WO 03/ 080612 PCT/ CA03/ 00418 DI PYRI DODI AZEPI NONES AS REVERSE TRANSCRI PTASE
| NHI Bl TORS TECHNI CAL FI ELD OF THE I NVENTION 5 The invention concerns novel
conpoundswarid/oglsaz naceuti cal |y acceptable salts thereof, pCraiAo3neag eit her
al one or in conbination with other therapeutic agents, in the treatnment or
prophylaxis of H 'V infection, and to pharnmaceutical conpositions

conprising the conpounds. 10 BACKGROUND OF THE | NVENTI ON The di sease known
as acquired i mmune deficiency syndrone (AIDS) is caused by the human

i mrunodef i ci encyPIPKRUDDEMERHINOKES BF REVARPY TRABSERIPERSE RRBBITERS HI V-1. In

order for HHV to be replicated by a host cell, the information of the viral
genone nust 15 be integrated into the host cell's DNA. However, HV is a
retrovirus, ani that its enetic information is in the formof RNA
The H V repl |Et95{“i°6ﬁFl§3'rBI°5Tf'ﬁg"r"gf"UPB requires a step of transcription of

the viral genome (RNA) into DNA, which is the reverse of the normal chain
of events. Ameanvaniien toirderfasovebesmpqunly addbbamaceaﬁceﬂysecdapwm@salm ase (RT)

acconpl i she the ranscri.ption of the Lr I NA | L\, virion
i ncl udes a 3‘6 fo heprHsg) %'ﬁﬁ ﬁ‘gpﬁofﬁ' &W“ﬁ@r@? E%urt'é(r% &M th@ée has
three known tmawémtdr prdphplekis ohBl)V infection, sandﬂo pharRi&eutibapeordporiticDSA

pol ymerase, as a ribhonuclea and as a DNA-dependent DNA pol ynerase.
Acting as aﬁOﬁ}QAS'HEB*é%‘a%ﬂ Uﬂ%ﬁ pol ymerase, RT transcribes a 25

singl e-stranded DNA copy of the viral RNA. Acting as a ribonucl ease, RT
dest roysio trmc\qung:iunalomi-lEMVEﬂmmN and frees the DNA just produced fromthe
original RNA. Finally, acting as a DNA- dependent DNA pol ynerase, RT nakes

a second, enent [
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conpoundts arke integfaiéd intp thhélosmeél\ﬁd?iﬂfﬁoiﬂowlev@rr HA{ isesntetrayirus, meﬁnlinﬁﬁ'@iﬂtﬁon in

human subj ec etn@ﬁf&ﬁ?ﬁgﬁ ki ?@opﬁ o?ﬁNWQ’W@ HV bbb che tﬁb'@?or@s
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reverse transcriptase (RT) accomplishes the transcription of the viral RNA into DNA.
20  The HIV virion includes a copy of RT along with the viral RNA.

Reverse transcriptase has three known enzymatic functions; it acts as an RNA-
dependent DNA polymerase, as a ribonuclease, and as a DNA-dependent DNA
polymerase. Acting as an RNA-dependent DNA polymerase, RT transcribes a

25  single-stranded DNA copy of the viral RNA. Acting as a ribonuclease, RT destroys
the original viral RNA, and frees the DNA just produced from the original RNA.
Finally, acting as a DNA-dependent DNA polymerase, RT makes a second,
complementary DNA strand, using the first DNA strand as a template. The two
strands form double-stranded DNA, which is integrated into the host cell's genome

30 by another enzyme called integrase.

Compounds that inhibit the enzymatic functions of HIV-1 reverse transcriptase will
inhibit replication of HIV-1 in infected cells. Such compounds are useful in the
prevention or treatment of HIV-1 infection in human subjects, as demonstrated by
35 known RT inhibitors such as 3"-azido-3'-deoxythymidine (AZT), 2',3'-dideoxyinosine
(ddl), 2',3'-dideoxycytidine (ddC), d4T, 3TC, Neyirapine, Delavirdine, Efavirenz and

Abacavir, the main drugs thus far approved for use in the treatment of AIDS.
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WD 03/080612 PCT/ CA0O3/00418 As with any antiviral therapy, use of RT
inhibitors in the treatnment of AIDS eventually leads to a virus that is

| ess senswDid@8den2 t he gi ven drug. Resistance (reduced sen®COiCABP)4180 t hese
drugs is the result of nutations that occur in the reverse 5 transcriptase
segnent of the pol gene. Several mutant strains of H 'V have been
characterized, and resistance to known therapeutic agents is due to
mutations in the RT gene. Sone of the nobst conmonly observed nmutants in
the clinic are: the Y181 C nmutant, in which a tyrosine (Y) at codon 181 has

posi t1 on 1odsHie Buamr e e S o4 8T PPN gHefy SEFoREREal e
_emelr ggeW![ ':12 Iefse:mﬁmleawlrnggﬁt Bdessspnsitive tdtgetgweatdmmﬂemstet;é:br(mgncm; In \él [ﬁles’
doubl & mut aftRS PR HAR pds Elg%ﬁsgﬁfg&ﬁ‘?%%ﬁ%&mﬁ RN L1001, 15
COSE) |u B?Zgl us:ercmgddnpfsziseigmht cfdhpputgjzrlnet Seperal/mpotanHstaingiddivi mveeen oy
EIJ'E ore is t% é;pgﬁaa%gzecg r?ngﬁésﬁ&gﬁge 'R ﬂﬁ%&aﬁ%utﬂ%‘ﬂgﬁ?% aﬁé‘fbt r&ﬁ_{%ﬁéﬂsﬁﬁ 1

ol ng heed In
di fferent p&RTganes wn@bﬁthemmn%monumsmed mhanisini theslinieaeathe. 20

Conpounds haMlgLﬁgﬁJté@%/ﬂ %ﬁcﬁéﬁgééh%% at &ﬁ&airﬁas' Bgéht?hﬁtg e t@fa c?!stglnls are

descri bed in I nhibitors o rever se
transcri pt ag6) @sigdue dedd¢1i0Bbdvhate Herlyging &) @t P%ﬁl’f.lqn 03 w@ohee@rr@m?edéw, 2231

(812?;) heteran@Jang?N 5@%1%? ga% Wﬁﬁer@é%t}ﬂliﬁér@@iﬁg f8¢&liency during
di pyri do[ 3, zlceatnzentwnth@pwn@pnvl@i%mch@g ths sipglginpiteris &/ 19PARG 190/ & 1886nmI i fi ed

conpounds  ar, 33 rfatjﬂé\él%uéle é’ﬁt&k‘lbéNNQ@@C”ﬁ’iOSN/PQzSHWOQNWfOSI ant
H V-1 RT, particu ot her single mutants such as K103N al bei t

| ess ef f ect |and|i9103NM0@h/ 96338A1 and US patent 6,420,359 disclose diazepine
structures having 30 quinoline and quinoline-Noxide substituents as

| nhi bi t ofss Gorfifued e SPeitdl Ebﬁgourfe@. Mv%kbﬂ/@ﬁt lhﬁMﬂfe@ﬁén wnltwhdamcmw HI VW,
singl e and double mutant strains.

%I\L}h {Jlu I.nvention
provi des sulfgHse an BWrIRsRY GMErgrNcy OéBﬁ‘f’é‘?ﬁ‘ﬁtﬁ'& SHBW(% e IS e Y. ot ent

i nhi bi tors qfy dMgbfgtngea 16w iRRibiteieWpIRT, With afercht baiteras of effdclivdndss,
particularly the doubl e mutatjon KL03N Y181 C. -2 WO 03/ 080612

PCT/ CA03/ 00£pginst the various mutants.
20 Compounds having tricyclic structures, which are inhibitors of HIV-1, are described in
U.S. Pat. No. 5,366,972. Other inhibitors of HIV-1 reverse transcriptase are
described in Hargrave et al., J. Med. Chem., 34, 2231 (1991).

U.S. Pat. No. 5,705,499 proposes 8-arylalkyl- and 8-arylheteroalkyl-5,11-dihydro-6H-
25  dipyrido[3,2-B:2’,3-E][1,4]diazepines as inhibitors of RT. The exemplified

compounds are shown to have some activity against wild type and mutant HIV-1 RT,

particularlyY181C and other single mutants such as K103N albeit less effectively.

WO 01/96338A1 and US patent 6,420,359 disclose diazepine structures having
30 quinoline and quinoline-N-oxide substituents as inhibitors of RT. The exemplified
compounds have activity against HIV WT, single and double mutant strains.

SUMMARY OF THE INVENTION

The invention provides substituted benzoic acid containing compounds that are
35 potent inhibitors of wild-type (WT) and double mutant strains of HIV-1 RT,

particularly the double mutation K103N/Y181C.
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In a first aspect of the invention, there is provided a conmpound of formula
l: RO RANRI2 \ / \ R's NN2 NI REt Rl4 wherein 5 R is H,

hal ogen, WOb3Admhikyl, OQ(Cl.4)al kyl, NH(CL.4al kyl) or N(ClprealdapBp@18 R4 is
Hor CH3; R5 is Hor CH3; R12 is H, halogen, (Cl_4)alkyl, CF3, or NO2; R13
is H (Cl_4)alkyl, halogen, OH or NH2, with the provi so that R12 and R13
are not 10 both H, and R14 is COORl4a wherein Rl4a is Hor (Cl_6)al kyl; or
R 14 is (C2_4)al kenyl COOR14a wherein Rl4a is as defined herein; or R14 is
(Cl_4)al kyl COOR14a wherein Rl4a is as defined herein; or a salt or a

d h f A d'. , h [
D S st San oL B oS B RERE B AL on (here 1

HI'V infection, conprising a c of formula I, as descrl bed herein, or

a pharmaceuti cal | y accept and a pharmaceutically

acceptable carrier. 20 Accoxdi o the invention, there
, tiQn of13HIV|nfect|on,

conpri sing adm nistering t\) a, | en i }
conmpound of forrmula I or e salt thereof, or a
phar maceuti cal conposi tﬁon bot h ms defined herei Mm~2% cording to a
fourth aspect of the invention, there is provided a nethod for treating or
preventing H V infection conprising adninistering a pharnmaceuti cal
conposition orrer sing a conmpound of formula I, as described herein, in
combi nat i on YHYH

5 R?isH, halogen, (Cy-4)alkyl, O(C1.s)alkyl, NH(C+.salkyl) or N(Cy.4alkyl)s;

R*is H or CHg;

R%is H or CHg;

R'2is H, halogen, (Ci.s)alkyl, CFs, or NOy;

R is H, (Ci.)alkyl, halogen, OH, or NH,, with the proviso that R'? and R'® are not
10  both H; and

R™ is COOR™® wherein R™ is H or (C1.¢)alkyl; or R™ is (Cz4)alkenylCOOR™

wherein R is as defined herein; or R' is (C1.4)alkylCOOR" wherein R' is as

anount of a

defined herein;
or a salt or a prodrug thereof

15

| According to a second aspect of the invention, there is provided a pharmaceutical
composition for the treatment or prevention of HIV infection, comprising a compound
of formula I, as described herein, or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.

20
According to a third aspect of the invention, there is provided a method for the
treatment or prevention of HIV infection, comprising administering to a patient an
HIV inhibiting amount of a compound of formula | or a pharmaceutically acceptable
salt thereof,‘ or a pharmaceutical composition, both as defined herein.

