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1, 2, 3, 4- TETRAHYDROPYRI M DO{ 1, 2- a} PYRI M DI N- 6- ONE DERI VATI VES, PREPARATI ON
THERECOF AND PHARMACEUTI CAL USE THEREOF 5The present invention relates to
novel chem cal conpounds (1, 2,3, 4-
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particularly, the invention relates to nove yrim and
to the pharmaceutical use thereof folHERE@Fevention and treatnent of

condi tions capable of being nodul ated by inhibition of the 15 Pl 3K/ AKT/ nTOR
pathway. AKT is a key participant in this signalling pathway. A high |evel
of AKT phosphorylation is the marker of the activation of the pathway,

whi ch i s5found i mHEPYsRHITHVHABS Gefites to novéhNehéthRalebmpalinbbq13r, ggent
invention may thus in particular be used for the prevention or treatnent of

condi ti ons dalsahydsopyrimisioft 2rajautinmidia-Gayneadoderivachromopyrihidiaones, to the

Dy i by ¢ GO T B AR et Gy 1) a0 1 on
of kinases hhEongenthdreoft iss rasdidaments,oto | ihel Praembeseiddr coMbositiAs
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ki nase- 1 ( PORUfaNngdhemaAandisthemaviebuse plisuth deriativese 25 AKT
serine-threoni ne kinase, or the nTOR ki nase. The inhibition and
regul atilBn of t hell@ presaririmeoiop dhus@sa telgiesttotibs use phsaidcderivativesew and
power ful mechani sm of z%ct gﬁn far. the rﬁreat me.ntt Oft' ahlar%a nunber of cancer
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and to the pharmaceuti cal use thereo or the prevention and treatnent of
condi ti ons treatment of conditions capable of being modulated by inhibition of the
15 PISK/AKT/mTOR pathway. AKT is a key participant in this signalling pathway.
A high leve! of AKT phosphorylation is the marker of the activation of the

pathway, which is found in many human cancers.

The products of the present invention may thus in particular be used
for the prevention or treatment of conditions capable of being modulated by
20 inhibition of AKT phosphorylation (P-AKT). The inhibition of P-AKT may
especially be obtained by inhibition of the PI3K/AKT/mTOR pathway, and in
particular by inhibition of kinases belonging to this pathway, for instance
receptor tyrosine kinases such as EGFR, IGFR, ErbB2, 3’-phosphoinositide-
dependent protein kinase-1 (PDK1), the PI3K phosphoinositide kinase, the

25 AKT serine-threcnine kinase, or the mTOR kinase.

The inhibition and regulation of the PISK/AKT/mTOR pathway
constitutes in particular a new and powerful mechanism of action for the
treatment of a large number of cancer diseases including solid and liquid

fumours.



5 affected by the nodul ati on of autophagy. The inhibition and regul ati on of
aut ophagy constitutes a new nechani sm of action for the treatnent of a

| ar ge number of cancer diseases, including solid and |iquid tunours.

This invention also relates to novel pyrimdinone derivatives and to the

phar maceut i agb2gg4/gohgngof for the treatnment of pamEsTHFRRALARRSE such as
10 mal ari a, sleeping sickness, Chagas digsease or |eishnmaniasis. Role of the

Pl 3K/ AKT/ nTOR pat hway The PI 3K/ AKT/mTOR signalling pathway is a
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survival, proliferation and cell notility, which are key processes in

t umor i genesiapplicatian aressalidarliadig! pEMARGYMPYSan i nportant target in the
treatnment of cancer since nost of its effectors are altered in human
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pancreatic, AREAUEICohHbAN F Aivafts of the PEMWRY arélh oncogenes, such as
ErbB1 (EGFR), ErbB2 (HER2), PIK3CA and AKT, activated by mutation,
amplification or overexpression; ii) a deficiency in tumour suppressdr genes
20 such as PTEN, TSC1/2, LKB and PML, which are inactivated following
mutations or deletions (Jiang L-Z & Liu L-Z, Biochim Biophys Acta, 2008,
1784:150; Vivanco | & Sawyers CL, 2002, Nat Rev Cancer, 2:489; Cully M et
al., Nature Rev. Cancer, 2006, 6:184).

V

The activation of the oncogenes of this signalling pathway is found in

25 many human cancer diseases:

- PIK3CA activating mutations are present in 15-30% of colon, breast,
endometrial, liver, ovarian and prostate cancers (TL Yuan and

LC Cantley, Oncogene, 2008, 27:5497; Y. Samuels et al. Science,

2004, 304:554; KE. Bachman et al. Cancer Biol Ther, 2004, 3:772;

30 DA Levine et al. Clin Canc Res. 2005, 11:2875; C. Hartmann et al.



15 et al. Canc. Res. 1998, 58:2500; Zhou X-P et al. Amer. J. Pathol., 2002,
161: 439; Endersby R & Baker SJ, Oncogene, 2008, 27:5416; Li et al. Science,
1997, 275:1943; Steack PA et al., Nat. Genet., 1997, 15:356); nmnutations in
TSC1/2 in nore than 50% of tuberous scleroses; 200 mutations or del etions
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pﬂosphoﬂﬁl aLl on ehel, e@hnﬁORmytﬁQﬁé{Jﬁe:Zﬁﬂm:)tZiﬁjLsXGRP éltaitai gNAeE. &ePhthI?ﬂind by
the sanme token, RPrQYi at nen r_canc ecept or_tyrosi ne ki nases
such as | GF1R Ab%gﬁﬁﬂ?gllﬁﬁb negrsoy %TB E%"tglj’n R‘F?&%P‘Ee 2 PHEy &i been
inplicated in magy i ggaaes, 1 '275‘99%30%%@%% £ Nat! @éﬁéto%gﬂh' S

may originate either 25 directly or in |rectly froma’dysfunction™in’the
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si gnal s20f ki nasesutationsldr HBRSIBNSOinC A9EH1 @r SSTReY) Wﬂ"nbiﬁ‘hbﬂé'diépﬁéeofo the
action of kinases |leads to the hope of a beneficial
gastrointestinal tract cancers and to pancreatic cancer and which are
found in particular in 10-38% of lung adenocarcinomas (Shah U. et al.

Cancer Res. 2008, 68:3562);

o modifications of PML in particular by translocation in human tumours
25 (Gurrieri C et al, J. NAtl Cancer inst. 2004, 96:269).

In addition, this signalling pathway is a major factor for resistance to
chemotherapy, to radiotherapy and to targeted therapies such as EGFR and
HERZ inhibitors, for example (C. Sawyers et al. Nat Rev 2002).

Role of AKT



W2011/001113PCT/ FR2010/ 051374 5 The insulin-like growh factor type 1
receptor (IG-I1-R) is a transmenbrane receptor tyrosine kinase which binds
firstly to IGFl, but also to IGFIl and to insulin with a weaker affinity.
The binding of IGF1 to its receptor |eads to oligonerization of the
receptor, aoNOZD1gk3t he tyrosine kinase, 5 intesdP/OHPI051374

aut ophosphoryl ation and phosphoryl ation pf cell substrates (principal
substrates: IRS1 and Shc). The receptor activated by its ligand induces a
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underproduction of cytokines or of growth factors, also involved in the

transduction of upstream or downstream signals of kinases. In all these

30 cases, a selective inhibition of the action of kinases leads to the hope of a

beneficial effect.



The PI3K lipid kinase is an inportant target in this signalling pathway 25
for oncology. The class | PI3Ks are divided up into class la (PlI3Ka, 13, 8)
activated by receptor tyrosine kinases (RTKs), G protein-coupled receptors
(GPCRs), GrIPases of the famly Rho and p21-Ras, and class Ib (Pl 3Ky)

~activated bywehsdRs /g 421- Ras. The class la Pl 3Ks PC?/#’I@‘E(?T(?@E £ Which
ory su

consist of a catalytic subunit pll0a, [3zor 5 and a regula unit 30
p85 or p55. The class Ib (pl by) is nononeric. The class | PI3Ks are
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t he PI K3CA gene vvhiéig.ep odes FI 3Ka, are found in 15-35% of human tunours,
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27:5497)49 Pl@K d&@ﬁ?@ﬂ t%f?lhg.lag?e( te?éj to be effective in the treatnent of

many human cancers itin netic alterations resulting in the

i vati | T/ nTOR pat h Vogt P. L., Virol ogy, 2006,
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processes, i#EGHe}]WiRIa Mgreaparespivelnhenolitieon, notility and survival .

MIOR is a nultifunctional kinase which integrates both the signals com ng

from growt h Hight @neseatvdtions st cicoutating 166 M aratstioniglys comelatatt withca 28k of

regul at ¢ pr ot ei ransl ation, nutrient uptake, autophagy and m tochondri al

funct i OﬁI_S m@S@é:JPEQ PRAPREASISARESF two different conpl exes, called mTORCL
ptor subunit and nnTORC2 contains the

and mrORC2. T%?Cl con{ ins the r ¢
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phosphoryl at i st rrn%{:f i t.] t ation
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condi ti ons,. Thi|expressiom phrlGFebRarn caomeal, fibroblasts induces a neoplastic
phenotype, which can subsequently lead to tumour formation in vivo. IGF-I-R
expression plays an important role in substrate-independent growth. IGF-I-R
has also been shown to be a protector in chemotherapy- and radiation-

25 induced apoptosis and cytokine-induced apoptosis. Furthermore, the

inhibition of endogenous IGF-I-R by a dominant negative, the formation of a
triple helix or the éxpression of an antisense causes a suppression of the
transforming activity invitro and a decrease in tumour growth in animal
models.

30 PDKi1



5 di abetes, obesity, cardiovascul ar di seases and neurol ogi cal disorders.
nMIOR nodul at es nmany bi ol ogi cal processes, including translation, autophagy
and ri bosone biogenesis by integrating intracellular and extracellul ar
signals such as the signals transported by growmh factors, nutrients,
energy | evel\womnd 1gr)ili1stress (Guertin D.A. and Sa r Cell
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of malaria. The Pl asnodi um

have not ye n e d|n hetreatrre
fal ci par u% KnrHSﬁQ @}%ﬁkg 1r et iy AR <Ritective irhiition 5of\jhecprofasation
been t ooy ed Tor yinan 6 LARGE C‘*ﬁ'é”?ﬁﬁ Reftéte bRMRE Mt BRI
'CI)'];] P. }‘al c: pesman aancard ( Bauascqmﬂﬂgogmﬂl ?yﬁemﬁ h? E?i‘ﬁéri@?llﬁe}uECf & Alf@(sﬁrl ﬁl

e nol ecu i [ e gro 0 al ci parum (highly
chl or oqui neeqﬁ%’s[lf;lg Eﬂ \f}e ré@(,sng‘f%gbreroon) at 1 pMand 0.1 pMin an in 20
vitro test 'ﬁ{ i nfected human ergt hrocytes, as indicated in Table 2.

osphoinositide 3-kinases (PI3Ks)

The P13K lipid kinase is an important target in this signalling pathway

25 for oncology. The class I PI3Ks are divided up into class Ta (PI3Ka,p,5)
activated by receptor tyrosine kinases (RTKs), G protein-coupled receptors
(GPCRs), GTPases of the family Rho and p21-Ras, and class Ib (PI3Ky)
activated by GPCRs and p21-Ras. The class Ia PI3Ks are heterodimers
which consist of a catalytic subunit p110c, B or § and a regulatory subunit

30 p85 or pb55. The class Ib (p110y) is monomeric. The class | PI3Ks are
lipid/protein kinases which are activated by RTKs, GPCRs or Ras after



Simlar kinomes are present in all the Plasnodi um species, such as P.

fal ci parum P. vivax, P. nmalariae, P. ovale and P. know esi. The conpounds
of the invention can therefore be used in the treatnment of malaria induced
by all the parasites mentioned above. In addition, the kinases are 25 found
in other pangeidpag/omuql as Trypanosoma (for exanplpsT/FRAABER137) Cruzei)
and Lei shmania (for exanple, L. major, Ly donovani). The conpounds of the
invention can therefore be used in the treatnent of sleeping sickness,
Chagas di seasenuififéntvalfi Qng ne&mBratle. | SirRBRNas S| aplid hghoftidiiatd C
infections. W2011/001113PCT/ FR2010/ 051374 10 those skilled in the art.
Appl i cat i on PROspbatidyiingsital da-sliphasesats GHH2R onweistienhhobtheninagitr-donds bi t i ng

~activity. These: pr L1 dQ[ e 22 L diohs4- opes which djffer
from the pradud® SHeshieEh Bl Ruen BB, PP fhe Reh tdhfery
S5aromati ¢ nahessergrd i tes sighalisngigatiiwansin turn, PIPApetiuite AKNa®FIORBIH64244
descri be’g the application of the PlI3K3-inhibiting products TGX-221 and
h

TGX- 155 Phatth@rigemorang whekentheyr bingdngat their Riaeksiin homplogy slomaipulPl of

breast canc : Tala ! o Ak ry ) Lo di Q4 2vj ously
descri bed i ﬁfoé?)%ﬁﬁg?‘%ﬁg%é%’%%ﬁ%%%@dB%%‘?E@%%gﬁrﬁﬁ%

di ffer from3Use AKDphospharlatde margssutistiatesrthus playmge key tdieiin matyrel y
aromatic nature and thejr substj E‘Ut ifons. Appl i cati ons\WO 2006/ 109081, WO
2006/ 109084&%{8"%9?0%}1&'@80%‘3%@ apSIOEMBREN. PRGBS el prglitsraiiam. tarowtat ar e

of use in t%d@r&@ﬁﬁtaﬂar&ls&én%%ﬁ@%é@ ent cancers. These products are

pyrido[ 1, 2-a] pyri mdin-4-ones Iffer fromthe products of the present

[ nti oW ng t ' j : ' thel.l.. ks i ons.
wppl 1 catDon o 200% 95365 EPRE B ARG B ATHHD BePOkts' PinalE M 27 e o
use in the tofeheRIKBOK gérid} Whichcéraitides PIGKLS ard HEHRI I 98185% ol'urdéh
pyrido[1, 2-a] pyri mdin-4-ones which differ fromthe products of the present

i nventi on olHm§UFS Wilkin parHicilaetwo grigieel eneeganic mutatianseiH104dRs (in the i ons.

\miecf]?bj \e/\lc)g d(Tri@%S@ﬂ@é@%%%%%ﬁﬁtﬁg hgﬁgﬁ%ﬁaiﬂ ({(.Oénglu%lé Ka, 'N

Science, 2004, 304:554; TL Yuan and LC Cantley, Oncogene, 2008,
15 27:5497). PI3K inhibitors are expected fo be effective in the treatment of

many human cancers exhibiting genetic alterations resuiting in the activation
of the PIBK/AKT/mTOR pathway (Vogt P. et al., Virology, 2006, 344:131;
Zhao L & Vogt PK, Oncogene, 2008, 27:5486).

mTOR

20 mTOR {mammalian target of rapamycin) is a serine-threonine kinase
_related to the lipid kinases of the PI3K family. mTOR has been implicated in |
various biological processes, including cell growth, proliferation, motility and
survival. mTOR is a multifunctional kinase which integrates both the signals
coming from growth factors and those coming from nutrients in order to
25 regulate protein translation, nutrient uptake, autophagy and mitochondrial
function. mTOR exists in the form of two different complexes, called mTORC1
and mTORC2. mTORC1 contains the raptor subunit and mTORC2 contains
the rictor subunit. These two complexes are regulated differently: mTORC
phosphorylates the S6 kinase (S6K) and 4EBP1, thus stimulating translation
30 and ribosome biogenesis so as to facilitate cell growth and progression in the
cell cycle. S6K also acts in a feedback pathway for reducing the activation of



11 R1 represents an -L-aryl or -L-heteroaryl radical, such that L
represents: either a single bond, or a |inear or branched al kyl radical
containing from1l1l to 6 carbon atons and optionally substituted with a
hydroxyl radical, 5 or a CO or -CO Al k- group, or an L'-X group where L'
represents ayo208a&/009418r anched al kyl radi cal cont q:@l;/pgngoqgmﬁqﬁgf 6 carbon
atons, and X an oxygen or sul phur atom ¢ he aryl et eroar radi cal s
bei ng optionally substituted with one or nore radicals, which nay be

i dentical OorAKITf FATGRECT Bhesmsitive en A hﬁﬁ@ﬁh %l%?éa§ﬁ%T¢ﬁ?®2q§0gé/ﬁera@\'
nitro, -COOH, -000alk, -NRxRy, -CONRx - CORYy,

al koxy, pheidSEnsitiyex e t raRgMYginy MTQR QO@PIWBF%H-@ mcbﬂaieygramm fagtor

ot er ooy el oSiUrchY Hno@blaRtiBhART Yo <2k, dide: 47EUbTEN beecbssn n one
or nore radum@lltsatemhnwarlmys pethdmgicdt wongiions) trﬂ!:illjcfnﬁ?g e tpariise Bahd&m

hal ogen ato and NRVRw;, it being possible for the heterocycl oal kyl and
het er oar y! ﬁ%‘?%ﬁi sowlfad%ﬁfﬁiqyﬁaw@r gdisgaaes and newEclpaigatdisordeps. rf@ %ents a

hydr ogen at h
o);;tio%al |y gﬁ%@%lllt%gt@éh%blﬁ%ghgﬁ rmcr(ra[?rsgsha ogergg%%ﬁhaﬂ %kﬁ% nts a
hydr ogen at sifbosoma Hnagam bymgl’ﬂm?mnbeceigﬂm é)ktaacdﬂglalretyrm@mdw a
hydr ogen ato r an i an represent rogen atom or a
cg;cl ogl kyl 8aﬁlgflﬁ5§yﬁn§ ‘g‘?é;gé{(ﬂr@‘éﬂh Qrgnﬁpqr'ﬁn&@@?fgmlﬁé‘@’%'ﬂ%C%'he or
more radi Ca's%es%@ﬁ@rtw Aearidsabati!D. OCaéé?tdCEflei 12680 d@%nq
hydroxyl, al koxy, Rw and heterocycl oal radi ca or an orm
with thaOni tM@gBhg@thQﬂﬁoglenehZ@(B&a)ETaﬁé%,t tached, a cycl i c radical
containing from3 to 10 ring nmenbers and optionally one or nore other

The role of aufophagy

Autophagy is a lysosome-dependent intracellular degradation
mechanism (organelles, long-lived proteins, etc.). The autophagy process
involves the formation of particular vesicles called autophagosomes. The

15 class Il PI3K lipid kinase (Vps34) is involved in the formation of
autophagosomes. This class Ill PI3K phosphorylates phosphatidylinositol (PI)
on position 3 of the inositol so as to give phosphatidylinositol-3-triphosphate
(PI3P). PI3P is a key second messenger in autophagosome formation via the
recruitment of proteins such as WIPI, DFCP1 and Alfy. Autophagy is a cell

20  survival mechanism which enables the cell to survive in a situation of stress,
for instance in the face of a metabolic stress. In the case of cancer,
autophagy is implicated in the resistance of tumour cells in the face of
environmental stresses such as: hypoxia, oxidative stresses, nutrient
deficiency, but also in the face of therapeutic stresses: treatments with

25  anticancer agents, ionizing radiation.

Application in antimalarial chemotherapy

Malaria is one of the primary infectious causes of mortality in the world and,
each year, affects 100 to 200 million individuals. The strong resurgence of the

disease observed over the last few years is due to several factors, including:

30 -the vectors, namely anopheles mosquitoes, which become resistant to the



het eroat ons chosen fromO, S, NH and N-alkyl, this cyclic radical being .
W2011/ 001113PCT/ FR2010/ 051374 12 optional ly substituted; NRvVRw being such
that Rv represents a hydrogen atomor an al kyl radical and Rw represents a
" hydrogen atom or a cycloal kyl radical or an al kyl radical optionally

substi t ut ed wio2do19me1qr3nore radi cal s, which may b¢:¢-pyplp{tg'0qu053|53745
different, chosen from hydroxyl, al koxy cand het erocycl oal kyl radicals; or

Rv and Rw form with the nitrogen atomto which they are attached, a cyclic

radi cal contoanvéengrial enedp irketficiaeésg nmenbers and optionally one or nore
ot her heteroatons chosen fromO, S, NH and N-al kyl, this cyclic radical

bei ng opti onahk ynepedsd inttHélﬁfg'F)H]ﬂe%oPEﬁt’tlﬁélﬁiédé dt3CanG, rhily, Rx and Ry or Rv

and Rw, respectively, can e nitrogen atomto which they are

Bt ached oRtAg raBbinRe ot ndiBRdS Wl it B1canfo i MR, Wphitn WK °8

be identical or eren chosen Trom hal ogen at ons, oxyl ,
oxo, al koxy parkidie Nspoksibted fox(thkkpthal doincslo$ thed dideasee o dxepbavértonahl ues

of Ry exgept far hydrogen; Rx, Ry.,and Rz, in the -NRxCORy, -CORy and
NRxcoszgr adl?%‘ﬁp%’,’”%ﬂéﬁ‘?@dcﬁlﬂ%réﬁsichg’rwg‘l‘@e@é‘éjrmﬁ YR cat ed above for Rx,
Ry and Rz; said products of fornula (1) being in all the possible racemc,
enant i onner i IQ1ea RICRAGEYIPB ahitke resistancso amonto thes straing f Jdasmediurai in on

salts with ipoggan c gapi c [.ds_or oW t h_Lnor [ iC
bases, of szgégﬁ pr odugt?galgpgq‘@ﬁ’rmma ('Iiﬁt Aogu ij(gec%ng&%tl‘%e lpfrg%@%gﬂf ntion
i s thus the demuhsitatesthd argehianééd tesdelefiopmatbvalavtpoundsWhadhg a new R1
represents an - IT het eroaryl radical, such that L represents:

- [ -
25ei ther a m@ﬁL o7 Bbin 2 thus eRaBinG A dncipRIft Hiekisk pheosairesisiangeni ng
a2 16, HhAPRrEaEra fitgBR AP ALY bBERTalibateBtn the el Pikany

radi cal, or _
pathological conditions, and the kinome of P. falciparum has been proposed
as a reservoir of new targets for the development of new medicaments which

have not yet been explored in the treatment of malaria.

The Plasmodium falciparum kinome is composed of 64 kinases, some of
15 which are orthologues of human kinases. Kinase signalling pathway inhibitors
have been tested for their ability to inhibit, in vitro and in vivo, the growth of

P. falciparum and of other pathogenic species responsible for malaria.

The molecules of the invention inhibit the growth of P. falciparum (highly
chloroquine-resistant strain Fem29-Cameroon) at 1 yM and 0.1 pM in an in
20  vitro test using infected human erythrocytes, as indicated in Table 2.

-Similar kinomes are present in all the Plasmodium species, such as
P. faiciparum, P.vivax, P.malariae, P.ovale and P.knowlesi. The
compounds of the invention can therefore be used in the treatment of malaria
induced by all the parasites mentioned above. In addition, the kinases are

25 found in other parasites, such as Trypanosoma (for example, T. brucei,
T.cruzei) and Leishmania (for example, L.major, L.donovani). The
compounds of the invention can therefore be used in the treatment of
sleeping sickness, Chagas disease, the various forms of leishmaniasis and
other parasitic infections.

30 Kinase-inhibiting morpholino-pyrimidinone derivatives are known to



W)2011/001113PCT/ FR2010/ 051374 13 or an L'-X group where L' represents a

| i near or branched al kyl radical containing from2l1l to 6 carbon atons, .and X
an oxygen or sul phur atom the aryl and heteroaryl radicals being
optionally substituted with one or nore radicals, which may be identical or

different, cigozen1fopaaBal ogen atons and 5 hydr oxylpo-ﬁp:lemb)'gy]m@OO-l
-000al k, -NRxRy, -CONRXRy, -NRxCORy, -NpyCQ2Rz, -CORy, koxy, phenoxy,

al kyl thi o, al kyl, cycl oal kyl and heterocycl oal kyl radlcals the latter
al koxy, pheniexse s;aﬂé'd/intthb(art_al kyl and heterocycl oal kyl radical s bei ng

t hensel ves optionally substituted with one or nore radicals, which nmay be

10 identical or ggdigssH V\@m@emg@m haé&%es %%&edmawé &e1 ng

possi ble for the heterocycl oal and heteroary cals to also contain
an oxo radi mTORRBthdimgeﬁthIB/ a h@&ﬁ@g@duds (ﬁreopyIMD[a,Iqu]pynmﬂmea ones R3

represents ubst tuted with one or. hal ogen
15 atons; R @Jbbﬁteér{?ogngﬁﬁyg&%g tlt%%PBerseQ HB’PBg ﬂoé{‘f'WO NFSJ'R? B g such
that Rx gsepresmatis natury dhadnsir slbshtdfiod al Kyl radical and Ry represents a
hydrogen atom or a cycl oal kyl radical or an al kyl radical optionally

substituted w th QpficRiod OO RABBRA444V & Ofyf 2
different, chosen fromoh ydr oxy, fgﬁox NRvR\%B%§ ﬁg?e%?@ ?géar] k)E/) (rﬂc]i%i cal s;

or Rx and RYPIBKB+imhibiting plrmluntst ﬂ'@éﬂZ&t andt'ﬁGMﬂﬁﬁthE;arar@‘ attaphdisk a

cyclic radi cont aj ni fro 3to 10 ring nenbers and optionally one or
nore ot her EW@B{ JFT\Q séh f'F‘d?ﬁ"BCU ar ON%"%"?& Q@Ngekyl hesenprodigty pee

radi cal bei n@@&'?%ﬁﬂ))rh‘méhﬁb@bhéé't eﬂ)rﬁ% g‘?‘c’a dlB%WSUQH th%ﬁ iR4tions

represents hydr ogen "at om or an al repres s a hydrogen
at om or 16 cWCb%ﬂOéjﬂ)mGﬂT amd W 2@61&]58526& wbimajllfferpﬁ]'omrthblwodmdtstofthé ed
with one or nore.radic |caI or.different, chosen from

hydr oxyl , aIF’IE%§G§)1taH'aVGr\'&-'PQr cﬂyvegoé? kghe'F aﬁflﬁ@i agMalle HRfUkgy AR MIGI th t he

ni trogen at @ubkMuibhsh they are attached, a cycl ic
W2011/ 001113PCT/ FR2010/ 051374

Applications WO 2006/109081, WO 2006/109084 and

WO 2006/126010 describe DNA-PK-inhibiting products that are of use in the

15  treatment of  ATM-deficient cancers. These products are

pyrido[1,2-a]pyrimidin-4-ones which differ from the products of the present
invention owing to their entirely aromatic nature and their substitutions.

Application WO 2003/024949 describes DNA-PK-inhibiting products

that are of use in the treatment of ATM-deficient cancers. These products are

20  pyrido[1,2-a]pyrimidin-4-ones which differ from the products of the present
invention owing to their entirely aromatic nature and their substitutions.

The subject of the present invention is the products of formula (1):

R3

%

in which:



14 radical containing from3 to 10 ring nenbers and optionally one or nore
ot her heteroatons chosen fromO, S, NH and N-al kyl, this cyclic radi cal

bei ng optionally substituted; the cyclic radicals that Rx and Ry or Rv and
Rw, respectively can formwith 5 the nitrogen atomto which they are

attached, bejepoanidganakl y substituted with one or p@f ' z40Whi ch may
be identical or different, chosen from L”ﬁtl ogen atons, gﬁﬁpﬁﬁﬁﬁydroxyl ,

oxo, al koxy, NH2, NHal k and N(al k)2 radicals; Rz represents the val ues of
Ry except faqq hystessss;anl -apyl oY -Rétdrd2yi radicae subutdiY repréiditsand

NRxCC2Rz radi cal's being chosén fromthe nmeani ngs indicated above for Rx, Ry

and Rz; sai %iﬁﬁb?ggﬁﬁ@e‘%naor”“' a (I) being in all the possible racemc,
enanti omeric and di astereoi soneric isonmer forns, and al so the addition

salts with i | .C | A ¥ | not. | rgani c, bases,
ool LS L o] By 0N ARG AR cRpralibd 9P AR BT Do
term "al kyl dplionalksubstitited|witnde hotiesyt faeliddinear, and where appropriate
branched, radicals nmethyl, ethyl, propyl, isopropyl, butyl, isobutyl,

sec-butyh, tgrd cbusylcopmatgtbupi sopentyl, hexyl, isohexyl and also heptyl,
octyl, nonyl and 20 decyl, and also the linear or branched positional

| somer s theigohy [the qibisy! whetl €2!Bpf@Bhi Bl Medr 8 btahthé GHGR HAaREP™ and

I
nore particularly the aP%yWﬁradl ca?‘s) containing from 0 4 cdrbon at ons of
t he above | icontainiegdrash dripddcarbon ladormer amd Xl doaygeadircallghudteatotes t he
| i near, and where appropriate branched, radicals nethoxy, ethoxy, propoxy,

i sopropoxy, thénregrandkeierckaylradicals beigt optionalivisakstitureivitk \oner ohgieexy, and
al so the Iinear or branched positional isonmers thereof: the al koxy radicals

cont ai ni ng FABIAE. MR Mgy identsal Yrditfarenkyhpsen ifipm dalogancatepsand

V02011/ 9911 kit REAL ORfRE3EbOH, -COOalk, -NRxRy, -CONRxXRy, -NRXCORy,
-NRxCO2Rz, -CORy, alkoxy, phenoxy, alkylthio, alkyl, cycloalkyl and
heterocycloalkyl radicals;

the latter alkoxy, phenoxy, alkylthio, alkyl and heterocycloalkyl radicals being
themselves optionally substituted with one or more radicals, which may be
15  identical or different, chosen from halogen atoms and NRvRw;

it being possible for the heterocycloalkyl and heteroaryl radicals to additionally

contain an oxo radical;
- R2 represents a hydrogen atom or an alky! radical;

R3 represents an alkyl radical optionally substituted with one or more halogen
20 atoms;

R4 represents a hydrogen atom or a halogen atom;

NRxRy being such that Rx represents a hydrogen atom or an alkyl radical
and Ry represents a hydrogen atom or a cycloalkyl radical or an alkyl radical
-optionally substituted with one or more radicals, which may be identical or
25  different, chosen from hydroxyl, alkoxy, NRvRw and heterocycloalkyl radicals;
or Rx and Ry form, with the nitrogen atom to which they are attached, a cyclic
radical containing from 3 to 10 ring members and optionally one or more other
heteroatoms chosen from O, S, NH and N-alkyl, this cyclic radical being



15 secondary or tertiary butylthio, pentylthio or hexylthio, and also the

| i near or branched positional isoners thereof: the alkylthio radicals
containing from1l to 4 carbon atons of the above list are preferred; -
the term "hal ogen atont denotes chlorine, brom ne, iodine or fluorine
atoms, 5 ancy\/@rzgﬁqz[o@lqgmt he chlorine, bromne or fla®fFp@0abRB 1374t he term
"cycl oal kyl radical"™ denotes a sat urat_eqlzcar bocyclic radical containing 3
to 10 carbon atons and thus denotes in particular cyclopropyl, cyclobutyl,

cyclopentyl opRdnamesititpbdy adi cal s, and nost particularly cyclopropyl,
cycl opentyl and cycl ohexyl radicals; 10- in the -0-cycloal kyl radical,

cycl oal kyl i 1 Dy h 0, I i.Gal,y thus
Genotes 5 mooryyRing SRR AP Ry el A ARFLECAQIOER 2 el thRH ' (0
10 ring nemasdsRwirepessenfs adydiddencatenpor amyeloalidybrantidad s anvdlkghaakal be
identical or iff@r(ent chosen from oxygen, ni en or sgl phur at ons:

. e nitro ,
mention rmy CPHBPal SHBstiutede Wil Ane, pr r'ﬁq@‘"’ﬁ%ﬁt"chl‘mﬁ [Kgntigal or
hononor phol i IHAEN | zrﬁxdlr' , alRhRE M-Ra i ! ; .
honopi pe?azid%r?ngﬁr{dglg?‘lg{onrﬁl , i(?nwclfaglglb?%iaﬁél ﬁét%)r/(% zl(g)lr‘?i ﬂ%‘f‘?@:g?ls ; or Ry
t et r ahydr of @ngl Rwt &armahyith dhéirdnggen atomatioywhinby theyy, arex atiadtyatt, opyoyclimzi ny|
or else oxetanyl, radicals., al],these radicals bei optional ly substituted,
menti on may renepitebieorl 4 indl B0 HmRG sy oPneharp s o other
homonor phol iheydroaftis RELESH TYdm O) R NS land NRIEIRYI PERid Zdyalé raficel Seing
pyrrolidinyl radicals; - the terns "aryl" and "heteroaryl" denote
monocycl i ¢ @Ptipnaesybstitutedpecti vel y carbocyclic and heterocyclic,

unsaturated or partially unsaturated radicals containing at nost 12 ring
menber s10t hahe epglicopadicaiahat RoandiRy ar RY(@)d Rwgespadively, tha foanexitcycl i c
radi cal s cont aini ng one or nore heteroatons, ich 25 be ,jdentical or
i fforent . HOBBIPRAGHEE: oW 1) Sia aitaghenBPBORERaRN sestigeony
optional |y guasbt tiibRd radichlRe WiREN EhﬁXYbe_riaéhﬁ@ell “off fanﬁreﬁ@%rﬁo%egﬁo%ﬁycl I C
or bicyclic radicals containing 6 to 12 ring nenbers, such as, for exanple,
phenyl , naphelsgen pigshangnd &l|h§erh1ydl;0>4yl,uoxtlan§tllkoamdNﬁht iNHalk rgnd r¥@ildal s,
nore parti cpé{ﬁhg% phenyl 30and napht hyl radicals, and even nore
particularly e phenyl radical. It nmay W?2011/001113PCT/ FR2010/ 051374 16

be noted_th a carbocyclic radigal containi a -C(0) ring nmenber is, for
exanpl e?st h?zt'@ﬂjf%sf%ﬁ%ﬁ}%\ﬁéieﬁ? ,Ol: §yﬁ¥ée%r%ﬁ1hv %ﬁ?ﬂoar yl radical" thus
denot es m)n%(yc&i c or bicyclic radicals

, Ry and Rz, in the -NRxCORy, -CORy and NRxCO,Rz radicals, being

chosen from the meanings indicated above for Rx, Ry and Rz;

said products of formula (1) being in all the possible racemic, enantiomeric
and diastereoisomeric isomer forms, and also the addition salts with inorganic
20 and organic acids or with inorganic and organic bases, of said products of

formula (1).

A subject of the present invention is thus the products of formula () as
defined above, in which: '

R1 represents an -L-aryl or -L-heteroaryl radical, such that L represents:
25 either a single bond,

.~ or a linear or branched alkyl radical containing from 1 to 6 carbon atoms and
optionally substituted with a hydroxyl radical,

or a CO group,



containing 5 to 12 ring nenbers: nonocyclic heteroaryl radicals such as,
for 5 exanple, the radicals: thienyl, such as 2-thienyl and 3-thienyl,
furyl, such as 2-furyl or 3-furyl, pyranyl, pyrrolyl, pyrrolinyl,
pyrazolinyl, imdazolyl, pyrazolyl, pyridyl, such as 2-pyridyl, 3-pyridyl

and 4-pyri dwyoma@danmls pyrimdinyl, pyridazinyl, ;ﬂ? b-azol yl ,
| sot hi azol yl, diazolyl, thiadiazolyl, tqi atri azol yli?e)gxa |%I:ﬂzoé(l)%/’r:k?a'rLZ
i soxazol yl, such as 3- or 4-isoxazolyl, fgurazanyl , free or salified 10

tetrazolyl, @ lant heXegioadi aRkfe t!.e'r@ﬁréﬁ@rﬂt@@'lih&aﬁ‘&Sﬁﬂahls'ﬁ&ﬁtal@ﬂof”%ﬁ%' ch
are nore particularly the radicals: thienyl, such as 2-thienyl” an
3-thienyl, feaifainingfcomasto carbpn atpysy ang X appxrygsn aysulpyr atoa;i nyl

i m dazol yl, pyrazolyl, oxazolyl, isoxazolyl, pyridyl and pyridazinyl, these
radi cal s beithg apt anch akteroasybsadicals deinghoptyarially substituted withrad oahmrsuch

as, for exanple, the.radical s: benzothienyl, 15such as 3-benzothi enyl,
benzot hi azorpﬁpfda&ivﬁﬂ?@may?g%hqﬁrﬁﬁﬁ&w d'ﬁ??ﬁ'f@r é?ﬂ.ﬁeﬁ ron halegeibpiones padr a

| one, adament mldrbNZ ENI Yiird, SABOORRT WEBDalk, -N - -
di hydr obenzo?vur aﬁ,net hyl enedi oxyphenyl thi ant hlr%é%vl , (e)rll\lz%xpv’r oi\I”;\;f((,:ORy’

benzi m dazol WRxGeRaxaL6IRy,, alkuxynaphengky, iatiyithig, , atwhi myologlkyl i addzol yl ,
purinyl, thiﬁ‘%}g %&?@ L‘?&L' etISr_ahydroi ndazol yl ,

tetrahydrocyc e )’

20di hyér of uitﬁgyrg zol glbﬁ{/t et r%ﬂhgdrol %r rolo razcgl |, OXM%%r ahydr oggr/r rol o-
pyrazol yl , t et dﬂ%r@%?%rﬂﬁ@f) MFE thigy @l %W E%ﬁqf_@ﬁ? e zadigaisy being

oxodi hydr opyrkisBRRY" GitRnilly SAbbiiRes Sl Ohe rSmBRI RRIEALT ARl Yhay be
substituted. As exanples of  heteroaryl or bicyclic radicals, nentl’on may
nmor e parii cudentical be difiedentothesan fndrdi haldgerpsionus/and plRvRW:y| , azai ndol yI ,

i ndazol yl or pyrazolyl, 25benzothiazolyl or benzi m dazolyl radicals
optional | y stlising yiosdibié tfor dhe Iesterovyelonikys tarid) ertsroamii rablicaly thealso
identical or_different, as indicated above. The carboxyl radical(s) of the
products of GUHANIZD ¢X9r e salified or esterified with the various
groups known_to those skilled in the art, anong which nention may be nade,
for exanpl e % reprepents @ brkreasratrre@ralgd13digall 7 equi val ent of sodi um  of
potassium of lithium of calcium of nagnesium or of

R3 represents an alkyl radical optionally substituted with one or more halogen

15  atoms;
R4 represents a hydrogen atom or a halogen atom;

NRxRy being such that Rx represents a hydrogen atom or an alkyl radical
and Ry represents a hydrogen atom or a cycloalkyl radical or an alky! radical
optionally substituted with one or more radicals, which may be identical or

20  different, chosen from hydroxy, alkoxy, NRvRw or heterocycloaikyl radicals;

~ or Rxand Ry form, with the nitrogen atom to which they are attached, a cyclic
radical containing from 3 to 10 ring members and optionally one or more other
heteroatoms chosen from O, S, NH and N-alkyl, this cyclic radical being
optionally substituted;

25 NRvRw being such that Rv represents a hydrogen atom or an alkyl radical
and Rw represents a hydrogen atom or a cyc!oalkyl radical or an alkyl radical
optionally substituted with one or more radicals, which may be identical or
different, chosen from hydroxyl, alkoxy and heterocycloalkyl radicals; or Rv
and Rw form, with the nitrogen atom fo which they are attached, a cyclic



anmoni um or organi c bases such as, for exanple, nethylam ne,

propyl am ne, tri met hyl am ne, di et hyl am ne, tri et hyl am ne,

N, N- di et hyl et hanol am ne, tri s( hydr oxynet hyl ) am i nonet hane,

Set hanol am ne, pyri di ne, pi col i ne, di cycl ohexyl am ne, nor phol i ne, benzyl am ne,

procai ne, | Waicdwmy11adgiqqisne, histidine and N-nethyl gb rayoae t he
esterification corrpoung the al kyl radiygals for for m ng 2z-iqs’koxycar bonyl

groups, such as, for exanple met hoxycar bonyl , et hoxycarbonyl ,

tert-but OXY%HRQPMd)nthmﬁb?ﬁéhﬁ' S’W‘F@hhﬁ%{émbbﬁs hed Bpt R oblleeorlrﬂoﬁfbthfefese

al kyl radicals to be substituted wth radicals chosen, “for exanple rom
hal ogen at orfietairatomarchogen &omoRy,Sabl andcralkyl, thiskgydini mdicati bengr aryl

radi cal s, i n chloronet hyl, hydroxypropyl, methoxymnethyl,
pr opi onyI oxyr%(oﬁﬁllfsﬁg%h@fef’hi onet hyl , di rret hyI am noet hyl, benzyl or

henet hyl us 15The additiLon s i.norgani ¢ qQr organjc acjds of
ltohe proéuct 8190 Vel Fﬂf?ﬁal qﬁ tn%i? ”Idgé dr}%‘@gf‘ﬁé’%ﬁﬁlg rioEd Withn
hydrochl gri ghatiitteg éWQbﬁWdWh%h%ﬁé@aré‘éﬁé&é&ﬁbg ﬂron’é’ll%%hﬁstﬁﬁté?j with

sul phuric acid, phosphoric acid, propionic aci
trifl uor oaecAne cicingre fradigats, awhigh m@tyzbemd&otidal qalckﬁfereat;l dhoéemﬁram aci d,

succi ni c aci artaric acid,,citric acid ox X aci d,
aspartic ac”baloi Hhg: QEF’da‘k&'r Mgmﬁy&ro%‘? pﬁ g‘i"?dé\]éﬁlg ‘g Nka&?)-?
exanpl e, netdaragyl phoni c acid, ethanesul phonic aC|d or propanesul phonic
aci d, al koyl di sul phoni ¢ aci ds such as, for exanple, methanedi sul phonic acid

or al pha, b@gr@rggé}ggltﬁéj{,ﬂngglo@ eggfoxflhgg@%qéphom c acids such as

benzenesul phoni ¢ ac and aryld phoni ¢ It may be

recal l eqqth SR |

i someri gm o?i)((:ongound awtﬁ%n rrg dtztr?)u t Egl N%’@r%%%% ?a%ﬁﬁqqsftﬁeéﬁga” ous
groups of V\/rnrmisearfmnatheamged[r@sflfh@caﬁeﬁlabdva fopRRERysmaRas in particular in
nonosubstituted cycl ohexanes in which the substituent may be in 30t he axi al

or equatori aéaI@Qﬁsbcﬂu@@,oféfﬂﬂn@lhe(l)/ﬁé!nguﬁl §I@$I$é %'o@s‘bﬁl ?ééé?ﬁ‘i@' chaRtiGmBRET ons
of ethane derivatives. However, another t

W2011/ 0011 ESEtipsiRrenispmsic remer f@ﬂé&e@ﬁ% alsﬁrthg mdditiostsaltswith inorganic

?: ngre\r,l\;“ i%dSGP fflic AR err%@ Ror&;’sa)ﬁ gﬁgfojbééﬁet%sgﬁe%?éﬁl Itf)lrc)Glec?s of OF ON

ci s-trart$i sdoenulanl). The term "stereoi soners” is used in the present
application in its broadest sense and therefore relates to

In the products of formula (1)

- the term “alkyl (or alk) radical” denotes the linear, and where appropriate

branched, radicals methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,

tert-butyl, pentyl, isopentyl, hexyl, isohexyl and also heptyl, octyl, nonyl and
20 decyl, and also the linear or branched positional isomers thereof: the alkyl

radicals containing from 1 to 6 carbon atoms and more particularly the alkyl

radicals containing from 1 to 4 carbon atoms of the above list are preferred;

- the term “alkoxy radical’ denotes the linear, and where appropriate
branched, radicals methoxy, ethoxy, propoxy, isopropoxy, linear, secondary

25 or tertiary butoxy, pentoxy or hexoxy, and also the linear or branched
positional isomers thereof: the alkoxy radicals containing from 1 to 4 carbon
atoms of the above list are preferred; |

- the term “alkylthio radical” denotes the linear, and where appropriate
branched, radicals methyithio, ethylthio, propyithio, isopropylthio, linear,



5 all the conpounds indicated above. A subject of the present invention is
the products of formula (1) as defined above, in which: Rl represents an
-L-phenyl or -L-heteroaryl radical, such that L represents: either a single
bond, 10 or a linear or branched al kyl radical contai ni ng fromlto 6

car bon at omsyeh19pig1@qal |y substituted with a hydmx IR'Z@% 1372r a CO or
-CO Al k- group, or an L'-X group where ¥ represents a [ 1 near or branched

al kyl radical containing from1l to 6 carbon atons, and X an oxygen or

sul phur, at eEcoA8al/er @ﬂwlbtﬁﬂﬁ“@eﬁﬁ@%'worrw%s ah@! 4l % Iilﬁa? Wer ent,

substituted with one or nore radicals, which be’identical or
chosen f romhﬂﬁﬂ@iﬁpféﬁlwlmﬂerﬁﬁ&ﬁ;@d athﬁ@idwlthmagjiqage corddinig) Eomthéo | atter

or k%?ﬂ‘id?{é%‘ poh HeTR en#ﬁ‘%re ’r}i%?épﬁé f8§%k:§lr‘?'e'prye§3tn’fts'25t S?k%“rt“ e
di cal .
mor o nal ogert GRS HEOSEp AL A eR St ber b RRNe docReiaricre Hpew

NRxRy begng amepﬂsrerérabayﬁrrercﬁrarriﬁéeﬁrorn.ﬁewreerﬁ@a?arﬁm or an alkyl radical 25
and Ry represents a hydrogen atomor an alkyl radi cal; or Rx and Ry form

st 1 R o) ke BB oA il

all the above al radi cal s bel ng near 0
cont ai ni ng fqoa)lmrmng(ﬁ o dﬁrd;mboataimms anwmmmaweahﬁawwd&ﬂram 19

sai d products r I ber g i n t he si bl e racem c,
enant Porrerl &V 8&?& h’?’as(fyé’ﬁ@% c W&Pﬁl@xy'arra gﬁ%@ B8R Apest: ipARticeRS wit h

i nor gani ¢ angcRpEsYI Cc W dyBIdhBRYIF8RicaIsand organi c bases, of said
products of@ rreul a (ly)%fd[ﬂz?rtﬂan c{ylﬁg'gﬁair Cen NRXRy or NRvRw forms a ri ng

as defi ggd abe¥fe -G. ?Elggrkyrfgdl%!r Z\JEF)&F@X |§°§s 83@5@1?5&§art lcular from

pyrrolidinyl, pyrazofidiny eri azepi nyl, norpholinyl,
radrca S hese radj.cal s

hoorrphol s el ?*82%9%2%[%& R R oA 2,

10 The NRXRyapbodyiGlEvadital Coleiniig TR 3rtbl WUlied MeriSers hpsaufte @ Wit 6ne
radi cal s: pyrrolidinyl, norpholinyl optionally substituted with one or two

al kyl radi cArsmere pheferaioms! vayiel gnay | he sidestical uere diffaterthechasesndrom t r ogen
SLom bt g GTPRHLAREBRAL oA oG AR 1) T S Bhad b 720
chosen flsommorpholinyl, thiomorpholinyl, homomorpholinyl, aziridyl, azetidyl, piperazinyl,

piperidyl, homopiperazinyl, pyrrolidinyl, imidazolidinyl, pyrazolidinyl,

tetrahydrofuryl, tetrahydrothienyl, tetrahydropyran, oxodihydropyridazinyl or

else oxetanyl radicals, all these radicals being optionally substituted; mention

may in particular be made of morpholinyl, thiomorpholinyl, homomorpholinyl,

20  piperazinyl, piperidyl, homopiperazinyl or else pyrrolidinyl radicals;

_ - the terms “aryl” and “heteroaryl” denote monocyclic or bicyclic, respectively
carbocyclic and heterocyclic, unsaturated or partially unsaturated radicals
containing at most 12 ring members, that may optionally contain a —C(O) ring
member, the heterocyclic radicals containing one or more heteroatoms, which

25 may be identical or different, chosen from O, N, or S, with N, where

' appropriate, being optionally substituted;

-the term “aryl radical’ thus denotes monocyclic or bicyclic radicals
containing 6 to 12 ring members, such as, for example, phenyl, naphthyl,
biphenyl, indenyl, fluorenyl and anthracenyl radicals, more particuiarly phenyl
30  and naphthyl radicals, and even more particularly the phenyl radical. It may



15 hal ogen atons and al kyl, hydroxyl and al koxy radicals. A subject of the
present invention is nost particularly the products of fornula (1) as

defi ned above, corresponding to the follow ng fornul ae: -

(8S)-942- (4- nmet hoxyphenypet hyl] - 2- (nor phol i n-4-y1)-8-(trifl uoronethyl)-

6,7, 8, 9-t et ngry1qyetHRYr i M do[ 1, 2-a] pyri mi di n-
942- (4- net hoxyphé‘ﬁglpet hyl] 2- (nmor phol i n-é-yl) 8- (tﬁfuorgég 4 , 7,8, 9-

tetrahydro-4H pyri m do[ 1, 2-a] pyri m di n-4-one -

8S) - 2- | fl 0
5 8 z ahyt(zl Pgr il}il_lf Sgﬁdﬁﬁ%ﬁ Safb%]nw;ir?ilﬂrﬁcﬁ{?é]nyadnctﬁmﬁgr hlLe@)ofig emb8r Ts, &oP-

(8S)-9- benzﬁ%@ﬂhﬂhpﬁ@lwiﬁnﬂfﬁmpaB (trifluoronethyl)-6,7,8,9-tetrahydro-4H2
S5pyrimdo[ 1, 2-a]pyrimdin 4 one - _ _
(8S) - 9 [(28)~-t}2eHyedﬂoﬁ}ﬁtéroaryérmdeaﬁyﬂnhs2de§rmje$)hndmcmyéhc/b)" Heydiici fddieionet hyl

d
%88) 9- [(gR; E‘E}E'rtﬁ% B‘%?F 22 V‘P&%ﬁ] m?llgfgmlgmﬁtgfﬁaﬂﬁﬁ?IGBIS(Qthfﬁ%cfpbmet hyl

) - 6,7, 859- te8anadly Oihe- Aidideyd: 'tﬁi‘eﬁgi Suén ALY hiBhitl shd 3%ARNYI, furyl, such as
V020117 001113P F’R2010/ 051374 2

(8S)- o- [(2S)z-f_urwwrr:bfwyizwmtmwnpmmypyrammbumhialzoiy[ Apyydjlzo[ﬂ (trifl
(39) - 2-  mot Y. 25T 5 2RI 1 B Gl FrowihTs BriaaRbmevigigng, 7, 5. o.
tgtsr agzclir?lllwr‘tﬂﬁtmm ﬁﬁcbiolg{ ﬁhi%ﬂ)lgm l%t’ﬁTE&Dﬁ{]‘ﬁd%ZOlP{l thfadlazo utgiragﬁgz?]gll

met hoxyphen - 2-
53 7)8 9- t et rXiiAZe yiHSpyazqiyldquh Ztsaf}-pyl’r AriseNazo I,ofmleazanyl free or salified

(551,461 Naf P ATRRBE BRLY shiy CBRRLN) bl S L 9 1)
(8S) - o- [(lR)mdre( ﬁarbmrmprtaayﬁehwarsylthreay( suchhgd Rithignylang-J-HieryIURiramet hyl)
- 106, 7, 8, 94etr ahydr o- 4H pyri m do[ 1, 2- a] pyri m di n- 4- one

such as 2-furyl, pyrrolyl, pyrrolinyl, pyrazolinyl, imidazolyl, pyrazolyl, oxazolyl,

isoxazolyl, pyridyl and pyridazinyl, these radicals being optionally substituted;

bicyclic heteroaryl radicals such as, for example, the radicals: benzothienyl,

15 such as 3-benzothienyl, benzothiazolyl, quinolyl, isoquinolyl, dihydroquinolyl,
quinolone, tetralone, adamentyl, benzofuryl, isobenzofuryl,
dihydrobenzofuran,  ethylenedioxyphenyl, thianthrenyl, benzopyrrolyl,
benzimidazolyl, benzoxazolyl, thicnaphthyl, indolyl, azaindolyl, -indazolyl,
purinyl, thienopyrazolyl, tetrahydroindazolyl, tetrahydrocyclopentapyrazolyl,

20  dihydrofuropyrazolyl, tetrahydropyrrolopyrazolyl, oxotetrahydropyrrolo-
pyrazolyl, tetrahydropyranopyrazolyi, tetrahydropyridinopyrazolyl or

oxodihydropyridinopyrazolyl, all these radicals being optionally substituted.

