English Transl ation of WD 2008/ 154817 Al BROMO PHENYL SUBSTI TUTED

THI AZOLYL DI HYDROPYRI M DI NES FI ELD OF THE | NVENTI ON [ 001] The
invention relates to a new brono- phenyl substhnglishGthntlition26Wl 2008/154817 Al
di hydropyrimdine, its preparation nethod and use as a nedi canent
especially for treating and preventing hepatitis B infections. The
invention also relates to a conposition conprising the

di hydr opyr iBROM®-PRENYL SUBSTITETEN THIAZOLY MISIH YDRGWY REVEDINES
i mmunonodul ator and a nedi canent conprising the conposition

especially for treating and preventing HBV infections such as
hepatitis B infections. BACKERLDNDIOFHEENVEMANOMNN [ 002] The
hepatitis B virus belongs to the famly of hepadna viruses. It can

cause acupgrpnd/ Qhe RR/eRtiSH RMtePlo &aﬁl%ﬁﬁdsif%élg/gg@ag@ﬁagﬁﬁé&%- Many

other clinical manifestations 1n the pat are-al so

caused Gihytipylipdhetitspréaratidismethod ahid Lise s medEARER espdefaligTHBdd0n
of the liver, cirrhosis of the liver and hepatocellul ar carci noma. %n

addi ti oand preventingdtepatitisiB irfettivms Elp iatértion alel dekitesitd donWsitialy Eomprising
adverse effects on the progress of the disease. [003] The interferon
and | antheudhysgopsrisnidiney ether anibiirahagéint ands mhen appropriets, droinbeunansehildtar
treating chronjc hepatitis. However, the interferon has just noderate
activit 9n6§%|%nea§§melatrpoamr@rr§eth§ corapeaten epgcially fardiegting and prgveniag FERY

good acti.vit its resistanc evelops rapidly during the treatnent
and rel H’S%Cém\@ ?‘éci’tag S?Qtﬁﬁaé;lﬂ’gﬁg’ronﬁffter the treatnent is stopped. The
€50 value of |amvudine (3-TC) is 300 nM (Science, 299 (2003),

93-896). [004] U.S. Patﬁ%hl&R%Uﬁpégf%ﬁilmf

6- am doal kyl di hydropyri mdi ne an use as a rregl?lgarrent especially
for treating and eventing hepatitis B infection. [005] It is
descri bed [p&Z]EX anﬁfl‘éhwﬁaﬁ %L).”S!S bslangs to the family phhemmgne wigpsemy It pan cause

o-chlorin is p-chlorine, R6 is 3,5-difluaro-pyridin-2-yl, Xs.

o iR onRr G R proEressiie codinis iRt YRR Woe SAC st tgons

hepat i t insthgpéfﬂlf)ft&ﬁicqpsrtét@%ré:ﬁgé caﬁlléleci Hx} kﬂ%%epltrf't?s ]§ g?rgs—in particular chronic
inflammation of the liver, cirrhosis of the liver and hepatocellular carcinoma. In addition,
coinfection with the heptatitis delta virus may have adverse effects on the progress of the

disease.

[003] The interferon and lamivudine are conventional medicaments approved to be
used for treating chronic hepatitis. However, the interferon has just moderate activity but has
(/. an adverse side reaction. Although lamivudine has good activity, its resistance develops
rapidly during the treatment and relapse effects often appear after the treatment is stopped.

The ICso value of lamivudine (3-TC) is 300 nM (Science, 299 (2003), 893-896).

[004] U.S. Patent No. 7,074,784 discloses 6-amidoalkyldihydropyrimidine and its

use as a medicament especially for treating and preventing hepatitis B infection.

[005] It is described in Example 12 of U.S. Patent No. 7,074,784 that R'is
o-chlorine, R? is p-chlorine, R® is 3,5-difluoro-pyridin-2-yl, X is -CH,- and Z is morpholinyl.
The compound can inhibit the growth of hepatitis B virus during cell culturing. The ICs,
value is 2 nM (tested by themselves).



value is 2 nM (tested by thensel ves).
[006] The main substitution
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repl acing bis-chiorine with R (o-bronine) arfd‘g]F@T(ﬁS‘SIFtIOEIGFWrQe%OOS/WﬁWI
results in the 1C50 of Conpound 9 being 7 nM (described in Exanple 9

of the patent). And when the main substituents are changed into R
(o-chlorine) and R2 (p-fluorine), an approximate | C50 value is also
obt ai ned ([0860 -2Tlne main substifuieplie anlmpf 0l27k replading bisethtaineavitiRt t he
| C50 Va|Uﬁ can @cFée se.with the varjation of the nain
subst it (& ’E%mﬂF aé‘fq @%@C)Féﬁl@ mesulty ipoby [Gso of Compeaind Neeing 7 0¥k, 784
B2 al so di fluoro . residue i
substit &‘f Apls Y oF @F Pe‘&aﬁcgflwgwp ﬁh%%aw;ﬁuéstﬂsew arg ﬁﬁ%@é R’
The der| ee T b bl
1. Examl @*‘ilﬁf‘ﬁ? %ﬁi‘ e DR gh DY IR 162 1 BRG0P s 27 r%@e)n
(nM ZEng%pQSCI CH3 F aF (self-tested) N 9 Br F CHB "~ F 7
N2-4 5 aF F45 d d CH3 D 2
[007] It is indicated that the ICso value cannot increase with the variation of the
main substituents R! and R? (see Table 1).
[008] U.S. Patent No. 7,074,784 B2 also discloses an example, wherein a difluoro
( residue is substituted for thiazol-2-yl (described in Example 45 of the patent). The derivative
' has a similar ICso value (2 nM) (see Table 1).
Table 1. Example 2 of U.S. Patent No. 7,074,784 B2
Example R! R? R? R® ICso (nM)
N
N
12 cl cl CH; ~ 2
F AN g | (self-tested)
N
N
9 Br F CH; ~ 7
NN
N
N
5 cl F CH; ~ 2-4
Q PN N
s
45 Cl Cl CH; \J 2
Y




N 2 English Translation of WD 2008/ 154817 Al DETAI LED DESCRI PTI ON

OF THE | NVENTI ON 1009] We have surprisingly dis ered. th
derivative with an activity of 10 times hi gsﬁé\gﬁsg‘\r?‘edm?lﬁtéonlo@&%gwﬂ%‘gb7fA1

| ess than | nM can be obtained by substituting with thiazol-2-yl and
changing the main substituents into Rl=o0-brom ne and R2=p-fl uori ne.
This is unexpected when reading US 7,074,784 (see Table 2). R2 0 R
Il R3OC 'K R6 1H Cg@é'é lLe 2. Sone Exanples of this |Invention
Exanple R R2 R3 R6 DESGRIBTIQN OF §HE INVENTION C1 CH2CH3
~ 0.2 N 10010] This invention relates to a conmpound having formul a
(1) and it909konmeW¢ haje surprisingly discéverdd thahedeivatiRe with £-4oti ity 6€10 fies

Is p-fluorine, R3is O-C4 al kﬁll’ R6 is thiazol-2-yl, X is nethyl ene
higher and the ICs; value of less than 1 nM can be obtained by substituting with thiazol-2-yl
and changing the main substituents into R'=o-bromine and R2=p—ﬂuorine. This is
unexpected when reading US 7,074,784 (see Table 2).

R2
o] R
. o0
C R3-0C
@
e

oy

Table 2. Some Examples of this Invention

Example R! R? R3 R® ICso (nM)
S
1 Br F CH; \(J 03
N
S
2 Br cl CH,CHs \«J 02
N
[0010]

wherein R! is o-bromine, R? is p-fluorine, R?is C;-Cy4 alkyl, R is thiazol-2-yl, X is methylene

and Z is morpholinyl.




and Z is norpholinyl. 3 English Translation of WD 2008/ 154817 Al

0011] Preferably, RL of the conpound of the jny i on. having formla
EI) a]nd (la) is g-bron’i ne, R2 is p-fluorine, %ﬁﬁ’s%??é]ta‘h‘iﬂ“yr&%o[og/ﬁ‘fs”Al
R6 is thiazol-2-yl, X is nmethylene and Z is norpholinyl. [00121 This
invention also relates to an enantioner of the conpound discl osed
herein and a m xture thergof. The racemate can be separated by a

known met ht@11knd Prefgrabhndhtodiths camepauad of heripgentivo s visg fpondatl) and da) is

st ereoi samer .m xbure., [ Q013]; . The ¢ oun of the_invention conprise.
an i sonSrPRIERG AHPMYPHS| lémfthy?gg?&‘é{ﬂg{%S thigzolrd /L h &y Bethylene eed 4 is
The conp&{_Bg the invention can also be in a formof a salt,
preferab a B/}iysi ol ogically acceptable salt. [0015] The
physi ol ogi cally acceptable salt can be an inorganic acid salt or
organi c a&0a2fs/a| tThipngenrtiaalso telat¢sgoan enamiogeariof thecdothpahd dsclobeddserein
chl oride, ,brom de h hate or sulfate, etc., or a carboxylate or a
sul f onatgd a%éwr%@ege@gfﬁleéﬁcwté Stebe sepatated by a kegw method; andat e,
tartarate I %C{a tef. benzoate or net han?sul fonat e, ethanesul fonate,
benzenedUIFABITATYY T is & HORYRSETTaUS SOPRORGIE ik NEFRIOMSE Mt ¥ onat e, et c.