25
According to a fourth aspect of the invention, there is provided a method for treating
or preventing HIV infection comprising administering a pharmaceutical composition
comprising a compound of formula I, as described herein, in combination with an
antiretroviral drug.
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antiretroviral drug. 30 -3 WO 03/080612 PCT/ CA0O3/ 00418 According to a
fifth aspect of the invention, there is provided a nethod for preventing
peri nat alworoaf8mwiiszsi on of H V-1 from nother to baby, conpPCIiGi®3/00418

adm nistering a conpound of formula | or a pharnmaceutical conposition, as
described herein, to the nother before giving birth. 5 DETAILED

DESCRI PTION OF THE | NVENTI ON Definitions The follow ng definitions apply
unl ess otherwi se noted: 10 As used herein, the terms "(Cl_2)al kyl", "(CL.4)

al kyl" and "(Cl.6)al kyl", eith al on o k0. i nat i | her
radical, ish ﬁ‘?@ﬁ@gg atfgth@ggﬁctgi%lp\éenﬁib k’fré@é%ﬁ'%gﬁ gg%crjgn gﬁoﬁﬁé ug{"?% t wo,
four, or siyefimathiaranamisson e $edtiione mpthdEtabahye somprisiog adminithringlas i ncl ude
met hyl , et hyl ro but yl - et hyl =net -

ot hyl pr opy PomBRMRESomla by EqeCé Rk A SRR herkin e e,

al kenyl ", einidilesr beffaragiving birth.conbi nati on wi th another radical, is intended
to nean gn unsaturated, acyclic radical containing two to four carbon
atons. 20 As used herein, the term "hal ogen" neans a hal ogen at om and

i ncl udes f | DETANED DESCRIPTION OF THE DIVENBOWNd i odi ne. As used herein, the term
"phar maceutiPc?J Ly acceptable salt” includes those derived from

phar maceut i aﬁ'l'\'ﬁ/odlscept abl e bases and is non-toxic. Exanples of suitable 25

bases i nclude choline, ethanolam ne and et hyl enedi anmi ne. Na+, K, and Ca++
salts are a[J

see Phar macQES?Igog\Fégggﬂ@%OﬁgFP@é%@%ﬁgw iga?ﬁ?tag?pghg]; rr: hgc: .nj/e? ELISQ(?)Q) ( a|6€ss?
1-19,  iocorsarsatiderdieriae tertrg “(Gebleliehic.) 3ByIAandiYEde)nlksylsieiineraenet Qi
he resal 1 gmans MR ERBERH BRIaR o MeRAEPR) Ronfacycle KRrdaRs |2 Rt Tve
drug, as defoontihingtoripoufos opsixicerhenlaoms reseaptrels Expmplgsiof 8e¢h vat i ves
: Rclrﬁge’ but., fEQs ﬂﬁ‘udle'n%thﬁ,detﬁﬂ; prE Y iyl M FheRRIRR, 1-eBfipkRfzan and G | man

methylpropyl, and 1,1-dimethylethyl.

15
As used herein, the term “(C..4) alkenyl”, either alone or in combination with another
radical, is intended to mean an unsaturated, acyclic radical containing two to four

carbon atoms.

20 As used herein, the term “halogen” means a halogen atom and includes fluorine,

chlorine, bromine and iodine.

As used herein, the term “pharmaceutically acceptable salt” includes those derived
from pharmaceutically acceptable bases and is non-toxic. Examples of suitable

25  bases include choline, ethanolamine and ethylenediamine. Na', K*, and Ca™* salts
are also contemplated to be within the scope of the invention (also see
Pharmaceutical salts, Birge, S.M. et al., J. Pharm. Sci., (1977), 66, 1-19,
incorporated herein by reference).

30 As used herein, the term “prodrug” refers to pharmacologically acceptable
derivatives, such that the resulting biotranéformation product of the derivative is the
active drug, as defined in compounds of formula I. Examples of such derivatives
include, but are not limited to, esters and amides. (see Goodman and Gilman in The
Pharmacological Basis of Therapeutics, 9" ed., McGraw-Hill, Int. Ed. 1995,

35 “Biotransformation of Drugs, p 11-16, incorporated herein by reference).
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Phar macol ogi cal Basis of Therapeutics, 9t" ed., MGawH I, Int. Ed. 1995,
35 "Biotransformati on of Drugs, p 11-16, incorporated herein by reference).
-4 WO 03/we0sa6PLT/ CA0O3/ 00418 Detail ed description of prefTaracados18

enbodi nents Preferably, R2 is H hal ogen, (Cl_4)alkyl, Q(CL.4)alkyl or
N(Cl_4al kyl )2. Even preferably, 5 R2is H d, F, (Cil-4)alkyl,

Q(Cl_4)al kyl, or N(Cl.4alkyl)2. Mre preferably R is H d, F, CH3, Ow,
or OEt. Most preferably, R2 is H Preferably, R4 and R5 are not both the
sanme. 10 More preferably, R4 is H Mre preferably, RS is CH3. Preferably,
R12 is hal ogen, (Cl_4)alkyl, CF3, or NO2. Mre preferably, R12 is Br, d,
15 CH3 or CHiéldHed Wesctripticat ef preferredydBbodin@i8s or CH3CH2. Preferably, Rl13 is
H, CH3, hal ogen, OH, or NH2. Morre preferably, R13 is H CH3, or OH Mbst
preferably, R13 is H 20 Preferably, R14 is COOH, COOwWe, (C2_4)al kenyl COCH,
or (Cl_4) al kipte@oably, Riis &1, hplogémr(&bl)3ikyl R i RIQODH (QTkEIGH) GO, praeOfOH,  or

CH2CH 2000H. ernably i %ﬁ@ fodf: | are
ef fecti vegi nﬁf\{%ﬂtﬁlgg{;‘ﬂ?‘ﬁq ?Q%Myfﬁas Mﬁplgs%%%y%%%g&tﬁ r{ghgwé%doubl e
mut ant enzynSHKII3e) oY UFt. ®losTpefarabip®irisisl. of fornula | possess inhibitory
activity against H V-1 reverse transcriptase. Wen admnistered in

sui tabl e dosage forns, they are useful in the treatnment of ADS, ARC and
rel at ed di soPekerablpsRiaridReatewot bothithé darmeaf ecti on. 30 Anot her aspect of the
invention, therefore, is a nethod for treating H V-1 infection which
conprises admnistering to a human being, infected by HV-1, a

t her apeutid caMbse mrbfeeatily, R imHount of a novel conpound of formula I, as
descri bed above. Wiether it be ternmed treatnent or prophylaxis, the
conpound may al so be wused to prevent perinatal transm ssion of H V-1 from
mot her t o bakigre frgfeBiblpRTiisiCBLr ati on to the nother prior to giving birth.
-5 WO 03/080612 PCT/ CA03/00418 The conpounds of fornmula I may be

adm nistered in single or divided doses by the oral or parenteral routes.
A suit abl e oPaferdiigaR? i lexlogens (Crpiaikyt] G, dra@ul Mote prefietably, R' is Br, Cl,

15  CHj or CHzCH,. Most preferably, R™ is CHz or CH3CHo.

Preferably, R'® is H, CHs, halogen, OH, or NH,. More preferably, R™ is H, CHj, or
OH. Most preferably, R* is H.

20  Preferably, R" is COOH, COOMe, (C..5)alkenylCOOH, or (C;.4)alkyiCOOH. More
preferably, R' is COOH, CH=CH-COOH, CH,COOH, or CH,CH,COOH. Most
preferably, R is COOH.

The compounds of formula | are effective inhibitors of wild type HIV as well as
25  inhibiting the double mutant enzyme K103N/Y181C.

The compounds of formula | possess inhibitory activity against HIV-1 reverse
transcriptase. When administered in suitable dosage forms, they are useful in the
treatment of AIDS, ARC and related disorders associated with HIV-1 infection.

30 Another aspect of the invention, therefore, is a method for treating HIV-1 infection
which comprises administering to a human being, infected by HIV-1, a
therapeutically effective amount of a hovel compound of formula |, as described
above. Whether it be termed treatment or prophylaxis, the compound may also be
used to prevent perinatal transmission of HIV-1 from mother to baby, by

35 administration to the mother prior to giving birth.
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be in the range of about 0.5 ng to 3 g per day. A preferred oral dosage for
a 5 conmpound of formula | would be in the range of about 100 ng to 800 ny
per day fwpo3asgati ent wei ghing 70 kg. I n parenteral formpCatGAvnS0418

sui t abl e dosage unit may contain fromO0.1 to 250 ng of said conpound,
preferably 1 mg to 200 ng. It should be understood, however, that the

dosage admnistration frompatient to patient wll vary and the dosage for
any particular patient will depend upon the clinician's 10 judgenent, who
will use as criteria for fixing a proper dosage the size and condition of

th tient | | t tient, o) .
compounds. of PERETRPUEEA UGN Tanb8 AU BB e RSy Bty I8,
route, they orayrpereamrl s nesliablereal doaagafos aicontpeend of fernatla 1 would
h tical 15 t] ' i ' LAt i i th
Compati bi e Al HEdahs BaoukfpTeg W glel & Addeelolat dBsaRibra P 210",
i nert or ganicompoundofrfgamila | wauldiberin theataege af atswit 1 @b Mg t6 0 mgeer day for
dmnistrati s l. ' [ i i | atin,
Falc ot ar ot PHHEOGERURY £ et e BhA] EmilRoTs, ZbaaBidostPh Bfit may 2111
]E)ol ya: kylI eneoglairciodrs 0. 1ptet250 Ineguof §aéd cqmr_ac?mdt prefaraipiy 1 mpior20 ra@dbmmﬁ% of t
ormula | ¢ - r d known to
one skill ed%i%nﬁs ﬁ%é?og’(rat ha“ééé%gq i&%ﬁ%él’ ﬁgﬁﬁr%ﬁﬁﬁﬁﬁo"'ﬁ fﬁjtane%t?ern?g?r_%lzéanmwt aneous,
separ at e or vasranerhé dbsagerfonanyt paiticudar fegentwibdepang upenphegliigianyy H v

i nfecti I n M efo [RYA : ' ' Ratiomray be
used inq@onglfogcfaémégﬁq‘hevgg%e 3%%%}@3%8%%2'5%%1‘9%%&&%gﬁllé%laﬁgl uci% but are
not |i mited of the paiiehicasswelkas the peliedsirerponseiingdrys anscri pt ase i nhibitors

(such as AZT and Tenofovir), non-nucl eoside reverse transcriptase
i nhibitors (such as Nevirapine), protease inhibitors iéSUCh as. Ritanovir),

viral fusi o'Whemiheicommpeunds efiihegresenignventiopgreigibepaiministergdbyine pralgoy

351125), CX e%égﬁfa?!béfa%nﬁrﬁé@#édaa% OB AR in thB e asmarmbddutiear s (such
as L 30 870, 810),

TAT inhibitors, other jnvesti atlon% dhurgqs %sucrp as
PRO- 542, 15BVBrgRrsationswhigh gorgain Apem dgssogiation Wity g coppatipie PRaTacPriGl agent s
(such as fl yepRaRielal. SRE caidiHRAsTRABARbE BE iIrRAVIGanic Stinbrgasiclcani@m sol e) .
Mor eover, a conpound of fornula, .| é)?%nﬁed wi t h anot he .clor%ound of
RS A EHCDE 8®i

formil a | . JEAHR SRR ETA PERINHFaRRr S e
convent i onalywdtengektiidc, staroh sheghadnsageains, gancarabibevegetdbtt aissage f or ns,
For exanpl e’potly% yleetng-’gly%gl%?ge%rsdeurﬁ jﬁelly\l/\gncg) ?f'{eqﬁ(g.ts 12 PCT/ CAO03/ 00418
= The compounds of formula | can be used in combination with an antiretroviral drug
known to one skilled in the art, as a combined preparation useful for simultaneous,
separate or sequential administration for treating or preventing HIV infection in an
individual. Examples of antiretroviral drugs that may be used in combination therapy
25  with compounds of formula 1, include but are not limited to, nucleoside / nucleotide
reverse transcriptase inhibitors (such as AZT and Tenofovir), non-nucleoside
reverse transcriptase inhibitors (such as Nevirapine), protease inhibitors (such as
Ritanovir), viral fusion inhibitors (such as T-20), CCR5 antagonists (such as SCH-
351125), CXCR4 antagonists (such as AMD-3100), integrase inhibitors (such as L-
30 870,810), TAT inhibitors, other investigational drugs (such as PRO-542, BMS-806,
TMC-114 or Al-183), antifungal or antibacterial agents (such as fluconazole), and
immunomodulating agents (such as Levamisole). Moreover, a compound of formula

| can be used with another compound of formula L.

