the process described in Hx. 122, 100 mg (8.264 mmol) of the compound from Ex.
160A and 53 mg (0.317 gunol) of 4-(hydroxymethylipiperidin-4-ol hydrochloride [commercially
available; lit. e.g.r WO 2005/103037-A2, Example Alb (free base); US 2011/ 288065-A1, Example
105 / Step 1 {(hydrochloride}] gave 106 mg (81% of theory} of the title compound. In this case, the

reaction time was 30 min.

TH-NMR (400 Mz, DMSO-ds, 8/ppm): 4.64 (¢, TH), 436 (5, 1H), 4.13 (. 2H), 3.85 (broad, 2H),
372 (d, 2H), 3.28 (br. t, 28D, 321 {d, 2H), 2.85-2.73 (ma, 26D, 2.37 (s, 3H), 2.04 {m, 15D, 1.55 (br.
dt, 2FD), 1.40 (br. &, 7H), 0.86 (d, SH).

LC/MS (Method 1, ESIposy: R, = 0.82 min, m/z = 492 [M+H]

Fxample 153

3-{Cyclopropyimethyli-6- {{4-hydroxy-4-thydroxyracthyDpiperidio- I -yijcarbonyl} -5-methyl-1 -
3,3, 3-triflucropropyi hionof 2, 3-djpyrimidine-2,4(1 5,3 ) -dione

L0
0. I
>
;N
‘3‘3

“ou

Analogously to the process deseribed in Bx. 122, 100 myg (0.266 ramol} of the compound from Ex,

161A and 53 mg (10.319 mmol) of 4-(hydroxymethyDpiperidin-4-0] hydrochioride [coramercially
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available; Uit e.g. 0 WO 2005/103037-A2, Fxaraple A3b (free base); U5 2011/ 288065-A1, Example
105 / Step 1 {hyvdrochloride}] gave 45 mg (34% of theory} of the title compound. In this case, the

reaction time was 30 min.

H-NME (400 MEfz, DMSO-ds, 8/ppm): 4.64 (broad, 1H, 4.36 (br. s, 1HD, 4.14 {t, 2D, 3.85
{broad, 231), 3.77 (d, 20}, 3.27 (br. t, 25), 3.21 (broad, 25, 2.86-2.74 (m, 2H), 2.3% (s, 3H), 1.55
(br. dt, 2H), 1.40 (br, 4, 21D, 1.17 (m, 15D, 0.45-0.40 (m, 25), 0.36-0.32 {m, 2H).

LC/MS (Method 1, ESIpos)y: R, = 0.78 min, 'z = 490 [M+H].

Examuple 1584

G- {{4-Hydroxy-4-(hydroxymethyDpiperidin-1 -vljcarbonyl} -3 4 2-methoxypropyli-S-methyl-1-

(3,3, 3-rifluoropropyi thieno| 2, 3-d)pvrimidine-2 41 H, 3H)-dione (racemate)

HO

-

- ’\\

F

OH & F

Amnalogously to the process described in Ex. 122, 99 mp (0166 momol, purily 66%) of the
compound from Ex. 162A and 33 wmg (3199 mmel} of d-(hydroxymethyipiperidin-4-ol
hydrochioride {commercially available; it e.g.s WO 2005/103037-A2, Bxample A3b (free base);
US 2011/ 288065-A1, Example 105 / Step 1 {(hydrochlonde}] gave 37 mg (44% of theory) of the

title compound. Here, the reaction time was 30 min.

H-NMR (400 MHz, DMSO-ds, 8/ppm): 4.64 (1, 1H), 437 (s, 1H), 4.15-4.11 {m, 2H), 4.06 (dd,
{H), 3.85 (broad, 2H), 3.77 (dd, 1H), 3.68-3.60 {m, 1H), 3.2% {broad, 25, 3.22 (s, 3H), 1.21 (4,
2H), 2.85-2.73 {m, 2H), 2.38 (s, 3H), 1.53 (br. dt, 2H), 1.40 (br. &, 2H), 1.06 ¢4, 3H).

LC/MS (Method 1, ESIpos): R, = 0.75 min, m/z = 508 [M+HI"
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Boassesunent of plurmaveiogien] efffongy

The pharmacalogical activity of the compounds according to the invention can be demonstraied by
in vitre and in vivo studics, as known to the person skilled in the art. The application examples
which follow describe the biclogical action of the compounds according to the invention, without

restricting the invention fo these examples.