[ 0016] The physiol ogically acceptable salt can also be a netal salt

or an amuolfP s dihe compphedsoditiimvantifn ¢omeprisa e mtanoem having forpred @) aeH
exanple, it As a sodiumsalt, potassium (,r salt, nagnesiumsalt or
cal ci um(IégP‘?,agﬂ’éfuéqﬁthﬁli‘?ﬁﬁni um salt produced by ammonia or organic

am ne such as ethylam ne, diethylamne or triethylam ne,

di et hanol ajédi4] or Theicempamed eftha énventlbis ya AbeYynadHoRd, of a salt, preferably a
di met hyl am noet hyl al cohol, arginine, |ysine, ethylenediam ne or

2- pheny pbysiglpgiealieacceptable[sald17] The conpound (1) of the invention can
be prepared by the followi ng nethods: [A] firstly a benzal dehyde

having formuis] (! IThe pBFGEBWIIY adeepfibletdaft&ih BE all 0rPhil ALiEVARor organic
acid salt. Preferably it is an inorganic acid salt such as chloride, bromide, phosphate or
sulfate, etc., or a carboxylate or a sulfonate, such as acetate, maleate, fumarate, malate,
citrate, tartarate, lactate, benzoate or methanesulfonate, ethanesulfonate, benzenesulfonate,

toluenesulfonate or naphthalenedisulfonate, etc.

[0016] The physiologically acceptable salt can also be a metal salt or an ammonium
salt of the compound of the invention. In a preferred example, it is a sodium salt, potassium
& salt, magnesium salt or calcium salt, and an ammonium salt produced by ammonia or organic
' amine such as ethylamine, diethylamine or triethylamine, diethanolamine or triethanolamine,
dicyclohexylamine, dimethylaminoethyl alcohol, arginine, lysine, ethylenediamine or

2-phenylethylamine, etc.
[0017] The compound (I) of the invention can be prepared by the following methods:

[A] firstly a benzaldehyde having formula (II) reacts with a 8-ketoester having formula
(IIT) with or without the addition of an alkali or an acid, and, when appropriate, in the

presence of an inert organic solvent to produce a benzylidene compound having formula (IV):



(I'11) with or without the addition of an alkali or an acid, and, when
appropriate, in the presence of an inert organj. olvent to produce

a benzylidene conpound having formula (1V): Eﬁfﬁ%‘ﬁﬂ%%ﬁ’& %)9{)?/&,%857%1
WD 2008/ 154817 A 2 6 ex 0 11 R Y R 0 CHO an AZ-X (111), z-x O
(I1'V), wherein Rl, R2, R3, X and Z are as defined herein, and then

the benzylidene conpound reacts wth an amidine having formula (V)

or a salt thereof Rsych as hydrochl oride or acetate) s th or without

the addition of a @T or an acid, and, when apprag "‘.’Nte in the

presence of an i Qriggni ¢ solvenp: x  RE NM2(V) lwh 8in R6 is as
B] slhe 0- ketgest & HaYTll) reacts

defl ned herein; or ir having formg
%1) and he! nidi

or without the additiGHOQof al ka--x6r a i d angd-when
appropriate, in the presenc&bf an i nert ani & ol vént ithVbne
step; or [C] if Xinforrrula(l) is methylene, a conpound havi ng

for mul a“(h?]é}e)i agﬁ%@ R”ﬂ(%ﬂan a ﬁ.l;zﬁ }gé‘?é’ h “&dft%{*%he%e \érgll[ né’“fc%rqm%éld reacts

wi t hout ition o Nnen
pr esenc i anfdinidiR HavR{ IRl aw )\62 Rt saltRherdof Mléh a%(fré/éﬂlandesor acetate) with

or without the addition of an alkali or an acid, and, when appropriate, in the presence of an

inert organic solvent:

C

NFz (v)
wherein R® is as defined herein; or

[B] the B-ketoester having formula (III) reacts with the benzaldehyde having formula (II)
and the amidine having formula (V) or a salt thereof (such as hydrochloride or acetate) with
or without the addition of an alkali or an acid, and, when appropriate, in the presence of an

inert organic solvent in one step; or
C @

morpholine having formula (VII) with or without the addition of an alkali, and, when

if X in formula (I) is methylene, a compound having formula (VI) reacts with

appropriate, in the presence of an inert organic solvent,

(VI)



English Translation of WD 2008/ 154817 Al wherein R, R2, R3 and R6
are as defined herein and Y is a nucl eophili %2\5?%5“ tuent such

chl oro, bromo, iodo, nethylsul fonyl or tolue f&?@lFt‘OHGFWﬂZﬂO()%/FPéSWAI
benzal dehyde having forrmula (I1) reacts with a conpound havi ng

formula (X) and the am dine having fornula (V) with or without the
addition of an al kali and, when appropriate, in an inert organic

sol vent, wherein R3, X and Z are as defined herein. [0018] Conpound

of formul a (VI) can be prepared by, for exarrpl e, reacti ng a conpound

havi n A1 d | re R3 and are as

def i ngd ﬁ\l (% tI#) 3&1(‘1 ?ﬁeﬁé\g]ﬁgedaggﬁtn ek ina nuﬂ@ﬁ?@%§%€mwmsa® as

~prefera ny |on roduce a conpound havi ng
f or nul alalel%/)gé 'ﬂrc%n Q?e\?_ %&@Slﬂlgﬂlg Prta? lfelnﬁsdm{oﬁ@]o(?{)npound havi ng a

nucl eophilic substituent, directly or after the conmpound 6 English

Tr ansl ai[lpbn o?he\mﬂzﬂdél}@smymgﬂfomb@ @D reaets Nath @@nmeom@jhmmg)fcdmu@ (X)
toaconv ona rrgthod as described in a literature,

mor phol P% Higﬂﬁr AYHIB afo’(lw MV [%@11@1 withoyt deg addstipn @ée@nealkeﬂe and when
compound_of t ntjon having formula (1), wherein X is nethylene

e.in
and Z |§p1?¥8pﬁ5ﬂg’llpﬁ9lme OrcgﬁIFIBPB]é(g fate having formula (XI) reacts with

nor pholine (VIl1) to produce the /3-keto carboxylate of formula (I11),
(X) 2

i
s Gy e (e e Y 7.

C N (X)

wherein R?, X and Z are as defined herein.

[0018] Compound of formula (VI) can be prepared by, for example, reacting a

compound having formula (VIII)

v

(. wherein R', R%, R® and R® are as defined herein, with a brominating agent such as

N-bromosuccinimide, preferably in an inert organic solution, to produce a compound having

formula (IX):

and reacting the compound having a nucleophilic substituent, directly or after the compound



wherein R3 is as defined herein. [0020] As a starting materi al,

2- brono- 4-fl uoro-benzal dehyde (11) is conmer avai l abl e.

As a starting material, O keto carboxylate (%#a#m'§mﬁ@FP°Eﬂ6MHOQH%MJA1
can be prepared by known nethods published in the literature [for
exanple, D. Borrmann, "Unsetzung von Diketen mt Al kohol en, Phenol en
and Nbrcaptanen" in "Methoden der organi schen Chem e"

( Houben vegﬁ)lrthqrcﬂonvewqd/ agcorgfg fofy agwentional nethashs, dercrit®dganditemtire, Gvith

Yonemi t 087 (1978)]. [00221 The conpound (V) is
known aﬁH”EQWhgﬁgﬁ? néﬁm%@6§’§rng to the descriptions of
WO- A- 99/ 54326 and \WO- A- 99/ 543209. [0023] Mor pholine (M1) is

orepar o a8 gl TR sl e G e
[0025] Ati nﬁé?@l&né)e{rﬂlailiﬁé@hx 152 16roatidt 1%91'&19 %mlﬂﬁg g zfc?mlt B,

C and D. The I'nert  organi vent I's preferabPy an a such as
met hanohlox%idme@vlmﬁpﬂoaewm@)etke@é @ﬁb@iyla@@fﬁﬁ%ﬂw fyich as di oxane,
di et hyl et tetrahydrofuran, ethylene glycol nonomethyl ether,

et hyl ene glycol dinethyl ether, a oarboxglic acid such as acetic
acid, dinethylformamde, ding 5 ki de, acetonitrile, pyridine
or hexamet hyl phosphoric triaiideg,~ Epgtish-ft ansl ation of WD

2008/ 154817 Al [ 0026] The reaction terrperé’ﬁuréx@an be varied within
quite a wide range. Usually the tenperature is between 20 C and 150
C. Pref gmaRinR’® ishe degr@Eratidre is the boiling tenperature of the

el ected solvent. [0027] The reaction can be carried out under the
at nospheri c pressure or under a high pressure. It is usually carried
out under [0620]at mAsphstarting pragsimli2ebrofr{d02 Sluoiidheenzeklehyde (11} &cop@nercially

carried out wwth or without an acid or alkali. It is
available.