As examples of heteroaryl or bicyclic radicals, mention may more particularly

be made of pyrimidinyl, pyridyl, pyrrolyl, azaindolyl, indazolyl or pyrazolyi,
25  benzothiazolyl or benzimidazolyl radicals optionally substituted with one or

more substituents, which may be identical or different, as indicated above.

The carboxyl radical(s) of the products of formula (I) may be salified or
esterified with the various groups known to those skilied in the art, among
which mention may be made, for example of:

30 - among the salification compounds, inorganic bases such as, for example, an



ESS) - 2- (norphol i n-4-y1)-9-phenyl-8-(trifluoronethyl)-6,7,8,9-tetrahydro-4Hp
yrimdo[ 1, 2-a] pyri m di n-4-one - _
(88)-9-(4-f|uorophenyl)-2-(rmrpho|in-41)-8-(tr|fluororrethyl)-6 7,8, 9-

t et rahydr o- 4@yoiM0@P{1L 2-al pyri mdin-4-one 15- peT/FR2010/051374
(88)-9-(3-f|uorophenyl)-z-(rmrpholin-4-y]317) 8-(trifluorome %91%13 , 8, 9-
t et rahydro-4H pyri m do[ 1, 2-a] pyri m di n-4-one -

(8S) - 9- (2- | squiieaBaNy Jodarh"Bf B@l@bélﬁnﬂ o‘f'hihlﬁmﬁ bf bAILMAT, UTRhARHEsIEm orSfO-
t et rahydr o- 4H pyrim do[ 1, 2- 3] pyri m di n-4-

(83) - 9- [ ( 1R @amMmanymyopbpREGEiet hyses Zs(lﬂlm @ISQI for- Zexan)ple- (methylamireyet hyl )

4- -
(85 o- (a1 rorePUBBe ) Y MuArig. bY) | BRI BRY ot riiehuiaming, o
t et rahydr o- %Wﬁmmhﬁﬁﬁﬁarﬂ){@fhﬂwl m di rtrig- one (hydroxymethyl)ammomethane

8S) - 2- (m)rpholln 4-y1) - 9- (phenyl carbonyl)-8-(trifluoronethyl)-6,7,8,9-
'Eetaahydr50 shghelamioR| 1, Qy&qha?u miPiRaling. ondligyslohexylamine, morphohne

(8S)-2- (mor yibrﬁmgb%)ro%gﬁrfﬁ/ F)Jsgdep aggl}‘nf]r‘?f %sﬁ;ﬂfdeféﬁboﬂorqgfhy}'gluca%}]egs 9

tetrahydro-4

S) - 2- din-4-y1 rifl . 8,.9-
Lot 1 anycr o- e BORF by 2SHIaA NeciniOdidhe e alih GicReser) forting
R2010/ 05137 4alRaxycafsnyk- (@Wuphm sua:h4 k) - ot PYEkdnple, methox¥carbo
Iin-4-y1)- 8-(tr|fluororrethyl 8, 9-tetrahydr o4 H-gyrlml f%yrlm

i di n-4-one ethgxycasbenylrig U}ﬂ’ﬁéﬁ@m})nﬂ- Qhﬁepﬁﬂpkym gnyl, & belng posstbie

din-4-
(85) - o- (3 cripb ¥hgsehatyPrriodls 1B B Sfp QI Wik HBlEa, PR, fpf eBampRo. ¢ et
ahydr o- 4H pyfrmrm le{ngeliaadmsrami Hydroﬂylplaﬂ(oxy, acyl, acyloxy, alkylthio, amino or

8S)-9- (3-f1 b - 2- hol
Etrl)fl uf)roneéjfgfw ?fga % fg%n%%gmgdlh?ﬁmmmﬂthyh Byfrexegnrapply mathexyinathyhe

(59 247 mfgeaonane byt by ko o)

phenethyl groups.

15 The addition salts with inorganic or organic acids of the products of
formula (I) may, for example, be the salts formed with hydrochloric acid,
hydrobromic acid, hydroiodic acid, nitric acid, sulphuric acid, phosphoric acid,
propionic acid, acetic acid, trifluoroaectic acid, formic acid, benzoic acid,
maleic acid, fumaric acid, succinic acid, tartaric acid, citric acid, oxalic acid,

20  glyoxylic acid, aspartic acid, ascorbic acid, alkoylmonosulphonic acids such
as, for example, methanesulphonic acid, ethanesulphonic acid or
propanesulphonic acid, alkoyldisulphonic " acids such as, for example,
methanedisulphonic acid or alpha, beta-ethanedisulphonic  acid,

arylmonosulphonic acids such as benzenesulphonic acid, and aryldisulphonic
25  acids.

It may be recalled that sterecisomerism can be defined in its broad
sense as the isomerism of compounds having the same structural formulae,
but the various groups of which are arranged differently in space, such as in
particular in monosubstituted cyclohexanes in which the substituent may be in

30 the axial or equatorial position, and the various possible rotational
conformations of ethane derivatives. However, another type of



(8S)-942- (3- net hoxyphenypet hyl] - 2- (nor phol i n-4-y1)-8-(trifl uoronethyl)-
6,7, 8,9-tetrahydro-4H pyri mdo[ 1, 2-a] pyri m di n-4-one

(83)-9-(3-nmet hoxybenzyl) - 2- (norpholin-4-y1)-8-(trifluoronmethyl)-6,7,8,9-
tetrahydro-4H pyrimdo[1l , 2-a] pyrimidin-4-one 15-

(8S) - 9- (4- mapiopMANRAN Y B- 2- (mor phol i n-4-y1) - 8- (tri fpepppeRybds L’ 8. 9-
tetrahydro-4H pyri m do[ 1, 2-a] pyri m di n-4none .
(85)-9-[(2-fluorophenyl)carbonyl]-2-(norpholin-4-y1)-8-(trifluoronethyl)-

6,7, 8, 9-t et raénedisdntdnisiy rdxmts OHle ZoaiHey biffSréhtsdattil ®arrangements of fixed
(8S)-9-(3,5-difluorobenzyl)-2-(m _ o
or phol i n- 4- \BHpstituents, foruslosipie henyls 6or7 08, dngowhich is often referred to as

t et rahydr o- {:jd,d - ri.m.di n: 4 _one « . o

(89) - 9}/( 2, 4 P?'?(él}t)'?%'bg‘h%”fibs@% o 6‘%6’EIS§UPLFS§E’)--§U?HFF’P| SEERISCRETS. é5 7, 8, o-

t et r ahydr o- Aldegyinithe ¢péderid -alpliyation 1 ifs Broddest sense and therefore relates to

(8S)-2-(pnorpholin-4-y1)-9-(2,3,4-trifluorobenzyl)-8-(trif(uoronethyl)-6,7,8

,9- t et r ahy d¥lidha gopHauRda dpdicatedabpveni di n- 4- one 25 -

(8S)-9-[(5-chl oro-1-benzot hi ophen- 3-yOnet hyl] - 2- (nor phol i n-4-y1) - 8-

(trifl uoronet BYbjeck of tige presantdnyentisndia- iwer preiddoisl oD faimya i(ial deflnehe
895)-9-[ (1R qr : .

(13) ) 1-(55fl FDoys B WICh: |1 o (ror phol i n- 4-y1) - 8- (trifl uoronethyl )-6, 7, 8,9

-tetrahydro-4 rim.do[ 1, 2-a] pyrim din-4-one .

W02011/ %onf&gé#%%%ﬁ@;‘oh@é%@ 'T('@%t?f%ﬂfykrfﬂ’%#, such that L represents:
1S)-1-(4-fl uohophenypet hyl1] - 2- (nmor phol i n-4-y1)-8-(trifluoromethyl)-6,7,8,9-
t et r ahydr o- AEYRISIAARPENG. a] pyri m di n- 4- one

(8S)-9-(3-nmet hyl phenyl)-2-(norpholin-4-yl)-8-(trifluoronethyl)-6,7,8,9-tetr
ahydr o- 48+ py@rigniingsr Or brapgied altyloiadical enetaining from 1 to 6 carbon atoms and

8S) - 9- (4- 22 ho I in-4-yl)-8-(trifl

Ejor 2)met Elyl f@g%ﬂg:ﬂg%%@e& WWD{E‘P%BW-PB?H&HYC [ 1, 2-a] pyri m di n-4-one

(8S) - 2- (nor phal Lpa-4- 8- (trifluoronethyl)-914-(trifluoromnethyl)phenyl]-
6,7,8,9-tet roamfaﬁoqrzr 'ﬁﬂ?sﬂr%ih, 2-a] pyrim dil)n-ésl-?ne_ fI(85) -0- [1(()1Rt ﬁr|
1S)-1-(2-fl t hyl] - 2- holin-4-y1)-8-(trifluoro- met hy
y6?7, 8,(9-tet%i? ;Oygfga/ %%ngr\i]vm@gﬁ,rrgpr?ﬁplsgﬁ mym%mobrtéanched alkyl radical

containing from 1 to 6 carbon atoms, and X an oxygen or sulphur atom;

15 the phenyl and heteroaryl radicals be'ing optionally substituted with one or
more radicals, which may be identical or different, chosen from halogen
atoms and -NRxRYy, alkoxy and alkyl radicals;

the latter alkoxy and alkyl radicals being themselves optionally substituted
with one or more radicals chosen from halogen atoms;

20 - R2 represents an alkyl radical;

R3 represents an alkyl radical optionally substituted with one or more halogen
atoms;

R4 represents a hydrogen atom or a fluorine atom:;

- NRxRy being such that Rx represents a hydrogen atom or an alkyl radical
25 and Ry represents a hydrogen atom or an alkyl radical; or Rx and Ry form,
with the nitrogen atom to which they are attached, a morpholino radical;

all the above alkyl (alk) or alkoxy radicals being linear or branched and
containing from 1 to 6 carbon atoms,



(89)-9-[ (1R or _ _
1S)-1-(2-fluorophenypet hyl] - 2- (nor pholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-
t et rahydro-4H pyri m do[ 1, 2-a] pyri m di n- 4-one _

(8S)-942- (3-fl uorophenypet hyl]-2-(nmorpholin-4-y1)-8-(trifluoronethyl)-6,7,8
, 9- tetrahydp@ZgHpygsisdo[ 1, 2-a] pyrim din-4-one  peT/FR201 37

15- (8S) - 9- benzy1- 3-f | uor o- 2- (nor phol i n- gyl) 8-(trif uororretoléglﬂ - é‘ 7,8,9-te
tra- hydro-4H pyrim do[ 1, 2-a] pyri m di n-4-one

(8S)-9- (3, 5-hidl | p#@ﬂﬂkﬂbﬁﬂ)ﬁb)m@la(ﬂ?'b@ﬂ@' inatt i )pogs(bﬁé 'r%éégﬁlgogﬁhﬁﬁﬁﬂﬁeﬁﬂ 8, 9-
tetrahydro- 4H-£yr|mdo[1 2-a] pyrimdin-4-one (8S

i f1 uor ophenyadn QFW?DPOE‘-G(H%DWSJ andzm@qﬁh@aadmohl sadtsowith tigdrganic and

206,7,8,9-te

(89)-9-[(2, f’@?ﬁﬁ%r osp ﬁ @éﬁgﬁﬁﬁ%}"a‘%ﬁ%’ Hf ﬁa@ﬂfc’%“f(twff?w'%net hy|
)- 6,7,8, 9-t(e):rahydro 4H—pyr| m do[ 1, 2- a] pyr| m di n- 4- one

- (895) - 2- (nor phol i n-4-y1) - 9- (phenyl acetyl)-8-(trifluoromethyl)-6,7,8, 9-tetra
hydr o- 4 r R&R‘?'

25 (8S) ey I? 2 aiﬁ‘?%?%%’ﬂiedﬁi’det R @R?Rnﬁ’r%’ﬂé‘s.an”” 25 defined abeye Juchany iy -6,
7,8, 9- tetra)iheoring pyay ried shosen ahpjbartmutﬂrnfmn'ormjrrolld:nyl pyrazolidinyl,

94(R)-2-b 1-2-hyd th 2-mor phol i n-4-
trl(fl)uoroﬁgf%gi(gwpﬂggbc&qaﬁ%'? g)’%ﬁﬁﬁﬁ‘ﬁﬁi @'HPBVFQFHIWV h- mg‘?fﬁé’“%
W02011/ 0011 FihdpipRit 0Pddicdis23these radlca!s belng themselves optionally
9-[(S) - 2- hydI’OX}I e;éS h droxyphenypet hyl ] - 2- mor phol i n-4-y1- 8- §
trifluorometSHpslit SSWQ'QthWQW@WhBFﬁlﬂ@f[@F 2-a] pyri nidi n- 4 one

2-di met hyl am no- N-{3-[(S) - 1- hydr oxy-2- ((S) - 8- nor phol i n-4-y1- 6- oxo- 2-
trifl uorl@met Higl-MRuRY | dry INRMRM, Big pyay nindog Ipartialipsly i e dthosén from the

) CL S AP hatlealS SRR, smombRiy aRtonal: SHBsHIS With.qpe. er pwg alkyl
|

[
f onetragticafs dr SipSraziiyl dpNeH AR ULAME ity

|[(g;)r2 (4- glct?or o”g met h(¥>l<abhen 35{2 hI dr%gg-ettﬁ%ﬁé]&-)gq ﬁé@gﬁowﬁm4w% 8 (9
fl

9-

or onetdy 2lkgl, phenyl erean W&rl@ﬂf&ﬂyﬁ nadiedl] fieragelyes ophtonallzyr substituted

s§’|. trfﬁ) o i B rgmor g el BT AR iy P YA SL O plgofeli ahasan i

15 ha[ogen atoms and alkyl, hydroxyl and alkoxy radicals.

r
yl
-9-
tr
-9
tr
1

A subject of the present invention is most particularly the products of formula
(I) as defined above, corresponding to the following formulae:
- (88)-9-{2-(4-methoxyphenyljethyl]-2-(morpholin-4-yi)-8-(triflucromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
20 - 9-[2-(4-methoxyphenyl)ethyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-2-(morpholin-4-yl)-9-(2-phenyiethyl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-ajpyrimidin-4-one
- (85)-9-benzyl-2-(morpholin-4-yl)-8-(triflucromethyt)-6,7,8,9-tetrahydro-4H-
25  pyrimido[1 2~a]pyr|m|d|n-4 -one

- (85)-9-[(25)-2- hydroxy—2 phenylethyl] 2 (morpholln-4—yl) 8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-{(2R)-2-hydroxy-2-phenylethyl}-2-(morpholin-4-yl)-8-(trifluoromethy)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one



-9-1(S)-2-(2-chl oro-4-net hoxyphenyl) - 2- hydr oxyet hyl ] - 2- nor phol i n-4-y1-8-(S)
- trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1, 2-a]pyrimdin-4-one

- 9- ( 2- hydr oxy- 3- phenyl propyl) - 2- nor phol i n-4-y1-8-(8)-trifluoromethyl-6,7,8,
9- 15tetrahydropyri m do[ 1, 2-al pyri m di n-4-one

- 942- (4- hydngropRamoagty 1] - 2- mor phol i n- 4-y1- 8- (S) -gtRpsgy1@Ri o 6. 7, 8, 9-

tetrahydropyrimdo[ 1, 2-a]pyrimdin 4 ongaand al so the addition salts with
i norgani ¢ and organi ¢ acids or w th inorgani c and organi c bases, of said

g ant ‘ oo . ases, o
products of f@SNY-H26IR-hyfhoky-sLBiREthaRphdIfy ’%‘*ﬁﬁfl@;&mgmég@g'g@ al so any

I
process for g[eparl ng the_products of fornula E ( ove. The
product s acdgiftiorgmetvbife Si-tetrataniredhl-pyimidefb2-edpyrimidin-¢omeent i onal
organi ¢ chem stry nethods.” Preparation- of -conpounds of fornula (1)

25Gener al  schéf®2-{marphainseyipe-[ 1 R):$iphenglettng]-8rtirifladmnustagh)607, 8f9-epar i ng
t he product f . formyla (1 this respect, they cannot constitute a
limtation 3?9?%&8%@@?%%{1’%%%% B4-QR€ r egards the nethods for
preparing the céaé){%conpounds. W2011/ 001113PCT/ FR2010/ 051374 24

The proddcts™ Sk -Hethoxyphepybethud-2aevrehaie-dnd-Sgtriflyorameetbybs ent

doscri bod | R LChoRaey Rt IR B RHIBEERECcn? | hventi on s thus
T a9 dei ned. Revet AAeTaraRoBhatBhphUFYiElmo BhaKh F b FRERNreSRS Moo

t he process €,9,8,$tetrydrg4preginids]102-d]syrimidm-4 loheaccor di ng to general
schenme 2 as defined hereinafter. General schene 1:

- (83)-9-[(1R)-1-(4-bromophenyl)ethyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-
10  6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-2-(morpholin-4-yl)-9-pheny!-8-(triflucromethyl)-6,7,8,9-tetrahydro-4H-

pyrimido[1,2-ajpyrimidin-4-one

- (85)-9-(4-fluorophenyl)-2-(morpholin-4-yi)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido{1,2-a}pyrimidin-4-one
15 - (8S)-9-(3-fluorophenyl)-2-(morpholiin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-9-(2-fluorophenyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-[(1R)-1-(3-flucrophenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoromethyl)-
20  6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-(4-f!uorobenzyl)-2—(morpholin-4-y|)—8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-2-(morpholin-4-yl)-9-(phenylcarbonyl)-8-{trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimidof1,2-alpyrimidin-4-one
25 - (85)-2-(morpholin-4-yl)-9-(pyridin-3-yl)-8-(triflucromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (8S)-2-(morpholin-4-yl)-9-(pyridin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
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- (83)-2-(morpholin-4-y1)-9-(pyridin-4-y1)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-
4H-pyrimido[1,2-a]pyrimidin-4-one

| - (85)-9-(4-methylphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-

hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-9-(2-chlorobenzyl)-2-(morpholin-4-yi)-8-(triflucromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-(3-fluorobenzy!)-2-(morpholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one

~ (88)-9-[2-(2-methoxyphenyi)ethyl]-2-(morpholin-4-y1)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-[2-(3-methoxyphenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-(3-methoxybenzyl)-2-(morpholin-4-yl)-8-(trifluoromethyl}-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-(4-methoxyphenyl)-2-(morpholin-4-yi}-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

~(8S)-9-[(2-fluorophenyl)carbonyl}-2-(morpholin-4-yl)-8-(trifluocromethyt)-
8,7,8,9-tetrahydro-4H-pyrimido[1,2-ajpyrimidin-4-one

- (88)-9+(3,5-difluorobenzyl)}-2-(morpholin-4-yl)-8-(irifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimidof1,2-a]pyrimidin-4-one

- (88)-9-(2,4-~difluorobenzyf)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (83)-2~(morpholin-4-y1)-9-(2,3,4-trifluorobenzyl)-8-(triffuoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-[(5-chloro-1-benzothiophen-3-yl)methyl]-2-(morpholin-4-y1)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (83)-9-[(1R or 18)-1-(4-fluorophenyl)ethyl]-2-(morpholin-4-y1)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one



(Hetero)aryl ation The guanidines A are either commercially

avail abl e or are prepared according to the processes described in Lochead,
A W et al. (EP1460076 2002), Lochead, AW et al. (EP1340761 2003),
Lochead, AW etal. (EP1454909 2004) and Lochead A W et al. (V®2005058908

2005). W2040RA%ld3ReR FR2010/ 051374 25 (FE @ﬁ% an be
wth a dla yl (pre

obt ai ned by condensation of a guanidines erabl y
diethyl) malonate B, in the presence of a base such as sodi um net hoxi de, at

t t 6 -
Rl e e n o A R

1998, 33(5),mstyl)ds ﬁé-tetrahydmré Ryfipaidatis 2 @lRyimidio- m@ ned from a
conmpound C by treatnent with a chlorinating agent such as phosphorus

oxychl ori de,- i (BS)2(3bwdhyphefylsa(wempholiat4-91)t&(trifueroarathylj-61768 Wetaira20C and
120C, or in ence a.solvent ;such as dichl oroethane, at a

t enperature nyﬁ%g 5‘8@ ar?&p¥rﬁ'é'di'b4 P 1 ng poi nt of the-solvent, for

i nst ance _under. dlt s descri
Cormmun. ?2004538% 0"7’@ eBﬂé’% (mOTPP‘O|'nrﬁé/_|l:%g§'ﬂﬂﬁ@§n@h&%ﬁ%§,%tﬁ B-ned from
a conpound mﬁ%@ﬁgﬁ”}{ﬁ@gg gn@&%@m gl N t he absence of solvent, at a

t enperat ure or |n the presence of a sol vent such

ener at ur e -dPSrRAmAphgir-ATRES HHLGRhothTh AN SN RAERU < &
(Lett. Org. SRSM-tét2Oayo-4BEByrimiddopt,2288yrimidin-4-oblge conpounds (1)-1 can be

obt ai ned by neans of an al kylation or acylation reaction, by addition of a

corrpound F (-Fess?cgvr(m oRY ST 1L(29ﬂl}6r09he|%ﬂ IRJIELQAOY dﬁ)h@lﬁl 4191‘ lslﬁﬁlﬂﬁ&%ve and X =

d, Br, n_the case of anaky ation an the case of an
acyl at i 69) t'BGEWHT@(Y@r%t@famdﬂbﬂﬂommmigohha-abyf&nlﬂu‘eé-mh as sodi um

hydri de or caesium carbonate in excess, in a solvent such as
t et r ahydr of ur(86)-9N(NR dr ﬁﬁﬁ-ﬁyﬂ%ﬂuaraphetwllath;dbﬁ{(mnirmmdline4-y'5){8 -érifleomper at ur e of

bet 0C and.. 8 b f Ti 25 P.C. et al. (J.
Ngdweaem ?@3%3% 5%59[%% I a 7@%;’“ Hméﬁféﬂgﬁ'd 4 al kyl at |eona (

t th d d bed Seest et_al ., i
e I R B BRI o SRt
1-aryl- 2- chligfragjdrang. ?X%Kfﬁwr%gﬁg?%ﬂn% -Ghd oroet hanol s were synt hesi zed

30 fromthe correspond one derivatives, which are thensel ves
15 ~(8S)-9-benzyl-3-fluoro-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one

-(8S)-9-(3,5-difluorophenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
-(85)-9-[(2,6-difluorophenyl)carbonyl]-2-(morpholin-4-yl)-8-(trifluoromethyl)-

20  6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
-(85)-9-[(2,4-difluorophenyl)carbonyl]-2-(morpholin-4-y1)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
~(85)-2-(morpholin-4-yi)-9-(phenylacetyl)-8-(trifluoromethyl)-6,7,8 9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one

25  ~(85)-9-[2-(3-chlorophenyl)ethyl]-2-(morpholin-4-yi}-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido1,2-a]pyrimidin-4-one
-9-((R)-2-benzo[b]thiophen-2-yl-2-hydroxyethyf)-2-morpholin-4-yi-8-(S)-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one



W)2011/001113PCT/ F R2010/ 051374 26 derived fromthe chlorination, under
standard conditions, of the comercially available acetyl derivatives.

The conpounds (1)-2 can be obtained by reaction of a conpound E with an
aryl or heteroaryl halide (X =0, Br or I) or triflate G in the presence

5 of a couplwa@pdgeoUu113ach as copper iodide, in theErEsee/esPsence of
a copper ligand such as (/-)-trans-1, 2-¢ghkam nocycl ohexane or

4, 7-di nmet hoxyl, 10- phenanthroline, in the presence of a base such as

pot assi um phesiBRpR-tydioxya2-E3hydmiysheryashyf-2®idiphelii-ag)lisd@)e or

N, N-di net hyl f.or manm de, under m crowave irradiation, at "a tenperature

bet ween 10%@'QHWOMWI'%E%QJ&%WQmﬁ’}’,ﬂmlé@“@c@]ﬁyrlmldlby‘*-gnanbo Z. et al. (J.
Org. Chem (2009), 74(5), 2200-2202). Alternatively, the conpounds
(1)-1 can beZdlingihéamaec«{3:+{(R)-1-bydwxy:2{(S3Grumpilingeped-akoshene 2: 15

The conpoun - . [ from. und.J. by reaction with
m)rpholrr})ne, qﬁﬂ&cﬂrﬁgﬂe é@@%ﬁ%’?'%@g% fpyélfn'aolﬁ%ﬁw&md@- 5f bet ween 20C and-
120C, or5in eAtsetimilesol vent such as acetonitrile, at a 20

t enper ature}gz‘wl;yg]{p&eeﬂyﬁzoc and the reflux tenperature of the solvent, as

descri bed, f-gr[(se)xzuﬁpa@xy@(ﬁmm)gfgpgpﬁgﬁﬁgﬁtztmoﬁﬁ% %ﬁ%@ 2007), 4(4),

273- 280. The conpounds”J can be ne nearis of ai | ation or

acyl ation r dafueremeting-6atidi2-tedrahytirapyciotigold japy(iRidiN-4ond RL = L-aryl or

25 heteroaryl as defined above and X = d, Br, 1 or OIf in the case of an
-9-[(S)-2-(4~fluoro-2-methoxyphenyl)-2-hydroxyethyf]-2-morpholin-4-yl-8-(S)-

trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-ajpyrimidin-4-one

10 -9~[(S)-2-(4-chloro-2-methoxyphenyl)-2—hydroxyethyi]-2-morpholin-4-y[-8-(8)-
trifluoromethyl-6,7,8,9-tetrahydropyrimidof1,2-a]pyrimidin-4-one

-9-[(8)—2-(2-c:hIoro-4-methoxyphenyl)-Z-hydroxyethyl]-z-morpholin-4-yl-8-(S)-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

-9-(2-hydroxy-3-phenylpropyl}-2-morpholin-4-yl-8-(S)-trifluoromethyi-6,7,8,9-
15 tetrahydropyrimido[1,2-a]pyrimidin-4-one

-9-[2-(4-hydroxyphenyl)ethyl]-2-morpholin-4-yl-8-(S)-trifluoromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one

and also the addition salts with inorganic and organic acids or with inorganic

and organic bases, of said products of formula (1).

20 A subject of the ‘present invention is also any process for preparing the
products of formula (I) as defined above.

The products according to the invention can be prepared using conventional
organic chemistry methods.

Preparation of compounds of formula (1}

25 General schemes 1 and 2 below illustrate the methods used for
preparing the products of formula (I). In this respect, they cannot constitute a
limitation of the scope of the invention, as regards the methods for preparing
the claimed compounds.



W)2011/001113PCT/ FR2010/ 051374 27 al kylation and X = C in the case of an
acylation) to a mxture of a conpound E and of a base such as sodi um

hydri de or caesium carbonate in excess, in a solvent such as
tetrahydrofuran, N, N-di nmet hyl formam de or acetoni tri |l e, at a tenperature of

bet ween 0C agdhBA¢/0mg1descri bed, for exanpl e, al . (J.
Med. Chem (1990), 33(10), 2697-2706) iQ t he case of Fel§2gﬁ&)fﬁ5élﬁ7§n
reaction. Al ternatively, the conpounds J can be obtai ned by neans of

a M tsunobu reactTieNpReiusREHF RRAEPQHAE dBfiAsd 8Bva s esence
of diethyl azodicar boxyl ate and of ?}rjl phenyl pr?os\pl) Ing@ﬂgbgi“lt onmﬁ P;F/@Ssug)ported

on 10 a resiipyention mayoiRusnin pacicular b@tmr&pﬁtﬂcbmcendmgattoatheemmmeasese of

bet ween OC for exanple, by 0. Mtsunobu et al.
(Synthesis ( gﬁ?&ﬁ%&?ﬁ&éﬁ%ﬁgﬁen R2 is different fromR3 and if the
synthesis is not [,£0S I ctlve t he nmer s t he possible

di ast er eoi somers'%%&?]ﬁ %)Pﬁ‘?ﬁ?ég lrqunﬁpg,lsnéms&l%% PIeCCEhIOr B RpaMls (H)
can be SSFJarpﬁtbGthbbffd?ﬁﬂﬂ@(l?ﬁ&é’d?mhg% sehBfie/ s WARG hereinafter, The T ol I owi ng
exanpl es of products of fornula lustrate the |nvent| on without,

however, |im ting kipjelBiMHe bhss eﬁ‘{?'é‘?a"éignﬁ‘g’?ﬁ'a‘f fﬁ g%k% r;ﬁ’;,-%é 'tl'a%g sone

are known and 20 can ‘be obtai ne t he
usual net hogsotudmef famuite § pastordingdoigenihal emhémef:bas el)eﬁn@di terdinsfténg from
comercial ly avail abl e products. It is understood, for those skilled
in the art, that Generarsthenie1i npl ement the processes according to the

i nvention, described above, it nay be 25 necessary to introduce protective
groups for ani no, diar boxylragrd al cohol fumpgtions in order to prgyvent side

reactions. ol | @4"‘1“)90”9” eXha% i st of exanpl efs/\qff—gpr otection
of reactive fupetl ons may ke nenti orgdw 20119m00rate1 3PCTH 0@/ 051374 28
tetrahydropyran)@ benzyl—m \’,L/ - am no groups ggn” be protected,
for exanple, with acetyl, tb?’FtyI H¥h2) , tert-butoxycarBbny], BOO,

benzyl oxycar bonyl 8r pht haI imdo radic8ts or other radicals nown in

peptide chem stry. 5Acid functions can®be protected, for example, in the
formof esters

R3

I;r w
Alkylation

R3 or Acylatlon

I/\L A1 X, base (I) P

Morpholine N NH
————— l
R4L’N
N = (Hetero)arylation
[ j Cul, ArX/OTf
or HetX/OTf G o (#_
e
Ra” N

10 In general scheme 1:

The guanidines A are either commercially available or are prepared
according to the processes described in Lochead, AW. et al
(EP1460076 2002), Lochead, AW. et al. (EP1340761 2003), Lochead, A.W.
et al. (EP1454909 2004) and Lochead, A.W. et al. (W02005058908 2005).



formed with readily cleavable esters such as benzyl or tert-butyl esters,
or esters known in peptide chemstry. A list of various protective
groups that can be used will be found in the manual s known to those skilled
in the art, and for exanple in patent 10 BF 2 499 995. It may be

noted that iWwozPeesitize, if desired and if necessagyy Wﬁg
i ntermedi ate products or products of formula (1) thus obt al ne y neans of

t he processes indicated above, in order to obtain other internediates or

ot her products of The@estipauhds C E:Qn%eo&éidéﬁr@y é@rﬁu@fs%heﬁ' oik%r@%[amas known
to those skllled in the art, such as, for exdnple a)~a reaction for

esterificat | With & dighybireferahiy ciathyl) malonatetd, in the ptesancefaira bapesuthcat i on

For “reduct i ot oy PR R, fradiEbrRcRy otunen GG ool G,

al cohol funcamamndmg to the cohditions destritied, dor §)€H?M§|@Sb?lea€i€a ?ngm fegﬂction
uncti on 0 gl ve

to give r function, or else of a hydroxyl

al kgxy f%n "-‘ﬂoﬁ%(l}lrJMed C'@’“aﬁ%&a@ﬁ(@ﬁf‘gr ém)val of the protective groups
that the protected reactive functions may be carrying, 25f) a reaction for
salification w thlRhcomppyads & ean hegebianesdciromor cwnplmuadlﬁsbq tseataserito

f |
Forms o gi vath EBfbiMAthal B Moo BRFHHTvS By i Yop Phshiss s ai ned
bei ng in al |sdientpaiss t@hﬁeraﬂé%ﬂe@ﬂé&ﬂ@%@ﬁﬁi’@m@5&?!17t‘ﬂ1e?|:9e§@ﬁ€é7bﬁa

enanti oneric and di astere0| someric isomer forms. The reactions a) to g) can
be carried oRIVEIHAYUCh B% aﬁh@rpemﬂm fit entenmprsaivre of theiwees KAG°Cednd the he

art, a rﬂ@%ﬁ i naf oduct S
descrl b(ea? ag%?}ﬁﬁt!rg%ﬁ@ t1(je3| re ftnﬁgatnggbljmg(ﬁ' fp’% (t’cﬁgét'qgﬁogé?% boxyl
functions, ofamaskita,fA.chial. C(Byne(BOanrs (2004 34(8), Pe5-868).i ed out accordi ng

to the usual nmet hods known to those skilled in the art.

The compounds E can be obtained from a compound D by reaction
with morpholine, in the absence of solvent, at a temperature of between 20°C
and 120°C, or in the presence of a solvent such as acetfonifrile, at a
15  temperature of between 20°C and the reflux temperature of the solvent, as
described, for example, by Aliabiev S.B. (Lett. Org. Chem. (2007), 4(4), 273-
280.

The compounds (I}-1 can be obtained by means of an alkylation or

acylation reaction, by addition of a compound F (R1-X with R1 = L-aryl or

20 heteroaryl as defined above and X = ClI, Br, | or OTf in the case of an

alkylation and X = Cl in the case of an acylation) to a mixture of a compound

E and of a base such as sodium hydride or caesium carbonate in excess, in a

solvent such as tetrahydrofuran, N,N-dimethylformamide or acetonitrile, at a

temperature of between 0°C and 80°C, as described, for example, by Ting

25 P.C. et al (J. Med. Chem. (1990), 33(10), 2697-2706) in the case of the
alkylation reaction.

Acéordiné to the procedure described by E. P. Seest et al., in Tet.

Assymetry 17 (2006) 2154-2182, the compounds F corresponding to chiral
1-aryl-2-chloroethanols or 1-heteroaryl-2-chloroethanols were synthesized

30 from the corresponding chloroketone derivatives, which are themselves



b) The possible conversions of ester functions to give acid functions of

t he products descri bed above may, if desired, be carried out under the
usual conditions known to-those skilled in the art, in particular by acid
or alkaline 10 hydrolysis, for exanple w th sodi um hydroxi de or potassium
hydr oxi de i rwmoaql1mﬂ“qql13rred| um such as, for exampl ect/EpRi AP 370" €l se
w th hydrochloric acid or sul phuric aci The saponification reaction can
"be carried out according to the usual nethods known to those skilled in t he
art, such asderfved feoranpé ehidrihatios OLNESH stER@rdaontiticiBt BRIR cohmidrbd

di oxane or di net hoxyethane, in the presence of sodi um hydroxi de or o

pot assi um hﬁ%ﬁﬂﬁb@@cetﬂ)deﬂﬁét!\ﬁﬁﬁsm ble free or esterified carboxyl functions
of the products described above may, if desired, be reduced to give al cohol
functions by meanshetompeunds Nbf&candamobtalmécbbg rehcﬂicbred;f |a1cd>ﬂnpoanti Ethe

G ve. al conol it AR HetRaR R0l Ho Bt icroistecSt inote wiesengs! | n
the art, 5ancfia cpaplingcag@it sMchhad bbbpéi”bﬁldém"ﬁ"th@‘pt’é’égdcgeqr'éb%n%%' eré“ SUC“

as, for exanple, tetrahydrofuran, or el se dioxane or eth
possi bl e fr &OPPSF Heayd SUGhAS bH9-toans-ha- @ﬁﬁummystlaﬂleseme tman Ativethoy-

25desi red, i Lons | | cular wt bor

hydri de. 1‘9'?@%@%@5’1 m% ?’rﬁth%ﬁ rf% Q%‘h‘f? §ﬂ§ agﬁcht’}? %?H'F (Plh‘loﬁpnﬂ@t hoxy

f uncti ons, orh a Iselvpnbduch %sdﬂaﬁétr@ﬁﬂ/r@ﬁﬁme neyN,N Hirﬁ@tﬁyﬁ&%arﬁi@iecqmﬂél‘t ed to
hydr oxyl functlons under. t he usual conditions known to those skilled in the

art, for exdRiSFowaye Hradialion: at ma oemreraiire betweent 100k and 2A°Coxaspl e,

met hyI e 3 r r r el se
wtn ot tesoititetr Mt by AR R ShrboRs ChehofteRh: dBilor o
aci d in wat &208:2202)f | uor oacetic acid at reflux. e) The renoval of
protective groups such as, for exanple, those indicated above can be
carried out underAlteheativeli! tHeonminipeUiRisk (IpWN dap %ho%ﬁtaﬁhédﬂé‘ébdrambh?o art,
in particular acid hy onS|s carrled out with an acid such as

5hydr ochl oriQ?“ﬁ’\é@ lgc B@r@z%nesul phoni ¢ acid, para-tol uenesul phonic acid,
formc acid or trifluoroacetic acid, or eI se by catalytic hydrogenation.
The phthal i ni do dr®gsahsgheree 2emoved with hydrazine. f) The products
descri bed above may, if desired, be the subject of salification reactions,
for exafAple with an inorganic or organic acid or with an inorganic 10 or
organi ¢ base, according to the usual nethods known to those skilled in the
art: such a salification,reaction can be carried out, for exanplegrsin the
presence of hydrochl F@Cl d, or else oL/\gatarl c acid, citri

R2 .
met hanesul phoni ¢ agi Y A an A&M&ahol sucli ag;Raf or %(%an'é’l e, RPr
met hanol . orAcylation O N Nep,

[
SN R4
RX F R4 !
base or Cl E j
R+-OH H J 0
DEAD/PPh, -1

The compounds (1)1 can be obtained from a compound J by reaction

with morpholine, in the absence of solvent at a temperature of between 20°C

and 120°C, or in the presence of a solvent such as acstonitrile, at a

20  temperature of between 20°C and the reflux temperature of the solvent, as

_.described, for example, by Aliabiev S.B. (Lett. Org. Chem. (2007), 4(4), 273-
280.

The compounds J can be obtained by means of an alkylation or
acylation reaction, by addition of a compound F (R1-X with R1 = L-aryl or
25 heteroaryl as defined above and X = CI, Br, | or OTf in the case of an



15 g) The possible optically active fornms of the products described above
can be prepared by resolving the racem c m xtures according to the usual

met hods known to those skilled in the art. The products of fornula
(1) as defined above, and also the addition salts thereof with acids, have
advant ageousyppaq TPl 9g9i cal properties, in 20part¢th§h26#ﬁm%q3§gelr
ki nase-inhibiting properties, as is |nd2 at ed abov € products of
the present invention are in particular~of use in tunour therapy. The
product s of guygatiofvaRd KXo OTRY tH 88sd Bpén'ae R8s oté?mkﬂa?é %{glﬁ chtS of
comonly used ‘antitunour agents. 25These properties ]UStI t her eof
in therapy, Eafiad afé@@se@tUbeaStsmeilumMrldemr|caesunrrpearbonalean exaess, in a

di t t | d f d.ab d duct f
I R Lt e N e A
di ast er eoi S@émpemtm@oﬁﬁbelﬁweﬁﬁW@%daB@‘@ té@d@géwm%ﬁ kesza.wplé a&,??mgab' e
addition_salts with inorganic and(fﬂrg%anl c acids or

w2011/ 0911 E3PCet @lobh oVed1 Shens 1 b BHI0YaR6L7-2AA6DINydne casasek theof sai d
products of I&femé'n gbﬁon A subject of the invention is nobst

parti cul arIy, as ne |carrents the products corresponding to the foll ow ng
formul ae:

(88) 942- ( 4- met hOYGHIRENG et H51 FOBPOHBAB NI FaN Aey obtainet  bY | MEPBRePhA ) -
56, 7, 8, 9- t eMiindba réattRyy betivdeh b corap @D{r‘id Wﬁd‘aﬁa%ﬁom in therﬁyefe%c

942- (4 met hoxyphenypet hyl] - 2- phol i n -8-(trifluoromnet 7,8,9-
t et r ahydr o- @ﬁd@}hyl ﬁng[C@l’thQ{] anmcﬂtmpnarwi;zhosphme (optionally supported on

(8S) - 2- r e tri,fl yorometh

tetr ahyﬁigg é%aﬁaﬁ%t@@ $%k%}‘ﬂwﬁj}%tﬁga(rioat a l‘('emperattw}c/e 2)f gé&veen

(8S) - 9- bensz2ar(dr65‘F¢l,Odas dederibid, Sof xarmbleohyn®t Mitthinéby &8 af -(Bhtrdakdr o- 4H
pyrimdo[1, 2 %%ﬁyl’l m di n- 4- one

(8S)-9- [(ZSf y 2- phenyl et hy1] - 2- (nor phol i n-4-y1)-8-(trifl uoromnet hyl
)- 6,7,8,9- tetrahydro 4H-pyrim do[ 1, 2-a] pyri m di n-4-one

(8S) - 9-[ (2R) - 2- hy¥herxyR2- pﬁerdyffa’ehylﬂmIZI-(lﬁﬁr pindl iif- the,llsyrﬁhémm fi$ uaobnet hyl

Vo) o, Coostbhaluae. FhehihhMIRrs: Bt ARY hodtitls" asRiRoipmens yaf the
(trifl uos omeyhihbsistintednddibeir ahycﬁr thet omSduRado(H) 2=l BY' s8patiafed Bpe

chromatography on a chiral support.

The following examples of products of formula (I} illustrate the

invention without, however, limiting it.

Among the starting products of formula A or B, some are known and

20 can be obtained either commercially or according to the usual methods

known to those skilled in the art, for example starting from commercially
available products. |

It is understood, for those skilled in the art, that, in order to implement

the processes according to the invention, described above, it may be

25 necessary to infroduce protective groups for amino, carboxyl and alcohol
~functions in order to prevent side reactions. |

The following non-exhaustive list of examples of protection of reactive
functions may be mentioned:

- hydroxyl groups can be protected, for example, with alkyl -radicais
30 such as tert-butyl, trimethylsilyl, tert-butyldimethylsilyl, methoxymethyt,



E88)-2-(m)rphol in-4-y1)-9-[(1R) - 1- phenyl et hy1]-8-(trifl uoronethyl)-6, 7,8, 9-
t et rahydro-4H pyrimdo[ 1, 2-a] pyri m di n-4-one 20- _
(8S)-911- (4- nmet hoxyphenypet hyl] - 2- (nor phol i n-4-y1)-8-(trifluoronethyl)-

6, 7,8, 9-tet rfyslyoyddrt ey | m do[ 1, 2- a] pyri mi di n- 4- oON8cT/FR2010/051374
(8S)-9-[(1S)-1-(4-bronophenyl)ethyl]-2- (ﬁor phol i n- 4- yB %th ri ?1 uor onet hyl)
- 6,7,8,9-tetrahydro-4H pyrimdo[ 1, 2-a] pyri m di n-4-one -

(8S) - 9- [ ( 1R telrabfdidpramn eanRet dhadetyd: (mor phol in-4-y1)-8-(trifl uoromethyl)-
256, 7,8,9-tet rahg?jrg?m-l- pyri m?do[ 1, Z-a] pyri mdin-4-one -

(8S) - 2- (mor phol | N dmib) gloStereh- Bal bROGLMA! TP EAMRIE; Giffr SckBh! ARYFT O 40P

yrimdo[ 1, 2-a] pyrimdin-4 _

(8S) - 9- ( 4- f | henzyhHeryt)teRrcanomhoBOG, benkyio®y¢arbohyluar pihteahvido Gadics 9-

W2011/001113PCT/ FR2010/ 051374 32 . .

t et r ahydr o- 4?—5—@?5 Fﬂdg‘ifﬁﬁ%é@‘%{ww??ﬁ'% chemisty. - o

(8S)-9-(3-fl uorop&e zfl -2- (morpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-

tet rahyd%o-4H— pyr = 8%1 lions, £a) rhevpaptRciedg fer example, in the form) of e;steéSQ
8S)-9-(2-fl 5 [ - 486t 1 -

(5t e% rah§/dr o@ﬁhggpﬁﬂw}l%ﬁr@%ﬁ%? h%é?i(?rr?y %)Corﬁgg tférH/PBF ‘i’é%ﬁi’;h es(%ers, or

(8S) - 9- [ ( 1R esterskridwroingpeptidy| chentigtry.- 2- (norpholin 4 yl) 8
(trifluoronmethyl)- 6,7,8,9-tetrahydro-4H pyrimdo[1, 2-a] pyri m di n-4-one

(8S) - 9- (4-f 1 uor obkistydf) vartioleTsroteetive glowpk) that Ghr ibk! WRIORRHY foun® iR the 9-

t et rahydr o- 4H pyri.i n‘l(do[ 1, 2-a] pyri mdi n-4-one 10- )

(8S) - 2- (nor ﬁﬁéﬁ #sakpaynoto ISkledofty the gagtt rand der exsrip)é )ine patesito-

t et r ahydmno- VAddg&o[ 1, 2- a] pyri m di n- 4- one

(88)-2-((4;90rp oPi%ng%)-g-(pyri din-3-yl)-8-(trifluoronethyl)-6,7,8,9-

t et rahydr o- 4H pyri m dof, 1, 2- ri.mdin 4 one - . .

(8S) - 2¥( mor phol i it ?J%Qjegﬁ?ﬁ%ﬂfmtm'__ 42 yPBS-Sg’-'?’t ifi 99sitedo ARt Hf) Inecgssary, do

15t et r ahydr csubjeqtyinteriviéeliste 2prabinyts! 6 Produbt®st formula (1) thus obtained by
means of the processes indicated above, in order to obtain other
intermediates or other products of formula (1), to one or more conversion

15 reactions known to those skilled in the art, such as, for example:
a) a reaction for esterification of an acid function,

b) a reaction for saponification of an ester function to give an acid
function, '

c) a reaction for reduction of the free or esterified carboxyl function to
20 give an alcohol function,

d) a reaction for conversion of an alkoxy function to give a hydroxyl
function, or else of a hydroxyl function to give an alkoxy function,

e) a reaction for removal of the protective groups that the protected
reactive functions may be carrying,

25 f) a reaction for salification with an inorganic or organic acid or with a
base so as to obtain the corresponding salt,

g) a reaction for resolving the racemic forms to give resolved products,

said products of formula (1) thus obtained being in all the possible



- (89)-9-(4-nethyl phenyl) 2- (nor phol i n-4-y1) - 8- (trlfluororrethyl) 6,7,8,9-

- tetrahydro-4H pyri mdo[ 1, 2-a] pyri m di n-4-one -

(8S)-9-(2-chl orobenzyl)-2-(nor pholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-
tetrahydro-4H pyrimdo[ 1, 2-a] pyri m di n-4-one 20-

(8S)-9-(3- flwzmqm%q %2 (rmor pholin-4-y1)-8- (trlflp@fmd:\)bllds,&ﬁﬁ 9-
tetrahydro-4H pyri mdo[ 1, 2-a] pyri mdi n- ﬁone -

(8S) -942- ( 2- met hoxyphenyl ) et hyl ] -2- (nor phol i n-4-y1)-8-(trifluoronethyl)-

67,8, 9-tet
(8S) - 942- ?a”ﬁg?ﬁ“&i?ﬂ’%ﬁ%ﬂ“ﬁ?‘fhsz'gg@n%éﬁ"é%dé‘?‘?% 9@/1%??@—-r?trlfluororret hyl ) -

(356 (3 ey opyouons 5 UG Baf'Be Sernetd Buk LAud e tiiloanditons knawn tg 0.

t et r ahydr o- 4Hogy skilled o the2arg |sughias, firrexaniple, those_a indicated hereinafter.
(8S)-9- (4-met hoxphenyl)-2-(norpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-
W)2011/ 0011 13AEE PR Qﬁab&ﬁlée@?above m X if desired, be the subject, on the

t et rahydro- 4H-pyr|mdo[1 2-a] pyrinnid one -

(8S) - 9- [ P2- RSP ICEFRYE Binsdions) ofze(st%wﬁpmm reartipny -which rdainl bercardedhy| ) -
6,7,8 9-tet r@n#&%ﬁﬁ@fh%ms %E efiHPRHWR & hode Wiied in the art.