35 The pharmaceutical preparations can be prepared in a conventional manner and
finished dosage forms can be solid dosage forms, for example, tablets, dragees,
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capsules, and the like, or liquid dosage fornms, for exanple solutions,
suspensions, enulsions and the |ike. The pharmaceutical preparations nmay
be subj ecwed3wsosennvent i onal pharnmaceuti cal operations su®TA03/00418
sterilization. Further, the pharmaceutical preparations nmay contain
conventional adjuvants such as 5 preservatives, stabilizers, enulsifiers,
flavor-inprovers, wetting agents, buffers, salts for varying the osnotic
pressure and the like. Solid carrier material which can be used include,
for exanpl e,

starch, lLactose,. manni t ] stal line
cel | ul ose, ,P&P%“?ess Ap e Tikgy %':atl@lH% &c]og’%glle tfj%ﬁﬁgh@s[%ﬁ&arﬁ@%%gmgﬁ’S%%?@@%’I ar
wei ght pol yreiusigresuatd the likaThetphgimesceutital pedparativds Ay hessubjactaddd use, a
conmpound of fornmul a |l . 10 [ o 0 on- aqueous
sol ution, sﬁ%‘é%?@% pggﬁﬁ#u%l%g%ggbgﬁﬁéﬁ arh rfajécsgét}{"?%%f saré@éé’et&gam e ol or a
m xture of Iphguhateytiedt puparatipns oay aontalyecarwentipnabadjdvanifesicd asant i oxi dant s,
preservativ f: ko Qf.h t i r i ' I C
N th the ool EhpenplE SiiizBis, ShuSRel AvorinpEag! wEly 306, 1ot uey
phar maceut i derl vVayyingthemsatsiie presdaretanddbe ligl §olid gariepmataiipkwhighhean be| ude, for
exanple, tar [ t ropyl ene gl ycol,
pol yet hyl ené‘tséﬁln?gﬁd,%’ F@é%ﬁé\g%&%ﬁng’r%& geu,(; @SBEES;?%"?&ERSF};M f:lglmt S (gu%:/h as
sodi um bi sulnfitroetystedine gellutesea sl gilica.tdbasimerldidmphepehatea@nd)niomnglecwsl ecul ar
wei ght pol ywﬁggﬁyﬁgﬁgﬁgu% gybgy@[ﬁ IEL Qpﬂ:&pe oxi des) for 20 viscosity

regul ati on an yl ene derivativeS of sorbitol anhydrides.
Preservai ves may al so be added if necessary, such as benzoic acid, nethyl

or propyl [erapenerpldiseat ROMPRHACIfIIMUR! eatPorITBIISIHIEY BrdAd eaHHBhi um
compound.  ThE- £RAEBAEHSHI stidpefsibR bEBMURBNTRY phaffadt@tiédliyiaocspiasiedil as
solutions for nasal 25 a%gl’ I cation and,ma%/ contain in addjtjon to the
conpounds ofor gHniturggiiguidsnwaigh mealy contain bacteriostatigagentsy anjipxidaptsr s
m crobi al  prRsRiVAlEY, BuffeRNbrioter dalites 18 Réhder §rRaSItoN idolariedth i MesNt s in
an aqueous vehicle. Exanpl es of aq%gfn\t S u?hed f_\o I ncrease Vi i% sity are
pol yi nylB altbiBkRAING aganis, UsRergingiBppia A SThas Bhotmars G gprapitle
EOl ySerk bat eSad@givgdm/A@cgig\r@s d%/lrt]mg 8bé mclleeetﬁTE bxah%!ﬁe&rt&?deﬂramynd :la@étatdfa
enzal koni u chloride, thinerosa or o- but anal . qor
al cohol . Adzﬁuif?@nﬁihﬂ?" PWBV'SB%Q'%@&G'@M?%‘HV%@ qowgquﬁg@ﬂ{ﬁ?gsﬁh% be
admi ni st er ecEpA), antxisghtsasych @bsddiirhbidalfiteg godinoh regtabiselfiies affthascdsipound  of
the Tnventi o igR folBadfr WelghPpdifier tbldrastlauft Sotflidre o Rdedi ¥ ©
20  viscosity regulation and polyethylene derivatives of sorbitol anhydrides.
Preservatives may also be added if necessary, such as benzoic acid, methyl or

propyl paraben, benzalkonium chloride and other quaternary ammonium compound.

The compounds of this invention may also be administered as solutions for nasal
25  application and may contain in addition to the compounds of this invention suitable

buffers, tonicity adjusters, microbial preservatives, antioxidants and viscosity-

increasing agents in an aqueous vehicle. Examples of agents used to increase

viscosity are polyvinyl alcohol, cellulose derivatives, polyvinylpyrrolidone,

polysorbates or glycerin. Microbial preservatives added may include benzalkonium
30 chloride, thimerosal, chloro-butanol or phenylethyl alcohol.

Additionally, the compounds provided by the invention can be administered by
suppository.

35 Methodology and synthesis
The compound of the invention may be made using the skills of a synthetic organic

-7-



-7 WD 03/080612 PCT/ CA03/00418 chem st. Exenplary reaction schenes are
shown in Schenmes 1 to 4 below. Substituents R2, R4, R5, R12, R13, R13, and
R14 are awodefsoserl herein. Schene 1: Preparation of intermediGtoesodin whi ch
R&isM 5MHOMOMHO N NAomtic hC Brom nation N substitute
\' \ Br --am bj~C NChj'~, I G NC NC " NCI NC HNNE 1(i) E
1(ii1) 1(111) ™M HO M HON Aromatic Ring ¢ losu" Br substitution, N Br
G NNNR2ZNNN Et Et 1(iv) 1(v) Briefly, arorratic substitution (SNAR)

of 1(i) with Et-NH2 produces internediate #}Vé{z ﬂf ﬁfltvevr

hal ogenat i ofh@/pist: h@(@%@;glr@qqyﬁnﬁgh%esaars i) ?ﬁrber%se % oVexanpl e, NBS
or bromi ne) sgb¥iRgenté RP IR RRIR', RPORYradr' (e ad defined hardhase- medi at ed SPAR
reaction forms the tricyclic i nt er nedi at e 1(iv). Introduction of the R2
substituent proceeds via an aromatic substitution of the C2 chlorine in
1(i V) ther elg¢héid i1NBrepeflidn W thtéinddifiey inahicr R id 15 -8 WD 03/ 080612

PCT/ CA03500 chene 2: Preparation of intermediates in which R5 is Me
NO2 | NO2 NH2 Arorratlc 1~ NXsubstltutlonRZNNHEt ReductlonnRZN
NHEt
Al:ct;rsr;ﬁﬂzo N Brommatlon A
/ N /
N ClHN N=
1(I) 1(") 1(|u)
Me o]
Aromatic k}
Ring closure, / Ny—Br _substitution | RS 7 N\\Br
RZ N/ rl\l N/
Et
1(iV) 1(v)

Briefly, aromatic substitution (SyAR) of 1(i) with Et-NH; produces intermediate 1(ii).
10  Thereafter, halogenation of the 5-position using a brominating agent (for example,
NBS or bromine) gives 1(iii). Ring closure of 1(iii) via a base-mediated S,AR
reaction forms the tricyclic intermediate 1(iv). Introduction of the R? substituent
proceeds via an aromatic substitution of the C-2 chlorine in 1(iv) thereby giving
compound of intermediate 1(v).
15



X=d or F 2(ii) 2(iii) 2(i) HOHONTr Condensation | / \ Br Ring
closure NVV\ BR NNCIl NR2Z NNE Et 2(iv) 2(v) M O N A kylation _ |
\ Br R2 WoN3MB@12.2(vi) 5 The sequence of schene 2 is amaTa®aso41® one
described by J.M Klunder et aL; J. Med. Chem 1998, 41, 2960-71, and C. L.
Cywin et al.; J. Med. Chem 1998, 41, 2972-84. Briefly, aromatic
substitution (SNAR) of 2(i),with Et-NH2 produces internmediate 2(ii).
Reduction of the nitro group (for exanple using catalytic hydrogenation)
produces 2(ijj). A pase nedi ated candensati On.s; tion of 2(iii) with, 10
for exanpl e,S—Chg’-’Bﬁénigr aalig ] ARl Ak loride, provides 2(iv).
Ring closure of 2(iv) proceeds via a base-nedi ated SnAR reaction to form
the tricyclic intermegdiate 2(v). The R5 rethyl group in Z(q,;;i) may be

introduced by art §exogri zeshaical kyl dsing, for ex@npfe, nethyl iodide.
-9 WD 03/080612 RCY 3/ GO4t@on Sch R Pr_8pladiant | op~ofZTker medi ates in

which R2 is Cl_4alkyl OHO N \ NH2 CI \ Br Condensation | Br C 1-4 alkyl
NC C NC1-4 afT"N Cc N 3(i) 3(i&() 3(iii) 5 Aro@iiilc HR N O
substitution 2(i)

o]

Hof H
N
S = B
—_—— ZAH . —_—— -
RN O R NT N7 N
Et

Et

2(iv) 2(v)
Me\ O
Alkylation mﬁ@/m
R? N F;l N=
Et
.2(vi)

5 The sequence of scheme 2 is analogous to one described by J.M. Klunder et al; J.
Med. Chem. 1998, 41, 2960-71, and C.L. Cywin et al;; J. Med. Chem. 1998, 41,
2972-84. Briefly, aromatic substitution (SyAR) of 2(i) with Et-NH; produces
intermediate 2(ii). Reduction of the nitro group (for example using catalytic
hydrogenation) produces 2(jii). A base mediated condensation reaction of 2(iii) with,

10  for example, 5-bromo-2-chloro-3-pyridinecarbonyl chloride, provides 2(iv). Ring
closure of 2(iv) proceeds via a base-mediated S,AR reaction to form the tricyclic
intermediate 2(v). The R® methyl group in 2(vi) may be introduced by art recognized

alkylation using, for example, methyl iodide.



BWRing closure \ Br ND. I \ ) _Br I' C1-4 alkyl NC HN N Al kylation
Cl.4 alkyl NIl N Et Et 3(iv) 3(v) Briefly, a base-nedi ated condensati on
reacti on wotmmerw138(i) and 3(111) gives 5 internedi ate 3(i IPCI/CABOMESI C
substitution (SNAR) of 3(iii) with Et-NH2 produces internediate 3(iv).
Ring closure of 3(iv) proceeds via a base-nediated SOAR reaction to forma
tricyclic internmediate, which is alkylated to give conpound of

internediate 3(v). 10 Schenme 4: Alternate route to conpound in which R4 is
Me Me 0 Me Q 4 0 NRRNC C N
4(i) 3(ii) 4 4 AFOTTE ' 1 | osure N substitution
Br R2Z NCI HN N R2 N N N Et Et 4(|||) 1(v) Briefly a base- nedi at ed
condensati on reaction between 4(i) and 3(ii) gives |ntermad|0ate a(ii).
Aromati c substitution (%I}AR) off 4(ii) with Et-NH2 produgesi—4&nternediate

4(iii). Ring closur eiiig bs Woaematvage- med] atled S B 5
. = ,
reaction to forgn“% ieygl itc co d of mterrredTngky‘ { ch
3(i) 3(ii) 3(iif)
Aromatic N 2 0
substitution ﬁ J \\.-Br _Ring closure | x NAﬁ//)/Br
~Z .
Cram’ N g HN N Alkylation Craas N/ |;1 N
Et Et
3(iv) 3(v)

Briefly, a base-mediated condensation reaction between 3(i) and 3(ii) gives

5 intermediate 3(iii). Aromatic substitution (SyAR) of 3(iii) with Et-NH, produces
intermediate 3(iv). Ring closure of 3(iv) proceeds via a base-mediated S,AR
reaction to form a tricyclic intermediate, which is alkylated to give compound of

intermediate 3(v).