[0021] As a starting material, 3-keto carboxylate (III) is well-known, or can be
prepared by known methods published in the literature [for example, D. Borrmann,
"Umsetzung von Diketen mit Alkoholen, Phenolen und Mercaptanen”, in "Methoden der
organischen Chemie" (Houben-Weyl), vol. VII/4, 230 ff (1968); Y. Oikawa, K. Sugano und
O. Yonemitsu, J. Org. Chem. 43, 2087 (1978)].

[0022] The compound (V) is known and can be prepared according to the
C ' descriptions of W0O-A-99/54326 and WO-A-99/54329.

[0023] Morpholine (VII) is commercially available.

[0024] Compounds (VIII) and (X) can be prepared according to step [A] or [B]
described in WO-A-99/54326.

[0025] All inert organic solvents are suitable for use in steps A, B, C and D. The inert
organic solvent is preferably an alcohol such as methanol, ethanol and isopropyl alcohol, an
ether such as dioxane, diethyl ether, tetrahydrofuran, ethylene glycol monomethyl ether,
ethylene glycol dimethyl ether, a carboxylic acid such as acetic acid, dimethylformamide,

dimethyl sulfoxide, acetonitrile, pyridine or hexamethyl phosphoric triamide.



preferable to carry out the reaction in the presence of a weak acid
such as acetic acid, formc acid or the |iKke, {1 0291 An enbodi nment

of the invention relates to a conposition co%‘ﬁﬁ i1FRgslation of WO 2003/} 54817t !
of the above di hydropyrim dines and B) at | east one of other

antiviral agents different fromA). [0030] A certain enbodi nent of
the invention relates to a conposition conprising A) the above

di hydr opyrli0f2€ii ne Theyeagtonpmpsasatyreesande viaribd wiithor quitecy wideeage. Usually the
appropri at e, C%e a [ nnng@om)dul ator. [0031] Preferably the

i muno ARty lé‘,;;e"i“éeegg ebtad 16P oy Preferaklyaths tanpegpiurg i dhe boiling
interfeFons ng(:hf?ﬁﬁ a- i n%ﬁrier?n, (3-interferon and y-interferon,
especi aFTRPEIBE QARG Het Al SOIVRRT a- 2b-interferon, an interleukin such
as interleukin-2, a polypeptide such as thynosin-a-1 and a

t hynoct ondf0248n i hhe sgastion nal berearded putatmideeths athosphetiep@aiusodrayndana high
i mmunogl obulin and a _therapeutic vaccine. [0032] Thereby, this

i nvent | BFFS#ITSo Has usualdy earigd eBtisler thesimepsnherie EasPytg and  preventi ng
HBV i nfections and its use for treating diseases induced by HBV.

[ 0033] The[0028] of Thheeactivbtaabe itbedbutiwiech binvRRGILQAR apidVfiadQs. K3 uabl e
advantages for the treatnent of HBV-induced di seases conpared with
monot hepegisrable td cartyeoutribié xdadiel in the presenvd ©f arvasaklayidmutings gatit ycid, formic
synergistic antiviral activity, but also good tolerability of the
conbi nafsid 95 theflikehe i nvention in Tox-50 (the range of toxicity at.

whi ch 50% of the cells survive). 8 English Translation of WO

2008/ 154816029 [ A@F#bolBetWIShANOERionGERlds @6l a cBmPssitiBY cRRpridiRs AF &
inhibitors B for the purposes of the invention are those which, in

t he endbgstmuesf fwl apore ddwdepyamidinecindBsatiedst osheftbthdryaniiral Agerftsir man
et al. in Antimcrobial Agents and Chenot herapy, Vol. 36 (No. 12),
2688 (ddtppent fom i ch i s described hereinafter, lead to an
inhibition of the formati on of an HBV

[0030] A certain embodiment of the invention relates to a composition comprising A)
the above dihydropyrimidine, B) an HBV polymerase inhibitor and, when appropriate, C) an

immunomodulator.

[0031] Preferably the immunomodulator C) is selected from, for example, all the
interferons such as o-interferon, S-interferon and y-interferon, especially o-2a-interferon and
o-2b-interferon, an interleukin such as interleukin-2, a polypeptide such as thymosin-o-1 and

(“ a thymoctonan, an imidazoquinoline derivative such as levamisole, an immunoglobulin and a

therapeutic vaccine.

[0032] Thereby, this invention also relates to a composition for treating and

preventing HBV infections and its use for treating diseases induced by HBV.

[0033] The use of the combinations of the invention provides valuable advantages for
the treatment of HBV-induced diseases compared with monotherapy with the individual
compounds, namely principally a synergistic antiviral activity, but also good tolerability of
the combinations of the invention in Tox-50 (the range of toxicity at which 50% of the cells

survive).



DNA doubl e strand, so as to result in a maxi num of 50% of the

activity of the zero value. [0035] HBV poly |b t

use in the invention are the substances gﬁ%@%‘dﬂ"f &'r%%?@é/ﬁ%ﬁy’“
pol ynmer ase experinment published in "Antim crobl al Agent s and

Chenot herapy" Vol .36 (No.12), 2688 (1992) by Ph. A Furman, and the

substances_ descri bed bel ow for inhibiting the formation of
doubl e- st r Ei8ddb Hﬁ\hethﬁ eafgrredioastinY polymerhss inbibitousB 09be purposes

I to b 036] HBV culture )
super nat AT aR A G0 wa%ﬁ asndogihéds."paimé%g& w33 Wibigh tyse ppblished
strand @f gphg l}@%\walqn\ﬂn , ] aganose eI ,
el ect rop oreS| S, ‘
5'-tri pr@mlj'%ﬁ@wlh%% bB&ribkd rem%ftgr lﬁéﬁd% %%HS% of ﬁle%%g{}%g%f

presence and absence of a substance’potentia

pol ymer In¢A idotiblistradty) s a9 REFkhIEH: a ﬂﬂ@én’rﬂrﬁ bP?@%fo%@Qﬁl@it? 8 tHe 210 x}aﬁ\ﬁe
cell culture supernatant of HepG2.2.15 cells by precipitation wt

I f
oL S o ap PRI e B B e R eSnee an

t ]l e
S s SRR S D 0 o
trif SRAdEBMS e
Coo 1 SRRl AR SUNG 1268 €pa0aT B PO ARl Gl BMARED o0

agai nst dedeeibsdbelotubf hitdoing meribﬂ@atib%fmwhﬂetsﬁaﬁdddmmvl [@NAQEereﬂ-}h&sultmg
anples can be frozen at -80 C. Each reaction m xture (100

cont ai ngn the nhaxatm18o kMBIvity valwerte;besBro.mMM tri s- HO (pH 7.5); 300 mvi

pot assi um chl ori de; 50 nM magnesi um chl oride; 0.1% Noni dent(r) P- 40

i oni c rge el0 1tM
((2125(1)' gl 1:) ggpg %B\E’Réﬁfﬂ[ng?g@]ﬁélé%lgﬁ%% 00 gr}tmmfnjp%{#%wdgncentratl on

33 nM ahaliphosphatef irith ehedsltiestiandl ofid BRI XA inNAirbi tB? ubigiakfrose gel
tri phosphorylated form The sanples are incubated at 37 Cfor oOne
hour andlectiephordsés, thecin¢irporation sf fpfRHdbyxyaddieogdS9-triphdsplisie ivo the viral
English Transl ation of WO 2008/ 154817 Al 10% wei ght/vol unme SDS

sol ut i oR-XkANA prodest inoksenied dDghamwesence amd dfsenvgtadia)substaragpotentiallya

having HBV polymerase-inhibiting properties. HBV virions are obtained from the cell

!.!

culture supernatant of HepG2.2.15 cells by precipitation with polyethyleneglycol and are
concentrated. One part by volume of clarified cell culture supernatant is mixed with 1/4 by
volume of an aqueous solution containing 50% by weight polyethylene glycol 8000 and 0.6
( M sodium chloride. The virions are sedimented by centrifugation at 2500xg/15 minutes. The
sediments are resuspended in 2 ml of buffer containing 0.05 M tris-HCI (pH 7.5) and
dialyzed against the same buffer containing 100 mM potassium chloride. The samples can
be frozen at -80° C. Each reaction mixture (100 ul) contains at least 105 HBV virions; 50
mM tris-HCI (pH 7.5); 300 mM potassium chloride; 50 mM magnesium chloride; 0.1%
Nonident® P-40 (nonionic detergent from Boehringer Mannheim); 10 uM dATP, 10 uM
dGTP, 10 uM dTTP; 10 pCi [**P]dCTP (3000 Ci/mmol; final concentration 33 nM) and 1
pM of the potential polymerase inhibitor in its triphosphorylated form. The samples are
incubated at 37° C for one hour and then the reaction is stopped by adding 50 mM EDTA. A



final concentration of 1 % by volune (based on the total volune), and
proteinase Kis added to a final concentration.of 1 ny/ f

i ncubation at 37 C for one hour, sanples areﬁé@?&%flgtg’n\%}?’ﬁéohgg%ﬁwl
vol une of phenol/chlorofornfisoanyl alcohol (ratio 25:24:1 by

volune), and the DNA is precipitated fromthe aqueous phase with

) I i ded in 10 | of | buff
Csorut aa%%@%‘fé%s%hs40@1;{%.5@“3:8%3@}0@é‘ef %ES@%EH&I??.of?a@(?);igfadmAa
i i = b t el ectrophoresi s
i an agap@pedtiisfon bT TR Yt asil oail?%tﬁ{aiwgﬁﬁ@}ﬂapé@tﬁm%ﬁ s
i t > rn o er techniqye to a
eror ands * SR BnberBALEOF Sidhby o TRBRON o A TERY S b Sl
det er m eRghdidd With #el Afhel@IiHEo Bl/ﬁo&?&ﬁﬂ%ég&@%&ﬁjﬂ\# saSkh Yy

w t hout substance or with 1 nactive contr

pol ynmer asknie) kinbithcODNASisfpr&sgifdted from tH@inlfBéﬁ% Phase Wth Fharol ef}ﬁ@NX'gEHet
of the negative control is present. [0037] Preferred HBV pol ynerase

i nhi bi t orrssuBpersiedn 18 @] of gal bekfan(sbktion 3T CoBayofutisl N gdf BOHH&cid and 0.75 g
-[ (2R-ci sﬁ- 2- (hydroxymet hyl) - 1, 3- oxat hi ol an-5-yl -]-pyrim din-2