B-1. iy s _adenonine_tam

sor

<5

L%
-
=

The identification of selective antagonists of the human adenosing AZb receptor and the
quantification of the efficacy and selectivity of the compounds according to the invention was
carried out with the aid of recombinant cell lings for the human adenosine receptors Al, AZa, A2b
and A3, These cel lines were originally derived from an ovarepithelial celi of the hamster {Chinese
Hamster Ovary, CHG-K1, American Type Culture Collection, Manassas, VA 20108, USA)L In
addition to the respective recombinantly expressed adenosine receptor for testing the efficacy at the
Al, AZa and A2b receptors, the cell lines contain a reporier gene construct where expression of the
firefly {Fhotinus pyradis) luciferase is under the control of a promoter which can be activated via
intracellalar signal cascades by stimuldation of the recepiors with the {(not subtype-selective)
adenosing recepior agonist NECA (5-N-ethylcarboxamidoadenosime} [SJ. Hill, 1.G. Baker, 8.

Rhbees, Curr. Cpin, Pharmacol. §, 326-532 200131

In the case of the AZa and AZb cell hines, this is a minimal promoter having a plurality of cAMP-
responsive elements {CRE). Stinulation of the Geeooupled AZb or Al2a recepiors by NECA
ultimately leads, via formation of ¢cAMP, to CRE-dependent induction of luciferase expression,
which is detecied 3 hours after the start of the incubation with NECA using & detection solution in a
suitable luminometer. For lesting the antagonists, initially, in a pre-experiment, the concentration of
MNECA which, at the test day in question, results in half-maximum stimulation of luciferase
expression {(ECs, concentration} is determined, By joint incubation of this ECs, concentration of

NECA with the substances t¢ be tested, it is possible to determine their antagonistic activity.

The cell line for testing the Gicoupled Al recepior confaing a different reporier gene construct
where expression of the firefly luciferase ts under the control of an NFAT {(nuclear factor of
activated T-cells) promoter. This cell line was, in addition to the Al receptor and the NFAT
reporier gene, also stably transfected with a further gene coding for the promiscucus Gouyg profein
[T.1T. Amatruda, DA, Steele, V.2, Slepak, ML Simon, Froo, Natl. dead. Sci. US4 88, 5587-5591
{1991}], cither independently or as a fusion gene. The resulting test cells react to stimulation of the
usually Gyooupled Al receptor with an mcereased intracethular calecium concentration which then

ieads to a NFAT-dependent luciferase expression. The procedurs of the experiment for testing the
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antagonists at the Al receptor corresponds to the procedure for testing with the A2a and A2b cell

Hnes,

During geperation of the A3 receptor cell line, co-trapsfection of the A3 receptor and the
promiscucus (Gog profein were also carried out so that here, oo, stimulation of the receptor leads
to an increased intraceliular caloium concentration. However, in the A3 receptor test, this increase
in calcinm is rocasured directly via the calcium-sensitive photoprotein Photina” [8. Bovolenta, M.
Foui, §. Lohmer, 8. Corazza, J Biomel Screen. 12, 694704 (2007}]. Afier determination of the
EC concentration of NECA, the offects of the substance were measured after 5-10 munutes of pre-
incubation with substance by addition of this ECss concentration in measuring position in a suitable

hupinometer capable of dispensing,

The Uy vahues from the AZb receptor assay for individea! working exampies are given in Table |
below (in some cases as means of a phurality of independent individual determinations and rounded

to two sigmificant digits):

Table 1
Example No. AZh E'@CE‘})@G‘E"‘ | Exampic No. &Ebresepmr
ICs, [nmaif] EC sy [mmmolii]
i 37 17 350
2 44 L 18 57
3 290 19 92
25 20 340
5 ) 21 25
AAAAAAAA 5 13 22 67
..................... — - - -
8 20 R 13
AAAAA - = = -
10 310 26 T
T 510 37 41
T &5 28 150
- T - .
14 150 30 53
5 KV B R 16
AAAAAAAAA 16 ' 38 32 110
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Exampie Ne. “ [’&2:5”3":«15‘3;:‘.6;‘3{@3“ | Example Neo, Alb réceptéf ““““
L IC, [amobi] 1Cyq mmol/l]
""" 13 67 63 210
34 120 64 45
35 120 63 96
36 200 &6 280
37 340 67 13
38 140 68 20
39 220 69 60
40 | 230 70 28
41 26 71 420
42 88 72 17
43 6.3 73 53
44 4.6 74 110
45 150 75 | 33
46 % 79 76 ' ¥
47 4.4 7 | 75
o 48 59 78 350
................... e -~ e
50 150 | 80 Y
"""""""" 51 16 81 170
52 210 32 7
= T — =
""" 54 76 84 19
.................... —— — - —
e o T - .
57 130 &7 | 26
""""""" 58 180 88 8.7
59 370 29 35
60 12 s | 440
"""""" 61 17 o1 260
................... e — . O
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Example No.