10 Scheme 4: Aliernate route to compound in which R*is Me

r\/( )‘:(j/ Condensatlon f\/( Ji//}/
N CI

4(j) 3(ii) A(ii)
Qﬂggﬁﬁﬁon Jj//)/B Ring closure rj/\ ﬁ@/&
N Cl HN N
4(iii) 1 (V)

Briefly, a base-mediated condensation reaction between 4(i) and 3(ii) gives
intermediate 4(ii). Aromatic substitution (SyAR) of 4(ii) with Et-NH, produces
intermediate 4(iii). Ring closure of 4(jii) proceeds via a base-mediated S,AR

15  reaction to form a tricyclic compound of intermediate 1(v).

-10 -



WO 03/ 080612 PCT/ CA03/00418 Scheme 5: Introduction of the benzoic acid
derivatives R4A RR ORA R 0 N R2I N/N\ Br Allylation 1. Oxidation N R2
N N N 2. wedawmsion Et Et 5(u) 5(i) OHRL2 R4 R 0 R13PRu/dModkb418) Y=R14
or Conmpounds of forrmula | R 2 N Condensation Conversion of Y Et to R14 (if
necessary) 5(iii) Briefly, cross-coupling of brono derivative 5(i),

synt hesi zed as described herein, with 5 an allyl tin reagent in an aprotic
solvent (e.g. DVMF) and in the presence of a catalyst, forms C8
substituents, 5(i |)._ bl e b(ond (e.g. by ozonolysis to
produce an cGEBRME €0¥aNERoduces the C 8 hydroxyet hyl

substituent 5(iii)g g a M tsunobu type* ieacot I on, naphthyl derivatives
5(iv), 5(v) or 5VIN enYls R14 W|th Qe enexXception of COOH, are
condensed with 5@i1 I'OdfulﬂﬂorCOITp und of . | 1.ofdktbrer nat i vel vy,

when Y is a Rlg rsor,for> M%su obu-t ype

reaction can be used Eto condense 5(| v) or 5(v§t th,5(i i1 Fjduczi’nd thereafter

Y can be chem call y nverted into R14 substistiuents, for exanple by

saponi fi cation of to give , thereby giving conmpound of formula
. 15 As stated _before, t he conpou fovi ded by the invention inhibit the
enzymatic activigtys ofy HV-1 RT. B ypon testing of these conpound, as

descri bed bel ow, i t\N ;cs known t hat they i nhipigh, he RNA- dependent DNA
g K 0

pol ynerase acti I RI, ItY P®) known ( LQ no ) they
also inhibit g dent DNA 20 polymEoassoaty i vfc?@pog*‘moffg %l
Utilizing the Reversh Transcri pt ase )" Asg@hy* (if necessary)

5(iii)
Briefly, cross-coupling of bromo derivative 5(i), synthesized as described herein, with
5 an allyl tin reagent in an aprotic eolvent (e.g. DMF) and in the presence of a catalyst,

forms C-8 substituents 5(ii). Oxidation of the double bond (e.g. by ozonolysis to
produce an ozonide), followed by a reduction, produces the C-8 hydroxyethyl
substituent 5(iii). Using a Mitsunobu-type reaction, naphthyl derivatives 5(iv), 5(v) or
5(vi)when Y is R™ with the excepﬁon of COOH, are condensed with 5(iii) to

10 produce compound of formula I. Alternatively, when Y is a R™ group precursor, for
example COOCHs, a Mitsunobu-type reaction can be used to condense 5(iv) or 5(v)
with 5(jii), and thereafter Y can be chemically converted into R'* substituents, for
example by saponification of COOCHj to give COOH, thereby giving compound of
formula I.

15
As stated before, the compound provided by the invention inhibit the enzymatic

activity of HIV-1 RT. Based upon testing of these compound, as described below, it
is known that they inhibit the RNA-dependent DNA polymerase activity of HIV-1 | RT.
It is known (data not shown) that they also inhibit the DNA-dependent DNA

20  polymerase activity of HIV-1 RT. Utilizing the Reverse Transcriptase (RT) Assay
described below, compound can be tested for their ability to inhibit the RNA-
dependent DNA polymerase activity of HIV-1 RT. Certain specific compound
described in the Examples which appear below, were so tested. The results of this
testing appear in Table 1 as 1C5, and ECso.

25

-11-



descri bed bel ow, conpound can be tested for their ability to inhibit the
RNA- dependent DNA pol ynerase activity of HHV-1 RT. Certain specific
conmpound woesosished i n t he Exanpl es whi ch appear bel ow, weca/Go3pessed. The
results of this testing appear in Table 1 as 1C50 and EC50. 25 -11 WO
03/ 080612 PCT/ CA03/ 00418 EXAMPLES The present invention is illustrated in
further detail by the following non-limting exanples. Al reactions were
performed in a nitrogen or argon atnosphere unless 5 otherw se stated.

Tenper at ur efﬁmpe%)gen in degrees Celsius. Solution percentages or ratios
express a v vol une rel ationship, unless stated ot herw se.
Abbrevi ations or synbols used herein include: DEAD: diethyl

azodi car box Wk@tp?esenﬂné&tloﬂllsk BOgtraasy In fazioeh detaibinxiie adllewingldnBDintitng -
O b ARFRBY. Mok b e A o FisBBBiss v e
15 ES MSs eldtigdrivize sﬁa&ww@mp@rampmarecgmmng degrEks Cetsiugl ;SdhitiOR:peeteniayes ;
o o e Bofpee S\BAnd oSl RO e Sy AR T o
acetonitril eqbb%nmwassym usad‘rmrammmudedl sil azide; NBS:
N-bromosucci Iﬂ':‘;&% d(? iethyl azocﬁ) cangxwate
DIAD: diisopropyl azodicarboxylate;
10  DIEA: diisopropylethylamine;
DMAP: 4-(dimethylamino) pyridine;
DMSO: dimethylsulfoxide;
DMF: dimethyiformamide;
DCC: dicyclohexylcarbodiimide;
15  ES MS: electron spray mass spectrometry;
Et: ethyl;
EtOH: ethanol;
EtOAc: ethyl acetate;
Et,0: diethyl ether,;
20 HPLC: high performance liquid chromatography;
iPr: isopropyl;
Me: methyl;
MeOH: méthanol;
MeCN: acetonitrile;
25 NaHMDS: sodium hexamethyldisilazide;
NBS: N-bromosuccinimide;
Ph: phenyl; -
TBE: tris-borate-EDTA,;
TBTU: 2-(1H-benzotriazol-1 -yI)-N,‘N, N’, N’-tetramethyluronium tetrafluoroborate;
30 TFA: trifluoroacetic acid,;
THF: tetrahydrofuran;
PFU: plaque-forming units;
DEPC: diethyl pyrocarbonate;
DTT: dithiothreitol;
35 EDTA: ethylenediaminetetraacetate;

-12-



TBE: tris-borate-EDTA;, TBTU. 2-(1H benzotriazol-1-yl)-N, N, N,

N -tetramet hyl uroniumtetrafl uoroborate; 30 TFA: trifluoroacetic acid;
THF: t et reabydmosdouzr an; PFU. pl aque-formng units; DEPC. aCatdnob/o0418
pyrocarbonate; DIT: dithiothreitol; 35 EDTA: ethyl enedi am netetraacet ate;
-12 WO 03/080612 PCT/ CA03/00418 UWMP: uridine 5 -nonophosphate; UTP:
uridine 5 -triphosphate; MES: 2-(n-norpholino)ethanesul fonic acid;

SDS- PAGE: sodi um dodecyl sul f at e- pol yacryl am de gel el ectrophoresis; 5
MACO  nol ecul ar wei ght cut - of f i s-Tris Propane:

1,3-Bis{tri yb’@éﬂ‘ﬁﬁ%gﬁewwf‘%@bﬂﬁ ami no} propane; GSH: reduced gl utat hi one;
0BG n- Cct yUTP3ufidigé Bc@iphskphatel 0 SYNTHESES The fol | ow ng exanpl es

illustrate ds f or ds of the invention. EXAMPLElL: NO
2 N0O2 NH2 PRl ?e%éa"fg“'f“i@g& O HO\ fV\ Br dBr e NHNilJ

C N NN iSD@PAGEQdﬂluﬁ\Idbldecyl sulfate-polyacrylamide gel electrophoresis;
5 MWCO: molecular weight cut-off;
Bis-Tris Propane: 1,3-Bis{tris(hydroxymethyl)-methylamino}propane;
GSH: reduced glutathione;
OBG: n-Octyl-B-D-glucoside.

10  SYNTHESES
The following examples illustrate methods for preparing compounds of the invention.

EXAMPLE 1:
N0 | N0z o o NH:
(o]
—_— I
IN/ cl N~ NH N” NH
0
1a 1b) c
O o}
N N
I /A N\\—Br 4 = AN e
NZ “NH LI / Br .
JCl N= N N=
1d 1e
2 o
== \N \N
~
f
\N/ N / N—Br —f o \ Py / A\ _
e I
1f 19
\ 9
N
g o N
\ 7N /, OH
o
1h
15
Siep a:

To a solution of 2-chloro-3-nitropyridine 1a (51 g, 325 mmol) in THF (650 mL) was
added a 2 M solution of ethylamine in THF (365 mL, 731 mmol). The reaction was

stirred at room temperature overnight. The reaction mixture was poured into water

-13-



\ Br f NTNNN_ NI N if /1g o N NN/ OH N 1h 15 Step a: To a
solution of 2-chloro-3-nitropyridine la (51 g, 325 mmol) in THE (650 nl)
was addewoassddizol uti on of ethylam ne in THE (365 nL, 7®CTrmB)o41¥he
reaction was stirred at roomtenperature overnight. The reaction m xture
was poured into water -13 WO 03/080612 PCT/ CA03/00418 (-1.5 L) and the
resulting solid was filtered and dried under reduced pressure to give
conmpound Ib (52 g). Step b: 5 A solution of 2-(ethylam no)-3-nitropyridine

b (52 g) i 0 nmL).was stirred ver ni r under
hydr ogen (1Qé{\.ﬁﬂ_{arﬁqﬁg}eﬁgs%pr&%%gew%sffﬁtffﬁgfalﬁat? Bai)m?/j %t ?efgcc,’%ﬂ %r)%ga%g&@(é%al yst
was renoved coypbund tl(320g). t hr ough di at omaceous earth. The filtrate was
concentrated under reduced pressure to give conpound 1c as a black solid
(39 g, 88% )é,’ittel _over steps a and b). 10 Step c: To a cool ed sol ution of

3- am no- 2- (et'¥RPani no) pyridine 1c (30.6 g, 223 mml) in MCN (740 nL) was
added solsi d ANedHNGA of 26 ethyBumifiB-niropyridindf the(52 ) in MeOtt (0@ i) was stirred

OO o uPaR 4GP Y Bbl S e ARSI Rl e sty o0
rlrgml )55\;,3,\@; Sde?OH[gf@ (ﬂﬁfg{i ﬂ'ﬁeda’@yst Wwas Wr?@eddnyéittraaibn throudBydiatomaCeomaun. 1989,
Soeocs s Kot TR HEb B B B EREE b e PRl e
(1.5 L) and dthiack s8iol(39 gBssbliettl ovas sfeps bandd). ri nsed with HO
10
Step c:
To a cooled solution of 3-amino-2-(ethylamino)pyridine 1¢ (30.6 g, 223 mmol) in
MeCN (740 mL) was added solid NaHCO; (56.3 g, 669 mmol). After 5 min, crude 5-
bromo-2-chloro-3-pyridinecarbonyl chloride (prepared from 5-bromo-2-hydroxy-3-
15  pyridinecarboxylic acid and SOClg (1 equiv., 223 mmol) was added [as described by
T. W. Gero et al. in Synth. Commun. 1989, 19, 553-559 (incorporated herein by
reference) but with omission of the aqueous work-up]. After 2 h, the reaction mixture
was poured over ice/H.O (1.5 L) and the resulting solid was filtered, rinsed with HO
and then hexane. After drying under reduced pressure overnight, compound 1d was
20 obtained as a black solid (54.9 g, 69% yield).