( 1H) - onef ERTA igp- IgengDwaen({RE Biff@})tandNeparbted b7 cl@@pploresivid Dldgaii86
(=U.S. Pat,. No. 5,6 204,466): Adefovir dipivoxil = 9-

{2-[[bi & (E}t@%ﬂ@,@g%g@, m?{ie?q{bg(p]lclﬁlﬁ@glﬁlﬁ PEPERL therein transferred by the Southern

B, i S Bt Bl 2
o moaebed oot BeRem e Gongo-wolssesippanision avspost 1 i
H- pur i nirfic®REoonfrbl subanét)48% PG fgl;)g;éaseEﬁlﬁibitNQ§ F{{égxfthﬁ a Al of 50%

5,340, 816), WD 98/ 09964 and 99/ 4 Abacavir =

S- ci s) - éf thaaativityofGhd Be@kiop o] aprReInt.IH puri n-9-yl ] - 2-cy-
cl opentene-1 -nethanol, cf. EP-B 349 242 (=U.S. Pat. No. 5, 049,671)

Fre=(or i O art 50 Gt e R B s, o xampie
Nos. 5, 304, G085 10085 13 530 1150 CigtS Bl g niah2

5, 814, 6@%)-dneSA7EP Y 385 586@-1087PatoN892082507) aad Wédh A3y 185 59@4& $30No.
and WO 92/18517; /3-L-FDDC =5-(6-am no-2-fluoro-9H purin-9-yl)-

t et r ahy8l204,266)uAdefvetribpiobxil ef9- {2ADbBH(pRAGdGo Xy thého:Batphodidsnyl]-

> 27, 1rgoet’h0)5<}’f]?gd]1-}’ll%-Za(?&enine, cf. EP-B 481 214 (=U.S. Pat. Nos. 5,663,159 and 5,792,756), U.S.
Pat. Nos. 4,724,233 and 4,808,716; BMS 200475=[1S-(1-0,3-0,4-8)]-2-amino-

(‘ - 1,9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)-2-methylene-cyclopentyl ]-6H-purin-6-one, cf.
EP-B 481 754 (=U.S. Pat. Nos. 5,206,244 and 5,340,816), WO 98/09964 and 99/41275;
Abacavir=(-)-(15-cis)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cy-
clopentene-1-methanol, cf. EP-B 349 242 (=U.S. Pat. No. 5,049,671) and EP-B 434 450
(=U.S. Pat. No. 5,034,394); FTC=(2R-cis)-4-amino-5-fluoro-1-[2-(hydroxymethyl)-
1,3-oxathiolan-5-yl]-pyrimidin-2(1H)-one, cf. WO 92/14743 (=U.S. Pat. Nos. 5,204,466,
5,210,085, 5,539,116, 5,700,937, 5,728,575, 5,814,639, 5,827,727, 5,852,027, 5,892,025,
5,914,331, 5,914,400) and WO 92/18517; 3-L-FDDC =5-(6-amino-2-fluoro-9H-purin-9-yl)-
tetrahydro-2-furanmethanol, cf. WO 94/27616 (=U.S. Pat. Nos. 5,627,160, 5,561,120,

5,631,239 and 5,830,881); L-FMAU=1-(2-deoxy-2-fluoro- 3 -L-arabinofuranosyl)-
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5,631,239 and 5, 830, 881);
L- FMAU=I - ( 2- deoxy- 2- f | uor o- $- L- ar abi nof ur anosy!| gﬂjlo Engl i sh

Transl ati on of WD 2008/ 154817 Al  5- et hy|-p%‘!1 dpepiativon gf VO 2008/154817 Al
H, 3H) - di one, cf. WD 99/05157, WD 99/05158 and U.S. Pat. No.

5,753,789. [0038] A further preferred enbodi nent of the invention
relates to a conpaosition conprisin Q) t he above di hydropyri m di nes
havi ng Porethylzpyrimiding,4(18)3Hadigne)ct) Wi 965 1, WQO98B]l 5&amel.S. Pat. No.
preferrgg gﬁg antiviral agents B conprise, for exanple,

phenyl p 6 fri des of the fol | ow ng formula: Re X RINNRz Re ~,

R1I0 Rte R11 R7 R3 Re R Rs wherein RL and R2 are, each

i ndependerid038] ClA4fuethiyreferred eopetimesnt of thHe ihvatioh k¢lage o At@Mdition
which they are located, forma ring having 5 to 6 ring atons which
conpr i seoTRpiFHtAXHe/abpve d&lyg@pynm%ngs RV gfoemeladh) anddby)pamddBitlamivudine.
hydr ogen, hal ogen, Cl4 al kyl, optionally substituted Cl4 al koxy,
nitro, cygoesopr toOkddrpesran&t ABNV ardffka ' I kyl,

Cl-7 acyl qor 9(Par al kyl iE;and X is hal oge?%?tstﬁj??%%g%?;@rseg%rg }e?ut ed Cl.4
al kyl . pixagropEnemples oy therfopewaiy fdasuland t hei r preparati on nmet hods

are disclosed in WO 98/33501, and are nentioned here for

publication. AT-61 is the conpound ter_0 [%041] Preferred

i mmunonodul ators C) conpri se, forRaex&rrBl\Q,’ all interferons such as
a-, /13- and y-interferons, ingparticylar{also a-2a- and
a-2b-interferons, interleukins

C

wherein R' and R? are, each independently, C,.4alkyl or, together with the nitrogen atom on
which they are located, form a ring having 5 to 6 ring atoms which comprise carbon and/or
oxygen; R® to R'? are each independently hydrogen, halogen, C,.4 alkyl, optionally substituted
Ci.4 alkoxy, nitro, cyano or trifluoromethyl; and R" is hydrogen, C;.4 alkyl, C;.; acyl or

aralkyl and X is halogen or optionally substituted C_4 alkyl.

- [0040] The phenylpropenamides and their preparation methods are disclosed in WO

98/33501, and are mentioned here for publication. AT-61 is the compound

HN__=2©

[0041] Preferred immunomodulators C) comprise, for example, all interferons such

as o-, 8- and y-interferons, in particular also a-2a- and a-2b-interferons, interleukins such as

11



English Transl ation of WO 2008/ 154817 Al interleukin-2, polypeptides
such asthynosi n-a-1 and thynoctonan, im dazoquinoline  derivatives
such as Levanisole , inmunogl obulins and theragihiraesktion of WOL008/ HgipAl
A further preferred enbodi nent of the invention relates to

conbi nati ons of A) above di hydropyrimdines (1) and (la), B)

| am vudi ne_and, where appropriate, C) an interferon. Description of
Tests [ ovabjukiha, polyneptides sual nstbymosinich & and thymoctisanf intifiezogminelidd on

on hepatitis B virus_is invgstigated by nethods based on those

descri bENYAiVRE sukh agdeyamisples) immpneglobulias pnd kerapeutsryaccinegs,

1005- 1009 (1987) and B. E. Korba et at, Antiviral Research 19, 55-70

(1992). [(0643] The funthenvprefhred@sitdihent @fEHd igderidh rélated & ¥dhbinations of A)
mcroliter plates. The first vertical row of the plate receives only

gr owt h aleadiediiednopyHepicineg () 5nd €la),B) lhniwdineemdawherenppropriate € pan

[ 0045] Stock solutions of the test conpounds (50 mM are initially

di ssol vB¥erfgon.p\vsO, and further dilutions are prepared in the

HepQ&2. 2. 15 growt h nedi um The conpounds according to the invention
are usubBles¢rigtigedfiRetsi N a test concentration of 100 M (1st test
concentration) in each case into the second vertical test row of the
mcroliter plate and subsequently diluted in twofold steps 210 tines
in grow h [A48]lum phesntPeisabgctivei aftthe ofmpdetdalof thel ifivention on hepdtitiseB 2ibud i}
[ 0046] Each well of the mcrotiter plate then contains 225 | of

HepGe. 2invsstigatad bygnethedshased pmihose dessaibpd byiM- A rSells etwlh BreeliNath Alcad Sci.,

% by I f |.ca eru Th test mxture is incubated at

7 & aniabehor iy #i baBakoe of obasatig Resessiintd, 35170 08Han
aspirated off and discarded, and the wells receive 225 | of freshly
prepar ed d0Adlh n¥be emtivihheestscmp carnidd oariaM6ekvelymiaotifes piates €Tlid 3t wirtical
each added anew as 10-fol d concentrated solution in a volunme of 25

pl . Theray ¢k the phatereseivesenly srawthfmediamfand tHepG24. Hagealls. It serves as virus

control.

