English Transl ation of WO 2008/154817 Al BROMO PHENYL SUBSTI TUTED
THI AZOLYL DI HYDROPYRI M DI NES FI ELD OF THE |
invention relates to a new brono-phenyl sub%%%s{a ‘%8‘@?008/154817’“

di hydropyrim dine, its preparation nmethod and use as a nedi canent
especially for treating and preventing hepati tis B infections. The
invention also relates to a conposition co |S|n t he

di hydr opyr BROME:PEIINEE SHBSTA ?@TEQ@@;{IA& YRRMBYRINIDINGS
i mmunonodul ator and a nedi canent conpr|5|ng the conposition
especially for treating and _preventi i tions such as
hepatitis B infections. BA Mﬁ?iﬁmﬁ ON [002] The
hepatitis B virus belongs to the famly of hepadna viruses. It can
cause acUi@®]and/ Bhe ipzetiontrelates 6o a pewdrensiphenyd snbstitgediiiseatds. Many
other clinical manifestations in the pathological state are also
caused $hvé YHBYYHB}%‘E% ttp prepaspfipn sathpdyadnise as amedivementcespeaidlhyalorireating

of the liyver s of .the || and hepatqcel | ul ar carcinoma. In
S0l 11 o DrEispip bARGS Bl llaelafeptl?% alfa Falaten for KOHRAgTNRR FMpTising

adver Sethgfd %/8{‘ %XP Hll&lgg 0% QL8 al tha%d e @ipe%%g?pg[\?g o {1 Wgﬁnblﬁtg IIlJf tfe){[);)n

and | am vu re corfven i ona i canmen

treati r e
act | vi [‘“3““5"{}?9“%2@&2%&38%1?%@ Wﬁglgﬁféﬁ%‘*ﬁ%ﬁlfﬁﬁ oA R
good acihfaétibiys such 8s h&atifit BnafecAene! ops rapidly durl ng the treatnent
and rel apse effects often appear after the treatnent is stopped. The
| C50 val ue of | am vudine (3-TC) is 300 nM (Sci ence, 299 (2003),
893-896). [004] U.S. PatRACKGROUND OQF BHEINCENIEON

6- am doal kyl di hydropyrim dine and its wuse as a nedi canment especially
for treat iggjand i | i

descri bed ?I% ExarrrgtlE %Bﬁ%@ dﬂ%gﬁ%bh%szt{) %Néoﬁfn?%d%?lﬁ%él&% SéSth n canse
0- chl ordcag, an@r ipSrsfitedid bOpriopfessike chdnid. disedids! UMDy RYHdr dliflicdl Hanifedtatidns
-CH2- and Z is norpholinyl. The conmpound can |n%, bit the growth of
hepat i tinghdpathelogicalustatagreaddol cansddthyrthefepafitie Bl v&h8—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 ICsq 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).
2008/ 154817 Al [006] The main substitution in
repl aci ng bis-chlorine wwth R (0-brom ne)

1 English Translation of WO
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results in the 1C50 of Conmpound 9 being 7 nM (described in Exanple 9

of the patent).

And when the main substituents are changed into R

(o-chlori ne@and R2 (p-fluorine), an approximate | C50 value is also
obt ai ned (¢ 2Tle mmmsrqbstam?pm@@;nplq bZ)lﬁ]re}lﬂfiCltlgbler&hl@meeﬁlth Rat the
| C50 va ye can EI ase arl i t he
subst i t'\QeHPER) & ‘?IB \SAT‘é{E'i Er@; ts pry ]18 %COWP%‘Pf{mkﬁmgf' W4, 784
B2 al so a er.ei fluoro [.esi
Subst i t‘&? HopE R IIEY %Pa&%@s bR the A et GRERR dringsine R
The der, 2 o
1 ooy afiPR” e Rhéfied o YRR ACt N s uRE SRARATIC 2 iARGn
(nM hExaqupl@B)G CH3 1 2 FF (self-tested) N9 Br FCH3 7 F aF N
5C1l F CH3 FarF 45 d d CH3 2 2

[007] It is indicated that the ICsy 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 ICsq value (2 nM) (see Table 1).

Table 1. Example 2 of U.S. Patent No. 7,074,784 B2
Example R! R? R’ RS ICso (nM)

ENZAN

12 cl cl CH; ~ 2
X Ng | (self-tested)
AN

9 Br F CH; | 7
e T
AN

5 Cl F CH; | 2-4
e T

s
45 Cl Cl CH; \« ) 2
N




English Transl ation of WD 2008/ 154817 Al DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 009] We have surprisingly discovered.that a derijvat]

with an activity of 10 times higher and th:éqgg:gﬁlq%wjoélogwq@b@\(fﬁéwl
1 nM can be obtained by substituting with thiazol-2-yl and changi ng
the main substituents into Rl=o0-brom ne and R2=p-fluorine. This is
unexpected when reading US 7,074,784 (see Table 2). R2 ORL RCC )"
Re Cod Table 2. Sone Exanples of this Invention Exanple RI R2 R3 R6
1C50 (nM ~S 1 Br QE@HEE[PE)SQRKPEIO&T%FTQEM 10N 2 N [0010]
This invention relates to a conpound having formula (1) and its

i somrer (T#09] z (WahaveepsasinglR discovered tianh derivateivEthoar dctiofty B£10 Ries
is d-HA alkyl, R6 is thiazol-2-yl, Xis nmethylene and Z is

mor pholhighdr and thenl§lsi sdluereflass than bnMbfanvi® Sto@is¢d byl 8batiking Kohthiazol-2-yl
Preferably, R of the conpound of the invention . having fornmula (1)

and (I aa)ndi célangmg the main substituents into R '=o-bromine and R“=p-fluorine. This is
unexpected when reading US 7,074,784 (see Table 2).

R2

¥
(J

Table 2. Some Examples of this Invention

R6

Example R! R? R? R® ICs (nM)
1 B F CH ° 0.3
T 3 \N(J .
S
2 Br cl CH,CH; \gj 0.2
[0010] This invention relates to a compound having formula (I) and its isomer (Ia),

(I2)

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

and Z is morpholinyl.



o-bromne, R2 is p-fluorine, R3 is nethyl or ethyl, R6 is

thiazol-2-yl, X is nethylene and Z is norphgli. ,4%“ 001 Thi
i nvention also relates to an enantiomer of t rglhr%]% 8{3%‘5105%%%%83/&84817A1
herein and a m xture thereof The racemate can be separated by a

known met hod, and fundanentally it is a honbgeneous conponent in a
stereoi soner mxture. [0013] The conpounds of the invention conprise
B

an i soner [ ng FPrsfarehly R 9f thneompeugyd of fee iaventiondesingtierads (1) pod(la) is
b1t or ABPPnS Ry S PAEEaR P g 2D ReP iarca s X thwelivtene and 25

physi ol aqi : acceptabl e salt can be an inorganic acid salt or

or gani cﬂg}ébglggﬁ})sial t. Preferably it is an inorganic acid salt such as
chloride, brom de, phosphate or sulfate, etc., or a carboxylate or a
sul f onat e [003th aBhisasrerten alsardaesto uapantamacr ofgheagcmpousi drsslosed herein
tartarate, lactate, Db oat e or net hanesul fonate, ethanesul fonate,
benzene®\§1¥14 fg}“@%ﬁfﬁéﬁ@gﬁpﬁ%ﬁg{lgeS?Paﬁ?g bna ‘P]V&’&I%%}Oﬂoﬁ&{ e, etc.