A2b receptor
IC, [nmolfl]

> 36
94 e
% 140
96 -
77 7.0
% | 100
% 10
100 o
101 .................................. 120@ ________________
102 iy
103 -
104 o
105 o
ws 19
107 pr
e -
...... - .
e ”
111 p¢ i
LI s
113 e
"""""""""" 1 14 -
- -
116 -
"""""""" 17 -
118 oo
19 T
"""""" 120 130
121 20
122 S

- 287 -
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Exampie No.

Alb receptor

}:qu; {nmuifﬁ}

123 18
124 37
125 48
126 84
127 9.5
"""" 128 13
e S —
130 9.0
...... - -
132 24
133 850
134 360
— e
________ - —
(37 12
138 15
139 39
140 19
............ . -
142 53
...... - -
144 T
145 97
146 40
147 100
148 240
149 320
150 9.8
50 14
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B-2. Measurement of NECA-induced IL-6 release by LL2Y fibroblasts

Stiraulation of fibroblasts with adenosine or the adenosing analog 5-N-cthylearboxamidoadenosine
(NECA} leads to relesse of the pro-inflammatory and pro-fibrotic cviokine 1L-6 which can be

prevented by indubition of the AZb receptor.

Accordingly, confluent cells of the human fibroblast cell line LE2% were treated with the test
substances and stimulated with NECA (310 ubM). After an incubation time of 24 howrs, the cell
supernatant is removed and human [L-6 in the cell supernstant is determined by ELISA

{Quantiking” 1L6 BLISA, R&D Systems, Minneapolis, USAJ.

The ICs; values from this assay for representative working examples are given in Table 2 below (in
some cases as means of a plurality of independent individual deferminations and rounded to two

stgnificant digits):

Table2
Example No. | 1€s [nmobl] Example No. | 1Cs fnmold]
j 59 29 3
2 s - 21 6
4 et e P e
& | 37 13 a0
____________ 8 — S -
,,,,, - - oot ~
8 170 Csa g
n 69 74 250
4 w oo 28 ' o
,,,,,,,,, - e — — -
B-3. Antoslosded oD monnsoialing-indused pulunn

Monocrotaline-induced pulmonary hypertension of the rat is a widely used animal model of
pulmonary hyperiension. The pyrrolizidine alkaloid raoncerotaline is, after subcutaneous injection,
metabolized in the liver to the toxic monncrotalinepyrrole, and within a few days endothelium
tryury in the pulmonary circulation results, followed by remodeling of the small pulmonary arferies

{mediabypertrophy, de sove muscularization). A single suboutanecus injection suffices to induce
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pronounced noblmonary hypertension in rats within 4 weeks [Cowan o al., Nature Med 6, 698-702

(2000}].

Male Sprague-Dawley rats are used for the model. On day , the animals receive a suboutaneous
injection of 60 mg of monoerotaline/kg. Treatment of the animals with the iest substance {(by
gavage, by addition to the feed or drinking water, esing an osmotic minipump, by subcutanecus or
infraperitoneal injeciion or by inhalation} starts 14 days afler the monocrsdaline injection at the
garliest and extends over a period of at least 14 days. At the end of the study, the animals are
examingd haemodynamicslly, For the hasmodvoamic measurement, the rats are imitially
anaesthetized with pentobarbital (60 me/kg). The animals are then tracheotomized and artificially
ventiiated {(frequency: 60 breaths/min; ratio inspivation to expiration: 50:50; positive end-expiratory
pressure: | em HyOy tidal volume: 10 mb/kg of body weight; FIG;: 0.5). Anacsthesia is maintained
by inhalative isofluran anaesthesia. The systemic blood pressure s determined in the left carotid
artery using a Millar microtip catheter. A polvethylene catheter is advanced via the right hugular
vein intn the right ventricle to determine the right-ventricular pressure. Following the
haemodynarsic measurements, the heart 18 removed, the ratio of right to left ventricle including
septum is determined and the tissue is deep-frozen for expression analyses. The lung iy likewise
removed, the left half of the lung is fixed in formalin for histopathological examination and the
right half of the lung 1s deep-frozen for expression analyses. Furthermoore, plasma samples are

ohiained to determine biomarkers (for example proBNP) and plasma subsiance concentrations.