Step d:
To a solution of 2-chloro-N-{2-(ethylamino)-3-pyridinyl}-5-bromo-3-
pyridinecarboxamide 1d (54.9 g, 154.4 mmol) in pyridine (308 mL) at 50 °C was
25 added drop-wise a 1 M solution of NaHMDS in THF (355 mL, 355 mmol). After 10
min, the reaction was allowed to cool to room temperature, and then was poured
over ice water (2 L). The resulting solid was filtered, rinsed with water and then
hexane. The solid was dried under reduced pressure to give compound 1e (36 g,
75% yield) as a dark green solid.

30
Step e:

To a solution of the 8-bromo-5,11-dihydro-11-ethyl-6H-dipyrido[3,2-b:2',3"-e]
[1,4]diazepin-6-one 1e (36.7 g, 115 mrﬁol) in DMF (380 mL) was added NaH (3.5 g,
138 mmol), and the mixture was heated to 50 °C for 30 min. The reaction mixture

35 was cooled to room temperature and treated with Mel (14.3 mL, 230 mmol). After 1.5

-14 -



and then hexane. After drying under reduced pressure overnight, conmpound |d
was 20 obtained as a black solid (54.9 g, 69%yield). Step d: To a

sol uti on WD 03isdslinr o- N-{ 2- (et hyl ami no) - 3- pyri di nyl } - 5- br omoT8:A03/00418

pyri di necar boxam de 1d (54.9 g, 154.4 mmol) in pyridine (308 nL) at 50 C
was 25 added drop-wise a 1 Msolution of NaHVDS in THE (355 niL, 355 mmol).
After 10 mn, the reaction was allowed to cool to roomtenperature, and
then was poured over ice water (2 L). The resulting solid was filtered,

rinsed with ter and then hexan T r ed
pressure toh\é\ﬁ\?é’%%%éwmrq Wag By §d OV‘%G/@ eelqd Soﬂ&'\,\%@f Qr%reegé\&cséglcl d. 30
Step e: To aithabaiédama thén hddane to give afterdrylng, compound 1f(379999% yield) as a

8- br ono- 5, 1% Cl%gl]’]% Oldll et hyI 6H di pyrido[ 3, 2-b: 2", 3" -¢€]

[ 1, 4] di azepidRr I% (36.7 g, 115 nmol) in DVF (380 nlL) was added NaH
(3.5 g, 138 mml), and the m xture was heated to 50 C for 30 mn. The
reaction m 'ﬁﬁb% was cooled to roomtenperature and treated with Ml
(14.3 m> 2 After 1.5 -14 WO 03/080612 PCT/ CA03/00418 h, the
reaction mi mtuylmrmumm (BO@rrald, aviemmiat)eandeR d{PhsPYh@.20ad, idc50nmmol)iweare pdded washed

Vel d) as o apRaced e Righ Bnidd fp Ybiifen GOERRICIS 13-diitro1g 7 Pt
{rm) |O t gﬁngoréﬁm%dhﬁléﬁmﬂpmd@ 5@ Z‘tﬁ‘esb]mf Meuaeerarmame ﬁéSCa?h ae@fa@ moll 7
eyl 5 mot HME GRebUR BT AerBBer bl TR AP sthetfar SoE P b igen

90.0 mmlo) iwas dbfed(td seonmiempeeratucand eorpenmtad enderhedunesatnﬁ%uceas R | rred at

90 C for ‘r?'agdl?«?&rgs E)Qnﬁ@?sogcff&% %ﬂ@hgaté@'%ﬂa; @g?é?{e gﬁgﬁ@c ar ﬁcﬂﬂqsrbﬁ\feat ed

under reduc ess romat ogr aphy
(hexane: Et (bémpoand1g<(1227198§; 840 yield. conpound 1 g (22 19 g, 84%yield).

Step g: 15 A stream of ozoni zed oxygen was bubbled through a cold (-78 C
solution of 5,11- dihydro-1 1

- et hyl - 5- metStep-o3- ( 2- propenyl ) - 6H di pyri do[ 3, 2- b 2',3" -e][1,4]diazepin-6-on

2 stl " g a( 2. 19 s®eanf 3t §20M5RH )oxydlanca?gsc&ﬁ)b rdﬁgﬁ 228 W)(ébﬁﬁlol‘l@ st 2.5 h.
dihydro-11-ethyl-5-methyl-8-(2-propenyl)-6 H-dipyrido[3,2-b:2',3"-e][1,4]diazepin-6-one
1g (22.19 g, 75.4 mmol) in CH.Cl, (150 mL) and MeOH (150 mL) for 2.5 h. A stream
of N, was next bubbled through the solution for 15 min and then solid NaBH, (4.99 g,
132 mmol) was added to the solution. The reaction mixture was allowed to warm to

20  room temperature. After 1 h, aqueous saturated NH,CI (200 mL) was added and the
mixture was stirred at room temperature for 2 h. The organic solvents were removed
under reduced pressure. Water (300 mL) and CHCl3 (300 mL) were added to the
residue. The phases were separated and the aqueous layer was extracted with
CHCl; (3 x 300 mL). The combined organic layers were dried (MgSO,), filtered and

25 concentrated under reduced pressure. The residue was purified by flash
chromatography (EtOAc:CHCls, 4:1) to give compound 1h (16.1 g, 72% yield) as a

white solid.
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of N2 was next bubbled through the solution for 15 mn and then solid NaBH4
(4.99 g, 132 mmol) was added to the solution. The reaction m xture was

al | oned twowansasim 20 roomtenperature. After 1 h, aqueou®CIataesmoas NHACI
(200 nL) was added and the mxture was stirred at roomtenperature for 2
h. The organic solvents were renoved under reduced pressure. Water (300
m.) and CHCI 3 (300 nm.) were added to the residue. The phases were
separated and t he aqueous |ayer was extracted with CHCI3 (3 x 300 nlL). The
conbi ned orgqanic Igyers were dried (MgSO4), filtered and 25 concentrated
under reduc ure. The residue was purified by flash chromat ography

(Et CAc: CHCI 3, 4 1) to giye msgnpound 6.1 g, Wel d as a white
solid. -15 WD 03/08061 / CAG3L00 |18 EXAMPLE 2: N a, N2 \ NH2 C b Cl
NC C NNHC N Ny cd 2C & MNHBCldN./N-IBre JC N A NN
2 26 00 SNB I G R N 21 26 ON 9O "N~NNGH 2h

Step a: An ice-cold solutlon af EtNH2( 9.8 g, 1 10 m)l) in toluene (200

m_) was added over 5 1 m o an i ce-cold soly
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Step a:
An ice-cold solution of EtNH; (49.8 g, 1.10 mol) in toluene (200 mL) was added over

5 15 min to an ice-cold solution of 2,6-dichloro-3-nitropyridine 2a (100.0 g, 0.52 mol) in
toluene (225 mL). The mixture was stirred at 0 °C for 456 min. Water (500 mL) and
EtOAc (500 mL) were added and the phases were separated. The organic layer
was successively washed with water (200 mL) and brine (200 mL), dried (MgSOs,),
filtered and concentrated under reduced pressure. The residual solid was

10  recrystallized from MeOH to give compound 2b (83.7 g, 80% yield) as yellow

needles. |

Step b: |
~ Compound 2¢ was prepared in a manner analogous to Example I, step b.
15
Step c:
A solution of 5-bromo-2-chloro-3-pyridinecarbonyl chloride (30.0 g, 97.0 mmol) in
MeCN (100 mL) was added via cannula to a solution of 3-amino-6-chloro-2-
(ethylamino)pyridine 2¢ (16.6 g, 97.0 mmol) in MeCN (180 mL) containing solid
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toluene (225 nmL). The m xture was stirred at 0 C for 45 mn. Water (500 niL)
and EtQAc (500 nL) were added and the phases were separated. The organic

| ayer wawO008®35i vel y washed with water (200 ni) and br iPo@/qAD800418)
dried (MgS™), filtered and concentrated under reduced pressure. The
residual solid was 10 recrystallized from MeOH to give conpound 2b (83.7 g,
80% yield) as yellow needles. Step b: Conpound 2c was prepared in a manner
anal ogous to Exanple I, step b. 15 Step c: A solution of

5- brono- 2- ch) ora- 3- pyri dr.pecarbanyl chl ori ( N O.«hmml.) J MeCN
(100 m0)  veeRifid £ 5. S8 RERAROSmddnBerete o fufore o il alrdgh

(et hyl ami no)gmeraiureefoR ¢ h 1Water g200MLOwasadded andvbENixta@ovar Stiredheraioni ng
solid -16 WD.03,080612 PCT/ / HER o ; room
t enper at ur e™%h h%{eﬂxﬁp% Sﬂﬁ%%gg’f&?ai%ﬁgﬁelg?oom OE‘ %&r{gé\%{& Uétg&luﬁoqrﬁgﬁe} H%rnV\at er
(200 ) waserahdethdatriddiundeniedticadiprassirg ta giveedorhpountiRd (38 g, 71980 Yieldll t i ng
suspensign was filtered. The solid was washed with water then hexane and
dried under reduced pressure to give conpound 2d (28.4 g, 75%yield). 5
Step d: A lswpmdl ution of NaHMDS in THE (167.5 nl, 167.5 mmol) was slowy
added to a

splutian o .

5 br o~ 2- ciA YFONIER S NEHYPSHR LI (STR by 5678 Byl plpvy added o
pyri di necar lzoktan ofS-Rromo2Bcilong; N-72(eSylaming)-6-¢nlgsgSrriridieylt-346 nl) heated to
50 C. The 10 reaction_mixt i ; : f . Fpd ur e
was t hen po@yﬁcgnqcﬁ[ngamd)%%@?'ge%l? E%ﬁ“ﬁ%ﬁ@%&”@@%eﬁfqﬂfﬂhﬁﬁ t%%(_?g(r:'ﬁrlﬁ%\, t he
resul ting susgptios mxureassfstitredai °Crioe1.5¢oThelmivtighagsihempeysedintoshd dri ed
under reduced e ol : IVGRVA St ep
501 1 d NarB S and st ) GREBRYEF g oSty sphoendioridslstes, e, TR
to a sol uti aolid wish@dbvithnat@-anal diied usder raducdil Ryasswrelo give compound2e (23.4
-et hyl - 6Hdi d ,2-b:2',3 -e] [1,4]diazepin-6- one 2e (23.4 g, 66.3

o PR,

nmol ) in at 50 C. The mixture was stirred at 50 C for 1 h
then was allow to cool to roomtenperature. The m xture was poured into

vat er 15 Stepe:
Solid NaH (60% oil dispersion, 3.46 g, 86.1 mmol) was added over 30 min o a solution
of 8-bromo-2-chloro-5,11-dihydro-11-ethyl-6 H-dipyrido[3,2-b:2’,3™-e] [1,4]diazepin-6-
one 2e (23.4 g, 66.3 mmol) in DMF (220 mL) at 50 °C. The mixture was stirred at 50 °C
for 1 h then was allow to cool to room temperature. The mixture was poured into water

20 (1 L) and the resulting suspension was filtered. The solid was successively washed
with water and hexane then dried under reduced pressure to give compound 2f (23.0
g, 94% yield).