[ 0016] W Stol ogi cal cceptable salt can also.be a netal salt
o an. a2 R fng ot EE R SR e R BIE Pfed "2 pr efor r e
exanple, it is a sodiumsalt, potassium salt, nmagnesiumsalt or

cal of um s M13] andTmccaminundsn e invepkionowsprissandsmrosminavive fomada(l and
am ne ?@c);ﬁas et h Iahm' ne, diethylam ne or triethylam ne,

di et harloVA AdBfIre fieg¢Hanol ani ne,  di eycl ohexyl ani ne,

di met hyl am noet hyl al cohol, arginine, |ysine, ethylenediam ne or

2- phenyl ef{084hm nEhe @ncpouhd01 tHe intentioarmoalsd bé I a fifrnit dfer salty@eferably gan
be prepared by the follow ng nethods: [A] firstly a benzal dehyde
havi ng Bhysielggcallly|apcapsable saltni t h a 3- ket oester having formula (111)
with or wwthout the addition of an alkali or an acid, and, when
appropri age1sin the p}gﬁﬁ)&@@a@lyfafcc@ﬂaﬂl@%tt ca@lb@aniiforgMi¥ 88k ship oP612gkic e
a benzylidene conpound having formula (1V): 4 English Translation of
WO 2008dcidbstdt] Prefdrably 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 S-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):



R2 CHO (Il), AZ-x O (Im Z x (IV), wherein R, R2, R3, X and Z are

as defined herein, and then the benzylidene [ ea i
ani dine having formula (V) or a salt thereofﬁ%ggﬁﬁmﬁgn g&%%%ﬁ%ﬁ?@ZﬂAl

or acetate) with or without the addition of an alkali or an acid,
and, when appropriate, in the presence of an inert organic solvent:
RW | (V) wherein R6 is as defined herein; or [B] the R-ketoester
having formula (1 RP) _reacts with the benzal dehyde h |ng fornula (rn)
and the am di ne hi' ' ormula (V) or a salt thereof
hydrochl ori de or § @ t hout the additlio é an al kal i

or an acid, and, ¥ ) 1n the presencef of Tan inert
organi c solvent in dfife step; or [C] (#) i1s nmethyl ene,
a conpound having fofnula (VI) reacts lwith norpholijne having fornmul a
(M1) with or withoufHOhe gggltIOJ ¥~ ann h all,mu R when.V
appropriate, in the presence’”of an inert ani & solvent @ @VI) 0
(VI'l1) 5 English Transl ation of WO 2008/ 154817 Al whereln R R2, R3

and R6 @& aARIREIgreg :ﬂﬁrf ngﬁﬁ c? Rer@ g!ri:rgci &1919 mel .eﬁz es u g{)\}nd reacts

such as ﬁ@oro br 6o,

[ D thewhkrg ahs@hy ﬁ@lﬂ@‘férﬁﬁﬂi oV @ssﬁﬂ ﬂh):re()??s@l ﬁ a%&&o%lﬁﬁ@@@#é’@tate) with
having formula (X) and the amdine having fornula

Wi t houtort wighcand die adaditical ofum alkklabi anmdid, mﬂi&mhe@mmaﬁ ﬁl therpréd%:nbd”lSﬂ’ 4n
organic solvent, g M2 (X) wherein R3, X and Z are as defined

her ei n.info1g@hicGolwsotund of formula (V1) can be prepared by, for
exanpl e, reacting a

b

A

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] if X in formula (I) is methylene, a compound having formula (VI) reacts with
morpholine having formula (VII) with or without the addition of an alkali, and, when

appropriate, in the presence of an inert organic solvent,

o (v)



compound having formula (VIIl) sar R3-0 (VII1) wherein Rl, R2, R3

and R6 are as defined herein, with a brom nati ent s

N- br ompsucci ni mi de, preferably in an inert g%{fﬁ%f@%@ﬁ“ﬁ?t#&ﬂ??@gw%”’“
produce a conpound having forrmula (IX): NR' ar (1X) and reacting

t he conpound havi ng a nucl eophilic substituent, directly or after the
conpound 6 English Translation of WD 2008/154817 Al being further
converted according to a conventional nethod as described in a
literature, with the norpholine having formula (VII). [0019] In

order to, prepare,the c ound of. t i nvention having fornula (1),
wher ei NV e’ing?lni%tzhgl éﬂ‘g@ﬁg‘? P ?@%\?ﬁ?’ﬁ#&\?’%@flsa‘ IB’Y?F(S’BB’E&'G@P ﬁt’équ?ézﬁ“ﬁlb as
f or mul C i | i 0._produce the (3-keto

car bprﬁ}g%gg?%@ﬁﬁbioﬁﬁ)wg%%}spﬁgﬁﬁ)rI\t}_gelﬁfrg?g‘)llllfgn\kﬂfeorrgi n R3is as(defi ned
herein. [0020] As a starting material, 2-bronp-4-fluoro-benzal dehyde
(11) i sst¥ormehe pangaldehyde hpvapg dornpup £H) reastsavish arcompgupg haying formula (X)

3- ket o carboxyl, at LIT) is |l -known, .or can .. prepare no
ot hod <L e, v rmtla By L, ohopitBounBr eddigoReh i, alial and e

"Unset z Vi i ket 1.t .A kohol en, Phenol en and Mercaptanen”, in
" Met hoa%%%cpggpe, % éﬁl tngt orf%amc solf en?,

ﬁ@m%%mcamawxmz

e ()

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

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

?Ri
=03,

T

N ™ v
wherein Rl, Rz, R?® and R® are as defined herein, with a brominating agent such as

compound having formula (VIII)

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

formula (IX):

(IX)

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



or gani schen Chem e" (Houben-Wyl), vol. VII/4, 230 ff (1968); Y.

O kawa, K. Sugano and 0. Yonemtsu, J. Og. 43, 2 7 .
[0022] The conpound (V) is known and can be %}%B%?g@ga%%l@g%é{ég@%‘?ﬂﬁl
descriptions of WO A-99/54326 and WO A-99/54329. [0023] Morpholine -
(VIl) is commercially available. [0024] Conpounds (VII1) and (X) can
be prepared according to step LRA] or [B] _described in WO A-99/54326.
[0025] Ying fusther cavgHed ecoopling i & camvensonal apstleod e degerdbadringt litpeatuse, vEith
C and D, The .iner Or gani vent is preferably an al cohol such as
met hano&?"‘é’l‘ﬂ&ﬁ‘&? W&gi%%}}ﬁ%é\z]:n'al cohol, an ether such as di oxane,

di et hyl ether, tetrahydrofuran, ethylene glycol nononethyl ether,

hyl | di h b i c.acid h j .
i, i ml T or RGeS RpRp SR BERRIRS i e TR D prein
2008/ 159015 Ay g 3321 FotPHAT O R chior Rl A MDA R a1

qui t e am¥tplelifieVde) to Ysothick méﬂlﬁetotcafﬂéﬁg@téﬂfqoﬁﬁulﬁ)ﬁﬁmpen 20 C and 150
C. Preferably, the tenperature is the boiling tenperature of the

sel ected solvent. [0027] The reactipon can be carried out under the

at nospheric pressure or undeéE a high pressure. It is usually carried
out under the atnospheric pr & e~ 0078] Hfé reaction can be
carried out with or without an acid or alKali.(3} s preferable to
carry out the reaction in the presence of a weak acid such as acetic
aci d, fwhdreia R°ashedeinetiherdin.ke. [0029] An enbodi nent of the invention
relates to a conposition conprising A) at |east one of the above

di hydropyrim dines and B) at | east one of other antiviral agents

di f f er ent [6020ln A)As § 6@B0E nateaals Zvibromodditiiorebenzatdehipde ((Hieodrmmearcially

relates to a conposition conprising A)
available.