B-4. Asimdl moddd sf 8L spashebeed palmonsars hvpe

SUS416/hypoxia-induced pulmonary hypertension of the rat is 2 widely used animal model of
pulmonary bypertension. By injection of the VEGYE receptor antagonist SU3416 in combination
with hypoxaa, the effect of the reduced oxvgen content may be enhanced, leading to changes in the
endothelivm in the form of plexiform lecions, A single subcutancous injection, generally of 20
mg'ke, is, in combination with hypoxia, Le. increased vascular shear forces by vasoconstriction,
sufficient to induce severe pulmonary hyperiension [Oka er al, Circ. Res. 100 (8), $23-928

(200731,

Male Sprague-Dawley rats or Dabl-Salz rats are used for the model. On day 0, the animals receive
a subcutancous ijection of SUS416 and are kept in a controlled hypoxic atmosphere (10%
oxygen}. Corresponding control rats receive an injection of vehicle and are kept under normoxic
conditions. Chronic hypoxia of at keast 14 days with subsequent normoxia of at least 28 days leads
to the development of pulmenary hypertension which can be demonstrated both functionally and
morphologically. Treatment of the antroals with the test substance (by gavage, by addition to the
feed or drinking water, using an csmotic minipump, by suboulaneous or mtraperitoneal injection or

by inhalation) starts 14 days after the SUS416 injection and at the beginning of the aumals being
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kept in a controlled hypoxic atmosphere at the carliest and extends over a period of at least 14-2¢

At the end of the study, the amimals are examined haemodynamically. For the hasmodynamic
measurement, the rats are initially anassthetized with pentobarbital (60 myg/kgr. The animals are
%  then tracheotomized and artificially ventilated {frequency: 60 breaths/min; ratio inspiration o
expiration: 50:50; positive end-expiratory pressure: 1 orn H.O; tidal volume: 18 mb/kg of body
weight; FIGy .53 Anaesthesia is maintained by inhalative isofiuran anaesthesia. The systernic
blood pressure is determined in the left carotid ariory using a Millar microtip catheter. A
polyethylene catheter is advanced via the right jugulsr vein into the nght veniricle to determine the
16 right-veniricular pressure. Following the haemodynaniic measurements, the heart s removed, the
ratio of right to left ventricle inchuding septum is determined and the tissue i3 deep-frozen for
expression analyses. The lung is likewise removed, the left half of the lung is fixed 1o formalin for
histopathological examination and the right half of the lung is deep-frozen for expression analyses,
Furthermore, plasma samaples are obtained to determine biomarkers (for example proBNP) and

S plasma substance concentrations,

Laodded o b soed pulmonsty Hhausis

Bleomycin-induced pulmonary fibrosis in the mouse or rat is a widely used animal model of
pulmonary fibrosis. Bleomycin is a glycopeptide antibiotic eraploved in oncology for the therapy of
igsticular tumours and Hodgkin- and Non-Hodglkin tumours. it is eliminated renally, has a halfilife

20 of aboul 3 hours and, as cvitostatie, influences various phases of the division cycle {Lazo ef af.,

is at a particolar risk when exposed to bleomycin since it contams only a small number of cysteine
hydrolases which, in other tissues, lead (o inactivation of Bleomycin. Following admindstration of
3% bleomycin, the animals suffer an acute respiratory distress syndrome (ARDS) with subsequent

development of pulmonary fibrosis.

Administration of bleomysin may be by single or repeal intratracheal, inhalative, intravenous or
intraperitoneal administration. Treatment of the animals with the test substance (by gavage, by
addition to the feed or drinking water, using an osmoiic nunipump, by subcutaneous or
30 mgraperitoncal injeciion or by inhalation} starts at the day of the first bleomycin adnunisiration or
therapeutically 3-14 davs later and extends over a period of 2-6 weeks. At the end of the study, a
bronchic-alveolar lavage o determine the celt content and the pro-inflammatory and pro-fibrotic

markers and a histological assessment of pulmonary fibrosis are carried out,
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B-6. Animal model of D012 quanz-induced pulmonary fibrosis

D12 quariz-induced pulmonary fibrosis i the mouse or rat s a widely used animal model of
pulmonary fibrosis [Shimbori ef al., Fxp. Lung Res. 36, 282-301 (20103 DQ12 guariz is guartz
which iz hghly active owing to breaking or grinding. In muce and rats, intratvacheal or inhalative
administration of DQ12 quartz leads to alveolar protemosis followed by interstitial pulmonary
fibrosts. The animals receive & single or repeat intratracheal or inhalative instillation of DQI2
quartz. Treatmaent of the animals with the test substance {by gavage, by addilion to the feed or
drinking water, using an osmotic minipump, by subcutangous or intraperitoneal imjection or by
inhalation} starts at the day of the first silicate instillation  or therapeutically 3-14 days later and
extends over a period of 3-12 weeks. At the end of the siudy, a bronchis-alveciar lavage o
determine the cell content and the pro-inflanunatory and pro-fibrotic markers and a histological
assessmend of pulimonary fibrosis are carried out.