[0045] Stock solutions of the test compounds (50 mM) are initially dissolved in
DMSO, and further dilutions are prepared in the HepG2.2.15 growth medium. The
compounds according to the invention are usually pipetted in a test concentration of 100 uM
(1st test concentration) in each case into the second vertical test row of the microtiter plate
and subsequently diluted in twofold steps 210 times in growth medium plus 2% by weight of

C fetal calf serum (volume 25 pl)

[0046] Each well of the microtiter plate then contains 225 ul of HepG2.2.15 cell
suspension (5x104 cells/ml) in growth medium plus 2% by weight of fetal calf serum. The
test mixture is incubated at 37° C and 5% CO2 (v/v) for 4 days.

[0047] The supernatant is then aspirated off and discarded, and the wells receive 225
pl of freshly prepared growth medium. The compounds according to the invention are each
added anew as 10-fold concentrated solution in a volume of 25 pul. The mixtures are

incubated for a further 4 days

[0048] Before harvesting the supernatants to determine the antiviral effect, the

12



[ 0048] Before harvesting the supernatants to determ ne the antiviral

effect, the 12 English Translation of WO 2008/154817 Al Hep&2.2.15

cell's are exanined under the |ight m croscop&ngishipnsigionef WP 2008/154817 Al

bi ochem cal detection nethods (for exanple Al amar Blue stain or

Trypan Blue stain) for cytotoxic changes [0049] The supernat ant

and/or cells are then harvested and sucked by neans of a vacuum onto

96- wel | HepE2 2416t cetlh areaxaminasvmndedthailight micrgicope nebpmeass ¢fitiochemical

accordance with the manufacturer's information). Cytotoxicity

Det er ni Agtestim pethods (fa axamptec A lanag BlegisteiptastToxpan Blue sty ormgyitatoxic

changes jn the Hep&.2.15 cells are - detected, for exanple, under

the Iigfta%8Ftroscope as changes in cel |l morphol ogy. Such

subst ance-i nduced changes in the Hep@&.2.15 cells conpare with

unt r eat ed [0849]s allbe supsiipitant and/or cellsampthen hasvestyt ahd sucked baatsahasf Hn

or altered cell norphology. A 50%cytotoxicity (Tox.-50) neans that

50% of V#raugednte 9&tysl dotiietshambery coverpdmathl anylon miembeaner(asgvoordamg with

cell control. %;0051' he tolerability of sone of the conpounds

accor di Mg PHUEHFIERBIMEHOYs  additionally tested on other host

cells such as, for exanple, HeLa cells, primary human peri pheral

bl ood cé€lytatoxicity Detexhrinatieh cel | |ines such as H9 cells. [0052] No

cytotoxi c changes are detectable at concentrations >10 M of the

conpounds of the invention. Determ nation of the Antiviral Action

[0053] Aftl805Uhe Substansetiadicsd eytotoxseer eytdstatici changeans fherllenG2 215 hels are
paratus (see above), the intra-

nyl on nt)r‘?ziﬁﬂef of trﬂe bl, ot af) ). or

ext r acef PETeH QR FaMRiD SRES the liglfaniceqseppens chapgssiia celhmernhelngyyu® e

(1.5 M /0.5 N neutral i 3 NaCl /0. 5M Tri s HC H 7.

nd webnai s RalgPRhesfihd BeniER 153 lh ST ac il wismBea elase vioR,

I ncubat fd?gxﬁrﬁﬁle,f dsf cty?(ﬁ?siéztvacuolation or altered cell morphology. A 50% cytotoxicity
(Tox.-50) means that 50% of the cells show a morphology comparable to the corresponding

cell control.

[0051] The tolerability of some of the compounds according to the invention is
additionally tested on other host cells such as, for example, HeLa cells, primary human

peripheral blood cells or transformed cell lines such as H-9 cells.

[0052] No cytotoxic changes are detectable at concentrations >10 uM of the

( compounds of the invention.

Determination of the Antiviral Action

[0053] After the supernatants or lysed cells is transferred to the nylon membrane of
the blot apparatus (see above), the intra- or extracellular supernatants of the HepG2.2.15 cells
are denatured (1.5 M NaCl/0.5 N NaOH), neutralized (3 M NaCl/0.5M Tris HCI, pH 7.5) and
washed (2xSSC). The DNA is then baked onto the membrane by incubating the filters at
120° C for 2-4 hours.
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120 C for 2-4 hours. 13 English Translation of WD 2008/ 154817 Al DNA
bridization [0054] Detection of the viral fromthe ea
mp@. 2.15 cel I[s on] the nylon filters is us%‘}@l’? E?FIP?Oé‘cftfg’Lﬂ%ﬁ/ﬂ%‘S”Al
nonr adi oacti ve, digoxigenin-|abeled hepatitis B-specific DNA probes,
each of which is |abeled with digoxigenin, purified and enpl oyed for
the hybridization in accordance with the manufacturer's information.
[0055]  BINA Miydwidizatign, at i on and hybri di zation take place in 5XSSC, 1
xbl ocking reagent, 0.1 % by wei ght N-|auroyl sarcosine, 0.02% by

akes. plackial o niddtsPnof i it ;PR B thdreatrd il 2 65 %%iséﬂ%;%??lﬂﬁn
;I_g;?zfgzﬁﬁﬁe%ﬁﬁ%ﬁﬁhdé&s Uil %ﬁi—@é%ﬁg%%%gﬁ@speCIﬁc
innﬁﬁolgg%ggﬁmggtectioﬁmg%ggﬁ%ggpgggﬁg %?%gkgﬁé|eg %h%:%@gpm%ﬁgggein

accor dahgsridizitiontih @ccoriaica Gith BE nfanufclirb® infAmati®P57] The filters
wer e washed and prehybridized in a bl ocking reagent (in accordance

out i th JROSSCT TREEr b RGP i es At R R o sha helotae 30
M nut es reAE4eh, 18, W@@isgﬂgla]gltggl%’ylsta%giné,wéﬁ%mﬁghtﬁﬁgﬁ@ F(%OO;rLg gf herring

phosphat ase, " CSPD,” was’ , “I'ncubat ed Wt ers

M nut es sperin BRAPTEK peLhiyBridizaddn @kéd JlRANG0P TP 80 Rfndts, 3dd ﬁ:xefsgéciﬁc .
further 15 mnutes. The chemni |l um nescence of the hepatitis B-Specific
NA si ghgbridisation\tilss pliczedtb30 xdtosd/mg of the digddigeised] denaturelt HBY -dpebific
incubation depending on signal strength: 10 mnutes to 2 hours).

[ 0058] PINA Kl Howis 60 Threhitltérs erotheowestedr at i on (1 C50, 50%
inhibitory concentration) was deternined as the concentration at

whi ch t PDRtdchibh 3f HBV-DNA §DibbhigénineRddidss B-speci fic band was
reduced by the conpound according to the invention by 50%

[0056] The immunological detection of the digoxigenin-labeled DNA took place in

accordance with the manufacturer's information:

[0057] The filters were washed and prehybridized in a blocking reagent (in
accordance with the manufacturer's information). Hybridization was then carried out with an
anti-DIG antibody coupled to alkaline phosphatase for 30 minutes. After a washing step, the
substrate of alkaline phosphatase, CSPD, was added, incubated with the filters for 5 minutes,
C— then packed in plastic film and incubated at 37° C for a further 15 minutes. The

chemiluminescence of the hepatitis B-specific DNA signals was visualized by exposing the

filters to an X-ray film (incubation depending on signal strength: 10 minutes to 2 hours).

[0058] The half-maximum inhibitory concentration (ICsp, 50% inhibitory
concentration) was determined as the concentration at which the intra- or extracellular
hepatitis B-specific band was reduced by the compound according to the invention by 50%

compared with an untreated sample.