[0021] As a starting material, 8-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
descriptions of WO-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.



t he above di hydropyrim dine, B) an HBV pol ynerise inhibitor and, when
appropriate, C an inmmunonodul ator. [00311 Preferabl

_ t he
i munonodul ator C) is selected from for exa‘f'PﬁP%‘,Tr%ﬂ“F‘goanéwo2008/154817A1

interferons such as a-interferon, 9-interferon and y-interferon,
especially cx-2a-interferon and a-2b-interferon, an interleukin such
as interleukin-2, a polypeptide such as thynosin-a-1 and a

t hynoct ond®26hn | Rhargadpni tempembire ean beavaried vathimquite 4 widerrasgs. &sually the
i nmunogl obulin and a therapeutic vaccine. &0032] Thereby, this

i nvent | EMPgIaEBe psdehvesd 30 Gand kil trefarabby thertemperagiraisdhe beiivgnt i ng
HBV i nftecti og% a?t%tei ts uarg 1f or, treating di seases induced by HBV.
[0033] ‘FHBeighEe 8f MeReleetshaoINeRt ons of the invention provides val uabl e
advant ages for the treatnent of HBV-induced di seases conpared with
nmonot her ap@02ai t h Threreaetibinad bea lcarried wpbumdts therrmesphepic prassyyabt ynder a high
synergistic antiviral_ activity, but also good tolerability of the
conbi nalTPBHES- oflt is weugliyncariqdanit upder dhe afmosplaicpsesgereof toxicity at

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

2008/ 154810028] [ Dx4hctiDncas bbshiaied @t with@F helotitenakid-BNAIR. YiEr ase
inhibitors B for the purposes of the invention are those which, in

t he endogenblstopahymet tegeatisonyn thiviprésenesofimiptdksdvatisuchys BéeticAcidF-tormihn
et al. in Antinmcrobial Agents and Chenot herapy, Vol. 36 (No. 12),
2688 (arybonthalllewhi ch is described hereinafter, lead to an
inhibition of the formation of an HBVY DNA double strand, so as to
resul t in[@29pxi NAeboddkMObT thenvaation tdlateo atctmlpz)eﬂi@n\éaﬂnﬁﬁsing@g%’él
HBV pol ynerase inhibitors B for use in the invention are the

subst arleass onelpKthk ebexd dihydrbgyremdots nod 8) poleystenea sfothrpattivirehdgents
published in "Antimcrobial Agents and Chenotherapy"” Vol.36 (No.12),
2688 (1dferenbiforpA). A. Fur man, and the substances described bel ow for
inhibiting the formati on of doubl e-stranded HBV DNA t hereby resulting

in the maxoo3oMm 50&acagdih éhibydinddnt 6f the ifen6h Eslates 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, B-interferon and y-interferon, especially a-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).



[ 00361 HBV virions fromculture supernatants incorporate nucl eoside
5'-triphosphates into the plus strand of th Ig@ .N Vi

usi ng agarose gel electrophoresis, the incgg 1¥gﬁ$§ﬁh%v¥bkgﬁm&E¥w17Al
[ a- 42P] - deoxynucl eoside 5' -tri phosphate into the viral 3.2 kb DNA
product is observed in the presence and absence of a substance

potenti al | having HBV pol ynerase-inhi biting properties. HBV virions
are obt ai ﬁé@“ﬂ ront fh%‘bé'@P?eS réf?FfF@l ﬁ%a%ﬂgéfrmws%mhﬁ@s@ forthe peppses

oar b byt Sivem Bt R e opfRhes oay Shisne e‘i'w»fﬂwd

oyt o B a0 AOHCRM I B R O 250 D1 R 1), 2658
sedi Ment190 P4 dGERER 1sfde9aiaea@1e?eana%é9%£¥ t%%nmﬂﬂﬁai%ﬁ ofmefgﬁrﬁ%tﬁiﬂméﬁﬁ‘ve

resuspended in 2 m of buffer contdining 0.05 Mtris-H ) and

di al yzeONagadubsd stiane, ad¥Ro beshiften a eQRimhmIof SO%O& thdVh AR ST k¥ Bero value.
chloride. The sanples can be frozen at -80 C. Each reaction m xture

500 M potthal um BRNVR eSSt ok 68! i hedPYalioh e 68 shBlinfisn)

P-40 ( « P

pM dmn%&lél)%uﬁﬂn gj%tTPHgg& tbugc\w? lsﬂzéfpbigg Weé%’gﬂ%&ﬁ bl &gnﬁ&%%y\gemjs fnd
COﬂCentCl@ém&ﬁeraﬁy i1 BANJ.12)M6ds (1 b@z)mgxmw Fyrg], YRR HRSAbtAkCRI t or
inits triphosphorylated form The sanples are incubated at 37 C for
one houdesarisedttebow fdrénlibaingithaformatsroppdaibhystadde I BYODNM HEEAy rdduBing
English Transl ation of WD 2008/ 154817 Al 10% wei ght/vol une SDS

sol ut i on thewaxiaium A0%01QtiyityFalsP® perer@0 M of water) is added to a
final concentration of 1 % by volune (based on the total volune), and
prot ei nas¢o(Sel s adBehiribs RothidiflrcAp&aRahRihQ@BpdRbte hubBbdtle After

i ncubation at 37 C for one hour, sanples are extracted with the sane
vol ume Briptivaphdtécintoothe phis rﬁraﬁd)aﬁtﬂﬁb HB 0N i vidgdol 0 B3Aisitd akatye gel
volune), and the DNA is preC|p|tated fromthe aqueous phase with

et hanol elecrmhmmspbe i@pmmalmeﬁtﬁgpdﬁwdxmcmsme 6Ftriphbspihafefiato the viral
(solution of 10. of tris, 5.5 of boric acid and 0.75 g of EDTA
in 1 1itékb QNW%%C‘( is-pReerped mhg preﬁwe%é abseneqio R substanes peysersiellyi s

in an %Eng BV 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 yuM dATP, 10 uM
dGTP, 10 uM dTTP; 10 uCi [**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



gel. Either the gel is dried or the nucleic acids present therein
transferred by the Southern transfer technigue .t me i

anount of | abel ed DNA doubl e strand forned i%@ﬁeﬁangla%@?mgogsﬂg&wA1
relation to the negative control (=endo-pol reaction wthout

substance or with inactive control substance). An HBV pol ynerase
inhibitor is present if a maxinmum of 50% of the activity of the

negat i vE)% aysighyfvol ‘%nepﬁ]%% éﬁlPUOIE (R?B‘F}nl% &0 &rof SPHBY 9 slyaferaserdis added to a
| e, 3TC=