of O e or FUNCHndbeet

pulmossre nlaniation

in the mouse and the rat, intratracheal adminustration of D@12 quartz or fluorescein isothiocyanate
{FITC) leads to an inflaramation in the hung {Shimbort ef af |, Exp. Lung Res. 36, 292-301 (2010},
At the day of the mstillation of D12 guartz or FITC or a day later the animals are treated with the
test substance for a duration of 24 hup 1o 7 days {by gavage, by addition 1o the feed or drinking
waler, using an osmolic minipunp, by subcutaneous or miraperitoneal injection or by inhalation),
At the end of the experiment, a bronchic-alveolar lavage to determine the cell content and the pro-

inflamroatory and pro-fibrotic markers is carried out.

B-8. Animal model of the elastase-induced pulmonary emphysema

The clastase-induced pulmonary emphysema in the mouse, rat or hamster is a widely used animal
model of pulmonary emphysema [Sawada ef af., Fxp. Lung Res. 33, 277-288 (2007, The anuimals
receive an orotracheal instillation of porcine pancreas elastase. The treatment of the animals staris
at the day of the instillation of the porcine pancreas clastase and exiends over a period of 3 weeks.

At the end of the study, an alveolar morphometry is carmed out.

B9 Animal model of permanent coronary Hgature in mouse and rat

Mice or rats are anassthetized with 5% isoflurane in an anassthetization cage, intubated, connected
to a ventidation pump and ventilated with 2% of isoflurane/N,0/0;. The body temperature is
roaintained at 37-3%°C by a heating mat. Temgesic” is administered as painkiller. The chest i
opened laterally between the third and fouuth ribs, and the heart is expesed. The coronary artery of
the left ventricle {LADY) is permanently ligated with an occlusion thread passed wnderneath shortly

below it origin (below the left atriurn}. The thorax is closed again, and the muscle lavers and the
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cpidermis are sutured, From the day of the operation or up fo a week later the animals are treated
with the test substance over a poriod of 4-8 weeks {by gavags, by addition of the test subsiance to
the feed ov drinking water, using so osmolic mindpump, by subculancous of intrapsaritonesl
injection or by inhalation). A further control included is 4 sham group in which ondy the surgical

procedare, but not the LAD voclusion, was performed.

At the end of the experiment, the snimals are spacsthetized again {1.5% isoflurane (mouse), 2%
isofturane {rat)/MN,(Vair], and a pressure catheter is introduced via the carotid artery into the left
ventricle. The beart wate, leftovenivicolar pressure VP keftoventricular end-diustolic pressure
(LVEDP), contractibity {dp/d) and relaxation rate {tau} are measured there and anabyzed with the
aid of the Powerlab system {AL? Instruments, ADLPWLE-ASP) and the Charts software (8N 425+
{1546}, A blood sample is then taken to delermine the blood levels of the substance and plasms
biopwarkers, and the animals are sacnificed. The beart (heart charbers, keft ventricle plus septum,

right ventricley, Biver lung and kidney are removed and weighed
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C.Weridne sxmmples for pharmssentiogl compositiom

The compounds according to the invention can be converied to pharmaceutical fornulations as

follows:
Tabletl:

Composition:

100 mg of the compound according to the invention, 50 mg of lactose (monchydrate), 50 mg of
corn starch {native), 10 mg of polyvinylpyrrolidone {PVP 25) (BASF, Ludwigshaten, Germoany}

and 2 mg of magnestum stearate.

Tablet weight 212 mg, diameter & mun, radius of curvature 12 mum.

The mixiure of compound according to the invention, lactose and starch is gramudated with a 5%
sclution (w/w) of the PVP in water, The granules are dried and mixed with the magnesium stearate
for 5 munutes. This mixture is compressed in a conventional tablet press {see above for format of

the tablet), The guide value used for the pressing is a pressing force of 15 kN,

Suspension which can be adminisicred oralhy:

Composition:
1000 mg of the compound according to the invention, 1000 mg of ethanol (86%), 400 mg of

Rhodigel® {xanthan gum frore FMC, Peonsytvania, USA) and 99 g of water.

10 mi of oral suspension correspond to a single dose of 100 myg of the compound according to the
mvention,
Froduction:

The Rhodigel is suspended in ethanol; the compound according to the nvention is added to the
suspension. The water is added while stirring. The mixture is stirred for about 6 h before swelling

of the Rhodigel is complete.