Step f: .
25  Allyltributyltin (21.3 mL, 68.7 mmol) and Pd(PhsP), (3.61 g, 3.12 mmol) were added
to a degassed (N, through solution for 30 min) solution of 8-bromo-2-chloro-5,11-
dihydro-11-ethyl-5-methyl-6 H-dipyrido[3,2-b:2’,3™-€] [1,4]diazepin-6-one 2f (23.0 g,
62.5 mmol) in DMF (312 mL). The mixture was heated to 90 °C for 2 h. The mixture
was concentrated under reduced pressure. The residue was purified by flash
30 chromatography (hexane:EtOAc, 7:3) to give compound 2g (13.4 g, 65% yield).

Step g:
ozonized oxygen was introduced into a cold (-78 °C) solution of 2-chloro-5,11-
dihydro-11-ethyl-5-methyl-8-(2-propenyl)-6 H-dipyrido[3,2-b:2",3’-e] [1 ,4]diazepin-6-

35 one 2g (13.4 g, 40.7 mmol) in MeOH (102 mL) and CH.Cl, (102 mL) until complete
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20 (1 L) and the resulting suspension was filtered. The solid was
successively washed wth water and hexane then dried under reduced
pressure WO ogiossi1zonpound 2f (23.0 g, 94%yield). Step fPCIEA03/00418
Allyltributyltin (21.3 nL, 68.7 mmol) and Pd(Ph3P)4 (3.61 g, 3.12 nmol)
were added to a degassed (N2 through solution for 30 mn) solution of
8-brono-2-chloro-5,1 1 - dihydro-1 1
- et hyl - 5- et hyl - 6K di pyri do[ 3, 2- b: 2 ,3'-¢e] [1,4]diazepin-6-one 2f (23.0 g,
62.5 mmol ) in L The r 9 The

: QISEBPI%%%[E‘?Baqf él?Jg %Ih ﬁ V%S b@%%l‘%ﬂg}tﬁ]ﬂ’le &)l t‘l% rean&/e

m xture wa ssure. e resi ue was purified
by flash 30 eg&‘grs@rmst (E@maplaBHQ I(raeﬁageTEﬂ @nmol) Washextadded in sroatbpariiensand( 13. 4 g,
65% yield). . St ﬁ{ﬂgg wag ﬁg\}igoe g dﬁ%}#’dﬁg\yﬁrdoﬂ; {Rberhthel RiSr PhSRluldols 78 O

sol ution of !
-et hyl - 5- rretslawlratsd (\lBh(DIr((bﬁ@mU) )Aﬁaéladdeqbynd the[ BixRuepstirreddor 29 nfin., Theli azepi n- 6-

compl ot o 1 P Gl TB ko laRp AT e e Ploss R, Wi g ity ephattl

Ni trogen wasbo thelsrjuedug $uiutioghThéeolutidruvapexttastedenitveHCl 2 x28000)- 36Pi d NaBH4

(2.69 g, ) I t xture was
allowed to \fépl%ld v% %Ct o%r%(‘)’%g?Gﬁe {""9{%@2 mt%%l dna%n?é}gga%%sd&saturat ed
NH4CI (150 rm()uoaelspr@su@d Thedesidue maxnourl%edshw flask ghrasratograph(EtQAE G5y gani ¢
sol vent s vere re. Water (100 nL) was added to
t he aqueous sQI g!?' mkliﬁe solf utr oﬁd{/\ﬁfs?%x racted with CHCI3 (3 x 200 nl).
The conbined organic |ayers were dried (MgSO4), filtered and concentrated
under reducl.sgﬂﬁ& gsure. The residue was purified by flash chromat ography

( Et OAc: CHC6 ? ’[o gi ve conpound 2h (10.4 g, 77% |eI d). 10 EXAMPLE 3: a

NO2 b ~ ~ /NO2 ac, NFF/E/N/U[NWFSaﬁ

3a

y
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\ 2
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3h 34

Step a:

15 Toa mixturé of concentrated sulphuric acid (600 mL) and fuming nitric acid (90%,
400mL) in a ice-bath (internal temperature maintained at 5-10°C) was added drop-
wise 2,6-difluoropyridine 3a (200 g, 1.74 mol). The resulting mixture was stirred
overnight at room temperature. The mixture was poured slowly into 3 kg of ice and
extracted with Et,O (2 x 2 L). The combined organic layers were washed with
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CIl N2 d _FI Br NH FNNHC N 3dJ 3 Oo N eBr Br Il NNN F NN
3f 39 oo NNhar NN/ \ OHNNI N 3h N Step a: 15 To a m xture of
concent r awed3ssdephuric acid (600 nL) and fumi ng nitric aciPdT((0%041400n)
in aice-bath (internal tenperature maintained at 5-10 C) was added drop-
wi se 2,6-difluoropyridine 3a (200 g, 1.74 nol). The resulting mxture was
stirred overnight at roomtenperature. The mxture was poured slowy into
3 kg of ice and extracted with Et20 (2 x 2 L). The conbi ned organic | ayers

were washed with - 2. PCT/ 03/ 2 1

1" % hon wi ERUERHSEORA M0k (e dd INeREAReo T op e IR 6%e o

Thg or ganl Cuhﬁlx&rsamllrfd 819) He @ryamic Idysml,verbldneelroedr Mgﬂ&;(ﬂh@f@d%dt ed under

reduced pressure.uptil constan

2,6-difluor 889‘?‘?”&{?{%’3 unglr teslyced peg mﬁ%‘%%%’a&lé%ngtgwgggﬂ%@%ﬁ%ggémreeCegw l'i quid

(207.3 5 g2, E?di%cyrbﬁyrtdi)ne $0-dpd). CdropaursiBhuwas nbiained as a yellow liquid (207.3

2, 6- dlfluoro :(5%% I@ pyridine 3b (45.7 g, 285 nmmol) in THE (500 nL) at -40
e

C was added % a solution of ethylamne (25.7 g, 570 nmol) in THE
10 (250 mL). After 30 min, the reaction m xture was concentrated under
reduced
Step b:
To a solution of 2,6-difluoro-3-nitropyridine 3b (45.7 g, 285 mmol) in THF (500 mL)
at -40 °C was added drop-wise a solution of ethylamine (25.7 g, 570 mmol) in THF
10 (250 mL). After 30 min, the reaction mixture was concentrated under reduced
pressure and the residue was dissolved in EtOAc. The organic phase was washed
with brine, dried (MgSO,), filtered and concentrated. The resulting yellow solid was
purified by flash chromatography (15% EtOAc in hexane) to give compound 3c (43.2
g, 82% yield) as a yellow solid.
15
Step c:
A solution of 2-ethylamino-6-fluoro-3-nitropyridine 3¢ (43.2 g, 230 mmol) in THF (1 L)
was stirred overnight at room temperature under hydrogen (1 atm.) in the presence
of 20% Pd(OH)2/C (4.35 g). The catalyst was removed by filtration through
20 diatomaceous earth. The filtrate was concentrated under reduced pressure to give
compound 3d (36.3 g, 95% yield) as a black solid.

Step d:
To a cooled solution (4 °C) of 3-amino-2-ethylamino-6-fluoropyridine 3d (31.0 g,

- 25 200 mmol) in MeCN (160 mL) was added solid NaHCO; (50.4 g, 600 mmol). After 15
min, a solution of 5-bromo-2-chloro-3-pyridinecarbonyl chloride (1 equiv., 200 mmol)
in MeCN (155 mL) was added. After 60 min at room temperature, the reaction
mixture was poured into water (1.2 L) and stirred for 30 min. The resulting solid was
filtered, dried under reduced pressure at 50 °C overnight. Compound 3e (73.7 g,

30 99% yield) was obtained as a black solid.

Step e:
To a solution of the 2-chloro-N-{2-(ethylamino)-6-fluoro-3-pyridinyl}-5-bromo-3-
pyridinecarboxamide 3e (73.5 g, 216 mmol) in pyridine (435 mL) at 50 °C was added

35  drop-wise a 1 M solution of NaHMDS in THF (520 mL. 520 mmol). After 10 min, the
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pressure and the residue was dissolved in EtOAc. The organi ¢ phase was
washed wth brine, dried (MgSO4), filtered and concentrated. The resulting
yel | ow sowod3mes12 purified by flash chromat ography (15% EPORCAB/o@sane) to
gi ve conmpound 3c (43.2 g, 82%yield) as a yellow solid. 15 Step c: A
solution of 2-ethylam no-6-fluoro-3-nitropyridine 3c (43.2 g, 230 mol) in
THE (1 L) was stirred overnight at roomtenperature under hydrogen (1
atm) in the presence of 20% Pd(COH)2/C (4.35 g). The catal yst was renoved

by filtration through 20 dj atopaceous earth. The fjl : ntrated
under reduc&pcPRYan oW tjifiPQV%cf%fBiﬂHBefé r?’ég‘?rép%lfrgggﬁle\%ﬁa%?g@é bl ack
sol i d. StepTde rdsuitgaond eads dintretlj irse(wWithGyatef and then hexane. The solid was
3-am no- 2- et hyl am no- 6-fl uoropyrj di.ne 3d (31. 5 . i.n. MeCN (160
nm) was addé’HZ‘%BT“i"ﬂ rﬁgmr?s%}/%{ogqlv%%nméﬁ?(%? éﬁ%}é%e@%@ag a@%l ution of
5- br ono- 2- clykgtinGsoRd.pyr i di necar bonyl chloride (1 equiv., 200 nmml )" in MeCN
(155 nm.) was added. After 60 mn at roomtenperature, the reaction mxture
was pour@d into water (1.2 L) and stirred for 30 min. The resulting solid

was filter&®PHried under reduced pressure at 50 C overnight. Conpound 3e
(73.7 g, 30 19WsaNitRIndF thes-bedrhebid chilmsire: 1 betioi-2<nborad6H-diplyiqo[$ 2-b12),3a

solution of the 2-chloro-N{2-(ethyl am ng)-&Q:Ff - 3- pyridi - b»RQrono- 3-
pyri di necar S9% &I RFEPHE 'e'?%?ég“é,g’é%-5mf’§}ﬂ ﬁ""fﬁ’?@ﬁ@“@%@gg#ﬂgﬁéégg C was
added 35 drp78vrEcolR ahd Melxture aas btatsd/BS C for BEEMinSPhe rdactiGPdixiare| ) .
After 10 mn, the -19 WO 03/080612 PCT/ CLi S owed to
cool to 1@00#(615&919@&? gen ?gt%‘?{atb'&?récﬂqrr%%&%t@%\ﬁ%éir %?ZE%)H‘%héﬂre (Lasul ting
solid was fi18 Brtdreddtios enixtutehwamparediovbrtiteenates deasolid ves §itdred, washeddr i ed
under reduced, pressure,to, give conpou 00 VI a dark
green sol i d.V1§ "S*ﬁ%rpa L theiy hexang, ‘éf'%?ﬂndge? r%iuggggbeggﬁ'@_tg%f? %E&Jﬂﬁuyg%’ 11
- et hyl - 2- f | Y98.2-o0 B4 Ui yisId) abodadk Jrdy:<@lid.3' - e] [ 1, 4] di azepi n-6-one 3f (44 g,
130.5 mmol ) in DMF (520 m-) was added NaH (4. 28
15 Step g:
Allyitributyltin (32.0 mL, 103.4 mmol) and Pd(PhsP), (5.43 g, 4.70 mmol) were added
to a degassed (N, through solution for 45 min) solution of 8-bromo-5,1 1-dihydro-11-
ethyl-2-fluoro-5-methyl-6 H-dipyrido[3,2-b:2’,3™-e] [1,4]diazepin-6-one 39 (33.09,94.0
mmol) in DMF (470 mL). Additional amounts of Pd(Pha)4 (1.09 g, 0.94 mmol) were
20 added after 1, 2, 3, 4 and 5 h to complete the reaction. The mixture was heated to 90
°C for 6 h. The mixture was concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane:EtOAc, 8:2 to 7:3) to give compound
3h (22.4 g, 76% yield).