(2R e cShechFavas g ge Ry B Psehon B MASIOpD9. Byt raieuane & i added

gt On‘%aatﬂa'“gg)“%‘%é%%‘%@é‘g)ﬂ}idé ety 31 € 39 dnc MRt (Rni 00
{ 2- [ [ QitskieR 'va’H BY A%y )/olﬂﬁfel’b?)ﬁm:noqkﬁﬁ)%ﬁﬂwls]oa@%glg&%g éragiﬁ 23!24:1 by

}-a-denine, cf. EP-B 481 214 U S. Pat

5, 792, Tafhime}Jaf theRRTA 64 4r023 thetidtechs$ABse/eh eBMR1. The DNA pell
004752 [1Srfl(e}jl_J ng eCZ A 1%?&0151%3%1 ros AflectisF8se e e pellet

1, 9- di higdesnsfSenfidd tyr gbof g8t Gtk (soiyticet 68/10)8 2 ofreishy.bener-boyic acideint Yl 756
H purin-6-one, cf. EP-B 481 754 (=U.S. Pat. Nos. 5, 206, 244 and

5, 340, m_f@DTm@ dditaadavater(gTBE/bnfePS and wpared by:(lec)tr:c(phoresis in an agarose
S-cis)-4-[2-am no-6- (cyclopropylamno-9|—|—pur|n -yl

cl opent &heitherhiegchis rleéfor ﬂmm@mw@me%enut@rema@ns N@ed ha/ @&§osth@)n
E-T-g_(EE der%}Aég téfﬁﬁmugao %nlfemaqn& J'H?T gg?gﬁ;g}f%i@t 1A double strand formed is then

Nos, 5 %%%%f el Eh ey bl oo Gl %ﬂgfé%ﬁéﬁ*%?émme or Wi

S, 814 6@1@&1\/@ c%gtz(ol?s@lgstal% Pn H%Kﬁ éyﬁ%&s@%&bltoﬁ se’ﬁ?’ﬂf’a nﬁaxq & 4&@0
Rebe (6 i i

and WO 92/18517; am no- 2-fl uoro-9H purin-9 5“

t et r ahysfrthe actfvus@mn&tﬁh%ame ccﬁﬂrol/@p%’ea%m (=U.S. Pat. Nos.
5,627,160, 5,561,120, 5,631,239 and 5, 830, 881);

'II_'; gﬁluzlt I' i 3?)/? Oxvﬁr%%ﬁﬂm%%ymer% RliquRBrLs” . norr%n%e 5 exagll Sh

L AR S RIS 8L

of the (1My&ht] ENEP-H X4 @RS FHRIS IS 047407) and WO 91/11186 (=U.S. Pat. No.
5,204,466); Adefovir dipivoxil = 9-{2-[[bis[(pivaloyloxy)-methoxy]-phosphinyl]-
methoxy]-ethyl}-a-denine, 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-¢,3-,4-f3)]-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=(-)-(1S-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; B-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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conprising A) the above di hydropyri m di nes having formula (1) and
(la); and B) lam vudine. [0039] Qther preferred HBV antiviral S
B conprise, for exanple, phenyl propenan des %‘ﬁhg‘ﬁéanlslﬁlqn(?\‘;\ﬁwﬁbzopgll%ﬁ hl
RB X R~-N~R2 R3 R10 R72N O R11 R7 R3 R3 R4 R5 wherein R and R2
are, each independently, Cl4 alkyl or, together with the nitrogen
atomon which they are |ocated, forma ring having 5 to 6 ring atons
whi ch comgthybeyamidiner22aH1.SH)- dmgﬁgeﬁlw@@%(lﬁlﬁ&?\’@r@/@%léﬁ and U.S. Pat. No.

i ndependent I8y hydr ogen, hal ogen, Cl.4 alkyl, optionally substituted
Cl -4 al% Mitro, cyano or trifluoromet hyI; and R13 is hydrogen,
Cl.4 alkyl, C-7 acyl or aralkyl and X is hal ogen or optionally
substi t ut {1]:038] - 4 Alflaylier pfd84€] enibelipbaiuflthe @pemtivi rdktesand coMpodition
preparation nethods are disclosed in WO 98/ 33501, and are nentioned
her e f qompuisingel the abovETdibydrpgyritidines iipang dormula (1) and (Y; 4hd BDBudijudine.
Preferred i nmunonodul ators C) conprise, for exanple, all interferons
such as p039] 3- @Mer profdite@ BV ARfvirdl Aghas B dbﬁi;ﬁi’se oS &apt@- and
a-2b-interferons, interleukins such as~ 11 Engl'i sh Translation of WD
2008/ 15;1118ﬂ,37lpﬁdpenam1tie$bﬁﬂhkf@llo&vlngﬁdmﬁ@mt| des such asthynosin-a-1 and

t hymoct onan, im dazoquinoline derivatives such as Levam sole(r),

i nmunogl obuI ins and therapeutic vacci (r)ke I:E_0042] A further preferred
enbodi ment of the invention rel akes % i nati ons of A) above

di hydropyrimdines (1) and (Lg), am udi ne and, where
appropriate, C an

wherein R and R? are, each independently, C;.4 alkyl 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
C1.4 alkoxy, nitro, cyano or trifluoromethyl; and R" is hydrogen, Ci.4 alkyl, Ci; 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
o |
S

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

as o~, 3- and y-interferons, in particular also o-2a- and a-2b-interferons, interleukins such as

11



interferon. Description of Tests [0043] The antiviral action of the
conpounds of the invention on hepatitis B vifus.i i nvest i gat
me'[rﬁods based on those described by M A Se‘%"}gEShé[ts‘a“é':at.l ,ﬂ%&"ﬁfmg@?&“l
Acad. Sci., 84, 1005-1009 (1987) and B. E. Korba et at, Antiviral
Research 19, 55-70 (1992). [0044] The antiviral tests are carried out
in 96-well mcroliter plates. The first vertical row of the plate
recei velgteskgpking:, patypeptides swehaasthyrepped . ang thwhogionan; ingidpzagyingdingi r us
cont rol 0045] Stock solutigns of the test conpounds (50 nV) are

i ni tialdgvanEsSor eﬁﬁwantbmg RRnpgePwats A errRIEC YpeiisSepar ed i n
the Hep&2. 2. 15 growm h nedium The conpounds according to the

i nvent i on [@042] us uAlfisthgrippefetretiembodimienatsdf the inventioradel ates toCohbhaidds of A)
(1st test concentration) in each case into the second vertical test
row of abiewe dilydepyrievidipesilrandahae), B)reritjudine and, avhiere apgropmiaten? eh d
steps 210 {?i mes in grow h nmedium plus 2% by weight of fetal calf
serum (WMBFEHY 25 pl) [0046] Each well of the nmicroliter plate then
contains 225 Al of Hep&.2.15 cell suspension (5x 104 cells/m) in
gr owt h DesdripitioplofiTest8o by wei ght of fetal calf serum The test