(8S)-9-(3,5

g{ EP?LLS dfo@l)lh%y&a% Iéllg (%5%% Big %é&&?{ fungfigns to give acid functions of the

(8S)-9-(2, 4mtoﬁd1¢tsramﬁbad)ab°ov@rrma@hw tBsifed, Ihe Bafidd Ut ARERHA%! dsifn 7. 8. 9-
t et r ahydro- 4H pyri m do[ 1, 2- a] pyri m di n- 4- one -

(89) - 2- (rmr;ﬂ‘i’(')"ldftwnﬁ lsnpyvrgtq thasesskilled inudreoBenity partigularrhy adidramalialing - 6, 7, 8

(85 o- (105 AR orBaRice Syl 4R AldtoRieR0S: ddassium hrdroide ip-an

(trifluor ontaid:tgho)l ediug, idhehs aloy éxample, lin préthahep ok e?sea]l\ﬁi’cﬁrﬁyﬂrgbﬁloﬂc one
(8S)-9-[ (1R or 4-f orophenypet hyl] - 2- (m)rphol in-4-y1)

(trifluor on&q@f’ﬁg‘@wé@c aCiflet r ahydr o- 4H pyri mi do[ 1, 2- a] pyri m d| n- 4- one

The saponification reaction can be carried out according to the usual methods
known to those skilled in the art, such as, for example, in a solvent such as

15 methanol or ethanol, dioxane or dimethoxyethane, in the presence of sodium
hydroxide or of potassium hydroxide.

c) The possible free or esterified carboxyl functions of the products described
above may, if desired, be reduced to give alcohol functions by means of the
methods known to those skilled in the art: the possible esterified carboxyl
20  functions may, if desired, be reduced to give aicohol functions by means of
the methods known to those skilled in the art, and in particular with lithium
aluminium hydride in a solvent such as, for example, tefrahydrofuran, or else

dioxane or ethyl ether.

The possible free carboxyl functions of the products described above may, if
25  desired, be reduced to give alcohol functions in particular with boron hydride.

- d) The possible alkoxy functions, such as in particular methoxy functions, of
the products described above may, if desired, be converted to hydroxyl
functions under the usual conditions known to those skilled in the art, for
example with boron tribromide in a solvent such as, for example, methylene

30 chloride, with pyridine hydrobromide or hydrochloride or else with



(89)-9-[ (1R or _ _

13) - 1- (4-fl uor ophenyl ) et hyl k2- (nor phol i n-4-y1)-8-(trifluorol5nethyl)-6,7,8,
9-tetrahydro-4H pyrimdo[ 1, 2-a] pyrimdin-4-one

(8S)-9-(3-net hyl phenyl)-2-(norpholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-tetr

ahydr o- 4H- pywiionodq 4+3] pyri m di n-4-one
(89 9. (4. cm"??(?ﬂhi‘??ﬁ)gz (mor phol i n- 4- y3) - 8- Ctri f IS ERENN951874 g o tetr

ahydr o- 4H pyri Im do[ 1, 2-a] pyri mfl n- 4- onﬁ f,o(; (il _ I 1]
8S) - 2- -
6.7 5. 0 ot 1 o o oI et s ron bR CSE & oG,
f I 1
(1t83| %I Ejtz)r onet W?%m%r%f Plgg?ée’{ﬁ@dg%ﬂ?ﬁnstfpﬁ’%%,dﬁ){1exa£n%|]e,pﬂosﬁ1 '(!IWidrllca&e%ne -

(8S) - 9- [ ( 1R akoveanibe garfriedauipineiey kheUiaual]eoad(t:mspdmownrto4hu§é sRilled in

2 | fl t 6789 trahydro-4H- pyrim do[ 1, 2-a] pyrimdin 4 one -
(g(sgrlglzu?gqgelﬂ%/ fShQﬁ‘W?é‘h{y !?5{2? rﬂyrdﬁ‘PJéﬂ?’?ng@f”?(i)Qlﬁ pithi an @sichssichyas - 8, 7, 8

- h d
(89~ o oy Lon orts 80 ezl IRMBHOIS S0 PoRRIenssulpnonis 3998, PBG. o

- W2011/ oGeid grriiupreEgelt @btz 21 eB4 by catalytic hydrogenatlon
hydr o- 4H pyri m do[ 1, 2-a] pyri m di n-4-one -

(8S) - 9- ( 3, 5-Tdief phibalirplienyrb)p 2agynbe pérmloved Avith1HydBazihe f | uor onet hyl ) - 6, 7.8,9-
tetrahydro-4H pyri m do[ 1, 2-a] pyri m di n- 4-one -

(8S) - 9- [ (2, 6) Thé Iprodwand eestiisss Bleowd hvad; (frovsiBal bétHe %&BJE@t&HélfﬂcHﬂér?”Et hy
)- 56,7,8,9- tetrahydro 4H pyrimdo[ 1, 2- a]pyrlmdl n- 4- one -

(8S)-9-[(2, A:ee@fqn?@ffefp@?@wr@@aﬂlﬁbﬁwIpoma(nm)ppnfganm acid1gr- 8ith @ni inbogarderet hy| )

- 6,7,848-t

(895 |2 000 it Balbl f¥cdrThdab In LAY elldkribf D bage siied ip the

tetrahydro zartlsm;h |amsdmic’b.tlaﬂaiqaﬁtlom dam-te @aridd-out, for example, in the

(8S)-942- (3-chl oroph nfleo&%q% rphoI|n4 - 8- trlfluoronethyl)

6, 7, 8, 9-t et PARSAIIS: Lﬂiéwr 1, &@1 erﬁh"ﬁdpﬁ Eér%w@ acid, citric acid or
methanesulphonic acid, in an alcohol such as, for example, ethanol or
methanol.

15 g) The possible optically active forms of the products described above can be
prepared by resolving the racemic mixtures according to the usual methods
known to those skilled in the art.

The products of formula (I} as defined above, and also the addition
salts thereof with acids, have advantageous pharmacological properties, in
20  particular due to their kinase-inhibiting properties, as is indicated above.

The products of the present invention are in particular of use in tumour
therapy.

The products of the invention may also thus increase the therapeutic
effects of commonly used antitumour agents.

25 These properties justify the use thereof in therapy, and a subject of the
invention is in particular, as medicaments, the products of formula () as
defined above, said products of formula (I) being in all the possible racemic,
enantiomeric and diasterecisomeric isomer forms, and also the

pharmaceutically acceptable addition salts with inorganic and organic acids or



-94(R) - 2- benzo[ b] t hi ophen-2-y1-2-hydroxyet hyl)-2-nor phol i n-4-y1-8-(S) -
trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1, 2-a]pyrimdin-4-one
-9-[(S)-2- hydroxy- 2- ( 3- hydr oxwhenypet hyl ] - 2-nor pholin-4 yl 8 (S)
15trifl uoronet hyl-6, 7,8, 9-tetrahydropyri mdo[ 1, 2-a] pyri m di n-4-one

- 2-di met hy| amgp1M/d@E-16S) - 1- hydr oxy- 24(S) - 8- nor phabdfpkachforer2-
trifluoromethyl-3,4-dihydro-2H, 6H pyrimgqo[ 1, 2-a] p?/ir,dlr% di n- -10% #
ypet hyl ] phenyl } acet am de _

- 9-[ (S) - 2- hywitioior@artie ane idrganio BBy eiftaeld prydiRi&abimaid-()1- 8- (S) -
20trifluoromethyl-6,7,8,9-tetrahydropyrimdo[1l , 2-a]pyrim'di n-4-one

-9-[(S)-2-(4-flug rdpRt AN H.}{g(rg -2 LArA-y1- 8- (S)
- .trifluoronethyl- %ugl%&ﬁﬁgféﬁgﬁ%tﬁlp%rl m g| % l‘gg']ia\}p%r %@%%Hgﬁeﬂ&

-9-[ (S) - 2- ( predueis coresponding hi érey fojlloRiry/fdrmuigst hyl ] - 2- nor phol i n- 4-y1-8-(S)
- trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one 25

- 9-[(S) - 2- ( 2- (B8 )N-{2-M-mwithauypbleanlyethP2ynenohelimy- il 8- fupksmhéthy): y 1- 8- (S) -
trifluor me'iéﬁl % 7% 9-t ah d_roE él Iiﬂ do[ 1, 2-a] pyri m di n-4-one

~9- (2- hydr o) S: %1 YHF‘B@&]‘&W -'ﬁ’B% PRI ES-ENES) -t ri f | uor onet hyl-6, 7, 8,
9- tetrahydr OByI‘i m doLl, 2- a] pYri m di n-4-one W2011/001113PCT/ FR2010/ 051374
35 - 9-[2-(4-methoxyphenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-

-942- (4- hydrt@“%?gX‘ﬁ@ﬁﬁ%@ﬁ?&%?ﬁ@é‘”ﬁﬁ'¥91_ 8-(S)-trifluoronethyl-6,7,8,9

- tetrahydropyr one and al so the pharmaceutically

accept abl e adgid,i |, i th . aor.gani rgani c gcids_or with

i nor gani ¢ anafgoé)(fj%ﬂp@?%?@g"y@'?' 3 WJ%B?G‘E‘%&%J&WBW&&WQ@( &r’g_ The

i nvention alte®akglrataes-plempdoll ,@Bﬂgyﬁih@h-@mosi tions containing, as active
ingredient, at |least one of the products of fornula (1) as defined above or
a phar euti L In-@f-atd } o, this

pr oduc'[n,Ei gand, Eﬁ)e%gég%%%gﬁdi)?thgﬁﬁ% %i}gr(ﬂg@gﬁrﬁggﬁ)y@g’cﬁ%ﬁt%@%%rl_[ri er.
10The i nventpysimideiis2-alpyemidintdonbe phar maceuti cal conpositions cont ai ni ng,
as active ingredient, at |east one of the medi canents as defined above.

Such phar mace(@8)eR[(28p2puairoxeaphehyldity P2 ¢srnbholinvayt)ig trifigorot &Ryl wher e
appropri ate, gg%?l n acti VF'fi ngredjents of other antimtotic 15
medi canent s,9 rel@hyArg AR Imidel L frsdyrimigigd-onet axol , cis-platin,
DNA- i nt er cal a{i ng9 agents, and the |iKke.
85)-9-[( R)-2-hydroxy-2-phenylethyl]—2—(morpholin-4-y!)—8—(triﬂuoromethyl)~

- 15 6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-[(25)-2-hydroxy-2-(4-methoxyphenyl)ethyl]-2-(morpholin-4-y1)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-2-(morpholin-4-yl)-9-[(1R)-1-phenylethyl}-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

20 - (88)-9-[1-(4-methoxyphenyl)ethyl]—2—(morpholin-4-yl)-8-(triﬂuoromethyl)—
6,7 ,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (83)-9-[(18)-1-(4-bromophenyl)ethyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-
6,7.8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-[(1R)-1-(4-bromophenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoromethyl)-
25 6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-2-(morpholin-4-yl)-9-phenyl-8~(trifluoromethyl)-6,7,8,9-tetrahydro-4H-
pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-(4-fluorophenyl)-2-(morpholin-4-yl)-8-(trifluoromethyi)-6,7,8,9-



These pharmaceutical conpositions may be adm nistered orally, parenterally
or locally by topical application to the skin and the nucous nenbranes, or
by intravenous or intramuscul ar injection. 20These conpositions nay be
solid or liquid and may be in all the pharmaceutical forns comonly used in

human nedi ciwg)zd»lquoggqgance si npl e or sugar-coat eqbéf}%%o;to(@#séﬁ

| ozenges, gel capsu drops, granul es,4i njectable pre
oi ntments, creans or gels; they are presgred according to the usual

met hods. Thqegghyd/rg_gi%s,ﬁﬁlﬁﬂq ’z%mg'ﬁidiﬁ'@&wr ated 25 therein in excipients

normal Iy used in these pharnaceut conpositions, such as talc, gum

Arabi c, | actogssy gl S gLy o T ous or
nonagueous ca rﬂgi;ﬂ'ﬁgﬁ"t@gg@g%m@ésﬁ aém %ﬁmggrﬁ%?')&ﬁgn 1, paraffin
derivati ves,teyhirpdrosiH-pgrimide]1 @edlbyrmmidigendise  di spersants or emul sifiers,

or preservatives. W?2011/001113PCT/ FR2010/ 051374 36 the individual treated

and the condi {890 1fguRphicAN)-20RYorph6lin-a FiflubRrhéRInB. B d-o 5 g per
day in adults %)r -E)ref e?zﬂt;ll wt)rg‘r?]yopl to é@ggger day. Amgubj ect of the

present PnvdatraBydrodhpydmidall @salppimisioduens of formula (1) as defined
above, for_the%é)re aration of a nmedicanent for use in the 5 treatnent or
prevention of { )cﬁ"g(é&\%é-(&ﬁfium’ophem)d)am;b}y‘m{lhn@r;njicdine@yl)ﬁ—(tdﬁmarbmé‘lbyla&cti vity

f t ei LRI ' o h a nedi t [ ticul b
for “use i Tt i3 prisyentt SR TR L2860 | n 5 mmrmel . A sub] ect
f th ' i is i ticul he u f duct of 10

Pormil a (1) ACYBHAEORbEDEY ) REMamBolsT &b BhoGm e i badent for use
in the preyqgfrggﬁj,—gr4H_bgg&mﬁeﬁlpyﬁmmﬁ_&\éeases, such as cardi ovascul ar

di seases, including In hronmbosi s. A subj ect of the

present spnvenid@m ,Sql riicul fo A.0r C f la (1) as
def i ned1gbove§8$22r t‘f‘ﬁ@‘é’? Fe}sla ]gt'é i @heégsg%?eﬁéfﬁgaﬁ@ﬁq&g ﬁ}ett@g%&i?gé,% t he
prevention detramnghbahbydhidt]tasipgriakiivdieied with an uncontrol | ed
proliferation. A subject of the present invention is thus npst

particul arly- #@-mmoqfhoﬂnﬂf-gﬂg%yﬁainfp?[glg-?rmdamﬁ}%tmj_g,ma@!gabove, for the

preparation of a medicament for use in_ reat ment ‘or prevention of
di seases i n tetibydsgytH-awdmidel b8pdpyimidingd-gng use in the treatnent of
cancers. Anong these cancers, the focus is on the treatnent of solid
or liquid tunfﬁﬁ)s?—?mntp@ﬁn-tﬁlhyd)-BF(patiahiem-yk)fS-(ctﬁa'Ihﬂ:afomettfq&)—@,t?as]9-to cytotoxic

?gfnz f]'e1-5rhetgfréﬁfdrgfﬂﬂlﬁgﬁn%iatg[1 ,Ebaﬁpf/)rrir%ls |rr|]-t4—ci)nneventi on may especially be used
- (88)-9-(4-methylphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-(2-chlorobenzyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

20 - (85)-9-(3-flucrobenzyl)-2-(morpholin-4-y|)-8-(trifluoromethyi}-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-alpyrimidin-4-one

- (83)-8-[2-(2-methoxyphenyl)ethyi}-2-(morpholin-4-yl)-8-(triflucromethyi)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-8-[2-(3-methoxyphenyl)ethyl]-2-(morpholin-4-yl)-8-(triflucromethyl)-
25 = 6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-(3-methoxybenzyl)-2-(morpholin-4-y|)-8-(trifluoromethyl)-6,7,8,9-
 tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-(4-methoxyphenyl)-2-(morpholin-4-yl)-8-(triflucromethyl)-6,7,8,9-



treatnment of primary tunmours and/or of netastases, in particular in
gastric, 25 hepatic, renal, ovarian, colon, prostate, endonetrial and |ung
(NSCLC and SCLC) cancers, glioblastomas, thyroid, bladder and breast
cancers, in nelanoma, in |ynphoid or nyel oid haematopoietic tunmours, in
sarcomas, | nwsajoderyenx and | ynphatic system Carl‘@*i’ﬁ-'-Rﬂﬂ"O?o@f?M
pancreatic cancers, and in hamartonas. so involved, in particular, are
di seases which exhibit 30 genetic anomalies resulting in the activation of

t he Pl 3K/ AKTietrbRiinead MyRyimidé3 PLapPAdkldisRCdhé R2010/ 051374 37 and/or in the
h

activation of the MAP ki nase pat hway. A subj ect of the present
invention is Q.{(Pgu8 19 ¢ 0f Tl L 4l fined above,
for the prepa@aag i Ol;(l o1y @ﬁgﬂ{ﬁ? gﬁ?g?(‘(@erﬁf‘n%lfrfgg eE?(t@he?rrg)mégﬁg?)y. 5A

subj ect of thé,&9-deteanydrordéhipyrimidof!,Rrajsyrirhigirpdamect s of fornula (1) as
defi ned above, for the use thereof in the treatnent of cancers. A

subj ect of t-H@Sy%etSebrdiflunvelrdrizgh-2-anoiphoinddyyBtriffuct@metyh-d,7)8,@s def i ned
above, f(r;.)r thff Es éﬂ_zreqf .in. the treatnent of solid or liquid tunours.

A subj ec? ofteHR V%P“ ‘rﬂ’[yr'i“r‘lq}ﬁfllta'%]ﬁ’yf@'@ﬂ'@r%%re the products of fornula 10
(1) as defined above, for the use thereof in the treatnment of cancers
resistant to Bpor@d-difsgeshanzyl)-2-(morhelinier)-8diriflubeopethydd,7i8@ent i on i s

therefore tns"a{‘ﬁgﬂ%'?}pﬁﬁ?@&é[%@&hﬁ“ﬁ‘ﬁ/ﬁ““qg’ﬁéned above, for the use thereof

in the treatnen or tastases, in particular in

gastric, hepgtl n .ovar] c , 15 prostate, endonetrial and |ung
(NSCLC and s@é?"zé@’ﬁ%@b?'f“' r¥'%§1?%§t‘g'h§@{°"%¢ﬁf&é{ﬁ' ,'ﬂﬁﬁ%ame?ré)ﬂh6t7r=§§st
cancers, in t@ﬁ*bﬁy’mﬁmij?rih-ydﬂ{hlgLQJpgﬁmlfﬁ{ﬁMOéﬁJe haemat opoi etic tunmours, in
sarcomas, in brain, larynx and |ynphatic system cancers, bone and

pancr eatfpc CaREROSK5-2RBD &,n_ﬂ;@&g& - ﬁﬁ@q : o i egt 0k the present
i nvention ise('gﬁz'j;egore trhe pro uﬁ:ltes 0 Sfyclj)rmrrﬂpgl] Eo(nfqr?Hgﬁsr?gé’Tl)?é\ed above, for
t he use t her(f#ftuoremethytes, 7 Sig-tettatedapyH-pyrimida[ s 24]egtmidin-4omepr esent
invention is therefore the products of fornmula (1) as defined above, for

the use ther-g88)9d(tRedS )dh@riudrephagyyl)ethydPRE-(Morphivikodyi)mat i on.

Such nedi can?r}}s for,use Ln cancer chenot her_apil may be used 25al one or in
combi nat i on (! ”Oronf'ﬁ@ygr@)a@&'ﬁtfﬁhmﬁé‘lbk‘%gﬂ'ﬁ0 hg'éﬁﬁyr whidired-ane parti cul ar
be adm nistered alone or in _conbination wth chenotherapy or radiotherapy

or else in cdiBI¥E{1Rn, of ol Solaidpliucrophenyiistindk2-(morpimint4-yl)Byéiritisorosuch
therapeyki ¢ AR, FBY0-Br i AFRAH oy S0P S L TR i RRGRLS

- (85)-9-(3-methylphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-(4-chlorophenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one

20 -(88)-2-(morpholin-4-y|)—8-(triﬂuoromethyl)-g-[4-(triﬂuoromethy[)pheny[]-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (85)-9-(1R or 1S)-1-(2-fluorophenyl)ethyl]-2-(morpholin-4-yl)-8-
(trifluoromethyl)-6,7 8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (8S)}-9-[(1R or 18)-1-(2-fluorophenyl)ethyl]-2-(morpholin-4-yl)-8-
25  (trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-[2-(3-fluorophenyl)ethyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-benzyl-3-fluoro-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-



W2011/001113PCT/ FR2010/ 051374 38 A therapeutic benefit can in
particul ar be expected by adm nistering the products of the present
application in conbinations with varied targeted therapies. These targeted
therapies are in particular the following: i) therapies which inhibit the
MAP ki nase t hway, for instance therap bit RAS,
RAF, MEK or WQQGH’)OG?JAPEM ed t herapies gﬁn ch i nhi b?’??’l‘/ﬁﬂbé?%@g‘lg%
pseudoki nases of the PI3KLAKT/ mTOR pat hway, for instance EGFR, HER2, HER3,
ALK, MET, Ph?ﬁro-mlﬁynn»ﬁﬁaﬁ IE{SritNdinSt8ne A subject of the present

invention is in particular the use of a product of formula (1) as defined

above, for t { BE af vention or
freatent of Tybaaaney lricpden® 2R BRER e T BueBni P S bompe

di sease. Sutdtratedira-diepyrimidof1, B@pymmtlhezudr@at ment of |ysosomal diseases
can be used al one or in conbination, for exanple, wth other therapeutic

agents. - (8S)- gﬁ(zselaifmtomfertyneamoﬁyﬁuzt (rhdrpRBlin-aLyi)- e(trrmu&dnh@thpr)nduct s of
forrmlaél) as 15 defined above, for t revention or treatnent
| ysosoneP dBskideist reb&@r%@w&u@e[ﬂ&abvyflyp@m4-oae Porpe di sease. A

subj ect of the present invention is thus the use of the products of fornula

(1) as defi né¥ShHdiled- dﬁbiOFQW@rWl)e@émani]-an(mﬂrphohméfyth&qétmlﬂubmmel:hqm n the
t h | t 20
P Sor pompe odf Bl MRPhrcd o BRRRGT 2 Bl PR BLER a.sngeﬁtc Con s thusPthe
def oduc f f |
Conbinat | on- (SR 2-Maratidlnedy b iheovies @M?ﬁnﬁveﬁﬁ%‘ﬁw?@ 285 the use of &

product of {&F ?oﬁl—l)- f8f1,0 _gaip A4 ife the preparation of a

medi canment for dse in he t'r nt of parasitic diseases such as

mal ari aqpsle |

medi caments ?L%rp e ??H Qéﬂé@%ﬂéﬂ% g’ﬁggﬂjrogéﬂ_?@%h@u&?&g%gwﬁan be used
al one or i nﬁcb&iﬁl-tetrahpdr,o-ﬂdifpyemadmhQ-a}pyhmld]hmebne her apeutic agents.
W02011/001113PCT/ FR2010/ 051374 39 sl eeping si ckness, Chagas di sease or

| ei shmani asi@-((R)-2- benéb[b}!lblbpﬁén-Qf-ylizhﬁydibﬁﬁaﬂyl)JM%FﬁHdﬁﬁ 4-§-80g%. the use of

the products_ of formnu 7( as defined above, preparation of a
medi cament trﬁwwqamethyéﬁt n%ﬁrtetfﬂhwpawmidp[uﬁsaiag@@iobrnxékong mal ari a,
sl eepi ng sickness, Chagas 5 di sease or | ei shmani asi s. A subj ect of

the present -9-H(Sd2 hxﬂfOXE‘Ze(lewdra&/pmmgl)eﬁhmﬂ-ﬁbmnrmol|pF£ngi:|&-t(S) the synthesis
| nt er me% at ﬁ"fﬂu%t'oﬁ'lg{h”\lbai%g teP ahydropyrlmlcﬂﬁ1 % a]pgr/]r?r%lda r?_grv(eneand recalled

bel ow
-2-dimethylamino-N-{3-[(S)-1-hydroxy-2-((S)-8-morpholin-4-yl-6-oxo-2-
trifluoromethyl-3,4-dihydro-2H,6H-pyrimido[1,2-a]pyrimidin-1-
yhethyllphenyllacetamide

-8-[(S)-2-hydroxy-2-(2-methoxyphenyl)ethyl]-2-morpholin-4-yl-8-(S)-
20  trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

-9-[(5)-2-(4-fluoro-2-methoxyphenyl)-2-hydroxyethyl}-2-morpholin-4-yl-8-(S)-
| trifluoromethyl-8,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one
-9-[(S)-2-(4-chloro-2-methoxyphenyl)-2-hydroxyethyl]-2-morpholin-4-yl-8-(S)-
triftuoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

25 -9-{(S)-2-(2-chloro-4-methoxyphenyl)-2-hydroxyethylj-2-morpholin-4-yl-8-(S)-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

-9-(2-hydroxy-3-phenylpropyl)-2-morpholin-4-yi-8- (S)—tnﬂuoromethyl 6,7,8,9- -
tetrahydropyrimido[1,2-a]pyrimidin-4-one



10 in which Rl, R2, R3 and R4 have the nmeanings indicated in either one of
Clains 1 and 2. The follow ng exanpl es, which are products of fornula
(1), illustrate the invention w thout, however, limting it. Experimental
section 15The nonmencl ature of the conpounds of this present invention was

carried out ywidn1t ABS sof tware, Version 10. a1/ rowave
used is a Biotage gﬁ)ﬂg&%us InltlatorT%Z 0, 400 \(k; 4 Rzﬁ’ié@?%ﬁﬁ The 1H

NWMR spectra at 400 M#z and 1H NMR spectra at 500 MHz 20 were perforned on a

Bruker Avancg. [Wtﬁ@%@ph@h%&h%ﬁ%mﬂeﬁpﬂa%é%s Wﬁmhﬁ@i thz B g 6)

chem cal shifts e solvent di

ref erenced é@tl‘éhﬂjrpphﬁ"atdoﬁi Lalpyinaidin-¢-afe 303 K. The mass spectra (M)
wer e obtained either by method A or by method B or by method E:

W2011/ 0011 BRCaispRMe1 phaTiZadtidaliyVacoestalile addition \SaltensitHRidigSe and

I nstrument; joni.zatl sitive and/or negative npde el ectros ray L%SH );
chr omat ogr ag#an 'E(ﬂ?ﬂfstq) \ﬁ h' INseaniA -andQgan sQlgsaid P."?ﬁHCI?’Q forin

sol ventsg AyH20 (0. 1% fornic aci d) B: CH3CN (0. 1%fprm c acid); colum
tenperature: '50C, flowrate: 1 m/mn; gradient (2 mn): from 5%to 50%of

et onti on't e TP et bR Miotds 4 dRafoactlleep oo g BRe 21 %l["ingn
posi tive andisoactivegimgrediendst lebsicbne siirtay ﬁrﬁd(JEt§+éf- ormely (JII)TTﬁé)Gé

diti ol XBridge Cl18, 2 solvents: A: H20 01%
19 gpml cI g(r:];sd) Vg@ﬁs@u@ @b“%%‘fw @C&@P@P?e éait mhlﬁepfﬁgldﬁtt QF a: preduig p§ ow

rate: 0.9 mtﬁt@‘pﬂod@étagh@%hérg dﬁgi‘%pnétéo ﬁé?rbgcéﬂ%énfgf&dtgblgf%{}@ﬂq

mn: 100% of B; % of tenhti
10 The invention thus extends to the pharmaceutical compositions

containing, as active ingredient, at least one of the medicaments as defined
above.

Such pharmaceutical compositions of the present invention may also,

where appropriate, contain active ingredients of other antimitotic

15 medicaments, such as in particular those based on taxol, cis-platin, DNA-
intercalating agents, and the like.

These pharmaceutical compositions may be administered orally,
parenterally or locally by topical application to the skin and the mucous

membranes, or by intravenous or intramuscular injection.

20 These compositions may be solid or liquid and may be in all the
pharmaceutical forms commonly used in human medicine, for instance simple
or sugar-coated tablets, pills, lozenges, gel capsules, drops, granules,
injectable preparations, ointments, creams or gels; they are prepared
according to the usual methods. The active ingredient may be incorporated

25 therein in excipients normally used in these pharmaceutical compositions,
such as taic, gum Arabic, lactose, starch, magnesium stearate, cocoa butter,
aqueous or nonaqueous carriers, fatty substances of animal or plant origin,
paraffin derivatives, glycols, various wetting agents, dispersants or

emulsifiers, or preservatives.

30 The usual dosage, which is variable depending on the product used,



Waters UPLC-SQD instrument; ionisation: positive and/or negative node

el ectrospray (ES+/-); chromatographic conditions: colum: Ascentis express
Cl8 2.7 pm- 2.1 x 50 mm solvents: A: H20 (0.02%trifluoroacetic acid) B:

CH3CN (0.014% trifluoroacetic acid); columm tenperature: 55C, flow 20 rate:

1 n/mn; graghsifyod@ian 298, Tlmin 9898, T1.3min Qéﬁ%zgﬂ%igﬂ%ﬁ 298,

T1.5 mn other |nJect|on retentlontl Tr (mn) cal
rotations (OR) were neasured on a pol ar|r§eter nodel 341 from Perkin El ner.

Wavel engt h: ’@uel lhaﬁld&fal f68icdBriPPa db%ﬂﬁiﬁ'ﬁtiﬁ?gﬂestlgr‘l’rdw%#’f?bé%é@g@?%rf?&ﬁr ative

HPLC/ M5: 25 Method C SunFire Cl18 reverse se colu 00, 5
p. G adi ent ©05de& @pert day in gdulis, oF peeferply flomed. &to @4g Pel0ddp. TFA) TO 20%
acetonitrile (+ 0.07% TFA) W?2011/001113PCT/ FR2010/ 051374 41 T1:20%

acetonitrile (+ OAGUMNESTES) thelireSeMShtrartitinagialdd ﬂlh@ LESE %f ;gggmﬂrigg f?:'rﬂqiﬁjlﬁgyi N
t trile,(+ 0.07% TF T15.5: 20% acetonitrile (+ () ow ra
30 M/ Im LI Na@)(s 1%%)"@5’03%(&: ?(’Eébﬁ Pﬁesﬁra s fb@ medisament: forause riebese

phase colgummyé it Bt %%tléﬁ(bf% tﬁ’ise hﬁﬁ?:té?%eggg}lﬁg Aélér’egﬁla({lon Osidfi& TFA)

in water (+ O. 07%TFA TO 4 /oaceton
activity of a protein or lipid kinase.

Such a medicament may in particular be for use in the treatment or
prevention of a disease in a mammal.

A subject of the present invention is in particular the use of a product of
10 formula (I) as defined above, for the preparation of a medicament for use in
the prevention or treatment of various diseases, such as cardiovascular

diseases, including in particular thrombosis.

A subject of the present invention is in particular the use of a product of

formula (I) as defined above, for the preparation of a medicament for use in

15 the prevention or treatment of diseases associated with an uncontrolled
proliferation.

A subject of the present invention is thus most particularly the use of a
product of formula (1) as defined above, for the preparation of a medicament
for use in the treatment or prevention of diseases in oncology, and in

20  particular for use in the treatment of cancers.

Among these cancers, the focus is on the treatment of solid or liquid
tumours, and on the treatment of cancers resistant to cytotoxic agents.

The cited products of the present invention may especially be used for the
treatment of primary tumours and/or of metastases, in particular in gastric,

25  hepatic, renal, ovarian, colon, prostate, endometrial and lung (NSCLC and
~ 8CLC) cancers, glioblastomas, thyroid, bladder and breast cancers, in
melanoma, in lymphoid or myeloid haematopoietic tumours, in sarcomas, in
brain, larynx and lymphatic system cancers, bone and pancreatic cancers,

and in hamartomas. Also'involved, in particular, are diseases which exhibit

30 genetic anomal.ies resulting in the activation of the PI3K/AKT/mTOR pathway



11: 40% acetonitrile (+ 0.07% TFA) 15T11:95% acetonitrile (+ 0.07% TFA)
T14.5:95% acetonitrile (+ 0.07% TFA) 115: 10% acetonitrile (+ 0.07% TFA)
Flow rate: 30 mi/mn 20Mass: 130 800 AMJ; ESP+, ESP

W2011/ 001113PCT/ FR2010/ 051374 42 Exanple 1:

S) - 942- (4- mptchEpaypeyl’) et hyl | - 2- mor phol i n4-y1- 8- PCT/FR2010/05137
'Eri)f | uor onmet hy1-6, 7, 8, 9-t et r ahydr opyri m39.o[ 1,2-alpyrim é:?)nz? one ASt age f:
(S)-942- (4- met hoxyphenypet hy1] - 2- nor pholi' n4-y1-8- 5

trif1 uor ometdwdlobinitnd ativatdredmele MNPk JatRwaypy! | mi di n-4-one 0.5
g of caesium carbonate, 0.23 g of 4-nethoxyphenethyl brom de and 5 ng of

benzyltri et hyl ammrgdbﬁgcquqhéqﬁ?gggﬁﬁﬁwﬁrﬁ;;Sag%gcli@(ﬁaﬁnsgeagfiﬂf%h&&rwgro?t ure

and under an argon atnosphere, . Fo o
2- nor phol i n-fermulag} esfdefioed ratidve] i@, theSpi@pamitiomhydmedijoamerdsfdr asalipyri m d

in- 10 4-one_] anhydr ous di net hyl formam de. The reaction m xture
I s heated atC%&?Pgém%g]q{%B%s. After cooling,-10 mM of cold water and

50 m of .ethyl acetate are added to the m xture obtained. The organic phase
i s separg’tedyand e e&flpgweo‘?féﬁerﬂrtd@ﬁ%@i%hssthu%m produicts; ef feamulend) as

concentr at ecﬂéfmgraﬁc’%”ﬁﬁ‘#hé’“gé%ﬁfsg%ﬁﬁﬁe%%&Efﬁ?h{jéﬁca&%é@ ned is purified by

silica chromatography {gradi ent 0 O ent

CH2C12/ MeOH NH4 | X7, ' Lehl or t.hane). so as i yve 160 nmg of
(S)-942- (4- met h%p ﬁ%e@fh@‘%lb%?gﬁfm%“ﬁﬁﬁd?’aﬁ?sf?r_ofw? |F"1 forthula (?) as
uor onet hy1- Gjefin@dBbiovt funyite useiidrest indné tredtrabasf S0l SriifuitRRfours he
characteristics of which are the follow ng: 201H NVR spectrum 1.82

2.05 1 H; thvBhtior? i ' to
2790 (m o1 K 310 rcsohirerrestnt inhiiof i theriote e biBqybre bt gimitha 3,
(m 4 H)1,0 3!_(%)@9( fdefinedpbows, for the, use theredf in3hedreatmdnt of canddrs rdsidtant o 4.60
(m 1 M 6 cyiotoxic agents.

A subject of the present invention is therefore the products of formula

(1) as defined above, for the use thereof in the treatment of primary tumours

and/or metastases, in particular in gastric, hepatic, renal, ovarian, colon,

15  prostate, endometrial and lung (NSCLC and SCLC) cancers, glioblastomas,

.thyroid, bladder and breast cancers, in melanoma, in lymphoid or myeloid

haematopoietic tumours, in sarcomas, in brain, larynx and lymphatic system
cancers, bone and pancreatic cancers, and in hamartomas.

A subject of the present invention is therefore the products of formula
20 (I) as defined above, for the use thereof in cancer chemotherapy.

A subject of the present invention is therefore the products of formula
(1) as defined above, for the use thereof in cancer chemotherapy, alone or in
combination.

Such medicaments for use in cancer chemotherapy may be used

25 alone or in combination.

The products of the present invention may in particular be
administered alone or in combination with chemotherapy or radiotherapy or
- else in combination, for example, with other therapeutic agents.

Such therapeutic agents may be commonly used antitumour agents.



W2011/001113PCT/ F R2010/ 051374 43 4.99 (s, 1 H); 6.87 (d, J=8.6 Hz, 2 H);
7.12 (d, J=8.6 Hz, 2 H). Mass spectronetry: nethod A Retention tinme Tr
(mn) =0.93 [MH] +: mz 439 50Cptical rotation: OR= +91; C=2.426 ng/0.5 m
MeOH. St age e:

(S)-2-nor ph%b}lﬁ.’l)ﬁb‘ﬁ’lﬁr | fl uoronet hyl-6,7, 8, 9-tet rF%‘WQh%B%)O@%%ll 2-a] pyr

I m di n-4-one m xture of 1 g of
(S)-2-chloro-8-trifluoronethyl-6,7,8,9- g%t rahydr.o- 10

pyrim do[ 1, 2- a] py jng 'émié-tféth%ﬁ?% ff p%ﬁgﬂﬂgf?éf’%@é%ﬂ!ﬂ%ﬂﬁﬁ%%ﬁtﬁ t 80C.

After one and a half hours of heating eri on , the
reaction is prodygietef. thef peesardobppigatioheinr eambirmtions xwith evarigde tmgetsd at ed

Y .10 |.d wat d 10 f_ ethyl ctate are
added 1ot niaeRRase el balhiea AR P bryahine TOhAYEG: 3 beranes ed and
then 15 dri Qﬂwi@lvmiﬁlﬁmhwiﬁﬂéi@g@hﬁmpb'détﬁ\héﬂ’fo@ﬂ%t&%%ak{ﬁé§q/hwer

reduced pressure so as to give 1.2°g o _ o
(S)-2- mDE phdnhikit m-%&EMIg}Kmrﬁﬂi@t |?)>tam,tad thepapies which inhibit the kinases

e - WOTIHBLIY INNID pnases
the. Tol | ot 5. PRitokfsgb P PBKIARTAFORS REMBHAY oo Fistaiee BRI 0. 4
[ M+ i z HEOR2, HIBRB] ALKME BEE3RpPDRAI, AKTt, a4 TOR: arfdRSeR14. 2+/ - 0. 6;
C=2.25ng/ 0.5 mM MeOH. Stage d:

s oo o ST el i RAIARY 8 St Foroduc o
formula (f) as defined above, for the preparation of a medicament for use in

10 the prevention or treatment of lysosomal diseases such as glycogenosis type

Il or Pompe disease. Such medicaments for use in the treatment of lysosomal

diseases can be used alone or in combination, for example, with other

therapeutic agents.

A subject of the present invention is thus the products of formula (I) as
15 defined above, for the prevention or treatment of lysosomal diseases such as
glycogenosis type Il or Pompe disease.

A subject of the present invention is thus the use of the products of
formula (I) as defined above, for the preparation of a medicament for use in
the prevention or treatment of lysosomal diseases such as glycogenosis type

20 |l or Pompe disease.

A subject of the present invention is thus the use as defined above, in
which said products of formula (I} are alone or in combination.

A subject of the present invention is also the use of a product of

formula (1) as defined above, for the preparation of a medicament for use in

25 the freatment of parasitic diseases such as malaria, sleeping sickness,

Chagas disease or leishmaniasis. Such medicaments for use in the treatment

of parasitic infections can be used alone or in combination, for example, with
other therapeutic agents.

A subject of the present invention is thus the products of formula (1) as
30 defined above, for the treatment of parasitic diseases such as malaria,



The two enantioners of (R S)-2-chloro-8-trifluoronmethyl-6,7,8,9-
tetrahydropyrimdo[ 1, 2-a] pyri mdin-4-one (17 g) are separated by chiral
chromat ography: stationary phase: Chiral pak AD;, nobile phase: EtOH 5

(20%/hept ane (809% . The | aevorotary enantionmer is concentrated so as
to give 8. 52nD21 (601113 PC /FRzo 0/05
2-chl or o- 8 trifluoronmethyl-6,7,8,9-tetragydropyrimdo[l,2-a yr13n-1/4d|n 4- one

, in the formof a white povvder The dextrorotary enantloner is

concentr at edsleepiag sicknebs aCaghs’dis@asd oll{shinahigdls] oro-8-trifluoromet hyl-6
, 7,8,9-tetrahydropyrimido[1,2-a]lpyrimid in-4- one, in the formof a white

povxder t he char agteibicth igF Ihefpriabdsh I P/%f try:
met hod A Retention t:b]ma Tr (mprq) :rﬁ n@éﬁ’tldr{"% ILTJS ﬂw{l%g ﬁfﬁi 15 z 252
Optical rotdoroula Ras definesiabovs,. fqr/etbel pl@lpawlom of a medicament for the

g?gg/rizmpg: gftgea%ﬁ%en't gg%rr%m‘%@/s&?ggﬁﬁdﬂcﬁ tebﬁ %ﬁﬁ%'ﬁ%'%@éﬁ Chagasmi ent

t enper at & e disdagenoiceishimaigns at nosphere, to a suspension of 34 g of

(R S)-2-hydroxy8-trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1,2-a]pyrindin
-4-one in 500 m t t heat ed
om0 200" M Aiubids o Y GrRBhRENITNR, S5 48 Rodll ALISHl e,

accor di ng tdhﬁfﬁynﬂlﬂaﬁf Intemesfiatepag Fomolae 10, 3PCIE/ a1ib 0 1/ @&ﬂn’b%lél@/d)andid VS.
After cooli H%C quf §act| on mxture is evaporated to dryness under reduced
pressure. e la%l obtained is taken up with 100 m of cold water and

400 m of ethyl acetate. 32% sodi um h dI’OXI de |s added to the mxture

obtai ned, until pH = 6. result rganl C g@ is separated and then 5
dried over magnesiumsuly €, fil : entrat ed inder reduced
pressure so as to give a%{orange re\ﬂ;f‘ i s I re5| doue purified by
silica chromat ographys Nient : 2/ I\/EO-HM

03) S qﬂ\"cmgl ve 20 g of
(R'S) - 2- OH

chl oro-8-trifluoronmethyl-6, 7,8, 9- tetrahydro gllmdo[ ,02 a] pyri m di n-4-one,
inthe formof a white golid, the Bharacterlstlcs of V\/mch are the
fol | ow ng:

10 in which R1, R2, R3 and R4 have the meanings indicated in either one of
Claims 1 and 2.

The following examples, which are products of formula (1), illustrate the
invention without, however, limiting it.

Experimental section

15 The nomenclature of the compounds of this present invention was
carried out with the ACDLABS software, Version 10.0.

The microwave used is a Biotage apparatus, Initiator™ 2.0, 400 W
max, 2450 MHz.

The 1H NMR spectra at 400 MHz and 1H NMR spectra at 500 MHz

20  were performed on a Bruker Avance DRX-400 or Bruker Avance DPX-500

spectrometer with the chemical shifts (3 in ppm) in the solvent dimethyl
sulfoxide-ds (DMSO-ds) referenced at 2.5 ppm at a temperature of 303 K.

The mass spectra (MS) were obtained either by method A or by
method B or by method E:



10Mass spectronetry: nmethod A Retention tinme Tr (mn) = 0.51 [MtH +: m z
254; EMH -: mz 252. Stage b: o S
(R, S) - 2-hydroxy-8-trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1, 2-a] pyrim di
n-4-one 15 HO 10

gof 6-tri fl uayomnhydo1yi4. 5, 6-tetrahydropyrim di n-2-py, Izby&brf hl oride
and 10 g of sodi um net hoxi de are added a mxture o I et hyl
mal onate. The m xture obtained is brought to 100C for 75 mi nutes. The

het er ogeneous m AfgihedtAri ckens and turns yell ow vvi_th a sm_all anmount of 20
gas being given off. After cooling, the reaction mxture is evaporated to

dryness under redygffs RJPE@LSQD Tr$§ L{ﬁéf‘rtd%?lggﬁé}i NEGsiti eeﬁéééf/ teg‘]g?'%ter

ethyl ether. The solid forned eretd o sin
and t hen tak@ﬁd@@enimhpm (ES-hﬁ-f) dcrbmatagmphlcmmlﬂwﬂr oclhhﬂrIP(I:qaﬁy@Ell-qs added

to the thi ned unt i suspension obt ai ned
i g fi Ft er lag t hr Hﬁbﬁ%? é'B”'blsé’é‘@ené%cfbt Hé ﬁ J[}BFB’C idr BaCHEN | nsed
with ethgl qohes $omnfs beidy Vcﬁ)lllrimf’tgrngterature 50°C: flow rate: 1 mifmin;

(RS- 2-hydroxy-8-trifluoronethyl-6 9-tetrahydro
pyrim do[ 1, Zrafligpt (Zﬁnd”i)n-fm@% fon 50fe dfoB nino. 8anvm; fle2 soint di00Ckeof B;

characteri St1'.§.‘§ min: 100% of B; 1.95; 5% of B; retention time = Tr (min).
Method B:

Waters ZQ instrument; ionisation: positive andfor negative mode electrospray

10 (ES+/-); chromatographic conditions: column: XBridge Cis
2.5 pm - 3 x 50 mm; solvents: A: H,O (0.1% formic acid) B: CH;CN (0.1%
formic acid); column temperature: 70°C; flow rate: 0.9 mli/min; gradient 7
min): from 5% to 100% of B in 5.3 min; 5.5 min: 100% of B; 6.3 min: 5% of B;
retention time = Tr (min).

15 Method E:

Waters UPLC-SQD instrument; ionisation: positive and/or negative
mode electrospray (ES+/-); chromatographic conditions: column: Ascentis
express C18 2.7 ym - 2.1 x 50 mm; solvents: A: H,O (0.02% trifluoroacetic
acid) B: CH3CN (0.014% trifluoroacetic acid); column temperature: 55°C: flow

20 rate: 1 ml/min; gradient: TOmin 2%B, T1min 98%B, T1.3min 98% B, T1.33min
2%B, T1.5 min other injection; retention time = Tr (min).