25 Step h:
A stream of ozonized oxygen was bubbled through a cold (-78 °C) solution of 5,11-
dihydro-11-ethyl-2-fluoro-5-methyl-8-(2-propenyl)-6 H-dipyrido[3,2-b:2',3™-
e][1,4]diazepin-6-one 3h (22.38 g, 71.6 mmol) in CHCl; (100 mL) and MeOH (100 mL)
for 3 h. A stream of N, was next bubbled through the solution for 15 min and then solid

30 NaBH, (5.05 g, 133 mmol) was added to the solution. The reaction mixture was
allowed to warm to room temperature. After 1 h, an additional portion of NaBH, (1.62
g, 43.0 mmol) was added to the reaction mixture. After an additional hour, aqueous
saturated NH,C! (150 mL) was added and the mixture was stirred at room temperature
for 30 min. The organic solvents were removed under reduced pressure. Water (200

35 mL) was added and the mixture was extracted with CHCl; (3 x 300 mL). The

-20 -



g, 178 mmol ), and the m xture was heated to 50 C for 30 mn. The reaction
m xture 10 was cooled to roomtenperature and treated with Mel (24.4 ni,
522 nmol )woAB&w612 1.5 h, the reaction m xture was poured ®CEFCAIGOMMBL er .
The solid was filtered, washed wth water and then hexane, dried under
reduced pressure to give conpound 3g (43.2 g, 94%yield) as dark gray
solid. 15 Step g: Allyltributyltin (32.0 nL, 103.4 mmol) and Pd(Ph3P) 4
(5.43 g, 4.70 mml ) were added to a degassed (N2 through solution for 45

| ut f 8-b
(rant Rifl 5(2) 19 I ngmgﬁeﬁe@rﬁﬁ'ﬁ? %’ﬁfsd‘f"?f?rqd SEMQQO‘é fifereg -ang copgentiaiy déjggeﬁ 18dKcet e 39

(33.0 g, 94|prssGi’@$D|T)1e residolFwsA Dified by fldk!ﬂrhhtomntagram&t@,sc 6HCBd¢( Prig) 4 (1.09
g, 0.94 mmo

) were 20 atter . nd h to conplete the
reaction. Tﬁé’en‘f%ﬁﬂuﬁdxas%e%%é’w%d)ﬁ &)hftgf’ K“h. The nixture was
concentrated under reduced pressure. The residue was purified by flash

chr omat ogr ap hex ne Et 7:3) to give conmpound 3h (22.4 g, 76%
yi el d). 5’%1‘9 @F@?ﬁﬁ%ﬁ"B%ghﬁged oxygen was bubbl ed through a cold

(-78 O soI ution of 5,11 - di hydro«
- et hyl - 2-f | uor o- 5- net hyl - 8- ( 2- prpg n/) i pyrido[3,2-b:2',

e][1, 4] di azepi,n- 6-one 3hgf 22. 38 36 mol) in CHZGI 0(100 rrL) and MeCH
(100 M-) f g8 h, As mof N2 was next bubb th 'sol uti on
for 15 mn apgd t hen 5ol 30 NaBAZ (5.05 g, 133 a de o the

solution. Thegreaction ntoduwire was allowed to warm tQJ roomte rCQQNlare
After 1 h, ang,additional 4portion of NaBH4 (1.62 g, A3.0 amehdiosnas added to
the reaction m xture. After an additional hour, agueous saturated NH4C
(150 nl-) was added and the m xture was stirred roomtenperature for 30
m n. The organic solvents were rermved under reduced pressure. Water (200
35 nmL) was added and the mi xture was\ tracted wmth CHCI3 (3 x 300 nL). The
-20 WO 03/080612 PCT/ CA03/ 00418 i g@\c | ayers were dried
(MgS™), filtered and concentrated wniern=r edu essure. The residue was
purified by flash chromat ography (Et oo 4 to give conpound
31(19.7 g, 72%yield) as a white solid. 5 EXAI\/PLE (ENTRIES 1003 AND 1031)

o 1-1 Step a:
A solution of 1.6 M n-BulLi in hexane (6.22 mL, 9.95 mmol) was added rapidly to a
10  cold (-78 °C) solution of 4a (0.87 g, 4.33 mmol) in THF (20 mL). The mixture was
stirred at —78 °C for 10 min, allowed to warm to 0 °C and maintained at 0 °C for 1 h.

cﬂ

A stream of CO, was introduced into the reaction mixture for 10 min and the solution
was rendered acidic by addition of agueous 1.0 N HCI solution. The mixture was
extracted with EtOAc. The organic layer was dried (MgSOQ,), filtered and
15  concentrated under reduced pressure. The residue was taken in ELO (20 mL) and
treated with excess CHoN, solution in Et;O (ca. 0.6 M, 10 mL) for 10 min. The
_ mixture was concentrated under reduced pressure and the residue was purified by
flash chromatography (hexane:EtOAc, 4:1 to 7:3) to give 4b (0.13 g, 17% yield).

20 Stepb:
A solution of DIAD (86 uL, 0.44 mmol) in THF (2.0 mL) was added over 30 min to a
solution of 1h (100 mg, 0.33 mmol), 4b (60.0 mg, 0.33 mmol) and PPh; (114 mg,
0.44 mmol) in THF (10 mL) at 25 °C. The mixiure was stirred for 1 h then was
concentrated under reduced pressure. The residue was purified by flash

25  chromatography (hexane:EtOAc, 7:3 to 1:1) to give compound 1031 (128 mg, 83%
yield).
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OHOHNNNOJ 1Ih NEt Et a Et b NJ NI5 Br COOvw COOW 4a 4b Conpound
1031 C OEt NNNI J COOH Conmpound 1003 Step a: A solution of 1.6 M
n- BuLi i rwbegasmwsi1{6.22 nL, 9.95 muvol) was added rapidly t@ca/cAbGoenakd (-78
C) solution of 4a (0.87 g, 4.33 mmol) in THE (20 nL). The m xture was
stirred at -78 Cfor 10 mn, allowed to warmto O C and maintained at 0 C
for 1 h. A streamof CO2 was introduced into the reaction mxture for 10
mn and the solution was rendered acidic by addition of aqueous 1.0 N HC
solution. The m xture was extracted with Et QAc. The organic |ayer was
dried (MgSH), filtered and 15 concentrated under reduced pressure. The
resi due wasstgken in B20 (20 m-) and treated with excess CHZN2 sol ution

roduced pr Aol tiEoH soflns U B ey fito RRARABRER. 7L uree!

(hexane: Et Od6mpdurd 1@317"180) migy 0@2vemdh ir( DHE 36 o) 2ddaveiOd @)mL). T0e Btagfiomn: A

| ut f D AD THE (2 d 30
tsg g ! ggpat lnzyﬁw@fweis ﬁlr@(ﬁiéﬁg% %bh mas(%%og% éﬂ%r gﬂ ﬁﬁe QMﬁg Ln deghS
(114 my, Owid rﬁrﬁﬂﬁréd beidi€idl agdifionbof aquetoud 3.00N Hdi eolurtiont thtee extacted withed for 1

by 1 ash 25 ESAREnHHETPARRI ERERe eyt WBBLERy fRRE RSO ' 9031
(128 nyg, 83%teryéd®hd)conee’m'am DRlEOROIBEE] PETHCA0BIDEGSIHge Was dffuiated with
Et,O/hexane to give compound 1003 (80 mg, 83% yield) as a white solid. A mixture
10 of compound 1003 (38.0 mg, 0.085 mmol) and aqueous 0.02 N NaOH solution (4.3
mL, 0.085 mmo!) in MeCN (3 mL) was sonicated. The resulting solution was frozen
and lyophilized to give the corresponding sodium salt (37 mg, 98% yield) as a white

solid.

15  EXAMPLE 5 (ENTRIES 1019, 1020 AND 1028)

\N O OH \N O
Lo (j_; ﬂﬁ@«
. N)N N= N N7 N=

COOMe COOMe

SN
ey - e Freceny

Compound 1019 Compound 1020 Compound 1028

3i

COOH COCH COOH

Step a:
A solution of DIAD (86 pL, 0.44 mmol) in THF (2.0 mL) was added over2htoa

20  solution of 3i (106 mg, 0.34 mmol), 5a (56.0 mg, 0.34 mmol) and PPh; (114 mg, 0.44
mmol) in THF (7 mL) at 25 °C. The mixture was stirred for 1 h then was concentrated
under reduced pressure. The residue was purified by flash chromatography
(hexane:EtOAc, 7:3 to 1:1) to give 5b (115 mg, 73% yield) as a white solid.

25 Stepb: |
A agueous 1.0 N LiOH solution (1.0 mL, 1.0 mmol) was added to a solution of 5b
(100 mg, 0.21 mmol) in MeOH (6 mL). The reaction mixture was stirred at 25 °C for
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A aqueous 1.0 N LiOH solution (1.52 m., 1.52 nmol) was added to a sol ution
of conmpound 1031 (100 ny, 0.22 mmol) in THE (6 nL) and MeOH (2 nlL). The
reacti on wb ogiogdeuz e was stirred at 25 C for 24 h then was Pagataedooasr ef | ux
for 1 h. The solution was rendered acidic by addition of aqueous 1.0 N HC
solution then extracted with EtOAc. The organic |ayer was washed with
water (2 x) and brine, dried (MgSO4), filtered and concentrated under
reduced pressure. The residue was triturated with Et20 hexane to give

1005 (33. 0 G gaungh Y tegBled R ectue i ke, Syl FOmpotes
Im"ml %i : inzg/gﬁzég(é?rsti)ad\ﬁmh B(;OA'gc'ﬁ’neaok_gaﬁ'leyegwais wiasedwituwatsh andgtb'l’ll‘fer,ozenasagd
whire | ot dned BgSon iRl SERRARERIRT Boe RaRel ety T RGIEAY 1S 2
N N F N N NpGtifeed lp0@Esh cBbmhtogiEpBa(hekar®: FtOBKACORNO0:50:1)dogiMe il | O 1 N NN

Compouna 105167925 dnd. 087 eGP WP Y Byl CHTRRMTIORDER, & 1)

was added owey, 52%yi¢ld) @s 2 Whitekolid. Fhe obrripo(diog spgiumsalia weie phtaingdby 56. 0 ny,

0.34 mmol) %gﬁ%ﬁmﬁ%ﬁem,o_&%a ) in THE (7 nmL) at 25 C. The m xture

was stirred n was concentrated wunder reduced pressure. The
residue was purified by flash chromatography ‘(hexane:EtQAc, 7:3 to 1:1) to
gi ve 5b (11%t .73%yield) as a white solid. 25 Step b: A aqueous 1.0 N

Li OH sol uti on .cL'.O m., 1.0 mmmol) was added to a solution of 5b 100 nyg,
0.21 mmuio) iAn1.MADHIMEeghyidmine Shigtior ictHD (5.0inks Bi0emNal asd iargasigogg 1.9N C f or

LiOH solution (1.0 mL, 1.0 mmol) were added to a solution of 5b (50.0 mg, 0.11
mmol) in -PrOH (3 mL). The reaction mixture was heated to reflux for 48 h. Aqueous
1.0 N HClI solution (2 mL) was added and the mixture was extracted with EtOAc. The
organic layer was washed with water and brine, dried (MgSO,), filtered and

15  concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane:EtOAc:AcOH, 50:50:1) to give compound 1028 (18 mg,
35% yield) as a white solid. The corresponding sodium salt was obtained by
treatment with aqueous 0.02 N NaOH.