m xture is incubated at 37 C and 5% C02 (v/v) for 4 days. [0047] The
supernatant is then aspirated off and discarded, and the wells

recei ve 28431 of The andivirgl gstiep of 8¢ qympavndsaddheimventinn aompetitiaB virus is
according to the invention are each dded anew_as 10-fo

fold
concentlpﬁ?sél&a@égﬁtr‘?%qsﬁ’asacw thase descrppd by MpA. Rells 44 @b sPrgeNatl. Acad. Sci.,

i ncubat rther 0048] Before harvesti

super na@gﬁbgg'tl @%@Pgﬁﬁ"ﬁéa '?% ﬁa’é{ﬁ‘ Ft\ﬂ%r én—%égfﬂiﬁﬁ@%ib’ %7(}5&@912)3 h

Transl ation of WD 2008/ 154817 Al HepG2.2.15 cells are exanined under
t he |ight [04di oscﬂmalmwlrblyteﬂftéamauﬁe(gilﬁmh%wﬁlmiwéﬁ@crﬂat@m Thre fiss arsrtical

(for exanple Al amar Blue stain or Trypan Bl ue stai n? for cytotoxic
row of the plate receives only growth medium and HepG2.2.15 cells. 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

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 ul. The mixtures are

incubated for a further 4 days

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

12



changes [0049] The supernatant and/or cells are then harvested and

sucked by neans of a vacuumonto 96-well dot-bl ot chanbers covered
with a nylon menbrane (in accordance with tFnslithelipeladanpf &0 2008/154817 Al

information). Cytotoxicity Determ nation [0050] Substance-induced
cytotoxic or cytostatic changes in the Hep&.2.15 cells are

detected, for exanple, under the light m croscope as changes in cell
mor phol BgyG2.8déeelisarb skamived underdkeligitamgescope drfby niep&af Biotkenciedll s
conpare with untreated cells are visible, for exanple, as cytolysis,
vacuol adatesionmethads (Ea exanplendamapBhigptaimos Bomay Bhiestaie) foy cylpaic - 50)
means that 50% of the cells show a norphol ogy conparable to the
correspBfifiy cell control. [0051] The tolerability of some of the
conmpounds according to the invention is additionally tested on other
host cel | $0G49¢h aFhe fupernataatuidéor ddiik areabéd sarvestddnadysubkedery means of a
peri pheral blood cells or transfornmed cell lines such as H9 cells.

[ 0052] YasUeAontORG- &veH Wahbles chanebegbeavsrashivigh anylpomewnhrees (io aecosdance with
of the conpo nds ]%?he inyention. Determ nation of the Antiviral
Action tPB@??@}l "érrS”E’ rnatants or lysed cells is transferred to
the nyl on nenbrane of the blot apparatus (see above), the intra- or
ext r aceCywkaxicisyuPetenaiigation of t he Hep&. 2. 15 cells are denatured
(1.5 MNaCl /0.5 N NaOH), neutralized (3 MNaCl/0.5M Tris HCl, pH 7.5)
and washed q&)ZxSSC) The DNA is then baked onto the nenbrane by

i ncubat i n¢0Q g fiPubstagcerinduggioeytptpsic op cytopietie shanges mrihe HepG2.2.15 cells are
Transl ation of WO 20 8/ 154817, Al DNA Hybri di zatj on [ 0054] Detectlon
of the 4AlT4Hd: FNEXFTB %}eelé&héanﬁ@me 25 ghanges msceHﬁn?rﬁléo AGY-oYch

substance-induced changes in the HepG2.2.15 cells compare with untreated cells are visible,
for example, as cytolysis, vacuolation 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 yM 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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filters is usually carried out wi th nonradi oacti ve,
di goxi geni n-| abel ed hepatitis B-specific DNAg(lp;_r obes, -each of which
is labeled with digoxigenin, purified and enf? %Ha’F%Pont‘ﬁévo 2003/154817 Al

hybri di zati on in accordance with the nanufacturer's infornmation.

[ 0055] The prehybridization and hybridi zation take place in 5XSSC, 1
xbl ocki ng reagent, 0.1% by wei ght N-1auroyl sarcosine, 0.02% by

wei ght BDA Hpbridatignof herring sperm DNA. The prehybridi zati on
takes place at 60 C for 30 mnutes, and the specific hybridization
t akes pl ac& with 20 to 40 ng/ . of the digoxigenized, denatured

HBV- speci P4 DNADthﬂt;%%ﬁtEg vispl @%Aﬁ:@“fﬂilq &;%qt%d HerG3-hdh ﬁ@&%‘ﬁé@.@ nylon
De i f HBV- DNA. i 0.0XIi i.n Anti i. ) 5 The. . )
vl O E b SRR OB ER, PAL EDub I B e rmes
for ol R, Blobly, i SMERRIMEL Fich Bl TRbind Bari Qb lenlitfydd ol LS

wi th t heyRiaties it aRbrdntdWyRh MR hfacttibePs idbddkioan was then carried
out with an anti-DI G anti body coupl ed to al kali ne phosphat ase for 30

' : hi ep, th f. al kal i .
ohosphat adRbspo! R ebhrbbion i P Sk fladt 250, dvlgcing
Furt hor ™ 2emi L RES FEeh LS Eeodi b5 by SR RBs3ho o g oEhediog; .

DNA si gl DIRR. ThSHahyHRE,4Mn SHRODIRE af &P C Firl308hRuted, AR ﬂ;ll%g giﬁfci I'm

(i ncubation dependi'ng on signal strength: 10 mnutes to 2 hodrs)
[ 0055] myweidiatibn fass plase withi20itd 40 YigGRINsrend digbkigenitdd aenat@@dHBV-specific
i nhibitory concentration) was determ ned as the concentration at

whi ch tDBNA [dhaurspb0ei). fihe dilierd axe thehepahed.i s B- speci fi ¢ band was
reduced by the conpound according to the invention by 50% conpared

Wi th anpuRtG&RbEABIA Aeby gﬂé}r;k?%enhﬂAhﬁbH@i%PeCt ed that the conpound

of the invention exhibits ective antiviral effect with an |1 C50
|l ess than 1 nM Therefore, the conpound of the invention is 14
Engli sh Tieossl| at i Dite PAmW3128004/dtfedBdn ofthe 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,
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 (ICsg, 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 ICsg less than 1 nM. Therefore, the compound of the invention is
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suitable for use in treating the diseases induced by viruses,

especially acute and chronic persistent HBV_ infections. Chronic
viral diseases induced by HBV can worsen t hePHiibiraisiaton of NP £498/154817 Al

chronic hepatitis B virus infection can cause liver cirrhosis and/or
hepat ocel | ul ar carcinoma in many cases. [0060] Areas of indication
whi ch may be nentioned for the conpounds of the invention are, for
exanpl esuiteble for wsgtiningeting the diseeseainduetd yvicuses, respeciallyeacticand chtonich
may lead to infectious hepatitis, for exanple infections with o
hept at | R§TEstEnt B Ydatectignge C Vire) diseages infuicedihe BB Vogangy ersen the morbidity

particul ar uitagble.f the. treatnment of .chronjc.hepatitis B

PR ect | B snis St it inticHRh Fracauih L SRR S HERLH P Sos e o

infecti Qbgoh9 &%nJE%egresent invention includes pharmaceutica

prepar ations I ch,” besi'des nontoxic, inert pharmaceutically

suitable carriers, conErise one _or nore conpounds (1) or (la) or a
EENY

conmbi nat i ¢ t har ndicgHon Whighi aay bomentienedforgha conporsids ofthei ve

i di . . (1 | f i i f.the, i nt i , . [0062
10kl Sk Lo ol CoL It on oL pe,Lovert on, 10052
2t TR 1, A SRS AR B
vei ght , o fRenEGRE gﬁﬁicgiaﬁglléﬁﬁablé ?9% trge{?ﬁcmcﬂﬁﬁ%é G@fis B infections

preparations nentioned above may al so conprise other ~active

phar macgidtthe abatinegf ethicarttd @Rnic hdpamis Beieomaiogs (1) and (la).
[ 0064] The ratio of the anmpbunts of the conponents A B and, where