Composition;
500 mg of the compound according to the jovention, 2.5 g of polysorhate and 97 g of polyethylens
glycol 400, 20 g of oral solution correspond to a single dose of 100 mg of the compound sccording

to the invention.
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Production:

The compound according to the mvention 1y sugpended 1n the musture of polysthvlene glyeol and
palysorbate with stirring. The stirring operation is continued vutil dissolution of the compound

seeording to the invention Is complets.

The compound according to the invention is dissolved in a conceniration below the saturation
solubility in a physinlogivally acceptable solvent {e.g, isnionic saline solution, glucose solution §%
and/or PEG 400 solution 30%). The solution is subjected to steride filtration and dispensed into

sterile and pyrogen-free injection vessels.
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Fatent claims

1. Compound of the formaula (1)

?Ej
{ (’:\ o
K j h »'? :
S {\i)

i which

5 r' represents hydrogen, methyl or ethyl, where methy! and ethyl may be substituted

up 1o three times by fluorine,

R’ represents methyi, ethyl, s-propyl, isopropyi, cyclopropyl, eyclopropylmethyl, 2.2-

diftuorovinyt, 3,3-difluorcallyl or propargyl or represents a group of the formula

A8 N dB o
R™ R R

La
kAt

R
10 in which * denoctes the point of attachment to the CH, group,

Ar represents phenyl or 5~ or &-membered hetercaryl having up 1o two ring

nitrogen atoms,

where pheny! and heteroaryl may be mono- or disubstituted by identical or
different radicals selected from the group consisting of fluorine, chlorine,

15 methyl, trifluoromethyvl, methoxy and trifluoromethoxy,
R*™  represents hydrogen, fuorine or methyl,

R*¥  represents hydrogen, fluorine, methyl, triftuoromethyl, hydroxy or

meihoxy,
o

20 R™ and R*® are attached io one another and together with the carbon atom to which

they are sttached form a cycloprapyl or cyclobutyl ring,

R represents methyl or trifluoromethyl
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and

o .
R™ and R’® independently of one another represent hydrogen, methyl or

irifluoromethyi,

R’ represents  {C-Celalkyl, (Cp-Colalkenyl, (C3-Coroyeloslkyl o [{C5-0h)-

3 cycloalkyiimethyl,

where alkyl and alkenyl may be substituted up to three times and cycloadky! may

be substituted up to two times by fluorine
and

where in atkyl and cyeloatkyl up to two CH; groups may be replaced by -0- or -5,
10 with the proviso that there are at least fwo carbon atorns between such hetercatoms

including the wracil N'-atom,
and

the ring A represenis a mong- or bicyelic aza heterocyele of the formala

‘{ / £ ' £
- ) N N
s - \ & \
~ O 4y
“ X £ Sl %
J ‘> } et
{}H . . HG . HO , HOC
R ¥k
¢ 4
K«*'W'N, J,RM me \
< ar X
\ RL‘S £ #

15 in which ** denotes the point of attachment to the carbonyl group,
R’ represents  hydrogen, methyl, &tifluoromethyl, hydroxymethyl or
ethyl,
K% and R™ ecach independenily of one another represent byvdrogen, methyl or
ethyi,
20 R'™  represents methyl, ethyl, hydroxy or methoxy,

and
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0B 3 .
R represents hyvdrogen, methyl or ethyl,

and thewr salts, solvates and solvates of the salts,

2. Compound of the formula (I} according to Claim 1 in which

RI

5 R*

1¢

represents methyl, diftuosromethyl, trifluoromethyl, ethyt or 1-fluorcethyl,

represents methyl, ethyl, m-propyl, isopropyl, 3,3-difluorcallyl or propargyl or

represents a group of the formuda

Ar

QX

R(&f-\ : R@Eﬁ
in which * denotes the point of attachment o the CH, group,
Ar represents phenyl or pyridyl,

where phenyl and pyridyl may be substituted by fluorine, chlorine, methyl

or methoxy,
R represents hydrogen, fluorine or methyl,
R represents hydrogen, fluorine, methyl, hydroxy or methoxy,
or

A p 3 .
R* and R*® are attached to one another and together with the carbon atom to which
they are attached form a cyclopropyl ving,
and