[0059] It is unexpected that the compound of the invention exhibits an effective

antiviral effect with an ICs less than 1 nM. Therefore, the compound of the invention is
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conpared with an untreated sanple. [0059] It is unexpected that the
conpound of the invention exhibits an effective antiviral effect

with an 1C50 less than 1 nM Therefore, the dagisburdslgionohW0 20088 EML
is 14 English Translation of WO 2008/ 154817 Al suitable for use in
treating the diseases induced by viruses, especially acute and

chronic persistent HBV infections. Chronic viral diseases induced by
HBV cansuitabkefor tbeeinrtoeatingtlteydiseand ihdweced fyommiusesh eqpatially acie wnd tlgonic
infection can cause liver cirrhosis and/or hepatocellular carcinonma

i n manypesistest HBYowdqctinns £hredic iviral diagasemindiréedbydB Ve anwrorsepribelmpdridity
t he conpounds, of the .invention are, for exanple: the treatnent of

acut o alel e Chimic Repagiis B nfgetion gancqqussljver ciaehosis gnd/er benatesgHular

hepatiti Sti for .exarrgl e infections with heptatitis B viruses. The
conmpound& I8P AR ARG8T on are particularly suitable for the
treatment of chronic hepatitis B infections and the treatnent of
acut e and [806Uni c Aregsaxfiindieat®nwihich miapbeandéntinsed fod GGldonvangs efsthat

i nvention includes pharmaceutical preparations which, besides

nont oxi BVentisy arefan exapRlet the %@tyleggpf ayfeandghronde ¥iraldafeptionsavhige mey

whi ch clAS ?é‘%%&i‘c»ﬁaﬁép&&'tiﬁ%f%é%ef‘nlé&%%%%é&w?@ﬁ’efgm%%‘? Bofigray! 268&%@
| oh CUNISTSE O ome U o e e or ra)

(2. ar ot B8 ilenbif e R AN oo OH Ror B ScRERoR SR P ot mteeBis

ment i ongtl Ab@EmidAt 8f &%\%{&M&ggﬂs‘g{ﬁéﬁm&%?lq?%cﬁ&599- 5% by wei ght,

Freferably of about 0.5 to 95% e conplete m xture.

0063] Th rmaceuti cal .preparations nti oned, above may al so .
corrpr% se 39%3 %ﬁ‘? Q@Sﬁﬁé&?& R {nctuges PRyIAg PR PrspaRtions which thesides

conpoun ), 1,0064] The ratio of the amounts of the
conpon e% nst&k):’ @&g Ré&%}v% %‘“&tlecggf) %?%%?? SHHCISCPIEIORE O FRES FYTRINAS ) P de)
i nventi ; i i i LA L S di by d v B .
7S R O it ke g PO it 088 0o
my of Bor of a combination of the invention.
[0062] The active ingredients (I) and (Ia) are intended to be present in the
pharmaceutical preparations mentioned above in a concentration of about 0.1 to 99.5% by

weight, preferably of about 0.5 to 95% by weight, of the complete mixture.

[0063] The pharmaceutical preparations mentioned above may also comprise other

active pharmaceutical ingredients apart from the compounds (I) and (Ia).

[0064] The ratio of the amounts of the components A, B and, where appropriate, C in
the compositions of the invention may vary within wide limits; it is preferably 5 to 500 mg of

A/10 to 1000 mg of B, in particular 10 to 200 mg of A/20 to 400 mg of B.

[0065] Component C, which is also to be used where appropriate, may be used in
amounts of, preferably, 1 to 10 million, in particular 2 to 7 million, L.U. (international units),

about three times a week over a period of up to one year.
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[ 0065] Conponent C, which is also to be used where appropriate, naybe
used in anounts of, preferably, 1 to 10 mllion, in particular 2 to
7 milion, I.U. (international units), aboutEnglshdemnslitiopef WORERI(1¥FEIA]
a period of up to one year. 15 English Translation of WD 2008/ 154817
Al [0066] The conpounds or comnpositions of the invention are
intended to be present in the pharnmaceutical preparations nentioned
above in déféglal The aompoweistor abinposiibnsadfaht il¥edtiort fre Yeried ps BE prosdit ¥n
about 0.5 to 95, % by weight of the conplete m xture. [0067] The

phar mac ggtihesnagspeesd prapambionsmmentiommddibaio ireganaral brea prnedutcatibni of about 0.1
conventional wa nown net hods, for exanple by m xing the active

i ngr edi B’n?%-ga)m@ﬁ}éﬁ%}/y ;tr?é‘t Bartpider (osby Weighbef] the complsteyaixdiral | y proved to
be advant ageous both in human and in veterinary nedicine to

adm ni st er[006/ acThe phamgcesticahprieparationg Bt@tonadabicscadbe phstiticedinm t 0
about 500, C preferably of I to 100 ng/ kg of body weight every 24
hours, o#nentiensbmapbydnewnmethedst forrexaipke byl mixdtg thy activesinggient{s)seish
to achieve the desired results. A single dose contains the active

i ngr edi Bistcggier(s)-ef erably in anounts of about | to about 80, in
particular 1 to 30 ng/ kg of body weight. However, it may be

necessary [0068]evi &titas Eemllhsrodes aossadvantapowe oth in hubfhtahg i ddterinary
dependi ng on the species and body wei ght of the subject to be

t r eat edmedicmertandmeistaniie setivar ingsedoht(shia tdiabamadents of dteut 95eo0 about 500,
preparation and node of adm nistration of the nedicanent, and the

i me or Picfraly of 1@ {06 mafis efibodyeigh tevetyi 2rhousk edherst appeoprjag0iadhe foinm
rmventiopn theref 0£e rel ates fUét her to the conmpounds and conpositions

def i ned*ShBYEALELPT HBEE 385S; 19gchIeye thedesiredresuls. Phuingls dash qontring the petrve

compos: PESHEHSF ARERTREDRRGRS Ofaies 1 38 Abesl PP Gierar o g Y e A

2o LS OB ERE el RGeS0k L AL S L Al
particular depending on the species and body weight of the subject to be treated, the nature
and severity of the disorder, the type of preparation and mode of administration of the

medicament, and the time or interval within which administration takes place.

[0069] The invention therefore relates further to the compounds and compositions

defined above for controlling diseases.

[0070] The invention further relates to medicaments comprising at least one of the
compounds or compositions defined above and, where appropriate, one or more other active

pharmaceutical ingredient(s).

[0071] The invention further relates to the use of the compounds and compositions
defined above for producing a medicament for the treatment and prophylaxis of the diseases

described above, preferably of viral diseases, in particular of hepatitis B.

[0072] The percentage data in the following examples relate in each case to weight
unless indicated otherwise. The ratios of solvents in solvent mixtures are in each case based

on volume.
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defined above for producing a nedi canent for the treatnent and
prophyl axis of the diseases described above, preferably of viral

di seases, in particular of hepatitis B. [007Zpsichdrapdstionnf WHLOORIHA3I7m L
the followi ng exanples relate in each case to weight unless

i ndi cated otherw se. The ratios of solvents in solvent m xtures are
in each case based on volune. 16 English Translation of WO

2008/ 154817 Al EXAVPLES A. Prepar EXAMPIES nt er nedi at es

I nternmedi ate 1 Ethyl
4-(2-brono-4-fluorophenyl)-2-(thiazol-2-yl)-6-nethyl-I

, 4- di hy &« oByenaxptiomef Igexmediateyl i c ester F O Br H3CO N H3C N9\ H
S~ [0073] A mxture of 10.0 g (49.3 muol ) of

2- brono; 4-11 ug_r benzal dehyde, 6.4 g (49.3 nmol) of ethyl

acet oacHttgrmedigtel o 49 3" hypi ) of 2-anmi di no-t hi azol e hydrochl ori de

and 4.8 8 nnnal ) of sodjum acetate s di ssol ved_ or suspended
in 400 Fr&lyi)?'(%%ﬁ%814'ﬁ%‘ﬁ8pliw ishigei - ¢ Breiikd ¢ 4bydropyRmisiae The
sol ut i oprcathoaylneestetas cool ed to room tenperature and filtered. The
resi due was washed with water to renove inorganic salts. The product
of 10.8 g (51.6% was obtained. Melting_point: 163-165 C

I nternedi ate 2 Met hyl F
4- (2- brono- 4-fl uorophenyl)-2-(thiazol -
i di ne-5- carboxylic ester

| )-6-nmet hyl -1, 4-di hydropyrim

C ~

[0073] A mixture of 10.0 g (49.3 mmol) of 2-bromo-4-fluorobenzaldehyde, 6.4 g
(49.3 mmol) of ethyl acetoacetate, 8.1 g (49.3 mmol) of 2-amidino-thiazole hydrochloride
and 4.8 g (58.5 mmol) of sodium acetate was dissolved or suspended in 400 ml of ethanol
and then béiled and refluxed for 16 hours. The solution obtained was cooled to room
temperature and filtered. The residue was washed with water to remove inorganic salts. The

product of 10.8 g (51.6%) was obtained. Melting point: 163-165 °C.