PR, T REGPTRRI PRl B, B
1 b A B 050 s 0l f o AR

anount soraf goniHigftRnaltltie intedtonld? WhitH téiRist bRomPdrirhéreladtiveZingfRdients (I) or (Ta)
mllion, LU (international units), about three tines a week over a

peri od afofugoibimatien pédre. inddntiangl i sh Transl ati on of WO 2008/ 154817 Al

[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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[ 0066] The conpounds or conpositions of the invention are intended to
be present in the pharmaceutical preparations nentioned above in
general in a concentration of about 0.1 to G§hg Irapsiapqnol BQ 09844817 Al
0.5 to 95, % by weight of the conplete m xture. [0067] The
pharmaceutical preparations nentioned above can be produced in a
conventional way by known nethods, for exanple by m xing the active

i ngr edi endQ@H6] wi tﬁﬁ/e ¢drepasiads preemepositjons @8thelinventon grsristeadddtopegvesdnt io
be advantageous both in hyman and in veterinary medicine to

admi ni sthepPhamacgtical arepgrinsitaehtiospd phpviedn genosaldn arcenesnirationef abost Q.4

ours, GG PTFRBRAPYE) S o thesPa et e sils Byt of ngl e doses,

to achieve the desired results. A single dose contains the active

i ngr edi enQ@67] pr eTles plizima¢euticatpueneasatmhs aleotioned above banive BOduded in a
particular 1 to 30 ng/kg of body weight. However, it may be )
necessaoveiogal, vay BY known methodssfay eximple by sReiag theactiye itgredieris) with
dependiﬂ on. t he species and body wei ght of the subject to be
treat ed™*CHEHSk ure and severity of the disorder, the type of
preparation and node of adm nistration of the nedicanment, and the
time or if@@8Yal Mhahgenevdhiygpnoamrtp e atlvattagenug kb sn phmareand i@06&}indtye
invention therefore relates further to the conmpounds and compositions

def i nedmadieine te admpssierthe aqtivg ingredigntesy in fatg zojoumiscofiahgetit§ rabout 100er
Compos EFGHOTGR | Hol) IBGHe Chh0Y Ssheetish £ s, whers Rapioprg o T e
el at o PRRERAER R B RUBR S At astiRAT e R Rl B Pttt Wi Shruve
for pr ggg&gféﬂt(é‘) ﬁ%&%@%é@ﬁs 61@%0?( o} Rt 8@@13 Pﬁ}lﬁgﬁ)llaﬂ ﬁf%@m%;kgtcﬁe

di seas escri ove, preferably of vira seases,

parti cubqly wdigiteRaivktdrSit Biay[Hdhéedssdry@o BEViER FHond theldRbBaek thenfbned, in
foll owi ng exanples relate in each case to weight unless indicated
ot her wi meticuldralepaidins omfhespoiesdrsl Hody sadigte i the sabjecet® barteated, thadbture
case based on vol une.

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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16 English Transl ation of WD 2008/ 154817 Al EXAMPLES A. Preparation
of Internediates Internediate 1 Ethyl ) _

4- (2- br ono- 4- f | uor ophenyl ) - 2- (t hi azol - 2- yI ) - ekt TRpladone! HGAIPOAPE T M
i di ne- 5-carboxylic ester F O KN H3CO|l H3C N[ 0073] A m xture of
10.0 g (49.3 mmol ) of 2-brono-4-fluorobenzal dehyde, 6.4 g (49.3
mol ) of ethyl acetoacetate, 8.1 g (49.3 mmol ) of 2-am di no-thiazole
hydrochloride and 4.8 g (58.5 mALXAMPEESi um acet ate was di ssol ved
or suspended in 400 m of ethanol and then boiled and refl uxed for
16 hours. The sol ution obtained was cooled to room tenperature and
filtered. Husparationpfdniprmedigéeed with water to renove inorganic
salts. The product of 10.8 g (51.6% was obtained. Melting point:

163- 16 .__Infernmediate 2 Met hyl
4-(2- b?‘d‘gﬁ’ﬁ‘i‘ili‘tﬁgfophenw )-2-(thiazol -2-yl)-6-methyl -1, 4-di hydr opyri m
i di ne-

et hyi Lk ERIRen 4o Enber 4 lifof 2o pgheinde L F AR o 5
Yi el d: 5S9PoxMictastéy point: 155-157 C). Internediate 3 Ethyl

6- br omonet hyl - 4- ( 2- br ono- 4- f | uor ophenyl ) - 2-
(thiazol -2-yl)-1, 4-di hydropyri m di ne- ;—carboxylic ester 17 English
Transl ation of WD 2008/ 154817 Al F

[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 boiled 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.

Intermediate 2

Methyl 4-(2-bromo-4-fluorophenyl)-2-(thiazol-2-y1)-6-methyl-1,4-dihydropyrimidine-S5-
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

17



OBr HCON H2C NNBr H5/ [0075] 5.0 g (11.8 nmol) of

Internediate 1 was added into 100 ml of carbon tetrachloride and was
heated to 50 C in an atnpsphere of the argonEnghsh Trapslatinal WO200p/dxi817 Al
solution. At this tenperature, 2.33 g (13.0 mmol) of

N- br onosucci ni m de was added into the solution and m xed at the
tenperature for 10 m nutes. The solution obtained was then cool ed
imedi ately and filtered at roomtenperature, and deconpressed for
concentration. The product obtained hasla purity of higher than 90%
according to the test result of HPLC, . was used as a raw materi al
in the next step. Rf = 0.69 (the ratio pet r ol eum et her to et hyl
acetate is 8:2) Internmedi ate 4 Met hyl
6- br ononet hyl - 4- (2- br ono- 4-f | uor ophepyl ) { 2-
(thiazol -2-yl)-1, 4-di hydr opy |6vﬁr 8
| nter nedi ate 4 was synthe5|zga frJ§1|d er
simlar to that for the preparati d
(the ratio of petroleumether to e?gcl ﬁcet £J>|s 8:2). B
Preparati ons of Exanples Exanple 5 Br