The optical rotations (OR) were measured on a polarimeter model 341

from Perkin Elmer. Wavelength: « line of sodium (589 nanometres).
Purifications by preparative HPL.C/MS:

25 " Method C
| SunFire C18 reverse phase column (Waters) 30 x 100, 5 M.
Gradient of acetonitrile (+ 0.07% TFA) in water (+ 0.07% TFA)

TO: 20% acetonitrile (+ 0.07% TFA)



W)2011/ 001113PCT/ FR2010/ 051374 46 of which are the follow ng: Mass
spectronetry: nethod A Retention tinme Tr (mn) = 0.26 [MtH +: nmlz 236;
[MH-: mz 234. 5 Stage

a: (R S)-6-trifluoronethyl-1, 4,5, 6-tetrahydropyrim din-2-ylam ne

hydr ochl ori dgd¥d4 1)dg1 14 N / CCF3 I n an aut ocl ' re,0f 1.1 g
of Pd/C at 10% 229 of 2-am no-4- (trifl Eoromet hyl )%f’ﬂ?&%@#ﬁ?ém ved in
200 M of water, 50 m of nmethanol 10 and 50 m of 12N HCl are

hydrogenat ed, under 3 bar, 2ab, 22%onktRE (2% rfeayhe resulting mxture is
then filtered and the filtrate Is conce(nt r'%d u;}\)der reduced pressure. The
resi due obt ai ned Ti'd.&ven- di9b&aacetoniitie (pree@EWCEFAf P205, so as to give 27 g

of (R S)-6-triflugromethyl=1.A 5 6-tefra i mdin2-ylam ne

hydrochl ori de, i lrﬁtﬁe f or m‘%%lac‘%tp@@” ?Jf*%&yﬁh aracteristics of 15which
are the follow nqi5\ss spegbs aesbhitrileTRIOIOMRLATER) ention time Tr (mn) =
0.17 [M+H +: m z 168. Exanpl e 2: :
(R'S)-9- {52- (4- met hoxyphenypet hy1] - 2- nor phol i n4-y1-8- 20

“trifluoronethyl- : ydropyrim do[ 1, 2- al pyri m di n-4-one
V020117 00111300 Fiss 8aE) g@i@?ﬁ%
Mass: 130_800 AMU=; ESP+, ESP

» Method D
10 SunFire C18 reverse phase column (Waters) 30 x 100, 5 .
Gradient of acetonitrile (+ 0.07% TFA) in water (+ 0.07% TFA)

TO: 40% acetonitrile (+ 0.07% TFA)
T1: 40% acetonitrile (+ 0.07% TFA)
15 T11: 95% acetonitrile (+ 0.07% TFA)
T14.5: 95% acetonitrile (+ 0.07% TFA)
T15: 10% acetonitrile (+ 0.07% TFA)

Flow rate: 30 ml/min
20 Mass: 130_800 AMU=; ESP+, ESP



47 Stage b:

(R S)-9-[2-(4-net hoxyphenyfl ethyl]-2-norpholin-4-y1-8-trifluoronmethyl-6,7,8
, 9-tetrahydropyrim do[ 1, 2-a] pyri m di n-4-one 0.5 g of caesium
carbonate, 0.23 g of 4-nethoxyphenethyl brom de and 10 ng of

benzyl tri et hyl@ropenogm@hl ori de (BTEAC) are added, F?mt erature
and under an argon at m;]s@;)here to a sol ubi on of 120 ng'rF 07881374

(R S)-2-norpholin-4-yl-8-trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1,2-

a] pyri mi di n-Examglé n: X Osgg - PiRtRo RHShEhyTRitAYI] I@mﬁﬁhéﬁnﬂgﬁsr esul ting

m xture is heated at 8 for 18 hours. After coolin the reaction m xture
is concentra't"laﬂilQ!'ﬁmﬁthbfbﬁﬂa%a't@tfabvdmr@ﬂldO{é,2-eh3wunldmilhoned is taken up
with 50 m of ethyl acetate and the solution obtained is washed with 3 m

of water. The organic phase is separate and then dri ed over magnesi um
sul phate, filtered, and evaporated unde uced pressure. After
purification by si I i ca chromat ogr aphy gr d| ept, of 0%to 20% of the el uent
CH2C12/ MeOH NHACH 28% 38/ 17/ 2 |n 58 ‘thane) 80 ng of

(R 'S)-(942- (4- nmet hoxyphenypet hyl rB‘hoI n4cyl-8-trifluoromethyl-6,7,8,9

-tetrahydropyrimdo[ 1, 2-a] pyrim 4 one are. obt ai ned, the characteri stl cs
of which are the followng: 1H NVR spectrum {1.85 to 2.02 (m 1 H); 2.27 to
2.35(m 1 H,; 2.72to 2.84 (m 1 H); 2.88 02.98 (m 1 H; 3.09to
3.20((m 1 H; 3.37 to 3.42 (m 1 H); 3.45 H,; 3.63 to 3.67 (m 4 H);
3.72 (s, 3 H; 408 (m 1 H,; 4.14 to 4.21 1 H; 451to04.63 (m 1 H;
5.00 (s, 1 H; 6.88 (d, J=8.6 Hz, 2 H); 7.13 {d, J=8.6 Hz, 2 H). Mass
spectronetry: nethod A 25Retention time Tr n) = 0.93 [MH +: m z 439.
W2011/ 001113PCT/ FR2010/ 051374 48 A mxture of 220 ng of

(R S)-2-chl ‘3139@@13393[2*(111116111%&%11 Bethyl] Q-morpholm-4-yl 8-

t et rahydr.opyr %ﬁl’lm 4one in holine is heated to
80C. Afteér Hé:i'cq%gm%hvb %ﬂdeuahadromunm[ﬂt?ea}maunl in-4-eneonpl ete 5

according to the verification by LG MS. After cooling, the reaction mxture
i s concentrated Uh8& of egesisun padsonate, 0138y rt'e‘sildmihommemmﬂ'tylsbmmldél ed by

Grocia veor s orro R AR laraogifh Pritech dRTFAG) Bt Sieg @fear@wnt@, o

(R S) - 2- nor tealpenatéirey ind-unidief bHQIrgoR dinbsPheredtd attRINYSH PRY H%b
10a] pyri mi di n-4-one, the characteristics of which are the fol |l 6w n

spect r omet r 2-MasPhelin-& vR8ttafuorematiyhé, 7,8, $-tatrahyerapysimig ot 13- a]pMWdBGS
[MH - 1% 2 883e in 5ml of anhydrous dimethylformamide. The reaction mixture is
heated at 80°C for 18 hours.

|V1BSS

After cooling, 10 ml of cold water and 50 ml of ethyl acetate are added
to the mixture obtained. The organic phase is separated and then dried over
magnesium sulphate, filtered, and concentrated under reduced pressure. The

15  residue obtained is purified by silica chromatography (gradient of 0% to 20%
of the eluent CH,Clo,/MeOH/NH4OH 28% 38/17/2 in dichloromethane), so as
to give 160 mg of (8)-9-[2-(4-methoxyphenyl)ethyl]-2-morpholin-4-yl-8-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one, the
characteristics of which are the following:

20 1H NMR spectrum:

1.82 t0 2.05 (m, 1 H); 2.25 to 2.39 (m, 1 H); 2.73 to 2.83 (m, 1 H); 2.88
t0 2.99 (m, 1 H); 3.10 to 3.21 (m, 1 H); 3.34 to 3.41 (m, 1 H); 3.43 to 3.46 (m,
4 H); 3.65 (m, 4 H); 3.72 (s, 3 H); 4.03 to 4.23 (m, 2 H); 4.47 to 4.60 (m, 1 H);



Exampl e 3: (S)-2-norpholin-4-yl-9-phenethyl-8-trifluoronethyl-6,7,8,9- 15

t et rahydropyri m do[ 1, 2-a] pyri m di n-4-one Stage a:

(R, S) - 2-nor phol i n-4-y1-9-phenet hyl-8-trifluoronethyl-6, 7,8, 9-
tetrahydropyrimdo[ 1, 2-a] pyrimdin-4-one is prepared according to the 20
procedur e deyoachathoin1Bxanple 2, using 80 ng of ( RO ld-n- 4-y1- 8-
trifluoronmethyl-6,7,8,9-tetrahydropyrinygo[1,2-a] p)lﬁ’ﬁq:dl n- w(?r?g@nd 240 ny
W)2011/ 001113PCT/ FR2010/ 051374 49 of (2-bronoet hyl)benzene. After

purificationt.99 (si1 Hy®.8N(@NR8E HePRH _)(elne(@]t J=8.6H2ad pmt of 5% to 20% of
the el uent CH2C12/ MeOH NHACH 28% 38/ 17/ 2 in di chl or onet hane), 75 mgy of

(R, S) - 2-mor phol i n4ssydpéttiineaty: rdth8d A
trifluoromethyl-6,7,8,9- tetrahydropyrlmdo[l 2- a]pyrlmdln 4 one are

obt ai ned, 5t he C@été&:'ﬁ&y@%ﬁs("g'f‘% |§3h are the follow ng: 1H NVR spectrum

1.85t02.01( 5(m 1 H,; 2.86 (m 1 H,; 2.95to 3.05
1 03,11t 3.39to0 3.49 (m 5 ; 3.63 to 3.68 (m 4

I(-l)m 4(|5|23to 4.23?W1-ﬁ%rﬁ@4%953t0462(m 1I(—I) 55?)(5, 1 H,; 7.18 to

7Ret22n§ |m093t |10rre|;|) Tr tzfﬁ%rln§ at"b" 3%'&”}495«} E'D 2%\@55'1‘@290 Q\agsyy:lS'rrrﬁteh?\c/j\oA
tioners hol i henet h

1(:a p?? I uororrtat£F99g %B'%QDPBEW%!HWM%F"W&MGWY Bidrtedrahysirene ar e

eparated b Chiral pak 1C 20 pm colum; elution 75%

sep o @VS(;@%W@&W% P P

hept ane/ 20% e dextrorotary enantioner is
concentrated so as to obtain 27 ng o

20(S) - 2- nmor phol i n-4-y1-9-phenet hyl- 8 tr{fl uoronet hyl-6, 7,8, 9-tetrahydropyri
mdo- [1,2-a]pyrimdin 4 one, the char C tlcs of WhICh are the

followi ng: 1H NMR spectrum )\

5 CF3
A mixture of 1 g of (S)-2-chloro-8-trifluoromethyl-6,7,8,9-tetrahydro-
10 pyrimido[1,2-a]pyrimidin-4-one and of 15 ml of morpholine is heated at 80°C.
After one and a half hours of heating and after verification by LC/MS, the
reaction is complete. After cooling, the reaction mixture is concentrated under
reduced pressure. 10 ml of cold water and 100 ml of ethyl acetate are added
to the residue obtained. The resulting organic phase is separated and then
15 dried over magnesium sulphate, filtered, and concentrated under reduced
pressure so as to give 1.2 g of (8)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
- tetrahydropyrimido[1,2-a]pyrimidin-4-one, the characteristics of which are the
following:

Mass spectrometry: method A
20 Retention time Tr (min) = 0.49
[M+H]+: m/z 305; [M-H]-: m/z 303
Optical rotation: OR= +14.2+/-0.6; C=2.25mg/0.5 m| MeOH.

~ Stage d: (S)-2-chIoro-8-tnfluoromethyl 6,7,8,9-tetrahydropyrimido[1,2-
a]pyrimidin-4-one



1.94 (m 1 H; 2.23to0 2.35 (m 1 H,; 2.83t02.91 (m 1H),; 2.96 to 3.04
(m 1 H; 316 (m 1 H; 3.40to0 3.52 (m 5H); 3.65(m 4 H); 4.07 to 4.21
(m 252 H); 4.50to 4.62 (m 1 H; 500 (s, 1 H; 7.18 to 7.25 (m 3 H);
7.29 to 7.35 (m 2 H). Mass spectronetry: FEtEﬂOd A Retention tinme Trt(tmn)
= 0.95 W2 / FR2010/ 051374 50 [ M+H] +: rotation:
R = positi%%%@gﬁ%ﬁg)g; C=1.093 ny/0.5,m DVBO. BeTfii ﬁ’Qidééfé {hi ¢
purification also results in 30 ng of the | aevorotary enanti omer, o
(R) - 2-nor phol i n-4-y1-9- phepet hyl-8-trifl uoronet hyh56, 7, 8, 9-t et rahydropyri m
do[ 1, 2- a] pyri m di n- 4-one. anpl e 4:
(S)-9-benzyl-2-norpholin ]4- té{_i fl uoronet hyl -
t et rahydropyri m dof[ 1, 2% A fls4-one Sta :
10Thet woenant i oner sof (R, S) - 9- Bergy1- 2- nor phol ¥h- 4-
trifluoronethyl-6,7,8,9-tetrahydropyrimdo[l, 2-a]pyrim d| n- 4- one are600/7
separated by chi C mgr%g iR X ( Ir:q) » 060%
EtgH/ 40% he%t anerhIEHe e EIdextsF o?)(];t a??senanﬂrggtrnﬂmm&%ggpéﬁ 8d SO as
to give 36 rgtrafiydropyrimido[1,2-a]pyrimidin-4-one (17 g) are separated by chiral

hydr o-
Lo ool AR Rt e, CHPIRREI A i, b
foll owi ng: XPOWYRepRa®Re (R0%).

The Iaevordtary enantiomer is concentrated so as to give 8.52 g of (R)-
2-chloro-8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one, in
the form of a white powder.

The dextrorotary enantiomer is concentrated so as to obtain 8.21 g of
10 (S)-2-chloro-8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-
one, in the form of a white powder, the characteristics of which are the
following:

Mass spectrometry: method A
Retention time Tr (min) = 0.51
15 [M+H]+: m/z 254; [M-H]-: m/z 252
Optical rotation: OR = +21.3+/-0.5. MeOH.

Stage c¢: (R, S)-2-chIoro-8-tr|fluoromethyl -6,7,8,9-tetrahydropyrimido{1,2-

ool

20 60 ml of phosphorus oxychloride are added, at ambient temperature

a]pyrimidin-4-one

and under an argon atmosphere, to a suspension of 34 g of (R,S)-2-hydroxy-
8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one in 500 ml of
1,2-dichloroethane. The mixture obtained is then heated to 65°C. After stirring

for three hours at 65°C, the reaction is complete according to the verification



2.10to 2.25 (m 1 H; 2.35t02.43 (m 1 H),; 3.19to 3.27 (m 5 H; 3.39
to 3.53 (m 4 H); 4.16 to 4.27 (m 1 H); 4.51 (d, J=15.9 Hz, 1 H); 4.57 to
4.72 20(m 1 H); 4.96 (s, 1 H); 5.23 (d, J=15.9 Hz, 1 H); 7.20 to 7.27 (m
3 H; 7 28 to 7.34 (m 2 H). Mss spectronetry: nethod A Retention tinme Tr

(mn) = 0. 88w rooM 3 395 W2011/001113PCT/ FWO@@#W@@&@% I cal
rotatlon OR = +16.3+/-0.7. C=1.960 ny/ m  DVSO. e

chromat ographi ¢ purification above al so Pesults in 38 ng of the l|laevorotary

enant i oner, K))ﬁ]_dCWBeNﬁéiigao Qﬁ@'réé?tmrﬂa}])@%@gﬁg\ﬁégbgﬁa '?é(?:lryness under

__ ?R7 S? 3 L:;;%gém%@ n'&lh ew%ue phtairadoisdakegriup Witl‘B‘]@l) m! of cold water
et ont e Pahaueald: & ah Qvééé%fe Y i yeiode iERAed ho e ToRtiRe =

(R 'S)-2-nor pd}intbmed41m1|+ W 1| a0 peduIstly @rjarﬁe ?Jha%@ is separated and then

t et rahydropyr|, 1 2-a] pyrimdin-4-one and O. benzyl brom de.
Aft er ﬁum. ”c} wn%gnq%ancwlalf\aﬁoélﬂam emﬁ @gn@entraieda%den Zgiucefl t he

(R 9)- 0 bendi T oerpiis) cndiey 4 AT oS TBHe0838 ety e
pyrimdo[ 1, ZGIa'pmatmgmphyl(dueme GHAIgMeD Hedl /08 nso @@atbagﬁ\t:@ Qosj bﬁg'\é @3{) 3‘“;' 22

(i Toh oo A Ginpromptyt By 5 tatraidis-ainyidor %pyrumg!m-wrw, 2sn(m 1
5 52°(a, =10 aorp ot b pyte Spilh e Sprbliefietics opyhich Bgtydalghust (5 5 1y
Ciss Spap 1 OTet 1 BB LRALL RSB AT T T1 (im) = 0,58 (1t = iz 305
Retention time Tr (min) = 0.51 |
[M+H]+: m/z 254; [M-H]-: m/z 252.

Stage b: (R,S)-2-hydroxy-8-trifluoromethyl-6,7,8,9-tetrahydro-
pyrimidof1,2-aJpyrimidin-4-one

N

ﬁi

HO N')\N F
HoEl

10¢g of 6-trifluoromethyi-1,4,5,6-tetrahydropyrimidin-2-ylamine
hydrochloride and 10 g of sodium methoxide are added to a mixture of 50 ml
of diethyl malonate. The mixture obtained is brought to 100°C for 75 minutes.

15

The heterogeneous mixture thickens and turns yellow with a small amount of
20 gas being given off. After cooling, the reaction mixture is evaporated to
dryness under reduced pressure. The residue obtained is triturated with ethyl
ether. The solid formed is filtered off on a sintered glass filter and then taken
‘up with 20 ml of cold water. 12 N hydrochloric acid is added to the thick
suspension obtained, until pH=5-6. The suspension obtained is filtered
25 through sintered glass and the insoluble material is rinsed with ethyl ether so
as to give 11.5g of (R,S)-2-hydroxy-8-trifluoromethyl-6,7,8,9-tetrahydro-
pyrimido[1,2-a]pyrimidin-4-one, in the form of a white solid, the characteristics



Exampl e 5: 9-((S)-2-hydroxy-2-phenyl et hyl)-2-norphol i n-4-y1-8-(S)- 25
trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1, 2-a]pyrimdin-4-one
W)2011/001113PCT/ FR2010/ 051374 52 The product is prepared according
to the procedure described in Exanple 2, usi ng 135 ng of

(R'S) - 2- nor phddon1/b01448-tri fl uoronet hyl-6, 7, 8, 9- PCT
tetrahydropyrim do[ 1, 2-a] pyri nni di n-4-opg and 342 IFR(Z 10 51 oro 1- 5
phenyl et hanol . After purification by silica chromat ography (gradl ent of 5%
to 20% of t hef velitcieate ﬂg&@n@m@ow NHACOH 28% 38/ 17/ 2 in dichl oronet hane), 26

ng o
94( S) 2- hydr oxy- 3gade écgg[tdp,yét %ﬁéfﬁb@@?' in-4-y1-8-(R)-trifluoronethyl-6,7,8
, 9- tetrahydropyrlmdo[l 2-a] pyrimdin-4-one and 18 ng of (S)-9-

((S) 2- hydr oxy- 2 ﬁ{érgfulh}é"l) in-4-y1-8-trifluoronethyl-6,7,8,9-
10t et r ahydr opyri m P Al d| n -one are obtained, the

s he 0 3, i@ﬂﬂn'c@fé%é”ﬁ@ e %o é“ﬁﬁipichi“ml e 81710
3. 27 1 40 17 15to 4. 32
(m 2(m 4%‘2 9B 4. é@?%ﬁs &[%WOE‘%YFM iﬁﬁﬁtr éﬁzowlm?c)hnﬂ m@mqg

J=5.1 Hz 1 Hydroéhfotide® 7 44 (m 5 H). Mass spectronetry: rret hod A
Retention tire Tr (mn) = 0.85 [MtH +: mz 425; [MHHCO2H]-: m z 469
200ptical rotation: OR = +7 44-0.6; Ggl.959 ng/0.5 m CH3OH. Exarrple 6:
9- ((R) - 2- hydr oxy- 2- phenyl et hyl ) - 2- norphoici n- 4-y1-8-(S) -
trifluoronethyl-6,7,8,9-tetrahydr r'Tri do[ 1, 2-a] pyri m di n-4- one
~ W2011/ 001113PCT/ FR2010/ 051374 53%

CF

3

in an autoclave, a mixture of 1.1 g of Pd/C at 10%, 22 g of 2-amino-4-
(trifluoromethyl)pyrimidine dissolved in 200 ml of water, 50 ml of methanol
10 and 50 ml of 12N HCI are hydrogenated, under 3 bar, at 22°C, for 24 hours.
The resulting mixture is then filtered and the filtrate is concentrated under
reduced pressure. The residue obtained is oven-dried, in the presence of
P20s, s0 as to give 27 g of (R,S)-6-trifluoromethyl-1,4,5,6-tetrahydropyrimidin-
2-ylamine hydrochloride, in the form of a grey solid, the characteristics of

15 which are the following:

Mass spectrometry: method A
Retention time Tr (min) = 0.17
[M+H}+: m/z 168.

Example 2: (R,S)-9-[2-(4-methoxyphenyl)ethyl]-2-morpholin-4-y|-8-
20  ftrifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one



| HO The product is prepared according to the procedure described in
Exanple 2, using 135 ng of (R S)-2-norpholin-4 yl 8

trlfluoronethyl 6,7,8,9- tetrahydropyrimdo[1, 2-a]pyrin din-4-one and 342
ng of (R)-2-chloro-1- 5 phenylethanol. After purification by silica

chr omat ogr apoZm@raeh ez of 5% to 20% of the el uentp&HERSH R NHOH 28%
38/ 17/ 2 in dichl oronethane), 25 ng of 7

9- ((R) - 2- hydr oxy- 2- phenyl et hyl ) - 2- nmor phol i n-4-y1-8-(S)4rifluoronmethyl-6,7,8
, 9- tetrahydrStuge i (dpSﬂ-s:tza(hnnétﬁa)@pheﬁyﬂ@mﬂ!) mbk/%hm% -JIEtrifluoro-
characteristics of which are the follown 1H NVR spectrum 1.40

to 1.56 (m methyl- GJT@Q@-FQirthrwlmidqﬂ,@]wrmmdm-ﬂenqen 2 H; 3.36 to

. 3.47 (m 4 H; 3.62t03.67 (m 4 H; 3.841t03.94 (m 1H; 3.96 to 4.03

(m 1 H); 4 54 (&15 @86 ceesiith Tart®ridte, 0.23) g o Sanéthoxyiphidnethy! Qﬂ'otmdé 04

m 1 ; d 8.to 7.37 Ivass S rorretry
gret hod A Reten |on'%§ lﬁnz(%lﬁ%y W?ﬁ'%ﬁi&‘d%& [EW?I—F!‘ n z
469 Opti Gal armbieht té?np@turé%dfim’der aih #gbh aMi\behere toasoluha fo?%o mg
purificati on above ng of 91(R) 8r 0X 5

20mor phol i n-9f-y1- &, {3#2)? meTpoliBrioyes- tr;ftmﬁomeé\ybstm Batagrahmpymmm[mz
di
?]88” bm[ ( 'Zg) ﬁgﬂﬁﬁ éﬁ'ﬁ;xyc?’%s ?q?@mhﬁhgfiéaﬂgﬁ%eﬁmﬁﬂi\y@rmamlde. The resuiting

(rmor phol i n- dnixtyre8s (eated atdWCELh Y8 hobrs/, 8, 9-t et rahydr o- 4H pyri m do[ 1, 2-
a] pyri mdin-4-one W?2011/001113PCT/ FR2010/ 051374 54 A WAN HO' The

product is prepargfbraesslind, el PeddiBnPhRRAMIE SSRe
using 135 nmg of (R Sr 2- rrrgjrphgl i n-4- {/]1 8- tEi'lyfliguororr@'%lﬁﬁieééj émggga'?ahee&

t et r ahy dPopyiressure] The regidye pbiameﬂ is-telten apavitte50 my oanetr(y’.s}atham koddhd - (4-
oot hoxy Do k" boleBHE' B 530, B ek e SR HBELY i
separated and then dried over magnesium sulphate, filtered, and evaporated
under reduced pressure. After purification by silica chromatography (gradient
of 0% to 20% of the eluent CH,Cl/MeOH/NH,OH 28% 38/17/2 in
15  dichloromethane), 80 mg of (R,S)-(9-[2—(4—meth_oxyphenyl)ethyll]-2-morpholin-
4-yl-8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one are
obtained, the characteristics of which are the following:

1H NMR spectrum:

1.85 10 2.02 (m, 1 H); 2.27 t0 2.35 (m, 1 H); 2.72 to 2.84 (m, 1 H); 2.88

20 t02.98 (m, 1 H); 3.09 to 3.20 (m, 1 H); 3.37 to 3.42 (m, 1 H); 3.45 (m, 4 H);
3.63 to 3.67 (m, 4 H); 3.72 (s, 3 H); 4.08 (m, 1 H); 4.14 t0 4.21 (m, 1 H); 4.51

to 4.63 (m, 1 H); 5.00 (s, 1 H); 6.88 (d, J=8.6 Mz, 2 H); 7.13 (d, J=8.6 Hz, 2

H).
Mass spectrometry: method A
25 Retention time Tr (min) = 0.93
*[M#+H]#: iz 439.
Stage a: (R,S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8 9-tetrahydro-

pyrimido[1,2-ajJpyrimidin-4-one



di chl or onet hane), 66 ngof (85)-9-[(23) - 2- hydr oxy- 2- (4- nmet hoxy-

phenypet hyl ] - 2- (nor phol i n-4-y1)-8-(trifluoronethyl)-6,7,8,9-tetrahydro-4H-p
yrim do[ 1, 2-a] pyri m di n-4-one are obtained, the characteristics of which
are 10the follow ng; 1H NVR spectrum 2 14 to 2.29 (m 1 H,; 2. 35 to
2.44 (m 1 Wyo2819®049d3 J=9.8 and 13.9 Hz, 1 H;
3.37 to 3.50 (m 4 H); 362to369(m4él 7433@47':?%—50%}1%?4 . 28
(m 2H; 479 (m 1H; 4.90to 4.98 (m H);15501(s 1 H; 557(d

J=4.9 Hz, 1 H); 6.93 (d, J=8.6 Hz, 2 7.25 (d, J=8.6 Hz, 2 H). Mass
spectronmetry: nethod A Retention tirre (m' n) = 0.84 [MH +: mz 499
200ptical rotation: OR = +4; C=1. 397 . in CH3CH 36

myof (8R) - 9- [(25) 2- hydr oxy- 2- (4- pet hyl ] - 2-

(ror phol in-4-y1)-8-(trifluorome yI 6N7 8N9t6F ahydr o- 4H pyri m do[ 1, 2-
a] pyri mdin-4-one are al so obt abge W)20 1/ 001113PCT/ FR2010/ 051374 55

Exanpl e 8: (-85)-2-(norpholin-4-yl 9 [ (1R or 18)-1-phenyl ethyl]-8-
(trifluoronethyl)

hyd d | d
The product 1 s’ preglikeié Riceelia rP(ék?ap%th&‘éﬁésd@%e&-yobﬁhw'né‘&%‘;%fﬁ
1f, using 13& ema,o% ﬁ.ma mrag;@gim[a ﬁone slnfu' &PWB&}% % Kegte%f to

tet rahydropyrl m-do|
acetonitril &0° @nd\fE'ZOhe@tlrtg‘ leidmeoarndtayhz)lbdmesgetheﬂxfrleacthmns faarapletsn by

o1 bCes) RO BRI A S Sy BENS A0 Shals Bt Dbon ey i
i&g mor phol | goficarittat@d lurite medaEsy HreSsurk! MheURISMITRE Bbtain fs $upmbgtiphydr o-
silica chromatography (gradient of 5% to 20% of the eluent
CH2Cl/MeOH/NH,OH 28% 38/17/2 in dichloromethane) so as to give 270 mg
of (R,S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-
10 a]pyrimidin-4-one, the characteristics of which are the following:

Mass spectrometry: method B
Retention time Tr (min) = 2.53
[M+H]+: m/z 305; [M-H]-: m/z 303.

Example 3: (8)-2-morpholin-4-yl-9-phenethyl-8-trifluoromethyl-6,7,8,9-
15  tetrahydropyrimido[1,2-a]pyrimidin-4-one

Stage a:

(R,S)-2-morpholin-4-yl-9-phenethyl-8-triflucromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one is prepared according to the
20  procedure described in Example 2, using 80 mg of (R,S)-2-morpholin-4-yl-8-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one ‘and 240 mg



pyrimdo[1l,2-a]pyrimdin 4 one are obtained, in the formof a single
di ast ereoi soner of undeterm ned configuration on the phenethyl chain, the
characteristics of which are the followi ng: 1H NVR spectrum 151.65 (d,
J=7.0 Hz, 3 H; 1.72to 1.84 (m 1 H; 2.29 to 2. 38 (m 1 H; 3.15to 3.26
(m 5 H; 3.4IieReeBEm 4 H; 4.08 (m 1 H); H; 4.96
(s, 1 H; 567 (q, J=7.0 Hz, 1 H); 7.23450 7.40 ( Bﬁg?ﬁﬁﬁz%/émﬁ“
spectronmetry: nethod A Retention time Tr (mn) 4.07 20[ M+H +: m z 409
(QgtBI) Cgl Hrlgt aéﬂd(QEbroEHBemyfﬁénEéﬁe Oafeer feriicaBdn '159/&10% Hrofidsdtaphy {8RERL: O

an
18) - 1- (4- met hERIPBRIOT 3%t teyA0%20f the rqluenti GHAClyMe BH(NIHIOH 28% 381 1i5/R)in 6, 7, 8,

w2011 011 1R R Bebths: 7R Y o' ™ RS prehalirtakahenetiet B30 g

of (S)-2- chItuﬂoer&nte‘thfl@ﬁ%tmhydropynm1do[1 2-ajpyrimidin-4-one are obtained,
6789té_’e g;c/p?]go rim do[ yrlmdln-4-one(Exarrpe1d) ‘are
d i

i ntroduc terdﬁt'oﬁétfmﬁﬁfﬁiij‘ﬁefﬁ"mﬁfsg my of resin-supported
tri phenyl phosphi ne ﬁ mmol /g) and 116 ng of 1-(4-nethoxyphenyl)ethanol.
0.12 m of diethylH |S@§ﬁtﬁbmyl ate is then added dropw se. After the
addition, the reaction mxture is stirred for 18 hours at anbi ent

tenperature. 250 h@5d6 s, $iPp227ed 2.85 fingn\HpRBHIHNE H)SZJMIUSJIDSare

t hen added tpo t r t,i m xt stirri fo further 18 hours
at anbi ent (Qhpbr ard.toche T (th ds B d g iddd . BHE Y oS e d e Fougris
Mllex filtefpand4t i bt |gge(qln| h n I duced
pressure. em?g{sn Qul-qe)afdf?géﬁgo I 'ved fH) S@W@ﬁ%? hoif?onZ%Qntﬁe
resul tid§ miblk Jr%QtOSTHée(tT‘ed H). 80C for 2 hours The reactl on mixture is
concentrated under reduced pressure. After purification by silica

chr omat ogr aphy ( dviash spectibnetfy: 0fethod20% of the el uent CH2C12/ MeOH NHACH
28% 38/ 17/ 2 in dichl oronethane), 40 ng of

(8S) - 941- (4- met hdRatehtimy fieiehrd(nidy €00gphol i n4-y1)-8-(trifluoronethyl)-6,7,8
, 9-tetrahydro-4H pyrim do[ 1, 2-a] pyri m di n-4-one are obtained, in the form
of a 60/ 40 m xt urfe1+¢41+t i@z 49, di ast ereoi soners, the characteristics of

whi ch are the following: 201H NVR spectrum 1.61 (d, J=7.1 Hz, 1.8
H, 1.68 (d,g gg.Hz 12H) 209t0247(m2H) 3.10 to 3.65 (m
partlally maskg H; 3.72 (s, H; 3.74 (s, 1.8 H); 385to434(m

=7 P 0 4”%778“%’ ﬁ‘a’?qmé&sg?’c?‘fe (St orenolndy-a spnehig s 'fy &
6.92 (d, J=8rifudtomethy2-6.7 3, FtetfahydropyrifhioHz2-afpyrlmidin-4-one are separated

by chiral chromatography: Chiralpak IC 20 pm column; elution 75%
heptane/20% EtOH/5% MeOH.

The dextrorotary enantiomer is concentrated so as to obtain 27 mg of
20 (S)-2-morpholin-4-yl-9-phenethyl-8-trifluoromethyl-6,7,8,9-tetrahydropyrimido-
[1,2-a]pyrimidin-4-one, the characteristics of which are the following:

1H NMR spectrum:

1.94 (m, 1 H); 2.23 to 2.35 (m, 1 H); 2.83 to 2.91 (m, 1 H); 2.96 to 3.04
(m, 1 H); 3.16 (m, 1 H); 3.40 to 3.52 (m, 5 H); 3.65 (m, 4 H); 4.07 to 4.21 (m,

25 2 H); 4.50 to 4.62 (m, 1 H); 5.00 (s, 1 H); 7.18 to 7.25 (m, 3 H): 7.29 to 7.35
(m, 2 H).

Mass spectrometry: method A

Retention time Tr (min) = 0.95



W2011/ 001113PCT/ FR2010/ 051374 57 Mass spectronmetry: nmethod A

Retention tinme Tr (mn) = 0.94 and 0.89 (60/40 m xture of the two

di astereoi soners). [M+l-1]+ mz 439. 5 Exanple 10: (8S)-9-[(1R or

1S) - 1- (4- br onophenypet hyl ] - 2- (nor phol i n- 4-

yl)-8-(trifhwoy %36, 7, 8, 9-tetrahydro-4H-pyri g - l4- di n- 4-
one The produg?ﬁ??mggggar ed according £§ t he procemﬁlghgggg]r%g in 10
Exanpl e 9, using 300 ng of

(S)-2-chl oro- 8-t (MHH}er@REAGY 1- 6, 7, 8, 9-t et rahydropyri m do[ 1, 2-a] pyri mi di n- 4
-one in 6 mM of tetrahydrofuran, 600 ng of resin-supported

triphenyl phosphi ngy(c3 F&%%@R%&% ggi%%b‘h ?.‘i‘i@%‘.&%%@@é@?”o' :

0:28 m of "di ethyl azodicarboxylate is t ed dropwse. he

addition, the re i ] I o) 8 s .at .15 anbj ent

t enper at ur e. GOOaﬁ-rr%EI gtghr{r}?éfélidﬁrgaﬂﬁ%oi)tué@&@??r{)h%[ﬁc;;I ;5%%hi'ﬁe 3%’3'"%“/ ©are
then added tlaevdretargaehantiomet R-2-hbtolistd-ykd-paehethyrsitifiidrometiyihour s
at anbi eat te_g’%feéflture; the resylting mxture is filtered through a M1 I ex
filter afd h -Ietrahydropyrimieald. 3-alnyAgtdiBghesst r at ed under reduced
pressure. 20Q0The e‘\@gor ation residue is dissolved in 5 m of norpholine and

t he ni xt ur e EOtAP i(8)-8thenzylr2-mospholind-yledririflaororaethyd-67, 8:8s. The
ti i ' A . duced . Aft
bur £ oat 1 oxettaRytfoR R Rd R nEhe | SR P ESSLe Mt he el uent

CH2C12/ MeOH NHAOH 28% 38/ 17/ 2 in dichl ogonmet hane), 15 ng of one of the 25

di ast ereoi soners of (83)-941-(4-brono nypet hy1] - 2- (nor phol i n-4-y1) - 8-
W2011/ 001113PCT/ FR2010/ 051374 58 N/Ej)/
S
N~ N
FE

ph

I

10 The two enantiomers of (R,S)-9-benzyl-2-morpholin-4-yl-8-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one are separated

by chiral chromatography: 6 x 35 cm column; mobile phase: 60% EtOH/40%
heptane.

N

g

Stage b:

The dextrorotary enantiomer is concentrated so as to give 36 mg of
15 (S)-9-benzyl-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-tetranhydro-

pyrimido[1,2-a]pyrimidin-4-one, the characteristics of which are the following:

1H NMR spectrum:

2.10 to 2.25 (m, 1 H); 2.35 to 2.43 (m, 1 H); 3.19 to 3.27 (m, 5 H); 3.39
to 3.53 (m, 4 H); 4.16 to 4.27 (m, 1 H); 4.51 (d, J=15.9 Hz, 1 H); 4.57 10 4.72

20 (m, 1 H); 4.96 (s, 1 H); 5.23 (d, J=15.9 Hz, 1 H); 7.20 to 7.27 (m, 3 H); 7.28 to
7.34 (m, 2 H).

Mass spectrometry: method A
Retention time Tr (min) = 0.88

[M+H]+: m/z 395



(trifluoromethyl)-6,7,8,9-tetrahydro-4 Hpyrimdo[1,2-a]pyrimid in-4-one
(undeterm ned configuration on the phenethyl chain) are obtained, the
characteristics of which are the following: 1H NVR spectrum 51.73 (d,
J=7.1 Hz, 3 H; 2.16 t0 2.31 (m 1 H; 2. 39 to 2. 47 (m 1 H; 3.12 to 3.25

m 5 3. m 4 H; 415 (m 1 H); 4,92
Es 1 I|:|)|); 5%?2(0;13%@%11(13 Hz, 1 H); 7.27gd, J=8. 6 Tg:i%(ﬂ%éé%s(d J=8.6
Hz, 2 H). Mass spectronetry: met hO(] B 10Retent|on time Tr (mn) =

4.26 [MrH + mz @pfical rytatioh-cOR +189)7-9-1. (3= .960 mg/0.5 mI DMSO.
1R) - 1- (4- br onophenyl ) et hyl ] - 2- ( nor phol i n- 4-

~y1)-8-(trifluoronprhiorRatbg Bap?né?h ﬂ@é(tﬂfrpa%?@érédrk%%ht% ;%6%1 ngcj gﬁntﬁ%n 4-

one 0 15 The preceding fication al so produces
second di astlaewerotaper eﬁantlomer (R)-9-benzyl-2- morpholln-4-yl -8-trifluoromethyi-

gftgrsl)flgﬁér(()4 %ZWR%F%@)%@ FB%%%@UDE&'EG%‘?% o[ 1 ,2-alpyrimid in-4-one

undet eri negd, confi gu ion o t he phenethyl chain), the characteristics of
(20 whi ch@are d% %ﬁ)&ﬂ&“q é'i"ACN'Ts't"ﬂUO"OIn%WYQ'@; 897 1 Hz, 3 H);

1.78 to 1. 9%et/Bhvlr l'll?‘li&@l;1t?~a !ﬂ.@,g Lo 3.08 to 3.26 (m 5 H; 3.39
to 3.52 (m 4 H) ybhi fp %ﬁ?m‘iﬂel—b 495(s 1 H; 550 (q,
=7.1 Hz, 1 H,; 7.25 (d, J86Hz H;o7.53 (d, J=8.6 Hz,
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The product is prepared according to the procedure described in
Example 2, using 140 mg of (R,S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
10 tetrahydropyrimido[1,2-a]pyrimidin-4-one and 0.270 ml of benzyl bromide.
Atfter purification by silica chromatography (gradient of 5% to 20% of the
eluent CH,Cl,/MeOH/NH,OH 28% 38/17/2 in dichloromethane), 32 mg of
(R,S)-9-benzyl-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-tetrahydro-
pyrimido[1,2-a]pyrimidin-4-one are obtained, the characteristics of which are
15 the following:

1H NMR spectrum:

2.1110 2.25 (m, 1 H); 2.35 to 2.44 (m, 1 H); 3.17 to 3.27 (m, 5 H); 3.40
to 3.53 (m, 4 H); 4.18 to 4.29 (m, 1 H); 4.51 (d, J=15.9 Hz, 1 H ); 4.58 t0 4.72
(m, 1 H); 4.96 (s, 1 H); 5.22 (d, J=15.9 Hz, 1 H); 7.20 to 7.27 (m, 3 H); 7.28 to
20 7.36 (m, 2 H).

Mass spectrometry: method A
Retention time Tr (min) = 0.88
[M+H]+: m/z 395.

Example 5: 9-((9)-2-hydroxy-2-phenylethyl)-z-morpholin-4-yl-8-(S)-
25 ftrifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-alpyrimidin-4-one



Mass spectronetry: nethod B Retention tine Tr (m' n) = 4.37 [MH +: m z 487.
5Exanpl e 12: (8S)-2-(norpholin-4-yl)-9-phenyl - (trlfl uoronet hyl )-6,7, 8, 9-
t et rahydro-4H pyri m do[ 1, 2-a] pyri m di n- 4-one In a mcrowave tube
425 ng of (S)-2-norpholin-4-yl-8-trifluoromethyl-

6,7,8,9-tet do[ 1, 2-a] pyri m di n-4-one (

i ntroduced Yg@;ﬁ@@@ HTEB of di nmet hyl for de, 422 W@?@Qﬁ?? um
phosphat e, 380 ng of copper iodide and m of iodobenzene. The m xture
obtained is heated in a mcrowave ovendgor 30 m nutes at 150C. The reaction
m xture is then centrifuged. The separdied supernatant is then rinsed with

ethyl acetate and then evaporated to The residue is taken up with
ethyl acetate and 15 the sol ution.gobt wgshed with water. The

38/ 17/ 2 in dichloronethane), 150 ng of (8S)-2-(norpholin-4 yl) 9
phenyl1-8-(trifluoromethyl)-6,7,8, 9-tetrro-4H—

20pyrim do[ 1, 2-a] pyri m di n-4-one are obtarhed, the characteristics of which
are the follow ng: 1H NWR spectrum 2.40 to 2.48 (m 2 H,; 3.00to

3.13 (m 4 H; 3Tﬂé bﬂ)dﬁcﬂs(;ﬁﬁepéré@ ac@o%ﬁ%&h@ 9(’66ed‘bré’|)de54:n%%dtﬁl 4.40
(m 1 H; 493 (m 1H); 9 (s, 1 H )
J=7.7 Hz, EH?mpiQ/\@‘z@@mob&Elmmaqfr/(R@)eamqrsmelm4%8mﬂ@or9pmihylsﬁrat&9

(rrgtsglog ’(A‘ 4R]? %gﬁrﬁ(ﬁﬂoeﬁr}{,@dgg %%Ilmlﬂ% 4? %T%Mgé_rq% 3%%5’ SJOT I%§?Epchﬁoro 1-
(trifl uch onphbyylpthandl. 8iftert mirfizhsion Gyditicdy Ehivntitbdradhl (ghdiemtdbM5% e
20% of the eluent CH,Clo/MeOH/NH4OH 28% 38/17/2 in dichloromethane),
26 mg of 9-((S)-2-hydroxy-2-phenylethyl}-2-morpholin-4-yl-8-(R)-trifluoro-
methyl-6,7,8,9-tetrahydropyrimido[1,2-ajpyrimidin-4-one and 18 mg of (S)-9-
((8)-2-hydroxy-2-phenylethyl)-2-morpholin-4-yl-8-trifluoromethyi-6,7,8,9-
10  tetrahydropyrimido[1,2-a]pyrimidin-4-one are obtained, the characteristics of

which are the following:
TH NMR spectrum:

2.24 (m, 1 H); 2.36 to 2.46 (m, 1 H); 3.08 (dd, J=10.0 and 14.2 Hz,

1 H), 3.17 to 3.27 (m, 1 H); 3.40 to 3.48 (m, 4 H); 3.63 to 3.69 (m, 4 H); 4.17

15 10432 (m, 2H); 474 to 4.85 (m, 1 H); 4.99 (m, 1 H); 5.02 (s, 1 H); 5.67 (d,
J=5.1 Hz, 1 H); 7.22 to 7.44 (m, 5 H).

Mass spectrometry: method A
Retention time Tr (min) = 0.85
[M+H]+: m/z 425; [M-H+HCO2H]-: m/z 469
20 Optical rotation: OR = +7.4+/-0.6; C=1.959 mg/0.5 ml CH3OH.

Example 6: 9-((R)-2-hydroxy-2-phenylethyl)-2-morpholin-4-y1-8-(S)-
triftuoromethyl-6,7,8,9-tetrahydropyrimido|1,2-a]pyrimidin-4-one



The product is prepared accordi ng to the procedure described in Exanple 12,
using 140 ng of (S)-2-norpholin-4-y1-8-trifluoronethyl-6,7,8,9-
tetrahydropyrimdo[ 1, 2-a] pyrimdin-4-one (Exanple le) and 0.66 m of 1- 10
fl uoro-4-iodobenzene. After purification by silica chromatography (gradient
of 5%to 15 luant CH2C12/ MeOH NHAOH 28% 3 '

di chl or onet rgﬁje%d HE@N% of (8S)-9-(4- fI orophenyl%éﬂ(@@%ﬁﬁ%—yl)-8-
(trifluoromethyl)-6,7, 8 9-tetrahydro-4H yrlmdo[l 2-alpyrimdin 4-one are
obt ai ned, the charact eristics of which @re the follow ng: 151H NWMR
spectrum 2.41 to 2.48 (m 2 H; B.01 to 3.15 (m 4 H; 3.33 to 3.37
(m 1 H; 3.40to 3.50 (m 4 H; 4.357(mN71 4.82 to 4.94 (m 1 H); 5.00
(s, 1 H; 7.25 (t, J=8.8 Hz, 2 H,. 7. OéJQd J: =56 and 8 8 Hz, 2 H).

Mass spectrometry: method A 20Re[(éﬁﬂ!|onNt| mn) = 0.86 [ MrH + m 2

399. Exanple 14: (8S)-9-(3-fluo nyHo (morFphol i n- 4 yl) - 8-
(trifluoronethyl)-6,7,8,9tetrahydro-4H pyri mdo[ 1, 2-a] pyri m di n-4-one
W2011/001113PCT/ F R2010/ 051374 61 0 )T N N N sF The product is
prepared according to the procedure des ed in Exanple 12, using 140 ny
of (S)-2-norpholin-4-y1-8-trifluorometh , 7,8, 9-

t et rahydropyri m do[ 1, 2-a] pyri m di n-4-one (Exanple le) and 0.66 m of 5

1-11 uoro- 3-i odobeThee addétt BN pRfaréd Caddop@ingYtcs ithe CiroeBAGERHABERYY in
(gradient of _5%to 15% of the eI uent CH2C12/ MeOH N O—I 28% 38/ 17/ 2 |n

di chl or onet HxmPledd YaING 1 3pg8aY -&- (RS)-Rupembiolingityl-Bir{fimorgrethyh6 4. §,9) - 8-

bt i nod, ¢ nedanydrdprfidért S BMAIRASRYL ol Bei ST B e Rire 1C *°
?pecgL r Ilfi)ms . ?eny&tkﬂéndlDAﬂeﬂ{Suflmat%nH)y siﬁc@%h?@nﬁtob@a;ﬁﬁ? (gl’ahibnt 3f @/‘(j)t(%@( 3. 21
H)m; 5.02 (5,2 /°H)f fﬁ? QMGR)CWBMMWWNWOWZ%% 513/67/21@ dzcm\@r@rrneiha nelz, m
H: 7.46 (dtas digh- brand-@Ri2HdrdxyR-phbRMReRS2cSHRBRL-2%-eR Rfuo-

methyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one are obtained, the
characteristics of which are the following:

10 1H NMR spectrum:

1.40 to 1.56 (m, 1 H); 2.05 to 2.17 (m, 1 H); 3.05 to 3.20 (m, 2 H); 3.36
to 3.47 (m, 4 H); 3.62 to 3.67 (m, 4 H); 3.84 to0 3.94 (m, 1 H); 3.96 to 4.03 (m,
1 H); 4.54 (dd, J=6.0 and 13.8 Hz, 1 H); 4.96 (s, 1 H); 4.99 to 5.04 (m, 1 H);
5.56 (broad s, 1 H); 7.18 to 7.37 (m, 5 H).

15 Mass spectrometry: method A
Retention time Tr (min) = 0.73
[M+H]+: m/z 425; [M-H+HCO2H]-: m/z 469
Optical rotation: OR =+63.3 +/- 1.4 in MeOH.

In the purification above, 20 mg of 9-((R)-2-hydroxy-2-phenylethyl)-2-
20  morpholin-4-yl-8-(R)-triflucromethyl-6,7,8,9-tetrahydropyrimidof1,2-
a]pyrimidin-4-one are also obtained.

Example 7: (85)-9-[(2S)-2-hydroxy-2-(4-methoxyphenyl)ethyl]-2-

(morphoIin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1 2=
a]pyrimidin-4-one



Retention tinme Tr (mn) = 0.86 [MH +: mz 399. Exanple 15:
(85)-9-(2-fluorophenyl)-2-(norpholin-4-yl)-8- '
(trifluoronmethyl)-6,7,8,9-tetrahydro-4H pyrim do[ 1, 2-a] pyri m di n-4-one 20
W2011/ 001113PCT/ FR2010/ 051374 62 The product is prepared according
to the proce ied in Exanple 12, using 140

(S)-2-nor phomg%ﬁeggg1ﬁl fluoronethyl-&,7, 8, 9- P@'llf’lfi2010/051374
tetrahydropyrim do[ 1, 2-a] pyri m di n-4-one (Exanple le) and 0.66 m of

1-fl uoro-2-iodobenzene. After purificatpon by silica chronmatography
(gradient 5 of 5%to 15% of the el uent 2C12/ MeOH NHAOH 28% 38/ 17/2 in

di chl.oronet hane), 12 ng of (8S)-9-(2-ffuokophenyl)-2-(norpholin-4-yl)-8-
(trifluoronmethyl)-6,7,8,9-tetrahy - i M. doFl, 2-a]lpyrimdin 4 one are
obt ai ned, the characteristics of [whifth ¥re || owi ng: 1H NMVR spectrum
102.37 to 2.47 (m 2 H); 3.05 toOQ./dg tth., & HF 3.41 to 3.47 (m 4 H); 4.35
to 4.44 ' (m 1 H,; 489 (m 1 H,; 502(s,|]1 H,; 7.24to 7.33 (m 2 H; 7.36
to 7.45 (m 1 H; 7.51 (m 1 H). hgs~spectronetry: nethod A Retention
time Tr (mn) = 0.83 15[ M+H +: m z 399. @ pl e 16: (85)-9-[ (1R or
15)-1-(3-fl uorophenyfl et hyl]-2-(norpholimw4-
y1l)-8-(trifluoronethyl)-6,7,8,9-tetrahydrg-4H pyri m do[ 1, 2-a] pyri m di n-4-
one 0O r-NNNFF 20 Stage b: I a round-bottomed flask, a mixture
of 300 ng of (S)-2-chloro-111-(3- .

f 1 uor ophenypet hy 17h&-prodeciuds diepargd- aceordirgy tetthahptoegyrd rdedofibied-in

A LEr Gool | i ORI P eudnBot i b IR S mlo P S Bntiror it s o .

tetrahydropyrimido[1,2-a]pyrimidin-4-one and 760 mg of (S)-2-chloro-1-(4-

3  methoxyphenyl)ethanol. After purification by silica chromatography (gradient
of 5% to 20% of the eluent CH>Cl,/MeOH/NH,OH 28% 38/17/2 in
dichloromethane), 66 mg of (85)-9-[(2S)-2-hydroxy-2-(4-methoxy-
phenyl)ethyl]-2-(morpholin-4-yl}-8-(trifluoromethyl}-6,7,8,9-tetrahydro-4H-
pyrimido[1,2-ajpyrimidin-4-one are obtained, the characteristics of which are

10  the following:

1H NMR spectrum:

2.14 to 2.29 (m, 1 H); 2.35 to 2.44 (m, 1 H); 3.06 (dd, J=9.8 and

13.9 Hz, 1 H); 3.14 to 3.27 (m, 1 H); 3.37 to 3.50 (m, 4 H); 3.62 to 3.69 (m, 4

H), 3.74 (s, 3 H); 4.14 t0 4.28 (m, 2 H); 4.79 (m, 1 H); 4.90 to 4.98 (m, 1 H);

15 5.01 (s, 1 H); 6.57 (d, J=4.9 Hz, 1 H); 6.93 (d, J=8.6 Hz, 2 H); 7.25 (d, J=8.6
Hz, 2 H).

Mass spectrometry: method A
Retention time Tr (min) = 0.84
[M+H]+: m/z 489
20 Opical rotation: OR = +4; G=1.397 mg/0.5 mi in CH;OH.

36 mg of (8R)-9-[(25)-2-hydroxy-2-(4-methoxyphenyl)ethyl]-2-
(morpholin-4-yl)-8-(triflucromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-
a]pyrimidin-4-one are also obtained.