(M . Intermediate 2

Methyl 4-(2-bromo-4-fluorophenyl)-2-(thiazol-2-y1)-6-methyl-1,4-dihydropyrimidine-5-
carboxylic ester

[0074] Intermediate 2 was synthesized from methyl acetoacetate by a method similar
to that for Intermediate 1.  Yield: 53% (melting point: 155-157 °C).
Intermediate 3

Ethyl 6-bromomethyl-4-(2-bromo-4-fluorophenyl)-2- (thiazol-2-yl)-1,4-dihydropyrimidine-
5-carboxylic ester
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[0074] Internediate 2 was synthesized from nethyl acetoacetate by a
method simlar to that for Internediate 1. Yield: 53% (nelting

poi nt: 155-157 C). Internediate 3 English Translation of WO 2008/154817 A1
Et hyl 6- br onmonet hyl - 4- ( 2- br ono- 4- f | uor ophenyl ) - 2-

(thiazol -2-yl)-1, 4-di hydropyri m di ne- 5-carboxylic ester 17 English
Transl ati on of WD 2008/ 154817 AL F OBr H3CO N 14 CBr HS [0075]
5.0 g (11.8 mml) of Internediate | was added into 100 m of carbon
tetrachl oride and was heated to 50 C in dn atnosphere of the argon
gas to obtain a clear solution. At thisXenperature, 2.33 g (13.0
mmol ) of N-bronosucci ni m de was added i the solution and m xed at
the tenperature for 10 mnutes. The oR. _obt ai ned was then cool ed
imredi ately and filtered at roomte r‘ B Fand deconpressed for
concentration. The product Qbtarred s ur|ty of higher than 90%

according to the test result 3 [nes used as a raw materi al
in the next step. Rf = 0.69 (the r N»&sxrgNeum et her to ethyl
acetate is 8:2). Internediate 4 Met t \/)

6- br ononet hyl - 4- ( 2- br ono- 4- f | uor opheré,cl yH- S

(thiazol -2-yl)-1, 4-di hydropyri m di ne- 5-carboxylic ester [0076]
Internedi ate 4 was synt hesized from | nterrredi ate 2 by a nethod
simlar t o nt er dlate

(the rati g ?ﬁ t?olge{}m e’?ﬁebat{fg}ﬂee § latealc‘g?sazf ént%@? ot Carbor

tetrachloride and was heated to 50 °C in an atmosphere of the argon gas to obtain a clear

solution. At this temperature, 2.33 g (13.0 mmol) of N-bromosuccinimide was added into the
solution and mixed at the temperature for 10 minutes. The solution obtained was then cooled
immediately and filtered at room temperature, and decompressed for concentration. The
product obtained has a purity of higher than 90% according to the test result of HPLC, and
was used as a raw material in the next step. Rf=0.69 (the ratio of petroleum ether to ethyl

acetate 1s 8:2).

Intermediate 4

Methyl 6-bromomethyl-4-(2-bromo-4-fluorophenyl)-2- (thiazol-2-yl)-1,4-dihydropyrimidine-
5-carboxylic ester

(" [0076] Intermediate 4 was synthesized from Intermediate 2 by a method similar to
that for the preparation of Intermediate 3. Rf= 0.69 (the ratio of petroleum ether to ethyl

acetate is 8:2).

B. Preparations of Examples

Example 5§

Ethyl 4-(2-bromo-4-fluorophenyl)-2-(thiazol-2-yl)-6- (4-morpholinylmethy)-1,4-
dihydropyrimidine-5-carboxylic ester
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B. Preparations of Exanples Exanple 5 Ethyl
4- (2- brono- 4-fl uorophenyl)-2-(thiazol -2-yl)-6-
(4- nor phol i nyl net hy) - 1, 4- di hydr opyri m di ne- SEnghshJosuylhtion o€ $10e2008/854817 Al
English Translation of WO 2008/154817 AL F o Sr HZC NNHSi)/ Cod
[0077] 2.0 g of Internediate 2 was added into 15 m of nethanol to
forma solution. The solution was mxed with 5 tinmes of norpholine
and stirred for 30 mnutes at room tenperature. The solution
obtained was then diluted with water extracted with ethyl
acetate. Yield: 1.7 g. Melting poi nt . <163 C. Rf = 0.45 (the ratio
of petroleumether to ethyl acetatejis 8:5’) Exanpl e 6 Met hyl
4- ( 2- br ono- 4- f | uor ophenyl ) - 2- (t hi'a2®l 3 ) - 6-
(4-norphol i nyl methy) -1, 4-di hydr opyg 'ﬁ\gﬁvS-car boxylic ester F O
* Br \HH2C NN N HCO [0078] Exampl ¢ 6iwgs synthesized from
Internmediate 4 by a nethod simlar Eﬁjthat

(@)

[0077] 2.0 g of Intermediate 2 was added into 15 ml of methanol to form a solution.
The solution was mixed with 5 times of morpholine and stirred for 30 minutes at room
temperature. The solution obtained was then diluted with water and extracted with ethyl
C acetate. Yield: 1.7 g. Melting point: 161-163 °C. Rf= 0.45 (the ratio of petroleum ether

to ethyl acetate is 8:2)

Example 6

Methyl 4-(2-bromo-4-fluorophenyl)-2-(thiazol-2-yl)-6- (4-morpholinylmethy)-1,
4-dihydropyrimidine-5-carboxylic ester

[0078] Example 6 was synthesized from Intermediate 4 by a method similar to that
for the preparation of Example 5. Melting point: 173-175 °C. Rf= 0.43 (the ratio of

petroleum ether to ethyl acetate is 8:2).

[0079] The enantiomers prepared in Example 5 and Example 6 were separated on a

chiral column (Daicel Chiralpak AS-H, mobile phase: n-hexane/ethanol = 99/1).

[0080] The anti-HBV active compounds in the two examples are enantiomers having
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for the preparation of Exanple 5. Melting point: 173-175 C. Rf = 0.43

(the ratio of petroleumether to ethyl acet 8: %%B 79
enantioners prepared in Exanple 5 and Exanpl “§h rauslatign o g’ e@kgﬁ“ 17A1

chiral colum (Daicel Chiral pak AS-H, nobile phase: n-hexane/ et hanol
= 99/1). [0080] The anti-HBV active conpounds in the two exanples are
enanti oners haV| ng 19 Engl i sh Transl ation of WD 2008/154817 Al a
rel ati vérglativgiyl Q’@tréﬁﬁl% Imene. [0081] The activity data of the
conpounds of the invention are listed below. Exanple No. IC50 (nM 5
0.2 (-)-50081] 6 Thedctivily fatdoPlthe[cORBIndIYT thé RRERRIH ardfisted Below:
hepatitis B virus-producing Hep&.2.15 cells wth the conpounds of
the invention can lead to red pon infintr extracel | ul ar
viral DNA. | NDUSTRI AL APP X&Wﬁr‘{&% [ 0083] TE%SOZ Ies di scl osed
herei n show that the gompounds Cll sctosed|hereim exhibitian effective
antiviral effect with{the 1C503 ess than|1l nM Th&refore,| the
conpounds can be usedgfer—thetreatnentof a-disease-induced by
viruses, especially acute and(gisronic persistem] HBV infections
according to the nethods of the invention or any nethod known to a
person skilled in the art. C 2@ Wat is ¢lainedgs: 1. Ajconpound
having formula (1) or|{its isonmer (la): ’

(-)-6 0.2

[0082] The treatment of the hepatitis B virus-producing HepG2.2.15 cells with the

compounds of the invention can lead to a reduction in intra- and/or extracellular viral DNA.

INDUSTRIAL APPLICABILITY

[0083] The examples disclosed herein show that the compounds disclosed herein
exhibit an effective antiviral effect with the ICsg less than 1 nM. Therefore, the compounds
can be used for the treatment of a disease induced by viruses, especially acute and chronic
persistent HBV infections according to the methods of the invention or any method known to

a person skilled in the art.
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R RI-R I R oo Il Il RB-OCCR3-CC I i | NHXNR6 X NNRB i H
(1), or z (la) or an enantionmer or a salt thereof, wherein RL is
o-bromne, R2is p-fluorine, RB3is a Cl-C4 alkyl, R6 is
thiazolyl-2-yl, X is nethylene, and Z is norpholinyl. 2. The conpound
of cl ai m What i$ bleineslaint i omer or the salt thereof, wherein Rl is
o-bromne, R2 is p-fluorine, R3 is nethyl or ethyl, R6 is
thiazolyl-2-yl,; X i 358 A conpound
havi ng one of tlhe fﬁf%%hg{agﬁture@agﬁogﬁggﬁgém r, t aut omer or
salt thereof: FF 0 Br 0O Br /\OONHCN\\) HZCNN 1 1 HSII J/
I " IISCN CND OO O4.R2&:orrpound havi ng ore _of the follow ng
structures or a levo iso taut omer or sal I\?ﬁ]e,:peof

1R

z " D, or z (Ia)

or an enantiomer or a salt thereof, wherein R! is o-bromine, R? is p-fluorine, R® is a

C1-C4 alkyl, RS is thiazolyl-2-yl, X is methylene, and Z is morpholinyl.

2. The compound of claim 1 or the enantiomer or the salt thereof,
wherein R' is o-bromine, R? is p-fluorine, R? is methyl or ethyl, R®is thiazolyl-2-yl, X

1s methylene, and Z is morpholinyl.