Et hyl 4- (2- br ono- 4-f | uor ophenyl ) - 2-(t hi azol - 2-yl ) - 6-

(4- mor phol i nyl net hy) -1, 4- di hydropyri m di ne-5-carboxylic ester 18
Engl i sh Tigpgl atiog gqfi 1 Wha003F 1ré8ehi 1 was Q8 into 100 ml of carbon

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

boxylic ester [0076]
diate 2 by a nethod
diate 3. Rf = 0.69

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 is 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

18



i HZCN-N H6/ Cod [0077] 2.0 g of Internediate 2 was added into
15 nil of methanol to forma solution. The solution was mxed with 5
times of norpholine and stirred for 30 mi nutBeglighTranslaien of 8y eQ0s4 6A8d7 Al
The sol ution obtained was then diluted with water and extracted with
ethyl acetate. Yield: 1.7 g. Melting point: 161-163 C. Rf= 0.45 (the
ratio of petroleumether to ethyl acetate is 8:2) Exanple 6 Mt hyl

4- (2- brono- 4-f | uor ophenyl)-2-(thiazol -2Z-yl)-6-

(4-norphol i nyl nethy)-1, 4-di hydropyri i ne-5-carboxylic ester F O
Br \ONHZ NN HSJ Cod [0078] 6 was synt hesi zed from
Internediate 4 by a method simlar to tlhhat for the preparation of
Exanple 5. Melting point: 173-1 (o 0.43 (the ratio of
petrol eum ether to ethyl acetate i s, .3yt;; 079] The enanti oners
prepared in Exanple 5 and Exanpl e Ggpeﬁe arated on a chiral
colum (Dai cel Chiral pak AS-H, nDbi;: phase: n-hexane/ethanol =

99/1). [0080] The anti-HBV active ounds in the two exanples are
enantionmers having 19 English Transl ation of WD 2008/ 154817 Al

[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
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-bromb-4-ﬂuorophenyl)-Z-(thiazol-2-yl)-6- (4-morpholinylmethy)-1,
4-dihydropyrimidine-5-carboxylic ester

1R
H,C” N7 =N
' Ill S\/)
O
o)
[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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a relatively long retention tinme. [0081] The activity data of the
conmpounds of the invention are listed below. Exanple No. 1C50 (nM 5
0.2 (-)-50.1 6 0.3 (-)-6 0.2 [0082] TheEngigukransiationsft W(Hh2008/154817 Al
hepatitis B virus-produci ng Hep&.2.15 cells with the conpounds of
the invention can lead to a reduction in intra- and/ or extracellul ar
viral DNA. | NDUSTRI AL APPLI CABI LI TY [0083] The exanpl es di scl osed
her ei n stebdativichalbng ktertmaponeds di scl osed herein exhibit an effective
antiviral effect with the 1C50 Iess than 1 nM Therefore, the

C_orrpoundséspeil o r h@%vﬁtgha{a thd &bl 8fth@n§lleﬁﬁ 'li@ HGBHhwY

Vi ruses, y acut roni'c persistent ecti1ons
according to the netHods of tne inventi gn or _any rret noa known to a
person skilled in thg art. Wlﬂﬁa{oi sh Trlans! dEso@M¥ WO 2008/ 154817
Al CLAI M5 What is clatas—+s—I—A-conpgund—havirg—Foradla (1) or its
isoner (la) or an enantioner ahd a salt | thereod.2 R2 R2 |1 RL |1 ~-RI
oo Il Il R3-OC R3-

(-5 0.1

6 0.3

(-)-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 ICsq 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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NH X N, R XN~NRH(l), z z (la) wherein R is o-bromne, R2is
p-fluorine, R3is a d-C4 alkyl, R6 is thiazolyl-2-yl, Xis

met hyl ene, and Z is norpholinyl. 2. The conpbtugish Hrensbtia af§VQ 20081184817 Al
and the enantioner and the salt thereof, wherein, Rt is o-brom ne,

R2 is p-fluorine, R3is nmethyl or ethyl, R6 is thiazolyl-2-yl, Xis
met hyl ene and Z i s norpholinyl. 3. A conpound having one of the
following structures and an enanti of8AIMY aut omer or salt thereof: F
F OB OBr H2 N1 H" r HI1HCod Co) 4. A nethod of preparing
the compound BgseLding to claim1 conprising the steps of: [A]
reacting a benzal dehyde having formula (I1) with a /3-ketoester

having formula 21 English Translation of WO 2008/ 154817 Al (1Il) to
produce a behzyl i Aepenpooinpbavidg fi@wiukg (I or itwlisdn{ek Ya) oRan efir@ontst anda salt

thereof,

@, (Ia)

wherein R is o-bromine, R? is p-fluorine, R® is a C;-Cy4 alkyl, R® is thiazolyl-2-yl, X is

methylene, and Z is morpholinyl.

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

methylene and Z is morpholinyl.

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

tautomer or salt thereof:

4, A method of preparing the compound according to claim 1 comprising the

steps of:

[A] reacting a benzaldehyde having formula (IT) with a B-ketoester having formula

21



ORo 97R1 R3_ ' CHO (Il), z_X o (Ill), z-x O(lV), wherein R, R2,
R3, X and Z are as defined in claim1, and reacting the benzylidene
conpound having fornmula (1V) with an am di neErgtish Tigpslrémpl WD 2003/ 11815A1
salt thereof or a conpound having fornmula (V), NH RE)~" NH2 (I1)
wherein R6 is as defined in claim1; | [B] reacting the conmpound
having formula (I1l) wth an al dehyde (Il) and amdine (V) or a salt
t her eof (11 toaprodugecibeaziiddena gohpsund laving) fotmulaEv)st ep; [C] where X in
formula (1) is nethylene, reacting the conpound having fornmula (V)
wi th norpholine (VII) or a salt thereof: R2 11 R ORzu R3-0C N R6 Y
(M), R6 NH2 (V), wherein R, R2, R3 and R6 are as dethged above, and
Y is a nucleophilic substituent. [[g reacting the al havi ng

n

formula (11) with 2 gnpound havi formula (X) asnd am di ne
havi ng fornul a (V)|or 1sal t t'ﬁ% N 22 EnglisJa\T an/sl ation of WO
A o

2008/ 154817 Al O

O

CHO an, z—x "o (), z=x Iv),

wherein R!, R%, R?>, X and Z are as defined in claim 1, and reacting the benzylidene
compound having formula (IV) with an amidine having formula (V) or a salt thereof or a

compound having formula (V),

NH

P

R® NH, (V)
wherein R° is as defined in claim 1;

[B] reacting the compound having formula (IIT) with an aldehyde (II) and amidine

(V) or a salt thereof or a compound having formula (V) in one step;

[C] where X in formula (I) is methylene, reacting the compound having formula

(VI) with morpholine (VII) or a salt thereof:

N
l /\_R1
F
9
R3-0C N
| | NH
A I
H
Y (VD, R® NH (W),

wherein R', R%, R? and R® are as defined above, and Y is a nucleophilic substituent.