2

R™  represents hydrogen, methyl or trifluoromethyl,

represents  {Cp-Cypralkyl,  (Cp-Cod-alkenyl, {(Ci-Cgroveloalkyl  or  [{C5-Ci)-
eycloalkylimethyl,

where alkyl and alkenyl may be substituted up to three times and cycloalkyl may

be substituted up to two times by fluorine

and
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where in alkyl and cycloalkyl one CH, group may be replaced by -0- or -8-, with
the proviso that there are at least two carbon atoms between such a heteroatom and

the uracil N'-atom,

and
i the ring A represents an aza heterocycle of the formula
w% s 2 &%
N N N N
5 <l\~a~""?} \2\\ ,L" T4 \ fx\ SGR &r
, ¢ N 4 e W
93:5.}" ‘ ({‘ . {{‘ ;% \
OH , HQ . HE N o
ESES
/
e/‘ N\
f‘? : %
HO R
in which *¥* denotes the point of attachment to the carbony! group,
R represents hydrogen, methyl, iriffuoromethyl, hydroxvmethyl or ethyl,
R and R independently of one another represent hydrogen, methyl or sthyl,
g and

R represents methyl or ethyl,
and thew salts, solvates and solvates of the salis.

Compound of the formula (8} according to Claim 1 or 2 in which

(7%}

R represents methyl, diffuoromethyl, trifluoromethyl or ethyl,

15 R represents methyl, ethyl, isopropyl or propargyl or represents a group of the

formula

. » xf}"""’CHE

£ At
o
f‘ X ar -
44 38 28 '
: R

in which * denoctes the point of attachment to the CH; group,
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Ar represents phenyl, 3-pyridyl or 4-pyridyl,

whire phenyl may be substituted in the mefe- or para-position by fluorine

or in the ertho-position by fluorine, chiorine or methyi,
R%™  represents hydrogen, fluorine or methyl,
R®  represents hydrogen, fluorine, methyl, hydroxy or methoxy,
or

R™ and R™ are attached {0 one another and together with the carbon atom to which

they are attached form a cyclopropyl ring,
and
£ represents methyl or triffucromethyd,

R’ represents 2.2, 2-triflnoroethyl,  3.3-difluoroprop-Z-en-1-vl,  methoxymethyl,

{fluoromethoxyvimethyl or [{riflucromethvllsulphanyiimethyl,
and

the ring A reopresents an aza heteroevele of the formula

R R ¥ ¥
;xij ’ \s/
e 7N
S A4« O
N & o -‘ } / g
R ‘- I
O . E'“iQ O

i1 which ** denotes the point of attachment to the carbonyi group,

and

R’ represents hydrogen, methyl, trifluoromethyl, hvdroxymethyl or ethyl,
and their salis, solvates and solvates of the salis.

4, Process for preparing a compound of the formula {1} as defived in any of Clatms 1 to 3,

characterized in that either

{A-11  a compound of the formala (81)
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O
I
Thmgy ‘S”"J\w"’ o
H @

in which B and B have the meamngs given in any of Claims 1 1o 3
and
Tt represents {Cy-Cyi-alky! or bengyl
8 iz slkylated in the presence of a base with a compound of the formula (D

B N 1
R X (T

in which R’ has the mesuning given in any of Clajts 1 to 3

and

X represents a2 leaving group, for example chiorine, bromine, iodine,

10 mesylate, triflate or toaylate,

to give a compound of the formula (IV)

(IVv3
in which R, B, R® and T' have the meanings given above,

then the ester radical T’ is cleaved off and the carboxylic acid of the formula (V)

15 obtained in this manner

V3



WO 2815/052068 -~ 301 - POT/EPZOIGATINIZ

in which R, R® and R’ have the meanings given above

is then coupled with activation of the carboxyl fimction with an groine of the
formuls (VT

#
Nf
“(._—w 2N
N
()
£

in which the ring A has the megning given in any of Claims 1 1o 3,

Or

FA-21  the compound of the formula (04

(i)
in which R', B and T have the meanings given above

is initially converted by clesvage of the ester radical TV into the carboxyhe acid of
3 £ ¥

the formula (VI
&t\i f[\
S%ﬁ“ | WO
MG ST Q,-»*L\\_\g

N
H VI

in which R' and B? have the meaniogs given above,

then coupled with activation of the carboxyl function with an amine of the formula

(Vi
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e

or

[B]

S’
tn which the ring A has the mcaning given above

to give a compound of the forroula (VI

P 87 g
Q \ H
A
S (V1D

in which R', B? and the ring A have the meanings given above

and this s then slkviated in the presence of 8 base with a componnd of the formula

ey

TP N
R Xam

in which R’ and X' have the meanings given above

initially an & protected compound of the formula {IX)