3. A compound having one of the following structures or an enantiomer,

tautomer or salt thereof:

H,C” N
|

(Nj H
(o)

4. A compound having one of the following structures or a levo isomer,

, Or

tautomer or salt thereof:
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21 FF 0Br OBr 1I~-ONONy- HhDC NN\/ HZGNNH Si Cod O CO 5.
The conpound according to any of clains 1-4 or the enantionmer or the
salt thereof, wherein the salt is an inorganic acid salt or an
organic acid salt. 6. The conpound according to claim5 or the
enantiomer or the salt therepf, wherein the inofganic acid salt is a
hydrochloric acid salt, a h obrom c acid sal a phosphoric acid
salt or a sulfuric acid sabt™7s The conpound, ding to any of
clains 1-4 or the enantionBr ar the salt thefeof, wherein the
organic acid salt is a carbuxypate or a sultongte) 8. The conpound
according to claim?7 or t%? ehaéhﬁpner or thecsal igpereof, wherein
the carboxylate is aceta%iN nal e, fumaratel mal st citrate,

8

tartarate, lactate or b ate. 9. The conpound according to claim?7
or the enantioner or the t therepf, wherein the sulfonic acid is
met hanesul foni ¢ acid, ethanesul fonic acid, benzenesulfonic acid,
t ol uenesul fonic acid or napht hal enedi sul fonic acid. 10. A nethod of
preparing the Gonpodhd cempepnd sacording torasiyrpfichrdmadtsherthe egantiomer or the

b

characteri ze .. (&) .reacting a.benzal dehyde having formula (11)
with a o- Kl ﬂ’&g%érvsh%%teitw‘gsa?td?ﬂmr@r%anrq 3oiq Balipraehseeanic #ahsslt i dene
conpound having formula (IV): RR R R2 0

6. The compound according to claim 5 or the enantiomer or the salt
thereof, wherein the inorganic acid salt is a hydrochloric acid salt, a hydrobromic acid

salt, a phosphoric acid salt or a sulfuric acid salt.

7. The compound according to any of claims 1-4 or the enantiomer or the

salt thereof, wherein the organic acid salt is a carboxylate or a sulfonate.

8. The compound according to claim 7 or the enantiomer or the salt
thereof, wherein the carboxylate is acetate, maleate, fumarate, malate, citrate, tartarate,

lactate or benzoate.

9. The compound according to claim 7 or the enantiomer or the salt
thereof, wherein the sulfonic acid is methanesulfonic acid, ethanesulfonic acid,

benzenesulfonic acid, toluenesulfonic acid or naphthalenedisulfonic acid.

10. A method of preparing the compound of claim 1, wherein the method
is characterized by:
(a) reacting a benzaldehyde having formula (II) with a 8-ketoester

having formula (III) to produce a benzylidene compound having formula (IV):

_.R1

N
e

R2 0
™
| /\—‘R1 RS\O R3 :
/ ~o
CHO an, z—x> "o @, z—x" o (IV), and
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\~RO O R \OR3 CHO (Il)I zX O (111) z-X O (I1V), and 22 (b)
reacting the benzylidene conpound having fornula (I1V) with an
am di ne having fornmula (V): NH RsJ'~ NH2 (V), or a salt thereof
wherein R is o-bromne, R2 is p-fluorine, R3is a Cl-C4 alkyl, R6 is
thi azolyl -2-yl, X i(B) netreadtigethe danzyfiderse oampholdi lying fotmulh (199 kdth
of preparing the conpound of claim1, wherein the nethod is

char act er i2Ragigipe hawbg fguda Opound having formula (111) with an
al dehyde (Il1) and an amidine (V) or a salt thereof in one step; R2
RL IHOCHO (I1) OR3 z-x o (INM) NHRB)-" NH, (') wherein RL is
o-bromine, R2 is p-fluorine, R3|lis a C1'-C4 alkyl, R6 is
thiazolyl-2-yl, X is nmethylepes~and Z is norpholinyl. 12. A nethod
of preparing the conpound of "cl ai ™, WNarasiasalkthskedfor nul a

wherein R' is o-bromine, R? is p-fluorine, R? is a C;-C4 alkyl, R® is thiazolyl-2-yl, X

is methylene, and Z is morpholinyl.

11. A method of preparing the compound of claim 1, wherein the method
is characterized by reacting a compound having formula (III) with an aldehyde (II)

and an amidine (V) or a salt thereof in one step;

RZ
~
A

—R!

CHO (1)

z—X o (III)
NH
Rﬁ)kNH2 (V)

wherein R! is o-bromine, R? is p-fluorine, R*isa C;-Cy alkyl, R®is thiazolyl-2-yl, X

is methylene, and Z is morpholinyl.

12. A method of preparing the compound of claim 1, wherein X of formula
(D is methylene and the method is characterized by reacting the compound having

formula (VI) with morpholine (VII) or a salt thereof:
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(1) is nmethylene and the nethod is characterized by reacting the
conmpound having formula (VI) with norpholine (VII) or a salt
thereof: 23 RR R i a u R3-OC Il Hji N HRs V (VlI), a (Vll),
wherein Y is a nucleophilic substituent, and R is o-bromne, R2 is
p-fluorine, RBisa GC-C4 agkyl and R6 is thiazolyl-2-yl. 13. A
met hod of preparing the co ,0of claiml1l, which is characterized
by the step of reacting a gund having formula (11) with an

al dehyde having formul a (X) apnd an am di ne having fornula (V) or a
salt thereof: R2 RL 0 N7oC G CHEG-X-Z /~f\  CHO (I11), NH2 (X), Rs
NH2 (V), wherein R is o brpmre, R2 is p- quorlHne R3isad-C4
alkyl, R6 is thiazolyl- i et hyl ene, Z is norpholinyl.
14. A conposition corrpr|5| ng ®he follow ng co nts: Aﬁ at | east
one conpound according toYany of clai(¥d1-4; (VID),

wherein Y is a nucleophilic substituent, and R’ is o-bromine, R? is p-fluorine, R® is a

C1-C4 alkyl, and R® is thiazolyl-2-yl.

13. A method of preparing the compound of claim 1, which is
characterized by the step of reacting a compound having formula (II) with an

aldehyde having formula (X) and an amidine having formula (V) or a salt thereof:

“ NH
e R3—O—C—CH=(|)—X—Z

CHO (ID), NH; x), ¥ N (V),
wherein R! is o-bromine, R? is p-fluorine, R? is a C;-C4 alkyl, RS is thiazolyl-2-yl, X
is methylene, and Z is morpholinyl.
14. A composition comprising the following components:
A) at least one compound according to any of claims 1-4;

B) at least an HBV antiviral agent which is different from

component A; and, when appropriate,

0)] at least an immunomodulator or an interferon.

15.  The composition of claim 14, wherein the component B is an HBV
polymerase inhibitor, lamivudine or a phenylpropenamide compound having the

following formula:
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B) at |least an HBV antiviral agent which is different from conponent
A, and, when appropriate, C at |east an innmunonodul ator or an
interferon. 15. The conposition of claim 14, wherein the conponent B
is an HBV polynerase inhibitor, |am vudi ge og a phenyl propenam de
conpound having the follow ng for muka: 24 RS X RI~N ~R2 R9 rYY- |
R10 RIZN OR11 R7T R3 R6 R4 5 ' wherein each of Rl
and R2 is independently Cl-4 al kyl tet h@r with the nitrogen
atom on which they are | ocated, ;{1 3
whi ch conprise carbon and/or oxygen] and ech of R3 to R12 is

i ndependent |y hydrogen, hal ogen, C -&a y Ptional |y substituted
Cl -4-al koxy, nitro, cyano or trifl uororret 16. The conposition of
claim 15, wherein the conponent B is thes yk¢pr openam de conpound
whi ch has the follow ng structure: rIN o 17g A nmedi cament conpri sing
at | east one corrpound of any of clains 1-4 or at |east one

conposi tign of clains 14-16, and, when appropriate, one or
m);rg acti V&2 Bﬂéﬁ‘ﬁéé’g WHEEP agents. 18. Use of the conpound of any of

claims 1-4 or t Q?chcé)fnﬁogﬁé kP 9nde8@r%ie1?tfly Ci4alkyl or, together with the nitrogen

atom on which they are located, form a ring having 5 to 6 ring atoms which comprise

D
~—
D
=
D
o
=h

carbon and/or oxygen; and
each of R? to R'? is independently hydrogen, halogen, C;-Cy-alkyl, optionally

substituted C-Cy-alkoxy, nitro, cyano or trifluoromethyl.

16.  The composition of claim 15, wherein the component B is the
phenylpropenamide compound which has the following structure:

Gl

\&

HN. O

17. A medicament comprising at least one compound of any of claims 1-4
or at least one composition of any of claims 14-16, and, when appropriate, one or

more active pharmaceutical agents.

18.  Use of the compound of any of claims 1-4 or the composition of any of
claims 14-16 in the manufacture of a medicament for treating and preventing a viral

disease, hepatitis B infection or a disease caused by hepatitis B infection.

19.  The use of claim 18, wherein the medicament is for treating and
preventing the disease caused by hepatitis B infection selected from hepoatitis,

cirrhosis or hepatocellular carcinoma.
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clainms 14-16 in the manufacture of a nedicanent for treating and
preventing a viral disease, hepatitis B infection or a disease
caused by hepatitis B infection. 19. The use of claim 18, wherein the

medi canment is faor treating and preventjng the disease caused by
hepatitis B infEctidh RGCHECA [ CHRDBASHION; £OMBPTisiBg rat higagtsorsy compound

h Il ul ar. i L. 2 0. i.cal jti
comr <t ngepinE 3 b SR aipfiolsA R R SR bOUEah g B L e 1414, B
at | east %ﬁn%ﬁg@gﬁﬁel z?ﬁhe&fna ichfly %c . tgﬁle]c%frile?! and,  when

appropriate, a rmaceuti cally accept e carrier. 26
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