[D] reacting the aldehyde having formula (II) with a compound having formula (X)

and an amidine having formula (V) or a salt thereof:
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R-0-c-CH=CG-X-Z NHZ (X) wherein, R3, X and Z are as defined in
claiml. 5. A compound having formula (XIl): R I1T R O0u R3-OC
NIRG H Br (XIl) wherein Rl, R2, R3 and R6 arknghsh Tleshimach WO 200§/1 9817 Al
clainms 1-3 and the conpound is used as the internediate for

synt hesi zi ng conpound (I) or (la). 6. A conmpound for controlling

di seases according to any of clains 1-3. 7. A nedi canment conpri sing
at | east one conpound according to zﬁny of clainms 1-3, and, when
appropriate, further conprisingfoPher—&etd-ve—phar maceutical agents.

8. Use of the compound according to any a#,cl ai M -3 in the

manuf acture of a . nedicament for treating and prevénting a viral

di sease. 9. Use of the conpound according to any of claims 1-3 in the
manuf acWhFrréinoR ,aX anbdiat infdin ¢lpignii ng and preventing hepatitis B
infection. 10. A nethod of treati ng hepatltl s B conprising

adm ni stering an Effectl ve anount e conpound according to claim
1to a nm . COMRRYHLRAVEYS foFay |( )a di sease caused by hepatitis
B infection conprising admnistering an effective anmount of the
conpound according to claiml to a mawnmal. 12. The net hod accordi ng
to claim1l, wherein the disease is h \SEiR;i S.

Y
T
R®-0OC N
I
-
H
Br (X1

wherein R', R, R? and R® are as defined in any of claims 1-3 and the compound is used as

the intermediate for synthesizing compound (I) or (Ia).
6. A compound for controlling diseases according to any of claims 1-3.

7. A medicament comprising at least one compound according to any of claims

1-3, and, when appropriate, further comprising other active pharmaceutical agents.

8. Use of the compound according to any of claims 1-3 in the manufacture of a

medicament for treating and preventing a viral disease.

9. Use of the compound according to any of claims 1-3 in the manufacture of a

medicament for treating and preventing hepatitis B infection.

10. A method of treating hepatitis B comprising administering an effective amount

of the compound according to claim 1 to a mammal.

11. A method of treating a disease caused by hepatitis B infection comprising

administering an effective amount of the compound according to claim 1 to a mammal.

12.  The method according to claim 11, wherein the disease is hepatitis.
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23 English Transl ati on of WD 2008/154817 Al 13. The net hod accor di ng

to claim1l, wherein the disease is cirrhosis. 14. The net
according to claim1l, wherein the disease |@%%§%@@W%“§?2008/154817A1

carci noma. 15. A pharnmaceutical conposition conprising one or nore
conpounds according to claiml and a pharmaceutically acceptable
carrier. 16. A conposition conprising the follow ng conponents: A) at
| east one di Hydr oplye ingthdid recardimg dondimd towbkreig thodiaease of cichaedins 1- 3,
B) at | east an HBV antiviral agent which is different from conponent
A, and, when appropriate, C) at |east an inmunonodul ator. 17. The

conposi tion Hecor i gnethed: |aa¢%h£s toyplginei 1, tHisren ihe hspes@is Sepatoqgifular

pol ynmer ase i nhibitor. 18. The conposition according to claim 16,
wher ei n""fHB° I%frrponent Bis I|amvudine. 19. The conposition according
to claim 16, wher el n the component B is selected fromthe conpound

having the fgjlo er ec%wl&l cgﬁg&%lﬁl)ﬁ %Iﬁgnsd@ o 01[ m%&po%ﬁd&ccoﬁﬁng

Ra RS and a sal t
toclaim 1 and a pharmaceutlcally acceptable carrier.

16. A composition comprising the following components:

A)  at least one dihydropyrimidine compound according to any of claims

1-3,

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

and, when appropriate,

C)  atleast an immunomodulator.

17. The composition according to claim 16, wherein the component B is a HBV
polymerase inhibitor.

18. The composition according to claim 16, wherein the component B is
lamivudine.

19. The composition according to claim 16, wherein the component B is selected

from the compound having the following formula:

R' R2
RE X N7
RQ
N 0
R1 0 R'I}Z_lN 0
R1 1 R7 R3
R® R*
R5

and a salt thereof, wherein
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24 English Transl ati on of WO 2008/154817 Al each of R and R2 is

i ndependently Cl -4 alkyl or, together wth the nitrogen atom on which
they are located, forma ring having 5 to 6 FigHi Htnsheong Wh2Q08iptsisal
carbon and/or oxygen; each of R3 to R12 is independently hydrogen,

hal ogen, C -C4-al kyl, optionally substituted Cl-C4-al koxy, nitro,
cyan or trifluoronqthyl;zand R13 is hydrogen, Ct-C4-alkyl,

Cl - C7- acyl otachrod|RydndaldisXnilepehd¢ntlyets ikl pirj togethbrywithiitlst nitnogen atom on
Cl -C4-al kyl .. 20. The conposition according to claim19, wherein the
conpountihigh sheyhare legatedptemn p simehyving Ut friag apams Whichomusist cakan and/or
according to any of clainms 16-20, wherein the inmunonodul ator

conmpri s¥S8&h interferon. 22. A conposition which conprises the
foll owi ng conponents: A) the dihydropyrimdine conmpound according to
any of cl ai neach-af R’ Bjo IRAri i uididependently, hyhegers phalogeni, af eC4-akyBnoptionally
interferon. 23. A method of preparing the conpositign according to
any of Wbglithied1Gi-Spalkownintio, eyapp gF dafleerpmethyl; rndHat is hydresen ieess-alkyl,
conbi ni ng_or m Xxin 0 ent A conponent .and en_appropri ate,
conponent CTaf Cﬁﬁ“%@é@%g??ﬁ#@kﬁﬁﬂ8¥ggﬁmaﬂﬁﬁﬁﬁﬂﬁﬁﬁg?¥66ﬁm¥ cording to
any of clains 16-22 for controlling diseases. 25. A nedi canent

conpri si ng | e SIAY! acc i NGyt f clains

To-22, “and, hen oo, PapOaBe leboral e s 0. GuBit e Toalling ey e
agents. 25 English Transl ati orp of WD 2008/ 154817 Al 26. Use of the

conposition according é%fﬁms 16-22 in the manufacture of
HN o
following structure:

21. The composition according to any of claims 16-20, wherein the
immunomodulator comprises an interferon. |
22. A composition which comprises the following components:
A)  the dihydropyrimidine compound according to any of claims 1-3,
B) lamivudine, and, when appropriate,
C)  aninterferon.
23. A method of preparing the composition according to any of claims 16-20,

which is characterized in that it comprises combining or mixing component A, component B

and, when appropriate, component C in an appropriate mode.
24. The composition according to any of claims 16-22 for controlling diseases.

25. A medicament comprising at least one composition according to any of claims

16-22, and, when appropriate, comprising other active pharmaceutical agents.
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a nedi canent for treating and preventing a viral di sease 27. Use of

t he conposition according to any of clains 1 é‘a ufac ure
of a medicament for treating and preventi ngg?é Trf"‘tsagonlé’ }16‘}‘?.17A1

26

26.  Use of the composition according to any of claims 16-22 in the manufacture of

a medicament for treating and preventing a viral disease.

27.  Use of the composition according to any of claims 16-22 in the manufacture of

a medicament for treating and preventing hepatitis B infection.
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