R’ £} ;iz;
. \\ R 3
% £F i
w0 L
TL"“(:; S«"M\\ww” Sy N %
L
4 0

in which R’ and T have the meanings given above
and

®* and R™ independently of onc another represent hydrogen or methoxy
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is alkyisted in the presence of a base with a compound of the formmda {1I)
R X
in which B and X' have the meanings given above

to give a comapound of the formula (X}

3 R 0
in which RY, B, R™ R™ and T' have the meanings given sbove,

i3 . P . JO
the A-benzyl group and the ester radical T are then cleaved off simuliansously by
treatmoent with a strong Lewis acid such as aluminivm trichioride, the carboxylic

acid of the formula (XI) obtained in this manner

10 R )
in which R' and R® have the meanings given above,

i5 then coupled with activation of the carboxyl function with an amine of the

formula (VD
H
£
i P
- 3
{ A
S
N (V1)
1S in which the ring A has the meaning given above

to give a compound of the formula (X
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8 O
H \' ,,rﬁi\
G‘\ A 4 ;‘\ih
I Y
N 57 \ M ¢
N
E; A R’
S /
e’ (XI0)

. . 3 . . .
in which RY, R and the ring A have the meanings given above

and the latter is then either reacted (o) i the presence of a hase with g compound

of the formula (XD

5 R X xam

in which R’ has the meaning given above

and
Xs represents a leaving group, for example chiorine, broming, fodine,
mesylate, triflate or tosylate,
10 or (&) in the presence of a suilable phosphine and an arodicarboxviate with a

corapound of the formula (XTV)

20

in which R* has the meaning given above,

i3 and the coropounds of the formula (I) prepared in this manner are optionally converted with
the appropriate {i} solvents and/or (i) acids into their solvates, salts and/or solvates of the

salts.
5. Process for preparing compounds of the formula (J1-C)

® il 0

Q, g;;\ LN%\
> /Rﬁg\

(11-C)
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in which R* has the meaning given in any of Claims 1 0 3
RY represents difluoromethyl or triffucrometinyl

and

T represents {C;-Cy)-alkyl or benzyl,

characterized in that a compound of the formula (XX

{3}
in which R” has the meaning given above,

is converted with phosphores oxychioride into a compound of the formula (XXIV)

{(XXIV)
in which R? has the meaning given above,

then in the presence of excess pyridine is reacted with an anhydride of the formula (XXV}

O 9,

XXV}

CXXVD)
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in which R' and R” have the meanings given above

{.
=

and these are then condensed in the presence of a base with an c-mercapioacetic ester of

the formula (XX

3
. A ™ .
T2 SH (XXT)
3 in which T' has the meaning given above
to give the compound {(JI-C).
6. Compound as defined in any of Claims 1 to 3 for treatment and/or prevention of diseases.
7. Compound as defined in any of Claims 1 to 3 for use in a method for the treatment and/or

prevention of idiopathic pulmonary fibrosis, pulmonary hyperiension, Bronchiolitis

[

obliterans syndrome, chronic-obstructive pulmonary disease, asthma, cystic fibrosis,

myocardial infarction, heart failure and sickle cell anaemia.

g. Use of a compound as defined in any of Claims | to 3 for preparing a medicament for the
treatment and/or prevention of idiopathic pulmonary fibrosis, pulmonary hypertension,
Bronchiolitis obliterans syndrome, chronic-obstructive pulmonary disease, asthma, cystic

15 fibrosis, myocardial infarciion, heart fathire and sickle cell anaemia.

O

Medicament comprising a compound as defined in any of Claims 1 to 3 in combination

with one ot more inert, nonfoxic, pharmaceutically suitable excipients.

16. Medicament comprising a compound as defined tn any of Claims 1 to 3 in combination

with one or more further active compounds selected from the group of the PDE 3§
20 inibitors, sGC activators, sGC stimulators, prostacyclin analogs, endothelin antagonists, of
the antifibrotic agents, the antiinflammatory, immunomodulating, mounosuppressive

and/or eytotoxic agents and/or the signal transduction cascade-inhibiting compounds.

11 Medicament according to Claim 9 or 18 for the treatment and/or prevention of idiopathic

pulmonary fibrosis, pulmonary hypertension, Bronchiolitis obliterans syndrome, chronic-

H

obstructive pulmonary discase, asthma, cystic fibrosis, myocardial infarction, heart failure

and sickie cell anaenua.

12. Method for treatment and/or prevention of idiopathic pulmonary fibrosis, pulmonary
hypertension, Bronchiolitis obliterans syndrome, chronic-obstructive pulmonary disease,

asthioa, cystic fibrosis, myocardial infarction, heart failure and sickle cell anaenia in
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bumans and animals by administration of an effective ameount of at least one compound as

defined in any of Claims | {0 3, or of a medicament as defined in any of Claims 9 io 11,
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