W2011/001113PCT/ FR2010/ 051374 63 The residue is taken up wth ethyl
acetate and water. The organic phase is separated and then dried over
magnesi um sul phate, filtered, and concentrated under reduced pressure.
After purification by silica chromatography (eluent: CH2C12/ MeOH 97.5/2.5),

é?lzug?ogaeg‘&?e?tﬁﬁﬂq&fcl?mr pholin-4-y1)- g (trifl uor%(ﬁ‘é/ﬁ%%wéqf’ﬂ,?s?,"g- t et rahyd

ro- 4H pyrimdo[ 1, 2-a] pyrimdin-4 one 8Pe obt aj ned, in the formof a single

di ast er eoi det gl LOur.at i n e e I ain), the

characteri iﬁ%{gpo E'whi @hﬁlaﬂr1 @?@%'L’?‘FE}W‘?’E&QH hE/R ggzjét'#ﬂ%?yl%gﬂlg%'(d,

- J=7.0 Hz, E(tﬂiﬂuaﬁorﬂ@tltytb)-6,.7%9.(t§trahyﬂ%-ﬂl—ﬁﬁrﬁrﬁdﬂﬂ‘}ﬂ-a’g&ririaidihM-&_r@ﬁ to 3.28
(m 5 H; 3.40 to 3.52 (m 4 H); 4.06 to 4.16 (m 1 : 4.56 (m 1 H); 4.95

(s, 1 H; 551 (q, J=7.0 Hz, 1 H,; 7.00 to 7.17 (m 3 H); 7.33to 7.42 (m

1H. Mass spectronetry: method 15Retention time Tr (mn) = 0.94

[ MHH] +: mlz 427. Stage a: I n rﬂ Ybot t omed fl ask, 400 ng of
(S)-2-chloro-8-trifluoronethyl- / F

6.7.8, 0-tetrahydropyrimdo[ 1, 2-B] pir i M di e (Exanple 1d) are

i ntroduced 20 into 20 m of tet® drg R, .6 g of resin-supported

tri phenyl phosphine (3 mml/g) and 663 of 1-(3-fluorophenyl)ethanol. The

reaction mxture is then stirred at awbikent tenperature for 5 m nutes,

before the addition of 0.790 m of diethyl azodicarboxylate. After stirring

for 1 hour at anhj r t [ tio ixture is filtered and the
filtrate is con(r:@rﬁe ;bg?%lg&gé ﬂheg%a?eg e%(gcggﬁﬂgr@S@?Jéneprbgegure.rﬁgs?r&chd% i's
taken up wiExampleylf, aseigatiSsang whl(8)-2-mbpholigayis-pHhasforhsthykear.gbed and

t hen dried ove nesj um sul_phate, filtered, and concentrated under

reduced pr é§§a£\\§!f0 figidobl2ralpyanicirdtanes {Exagaple Hide i Sogh ap Rgetosiittlent -
CH2C12/ EtO 6 1 _ -1 = e o e
V05011 60 1%@&?@@% 1§0g@3%@hﬁ)5§?&858 ke purification by  silica
chromatography (gradient of 5% to 20% of the eluent
CH2Cl,/MeOH/NH4OH 28% 38/17/2 in dichloromethane), 23 mg of (8S)-2-
10 (morpholin-4-yl)-9-[1-phenylethyl]-8-(trifluoromethyl}-6,7,8,9-tetrahydro-4H-
pyrimido[1,2-a]pyrimidin-4-one are obtained, in the form of a single

diastereoisomer of undetermined configuration on the phenethyl chain, the
characteristics of which are the following:

1H NMR spectrum:

15 1.65 (d, J=7.0 Hz, 3 H); 1.72 to 1.84 (m, 1 H); 2.29 to 2.38 (m, 1 H);
3.1510 3.26 (m, 5 H); 3.43 to 3.55 (m, 4 H); 4.08 (m, 1 H); 4.31 to 4.44 (m, 1
H); 4.96 (s, 1 H); 5.67 (q, J=7.0 Hz, 1 H); 7.23 to 7.40 (m, 5 H).

Mass spectrometry: method A
Retention time Tr (min) = 4.07
20 [M+H]+: m/z 409
Optical rotation: OR = +54.5+/-0.6; C=1.594 mg/0.5 ml CH30H.

Example 9: (85)-9-[(1R and 18)-1-(4-methoxyphenyl)ethyl}-2-(morpholin-
4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-
4-one



~of _ N

(3-fl uorophenypet hyl]-8-trifluoromethyl-1,6,7,8-tetrahydropyrimdo[1, 2-
alpyrimdin-4-one are obtained, in the formof a single diastereoi soner
(undet erm ned configuration on the phenethyl chain), the characteristics of
whi ch are the follow ng: Mass spectronetry met hod A Retention tinme Tr
(mn) = 1. 11k 376; [MH-: nlz 253 (basepeg lne 417:
(8S)-9-(4- quorobegggq?qg (nDrpholln 4-yih- 8- khQOﬁéRﬁﬂ394
(trifluoronmethyl)-6,7,8,9-tetrahydro-4H pyrim do[ 1, 2-a] pyri m di n-4-one 10
0.536 g of caesi um car bonate and 0.44 m of 1-(brononethyl)-4-

fl uorobenzene are added, under an gon_at nosphere, to a solution of 300 ng

" (S)-2-nmorpholin-4-y1-8-trifl 0
i m di n-4-one (Exanple |le) iriyg(PH
is then heated at 80C for ZQ1QJJ1JS.
- under reduced pressure and the res e obtained is then purified by silica
chromat ography (eluent: CH2C12/ Me 78/ 02) so as to give 61 ng of
(8S)-9-(4-fluorobenzyl)-2-(norpholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H pyrimdo[ 1, 2-a]pyrimdin-4-one, in the formof a white solid,
t he 20characteri sqmces r@unm@bﬁ@,ﬂgaeﬂé I MR-

2.09 to 2.25 (m H) ; 34 to 2. §|@ 1‘31j n‘ithi‘Q(SJEt% 3. 3§9|?"ﬂddrgﬁ1%thyls 41
to 3 53 (m @14539-f@t@hqupymm4qo[1Az-a]@y(lmldln-41:ane (Ewampleryd) aredotroduded’2 (m

1 H,; 4.96 5. 7.13

7.30 (dd, W8 13 s b horiahs 250, Bin, bt Esjn-fugBalida é”W‘W'P'Pﬁ““?/ass
spect rone5ry(3 merhblig) An&et thirh@roft i 8- rﬂéthwy]:ﬁﬁenyi)@tr%?«o[ My Hbrinf szd:éfﬂﬁl
Exanpl e 18: nzoyl-2-nor phol in-4-y1-8-trifl uoronethyl-6, 7,8,

t et rahydropy&*?ﬁﬁ\? Xy ?@rl;hﬁpd@capeﬂ Slepwise. After the addition, the reactlon
mixture is stirred for 18 hours at ambient temperature. 250 mg of resin-

5 9-t et rahydropyri m do[ 1, 2-a] pyr
Mrile. The 15 resulting mxture

supported triphenylphosphine (3 mmol/g) are then added to the reaction
mixture. After stirring for a further 18 hours at ambient temperature, the

10 resulting mixture is filtered through a Millex filter and the filtrate obtained is
then concentrated under reduced pressure.

The residue is dissolved in 5ml of morpholine and the resulting
mixture is heated at 80°C for 2 hours. The reaction mixture is concentrated
under reduced pressure. After purification by silica chromatography (gradient

15 of 0% to 20% of the eluent CH.Cl,/MeOH/NH,OH 28% 38/17/2 in
dichloromethane), 40 mg of (8S5)-9-[1-(4-methoxyphenyl)ethyl]-2-(morpholin-
4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
are obtained, in the form of a 60/40 mixture of the two diasterecisomers, the

characteristics of which are the following:
20 1H NMR spectrum:

1.61 (d, J=7.1 Hz, 1.8 H); 1.68 (d, J=7.1 Hz, 1.2 H); 2.09 to 2.47 (m,

2 H); 3.10 to 3.65 (m partially masked, 9 H); 3.72 (s, 1.2 H); 3.74 (s, 1.8 H); "

3.85 to 4.34 (m, 1.6 H); 4.68 to 4.87 (m, 0.4 H); 4.93 (s, 0.4 H); 4.98 (s,
0.6 H); 5.47 (q, J=7.1 Hz, 0.4 H); 5.79 (q, J=7.1 Hz, 0.6 H); 6.86 (d, J=8.6 Hz,
25 0.8 H): 6.92 (d, J=8.6 Hz, 1.2 H); 7.26 (d, J=8.6 Hz, 2 H).



35.7 ng of sodium hydride and then, after 10 m nutes of stirring, 0.135 m
de of benzoyl chloride are added, under an argon atnosphere, to a

10sol ution of 300 ng of (S)-2-norpholin-4-y1-8-trifluoronethyl-6,7,8,9-
tetrahydropyrimdo[ 1, 2-a] pyrimdin-4-one (Exanple le) in 3 m of

t et r ahydr of tirring for six hours at a I
saturat ed sglvlé}?ogn Otgﬁrlggdl um bi car bonat g, and et hyl MQFE\ZQ?Q}@? §gcyled to the

reaction m xture. The organic phase is S—épar ated and then successively 15

washed with a sa di um chl oride, dried over magnesium
sul phat e, filterwanﬁﬁconcentrg{ag u%der reduced pressure. The residue

give 74 my of (S aenidh, Byl 37 GINETO R 580 85, BMn, i L 88 A% o

t et r ahydr opyliagte@ojsbniers).pyri m di n-4-one, in the formof a white sol i d, the

20characteristics of which are the follow ng: 1H NVR spectrum 2.20 to
2.31 (m 1 H); me]qaq/ﬁaggm 3 H; 2.86to 2.96 (m 2 H,; 3.15t0 3.44
(mpartlallynase H; 3.75to 3.87 (m 1 H); 417to430(m 1 H;

(m 25 P Exoggp IR ot iyt St (hod 6

Ret enti on t iyhe8 ﬁnf[unm}nethgl)&ﬁ)?,[&}ﬂ-iettﬂnhydlrd-4H4§3ﬂ'|rﬁl:lo[d;ﬂ-a]pgﬁ'fmidinﬂ-d? =
-15.8+4/-0.8; C= 1.650 ng/ 0.5 mM DMSO 5Exanple 19:

(S) - 2- mor ph&MEn- 4-y1-9- pyri din-3-y1-8-trifl uoronet hyl-6, 7, 8, 9-
tetrahydropyrim do[ 1, 2- a] pyri m di n- 4- one The product is prepared
according to the procedure describgd in Exanple 12, using 200 ng of
(S)-2-norpholin-4-y1-8-trifluoro , 7,8,9- 10

t et rahydropyrim do[ 1, 2- a]pyrlnldln (Exanple | e) and 380 ng of
3-iodopyridine. After purlf fa chr omat ography (el ution
gradi ent of CH2Cl2 to CH2C OH 96/ ng of
(S)-2-norpholin-4-y1-9- pyrl
8-trifluoromethyl-6,7,8,9- tetrah
obt ai ned, in the formof a yel |_ox

pyri m do[| ,2-a] pyrimdin-4-one are
lid, the characteristics of which are

t he 15fo||ovmng 1H NI\/RspectrL?fn 244t0248(m 2 H; 3.00 to 3.13
(m4|—|);331t337(&| H; 3.41 to 3 4 H; 4.37 (d, J=16.1 Hz,
1 H; 497 to5 e( R{© ’QH),S nre@arqdj@ccgﬁchn@ t&néh% PSO‘I‘—QdUFQ %Scrfbeslolrto 7.85

(m 1 Hg 8s8nidld o, Ishg'360 thdoP ($§2-chioro-8-trifluoromethyt-6,7,8,9-tetrahydro-

pyrimidof1,2-a]pyrimidin-4-one in 6 ml of tetrahydrofuran, 600 mg of resin-
supported  triphenylphosphine (3 mmollg) and 354mg of 1-(4-
bromophenyljethanol. 0.28 ml of diethyl azodicarboxylate is then added
dropwise. After the addition, the reaction mixture is stirred for 18 hours at
15 ambient temperature. 600mg of resin-supported triphenyiphosphine
(3 mmol/g) are then added to the reaction mixture. After stirring for a further
18 hours at ambient temperature, the resulting mixture is filtered through a
Millex filter and the filtrate obtained is then concenirated under reduced

pressure.

20 The evaporation residue is dissolved in 5 ml of morpholine and the
mixture obtained: is stirred at ambient temperature for 4 days. The reaction
mixture is then concentrated under reduced pressure. After purification by
silica chromatography (gradient of 0 to 20% of the eluent
CH>Cl/MeOH/NH,OH 28% 38/17/2 in dichloromethane), 15 mg of one of the

25 diasterecisomers of (8S)-9-[1-(4-bromophenyl)ethyll-2-(morpholin-4-y1)-8-



201 H); 8.57 (d, J=2.2 Hz, 1 H). Mass spectronetry: nmethod A Retention tine
Tr (mn) = 0.55 [MtH] +: mz 382 Optical rotation: OR =40 +/-1.6, C=0.2%in
DMSO. W2011/001113PCT/ F R2010/ 051374 67 Exanpl e 20:

(S)-2-norpholin-4- yl 9-pyridin4-yl-8-trifluoronethyl-6,7,8,9-

t et r ahydr opyj/ pyr| m di n- 4- one SAR236152 '

prepared accord(?l ng (?0 t e procedure desgLi bed in Bﬁﬁiﬂﬂa@%f%fzoo ny
of (S)-2-norpholin-4-y1-8-trifluoronethyl-6,7,8,9-

t et r ahydr opyg dﬁ&hétrﬁ P o 040%-?;8@%%% agg;%ruﬁﬁjgw-%- J1g of 4-

I odopyri di ne. A ter icati on Sill Gt i on gr adi ent
from CH2Q 2 (uodé]&ﬁ@hﬁd\/emhﬂgﬁvaméh oﬂGtrmsg pHenethyl chain) are obtained, the
(S - 2rnorph r.idi n4- 8-trifl

1-9- | -
uor onet hy1- 6° r%°@“¥‘é@r%ﬂ’é’ﬂ?%ﬁ!ﬁf% ‘7%8‘["5."92 alpyrimid in-4-one are

obtained, in thel—{"ﬁl eIIow solid, the characteristics of which are
thefollovm'ng: 1 ﬁ@@? 2.43 t0 2.48 (m 2 H;-3.07 to 3.19
(m 4H);'3.33t0339é ; 3.45 15t0 3.50 (m 4 H); 4.30 to 4.38 (m
1 H; 5.8 (s, 1H3(E 97t1oHE, A H) A 161taR;317(ms1 (H); 28%ia 2147, (ra, M)H); 8. 62

W2 380 Ret i PdR APPATe T o0 db (Bt S bt Hur S22 99y 1 5

C=0.2% i n DVBRY); 4.92 (s, 1 H); 5.33 (q, J=7.1 Hz, 1 H); 7.27 (d, J=8.6 Hz, 2 H); 7.49 (d,
J=8.6 Hz, 2 H).

Mass spectrometry: method B
10 Retention time Tr (min) = 4.26
| [M+H]+: miz 487.

Example 11: (88)-9-[(1S or 1R)-1-(4-bromophenyl)ethyl]-2-(morpholin-4-
yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-

one
0
fb*
(\N NT N -
o o F
15 Br

The preceding purification also produces 60 mg of the second
diastereoisomer  of  (8S)-9-[1-(4-bromophenyl)ethyl]-2-(morpholin-4-yl)-8-
(trifluoromethyl)-6,7,8,8-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
(undetermined configuration on the phenethyl chain), the characteristics of

20  which are the foliowmg

1H NMR spectrum

1.64 (d, J=7.1 Hz, 3 H); 1.78 to 1.94 (m, 1 H); 2.30 to 2.40 (m, 1 H);
3.08 t0 3.26 (m, 5 H); 3.32 10 3.52 (m, 4 H); 4.11 (m, 1 H); 4.52 (m, 1 H); 4.95
(s, 1 H); 5.50 (q, =7.1 Hz, 1 H); 7.25 (d, J=8.6 Hz, 2 H); 7.53 (d, J=8.6 Hz,



W2011/ 001113PCT/ FR2010/ 051374 68 Exanpl e 21:

(8S)-9-(4-net hyl phenyl)-2-(norpholin4-yl1l)-8-(trifluoronmethyl)-6,7,8,9-tetra
hydr o4H pyri m do[ 1, 2-a] pyri m di n-4-one The product is prepared according
to the procedure described in 5 Exanple 12, using 100 ng of

(8S)-2-norp ' trifluoronethyl-6,7,8,9-

t et rahydropﬁ@pn%ﬂaﬁwaﬁg] pyri m di n4 one§Exanpl e | 501;{552%8/0%35#

1-i odo4- met hyl benzene. After purificati 8 by silica chromatography (el uent:
CH2C12/ MeOH-984 02) , 23 ng of (8S)-9-(4-nethyl phenyl)-2-(norpholin-4-yl)-8-
(trifluoronmethyl)-6,7,8,9-tetrahydrod4H pyrimdo[ 1, 2-a] pyri mdin-4-one are

10 obtained int o) -G id, the characteristics of which are
"the fol | owi ng: 1%@5@&@@9&&% 68’8 2.32 (s, 3 H; 2.44 (m 2 H): 2.97

to 3.15 4 .33 10 3. . i al l ked, 5 . 4.34 1 ;
4?86 (m (T H);HZL e'(‘téo," éimﬁ)-lsrcz'?('@z;p?rsﬁi 1)5/H)m.aswgss splc;?:trorretrglzm met hH)od A

Retention tine Tr in) = 0.90 [MtH +: m z 395.

2011/ 001113PCT/ﬁ5&‘2§1(5{i]'0M§f§%4 69 Exanpl e 22:

(8S)-942-chl or obenzyl ) - 2- (nor phol i_n-4-Y1 -8-(trifluoronet hé‘ly)-G, 7,8,9-tetra
hydr o4H pyr iBXample 12:{Bg)2r(menmholinodyl )7 tpheryl-8triflayramethyl)-6:7.88- caesi um

gglr S??gheoﬁq%éﬁxg%_gh(@&@@ ?%Mrl)nr? -pf_ﬂ_§gé?robenzene are added to a

(trifluoronmethyl)-6,7,8,9-tetrahydso-4H pyrimdo[1, 2-a] pyrim di n-4-one

(Exanple le) in 2 m of dinmethylfdfmam de. After 16 hours at a tenperature

in the region of 20C, the reacti iymis run into water. The organic

phase i s separated and the ?Heo s//phas ispextracted with ethyl acetate.
N” N

In a microwave tube, 425 mg of (S)-2-morpholin-4-yl-8-trifluoromethyl-
6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e) are introduced
10 into 1 mi of dimethylformamide, 422 mg of tripotassium phosphate, 380 mg of
copper iodide and 2 ml of iodobenzene. The mixture obtained is heated in a
‘microwave oven for 30 minutes at 150°C. The reaction mixture is then
centrifuged. The separated supernatant is then rinsed with ethyl acetate and
then evaporated to dryness. The residue is taken up with ethyl acetate and
15  the solution obtained is washed with water. The organic phase is separated
and then dried over magnesium sulphate, filtered, and concentrated under
vacuum. After purification by silica chromatography (gradient of 5% to 15% of
the eluent CHoCl./MeOH/NH4OH 28% 38/17/2 in dichloromethane), 150 mg
of (88)-2-(morphoiin—4-yl)-9-phenyl-8-(triﬂuorornethyi)—B,7,8,9-tetrahydrd—4H-
20  pyrimido[1,2-a]pyrimidin-4-one are obtained, the characteristics of which are
the following:
1H NMR spectrum:
2.40 to 2.48 (m, 2 H); 3.00 to 3.13 (m, 4 H); 3.31 to 3.37 (m, 1 H); 3.38
10 3.48 (m, 4 H); 4.33 to 4.40 (m, 1 H); 4.93 (m, 1 H); 4.99 (s, 1 H); 7.28 to
25 7.37(m,3 H); 743 (t, J=7.7 Hz, 2 H).



10 The conbi ned organi c phases are concentrated to dryness under reduced
pressure. The residue is purified by preparative HPLC M5 (Method C). After
evaporation of the acetonitrile and |yophilization, 94 ng of

(8S)-9-(2-chl oro-benzyl)-2-(norpholin-4-yl)-8- (trlfluororrethyl) 6,7,8,9-tet
rahydr o- 4H -a] pyrimdin-4-one are obt fgr,m of an
oil, the 15cvgg2gg?£b§@g§cs of which areaghe foll ovm%ng ﬁﬁngP/E%s.lp@%trum
2.29t0266(m 2 H; 3.09to 3.18 (m 3.23 to 3.50 (mpartially

masked, 5 H); 4. Z\Hsr%péctkhnet@ %tthAJ =16. ’Hz, 1H; 474 (m 1H; 4.96
(s, 1 H; 5.12 (d, J=16.6 Hz, ; (.16 to 7.22 (m 1 H); 7.24 to 7.32 (m

2 H); 207. 41 to hﬁ%ﬁm#ewié&hﬂasv@ 1ectrometry nmet hod A Retention tine

“Tr(mn) =0.96 [ 1/ 001113PCT/ FR2010/ 051374 70 Exanpl e
23. (89)- 9(3f|u n wa- (mor phol i n4-y1) - 8-

(trifluoronet hyI )ﬁéﬂsﬁ %})Sg%rahydr 04H pyrim do[ 1,2-a] pyrimdin-4-one The
Using 100" mPAMPES) S8 BNSr Arn Sre e A marphp loreudey ) -
6,7, 8, 9- bet nefds Rikthyyyé M glol IR dinad-ofgesi um
car bonate arsd 68 ng of "1- (br orm%rtgtaﬂgaﬂy-m-ml’ﬁcl)@gﬁolﬁzen t@:?%&rl fication

by preparative HPLC/ M5 (Method C),p0102 ng of (8S)-9-(3-fluorobenzyl)-2-
(morpholi n-4-y1)-8-(trifluoronmethyl)-6,7,8,9-tetrahyd ro-4H pyrim

i do[ 1, 2-ak 10pyri m di n-4-one are ob |nd|ntheformof an oil, the
characteristics of which are lf oj)l\o g_r1H NWR spectrum 2. 17
to 2.45 (m 2 H; 3.15to 33 N(mNS =89 to 3.49 (m 4 H; 4.23 (m 1
H,;4.58 (d, J=16.1 Hz, 1 HQ._4/66 to 78F(m 1 H,; 4.97 (s, 1 H; 5.13
15(d, J=16.1 Hz, 1 H); 6.98 to 7.15 3 H; 7.35 (dt, J=6.0 and 8.1 Hz, 1
H Mass spectronetry: nethod A Reten time Tr (mn) = 0.89 [MtH +: nlz
413. : '

F

The product is prepared according to the procedure described in

Example 12, using 140 mg of (S)-2-morpholin-4-y[-8-trifluoromethyl-6,7,8,9-

tetrahydropyrimido[1,2-aJpyrimidin-4-one (Example 1e) and 0.66 mi of 1-

10 fluoro-4-iodobenzene. After purification by silica chromatography (gradient of

5% to 15% of the eluent CH,Cl,/MeOH/NH,OH 28% 38/17/2 in

dichloromethane), 125mg of (8S)-9-(4-fluorophenyl}-2-(morpholin-4-yf)-8-

(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido]1,2-a]pyrimidin-4-one are
obtained, the characteristics of which are the following:

15 1H NMR spectrum:

2.41 10 2.48 (m, 2 H); 3.01 to 3.15 (m, 4 H); 3.33 to 3.37 (m, 1 H); 3.40
to 3.50 (m, 4 H); 4.35 (m, 1 H); 4.82 to 4.94 (m, 1 H); 5.00 (s, 1 H); 7.25 (¢,
J=8.8 Hz, 2 H); 7.40 (dd, J=5.6 and 8.8 Hz, 2 H).

Mass spectrometry: method A
20 ‘Retention time Tr (min) = 0.86
[M+H]}+: m/z 399.

Example 14: (BS)-9-(3-f|uorOphenyI)-Z-(morphoIin-4-yl)-8-
(trifluoromethyi)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one



W2011/ 001113PCT/ FR2010/ 051374 71 Exanpl e 24:

(8S)-942- (2- met hoxyphenyQet hyl ] - 2- ( nor phol i n4-y1) - 8-
(trifluoronmethyl)-6,7,8,9-tetrahydrod4H pyrimdo[1, 2-a] pyri m di n-4-one 214
ng of caesium carbonate and 78 ng of 1-(2-bronpethyl)-3- 5 nmethoxybenzene
are added t gy of 100 ng of (88) 2- (nor phgl ho74s

y1l)-8-(trifl uor%%ﬁyﬂ?% 7,8,9-tetrahydro-4H pyri %%ﬁlf%zg@f%ﬁ% din-4

one (Exanple le) in 2 m of dinethylformdm de. After 18 hours at a
tenmperature of 60C, 78 mg of 1-(2-fronoethyl)-3-fluorobenzene are added.
After 2 hours at a tenperature of BHOC, the reaction m xture obtained is run
into water. The 10 organi.c phase s separated and the aqueous phase is
extracted with ethyl acetate.,. The colibi ded prgani c phases are concentrated
to dryness under reduced prpssife . NThélredidue is purified by preparative
HPLC/ M5 (Method C). After ewaperationaf the acetonitrile and

| yophi | i zation, 25 ng of (88)-942- ( t hoxyph enypet hy1] - 2- (nor phol
in-4-y1)-8-(trif|uoronethyl)-6,79-;

15hydr o- 4H pyrim do[ 1, 2-a] pyri m di n-4-one are obtained in the formof an
oil, the charact |st|c$w§ whi ch are the foI 1H NVR spectrum 1.84

to 2.00 (m 1 H): ¥ PEOductyissprenareq agcorgings O\é]i'%n,gﬁf§c%<ﬂﬂfezdﬁﬁcﬂ@ct)mto

3. 30 2 : 08 t
3 30 Em 20|‘E2xar§plé412%mu§|r§)i4@n@1-of ?E?Zﬁﬁogj’ﬁohﬁ 4t91: 8- Hgﬂﬂﬂgrcg@etpgl 5')78 “0 ang
7.6 Hz, mtetreh%opwmm[uz ajpvnrgudmz4-qneH) (Exange( dtg) Jarid 50aﬁﬁjm7 efHz, 1

. 7.18zt0 7 t
%2011/ o515 15MorRashtha8Rs 88 B bbby Fies f?‘r‘('ﬂﬂ?ﬂ@m’ taragionty +
mz 439. Exapl5% 2% (1859 81l 2the3- éméﬂﬂoxw;@emhé@mwjoﬁmr BBP 7045y 1) - 8-
(trifluoronmethyl)-6,7,8,9-tetrahydro4H grlm do pyrim di n-4-one

dlchloromethane) 60 mg of (8S)-8-(3 fluoropheny) 2-(morpholin-4-yl})-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are
obtained, the characteristics of which are the following:

10 1H NMR spectrum:

2.41102.48 (m, 2 H); 3.03 to 3.15 (m, 4 H); 3.25 to 3.27 (m, 1 H); 3.42
to 3.49 (m, 4 H); 4.32 to 4.41 {(m, 1 H); 4.93 to 5.00 (m, 1 H); 5.02 (s, 1 H);
714 to 7.24 (m, 2 H); 7.30 (td, J=2.2 and 10.5 Hz, 1 H); 7.46 (dt, J=6.7 and
8.1 Hz, 1 H).

15 Mass spectrometry: method A
Retention time Tr (min) = 0.86
[M+H]+: miz 399.

Example 15: (8S)-9-(2-fluorophenyl)-2-(morpholin-4-yl)-8-
(trifluoromethyt)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

0 F\iFF
20



The product is prepared according to the procedure described in Exanple 24,
but using 100 ng of (8S)-2-(norpholin-4-y1)-8-(trifluoronethyl)-
6,7,8,9-tetrahydro-41-1-pyrimdo[ 1, 2-a] pyri mdin-4-one, 78 ng of

1- (2- br omoet hyl ) - 3- net hoxybenzene and 214 ng of caesium carbonate in 2 m
of 10 di net ! After reaction for 3 days tyr.e of 60C,
treat nent awéjezs?{;rl eﬂqi?’n Exanpl e 24 an 2puri fi cati%‘tﬁT@iﬁm&%ﬂ%e

HPLC/ M5 (Met hod C), 20 ng of (8S)-942- (3 et hoxyphenypet hyl] - 2-

hol i n-4-y1) 8:;d t4-hkl - - i,k .1, 2-a] -
byr 1 b din 4 one AT gibductOBRNted  decbrin I & BibhGadtE BUleABat 2 O
whi ch 15ar e Examplel12owisingg 140 MiyRo6 (8 E2rmorpholin-4-yl38-8Blubmorie®dl-6M,8,9- H) ;

2.32 1 2.4 to 2 1 . 2. 96 1 ;3.10 3. 22 1 X
3. 26 E o 3. 3329%&!6%%@@!‘{??123&1%@@'#70@ 4&9%%“@.52181%@& ﬂpeﬁ @iz(g%) 3. E%

4 H; 3.1 " - . w4 ) ;
(71, b bty ot S AR
spect romdt r yof M8bhde ASHet eht then eluemt TEHiGLMeCHINIIMOH 28% 38/17/2 in

W2011/ 001113RCT/ FR2010/ 051374 73 + 439. | e 26:.

(86) - 9- (3- @'ﬁ@{%@?@ﬁ?gzﬁwgh&* mg&l'%?{f@-omp%e“%%Pmorp%o"“'4"!/')'8'
(trifluor ondrifidolorfiettd).6)7 leed AabiiipA - DNyririidopd. oo FHrimdli Mighen- 4- afe S

The product is prepared according 'to the procedure described in Exanple 22,
but usi ng 10Ptageds thegharacteristisiafiwhich aga thegioflewingr uor onet hyl ) -

6,7, 8,9-tetrahydro-4H pyrimdo[ 1, 2-a] pyri m di n-4-one, 57 ng of

1- (chl or orret hyl ) -1H MMRepeblewmene and 214 ng of caesium carbonate in 2 m
of 10 dinethyl fornnam de. After treatnment, the residue is stirred into
acetoni ti0i | e. The2.3Dko @.475(ns,i2 RS B3.06€0-3009 ¢d, 5HNSed i 3.47 diredhpl); 8%her and

(89 6 (55 ndBHa R HNh 88 o oD $82,E) 139 7.24 to 7.33 (m, 2 H); 736 to
(trifluoromet hylpy @,q), 3"59'_@?” ﬂljlydro-4H- pyrimdo[ 1, 2-a] pyri mdin-4-one are
rm

5l .
t hus obt ai ned ir(n the To a white solid, the characteristics of which

are the Mass spectrometry: method A
Retention time Tr (min) = 0.83
15 [M+H]+: m/z 399.

Example 16: {(85)-9-[(1R or 18)-1-(3-fluorophenyl)ethyl]-2-{morpholin-4-
yh)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-alpyrimidin-4-
one

20 Stage b:

In a round-bottomed flask, a mixture of 300 mg of (S)-2-chloro-1-[1-(3-
fluorophenyl)ethyl]-8-trifluoromethyl-1,6,7,8-tetrahydropyrimido[1,2-
alpyrimidin-4-one and 3 ml of morpholine is heated at 80°C for 30 minutes.
After cooling, the reaction mixture is concentrated under reduced pressure.



15f ol  owi ng: 1H NWVR spectrum '2.07to 2.23 (m 1 H)
1 H; 3.19t03.28 (m 5 H; 3.40 to 3.55 (m 4 H); 3.72
1 H; 4.45 (d, J=15.9 Hz, 1 H); 4.56 to 4.70 (m 1 H); 4
(d, J=15.9 Hz, 1 H); 6.75 to 6.88 (m 3 H); 207.19 to 7.27 (m 1 H Mass
spectromnetr ys etention time Tr (mn) =0
V05011 o1r uoRR MR MECL 7000, [Mllé%: mz 4257 £/5RePL0951374
(8S) - 9- (4- et hoxyphenyl) - 2- (nor phol i n4-Vy1) - 8- o hiral
(trifluoro 7 z g - 5 ira
5 T e tebiel s taReh T A A AT Mot TR B el 1
Exanpl e 12, separajed O@nay ien dried over magnesium sulphate, filtered, and
(8S)-2-norphalin-4-y1-8-trifluoronethyl-6,7,8,9:- e .
t et r ahydr op;?PPﬁ?'&Bﬁtéfjfz-lé'T ri FRAYCRY- o @Sﬁ'ﬁ)‘?anﬁ?@rl epurifigaiiony By 1SilicRio- 4-
met hoxybenz abgr: ﬁﬂte@d'@fﬁMww S gheranipy Qi 88)-o4(§ §5- 10
ShRorABrLHE (élhe : (el u%?ﬁ"; ?ﬁ%OH @8)%{(??%1

purification by sil’ica chromatography P2C12 ng of
( 8S) - 9- (8- méiupmphenghgthyl]l-2-(mepphtbn-Ard ¥8(trifuerqmethyi 17 Srietatrahyder-7, 8, 9-

hydr o- 1..2- l,m di n-4- . btaingd in_the formof a
cr eam 1 oam ThENIREEIERRIPu TR 4 i R SPBIE Poifauthg: oL ANpROI
spectrum 1@?as%&eb@o&ae%6&drmet&nhhed SdMfighatidnlén (e Ahélisthy: éRan®, the3S (M
partially masked, 1 H; 3.45 (m 4 gfip _8.77 (s, 3 H; 434 (m 1'H; 4.83
(m 1 H); 4Cchgracieristicpiof whicisanedhe felipvingz, 2 H); 7.25 (d, J=8.8 Hz, 2 H)

1H NMR spectrum:

2.35to 2.44 (m
s, 3 H,; 4.22 (m
6

5(9 (s, 1 H; 5.21

10 -1.66 (d, J=7.0 Hz, 3 H); 1.80 to 1.95 (m, 1 H); 2.33 f0 2.41 (m, 1 H);
3.09 to 3.28 (m, 5 H); 3.40 to 3.52 (m, 4 H); 4.06 t0 4.16 (m, 1 H); 4.56 (m,
1 H); 4.95 (s, 1 H); 5.51 (q, J=7.0 Hz, 1 H); 7.00 to 7.17 (m, 3 H); 7.33 to 7.42
(m, 1 H).

Mass spectrometry: method A
15 Retention time Tr (min) = 0.94
[M+H]+: m/z 427.

Stage a:

in a round-bottomed flask, 400 mg of (S)-2-chloro-8-trifluoromethyl-
6,7,8,9-tetrahydropyrimido[1,2-alpyrimidin-4-one (Exampie 1d) are introduced
20 into 20 ml of tefrahydrofuran, 1.6 g of resin-supported triphenylphosphine
(3 mmol/g) and 663 mg of 1-(3-fluorophenyl)ethanol. The reaction mixture is
then stirred at ambient temperature for 5 minutes, before the addition of
0.790 ml of diethyl azodicarboxylate. After stirring for 1 hour at ambient
température, the reaction mixture is filtered and the filtrate is concentrated

25 under reduced pressure.

The residue is takeh ‘ub with ethyl acetaté and water. The organic
phase is separated and then dried over magnesium sulphate, filtered, and
concentrated under reduced pressure. After purification by silica
chromatography (eluent: CHCI/EtOAc 96/04), 150 mg of (S)-2-chloro-1-[1-



Mass spectronetry: nethod A Retention tinme Tr (mn) = 0.83 20 MtH +: m z
411. W2011/001113PCT/ FR2010/ 051374 75 Exanpl e

28:(8S)-9-[(2-fl uorophenyl)carbonyl]-2-(norpholin4-yl)- o
8-(trifluoronethyl)-6,7,8,9-tetrahydro4H pyri m do[ 1, 2-a] pyri m di n-4-one

Chiral 0 1 chdéjldbﬁ% product is prepared aCCOf%@ﬁ/FﬁTQOHB?OQVﬁEdWe
anp

described in e 18, using 300 mg of
(88)-2-hDrphoIin-4-y1-8-trif|uoronethyl-é,7,8,9-

tetrahydro LAY ré eclins 4= 3 I I : f sodi um

hydri d)é angy(?Sf!SUcﬁgi%efr%@-%% 08r @@Rﬁ%@?ﬁpﬁﬂ(gﬁ g;{g %rﬁh%&}r%{)y'ﬁlc{%’?ahydrof ur an.

After purifiajpyiinoidirpg-gid izte chbbabeal, cigr Hphyfolre! ufelrai sw?iﬁcmagtu&hls ??}éf)Z), 35
f (8S)-9-[(,2-fl uorophenyl)carbonyl]-2- rphol.in-4-y1)-8-(trifluoro-

Tomet h§/|)26,(¥[‘§?@f@1€}%"gﬁﬁ -fé‘i@'b?ﬂi eﬁe]deﬁﬁ'gégﬁ] Q‘ﬁ'ﬂ}dtﬁﬁné}iﬁfﬁ flﬁPféS &bt ai ned

in the formghi [ -the characteristics of which are the

fol | ow ng: 1@%?/3%31&%0&!3%%2.13 to 2.26 (m 1 H,; 2.65to0 2.85 (m 3 H;

2.94 to 3.02 (m ﬁaé#?ggb{%et%nl%tﬂ?éﬁo (mpartially masked, 4 H); 3.43 to

3.55 (m 1 H,; 4. 151 H); 5.55to0 5.69 (m 1 H); 7.18
to 7.31 (m 2 W;Rtszteﬁi?oﬁﬂmé‘ﬁﬂ(ﬂim=%.w Mass spectronetry: method A

[M+H]+: m/z 376; [M-H]-: m/z 253 (base peak).

Example 17: (85)-9-(4-fluorobenzyl)-2-{morpholin-4-yl)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimidof1,2-a]pyrimidin-4-one

0.536 g of caesium carbonate and 0.44 ml of 1-(bromomethyl)-4-
fluorobenzene are added, under an argon atmosphere, to a solution of
300 mg of (S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-tetrahydro-
pyrimido[1,2-a]pyrimidin-4-one (Example 1e) in 3ml of acetonitrile. The
15 resulting mixture is then heated at 80°C for 2 hours. The reaction mixture is
then evaporated under reduced pressure and the residue obtained is then
purified by silica chromatography (eluent: CH,Cl,/MeOH 98/02) so as to give
61 mg of (85)-9-(4-fluorobenzyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one, in the form of a white solid, the

20  characteristics of which are the following:

1H NMR spectrum;

2.09 to 2.25 (m, 1 H); 2.34 to 2.44 (m, 1 H); 3.18 to 3.32 (m, 5 H); 3.41
to 3.53 (m, 4 H); 421 (m, 1'H); 451 (d, J=15.2 Hz, 1 H); 4.60 to 4.72 (m,
1 HY; 4.96 (s, 1 H); 5.17 (d, J=15.2 Hz, 1 H); 7.13 (t, J=8.7 Hz, 2 H); 7.30 (dd,



Retention tinme Tr (mn) = 0.79 mz 427. W?2011/001113PCT/ FR2010/ 051374 76
Exanpl e 29: -
(139)-9-(3,5-difluorobenzyl)-2-(norpholin4-yl)-8-(trifluoronethyl)-6,7,8,9-
tetrahydro4H pyrimdo[1, 2-a] pyrimdin-4-one O I N N The product is prepared

accordi ng t optdEpPyeeediy e described in 5 Exanpl e g@y/ptedd@/dssm of
(8S)-2-norpholin-4-y1-8-trifluoronethyly g 7,8, 9-

tetrahydropyrimdo[1, 2-a]pyrinmdin 4 one (Exanple le), 214 ng of caesium
carbonate ang=54 i@ 9 Hz, Clpnonet hyl ) - 3, 5-di fl uorobenzene in 2 m of
di nnet hyl fornnam de. After purification by preparative HPLG M5 (Method O,

85 ng of frv: . _
(85)-9-(3, 5:di f | UaeoneReSOmEty: methiod A 4 y1)-8- (trifluoronet hyl)-

106, 7,8,9-tetr ahyﬁg&hﬁgh Q'Eﬁééﬂ &{'}'big%o?‘l’ pyri m di n4-one are obtained in the

formof an oil, thé chara which are the follow ng: IH NWR

~spectrum 2l t 44 (m 2 H; 3.14 to 3.33 (m 5 H); 3.36 to
3.52 (m 4 H); 4.[%”%%1"?2:%1)13'4.61 (d, J=16.4 Hz, 1 H,; 4.68 to 4.81 (m 1

. 4. , : 07..15(d, J=16.4 Hz, 1 H); 6.90 to 7.02 2 H: 7.07
(“%; , 4J2§.5(33a%éagpée i&s ?@- eigoyl- ﬁaemwm-ﬁbwl-wifhw%mﬂbvb%{%ﬁ-f? me Tr

(min) = 3. 93ckMHdkbpyHhAddfLz-a1PadidindbLE3PCT/ FR2010/ 051374 77

35.7 mg of sodium hydride and then, after 10 minutes of stirring,
0.135 mi de of benzoyl chloride are added, under an argon atmosphere, to a
10  soluton of 300 mg of (S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one  (Example 1e) in 3ml of
tetrahydrofuran. After stiring for six hours at ambient temperature, a
saturated solution of sodium bicarbonate and ethyl acetate are added to the
reaction mixture. The organic phase is separated and then successively
15 washed with a saturated solution of sodium chloride, dried over magnesium
sulphate, filtered and concentrated under reduced pressure. The residue
obtained is purified by silica chromatography (eluent: CH.Cly) so as to give
74 mg of  {S)8-benzoyl-2-morpholin-4-yl-8-triflucromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one, in the form of a white solid, the

20  characteristics of which are the following: |

TH NMR spectrum:

2.20t02.31 (m, 1 H); 2.68 to 2.82 (m, 3 H}; 2.86 to 2.96 (m, 2 H); 3.15
to 3.44 (m partially masked, 4 H); 3.75 to 3.87 (m, 1 H); 4.17 to 4.30 (m, 1 H);
5.15 (s, 1 H); 5.38 to 5.53 (m, 1 H); 7.37 to 7.43 (m, 2 H); 7.45 to 7.53 (m,
25 3 H).



Exanpl e 30:

(85)-9-(2, 4-difluorobenzyl)-2-(norpholin4-yl)-8-(trifluoromethyl)-6,7,8,9-t
et rahydr o4H pyrim do[ 1, 2-a] pyri m di n-4-one The product is prepared

accordi ng to the procedure described in 5 Exanple 22, using 100 ng of

(85) - 2- nor phy §strifluoronethyl-6,7,8,9-
t et rahydropyrl m 3 m?%ﬂ al pyri mdi n- 4- on§6( Exanpl e | e?TIF%R1R{§)51P caesi um
carbonate and 75 ng of 1- (brormrret hyl) 4-di fl uorobenzene in 2 m of

di met hyl f or mam dmagggféctrgmé@ theg gy preparative HPLC MS (Method C), 86
ng of (8S)-9-(2,4-difl uoroben yl)-2- (?rmrphol i n-410-8-(trifluoronethyl)-

106, 7,8, 9-tetrah thtﬁiﬁL Hﬁrg pyrimdin-4-one are obtained in the
formof an oil, t racter|5|cso which are the follow ng: IH NWR

spectrum im%ﬁ_g % (m 1 H,; 2.35to02.45 (m 1H,; 3.17 to 3.32
(m 5 H: 3.41 t&V3Hl ,422(dd J59and142Hz 1 H: 4.60

d d, ‘
et e 1 15}3%@}%&%06“655@—1-1% @% @54431515 iy il fuls 9y 6
-9.0 and_10. Hz 1£3 30 (dt, J=6.7 Mass

spect r on@t r EXampleo B(Sﬂe% -Bnphelin-4nyl ?rm(rmllny?ryls-weflmrmq}hyl-fﬁﬂzs 231,

}/\gg)l%/ (()(r)nl)rlgﬁPgﬁ W?"gﬁ[g%ﬂﬁ ri ﬁfﬁor oﬁenzyl) 13-(trifluoronethyl)-6,7,

8,9-tetrahydro-4H pyrimdo[ 1, 2-a] pyri mglin-4-one The product is prepared
according to the procedure described i 5 Exanpl e 22, using 100 ng of
(8S)-2-norpholin-4-y1-8-trifl uoronet hyl-g,y78, 9-

tetrahydropyrimdo[ 1, 2-a] pyri m di n-4-pne J( Exanple le), 214 ng of caesium
carbonate and 82 ng of 1-(brono t NA- fl uorobenzene in 2 m of

di met hyl formam de. After purifi n by puep dtive HPLC/ MB (Method C), 76
ng of (88)-2-(m)rpholin-4-y0-9-(2 3 4-triffl upr obenzyl)-8-(trifl uoronethyly
106, 7, 8, 9-t et rahydr o- 4H pyri m do[ 1, 2- a] pysd. pNdi n-4-one are obtained in the
formof an oil, the characteristics of which are the follow ng: 1H NWR
spectrum 1H

The product is prepared according to the procedure described in
Example 12, using 200 mg of (S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
10 tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e) and 380 mg of
3-i0dopyridine. After purification by silica chromatography (elution gradient of
CH2Clz to CH2Clo/MeOH 96/04), 48 mg of (S)-2-morpholin-4-yI-9-pyridin-3-yi-
8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one are
obtained, in the form of a yellow solid, the characteristics of which are the
15 following:

1H NMR spectrum:

2.44 t0 2.48 (m, 2 H); 3.00 to 3.13 (m, 4 H); 3.31 to 3.37 (m, 1 H); 3.41
to 3.47 (m, 4 H); 4.37 (d, J=16.1 Hz, 1 H); 4.97 to0 5.09 (m, 2 H); 7.48 (dd,
J=4.9 and 8.3 Hz, 1 H); 7.80 to 7.85 (m, 1 H); 8.50 (dd, J=1.4 and 4.9 Hz,

20 1 H); 8.57 (d, J=2.2 Hz, 1 H).

Mass spectrometry: method A

Retention time Tr (min) = 0.55

[M+H]+: m/z 382

Optical rotation: OR =-40 +/-1.6, C=0.2% in DMSO.



2.15t0 2.31 (m 1 H,; 2.35t02.44 (m 1 H); 3.18 to 3.32 (m 5 H); 3.42
to 3.54 (m 4 H); 4.22 (dd, J=55 and 14.3 Hz, 1 H); 4.65 (d, J=16.1 Hz, 1
H,; 154.73 (m 1 H); 4.98 (s, 1 H); 5.16 (d, J=16.1 Hz, 1 H); 7.05 to 7.17
(m 1 H,; 7.20to 7.32 (m 1 H Mass spectronmetry: nmethod B Retention tine

Tr (min) = AWIB20MAAGT1IHS mz 449. W2011/001113PCRERARRAG $)D5P374 79
Exampl e 32: (8S)-9-[(5-chl oro-1-benzot higgpphen- 3-yOret hyl ] - 2-
(morpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-tetrahydro-4H pyri m do[ 1, 2-
al pyri m di n- Example @0: §3h2-moophiclin-dsy!-pyeitis-4agEtiiliordme thye-697 gardur e

described in e 22, .Usj 00 .ny , of

(8S) - 2- nor ph’cﬁ%f(aﬁ‘-%ﬁEyﬁm‘HPtfg@ﬁeﬁﬁgﬁ?'ﬂ'&Oﬂﬁs, 9-

t et rahydropyéhgjgg%g 2-a]pyrimdin 4 one (Exanple le), 214 ng of caesium

carbonate an 3f 3- (bromonet hyl ) - 5-chl or o- 1- benzot hi ophene in 2 m of

di et hyl formam de. After purification by preparative HPLC M5 (Met hod 100),

72 mg of (85)-9-[(5-chloro-1-benzothi ophen-3-yQOret hyl ] -2-(norphol i n-4-

yl1l)-8-(trifluoromethyl)-6,7,8,9-t ro-4H pyrimdop ,2-a}pyrimid

in-4-one are obtained in the formofjan joil, the characteristics of which

are the follow ng: 1H Nl\/nge’b(,\[ “ 02.25 (m 1 H); 2.34 to 2.43
|_|) .

(m 1 H; 3.16 to 3.32 (m ; 3.3510 348 (m 4 H); 4.21 (dd, J=6.0 and
14.3 Hz, 1 H); 4.62 to 4.74 2 H #5500 (s, 1 H; 552 (d, J=16.1 Hz, 1
H; 7.42 (dd, J=2.0 and 8.6 Hz, 1 H| 7067 (s, 1 H; 8.01 (d, J=2.0 Hz, 1
H; 8.03 (d, J=8.6 Hz, 1 H) MasNspectronetry: method B 20Retenti on
time Tr (mn) = 4.42

5 The product is prepared according to the procedure described in

Example 12, using 200 mg of (8)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e) and 380 mg of 4-
iodopyridine. After purification by silica chromatography (elution gradient from
CH2Cl, to CH,Cl,/MeQH 96/04), 26 mg of (S)-2-morpholin-4-yl-9-pyridin-4-yl-

10 8-trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one are
obtained, in the form of a yellow solid, the characteristics of which are the
following:

1H NMR spectrum:

2.43 t0 2.48 (m, 2 H); 3.07 to 3.19 (m, 4 H); 3.33 t0 3.39 (m, 1 H); 3.45
15 to 3.50 (m, 4 H); 4.30 to 4.38 (m, 1 H); 5.06 (s, 1 H); 5.09 to 5.17 (m, 1 H):
7.45 (d, J=6.1 Hz, 2 H); 8.62 (d, J=6.1 Hz, 2 H).

Mass spectrometry: method A
[M+H]+: m/z 382; [M-H}-: m/z 380
Retention time Tr (min) = 0.42

20 Optical rotation: OR =-31 +/- 1.3, C=0.2% in DMSO.



[ MtH +: mz 485. W)2011/001113PCT/ FR2010/ 051374 80 Exanple 33: (8S)-9-[(1R
or 1S)-1-(4-fluorophenyl)ethyl]-2-(norpholin-4-
yl1l)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H pyrim do[1, 2-a] pyri m di n-4-
one N1 NO 5Stage a: The two di astereoi soners of (8S)-9-[(1R and

15)-1- (4-f1 490R011/00111
phenypet hyl ] - 2- ( nor phol ?n- 4-y1)-8-(tri fé or onet hyl )P%TII?Rgoéoltogt1§gﬁydr 0-4Hp
yrimdo[ 1, 2-a] pyrim din-4-one are separated by chiral chronatography:

Chi r al pak |@_x%@nﬂ@23n|(9ﬁﬁg-(ﬂhﬂb{rfy??hg J ?m%&ﬁ%@gﬁgtrm@%_l% my 10

of a 70/30 m xture of the two diastereo
di ast er eoi s@elhyl)s6,€ $S-detrabydw-4H-pyrimidait i 2alpytimidjnef-008S) - 9- [ (1R or
1S)- 1- (4-f 1l uorophenypet hyl] - 2- (nor pholin-4-y1)-8-(trifluoronmethyl)-6,7,8,9-
tetrahydro-4H pyrimdo[ 1, 2-al pyrimdin-£ one in the formof a colourless
solid, the characteristics of which arelthe follow ng: 151H NVR spectrum
(400MHz): 1.72 (d, J=6.8 Hz, 3 H); 2. (W 1INH); 2.43 (m 1 H; 3.14 to
3.27 (m 5 H; 3.39 to 3.54 (m 4 _H); 4. (d J=6.6 and 14.4 Hz, 1 H);
4.80 to 4.88 (m 1 H): 4.93 (s, p’\H)\; N3N, W6.8 Hz, 1 H); 7.12 (t,

2

J=8.8 Hz, 2 H); 7.36 (dd, J=5. 6@@8.8 Hz, H)e ZOMass spectronetry:
nmethod A Retention tinme Tr (mn) ="0.95 - mz 427.
W)2011/ 001113PCT/ FR2010/ 051374

The product is prepared according to the procedure described in

5 Example 12, using 100 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-

tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e) and 100 mg of 1-iodo-

4-methylbenzene. After purification by silica chromatography (eluent:

CH:Cl2/MeOH 98/02), 23 mg of (85)-9-(4-methylphenyl)-2-(morpholin-4-yl)-8-

(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are

10 obtained in the form of a cream solid, the characteristics of which are the
following:

"H NMR spectrum:

2.32 (s, 3 H), 2.44 (m, 2 H); 2.97 to 3.15 (m, 4 H); 3.33 fo 3.50 (m
partially masked, 5 H); 4.34 (m, 1 H); 4.86 (m, 1 H); 4.98 (s, 1 H); 7.22 (s, 4
15 H).

Mass spectrometry: method A
Retention time Tr (min) = 0.90

[M+H]+: m/z 395.



81 Stage b: (8S5)-9-[(1R and 15)-1-(4-fluorophenypethyl]-2-(norpholin-4-yl)-
8-(trifluoronethyl)-6,7,8,9-tetrahydrod4H pyrimdo[1, 2-a]pyrimdin-4-one N N
SThe mi xture of (8S)-9-[(1R and 1S)-1-(4-fluorophenypethyl]-2- (m orpho |
in-4-y1)-8-(trifluoronethyl)-6,7, 8,9-tetrahydro-4H-pyrimido [1,2-a]-
pyrimdin 4 gne20%1/00¢Pes ed according to the pr ocedrxtq-/plﬁﬁgmlp)gql%w Exanpl e
24, using 500 ng of (8S)-2-(norpholin-4-a44)-8-(trifluoronethyl’)y-6,7,8,9-

t et rahydro-4H pyri m do[ 1, 2- a] %g din-4-one, 1 ¢ ,%_fQ caesi um car 2:){1;51}[ Ieeand
10 391 of Ekafriple 220 b BEMz9DENTRAB R R SYirt-A-y1)-89Q%ri 1 .
After ptrjr!rgi fi catimopn b gﬁ-ﬁ chr omat og_rggphs}ﬂ(g?uen_t %gghml(t){l 97/ 3), 130
ng of (-85)_9nlqtmd)aﬁgﬁs,g—tetrahydro-4H-pyr|mldo[1,2-a]pyr|m|.d|n-4-one

1S) - 1- (4-f | uor ophenypet hyl] - 2- (nor phol i §- 4-y1)-8-(trifluoronethyl)-6,7,8,9-
tetrahydro-4H pyrim do[ 1, 2-a] pyri m di n-g-one are obtained in the formof a

Ns a 70-30 mixture of two isoners,
HzF 0.9 H; 1.75 to 1.86
(m 5 H; 3.40 to 3.56

"the follow ng: 1H NWR spectrum
with: 1.65 (d, J=7.0 Hz, 2.1 H); 1.7
(m 0.7 H,; 2.25to 2.48 (m

(m 4H; 400to4.22 (m 1 . 4.(42 . F 4.80 to 4.87 (m 0.3
H; 4.93 (s, 0.3 H; 4.96 (s, 7 ; q, J=7.0 Hz, 0.3 H); 5.65 (¢q
J=7.0 Hz, 0.7 H); 7.06 to 7.21 (m 2 2to 7.40 (m 2 H).

W2011/ 001113PCT/ FR2010/ 051374 82 Exakg . (89)-9-[(1R or

15) - 1- (4-f | uor ophenyl ) et hy11- 2- ( mor phol Cl

y1l)-8-(trifluoromethyl)-6,7,8,9-tetrahydrod4H pyrimdo[1, 2-a]pyrim din-4-
one The previous Ptirhgcef icaesiaxacartbendd, aptiags mp A SE(BRMUMEtHY)-B5 MU
b1 (45 ?L%é%ﬁip%h;ﬁ@% Ay pdded t,n ﬁﬁbltiiOﬁ-Q{J@Q_)msﬂ((8$)r—21ﬁm0miuliny‘rr-yl)eﬁl-7, 8, 9-
Sol 1 d. " the chmrometile 7 & PR Rt R Al R B s € et r um
1. 65 (d, J=7(Exarmleey)in 21mbef timdthgbortramitieHAfte? 18Shdurs 2t I tehiiberktie;

in the region of 20°C, the reaction medium is run into water. The organic

phase is separated and the aqueous phase is extracted with ethyl acetate.

10 The combined organic phases are concentrated to dryness under reduced
pressure. The residue is purified by preparative HPLC/MS (Method C). After
evaporation of the acetonitrile and lyophilization, 94 mg of (83)-9-(2-chloro-
benzyl)-2-(morphoIin~4-yl)—8-(trif|uoromethyl)-6,7,8,9-tetrahydro-4H-
pyrimido[1,2-a]pyrimidin-4-one are obtained in the form of an oil, the

15 characteristics of which are the following:

~"H NMR spectrum:

2.29 to 2.66 (m, 2 H); 3.09 to 3.18 (m, 4 H); 3.23 to 3.50 (m partially
masked, 5 H); 4.27 (m, 1 H); 4.68 (d, J=16.6 Hz, 1 H); 4.74 (m, 1 H); 4.96 (s,
1 H), 5.12 (d, J=16.6 Hz, 1 H); 7.16 to 7.22 (m, 1 H); 7.24 to 7.32 (m, 2 H)
20 7.41107.48 (m, 1 H).

Mass spectrometry: method A
Retention time Tr {min) = 0.96

[M+H]+: m/z 429.



10 3.14 to 3.28 (m 5 H); 3.44 to 3.58 (m 4 H; 4.08 (dd, J=5.9 and 14.7

, 1 H; 442 (m 1 H); 4.96 (s, 1 H; 564 (g, J=7.0 Hz, 1 H); 7.17 (t,
J=8.8 Hz, 2 H); 7.35 (dd, J=5.6 and 8.8 Hz, 2 H) Mass spectronetry:
nmethod A Retention time Tr (min) = 0.(95 1ﬁ[ :\/Hr141]0;r m z 42d7
Exanpl e35: ( 8§01643dmtay! phenyi ) - 2- (nor phol i n 1 7
nmet hyl ) -6, 7, 8, 9-t et rahydr o- 4H—pyr|mdo[1702 a]pyrlm%ﬁ B% @%%41 0O NF

W02011/ 001113PCT/ FR2010/ 051374 83 (B lele) inam of
7,8, 9-t et rEad (rs'gy.cgj

SI rret hyl f or mam dgﬁp%%l ng o gﬂuﬂﬁéﬂﬁﬁzﬂnﬁggﬁggne 9' 9 ng of tripotassium

_phosphat e, bmf ng%ﬂeﬁmbb&ﬁﬁadeﬂ'eh&dm-@ﬂ py‘mﬁdéﬁﬂ&-ﬁﬁ)y@iﬂuﬂ-#one

‘hexane-1; 2-diam ne. After 1 hour at 150C under microwave irradiation and

5silica colum purification of the res@ting reaction m xture (elution

gradi.ent of CH2C 2 to CH2C12/ MeOH 98/02), 195 ngy of

(8S)-9-(3-nethyl phenyl) - 2- 35

(norpholin-4-y1)-8-(trifluoronethyl) ]6 7,
pyrim di n-4-one are obtained i he I
characteristics of which are fhe NI oM ng:

O

9- tetrallgydro 4H pyri m do[ 1, 2-a] -
n solid, the

£ °F

F

The product is prepared according to the procedure described in
5 Example 22, using 100 mg of (8S)-2-(morpholin-4-y1)-8-(trifluoromethyl)-
8,7,8,9-tetrahydro-4H-pyrimido[1,2-a}pyrimidin-4-one, 214 mg of caesium
- carbonate and 68 mg of 1-(bromomethyl)-3-flucrobenzene. After purification
by preparative HPLC/MS (Method C), 102 mg of (85)-2-(3-fluorobenzyl)-2-
(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahyd ro-4H-pyrimido[1,2-a]-
10  pyrimidin-4-one are obtained in the form of an oil, the characteristics of which

are the following:

"H NMR spectrum:

217 t0 245 (m, 2 H); 3.15 0 3.31 (m, 5 H): 3.39 to 3.49 (m, 4 H); 4.23
(M, 1 H);4.58 (d, J=16.1 Hz, 1 H); 4.66 to 4.78 (m, 1 H); 4.97 (s, 1 H); 5.13
15 (d, J=16.1 Hz, 1 H); 6.98 to 7.15 (m, 3 H); 7.35 (dt, J=6.0 and 8.1 Hz, 1 H)

Mass spectrometry: method A
Retention time Tr (min) = 0.89

[M+H]+: m/z 413.



10NMR spectrum ' 2.31 (s, 3 H; 2.37 to 2.47 (m 2 H); 3.02to 3.1§
(m 4 H,; 3.19to 3.39 (mpartially masked, 1 H); 3.40 to 3.53 (m 4 H);
4.28to0 4.40 (m 1 H; 493 (m 1 H,; 4.99 (s, 1 H; 7.13 (m 2 H; 7.19
(broad s, 1 H); 7.29 (t, J=7.5 Hz, 1 H 15Mass spectronetry: nmethod A
Ret ention tiWOa011/001)13= 0.90 [ MrHP-: m z 395. ExapphepR$i10/051374
(8S)-9-(4-chl orophenyl)-2-(norpholin-4-yl)-8-(tri fI uor 020 .

nmet hyl )-6,7, 8, 9-tetrahydro-4H pyri m do[ 1, 2-a] pyri m di n- 4-one Chlral 0 CN
CNN N F F/1 EXWMD(BISI)JQM mﬂéﬂyﬁﬁéﬁgﬂe@ﬁl]-z (mor? 6!:9 -
prepared accgQr. tﬂf p_lr cedure described in ut u5| ng 250
ng of (8S)-2*HHH FP -617,8,9tetrahygre i pynimido[1 2-a]pyrlmldm-4-one

6, 7,8, 9-t'etrahydropyr| m do[ 1, 2-a] pyrim di n-4-one (Exanple le), 274 ng of
1-chl or o- 4-i odobenzene, 349 ng of tripd?assium phosphate, 156 ng of 5
copper iodide and 93 ng of (1S, 2S)-cycliohexane-1, 2-diam ne. After 1 hour at
150C under m crowave irradiation and um purification of the
resulting reaction mxture (elution }adi n CHgd 2 to CH2C12/ MeOH

98/ 02) 145 ny of ~

(8S) - 9- (4- chl or opheny1) - 2- (rm@n a-N1y - & (t A Nwor onet hy! ) -
1

6,7,8,9-tetrahydro-4H pyrimd a] pyri mi di n--one are obtained in the
form 10of a green foam the ch teristigs of which are the follow ng: 1H
NMR spectrum 2.41 10 2.47 (m 2 H 3 3.04 to 3.12 (m 4H) 3.20 to
3.43 (mpartially masked, 1 H); 3.46 ( #7235 (m 1 H); 4.94 (m 1
H; 5.01 (s, 1 H,; 7.39 (d, J=8.8 Hz, .49 (d, J=8.8 Hz, 2H)

214 mg of caesium carbonate and 78 mg of 1-(2-bromoethyi)-3-

5 methoxybenzene are added to a solution of 100 mg of (88)-2-(morpholin-4-
yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[ 1 ,2-a]pyrimidin-4-one

(Example 1e) in 2 ml of dimethyiformamide. After 18 hours at a temperature

of 60°C, 78 mg of 1-(2-bromoethyl)-3-fluorobenzene are added. After 2 hours

at a temperature of 60°C, the reaction mixture obtained is run into water. The

10 organic phase is separated and the aqueous phase is extracted with ethyl

acetate. The combined organic phases are concentrated to dryness under

reduced pressure. The residue is purified by preparative HPLC/MS (Method

C). After evaporation of the acetonitrile and lyophilization, 25 myg of (85)-9-[2-
(2—meth0xyphenyl)ethy!]-2-(m0rpholin-4—yl)—8—(triﬂuoromethyl)—G,7,8,9-tetra—

15 hydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form of an oil,

the characteristics of which are the following:

"H NMR spectrum:

1.84 0 2.00 (m, 1 H); 2.25 to 2.35 (m, 1 H); 2.83 to 3.03 (m, 2 H); 3.06 to 3.30
(M, 2 H); 3.4 (m, 4 H); 3.61 to 3.67 (m, 4 H); 3.76 (5, 3 H); 4.08 to 4.24 (m,

20 2H); 4.37 to 452 (m, 1 H); 4.99 (s, 1 H); 6.88 (dt, J=0.9 and 7.6 Hz, 1 H); 6.96
(broad d, J=7.9 Hz, 1 H); 7.14 (dd, J=1.5 and 7.6 Hz, 1 H); 7.18 to 7.26 (m, 1
H)

- Mass spectrometry: method A



15Mass spectronetry: nethod A Retention tine Tr (mn) = 0.94; [MrHp-: nmlz
415. Exanpl e 37:
(8S)-2-(nmorpholin-4-y1)-8-(trifluoromethyl)-914-(trifluoro20

met hyl ) pheny1] -6, 7, 8, 9-t et rahydr o- 4H pyri m do[ 1, 2- a] pyri m di n- 4- one

W2011/ 0011 WYRCDMARANAYGB051374 85 Exanple 12, but ys¢ngrdpR ofis 074
(8S)-2-norpholin-4-yl-8-trifluoronmethyly

6, 7,8,9-tetrahydropyrimdo[ 1, 2-a] pyrimdin-4-one (Exanple le), 313 ny of
1-iodo- 4- (trifl udRetentidvy tineeTyz@ng) =84 ng of tri potassi um phosphate, 156 ng
of copper iodide and 93 ng of (1S, 2S)-cycl ohexane-1, 2-di am ne. After 1 hour
S at 150C under mMvH]weE, 48gadi ation and silica colum purification of the
resulting reaction mxture (elution gradient of CH2C 2 to CH2C12/ MeOH

98/ 02), 120 . O012-(2 9. A
(8S)-2-(nor p%\%lﬁél-eﬁsy'l()s-s 9 ( [tzr gsf T&B'F%’#Qﬂeyﬂ%"-eéﬂ'-] (2t W?Tpuhoorlg'ﬁ%tyﬁllpf -

phenyl ] - 6, 7 (Bifucrametinyi)-6,78:8 gtrahpd o H-Ryrinidof 12l pyrimifia-4bacobt ai ned
in the formof a greenish solid, the characteristics of which are the

foll owi ng: 101H NWR spectrum (400 MHz) O 2.42 to 2.53 (mpartially
masked, 2 H); 3.01 to 3.13 (m 4 H); 22 to 3.39 (mpartially masked, 1

3.41to 3.46 (m 4 H; 4.37 (m NS (s, 1 H; 505 (m 1 H;
.6 , 2
ogti

7.62 (d, J=8.6 Hz, 2 H); 7.81 (d, J= - Mass spectronetry:
Met hod A 15Retention tine Tr ] > ,mz 449, Exanpl e 38:
(8S)-9-[(1R or 15)-1-(2-f|uor1{;uﬁ§) pet 1] -t hol i n- 4-
y1l)-8-(trifluoronethyl)-6,7, 8q9-te rahydr o- 4H pyri Ri do[ 1, 2-a] pyri m di n-4-
20 one Stage c: W2011/ 001 / FR20197 051374 86
ethyl]-2-(norpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-tetrahydro-4H pyrim

ido[1,2-a]lpyrimdin 4 one are separated py~¢chiral chromatography (Chiral pak
OH 10% MeOH) using 70 ng of a

AD 20 pm col um; el uti on: 80% hept ane
70/ 30 mixture of the two di astereoi\s(o) SN

5

The product is prepared according to the procedure described in
Example 24, but using 100 mg of (8S)-2-(morpholin-4-yl)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one, 78 mg of 1-(2-bromo-
ethyl)-3-methoxybenzene and 214 mg of caesium carbonate in 2 ml! of
10 dimethylformamide. After reaction for 3 days at a temperature of 60°C,
treatment as described in Example 24 and purification by preparative
HPLC/MS (Method C), 20mg of (85)-9-[2-(3-methoxyphenyl)ethyl]-2-
(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[ 1 2-al-
pyrimidin-4-one are obtained in the form of an oil, the characteristics of which
15 are the following:

'H NMR specirum:

1.88 t0 2.01 (m, 1 H); 2.32 (m, 1 H); 2.74 to 2.90 (m, 1 H); 2.96 (m, 1
H); 3.10 to 3.22 (m, 1 H); 3.26 to 3.39 (m partially masked, 1 H); 3.43 to 3.48
(M, 4 H); 3.62 t0 3.68 (m, 4 H); 3.73 (s, 3 H); 4.02 to 4.23 (m, 2 H); 4.49 to
20 4.65(m, 1 H);5.00 (s, 1 H); 6.70 to 6.88 (m, 3 H); 7.14 to 7.26 (m, 1 H)

Mass spectrometry: method A

Retention time Tr (min) = 0.94



541.5 ng of (895)-9-[(1R or 1S)-1-(2-fluorophenypethyl]-2-(norpholin-4-
y1l)-8-(trifluoromethyl)-6,7,8,9-tetrahyd ro-4H pyrimido[1,2-a]pyri mid

i n-4-one are thus obtained, the characteristics of which are the foll ow ng:
1H NMR spectrum (400 MHz): 1.62 (d, J=7.2 Hz, 3 H; 1.68 to 1.85 (m 1 H);

2.30 to 2. 39W@R0H/60111310 3.20 to 3.42 (m 5 H); 3pE§p@des{a s H ;
4.03 (% 1 H)V\f 4.22®?o 4.36 (m 1 H: 4% (s, 1 H: 6. 05 (%:@?42 Hz, 1

H; 7.14 to 7.29 (m 2 H; 7.35t0 7.43 (m 1H; 7.47 (m 1 H Mass
spectronetry: netiM¥HB: Rg¢zdsdion time Tr (mn) = 4.02 15[ MtH +: iz 427
Optical rotation: OR = +33; C = 2.543 ng/m DMSO. Stage b: (85)-9-[(1R and
- 15) - 1- (2-fl.uor ophenyf | et hy1] - 2- (nmor phol i n- 4-y1) - S

8- (thfl uoronet hyl)-6,7,8,9-tetrahydro-4H pyri m do[ 1, 2-a] pyri m di n-4-one 0

(g 60 EKpLEDS: WIS SRR T B o © T P
6, 7, 8, 9- t et r&rifluccomethyl)-6,7M,8l8Het2hytipy-diHvpyrimidoph2-a)pydmidinc4sicum

carbonate and 391 ng of 1-(1-chloroethyl)-2-fluorobenzene (see stage a
below) in 22 m of acetonitrile. After &Gilica colum purification (eluent:

The product is prepared according to the procedure described in
Example 22, but using 100 mg of (8S)-2-(morpholin-4-yl)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one, 57 mg of 1-(chloro-
methyl}-3-methoxybenzene and 214 mg of caesium carbonate in 2 mi of
10 dimethylformamide. After treatment, the residue is stirred into acetonitrile. The
solid is spin-filter-dried, rinsed with diethyl ether and then dried under a
vacuum bell jar. 111 mg of (8S)-9-(3-methoxybenzyl)-2-(morpholin-4-y1)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-aJpyrimidin-4-one are
thus obtained in the form of a white solid, the characteristics of which are the

15 following:

*H NMR spectrum:

2.07 10 2.23 (m, 1 HY; 2.35 to 2.44 (m, 1 H); 3.19 to 3.28 (m, 5 H); 3.40
to 3.55 (m, 4 H); 3.72 (s, 3 H); 4.22 (m, 1 H); 4.45 (d, J=15.9 Hz, 1 H); 4.56 to .
4.70 (m, 1 HY; 4.96 (s, 1 H); 5.21 (d, J=15.9 Hz, 1 H): 6.75 to 6.88 (m, 3 H)
20 7.19t07.27 (m, 1 H)

b}

Mass spectrometry: method A

Retention time Tr (min) = 0.88



5 CH2C12/ MeOH 97/03), 70 ng of a 70/30 m xture of the two di astereoi soners
of (89)-9-[(1R and

1S) - 1- (2-f 1 uor ophenypet hy1] - 2- (nor phol i n-4-y1) - 8- (trlfluoronethyl) 6,7, 8, 9-
tetrahydro-4H pyrimdo[1, 2-a] pyrim din-4-one are obtained in the formof a

pal e yel | ow m\gt;am/o@f\ﬂachar acteristics of which ar,s q—yﬁqé@ﬂ
10Retention time Tr (mn) 0.93 and 0.94Q: 70% - 30 mxture o |sorrers

[ MF1-1]+: mz 427. Stage a: 1-(1-chloroethy9-2-fluorobenzene 15

767 mg of thionyl[M#H]er hflg4ase added to a solution of 1 g of comrerci al

1- (2-fluorophenyl)ethanol in 20 m of chloroform After stirring overnight
-at a 20 tenperature in the region of 20C, the reaction m xture is washed
with a saturated aqueous sol ution of sodium bi carbonate and then dried over

anhydr ous u al_ | tr dryness under
reduced pr ggggﬁlp‘g%? @ﬁﬁn{é}hﬁﬁf@ @pg%l@? - L@F% Qngene are thus
obt ai ned, saﬁtdﬂpomfnethsbbﬁﬁgﬁ,Bstetk'ahgdrb-zlil-l?-pyﬂn'tlﬂegﬂzéaFpﬁﬁﬁﬂ@in-4-one ’
W02011/ 001113PCT/ FR2010/ 051374 88 Exanpl e 39: (8S (1R or

1S)-1-(2-fl uorophenyl)ethyl]-2-(nmorpholin-4- Chira
y1l)-8-(trifluoromethyl)-6,7,8, 9-tetrglydro- 4H-pyr|mdo[1 2-al pyrimdin-4-

one O I N N o- 5The previous purification (Exanple 38, stage c) al so
results in 17.9 ny /ﬁl/jy

F.."

5 AP

The product is prepared according to the procedure described in

Example 12, using 100 mg of (85)-2-morpholin-4-yl-8-triflucromethyl-6,7,8,9-

tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 108 mg of 1-iodo-4-

methoxybenzene and 79 mg of 4,7-dimethoxy-1,10-phenanthroline. After

10 purification by silica chromatography (eluent: CH,Cl,/MeOH 98/02), 31 mg of
(85)-9-(4-methoxyphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-

tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form of a

cream foam, the characteristics of which are the following:

"H NMR spectrum:

15 2.38 t0 2.46 (m, 2 H); 3.04 to 3.15 (m, 4 H); 3.20 to 3.35 (m partially
masked, 1 H); 3.45 (m, 4 H); 3.77 (s, 3 H); 4.34 (m, 1 H); 4.83 (m, 1 H); 4.98
(s, 1 H); 6.95 (d, J=8.8 Hz, 2 H); 7.25 (d, J=8.8 Hz, 2 H)

Mass spectrometry: method A
Retention time Tr (min) = 0.83
20 [M+H]+: m/z 411,



of (8S)-9-[(1R or

1S)-1-(2-fluorophenypet hyl] - 2- (nor pholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-
tetrahydro-4H pyrim do[ 1, 2-a] pyri m din-4-one, in the formof an anber
solid, the characteristics of which are the follow ng 1H NI\/R spectrum

(400MHz) : 1G&C3D14fH0194%F3- 0 Hz, 3 H);, 1.97 to 2. 12 0@9‘33'%79'0 2. 46
(m 1 H; 3.15to0 3.35 (mpartially mas?gd, 5 ZJ>
4.09 (m 1 H,; 472 (m 1 H,; 4.93 (s, 573(q,J70Hz 707

to 7.25 (m Rixdthple/2d:8 to ;(ssylg([m-flaok&%hén’ﬁﬁélrﬁbnm rg(gg,s‘gmqt.mrretry

met hod B 15Retent| on tinme ﬁ41'[|

rotation: Of-riflygromethyl)-6, ;Q-Et@lwdrg -$ynirnlﬂn$t;2-a]pyrlmtdm-4-one
W2011/ 001113PCT/ FR2010/ 051374 89 Exanpl e

40: (8S)-942- (341uor ophenyfl et hyl ] -2- (nor phol i n4-GHipal 8-
(trifluoronethyl)-6,7,8,94etrahydro-4kppyrimdo[ 1, 2-a] pyri mdin-4-one 296
mg of sodium hydroxide in 2.5 m of er, 33 ng of 5 tetrabutyl amoni um
hydr ogen sul phate and 200 ng of 1-( | )-3- fluorobenzene are added
to a solution of 150 ng of (8S)-2- ( rphol i n-4-y1)- 8-
(trifluoronethyl)-6,7,8,9-tetr ,&4

2.5 mM of toluene. After one[hour undé\I m ¢ e irradiation (power 100
watts on a CEM di scover appa \te%‘ at_g0C 4 dFt gen one hour again at 60C 10
and twi ce six hours at 70C, the-Teag ' @lre is diluted with ethyl
acetate. The resulting mxture i s wg
separated and then concentrated to dryg
purification of the resulting residue by p
ng of (8S)-

942- (3-f1 uor ophe@}?etpml]dzs(ﬁiﬁpﬁmlm@mg ©9- the iroceduweredasceribest, n 8, o-

CRas ot o BN AR B0 Y (S Lo R SRR 0
tetrahydropyrimldo[1,2 -a]pyrimidin-4-one (Example 1e), 47 mg of sodium
hydride and 156 mg of 2-fluorobenzoyl chloride in 5 mi of tetrahydrofuran.
After purification by silica chromatography (eluent: CH,Cl/MeOH 98/02),
35mg of (85)-9-[(2-fluorophenyl)carbonyl]-2-(morpholin-4-yl)-8-(trifiuoro-

10 methyl)-6,7,8,9—tetrahydro-4H;pyrimido[1,2-a]pyrimidin—4-one are obtained in
the form of a white foam, the characteristics of which are the following:

with water. The organi c phase is
Il:under reduced pressure. After
eparative HPLC/ M5 (nethod D), 43

*H NMR spectrum:

21310 2.26 (m, 1 H); 2.65 10 2.85 (m, 3 H); 2.94 0 3.02 (m, 2 H); 3.20
to 3.40 (m partially masked, 4 H); 3.43 to 3.55 (m, 1 H); 4.42 (m, 1 H); 5.19 (s,
15 1H); 55510 5.69 (m, 1 H); 7.18 to 7.31 (m, 2 H); 7.49 t0 7.64 (m, 2 H)

Mass spectrometry: method A
Retention time Tr (min) = 0.79

[M+H]+: m/z 427.



1.87 to 2205 (m 1 H); 2.29to0 2.38 (m 1 H); 2.82to 3.24 (m 3 H; 3.38
to 3.50 (m 5 H,; 3.60to 3.66 (m 4 H; 4.11 to 4.25 (m 2 H); 4.50 to
4.69 (m 201 H); 4.99 (s, 1 H; 6.96 to 7.15 (m 3 H; 7.28to 7.41 (m 1

28 t
Mass spectronetry: nethod B Retention time Tr (mn) 4.10
W2011/ 0011 1QRFG FBOLP{H51374 90 [ MrH] +: m z 427. $010/051374
41: (8S) - 9-benzyl- 3-fl uoro-2-(norpholind-yl)-8-(trifluoro-
nmet hyl )-6, 7, 8, 9-tetrahydro4H pyrimdo[ 1, 2-a] pyrimdin-4-one Chiral NNJ5
Stage e: 4 Bxafple29i (88)SYI6uiilacrolenBA)-DYnitrphenad-yhioifitidioe added

to a suspension of 1 g of L.

(8S)-3-fl uor Bleihmtﬁsb%cﬂ'mmhmr‘ﬁiwwldﬂh Zrajpyyimidin-4-one
6,7,8,9-tetrahydro-4H pyrimdo[ 1, 2-a] pyrimdin-4-one in 11.8 m of
acetonitrile. 10 After stirring overnight at a tenperature in the region of
20C, the suspension obtained is filtergd and the resulting filtrate is
concentrated to dryness under reduce . The oily yellow residue is
purified on a silica colum (eluent: OH %8/02). The fractions of

i nterest are conbi ned and conc I under reduced pressure.
The residue is taken up 15 wifh di 'g-filter-dried and t hen
dri ed under vacuum 600 ng Oﬁjhﬁfj

(8S)-9-benzyl-3-fluoro-2-(norp in-4-yl)-8-

hydr o- 4H pyri m do[ 1, 2-a] pyri m di n-4-one are t
white powder, the characteristics of which ar

gromethyl )-6,7,8,9-tetra
btained in the formof a
fol | ow ng:

F

The product is prepared according to the procedure described in

5  Example 22, using 100 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1¢), 214 mg of caesium
carbonate and 75 mg of 1-(bromomethyl)-3,5-difluorobenzene in 2 ml of
dimethylformamide. After purification by preparative HPLC/MS (Method C),
85mg of (8S)-9-(3,5-difluorobenzyl)-2-(morpholin-4-yl)-8-(trifiucromethyl)-

10 6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form

of an oil, the characteristics of which are the following:

"H NMR spectrum:

2.21t0 2.44 (m, 2 H); 3.14 to 3.33 (m, 5 H); 3.36 to 3.52 (m, 4 H); 4.23
(m, 1 H); 4.61 (d, J=16.4 Hz, 1 H); 4.68 to 4.81 (m, 1 H); 4.98 (s, 1 H); 5.07
15 (d, J=16.4 Hz, 1 H); 6.90 to 7.02 (m, 2 H); 7.07 (i, J=2.3 and 9.3 Hz, 1 H)

Mass spectrometry: method B
Retention time Tr (min) = 3.93

[M+H]+: m/z 431.



1H NWVR spectrum (400 MHz): 202.17 to- 2.30(m 1 H; 2.39t0 2.46 (m 1 H;
3.31to0 3.52 (m 9H,; 423 (m 1H); 4.55 (d, J=16.1 Hz, 1. H); 4.61 to
4.73 (m 1 H; 513 (d, J=16.1 Hz, 1 H; 7.20 to 7.26 (m 3 H); 7.28 to
7.36 (m 2 H W?2011/001113PCT/ FR2010/ 051374 91 Mass spectronetry: method
B Retentionywboe1fooq4hys) = 4.01 [MrH + nmz 413. :
(8S)-3-fluoro-2-( m)rpho?i n-4-yl1l)-8-(t ri-}-%.\luororret hy@-@ﬁszg‘[gmtsg r7§
hydr o- 4H pyri m do[ 1, 2- a] pyri m di n- 4- one N NHF F 10The product can be
prepared acExafpie 309 (85ROARACAAKIGToHBALYT) 26N bFbHBIRIRI)- il GRe D, but
using 1 g of (BS[ﬂ-Z-cr(\I o)rioRS-fI uor o- 8- _ﬂ i Y ?ﬁﬂfﬁ]

(trif.l uor omBeiyl)-G67.8,%-tetrabydrerddrpyrimigofdi 2valnjrimitliai4eeone ni di n- 4-one in 5

m  of acetonitrile, and 1.6 m of norpholine. After a period overnight at

65C, 1.1 g of 0
(8S)-3-fluoro-2-(norpholin-4-y1)-8-(tr{|fluoronmethyl)-6,7,8,9-tetrahydro- 15
4H pyrim do[ 1, 2-a] pyri m di n-4-one arg”o 'n in the formof a beige

i ng: Mass spectronetry:

powder, the characteristics of vvhich|are
z 323; [MH-: mz 321.

Met hod A Retention tine Tr (m = o~h6
20 N F
o\) F
F F

The product is prepared according to the procedure described in

5 Example 22, using 100 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-

tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 214 mg of caesium

carbonate and 75 mg of 1-(bromomethyi)-2,4-difluorobenzene in 2 ml of

dimethylformamide. After purification by preparative HPLC/MS (Method C),

86 mg of (88)-9-(24-difluorobenzyl)-2-(morpholin-4-yi)-8-(trifluoromethyl)-

10  6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form
of an oll, the characteristics of which are the following:

'H NMR spectrum:

21610 2.30 (m, 1 H); 2.35t0 2.45 (m, 1 H); 3.17 t0 3.32 (m, 5 H); 3.41
to 3.49 (m, 4 H); 4.22 (dd, J=5.9 and 14.2 Hz, 1 H); 4.60 (d, J=16.1 Hz, 1 H);
15 4.66t04.76 (m, 1 H), 4.97 (s, 1 H); 5.11 (d, J=16.1 Hz, 1 H); 7.03 (ddt, J=1.1
- 2.6 and 9.0 Hz,1 H); 7.22 (ddd, J=2.6 - 9.0 and 10.9 Hz,1 H); 7.30 (dt, J=6.7
and 9.0 Hz, 1 H)
Mass spectrometry: method B

Retention time Tr (min)= 3.96

20 [M+H]+: m/z 431.



W2011/ 001113PCT/ FR2010/ 051374 92 St age c:
(8S)-3-fluoro-2-chloro-8-(trifluoronethyl)-6,7,8,9-tetrahydro-4Hgyri m do[ 1,
2-a]pyrimdin-4-one 0O CI'N NYF HF The enanti omers of
(8R,8S)-2-chloro-3-fluoro-8-(trifluoronethyl)- 5 .
6, 7, 8, 9- t et najaysly rimdo[1, 2-a] pyrimdin-4-o0 E@?ﬂ y

chiral chromat ogrﬂﬁ?f?&i ral pak AD 20 80 x 350r]sm%qr m@énﬁ 254 nm 5%
Et OH 5% MeOH 90% hept ane + 0. 1% TEA), using 6.8 g of a racem c m xture. The
dext r or ot ar YExavapld 8 S)2-GROFFHBINRLAH)-H 263541tﬂﬂ99F&béh | gt
10(8S)-2-chloro g flgg(rao) - tl’lf|u0l’0$¥‘% C( -tet %étsro 4 pyrlmdo
[1,2- a] pyr |miemy{)-ﬁJo&é-teutlfa::ndgomi-pvumld Rtaipynmldm-émechar acteristics
of which . are the follow ng: Mass spectronetry: Method A Retention time Tr
(mn) =0.62 15[MH +: mz 272; [MH-Omz 270 Optical rotation: OR =
+19.6+1-0.6; C = 2.488 ng/0.5 mM CH3COH.]| Stage b: (8R
'8S)-2-chloro-3-fluoro-8-(trifluoronet ~8, 9-tetrahydrod4H pyrimdo[ 1, 2
-a]l pyrimdin-4-one 0 CIAN 20H F F

The product is prepared according to the procedure described in

5  Example 22, using 100 mg of (8S)-2-morpholin-4-yl-8-triftuoromethyl-6,7,8,9-

tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 214 mg of caesium

carbonate and 82 mg of 1-(bromomethyif)-2,3,4-trifluorobenzene in 2 ml of

dimethylformamide. After purification by preparative HPLC/MS (Method C),

76 mg of (8S)-2-(morpholin-4-yl)-9-(2,3,4-trifluorobenzyl)-8-(trifluoromethyl)-

10 6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form
of an oil, the characteristics of which are the following:

'H NMR spectrum: 1H

2.15102.31 (m, 1 H); 2.35to 2.44 (m, 1 H); 3.18 t0 3.32 (m, 5 H); 3.42

to 3.54 (m, 4 H); 4.22 (dd, J=5.5 and 14.3 Hz, 1 H); 4.65 (d, J=16.1 Hz, 1 H);

15 473 (m, 1 H), 4.98 (s, 1 H); 5.16 (d, J=16.1 Hz, 1 H); 7.05 to 7.17 (m, 1 H);
7.20107.32 (m, 1 H)

Mass spectrometry: method B
Retention time Tr (min)} = 4.08
[M+H]+:'m/z 449,

20
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85) - 3-fl uor o- 2- hydroxy-8-(trifluoronethyl)-6,7,8,9-tetrahydro-4H pyrimdo[1
,2- alpyrimdin-4-one in 20 m of 1,2-dichloroethane. After stirring for 4
hours at a tenperature of 65C and a return to a tenperature in the region
of 20C, the ywepgiqi uxture is concentrated to dr ed
pressure. The 5 rggqbc}mgéi s diluted in 1§§ m of et W?g&%ﬁoén 10 m of
ice-cold water. A concentrated sodi um hydroxi de solution is added, at a
tenperature PN . . i B qand 7 is

obt ai ned. Th%i?slﬁﬂd fgrsﬁgﬁo?aﬂg c?a?ﬁoe?weﬁdédgfo?h?gh%? ?g’i)ﬁg@% g of a beige
solid S1 . Timomiholind-yl)i&-(tsifluoremathil)-6;2:8;9-tetvalydro-dHpyrimido[d i ¢ phase
is dried o_ve%] S}@Eﬁgro s 10 magnesi um sul phate, filtered and concentrated to
dryness unde p borrbessure. After silica colum purification of the
resi due (eluent : CH2C12/MeOH 97/03), 3,3 g of a pale yellow solid S2 are
obt ai ned. The-two solids Si and S2 arejtonbined so as to give 6.8 g of.

(8R, 85) - 2-chl oro- 3-fl uoro- 8-

(trifluoronethyl)-6,7,8,9-tetrahydroqAH pri mdo[ 1, 2- a] pyri m di n- 4-one, in

the 15 formof a pale yell ow powder, |t he characterfstics of which are the
.~ follow ng: Mass spectronetry: tepEt o ime Tr (mn) = 2.90
[MtH +: mz 272; [MI1-1]-: mz 27 20 St ag€ F

a: (8R, 8S) - 3-fl uoro- 2- hydr oxy- @3- i fluyg othfl)-6,7,8, O-tetra-

hydr o- 4H pyri mi do[ 1, 2-a] pyri mi dih- 4-asfe OJN 1 HON N H F-F 5.6 g of
sodi um et hoxi de are added to a suspensiah of 7 g of
6-(trifluoronmethyl)-1,4,5,6-tetrahydrop ¥ di n- 2- am nehydrochl ori de 25
(Exanple 1, stage a) in 35 m of di nmet{ | uor opr opanedi oate. After the
suspensi on has been stirred for 3 hours\at~a tenperature of 100C the
_ ' Cl
5 The product is prepared according to the procedure described in
Example 22, using 100 mg of (83)-2-morpholin-4-y-8-triflucromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 214 mg of caesium
carbonate and 95 mg of 3-(bromomethyl)-5-chloro-1-benzothiophene in 2 mi
of dimethylformamide. After purification by preparative HPLC/MS (Method
10 C), 72 mg of (8S)-9-(5-chloro-1-benzothiophen-3-yl)methyl]-2-(morpholin-4-
' yi)-8-(trifluoromethyi)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-aJpyrimidin-4-one
are obtained ‘in the form of an oil, the characteristics of which are the
following:

"H NMR spectrum:

15 2.13 t0 2.25 (m, 1 H); 2.34 to 2.43 (m, 1 H); 3.16 to 3.32 (m, 5 H); 3.35
to 3.48 (m, 4 H); 4.21 (dd, J=6.0 and 14.3 Hz, 1 H); 4.62 to 4.74 (m, 2 H);
5.00 (s, 1 H); 5.52 (d, J=16.1 Hz, 1 H); 7.42 (dd, J=2.0 and 8.6 Hz, 1 H): 7.67
(s, 1 H); 8.01 (d, J=2.0 Hz, 1 H); 8.03 (d, J=8.6 Hz, 1 H)

Mass spectrometry: method B
20 Retention time Tr (min) = 4.42

[M+H]+: m/z 485.



W2011/001113PCT/ FR2010/ 051374 94 nmedi um obtained is concentrated to
dryness under reduced pressure. The residue is taken up in diethyl ether
and then spin-filter-dried under vacuum The solid obtained is taken up in
14 mM of water and the resulting m xture is cooled in ice before
acidificati t hrough the addition of S FeoF)
hydrochlori?vg%?ampgga§$ After stirring @or 2 hours atﬁgﬁpigggﬂggﬁre of 0C
and then overnight at a tenperature in § e region of 20C, the suspension is
filtered ang t4p 094 -1 14-HEbrSKH ac ' over
P205. 6.5 0 T Bg B P R o ASEA 4 bRl SRR 2O s
6,7,8,9-tet ¥ fluropyathyi) ¢ 7,8, 3tefralyydna-4Hpytimivo[4/2alpyrinidid-4-n t he
form 10of a yell ow powder, the characteristics of which are the foll ow ng:
Mass spectr try: Method A Retention time Tr (mn) = 0.28 [MtH +: m z 254,
EMH-: mz 252. 15Exanple 42
(8S)-9-(3,5-difluorophenyl)-2-(norphol
nmet hyl )-6, 7,8, 9-tetrahydro-4H pyri m dag
The product is prepared according to
but using 250 ng of (8S)-2-norpholin i flBoronet hyl - 20
6,7,8,9-tetrahydropyrinido[l,ﬁ(a} (Exanple le), 276 ng of
9

1, 3-di fl uoro-5-i odobenzene, of tripotassyungphosphate, 156 ng of
Qﬁ)-c chohe anE- 1, 2-di ani ne. After 1 hour
137

3
copper iodide and 93 ng of (D
at W?2011/001113PCT/ FR2010/ 05 4 9 C under nmicrowave irradi ati on and

silica colum purification of the re n mxture (elution gradi ent of
CH2Al 2 to CH2C12/ MeOH 98/02), 91 H
(8S)-9-(3,5-difluorophenyl)-2-(norpholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-

tetrahy%o-4|—l—py|3it@é‘ig[l, 2-alpyrimdin 4-one are obtained in the formof an
ochre 5 foam th cteristics of which are the followi ng: 1H NMR

T 103 Lt Wt b ) STy
?7.18 to 7. phelyijetBylHR-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-
pyrimido[1,2-a]pyrimidin-4-one are separated by chiral chromatography:
Chiralpak IC 20 pym column; elution: 70% heptane 30% EtOH, using 130 mg
10 of a 70/30 mixture of the two diastereoisomers.

n-4-y1)-8-(trifl uoro-
2 pyri m di n-4-one Chiral

The first diastereoisomer is concentrated so as to obtain 42 mg of
(85)-9-{(1R or 18)-1-(4-fluorophenyl)ethyl]-2-(morpholin-4-yi)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one in the form of a
colourless solid, the characteristics of which are the following:

15 ~ "H NMR spectrum (400MHz):

1.72 (d, J=6.8 Hz, 3 H); 2.22 (m, 1 H); 2.43 (m, 1 H); 3.14 to 3.27 (m, 5 H);
3.39 to 3.54 (m, 4 H); 4.13 (dd, J=5.6 and 14.4 Hz, 1 H); 4.80 to 4.88 (m, 1
H); 4.93 (s, 1 H); 5.43 (q, J=6.8 Hz, 1 H); 7.12 (t, J=8.8 Hz, 2 H); 7.36 (dd,
J=5.6 and 8.8 Hz, 2 H)

20 Mass spectrometry: method A
Retention time Tr (min) = 0.95

[M+H]+: m/z 427.



Mass spectronetry: nmethod A 10Retention tine Tr-(rﬁ n) = 0.95 [MtH +: mz
417; [ M HHCO2H] -: nil & 461. Exanple 43:
(8S)-9-[(2, 6-di fluorophenyl)carbonyl]-2-(norpholin4-yl)-8-
(trifluoronmethyl)-6,7,8,9-tetrahydro-4H pyrimdo[1, 2-a]pyrimdin-4-one F
15 W@z(prpg@ﬂ:ﬂgs prepared according to th Ifﬁf@ﬂf ribed in
Exanpl e 18, usi ng 300 ng of (8S)-2-norphglin 4 vyl IBCW /8511:%4:
trifluoronethyl 7 8,9- tetrahydropyrimdo[1, 2- a]pyrlmdln 4- one (Exanpl e
le), 47y 8 faL{N RO 8)-4 44-fido @preni)dtiyiie PrRﬁ-'Pﬁ pride in
D (85) o E )@ hflcalonsb

4 m of tetra rofuran. 20After three successive silica
chr omat ogr ap®trif BlQr&methEl-)l‘ﬁ;Z@/,mhmIm#HmyrmldﬂIdlmalpyrBﬂicﬁﬂ-tt-bﬂa 98/ 1
and 98/ 2), 22 ng of

(8S)-9-[(2, 6-difluorophenyl)carbonyl]-2;
)- 6,7,8,9-tetrahydro-4H pyri m do[ 1, 2-
form W?2011/001113PCT/ FR2010/ 051374 9
characteristics of which are the fol I{pwi
to 2.23 (m 1 H); 269t0279 m 1
3.18 to 3.34 (mpartially mas

5(m1H) 5.23 (s, 1 H); to 86(m
7.50 to 7.67 (m 1 H) lvass sp d:A

(rmor pholin-4-y1)-8-(trifluoronethyl
pyrimdin-4-one are obtained in the
white solid, the

1 NVR spectrum(400 MHz): 2.06
91 mFPP H; 3.06 (m 2 H)
.50 (m 4 H,; 4.52 to 4.61
04 to 7.35 (m 2 H);

5 The mixture of (8S)-9-[(1Rand 1S)-1-(4-fluorophenyl)ethyl]-2-
(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]-
pyrimidin-4-one is prepared according to the procedure described in Example
24, wusing 500mg of (8S)-2-(morpholin-4-yl)-8-(trifluoromethyi)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-alpyrimidin-4-one, 1 g of caesium carbonate and

10 391 mg of 1-(1-chloroethyl)-4-fluorobenzene in 20 ml of acetonitrile. After
purification by silica chromatography (eluent: CH.Clo/MeOH 97/3), 130 mg of
(85)-9-[(1R and 1S)-1-(4-flucrophenyl)ethyl]-2-(morpholin-4-y!)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in
the form of a 70/30 mixture of two diasterecisomers, the characteristics of

15 which are the following:

'H NMR spectrum:

It is a 70-30 mixture of two isomers, with: 1.65 (d, J=7.0 Hz, 2.1 H);
1.72 (d, J=7.0 Hz, 0.9 H); 1.75 to 1.86 (m, 0.7 H);, 2.25 to 2.48 (m, 1.3 H);
3.12 t0 3.27 (m, 5 H); 3.40 to 3.56 (m, 4 H); 4.00 to 4.22 (m, 1 H); 4.42 (m,
20 0.7 H); 4.80 to 4.87 (m, 0.3 H); 4.93 (s, 0.3 H); 4.96 (s, 0.7 H); 5.44 (q, J=7.0
Hz, 0.3 H); 5.65 (g, J=7.0 Hz, 0.7 H); 7.06 to 7.21 (m, 2 H); 7.32 to 7.40 (m, 2
H).



Retention tinme Tr (mn) = 0.93 [MtH +: rn/z 445. 10 Exanpl e 44:
(8S)-9-[(2,4-difl uorophenyl)carbonyl]-2-(norpholin-4-yl)-8-
(trifluoronmethyl)-6,7,8,9-tetrahydrod4H pyrimdo[1, 2-a] pyri m di n-4-one 0O
The product is prepared according to the procedure described in 15 Exanpl e

18, using 3%0@1(4{()((18@13- 2-nor phol in-4-y1-8-triflu [, Bn 9~
t et rahydropyri mdo[ 1, 2-a] pyri m di n-4-on§ (Exanpl e Iq:r:a , ng%oql%édi um
hydri de and 174 nmg of 2,4-difl uorobenzoy? chloride in 4 m of

t et r ahydr of 7 SRt i i AL

chr omat ogr anhe B o L RO T PO AR VB2 i olin4

99/ 01), 24 mﬂy-gf(tr@'fm;;:@ngmmﬁﬁ,s,.()-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-

20di f | uor op | ) car bony1] - 2- (nor phol i n-4-y1)-8-(trifluoromethyl)-6,7,8,9-t
etra- hydro- pyrimdo[1l,2-a]pyrimdin 4 one are obtained in the formof a

| ourl ess | the ch ist ich the fol | ow ng:
V02011] 00111 30T/ IR 160 9HoR (EKRRPLS 401 FIBOF( SoRSRHRSUIS 1 B9 20 (m

1 ; 2.§7 t Y( 8)A. 20 s 3 o2nkh 3. 24 t
305 (im par ﬁfaﬁ*? OLTR )t Bindcofnety ey o thorph -4 ptfuogd: 23 50
to 4.48 (m metHyl)-657 B19-tafrahydr)-4Hsp G Bnido[ 152 @pyrimidib-Hone 7in tBe (fdtm F=2. 5

5and 8.6 Hz,. . 7. ddd, J=2.5 3 and. 112 H, 1 H: 7.61 to 7.71
(ﬁln 1 H Mas@%%@?FSﬁétﬁ‘?&ﬁﬁ“ﬁ%@Fﬁﬁggt"g@? Bt ﬁ%ﬁ‘ﬂ"“@m n)H) = 0.94 [(I\)/H—I] +
Mz 445. 1

H NMR spectrum:

1.65 (d, J=7.0 Hz, 3 H); 1.69 to 1.86 (m, 1 H); 2.29 to 2.37 (m, 1 H);

10 3.14 to 3.28 (m, 5 H); 3.44 to 3.58 (m, 4 H); 4.08 (dd, J=5.9 and 14.7 Hz, 1
H); 4.42 (m, 1 H); 4.96 (s, 1 H); 5.64 (q, J=7.0 Hz, 1 H); 7.17 (t, J=8.8 Hz, 2
H); 7.35 (dd, J=5.6 and 8.8 Hz, 2 H)

Mass spectrometry: method A
Retention time Tr (min) = 0.95

15 [M+H]+: m/z 427.

Example 35  (88)-9-(3-methyiphenyi)-2-(morpholiin-4-yi)-8-(trifiuoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

Chiral

20 The product is prepared according to the procedure described in
Example 12, but using 250 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyl-



10 Exanmpl e 45: -

(85)-2-(norpholin-4-yl1)-9-(phenyl acetyl)-8-(trifluoronethyl)-

6, 7,8,9-tetrahydro-4H pyrim do[ 1, 2-a] pyri m di n-4-one The product is
prepared according to the procedure described in 15 Exanple 18, using 300
mg of (8S) - 2pyipy y1-8-trifluoronethyl-6,7,

t et rahydr opyri m@gﬁmﬁg pyrim di n-4- ongq( Exanpl e FP?T/FBZMO/O?’I%TOA& um
hydri de and 152 ng of phenyl acetyl chl orl de in4m of tetrahydrofuran

After two suggeseiealRdrbbyriaidopn rirhildinC4-oRar QERERGIA ! uent o
CH2C12/ MeOH; gradi ent of 100/ 0 o 98/°02 then CH2Cl2/ Et 0Ac 95/ 05), 12 ng of
(89) - 2- dimethylformamide, 251 mg of 1-iodo-3-methylbenzene, 349 mg of

20( nor phol i: tri t et ahydro
AH pyrini dgtfﬁo%@s] g) ;2}'&8 %é/néq%&éo 5503’3%@555%&%9&?@%?%3 %’8 our | ess
| acquer, t hwatmeatﬂaj’amine:sﬂ\ftér Whioah aﬁﬁGOF(DQJrfdéHrﬁiMdmve irradiation and
W2011/0Q1113PCT/ FR2010/ 051374 98. 1H NVR spectrum (400 MHz): 1.91 (m 1 H) X

2.59 to 2 6951i¢ calumn purifigation ofthe)resylting re@ctmmmv(tme (eluygjon wasber(trqf 4

b7 s S0 {5 CHEEE” to Rkl AeRH beid2) D185 g reesetS didhvpngfiyi2,( 1) 1)
7.23 (t, J= 7(n70rblho!|rilr4h’al)cSItriﬂ&o(drnetﬂlny—GYTBIzQteiﬁ'alHydi\z‘ﬁsﬁl -Spetitopndaly met hod
A Retention tine Ir ase peak: niz

' = 0.99; . . m.z
303. 10 Exan@frén'ﬂﬁ"‘é%’@)e%fﬁ'{@l”@ﬁl 'B'r\{ggﬂﬁérmﬁ%ﬁgfe]enzsqlmﬂméha!@c&rgﬁi&s8-
of which are the following:
10 "H NMR spectrum:

2.31 (s, 3 H); 2.37 to 2.47 (m, 2 H); 3.02 to 3.16 (m, 4 H); 3.19 to 3.39
(m partially masked, 1 H); 3.40 to 3.53 (m, 4 H); 4.28 to 4.40 (m, 1 H); 4.93
(m, 1 H); 4.99 (s, 1 H); 7.13 (m, 2 H); 7.19 (broad s, 1 H); 7.29 (t, J=7.5 Hz, 1
H)

15 Mass spectrometry: method A
Retention time Tr (min) = 0.90

[M+H]+: m/z 395.

Example 36: (85)-9-(4-chlorophenyl)-2-(morpholin-4-yl)-8-(trifluoro-
20  methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

Chiral

Cl



(trifluoronethyl)-6,7,8,9-tetrahydro-4H pyrim do[ 1, 2-al pyri m di n-4-one The
product is prepared according to the procedure described in 15 Exanpl e 40,
usi ng 150 ng of (8S)-2-(norpholin-4-y1)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H pyrimdo[ 1, 2-a]pyrimdin-4-one in 2.5 mM of toluene
are added 29fyagmp1afosEdisum hydroxide in 2.5 m of f§7

t et rabut yl anmoni um hydr ogen sul phate an@,216 ng of 1- ?i:bronnet yﬂ) 3-

chl orobenzene. After 44 hours at 60C. After cooling, the reaction mxture

is 20 diluted w ttheetghydudcrt ?Fépar@&eaé&cﬁ@iﬂ%gctoofﬁ@éeprbéeélﬂ%aﬂééé’r%@d‘qnthe
aqueous phase is extracted w eth acet a The conbi ned organi ¢ phases

‘are concent riafamapleo 13y \ouié sesing RGO ﬁ'@@luefefﬁﬁ))r%mpbolmﬂ yi-driflesriotnathyls
PUrTL20 o B SRy Balr Qe tifidin R oRY. REGRADRY 1¥f, Bk S of Vet hod

phenypet hy1]1-zhbrmnpbodamenz@n¢;t)3z& (thyi bF uaperEBSinmM )plﬁ)sEhﬁteg 156 r py @F 0- 4H-p
yrimdo[ H@] pyrim.din-4-one are thus obtained, the characteristics of

whi ch ar PPsT fasifegnd 9BHNENa (35 ravslqhewanastz3-diamine. Aften1 hayrat 05 (m
1 H: 2. 34 4 17

1 lI:DD; 3. 38 5{?03%5“19%? 'ﬁ%ﬁé‘page Ifa é'ﬁm]“"i is-@d i cpfur 2‘}“rffmat'é E@’f s (o
o L A sy i DB 3
213 [MH+H 9% 469 %Q{H ﬁz}r{ﬁ%@@f) ieﬁryfl—érﬁf!f%ﬁbfqmﬁﬂwﬁ '
Tabl ets cor r@?M@étF%yHPo 4bhep grﬁhhew g%][ﬁ\ﬁfrﬁmrﬁ-& 1o %ﬂ%r&ftaifn%ﬂﬁh%ﬂe §’Fn9d“0t

of Exanple 1 ExCipient Tor a aving a wel ght

(det ai | 400f ermreyemfpamnthe tharactedisticsabiowhish are the folignirsg:um st ear at e)

Exanple 1 is taken by way of exanple of a pharnaceutical preparation, it
H NMR spectrum

2.41 to 247 {m, 2 H); 3.07 to 3.12 (m, 4 H); 3.20 to 3.43 (m partially
masked, 1 H); 3.46 (m, 4 H); 4.35 (m, 1 H); 4.94 (m, 1 H); 5.01 (s, 1 H); 7.39
(d, J=8.8 Hz, 2 H); 7.49 (d, J=8.8 Hz, 2 H)

15 Mass spectrometry: method A
Retention time Tr (min) = 0.94;

[M+H]+: m/z 415.

Example 37: (88)-2-(morpholin-4-yl)-8-(trifluoromethyt)-9-[4-{trifluoro-
20  methyl)phenyl]-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

1 M

F

The product is prepared according to the procedure described in



20 being possible for this preparation to be carried out, if desired, wth
ot her products of fornmula (1) according to the present invention, and in
particul ar as exanples in the present application, anong Exanples 2 to 46
and 48 to 56. The products of the table bel ow are products of formula

(1) as defingznaysnq1gnd constitute exanples 48 tg Spent
I nvention. These products 25 from 48 togs6 are prep ared as |nd‘?fat ed above

in the experinental section. W?2011/00II13PCT/FR2010/051374 100 Exanpl e
Name Mass spEgimpleetpy bulb/'ajémgi 2Tr>o nT &msé)iw&p%m 45BN Tt AG-

94(R) - 2- Benzo%ﬁ]géhl ophen-2-y rox et
mor phol i n- 4-6 'GQaHMdT@FPMEmIdﬁBt%‘?]pwsmﬂd@-‘i}onet (Exayaple- 1e), 313 mg of

015 %5 S U)o LR ymsas 6919 oo
thyl-6,7, 8, Bitegppshictidesnd B6dag bf (23, 28)RytioRetie-4-28RnHné3After 1 hour
5 at 150°C under microwave irradiation and silica column purification of the
resulting reaction mixture (elution gradient of CH.Cl, to CH.Cl./MeOH 98/02),
120mg of (8S)-2-(morpholin-4-yl)-8-(trifluoromethyl)-9-[4-(trifluoromethyl)-
phenyl]-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in

the form of a greenish solid, the characteristics of which are the following:

10 "H NMR spectrum (400 MHz):

2.42 to 2.53 (m partially masked, 2 H); 3.01 to 3.13 (m, 4 H); 3.22 to
3.38 (m partially masked, 1 H); 3.41 to 3.46 (m, 4 H); 4.37 (m, 1 H); 5.03 (s, 1
H); 5.05 (m, 1 H); 7.62 (d, J=8.6 Hz, 2 H); 7.81 (d, J=8.6 Hz, 2 H)

Mass spectrometry: Method A
15 Retention time Tr (min) = 0.98

[M+H]+: m/z 449.

Example 38: (88)-9-[(1R or 1S)-1-(2-fluorophenyl)ethyl]-2-(morpholin-4-
yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-
20 one

Stage c:

The two diastereoisomers of (8S)-9-{(1R and 1S)-1-(2-fluorophenyl)-



m z 441 Exanple 50 _

2-Di met hyl am no-N-{3-[(S) - 1- hydr oxy-2- ((S) - 8- nor phol i n4-y1-6-o0xo0-2-trifluor
onet hyl- 3, 4-di hydr o- 2H, 6H

pyrimdo[ 1, 2-a] pyri m di n-1-yhet hyl | phenyfl acetam de 0.51 nmz 525 Exanple 51

9- [(S) 2 Hych}gm t hoxyphenyhet hy1] - 2- mor pholgdH, &?ﬁ I f1 uorone
t hyl - -tet rzqir]d(ﬁ?ggyri m dop 2- al pg | m di n- 4- one Uﬁ@d‘gé Exanpl e

52 9- [(S) 2 (4 Fl uor o- 2- net hoxypheny1) - Z-"hydr oxyet hyl | - 2-
mor phol i n- 4'étﬂylfi.‘z((ﬁiorbﬁ’&llnuﬂ?fyﬂf@(tﬂﬂ&or@n?etﬁgj?—EE(?E%{)Q?{%%%%WmAH-pyrimido-

pyrim do[ 12-a] pyri m di n- 4- one

9-[(S)-2-(4d @}D&F"ZNMW reessaradiyy chirgl ehhgrhatography (Chlralpak AD

ror oL 4 008 (R OR54 WSl B8 B! A0 sing 70 mg o

9-[(9)-2- (2mleommmtdnm@ﬂmamaerao@mfe%yet hyl] - 2-
nor phol i n-4-y1-8-(S)-trifluoronethyl-6, 7,8, 9-tetrahydro-

pyrim dog1, 2- a] pyyi 5kl b7 489NO-[BHR Sr 1S)-1—(2—f|uorophenyl)ethyl]-2-(morpholin-4-
yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
are thus obtained, the characteristics of which are the following:

'H NMR spectrum (400 MHz):

1.62 (d, J=7.2 Hz, 3 H); 1.68 to 1.85 (m, 1 H); 2.30 to 2.39 (m, 1 H);

10 3.20to 3.42 (m, 5 H); 3.50 to 3.65 (m, 4 H); 4.03 (m, 1 H); 4.22 to 4.36 (m, 1

‘ H); 4.99 (s, 1 H); 6.05 (q, J=7.2 Hz, 1 H); 7.14 to 7.29 (m, 2 H); 7.35 to 7.43
(m, 1 H); 747 (m, 1 H)

Mass spectrometry: method B
Retention time Tr (min) = 4.02
15 [M+H]+: m/z 427

Optical rotation: OR = +33; C = 2.543 mg/m] DMSO.

Stage b: "(88)-9-[(1R and 18)-1-(2-fluorophenyl)ethyl]-2-{(morpholin-4-yi)-
8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

(\N’E‘;i;j?(':

o/

20

The product can be prepared according to the procedure described in



mz 489 Exanple 55 9-(2-Hydroxy-3-phenyl propyl)-2-norpholin-4-y1l-8-(S)-
trifluoronethyl-6,7,8,9-tetrahydropyrimdo[1,2-alpyrimdin- 4-one 0.74 nu z
439 Exanple 56 9-[2-(4-Hydroxyphenyl)ethyl]-2-norpholin-4-y1-8-(S)-
trifluoronethyl-6,7,8,9-tetrahydropyrimdo[l,2-a]pyrimdin- 4-one 0.68 nmz

425 Phar maogiopyqalo™aet on:  Experimental prot ocobgT/Hr2Mi0jdHt 374
experinmental procedures 5The inhibi torR§5actiV| ty of the nolecules on AKT

phosphoryl ation is W?2011/001113PCT/ F 10/ 051374 101 neasured either by
west ern bl otgiaiaplesi Tobiithesihg Gooi mg%ﬂ@m-hﬁgrﬁhﬁliﬁ%yg?B-(ﬁ'}flubP&nE@Q[ -
ni que

Mil ti-spot Bignarker detection technique from Meso Scale Discovery “dl so
descri bed bel6,O4etratyererdibpwimisiobt2-apyrimidinsdtonst, mdl @culofs, aaeatunbot h

o ees oA 2o TR T TR BT eBARE TS 850 BB
below) in 22ml of acetoniirile. After silica column purification (eluent:
5 CH2Cly/MeOH 97/03), 70 mg of a 70/30 mixture of the two diastereoisomers
of (88)-9-[(1R and 1S)-1-(2-fluorophenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoro-
methyl}-6,7,8,9-tetrahydro-4H-pyrimido]1,2-a]pyrimidin-4-one are obtained in
the form of a pale yellow powder, the characteristics of which are the
following:

10 Retention time Tr (min) = 0.93 and 0.90: 70% - 30% mixture of

isomers;

[M+H]+: m/z 427.

Stage a: 1-(1-chloroethyl)-2-fluorobenzene
15

—-_

cl \/

767 mg of thiony! chloride are added to a solution of 1 g of commercial
1-(2-flucrophenyl)ethanol in 20 ml of chloroform. After stifrring overnight at a

20 temperature in the region of 20°C, the reaction mixture is washed with a
saturated aqueous solution of sodium bicarbonate and then dried over

3 anhydrous magnesium-sulphate, filtered and concentrated to dryness under
reduced pressure. 780 mg of 1-(1-chloroethyl)-2-fluorobenzene are thus

obtained, said product being used as it is in the next stage. -

25



This test is based on neasuring the expression of the AKT protein
phosphoryl ated on serine 473. The phosphoryl ati on of AKT (pAKT) is neasured
by western blotting in the PC3 human prostate carcinonma |ine 10 (ATCC

CRL- 1435), using an antibody that specifically recogni ses pAKT-S473.

On day 1, thgd2@31awiq1q3are seeded into 6-well plat ﬁ%’) ) at the
concentration of 0.8x106 cells/well in 00 pl of Iﬁﬁw:rre |1l(J}Z10 G bco
#11960- 044) contai ning 10% of foetal calt serum (SVF G bco, 15 # 10500- 056)
and 1% gl ut amxmﬁp(etsgs (esgagbw%r%ém {24 oropREn{NEMRA-24mRdirpBéfm-£% CO2

over ni ght. he cell's are incubated in’the pr esence or

~ absence of t)ﬂb‘st(tﬁﬂU‘b"r%'ﬂﬁﬂ%)-ﬁﬂs&@-tetj'aBYdt‘mﬂH pyrigide][1h2-aleynimidiende of 5%
CO2. The nol | es, diluted in dinethyl sul phoxide (DVMBO Sigma #D2650), are
added 20 froma 10-ti mes concentrated stock solution, the final percentage
of DMBO being 0.1% The nolecules are tested either at a single
concentration of |less than or equal to{l0 pM or at increasing
concentrations in a range that can ext mless than 1 nMto 10 pM
After this incubation, the cells are[fysdd for the preparation of the 25
proteins. After the culture nedium has been drlawnFoff, the cells are rinsed
with 1 mM of PBS (DPBS G bco,
of conpl ete HNTG buffer and tiansf

#651201), and lysed for 1 h oR<jce. The '
foll ow ng m xture: 50 mM hepes, 150 , 1% triton, 10%glycerol, with
30 extenporaneous addition of one MHn Qt ease I nhibitor Cocktail tablet

W)2011/001113PCT/ FR2010/ 051374 102 (Rothe 1836153) and of one Phosphat ase
I nhi bitor Cocktail tablet (Rochel04906837001) per 10 m of buffer.

~ The lysage is CenTtHé ﬁl‘é@ﬁﬂlsfpﬂlnﬂ%gtlﬂh (Ef’ém?l%% 'REde é?élgB'reQultssMp? Q% nt are

recovered. 150 are incubated for denaturation f the 5
presence of ofX( R.Eg 38ii@-Budrbphenyl)etisH2-4roophblinr4ryl}a- (igﬁuomef

et Neboos) el LienergRRe-AEH OB A4 b4 S, 4 Pacdiyt oy “The

ni cr oBCA t ecimamber 66k itk D8araetdrizécs ofWRickadrelht kllowing! the M CFOBCA
Protein Assay Kit (Pierce #23235). 10For protein separation, 20 pg of

proteins are | oadpNgR §Fecri(AHSHIHz):

10 1.69 (d, J=7.0 Hz, 3 H); 1.97 t0 2.12 (m, 1 H); 2.36 to 2.46 (m, 1 H);
3.15 to 3.35 (m partially masked, 5 H); 3.43 to 3.59 (m, 4 H); 4.09 (m, 1 H);
4.72 (m, 1 H); 4.93 (s, 1 H); 5.73 (q, J=7.0 Hz, 1 H); 7.07 to 7.25 (m, 2 H);
7.28t07.40 (m, 1 H); 7.51 (m, 1 H)

Il plate (G einer
fer is conposed of the

Mass spectrometry: method B
15 Retention time Tr (min) = 3.93
[M+H]+: m/z 427

Optical rotation: OR = -96.3+/-1.4; C = 2,812 mg/0.5 ml DMSO,



4-12%Bis Tris Gel, 12 well (InVitrogen ref NP0322BOX) and the mgration is
carried out for 1 h 30 in 20X NU- PAGE MOPS SDS Running Buffer diluted
20-fold (InVitrogen ref NP0O001l), at 150 volts. The gel is then
transferred on to an Invitrolon PVDF nmenbrane 15 (Invitrogen #LC2007)
perneabilis for a few seconds in etha F-scher
Scientific gtg/d(?ggg{)@?g)g - The traﬁgfer IS caﬂyg%ﬁﬁfdr?@% or ad
tank at 30 volts overnight or at 60 vol for 3 hours, in the presence of

20X NUPACE E uf fer lsztge% en B)ny.e20The
menbrane is t%ﬁﬁgﬁ(ﬁr at ed ﬂ‘r? at r@?f'%g*‘g%'féu'@%tﬁﬁgg?p%’ég@%@ﬂ%@'l Ox Iris
Buf f er ed - Sal(trifiuoroingethyl)16,3.8:9-tetrahydrb-48-pyrinijdo[d,2-2q dyriraidiact-oBieg ma
#P5927) and 3% BSA (Bovi ne Serum Al bumin Fraction V, Sigma #A4503) for 6 h
after overnight transfer or else for 1Ch after transfer for a period of 3
h. 25The primary antibodies are diluted to 1/1000th for the anti-phospho
AKT- Ser473 anti body (193H2, rabbit » cat #4058 from Cell Signaling
‘Technol ogy) Abcam), in saturating so osed of PBS, 0.1% Tween 20

and 3% BSA, and then shaken ov i . Two rinses for 5
mn in washing sol ution conpofed
out before hybridisation of t e\}gﬁcondary 3

3

W)2011/ 001113PCT/ FR2010/ 051374 e secondary anti bodi es are
diluted to 1/10000th for the rabbit anti-Muse 1gG HRP anti body (W02
Promega) and to 1/10000th for the goat Rabbit 1gG HRP anti body (W01
Pronmega) in saturating solution, and t aken for 1 h at anbient
tenperature. 5Two rinses for 30 mn in wastfwg solution are carried out and
then a rinse for 5 minin H20 is carried out i'n order to elimnate the
remai ni ng Tween 20. The revealing solution is prepared

vol une- f or - vol un@88cdvgdiaig sodiunhe hyduiidecaln b2biret i of owvatere S@sngr of

Li ght nin ] 1 e agent Plus 10 tern_ Lightnin

e 1 unp ned e bRl ER 0 HRRER b itnzind, oB0 Tod pr 1 XESToR et ane 1 <
pl aced in t Higorshepabhaars aldbd o af WilutiordM 5EARY SrRES)INE8sipRBIRALYIREN tWo

t ranspar ent ég_l ates and then qtzl aced in the neasudring device for reading the

| um nescencérdiyaramethyl-fat . B19-telahydraof Hrmeinidgiia?-alienidBr4monsescendre i s
d with t j A i . he .EULl .. i
the total | o OB AGH S8 holiSbndan micspwdlE iiradiaE deBSeTaoy't °F hen

subtracts t ettsamka GEMdistovee apPéhatis)enr G0 C el thia dnendiirzryai at beedpand
sel ect egil (Area), .said backgrouond noi se being cal culated froma specific
backgr ot} ﬁ('i‘% Ige:91% howrs At A0k diietrsagiipromiduig isgliluted with athylacstaigal

the presenca et 5o e 8 HasteEhilR Syl 1 BREEAEPofoe B SOHRREY o e
cal cul ates tnd thes periceniratadt tovdrypegRantle) rahicedneeséore. edieh puriidatien ect ed
o ehin Lo i SRR el PR ] ol B
9-[2-(3-fluorophenyl)ethyl]-2-(morpholin-4-y|)-8-(trifluoromethyl)-6,7,8,9-
15 'tetrahydro-4H-pyrimido[1 ,2-a]pyrimidin-4-one are obtained, the characteristics
of which are the following:

"H NMR spectrum (400 MHz):

1.87102.05 (m, 1 H); 2.29t0 2.38 (m, 1 H); 2.82 to 3.24 (m, 3 H); 3.38
.10 3.50 (m, 5 H); 3.60 to 3.66 (m, 4 H); 4.11 to 4.25 (m, 2 H); 4.50 to 4.69 (m,
20 1H)4.99 (s, 1H);6.961t07.15 (m, 3 H); 7.28 to 7.41 (m, 1 H)

Mass spectrometry: method B

Retention time Tr (min) = 4.10



25 formula (100% - Ratio). Two i ndependent experinents nake it
possible to calculate the nean of the percentages of inhibition obtained at
a given concentration for the products tested only at one concentration.
W2011/001113PCT/ FR2010/ 051374 104 concentrations tested and representing
t he dose gi wyrop ecific inhibition (absol ut () i-hdependent
experinments mkeﬁﬁ?’g%)gs@?bl e to calcula t he nean ls(;(f?'th he q18:%y(8§1/%7l‘1€es.
Study of pAKT expression in PC3 human prostate carcinoma cells 5 neasured
by the MsD Mul ti - ]+Bh@sapker Detection technique from Meso Scal e

Di scovery (Test B;: This test is based on neasuring the expression
of the AKT protein phosphorylated on serine 473 (P-AKT-S473), in the PC3
human prostate carcinoma |line, by neans of the technique based on a

sandwi ch 10 ¢ ay usi | \ i.-SROL . Bi rker ection kit
from Meso Sc%l e Bli)%%z'ver y: gﬁﬂgﬁ%%’l\#bh%@% W&%&‘ﬁy'ﬁiﬁ!_ Wior
(#K151CAD) ° GﬂeﬂMFﬁm3ﬁkﬂetl(W%-ﬁ9?iﬁ!lidAFt,zvdgpyﬁnﬁsiH-ﬂdh%?t e kit ,
(#K15100D). The primary antibody specific for P-AKT-S473 (Kit #K151CAD) is
coated onto an electrode in eggppgmel I of the 96-well plates of the MSD kit:
after the addition of 15 a protein |lysate to each well, the signal is

vi sual i sed by addi ng a secondary detection antibody |abelled with an

el ectrochem | um nescent conpound. The ocedure followed is that described
in the kit. On day 1, the PGS s are seeded into 96-well plates
(TPP, #92096) at the concentration ells/well in 200 pl of DVEM
medi um ( DVEM 20 G bco #11960-044) co 0% of foetal calf serum (FCS
G bco, #10500-056) and 1% gl u f5030-0_24), and incubated
at 37C, 5% CO2, overnight. he |ls are incubated in the
presence o][ g(l))/sepccéogf El_ﬂe tzg® product-s o éLFép_ 2 g attﬁ7|C [ nltﬂe -
presence o 00 : e i luted in dimethyl sul phoxide
(DVMBSO Si gna #D2650), are added from & i mes concentrated stock sol ution,
the finap percentage of DVSO being 0. I% _ i
a single concentration of |less than or equal to 10pM or at increasing
concentrati @tagere:a range that can extend fromless than 1InMto 10pM
W2011/001113P R2010/ 051374 105 proteins. For this, after the culture
medi um has heenoftadslull tarbelal afl ﬁ%é'% (# bl hidieBfel he MsD
kit contai ni ng t he protease an% pﬁosp at a@e |t;rg1dlzgi| Pc/)or?h@gl %{el %ﬁggérté %dded
to the wel | $Sugpansipe ofl |'sgardd |{$5¢3-lumro 2-(marphélth-dipi R8 g trifkiorgmetiy)t hi s

stage, the nt ai ni t he | tes can.5,be frozen at -20C or at
"800, R Bt Rl 28 r4che M it Obreoioatlieat o
for 1 h1at axfhbrasitringonsthRjhYbe atbiiperaard P i 0%0{; }o H,\Q@gkit-
Four washes are car_rqa_ed of%hwwi th ﬁr@o_ pl Itof iri sg{/\as Ou]@]ﬁ,"élﬁ’é SPQE?%e D kit.
The | ysat es aptainpd s filjeredeand the asultingafitrate iscebricentratetetc06rwebs umdkt i - spot
plates of tREqyced pressure. The oily yellow residue is purified on a silica column
(eluent: CH,Cl/MeOH 98/02). The fractions of interest are combined and

concentrated to dryness under reduced pressure. The residue is taken up

15 with diethyl ether, spin-filter-dried and then dried under vacuum. 600 mg of
(8S)-9-benzyl-3-fluoro-2-(morpholin-4-yl)-8-(triftuoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one are thus obtained in the form of a
white powder, the characteristics of which are the following: _

""H NMR spectrum (400 MHz):" -

20 2.17 10 2.30 (m, 1 H); 2.39 to 2.46 (m, 1 H); 3.31 to 3.52 (m, 9 H); 4.23

(m, 1 H); 4.55 (d, J=16.1 Hz, 1 H); 4.61t0 4.73 (m, 1 H); 5.13 (d, J=16.1 Hz, 1
H); 7.20 to 7.26 (m, 3 H); 7.28 to 7.36 (m, 2 H)



10 MSD kit and incubated for 1 h at anbient tenperature, wth shaking. Four
washes are carried out wwth 150 pl of Tris Wash Buffer of the MSD kit. 25
pl of the MSD sulfo-tag detection anti body solution are added to the wells
and incubated for 1 h at anbient tenperature, w th shaking. Four washes are
carried out l4q0f iris Wash Buffer of thefl\@ﬁ ' of Read
15 Buffer ofwﬁlz{g‘!ﬁ/g%”ﬁi']? are added to tgq wells and t g’ﬂaogpéogﬂgjg read

i mredi ately on the 512400 i nstrument from Meso Scal e Di scovery. The

i nstrunent neasung@asfspgedivthethemaaedgrel 1. Vel l's without cells and
containing the lysis buffer serve to determ ne the background noi se that

w il be subtract Fay ¥ ments (mn). The wells containing
‘cells 20 in the g;gest%ﬁ@(gﬂ g‘#]leptrl(;( d@faghtg‘ei n the presence of 0.1% DVSO are
considered to be 0 ignal (max). The percentage inhibition is

cal cul ated for ea[%ﬁ%’n@lénﬂ%ti on of test product according to the
following formula: (1-((testnmin)/(nmax-nin)))x100. The activity of the
product is translated to | C50, obtained froma dose- 25 response curve of
the varigus goncept ions tested and representing the dose qgiving 50%
speci fi c®i nIﬁﬂﬂ&ign&?‘éﬁg‘ﬁf‘ﬁf‘é&r&@'jl?h@'ﬂ'ﬁdﬂbﬁﬂﬂgmmﬁlﬂﬁhﬂﬂeﬁ\? 3, 4drbrar ¢
possible to K% ; ] GF alues. The inhibitory activity
of the nol ecﬁl}’lﬂergl%n aﬂmr?ggg%]gpﬂehggbﬂre é; the transl ocation of the LC3
protein fromthe cytoplasmto the 30 autophagosonmes. For this, Hela cells
were transfected with a vector encoding W?2011/001113PCT/ FR2010/ 051374 106
the chinmeric protein GFP-LC3. A Hela ck)one stably expressing the G-P-LC3
protein was sel ected. The translocatioff of the LC3 protein is determ ned by
measuring the nunber of cells exhifjti granul ations after a netabolic
stress, using an i Cyte automatic i mafje angl ysiis cytoneter (Conpucyte).
5Study of the translocation of the L inin Flela human cel |l s,
nmeasured by inmage anal ysis cypoOnetny On day 1, the Hela
G-P-LC3 cells are seeded intol96-well plated c ed with poly-D1ysine
(G einer, #655946) at the corfe ation of 15 000 cells/well in 200 pl of
DVEM nmedi um (DMEM G bco #11960-044) 10 containing 10% of foetal calf serum
(FCS G bco, #10500-056) and 1% glutam ne (L-A@ u G bco #25030-024), and

i ncubated at 37C, 5% CO2, overnight. On day 2, the cells are washed

twice w {lh EBSS ﬁ gna #E3024%). The cells are then incubated in EBSS, 10 pM
of hydr d2ychl or oghienrogHat 3% be preparsgRteording torkhe prosadura deseripe@dence of

5% CQ2. The g | egg ar LI ut edy ' hyl, suykp W__i -9
#D2650), the ]‘inﬁ@l? D@BO %gggeﬁ%’agghge?%ﬁo%% %ﬁhert%pgc%rﬁes arﬂgoﬁggt ed at
i ncreasi ng ¢wiflueramethiyl)ts7 ,8(0-tetraduygdeo-# Hapyriraido Eix 2@y rikmidim-4-@neMii & il pM
oY . ; , .
After t h.' S Io?cauc% 3rllif|)'tri]é, zgr;]c? ']C6e lrnllsofarq'tgrghlo)iiﬁg wfttep a4 ;?eﬁgé %cv%rrrﬁag'ltd gt(] y6(215(20,
1.1 g of (8S)-3-fluoro-2-(morpholin-4-yl}-8-(trifluoromethyl)-6,7,8,9-tetrahydro-

15 4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form of a beige powder,

the characteristics of which are the following:
Mass spectrometry: Method A
Retention time Tr (min) = 0.56
[M+H]+: m/z 323; [M-H]-: m/z 321.
20



20 (Sigma #HT501128 4L) for 10 mn. The cells are then washed twice with
PBS and then the nuclei are stained with 2 pg/m of Hoechst 33342
(I'nvitrogen #H3570). The 96-wel|l plates are then read with the i Cyte inmage
anal ysis cytoneter (Conmpucyte). The anal yser quantifies the nunberS of

cel | s exhi biwigm 4% orq@nul ations. A cell is consi w tive when
It 25 exhibits at |east 4.LC3 granul atigﬁs. The peﬁﬁ%ﬁ&%@@@ ce I4s

exhibiting nore than 4 granulations is calculated relative to the total

nunber of cegiage c: (SSTJ%EI@&U-Zidﬂor@-si(ﬂﬁlM&%gi)sﬁ,?fméﬁ&iﬁ%#dhhgo’

obt ai ned froma dose-response curve of ‘the variou$ ‘concentrat s tested
~and repr eserRYnigido{d,2tglyrimidingt-60€6 speci fic i nhibition (absolute 1C50).
Two i ndependent 30 experinments rmake it possible to calculate the nean of
the I C50 val ues. W2011/001113PCT/ FR2010/ 051374 107 The results

obt ai ned for the products as exaIJ_:rpI eglin the experinmental section are given
i n'the pharnmacol ogical results tab ~.Phar macol ogi cal results Table
1. Exanple Test A* Test B* Test C* |Exajie 1 15 11 Exanple 2 315
o
I N

F
C
FE
The enantiomers of (8R,8S8)-2-chloro-3-fluoro-8-(trifluoromethyl)-
5  6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are separated by chiral
chromatography (Chiralpak AD 20 ym 80 x 350 mm 250 ml/min 254 nm: 5%

EtOH 5% MeOH 90% heptane + 0.1% TEA), using 6.8g of a racemic
mixture.

The dextrorotary enantiomer is concentrated so as to obtain 3.13 g of
10 (88)—2-chIoro-3-ﬂuoro-8-(trifluoromethyl)—6,7,8,9-tetrahydro-4H-pyrimido[1 2~
alpyrimidin-4-one, in the form of a white solid, the characteristics of which are
the following:

Mass spectrometry: Method A
Retention time Tr (min) = 0.62
15 [M+H]+: m/z 272; [M-H]-: m/z 270

Optical rotation: OR = +19.6+/-0.6; C = 2.488 mg/0.5 ml CH3OH.

Stage b: (8R, 8S)-2-chloro-3-fluoro-8-(trifluoromethyl)-6,7,8,9-tetrahydro-
4H-pyrimido[1,2-a]pyrimidin-4-one

20 F

8 ml of phosphorus trichloride  are added to a solution of 6.5 g of (8R,



16 Exanple 3 15 20 Exanple 4 265 569 Exanple 5 10 1 7 Exanple 6 23 310
Exanple 7 1
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83)-3-fluoro-2-hydroxy-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-

. alpyrimidin-4-one in 20 ml of 1,2-dichloroethane. After stirring for 4 hours at a
temperature of 65°C and a return to a temperature in the region of 20°C, the
reaction mixiure is concentrated to dryness under reduced pressure. The

5 residue is diluted in 150 ml of ethyl acetate and 107m[ of ice-cold water. A
concentrated sodium hydroxide solution is added, at a temperature of
between 0°C and 10°C, until a pH of between 6 and 7 is obtained. The solid
formed is filtered off so as to give 3.5 g of a beige solid S1. The filtrate is
separated by settling out, and the organic phase is dried over anhydrous

10 magnesium sulphate, filtered and concentrated to dryness under reduced
pressure. After silica column purification of the residue (eluent : CH.Cl,/MeOH
97/03), 3.3 g of a pale yellow solid S2 are obtained. The two solids S1 and S2

are combined so as to give 6.8 g of (8R,85)-2-chloro-3-fluoro-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one, in the

15 form of a pale yellow powder, the characteristics of which are the following:
Mass spectrometry: Method B
Retention time Tr (min) = 2.90

[M+H]+: m/z 272; [M-H]-: m/z 270.

20 Stage a: (8R,88)-3~fluoro-2-hydroxy-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
0O
. _
LA
o F
HO N N
H g 1

9.6 g of sodium methoxide are added fo a suspension of 7g of
8-(trifluoromethyl}-1,4,5,6-tetrahydropyrimidin-2-amine hydrochloride

25 (Example 1, stage a) in 35 ml of dimethyl fluoropropanedioate. After the
suspension has been stirred for 3 hours at a temperature of 100°C, the



5 Exanpl e.8 75 462 Exanple 9 676 Exanpl e 10 357 249 Exanple 11 46 319
Exanpl e 12 6596
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medium obtained is concentrated to dryness under reduced pressure. The
residue is taken up in diethyl ether and then spin-filter-dried under vacuum.
The solid obtained is taken up in 14 mi of water and the resulting mixture is
cooled in ice before acidification to pH 5-6 through the addition of
5 concentrated hydrochlofic acid (25%). After sftirring for 2 hoiurs at a
temperature of 0°C and then overnight at a temperature in the region of 20°C,
the suspension is filtered and then the solid is spin-filter-dried and vacuum-
dried over P.0s. 6.5g of (8R,8S)-3-fluoro-2-hydroxy-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form
10 of a yellow powder, the characteristics of which are the following: |

Mass spectrometry: Method A
Retention time Tr (min) = 0.28

[M+H}+: m/z 254; [M-H]-: m/z 252.

15 Example 42: (8S)-9-(3,5-difluorophenyl)-2-(morpholin-4-yl)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-aJpyrimidin-4-one

Chiral

The product is prepared according to the procedure described in

Example 12, but using 250 mg of (8S8)-2-morpholin-4-yl-8-trifluoromethyl-

20  6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 276 mg of
1,3-difluoro-5-iodobenzene, 349 mg of tripotassium phosphate, 156 mg of
copper iodide and 93 mg of (18,28)-cyclohexane-1,2-diamine. After 1 hour at
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150°C under microwave irradiation and silica column purification of the
. reaction mixture (elution gradient of CH,Cl, to CH;Clo/MeOH 98/02), 91 mg of
(85)-9-(3,5-difluorophenyl)-2-(morpholin-4-yl)-8-(irifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form of an ochre

5  foam, the characteristics of which are the following:

"H NMR spectrum (400 MHz):

2.45 (m, 2 HY; 3.07 to 3.16 (m, 4 H); 3.32 t0 3.37 (m, 1 H); 3.45 to0 3.55
(M, 4 H); 4.36 (m, 1 H); 5.01 (m, 1 H); 5.04 (s, 1 H); 7.18 to 7.34 (m, 3 H)

Mass spectrometry: method A
10 Retention time Tr (min) = 0.95

[M+H]+: m/z 417; [M-H+HCO.H]-: m/z 461.

Example 43: (8S)-9-[(2,6-difluorophenyl)carbonyl]-2-(morpholin-4-yl)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

15

The product is prepared according to the procedure described in

Example 18, using 300 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-

tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 47 mg of sodium

hydride and 174 mg of 2,6-difluorobenzoyl chloride in 4 mi of tetrahydrofuran.

20 After three successive purifications by silica chromatography (eluent:

CH:Cl/MeOH; gradient of 100/0 to 98/02 then 98/1 and 98/2), 22 mg of
(8S)-9-[(2,6-diflucrophenyl)carbonyl]-2-(morpholin-4-yi)-8-(trifluoromethyl)-

6,7,8,9-tetrahydro-4 H-pyrimido[1,2-a]pyrimidin-4-one are obtained in the form
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of a white solid, the characteristics of which are the following:
'H NMR spectrum (400 MHz):

2.06 to 2.23 (m, 1 H); 2.69 to 2.79 (m, 1 H); 2.91 (m, 2 H); 3.06 {m, 2
H); 3.18 to 3.34 (m partially masked, 1 H); 3.37 to 3.50 (m, 4 H); 4.52 to 4.61
(m, 1 H), 5.23 (s, 1 H); 5.62 to 5.86 (m, 1 H); 7.04 to 7.35 (m, 2 H); 7.50 to
7.67 (m, 1 H)

Mass spectrometry: method A
Retention time Tr (min) = 0.93

[M+H]+: m/z 445,

Example 44: (8S)-9-[(2,4-difluorophenyl)carbonyl]-2-(morpholin-4-y1)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

The product is prepared according to the procedure described in
Example 18, using 300 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyi-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one (Example 1e), 47 mg of sodium
hydride and 174 mg of 2,4-difluorobenzoy! chloride in 4 mi of tetrahydrofuran.

After two successive purlficatzons by silica chromatography (eluent:

CHgCIp_/MeOH gradient of 100/0 to 98/02 then 99/01), 24 mg of (8S)-9-[(2,4-
diflucrophenyl)carbonyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H—pyrimido[1 ,2-alpyrimidin-4-one are obtained in the form of a
colourless lacquer, the characteristics of which are the following:
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'H NMR spectrum (400 MHz):

2.20 (m, 1 H); 2.67 to 2.77 (m, 1 H); 2.81 to 2.91 (m, 2 H); 3.03 (m, 2
H); 3.24 to 3.45 (m partially masked, 2 H); 3.37 to 3.46 (m, 2 H); 3.52 (m, 1
H), 4.30 to 4.48 (m, 1 H); 5.21 (s, 1 H); 5.53 to 5.67 (m, 1 H); 7.18 (dt, J=2.5
and 8.6 Hz, 1 H); 7.35 (ddd, J=2.5 and 9.3 and 11.2 Hz, 1 H); 7.61 to 7.71 (m,
1 H)

Mass spectrometry: method A
Retention time Tr (min) = 0.94

[M+H]+: m/z 445.

Example 45: (88)-2-(morpholin-4-yl)-9-(phenylacetyl)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

The product is prepared according to the procedure described in
Example 18, using 300 mg of (8S)-2-morpholin-4-yl-8-trifluoromethyl-6,7,8,9-
tetrahydropyrimidof1,2-a]pyrimidin-4-one (Example 1e), 47 mg of sodium
hydride and 152 mg of phenylacetyl chloride in 4 ml of tetrahydrofuran. After
two successive purifications by silica chromatography (eluent: CH>Cl./MeOH;
gradient of 100/0 to 98/02 then CH,CL/EtOCAc 95/05), 12 mg of (8S)-2-
(morpholin-4-yi)-9-(phenylacetyl)-8-(triftuoromethyl)-6,7,8,9-tetrahydro-4H-
pyrimido[1,2-a]pyrimidin-4-one are obtained in the form of a colourless
lacquer, the characteristics of which are the following:

38 Exanple 26 18

270
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'H NMR spectrum (400 MHz):

1.91 (m, 1 H); 2.59 to 2.69 (m, 1 H); 2.88 (m, 1 H); 3.33 to 3.45 (m, 4
H); 3.60 (m, 4 H); 4.07 (d, J=16.0 Hz, 1 H); 4.16 (d, J=16.0 Hz, 1 H); 4.43 to
4.52 (m, 1 H); 5.30 (s, 1 H); 5.48 to 5.61 (m, 1 H); 7.11 (d, J=7.7 Hz, 2 H);

5 7.47t07.23 (t, J=7.7 Hz, 1 H); 7.28 (t, J=7.7 Hz, 2 H)

Mass spectrometry: method A

Retention time Tr (min) = 0.99;

[M+H]+: miz 423;

[M-H]-: m/z 421; base peak: m/z 303.
10

Example 46: (88)-9-[2~(3~chlorophenyl)ethyl]-2-(morpholin-4-yl})-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

N
F F

A

Cl

The product is prepared according to the procedure described in

15 Example 40, using 150 mg of (8S)-2-(morpholin-4-yl)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one in 2.5 ml of toluene are
added 296 mg of sodium hydroxide in 25mi of water, 33mg of
 tetrabutylammonium hydrogen sulphate and 216 mg of 1-(2-bromoethyl)-3-
chlorobenzene. After 44 hours at 60°C. After cooling, the reaction mixture is

20 diluted with ethyl acetate. The organic phase is separated and the aqueous
phase is extracted with ethyl acetate. The combined organic phases are
concentrated to dryness under reduced pressure and the residue is purified
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by preparative HPLC/MS (Method D). 42 mg of (8S)-9-[2-(3-chloro-
phenyl)ethyl]-2-(morphaolin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4H-

" pyrimido[1 .2-a]pyrimidin-4-one are thus obtained, the characteristics of which
are the following:

5 "H NMR spectrum (400 MHz):

1.91102.05 (m, 1 H); 2.34 (m, 1 H); 2.81 t0 2.92 (m, 1 H); 2.94 to 3.04
(m, 1 H); 3.17 (m, 1 H); 3.38 to 3.50 (m, 5 H); 3.65 (m, 4 H); 4.09 to 4.22 (m,
2 H); 457 t0o 4.71 (m, 1 H); 4.99 (s, 1 H); 7.17 (d, J=7.8 Hz, 1 H); 7.25 t0 7.38
(m, 3 H)

10 Mass spectrometry: method A
Retention time Tr (min) = 1.03

[M+H]+: m/z 443; [M-H+HCO,H]}-: m/z 487.

Example 47 pharmaceutical composition

15 Tablets corresponding to the following formulation were prepared:
Product of Example 1....................... 0.2g
Excipient for a tablet having a final weight of ................. 1 .g
(details of the excipient: lactose, talc, starch, magnesium stearate).

Example 1 is taken by way of example of a pharmaceutical preparation, it
20  being possible for this preparation to be carried out, if desired, with other

products of formula (1) according to the present invention, and in particular as

examples in the present application, among Examples 2 to 46 and 48 to 56.

The products of the table below are products of formula (I) as defined above,
and constitute examples 48 to 56 of the present invention. These products

25 from 48 to 56 are prepared as indicated above in the experimental section.
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Mass spectrometry:
Example Name Method E
Tr (min) [M+H]+: m/z

Ekample 48 -| 9~((R)-2-Benzo[blthiophen-2-yl-2-hydroxyethyl)-2-
morpholin-4-y-8-(S)-trifluoromethyl-6,7,8,9-4etrahydro- 0.83 m/z 481
pyrimido[1,2-a]pyrimidin-4-one

Example 49 9-{(S)-2-Hydroxy-2-(3-hydroxyphenylethyi]-2-morpholin-
4-yl-8-(S)-trifluoromethyl-6,7,8,9-tetrahydropyrimidof1,2- 0.63 miz 441
ajpyrimidin-4-one

Example 50 2-Dimethylamino-N-{3-[(S)-1-hydroxy-2-(($)-8-morpholin-
4-yl-8-ox0-2-trifluoromethyl-3,4-dihydro-2H,6H- 0.51 miz 525
pyrimido[1,2-a]pyrimidin-1-ylethylJphenyilacetamide

Example 51 9-{(5)-2-Hydroxy-2-(2-methoxyphenyl)ethyi]-2-morpholin-
4-y1-8-(S)-triflucromethyl-6,7,8,9-tetrahydropyrimidof1,2- 0.74 miz 455
alpyrimidin-4-one

Example 52 9-[(S)-2-{4-Fluoro-2-methoxyphenyl)-2-hydroxyethyl]-2-
morpholin-4-yl-8~(8)-trifiluoromethyl-6,7,8,9-tetrahydro- 0.76 m/z 473
pyrimidof1,2-alpyrimidin-4-one

Example 53 9-[(8)-2-(4-Chloro-2-methoxyphenyl)-2-hydroxyethyl}-2-
morpholin-4-yl-8-(S)-trifluoromethy!-6,7,8, 9-tetrahydro- 0.81 m/z 489
pyrimide[1,2-g]pyrimidin-4-one

Example 54 9-f{S)-2-(2-Chloro-4-methoxyphenyl)-2-hydroxyethyl}-2-
morpholin-4-yl-8-(S)-trifluoromethyl-6,7,8,9-tetrahydro- 0.78 m/z 489
pyrimido[1,2-a]pyrimidin<4-one

Example 55 9-(2-Hydroxy-3-phenylpropyl)-2-morpholin-4-yi-8-(S)-
triflucromethyl-6,7,8,9-tetrahydropyrimido{1,2-a]pyrimidin- 0.74 mfz 439
4-one

Example 56 9-[2-{4-Hydroxyphenyl)ethyl]-2-morpholin-4-yl-8-(S)-
triflucromethyl-6,7,8,9-tetrahydropyrimido{1,2-a]pyrimidin- 0.68 m/z 425
4-one

Pharmacological section:

Experimental protocols

In vitro experimental procedures

The inhibitory activity of the molecules on AKT

phosphorylation is
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measured either by western blotting using the technique described below, or
by the MSD Multi-spot Biomarker detection technique from Meso Scale
Discovery also described below. It was demonstrated, on one set of

molecules, that both techniques give compatible results.

5 Study of pAKT expression in PC3 human prostate carcinoma cells

measured by western blotting (test A):

This test is based on measuring the expression of the AKT protein
phosphorylated on serine 473. The phosphorylation of AKT (pAKT) is
measured by western blotting in the PC3 human prostate carcinoma line

10 (ATCC CRL-1435), using an antibody that specifically recognises
pAKT-S473.

On day 1, the PC3 cells are seeded into 6-well plates (TPP, # 92006)
at the concentration of 0.8x10° cells/well in 1800 pl of DMEM medium (DMEM
Gibco #11960-044) containing 10% of foetal calf serum (SVF Gibco,

15 #10500-056) and 1% glutamine (L-Glu Gibco # 25030-024), and incubated at
37°C, 5% COy, overnight.

On day 2, the cells are incubated in the presence or absence of the
test products for 1 to 2 hours at 37°C in the presence of 5% CO,. The
molecules, diluted in dimethyl sulphoxide (DMSO Sigma #D2650), are added

20 from a 10-times concentrated stock solution, the final percentage of DMSO
being 0.1%. The molecules are tested either at a single concentration of less
than or equal to 10 UM, or at increasing concentrations in a range that can
extend from less than 1 nM to 10 yM.

After this incubation, the cells are lysed for the preparation of the

25 proteins. After the culture medium has been drawn off, the cells are rinsed
with 1. ml.of PBS (DPBS.Gibco, -#14190-094),:recovéred by scraping-in -200. ul -

of complete HNTG buffer and transferred into a 96-well plate (Greiner
#651201), and lysed for 1 h on ice. The HNTG buffer is composed of the
following mixture: 50 mM hepes, 150 mM NaCl, 1% triton, 10% glycerol, with

30 extemporaneous addition of one Mini Protease Inhibitor Cocktail tablet
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The gel is then transferred on to an Invitrolon PVDF membrane
15 (Invitrogen #1.C2007) permeabilised beforehand for a few seconds in ethanol
(Ethanol Fischer Scientific #£/0600DF/15).

The transfer is carried out in a Biorad tank at 30 volts overnight or at
60 volts for 3 hours, in the presence of 20X NUPAGE Transfer Buffer diluted
20-fold (InVitrogen ref NPO0O0G).

- 20 The membrane is then saturated in saturating solution composed of
TBS (10x Tris Buffered Saline, Sigma #T5912, diluted 10-fold), 0.1% Tween
20 (Sigma #P5927) and 3% BSA (Bovine Serum Albumin Fraction V, Sigma

#A4503) for 6 h after overnight transfer or else for 1 h after ransfer for a
period of 3 h.

25 The primary antibodies are diluted to 1/1000th for the anti-phospho

- AKT-Serd73 antibody (193H2, rabbit monoclonal, cat#4058 from Cell

Signaling Technology) Abcam), in saturating solution composed of PBS, 0.1%
Tween 20 and 3% BSA, and then shaken overnight at 4°C.

Two rinses for 5 min in washing solution composed of TBS and 0.1%
30 Tween 20 are carried out before hybridisation of the secondary antibodies.
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The secondary antibodies are diluted to 1/10000th for the rabbit
anti-Mouse IgG HRP antibody (W402 Promega) and to 1/10000th for the goat
anti-Rabbit IgG HRP antibody (W401 Promega) in saturating solution, and
then shaken for 1 h at ambient temperature.

5 Two rinses for 30 min in washing solution are carried but and then a
rinse for 5 min in HzO is carried out in order to eliminate the remaining Tween
20.

The revealing solution is prepared volume-for-volume according to the

technical bulletin of the Western Lightning Chemiluminescence Reagent Plus

10  (Western Lightning Chemiluminescence Reagent Plus Perkin Elmer
#NEL104).

The membrane is placed in the revealing solution for 1 min, drained,
inserted between two transparent plates and then placed in the measuring
device for reading the luminescence and the quantification of the signal. The

15 luminescence is read with the FujiFilm device (Ray Test).

The FUJI device measures the total luminescence signal obtained
(AU) for each band selected. It then subfracts the background noise (BG)
proportional to the size of the band selected (Area), said background noise
being calculated from a specific background noise band, with a view to
20 obtaining the specific signal {AU-BG) for each band. The band obtained in the
absence of product and in the presence of 0.1% DMSO is considered to be
the 100% signal. The software calculates the % specific activity (Ratio)
obtained for each band selected as a function of this 100% signal. The
percentage inhibition is calculated for each concentration according to the

25 formula (100% - Ratio).

Two independent experiments make it possible to calculate the mean
of the percentages of inhibition obtained at a given concentration for the
products tested only at one concentration.

Where appropriate, the activity of the products is translated into
30 approximate [C50, obtained from a dose-response curve of various
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concentrations tested and representing the dose giving 50% of specific

“inhibition (absolute 1C5). Two independent experiments make it possible to

calculate the mean of the |Csy values.

Study of pAKT expression in PC3 human prostate carcinoma cells

measured by the MSD Multi-spot Biomarker Detection technique from Meso

Scale Discovery (Test B):

This test is based on measuring the expression of the AKT protein
phosphorylated on serine 473 (P-AKT-S473), in the PC3 human prostate
carcinoma line, by means of the technique based on a sandwich
immunoassay using the MSD Multi-spot Biomarker Detection kit from Meso
Scale Discovery: phospho-Akt (Ser473) whole cell lysate kit (#K151CAD) or
phospho-Akt (Ser473)/Total Akt whole cell lysate kit (#K15100D). The
primary antibody specific for P-AKT-S473 (Kit #K151CAD) is coated onto an
electrode in each well of the 96-weli plates of the MSD kit: after the addition of
a protein lysate to each well, the signal is visualised by adding a secondary
detection antibody labelled with an electrochemiluminescent compound. The
procedure followed is that described in the kit.

On day 1, the PC3 cells are seeded into 96-well plates (TPP, #92096)
at the concentration of 35 000 cells/well in 200 pi of DMEM medium (DMEM
Gibco #11960-044) containing 10% of foetal calf serum (FCS Gibeo,
#10500-056) and 1% glutamine (L-Glu Gibco #25030-024), and incubated at
37°C, 5% CO;, overnight. '

On day 2, the cells are incubated in the presence or absence of the.
test products for 1 to 2h at 37°C in the presence of 5% of CO,. The
molecules, diluted in dimethyl sulphoxide (DMSO Sigma #D2650), are added
from a 20-times concentrated stock solution, the final percentage of DMSO

'being 0.1%. The molecules are tested either at a single concentration of less

than or equal to 10uM, or at increasing concentrations in a range that can

 extend from less than 1nM to 10uM.

After this incubation, the cells are lysed for the preparation of the
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proteins. For this, after the culture medium has been drawn off, 50 pl of

complete Tris Lysis Buffer of the MSD kit containing the protease and

‘phosphatase inhibitor solutions are added to the wells and the cells are lysed

for 1 h at 4°C with shaking. At this stage, the plates containing the lysates can
5  be frozen at -20°C or at -80°C. | |

The wells of the 96-well plates of the MSD kit are saturated for 1 h at
ambient temperature with the blocking solution of the MSD kit. Four washes
are carried out with 150 pl of Tris Wash Buffer of the MSD kit. The lysates
previously prepared are transferred into the 96-well multi-spot plates of the

10 MSD kit and incubated for 1 h at ambient temperature, with shaking. Four
washes are carried out with 150 pi of Tris Wash Buffer of the MSD kit. 25 l of
the MSD sulfo-tag detection antibody solution are added to the wells and
incubated for 1 h at ambient temperature, with shaking. Four washes are
carried out with 150 pl of Tris Wash Buffer of the MSD kit. 150 ul of Read

15 Buffer of the MSD kit are added to the wells and the plates are read
immediately on the $12400 instrument from Meso Scale Discovery.

The instrument measures a signal for each well. Wells without cells
and containing the lysis buiffer serve to determine the background noise that
will be subtracted from all the measurements (min). The wells containing cells

20  in the absence of product and in the presence of 0.1% DMSO are considered
to be the 100% signal (max). The percentage inhibition is calculated for each
-concentration of test product according to the following formula: (1-({test-
min)/(max-min)))x100.

The activity of the product is translated to ICsg, obtained from a dose-
25 response curve of the various concentrations tested and representing the
dose giving 50% specific inhibition (absolute ICs). 2 independent

experiments make it possible to calculate the mean of the ICsp values.

The inhibitory activity of the molecules on autophagy is measured by
the ftranslocation of the LC3 protein from the cytoplasm to the
30 autophagosomes. For this, Hela cells were transfected with a vector encoding
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On day 1, the Hela GFP-LC3 cells are seeded into 96-well plates
coated with poly-D-lysine (Greiner, #655946) at the concentration of
15 000 celis/well in 200 yl of DMEM medium (DMEM Gibco #11960-044)
containing 10% of foetal calf serum (FCS Gibco, #10500-056) and 1%
glutamine (L-Glu Gibco #25030-024), and incubated at 37°C, 5% CO,,
overnight.

On day 2, the cells are washed twice with EBSS (Sigma #E3024). The
cells are then incubated in EBSS, 10 uM of hydroxychloroquine and test
products for 2h at 37°C in the presence of 5% CO,. The molecules are diluted
in dimethyl sulphoxide (DMSO Sigma #D2650), the final DMSO percentage
being 0.1%. The molecules are tested at increasing concentrations in a range
that can extend from 10 nM to 1 uM.

After this incubation, the cells are fixed with 4% paraformaldehyde
(Sigma #HT501128 4L) for 10 min. The cells are then washed twice with PBS
and then the nuclei are stained with 2 ug/ml of Hoechst 33342 (Invitrogen
#H3570). The 96-well plates are then read with the iCyte image analysis
cytometer (Compucyte). The analyser quantifies the number. of cells
exhibiting LC3 granulations. A cell is considered to be positive when it
exhibits at least 4 LC3 granulations. The percentage of cells exhibiting more
than 4 granulations is calculated relative to the total number of cells.

The activity of the product is transtated to I1Csp, obtained from a dose-
response curve of the various concentrations tested and representing the
dose giving 50% specific inhibition (absolute ICsy). Two independent
experiments make it possible to calculate the mean of the ICs, values.



NRxRy bei ng such that Rx represents a hydrogen atomor an al kyl radical 5

and Ry represents a hydrogen atom or a cycloal kyl radical or an al kyl
radi cal optionally substituted with one or nore radicals, which nay be
identical or different, chosen from hydroxyl, al koxy, NRvRw and

het er ocycl oahiyzh1H
whi ch they are att

menbers and optionally

and N-al kyl, thi sTry eddifisoMhiRaH feihRD

b

one or nore other

; or Rx and Ry form vvithli,@
a cyclic radi c%-’. cont ai ni ng

such that Rv represents a hydrogen atomor an a

represents aplignege givendmtioe phacryatalegikgl resalts tadle beloan al kyl
~optionally substituted with one or nore radicals, which may be identical
15 di f f er entPharhexelodical mesutd Teblé 1: al koxy and het er ocycl oal kyl

PRI G4

10het eroat ons chosen fromO, S, NH

ST i Sl

radi cal
or
radi cal s;

or Rv and Rw form w tjh—t+henitrogenatomtg which they are attached, a
cyclic radical containing Exemple to 10estAj nBesid*s| Aest Ghii onal |y one or
nore ot her heteroatong ch@sen flr m Ol S, sNH[and N-al Ky this cyclic
radi cal bei ng opti onal -y STBEIRE &t ed; 28%thd- cycliclra lcals that Rx and Ry
or Rv and Rw, respectijvel Exaffle Por mwidtb t e nitrogeni@tops to which they
are attached, being ogti oggl Irr¥ SUbsSti tut1§d Wi Th one| of re radicals, which
may be identical or di A ,pk’r‘ncpn from Hal ogen gt ofs, and al kyl
hydroxyl, oxo, al koxy,| NHExalpaé k and NR@S k)|2 radi cpl 66925/ Rz represents
t he val ues of Ry exceft T%&@n rogen 0 ang Rz 11, the - NRxCORy, - CORy
and NRxCO2Rz r adi cal s, hei=¥§ Sen {ro’t hd neani ngs i‘ndi ¢at ed above for
Rx, Ry and Rz; all the ab%nﬁﬂgsl (al k), alikoxag and @1yl thi o radi cal s
being linear or branched and contaiming fronr1 o 6 carbormat ons,
W02011/ 001113PCT/ FR20l0/ 0&xampla 72 said product$ of| foPmula (1) being in
all the possible racenic, E@@ﬁmé gneriic &a6d di asterepi sigzeric i somer forns,
and al so the addition [satts—w tim_inorgarg.c and—organic acigds or with
i norgani ¢ and organi ¢ |bas&xanmgie 8aj d p(rjé)l} ctls of formula (1). 5 2) Products
of formula (1) as defi neqzj(é}nﬁeawn 1, igsgm™hijch: Rl repuesents an -L-phenyl
or -L-heteroaryl radi gary—such that—trepresents:—erther—ajsi ngl e bond,
or a linear or branchegd aExgmpleath cal cont ailni from31% 0|6 carbon atons
and 10optional |y subst|i tL‘Efﬁni’)‘fetﬁ a hydsogyl| radical, 441

Example 13 25 632

Example 14 15 337

Example 15 2715 7 > 1000

Example 16 41 187

Example 17 350 119

Example 18 335 > 1000

Example 19 39 > 1000

Example 20 60 > 1000

Example 21 24 157

Example 22 23 785

Example 23 24 663

Example 24 9 103

Example 25 7 38 |

Example 26 18 270

Example 27 10 . 363

Example 28 33 > 10000

Exampie 29 22 > 1000




or a COor -CO A k- group, or an L'-X group where L' represents a |linear or
branched al kyl radical containing from1l to 6 carbon atoms, and X an oxygen
or sul phur atom the phenyl and heteroaryl radicals being optionally
substituted with one or 15 nore radicals, which may be identical or I
different, olyepeA1fgoqqyBal ogen atonms and - NRxRy, alge®i F?@q 74r adi cal s;
the latter al koxy a Dg Pkyl radi cal s bej t hensel ves op onquﬁg
substituted with one or nore radicals chosen from hal ogen atoms; R2 .
represents an al kyl radical; 20 represent g yiLrgdital optionally
substituted with one (rf?ﬁfnﬁlg genl at ons; Illsﬁr)r ZA? hydr ogen atom
~or a fluorine atom NRE¥arAgler such that Rx1$@3pre365-7-s---a hydr ogendfitolm
or an al kyl radical and repr esents a nydnog atjo an al kyl radical;
or Rx and Ry form 25 MLg@m&erﬁarmpn at of ?ré'\/\h rr??g eyl are attached, a
-mor phol i no radical; al|l t%rﬁgg\@ al <y| (al L) @4 al kogp1radi cal s being

| i near or branched an nmtal i g from I to6 roomat

W)2011/ 001113PCT/ FR20 O/ ple said produc of fg',}l’ la (1) being in
al | the possible racefic,pgpamkigyer|c and {i agjyer €oi ggper | ¢ isomer forns,
and al so the additionsatts wth rnorgan candorganrc_acigds or with

i norgani ¢ and organi ¢ |bade®@mple 3&i d| productls 38 formlbZ (]). 5 3) Product s
of formula (1) as defi necb'ka{pn@btdﬂ-yer pbne of ¢ aijgs 1 apdny2, | corresponding to
the follow ng fornul agr—

(8S) - 912- (4- met hoxypheny getamgnik-38 (nor phol i n- 4-21) -8- (16¥i f | uor onet hyl ) -

6,7, 8,9-tetrahydro-4H pyrE)E ﬂ8[3j9 2- g] pyr| mi di n54- onezgﬁ?

942- (4- met hoxyphenypetth —2=( ot phot+—4—yPH—&{t+riHuoerenet hyl )-6, 7, 8, 9-
t et rahydr o- 4H pyri m dg[ 1 MWMOm dln 4 on¢g 3 82

Example 41 4 192

Example 42 20 310

Example 43 16 986

Example 44 108 > 1000

Example 45 14 > 1000

Example 46 4 16

* Tests A, B and C: ICsg (nM)

Antimalarial activity test

The antimalarial activity tests are carried out according to the

radioactive micromethod of Desjardins (R.E. Desjardins, C.J. Canfield,

5 J.D.Haynes, J.D. Chulay, Antimicrob. Agents Chemother., 1979, 16, 710-
718). The assays are carried out in 96-well microplates (Test Plates Ref.
92696, Techno Plastic Products Ag, Zollstrasse 155, CH-8219 Trasadingen).

The P.falciparum strains are cultured in solutions of RPMI 1640
supplemented with 5% of human serum with a haematocrit at 2% and a blood

10  parasite concentration at 1.5%. For each assay, the parasites are incubated
with selected concentrations of drugs for 48 h at 37°C in a humid atmosphere

and at 5% CO,. Artemisinin, artesunate and also chloroquine diphosphate are
used. as reference molecules. The first dilution of the drug is prepared at

1 mg/ml in dimethyl sulphoxide. The range of successive daughter solution’

15 dilutions is also prepared in dimethyl sulphoxide. Each daughter dilution is



- (89)-2-(norpholin-4-yl)-9-(2-phenyl et hyl)-8- (triquororrethyI)-G 7,8,9-

t et rahydr o- 4H-pyr|mdo[1 2-a] pyrimdin-4 one

(8S)-9-benzyl- 2-(norpholin-4-yl)-8- (trlfluorornethyl) 6, 7,8, 9-tetrahydro-4H
15pyrim do[ 1, 2-a] pyri m di n-4-one -

8S9)-9-[ (29WD henyl et hyl] - 2- (nor phol i n ronet hyl
§- 23 7, [8(9 %et r%%%%mﬁ Byrl ?1/1 do[{ ]2a,]( ri lrc:‘l dlln 4‘§CTA:)R2%1@65{$7{9 Y

(8S)-9-[(2R) - 2- hydr oxy- 2- phenyl et hy1] - 2- (mor phol i n-4-y1)-8-(trifluorornethy
1)- 6,7,8,09- mehrcmmwmrwsowm RPMH%@J@Yém@m@urwﬁ 892 ofAuman seru

8S)-9-[(2S) -2-hyd h h h | -4- - 8-
gt I’I) fl L(()r 02@[ iyt ?rd%ﬁgo@ befﬂﬁmta&'?ﬁ%g@f—egﬂ&p&r H’hesadﬁ&?c;l%aqrgy;ﬁew?nadded-td one
- (89)-2- h f | th
60 2ot MR Blnlings WPl Wk AL AKer o 1Y JhR BRI tne

(8S) - 941- ( 4- mhmmnmﬂUMM]REMIWDWmmmﬁgﬂ% of hubiar seranPaRbw,) - 25
6, 7, 8, 9- hydr rimdo tyrimdin-4-one -

[1
(8S)-9-[ ?513)0 1 ddfﬂe%wg H&hf] Poytorehdhe nparagites sis( megguwied ohpt hyl ) -
6,7, 8, 9-tetrjg ' [ 0,
V02011 0011 13@#;)%@%@/{ Igﬁi?gi 4%3%)f§<aﬁlrﬁﬁ(é (H4GE 24 1O er the beginning of the
6, 7, 8, 9- t et redppsurs iHhpydirug) crhparzdalifty thenindomofatirein the absence of drug.
(83) - 2- (nor phol i n-4-y1) -9-phenyl1-8-(trifluoromethyl)-6,7,8,9-tetrahydro-4Hp
yrimdo[ 1, 2-a] pyrThe dectivitg-oftRe product is transtated to % inhibition of the growth of
(8S)-9-(4- fléol_{aophe%érz (nmorphol j n-4-y1)-8-(trifluoronethyl)-6,7,8,9-
St ot rahydr 0- r ghly chjosprvinpdesistans sérain Fem29-Cameroon) at 1 uM

83)-9- I hyl)-6, 7, 8, 9-
(00 iy 00! tRLomANGE 'y (Y LB St ah Sl -
(55T oA I i LY s

(89) - 9- [ (1R)sektibB atd g%ﬁnﬁghﬁﬂﬁédsmé%mah(e@urtmgble@ Betdy- 8- (trifluoronet hyl)
- 6,7,8,9-tetrahydro-4H pyrimdo[ 1, 2-a] pyri m di n-4-one

Pharmacological results Tabie 2:

P. falciparum | P. falciparum
Example % Inhibition | % Inhibition
1 UM 0.1 yM

Example 1 99 79
Example 4 o7 19
Example 5 92 97
Exampie 12 59 /
Example 13 52 /
Example 24 100 40
Example 27 36 /
Example 48 96 89
Example 49 99 81
Example 50 99 79
Example 51 99 75
Example 52 99 75
Example 53 99 75
Example 54 99 83
Example 55 93 81
Example 56 99 94




- (83)-9-(4-fluorobenzyl)-2-(norpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-

t et rahydro-4H pyri m do[ 1, 2-a] pyri m di n-4-one -

(8S)-2-(norpholin-4-yl1)-9-(phenyl carbonyl)-8-(trifluoronethyl)-6,7,8,9-

15t et rahydr o- 4H pyri m do[ 1, 2- a] pyri m di n-4-one -

(8S)-2-(nor ' 9-(pyridin-3-yl1l)-8-(triflu 5y 9-

t et rahydr o- m2ydrq[i-1fno%ﬁ§%1i 2-a] pyrimdin- 1@ne - %@W1b7&5137%'

(83)-2-(norpholin-4-yl1)-9-(pyridi n-4-y1§l- -(trifluoromethyl)-6,7,8,9-tetrah

ydr 0o4H pyri m do[ 1, 2- a] pyri nni di n- 4- one 20-

(8S) - 9- (4- net hyl pheny1) - 2- (nor phol i n- €LAIMS8_ (trifl uoronethyl )-6,7,8,9-tetr

a- hydro-4H pyrimdo[ 1, 2-a] pyri m di n-4-one _

(8S)-9-(2- chﬁd?@déﬁM)fomnqlaﬁlr)phm in-4-y1)-8-(trifluoromethyl)-6,7,8,9-tetr

ahydr o- 4H pyri m do[ 1, 2- a] pyri m di n-4-one '

(8S)-9-(3-fluorobenzyl)-2-(norpholin-4-yl)-8Rgtrifluoronmethyl)-6,7,8,9-tetr

a- 25hydro-4H pyrimdo[ 1, 2-a] pyri mi di n-ﬁuoﬁg'm .

(8S)-912-(2- met hoxyphenypet hy1] - 2- (o@r ol iNy-4-y1)-8-(trifluoronethyl)-

6,7, 8, 9-tetrahydro-4H pyrim do[ 1, 2- aljpyr ijjni diff- 4- one -

(8S)-942- (3-net hoxyphenyl ) et hyl ] - 2- pl i n-4-y1)-8-(trifluoronethyl)-

Wp2011/ 001113PCT/ FR2010/ 051374 1134

6,7,8,9-tetrahydro-4H pyri m do[ 1, 2- a]r‘iwjm di n-4-one
- 4-

(8S)-9-(3-net hoxybenzyl) - 2- (nor phol i 1)-8-(trifluoromethyl)-6,7,8,9-

t et rahydr o- 4H pyri m do[ 1, 2- a] pyri mi di one (8S)-9-(4-nethoxyph
enyl)-2-(norpholin-4-y1)-8-(trifl uor oneld hyl)-6 ,7,8 ,9-

5t et rahydr o- 4H pyri m do[ 1, 2-a] pyri m di n- 4- one
-(8S)-9-[(2-fluorophenyl)carbonyl]-2-(norpholin-4-y1)-8-(trifluoromethyl)-
6, 7, 8, 9- t et ANYIEHS- 4H pyri ni do[ 1, 2- a] pyri mi di n- 4- one

(8S)-9-(3,5-di fluorobenzyl)-2-(norpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-
t et r ahydbo- 4% pgpriesents]an 2-afyper -Laheliensarylnadical, such that L represents:

either a single bond,

or a linear or branched alkyl radical containing from 1 to 6 carbon atoms and
optionally substituted with a hydroxyl radical,

or a CO or -CO-Alk- group,

10 or an L-X group where L' represents a linear or branched alkyl radical
containing from 1 to 6 carbon atoms, and X an oxygen or sulphur atom;

the aryl and heteroaryl radicals being optionally substituted with one or more
radicals, which may be identical or different, chosen from halogen atoms and
hydroxyl, CN, nitro, -COOH, -COOalk, -NRxRy, -CONRxRy, -NRxCORy,

15 -NRxCOzRz, -CORy, alkoxy, phenoxy, alkylthio, alkyl, cycloalkyl and
heterocycloalkyl radicals;

the latter alkoxy, phenoxy, alkylthio, alkyl and heterocycloalkyl radicals being
themselves optionally substituted with one or more radicals, which may be

identical or different, chosen from halogen atoms and NRvRw;

20 it being possible for the heterocycloalkyl and heteroaryl radicals to additionally
| contain an oxo radical;

R2 represents a hydrogen atom or an alkyl radical;



10-

(8S)-9-(2, 4-di fl uorobenzyl)-2-(norpholin-4-y1)-8-(trifluoronethyl)-6,7,8,9-
tetrahydro-4H pyrimdo[ 1, 2-a]pyrimdin 4 one o
(8S)-2-(norpholin-4-y1)-9-(2,3,4-trifluorobenzyl)-8-(trifluoronethyl)-6,7,8

, 9- tetrahydn@AHHpod{izdol 1, 2-a] pyrimidin 4-one  peT/FR2010/05137
(8S)-9-[(5-chl oro-1-benzot hi ophen- 3-yl) hy1] - 2- ( nor phoﬁl n-4- y1135 48
15(trifluoronmethyl)-6,7,8,9-tetrahydro-4F1-pyrimdo[1, 2-a] pyri m di n-4-one -

8S) - 9- [ (1R RS represents an alkyl radical optionally substituted with one or more hal
(18)21-(£lffl uorop’?\enypet hyl]kyz- ( rmrpﬁol [ n-y410- 8-(triftluoronet ylli'- 89"3“8 O-te
trahydr o- 4H-89MSii do[ 1, 2- a] pyri mi di n-4-one (8S)-9-] (1R or '

1S)- 1- (4-f 1l uor ophenypet hyl] - 2- (nor pholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-
t et r ahydr o- 4R pepriesentis|ahdraey atom dir a-Halogen atbm;

(8S)-9-(3-net hyl phenyl) -2-(norpholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-tetr
a- hydro- 4HIWR&Ryi sind sch]that Rxi @pheskri®@ hydrogen atom or an alkyl radical
(8S)-9-(4-chlo henyl) - 2- (norpholin-4-y1)-8-(trifluoromethyl)-6,7,8,9-tetr
ahydr o- 48+ py#1 JERlesenfs,g fvafegeR. atophar a cycloalkyl radical or an alkyl radical

8S) - 2- B ik | =044 (trifl . yl k
556 7.5, 0.t SLopan Stgpiad Wi G SFTRON ladicata Hhich eI IGRIRED)
18) - 1- ( 2- f | udiffersinéohicsen Hydn hgedroxpr, BSWXVQNRW aﬁeé htetgér?d(:yiulgmamﬁtrhwc)ais@, 7,8,9
- dr o- i, nj do[ 1, 2- Lni di n-4-ope  (89)-9- or ‘
1t8)e ; ?L?? S5 %’Eﬁrelﬂ%’e%mﬁglfﬁ%:@h%mnﬂpm?wyh'gg(t%@y afe.@itached, a cyclic

/0011 i /- : ;

methyl)- 6. 7. Gose SpraniyROm’S 1040 ting spembers and optiopally pre or more other
(8S) - 9420( 3-hatewatgmemshasehy frpm2 O, nBy prbland K-gikyl; 8hist cydiic uaciatt teih) - 6, 7, 8

?SS; egr ggﬁgﬁ'oéﬁ!fé%%}tgt% #Drzpﬁ]ow:]l Eln Sll)n g ?':Hrai fluoromethyl )-6,7,8,9-tetr
a NRvRw being such that Rv represents a hydrogen atom or an alkyl radical
and Rw represents a hydrogen atom or a cycloalky! radical or an alkyi radical
optionally substituted with one or more radicals, which may be identical or
15 different, chosen from hydroxyl, alkoxy and heterocycloalkyl radicals; or Rv
and Rw form, with the nifrogen atom to which they are attached, a cyclic
radical containing from 3 to 10 ring members and optionally one or more other
heteroatoms chosen from O, S, NH and N-alkyl, this cyclic radical being

optionally substituted:;

20 the cyclic radicals that Rx and Ry or Rv and Rw, respectively, can form with
the nitrogen atoms to which they are attached, being optionally substituted
with one or more radicals, which may be identical or different, chosen from
halogen atoms, and alkyl, hydroxyl, oxo, alkoxy, NH,, NHalk and N(alk),
radicals;

25 Rz represents the values of Ry except for hydrogen;

Rx, Ry and Rz, in the -NRXCORy, -CORy and NRxCOzRz radicals, being
chosen from the meanings indicated above for Rx, Ry and Rz;

all the above alkyl (alk), alkoxy and alkyithio radicals being linear or branched
and containing from 1 to 6 carbon atoms,



S5hydro-4H pyrimdo[ 1, 2-a] pyrimdin 4 one

-(8S)-9-(3,5-di fluorophenyl)-2-(norpholin-4-y1)-8-(trifluoronmethyl)-6,7,8,9
- tetrahydro-4H pyrim do[ 1, 2-a] pyri m di n-4-one

(8S5)-9-[(2, 6-difluorophenyl)carbonyl]-2-(norpholin-4 yl) 8

(trifluor omepmdon1/601418, 9- t et rahydro-4H pyrim do[ Ip@y ﬁ:]F&C?'OVGSjI'S’Y one
10-(89)-9-[ (2, 4-di fl uorophenyl) carbonyl{42- (norpholin-4-yl (trifluoronet

hyl)- 6,7,8,9-tetrahydro-4H pyri m do[ 1, 2-a] pyri m di n-4 one

(89)-2- (WDfFﬁaitﬂlpﬁodhcté)cﬁQ‘o(rﬁhI@nuj e@mgyﬂq) alB té pokbibRs padinity! bnSntlofefct et rah
ydro-4H pyrim do[ 1, 2- a] pyri m_di n-4-one

(8S) - 942- ( 3- W@?ﬁﬁﬂﬁ%ﬂ?@@ﬁﬁquwef(fﬁﬂﬂﬁh@nd aisp-the ydgitionrgaits wathoimerganis - 6, 7, 8

oa(R) - 2- bor o] B OHRISE. S IoGNS Shef oo Ve of spisspiprius o

trifl uor onetfosrtul@, (), 8 9- tetrahydropyn m do[ 1, 2- a] pyri midi n-4-one
-9-1(9) - 2- hydroxy 2- (3- hydr oxyphenypet hy1] - 2- nor phol i n-4-y1-8-(S) -
trifluorgnmethyl-6,7,8,9-tetrahydropyrimdo[1l, 2-a]pyrimdin-4-one 20
- 2- di et hyl am no- N-{3 [ (S)-1-hydroxy-24(S)-8-norpholin-4-yl-6-o0xo0-2-

tri 1 uor ometdnHmaudsiriiticia 2 aSdedblm eiih £-AkMEAM di n- 1-
ypet hyl ] phenyl | acet am de

- h
L L A b e
S)- t El(fl)uoregtﬁ)g[' ﬁﬁ@e%o@ﬁg te%llroahyéropyri ?1/1 do[ { 2-2] pyri m di n-4-one
7 .
Y071 (9) -2 (Bl o HaReR iR crpltng 1 rnatemSand-o- 5

- triflygro [12a]pyr|md|n4one
-9-(2- hggr o@'@“%ﬁgﬁgb%?‘%%gwﬁﬁg?%ﬁ% in-4-y1-8-(S)-trifluoronethyl-6, 79-

tetrahydrop l di n-4-one
5-942- (4- hydr 5£§phé%§%%%L -2-nmor phol in-4-y1-8-(S)-trifluoronethyl-6,7,8,9

or an L'-X group where L’ represents a linear or branched alkyl radical

containing from 1 to 6 carbon atoms, and X an oxygen or sulphur atom

the phenyl and heteroaryl radicals being optionally substituted with one or
15 more radicals, which may be identical or different, chosen from halogen
atoms and -NRxRYy, alkoxy and alkyl radicals;

the latter alkoxy and alkyl radicals being themselves optionally substituted

with one or more radicals chosen from halogen atoms;
R2 represents an alkyl radical;

20 R3 represents an alkyl radical optionally substituted with one or more halogen
atoms;

R4 represents a hydrogen atom or a fluorine atom:

NRxRy being such that Rx represents a hydrogen atom or an alkyl radical
and Ry represents a hydrogen atom or an alkyl radical; or Rx and Ry form,
25  with the nitrogen atom to which they are attached, a morpholino radical;

all the above alkyl (alk) or alkoxy radicals being linear or branched and
containing from 1 to 6 carbon atoms,



tetrahydropyrimdo[ 1, 2-al pyri mdin-4-one and al so the addition salts with

I norgani ¢ and organic acids or with inorganic and organi c bases, of said
products of formula (0. 10 4) Process for preparing the products of fornula
(1) as defined in any one of Clainms 1 to 3, according to schenme 1 as

defi ned her epzdd1aroo&qhene 1. ) E W2011/ 001113PEH TN E 74 118
I n which the substituents RlL, R2, R3 an 4 have the neanings 1 ndicated in
either one of Clains 1 and 2 and in which R represents al kyl, and X

represents asgidpodinss dirforog Q{:, bt ﬂﬁaﬁttﬁénp@fssi%lé%é&?ﬁl@%'eﬁéMtt&h%HE such
as trifluoronethyl sul phonyl oxy Process for preparin e products of

formula (I). %@@l@ﬁ%@@sweaﬁysq;n@r forme) andrglso the a@dlt@maﬂewmm inorgatiene 2
def i ned 0 RL, R2,
R and Ra-hes PREME acidsdF Wy Snoraante sl tHafie fdkes 4sid SR80 o8, "ano

X represent soemalal (i ne, brom ne or iodine atomor a sul phonyl oxy group
such as trifluoronethyl sul phonyl oxy. 6) As nedi canents, the products of
formula 6l) as defined in any one of

3) Products of formula (I) as defined in either one of Claims 1 and 2,
corresponding to the following formulae:

- (88)-9-[2-(4-methoxyphenyl)ethyl]-2-(morpholin-4-yl)-8-(irifluoromethy)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
10 - 9-[2-(4-methoxyphenyl)ethy]]—2-(morpholin—4—yi)-8-(trifluoromethyl)—6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (8S)-2-(morpholin-4-yl)-9-(2-phenylethyl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)—9-benzyl-z-(morpholin-4-yl)-8-(triﬂuoromethyl)-6,7,8,9-tetrahydro-4H-
15  pyrimido[1,2-a]pyrimidin-4-one
- (85)-9-[(28)-2-hydroxy-2-phenylethyl]-2-(morpholin-4-yl)-8-(irifluoromethy)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-8-[(2R)-2-hydroxy-2-phenylethyl]-2-(morpholin-4-yl)-8-(trifluoromethyt)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
20 - (85)-9-[(2S)-2-hydroxy-2-(4-methoxyphenyl)ethyl]-2-(morpholin-4-yl)-8-
(trifluoromethyl)-6,7,8,9-tetrahydro-4H-pyrimidof1,2-a]pyrimidin-4-one
- (88)-2-(morpholin-4-y1)-9-[(1R}-1-phenylethyl]-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (8S)-9-[1-(4- methoxyphenyi)ethyl] 2- (morphol1n-4-y!) 8- (trlfluoromethyl)
25 6,78 9-tetrahydro-4H pyr|m|d0[1 2- a]pynmrdln-4 -one

- (8S5)-9-[(1S)1 -(4-brom0phenyl)ethyi]—2-(morpholin-4-yl)—8-(trif[uoromethyl)—
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (83)-9-[(1R)-1-(4-bromophenyl)ethyl]-2-(morpholin-4-y1)-8-(trifluoromethyl)-



15 Cdains 1 to 3, and al so the pharnmaceutically acceptable addition salts
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sai d products of formula (0. 7) As nedi canents, the products of fornula
(1) as defined in Caim3, and 20 al so the pharmaceutically acceptable
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W02011/ 001113PCT/ FR2010/ 051374 119 of t he products of formula (1) as

defined i n &y 8hretehhyfiealApytiniidof, 2-@pyinmamcapeeut i cal |y acceptabl e salt
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one of C ains o] reparation of cameént use I n the
treat ment ofpyéimi‘é(dﬁs'i a]pyamldusélpaneor ding to daim9, for the treatnment of
solid or liquid tunmours. 1011) Use according to Caim9 and 10, for the

treatment of- &)k (bfluerspbeayl)- 2t(mc1rphoiﬁreﬂ+w) -&geifitisrondethylyge7 8@cor ding to

one or re,of t he treat ment of primary tunmours and/ or
of net ars?as&trah’fgaﬁgﬁ PX‘UF!&%JH ﬁeg%rﬂmldé H¥atic, renal, 15 ovarian, col on,
prost at e, end&gtrl a and | un g (NSCLC and SCLC) cancers, glioblastonas,
thyroid, bl ad@sh-%ky FW@&E?W) RUBIIPholin-fay ifuciomethyiyhof.8.%r nyel oi d

haemat opoi etbah _l4r|_[>: IQ%EH Eﬁég@f”mldh r&H& | arynx and | ynphatic system

cancers, bone a panc I'c ca I'n hamartomas. 2013) Use of the

et of ST B ol e isbliedy e bbbl s Rafr banet < or

formula (1) tesaislefro-aetpyimdopd PEaldyriBidin-4feHe t he preparation of nedi caments
for use in cancer chenot herapy alone or in 25 conbinati on.

VW02011/ 9911 13@ESh/o=( ﬂ%%Q@Qﬁ%%ﬁhé%eﬁﬁ)l]Dﬁ?néBWhnW I‘)'-?t- Hiffo J&ﬁ‘%ﬁéﬁ; the

synthesis internediates of formnmul ae C |ne inms 4
and 5 above 6ah8.S-etrahydw-dBtmmimido[1,2-ajpyrimidin-4-one

- (85)-9-(4-fluorobenzyl)-2-(morpholin-4-yl)-8-(irifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido]1,2-a]pyrimidin-4-one
- (88)-2-(morpholin-4-yl)-9-(phenyicarbonyl)-8-(trifluoromethyl)-6,7,8,9-
15 tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- {88)-2-(morpholin-4-y!)-9-(pyridin-3-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-ajpyrimidin-4-one
- (83)-2-(morpholin-4-yl)-9-(pyridin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetrahydro-
4H-pyrimido[1,2-a]pyrimidin-4-one
20 -~ (85)-9-(4-methylphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-9-(2-chlorobenzyl)-2-(morpholin-4-yt)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-alpyrimidin-4-one
- (85)-9-(3-fluorobenzyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
25  hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (8S5)-9-[2~(2-methoxyphenyl)ethyl]-2-(morpholin-4-yi)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (88)-9-[2-(3-methoxyphenyl)ethyl]-2-(morpholin-4-yl)-8-(triflucromethyl)-
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6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

- (8S)-9-(3-methoxybe_nzy!)—2~,(mqrpho[in-,4-yl)587(triﬂuoromethyl)—6,7,8_,9_-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-(4-methoxyphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyi)-6,7,8,9-

5  tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
~(8S)-9-[(2-fluorophenyl)carbonyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-
6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
~ (88)-9-(3,5-diflucrobenzyl)-2-(morpholin-4-yl)-8-(triflucromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

10 - (85)-9-(2,4-difluorobenzyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-2-(morpholin-4-yl)-9-(2,3,4-trifluorobenzyl)-8-(trifluoromethyl)-6,7,8,9-
tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-[(5-chloro-1-benzothiophen-3-yl)methyl}-2-(morpholin-4-yi)-8-

15 (trifluoromethyi)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-[(1R or 18)-1-(4-fluorophenyl)ethy(]-2-(morpholin-4-y|)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-ajpyiimidin-4-one
- (8S)9-[(1R or 18)-1-(4-fluorophenyhethyl]-2-(morpholin-4-y|)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one

20 - (85)9-(3-methylphenyl)-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- {8S)-9-(4-chlorophenyl}-2-(morpholin-4-yl)-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-2-(morpho|in-4-y|)-8-(trif|uoromethyl)-9-[4-(triﬂuoromethyl)pheny]]-

25  6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (85)-9-[(1R or 18)-1-(2-fluorophenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoro-
methyl)-6,7,8,9-tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
- (88)-9-[(1R or 18)-1-(2-flucrophenyl)ethyl]-2-(morpholin-4-yl)-8-(trifluoro-



18) Products of fornmula (1) as defined in any one of Clains 1 to 3, for the
use thereof in the treatnment of solid or liquid tunours. 19) Products
of formula (1) as defined in any one of Clains 1 to 3, for the use 15
thereof in the treatnent of cancers resistant to cytotoxic agents. 20)

Product s of Wwazoilipdf)13as defined in any one of CptiEFR2dR/Gi3RL the use
thereof in the treatment of primary tunppygs and/or netastases, in

particular in gastric, hepatic, renal, ovarian, colon, prostate,
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cancers, bone and pancreatic cancers,

W02011/ 0011 TePelfydmatH eyosidi4, 2talpyrimidinA-odect s of formula (1) as defi ned
in any one of Clains 1 to 3, for the use thereof in cancer chenotherapy.
©22) Pr oduct s(2%)-8-emayle3-{ludproad-(mef phdid-4-yi ) tritueronfetliy R6,768,0-tetra3, for the
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| ei shmaRppasi Ln any
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| ei shmani asi s.

-(88)-2-(morpholin-4-yl)-9-(phenylacetyl}-8-(trifluoromethyl)-6,7,8,9-tetra-
hydro-4H-pyrimido[1,2-a]pyrimidin-4-one
-(88)-9-[2-(3-chlorophenyl)ethyl}-2-(morpholin-4-yl)-8-(triffluoromethyl}-6,7,8,9-

15  tetrahydro-4H-pyrimido[1,2-a]pyrimidin-4-one
-9-({R)-2-benzo[b]thiophen-2-yl-2-hydroxyethyl)-2-morpholin-4-yl-8-(S)-
trifluoromethyi-6,7,8,8-tetrahydropyrimido[1,2-ajpyrimidin-4-one
-9-[(8)-2-hydroxy-2-(3-hydroxyphenyl)ethyl]-2-morpholin-4-yl-8-(S)-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

20  -2-dimethylamino-N-{3-[(S)-1-hydroxy-2-((S)-8-morpholin-4-yl-8-oxo-2-
trifluoromethyl-3,4-dihydro-2H,6H-pyrimido[1,2-a]pyrimidin-1-
ylethyl]phenyl}acetamide
-9-[(8)—2-hydroxy—2—(2-methoxyphenyl)ethyl]-Z-morpholin-4-yl-8-(8)-

- trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

25  -9-[(S)-2-(4-fluoro-2-methoxyphenyl)-2-hydroxyethyl}-2-morpholin-4-yl-8-(S)-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one
-9-[(S)-2-(4-chloro-2-methoxyphenyl)-2-hydroxyethyl]-2-morpholin-4-yl-8-(S)-
trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one
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-9-[(S)~2-(2-chIoro-4—methoxyphenyl)—2~hydroxyethyl]—2-morpholin-4—y|—8-(S)-
~ trifluoromethyl-6,7,8,9-tetrahydropyrimido[1,2-a]pyrimidin-4-one

-9-(2-hydroxy-3-phenylpropy!)-2-morpholin-4-yi-8-(S)-trifluoromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one

9 -9-[2-(4-hydroxyphenyl)ethyl]-2-morpholin-4-yi-8-(S Hrifluoromethyl-6,7,8,9-
tetrahydropyrimido[1,2-a]pyrimidin-4-one

and also the addition salts with inorganic and organic acids or with inorganic
and organic bases, of said products of formula (1).

10 4) Process for preparing the products of formula (1) as defined in any one of
Claims 1 to 3, according to scheme 1 as defined hereinafter.

Scheme 1:
NH R OR 3 R3
HN’U\NH Oi\(&o B e - Nre
R4 Ox_-N.__.NH chlorination O.. _N_ _NH
R3 base R4 2N R4 .
A OH Cl
¢ D

R3

(R
G N\”/N\m
Alkylation R4 N
or Acylation N
" .
(\ILRZ R-X, base 0 -1
Morphgline Qg N _NH -
_Torenolne \IN( F
R4 ~

R, = H {Hetero)arylation

()
R3
o Cul, ArX/OTF
E or Hetx/OTf G (\L‘ R2
Os N _N.
e
R4I\|’N
®

-2
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in which the substituents R1, R2, R3 and R4 have the meanings indicated in
either one of Claims 1 and 2 and in which R represents alkyl, and X
represents a chlorine, bromine or iodine atom or a sulphonyloxy group such
as t,riﬂuoromethylsu_lphony!oxy.

5) Process for preparing the products of formula (1) as defined in any one of
Claims 1 to 3, according to scheme 2 as defined hereinafter.

Scheme 2:

R3
R3

l/\|LR2 ) N(\NFRQ
Oy N NH Alkylation (e Vorohal —
\[]/ or Acylation Ox N N“’R1 orpnotine « 'N
2N _— b ~4
o

R4 R-X F R4 N
Cl base or Cl
D R-OH H J
DEAD/PPh, {1)-1

in which the substituents R1, R2, R3 and R4 have the meanings indicated in
either one of Claims 1 and 2, and X represents a chiorine, bromine or iodine

atom or a sulphonyloxy group such as trifluoromethylsulphonyloxy.

6) As medicaments, the products of formula (I) as defined in any one of
Claims 1 to 3, and also the pharmaceutically acceptable addition salts with
inorganic and organic acids or with inorganic and organic bases, of said
products of formula (]).

7) As medicaments, the products of formula (l) as defined in Claim 3, and
also the pharmaceutically acceptable addition salts with inorganic and organic
acids or with inorganic and organic bases, of said products of formula (.

8) Pharmaceutical compositions containing, as active ingredient, at least one
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of the products of formula (I) as defined in any one of Claims 1 to 3, or a

_pharmaceutically acceptable sait of this product or a prodrug of this product,
- and a pharmaceutically acceptable carrier. '

9) Use of a product of formula (I} as defined in any one of Claims 1 to 3, for
the preparation of a medicament for use in the treatment of cancers.

10) Use according to Claim 9, for the treatment of solid or liquid tumours.

11) Use according to Claim 9 and 10, for the treatment of cancers resistant to
cytotoxic agents.

12) Use according to one or more of Claims 9 to 11, for the treatment of
primary tumours and/or of metastases, in particular in gastric, hepatic, renal,
ovarian, colon, prostate, endometrial and lung (NSCLC and SCLC) cancers,
glioblastomas, thyroid, bladder and breast cancers, in melanoma, in lymphoid
or myeloid haematopoietic tumours, in sarcomas, in brain, larynx and

lymphatic system cancers, bone and pancreatic cancers, and in hamartomas.

13) Use of the products of formula (I) as defined in Claims 1 to 3, for the
preparation of medicaments for use in cancer chemotherapy.

14) Use of the products of formula (1) as defined in Claims 1 to 3, for the
preparation of medicaments. for use in cancer chemotherapy alone or in
combination.

15) Products of formula (I) as defined in any one of Claims1 to 3, as
inhibitors of AKT(PKB) phosphorylation.
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~.16) As novel industrial products, the synthesis intermediates of formutae C, D,

E and J as defined in Claims 4 and 5 above and recalled below:

R3 R3 R3 - :

O N _NH Oy N _NH Qg N<_~NH R2

sali s ulihe sl

N ~
R&Y R4 R4 R
N
OH C [ j Ra” N
Cl
c D E J

in which R1, R2, R3 and R4 have the definitions indicated in either one of
Claims 1 and 2.

17) Products of formula (1) as defined in any one of Claims 1 to 3, for the use
thereof in the treatment of cancers.

18} Products of formula (1) as defined in any one of Claims 1 to 3, for the use
thereof in the treatment of solid or fiquid tumours.

19) Products of formula (I) as defined in any one of Claims 1 to 3, for the use

thereof in the freatment of cancers resistant to cytotoxic agents.

20) Products of formula (1) as defined in any one of Claims 1 to 3, for the use
thereof in the treatment of primary tumours and/or metastases, in particular in
gasiric, hepatic, renal, ovarian, colon, prostate, endometrial and lung (NSCLC
and SCLC) cancers, glioblastomas, thyroid, .bladder and breast cancers, in
melanoma, in lymphoid or myeloid haematopoietic tumours, in sarcomas, in
brain, larynx and lymphatic system cancers, bone and pancreatic cancers,
and in hamartomas.
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21} Products of formula (1) as defined in any one of Claims 1 to 3, for the use
thereof in cancer chemotherapy.

22) Products of formula (1) as defined in any one of Claims 1 to 3, for the use
thereof in cancer chemotherapy, alone or in combination.

23) Products of formula (1) as defined in any one of Claims 1 to 3, for the
prevention or treatment of lysosomal diseases such as glycogenosis type Il or
Pompe disease.

24) Use of the products of formula (I) as defined in any one of Claims 1 to 3,
for the preparation of a medicament for use in the prevention or treatment of

lysosomal diseases such as glycogenosis type Il or Pompe disease.

25) Use as defined in Claim 23 or 24, in which said products of formula (1) are

alone or in combination.

26} Products of formula (1) as defined in any one of Claims 1 to 3, for the
treatment of parasitic diseases such as malaria, sleeping sickness, Chagas

disease or leishmaniasis.

27) Use of the products of formula (1) as defined in any one of Claims 1 to 3
for the preparation of a medicament for the treatment of parasitic diseases
such as malaria, sleeping sickness, Chagas disease or leishmaniasis.