20 EXAMPLE 6 (ENTRY 1014)
OH
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-22 WD 03/080612 PCT/ CA03/00418 24 h. The solution was rendered acidic by
addition of aqueous 1.0 N HCl solution then extracted with Et OAc. The

or gani ¢ |woas/osms2 washed with water and brine, dried (MBOL)CABLILI8r ed and
concentrat ed under reduced pressure. The residue was purified by flash

chr omat ogr aphy (hexane: Et OAc: AcOH, 50:50:1) to give first 5 conmpound 1019
(25 ng, 25%vyield) as a white solid followed by conmpound 1020 (48 ny, 50%
yield) as a white solid. The correspondi ng sodium salts were obtai ned by
treatment wigh agueous 0.02 N NaOH. Step c: 10 A 1.0 M di net hyl am ne
solution in Ea('S.O m., 5.0 mmol) and a aqueous 1.0 N LiOH solution (1.0
m., 1.0 mmolJo asvlatiadofettid 6a @ .G04,L8.5Hmnadl) ibICHER (3D nmg) wBs addedhomaly) i n

R A e B s R e
Et OAc. The theg&ld (151mey was addes hed thw rehctiostveas stinebdlzni auelitiodalihedr. (Mg SO4 ) |
Lo o hAOREAR G o AL BRI PEAGR R
conpound 1028ith E&)Au;and Bise6gsivelydyashed avitMwater, brind, dried KMg804), Ekgred.cindg
e I T T A T il
lh\ O NNN/ N-DdJ N 6d coove
Step b:
10  To a solution of ester 6b in CH,Cl, (50 mL) was added a 1 M solution of BBr3 in
CH,Cl, (7.2 mL, 7.20 mmol). After 3 h at room temperature, the reaction mixture
was cooled to 0 °C and EtOH (5 mL) was added. The reaction mixiure was stirred
for 30 min at room temperature then was concentrated under reduced pressure.
The residue was diluted with EtOAc and successively washed with saturated
15 aqueous NaHCO; solution, water and brine, dried (MgSO,), filtered and
concentrated to dryness. The residue was purified by flash chromatography
(hexane:EtOAc; 70:30) to give phenol 6¢ (802 mg, 74 % yield over 2 steps) as a

clear gum.

20 Stepc:
A solution of DIAD (87uL, 0.44 mmol) in THF (2.0 mL) was added over2 hto a
solution of 1h (100 mg, 0.33 mmol), PhsP (104 mg, 0.44 mmol) and phenol 6¢ (65
mg, 0.34 mmol) in THF (7.0 mL) at room temperature. The mixture was stirred for 4
h then concentrated under reduced pressure. The residue was purified by flash

25 chromatography (hexane:EtOAc; 30:70 to 50:50) to give compound 6d (46 mg, 29%
yield) as a white foam.

Step d:

To a solution of ester 6d (44 mg, 0.09 mmol) in a mixture of THF (3 mL) and MeOH
30 (1 mL) was added aqueous 1 N LiOH solution (1.0 mL, 1.0 mmol). After 4 h at room

temperature, 1 N HCI (2 mL) was added. The mixture was extracted with EtOAc.

The organic layer was washed with water and brine, dried (MgSQ,), filtered and

concentrated to dryness to give compound 1014 (39 mg, 93% yield) as a white

solid. The corresponding sodium salt was obtained by treatment with 1 equivalent of

85 aqueous sodium hydroxide, and the resulting solution was lyophilized to give a fluffy
-924 -



N/ NJ N O Conpound 1014 COON -23 WD 03/080612 PCT/ CA0O3/00418 Step a: To a

solution of acid 6a (1.00 g, 5.55 nmol)
chl ori de W0.038s806i2 8.3 nmol ) and DVF (100 pL).

90 mn
addi ti onal
pressure,
wat er ,

nmol ) .

at

brine,
used mnthout f
CH2Cl 2 (50 ntHTSRR
Af ter

hour .

dried
{thh

3 h at

(MSH4) ,

r purification.
Ud:added a 1 M sol ution of BBr3 in

room t enperat ure,
C and EtCH (5 nlL) was added. The rea
roomtenperature then was concentr

and

r educed

in CH2Cl 2 (50 m-) was added oxal yl
The reacti eaTwa®3me4isred for
then EtOH (15 nL) was added, and the reaction was stirred an
The 5 reaction m xture was concentrated under
the residue was diluted wth Et OAc and successively washed with
filtered,

concentrated to give ester 6b
Step b: 10 To a solution of ester 6b in
CHCl2 (7.2 m, 7.20

the reaction m xture

TABLE

ture was stirred
er reduced pressure.

f or

was cooled to O
30 mn
The

residue was diluted with EtCAc ang successively washed wth saturated 15

aqueous NaHCO3 sol uti on,
concentrated to dryness.
(hexane: Et OAc;

as a

ng,

2 h toRf

wat
The

70:30) to giv
clear gum 20 Step c:
nm.) was added over
0.44 nmmol ) and phenol
t enper at ur e.
reduced pressure.
(hexane: Et OAc;

r

ng,

ne,

S

s utNon
6¢c (65
The m xture was stirred for 4 h't
The resi due was purified by flash'gb chromat ography
30: 70 to 50: 50) to g| ve corrpound 6d (46 ny, 29%

dried (MgSO4),
was purified by flash chronmat ography
74 @6y|eld over 2 steps)
(871R% 0. 44 mol)
9 0. 33 nmmmol ),

RE (7.0

filtered and

nm.) at

in THE (2.0
Ph3P (104
room

yi el d) as a

b )

white foam—S d—TTo SO WaT QT 7 (OO =y E4 X8 A9 T
nlrture ozyzggggb#nt) and Nbgii 8 1 Et mangddnggaqﬁeous 1 i
solution (} 1651 10 lHluI N H’thcMeL+ 00N tETPEERGH € r|\|4
was added. 1002 Theh E;H;tl EFL;Mt eEd E% = OMI—? COOH 433
1003 H H Me Et H COOH 447
1004 H H Me Me OH COOH 449
1005 H H Me Br H COOH 497/499
1006 H H Me Me H CHMeCOOH 461
1007 Cl H Me Me H CH,CH-COOH 495/497
1008 H H Me Me H CH,CH,COOH 461
1009 Cl H Me Me H CH=CHCOOH 493/495
1010 H H Me Me H CH=CHCOOH 459
1011 H H Me Cl H CH,COOH 467/469
1012 H H Me Br H CH.COOH 511/513
1013 H H Me Me Me CH,COOH 461
1014 H H Me Me H CHQCQOH 447
1015 Cl H Me Me H COOH 467/469
1016 Cl Me H Me H COOH 467/469
1017 Me H Me Me ’ H COOH 447
1018 H Me H Me H COOH 433
1019 OMe H Me Me H COOH 463
1020 F H Me Me H COOH 451
1021 OEt H Me Me H COOH 477
1022 H H Me NO, H COOH 464
1023 H H Me Cl H COOH 453/455
1024 H H Me H NH, COOH 434
1025 H H Me H F COOH 437
1026 H H Me H Cl COOH 453/455
1027 H H Me CF3 H COOH 487




The organic | ayer was washed with water and brine, dried (MgSO4), filtered
and concentrated to dryness to give conpound 1014 (39 ng, 93%yield) as a
white soWwod3/0dise2 correspondi ng sodi um salt was obtai ned PgTIGA®a0MERL W t h
1 equival ent of 35 aqueous sodi um hydroxi de, and the resulting solution was
| yophilized to give a fluffy -24 WO 03/080612 PCT/ CA0O3/00418 white solid.
TABLE 1 RA R ON~RI2 RZNN/- OJ NR13 R14 Cpd. R2 R4 R5 R12 R13

R14 M5 (ESI) Entry # mMz vH' 1001 HH Me Me Me COOH 447 1002 HH Me Me

H COOH 4331003 H H Mo Et —H 447 —EOOH—AA9—=3005 H H
Ve Br H cdoH GB% 4o Roos| HRH VR M rﬁmal 1i§07 a (ES0
| aBairyid7 cooH

CH2 CH2 COOH 71 1008 H H Ml Mo CHRCHR 46+—1009—CcH @ g
CHECHOOOH 149310885 |1 DHWel 1 Fe Vel crMerichartiasg 1 EFCH 1 | L calp coon
467/ 469 1012102394 Ne BH H cHPlicaoHs511/Me13| 1813 |H HG®ONe e CcHOGOOH 461
1014 H H ME Mp3d CHZCORH 40 7H 10Me ¢ MeMe | VEHH QOOHCO®Me69 | 10447 Cl (Me H
Me H COOH B67{ARS 10T e HVel i i CRPH 447R COOMe 261

1032 H H | Me Cl H COOMe 467/469

1033 H H | Me | CF, H COOMe 501

1034 OEt H | Me Me H COOMe 491

1035 H H | Me H F COOMe 451
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1018 H Me H Me H COOH 433 1019 Ove H Me Me H COOH 463 1020 F H Me Me H

COOH 451 1021 OEt H Me Me H COOH 477 1022 H H Me NO2 H COOH 464 1023 H H
Me C H OOOM3ASBA255 1024 HH Me H NH2 COOH 434 1025 H IBCVECAH3B04DO0H 437
1026 HH Me H O COOH 453/455 1027 H H Me CF3 H COOH 487 -25 WD 03/ 080612
PCT/ CA03/ 00418 Cpd. R2 R4 R5 R12 R13 R 14 MS (ESI) Entry # mz MH' 1028
N(Me)2 H Me Me H COOH 476 1029 HH H Me H COOH 419 1030 H H Me Me H COOMe
447 1031 HH Me Et H COOMe 461 1032 HH Me Cl H COOMe 467/469 1033 H H

Me CF3 H COQwe, 501 1 H 491 1035 HH Me H F COOWe 451
26 WD 03/ 0%@%8&&%&%&%@%&@%@@ PTASE (RT) ASSAYS Assay
Theory: Ampng the enzymes for which Human | mmunodeficiency Virus (H V-1)
encodes is, a 5 reverse transcriptase (1), so-naned because it transcribes

a DNA copy SR BIPMBNA tenplate. This activity can be quantitatively
measur ed i n Agndiglthe Eﬁme%ﬁévmcﬁmman Intnbdefivis ey \Alrpsﬂ-lltvh‘e evbsdgsiaii on

br' med it h Bt TS elatl (1 SRR e RARBROTo6S oA SRR BN D
strand util Ité'rh@ateBThudG?c'Rn@sCaa beloahiitalively mbasuasd mya chlisitrei engkn&@sml ow
utilizes t h%n‘c’imlsl bas )é%pon r"hey obsegv\M%loﬁ r]‘uat ?evtepsee 4 n%ngWaQeaig eQ(r 'Usgf the enzyme
synthetic template poly r(C) primed with a biotinylated oligo d(G) to transcribe a
radio-labeled DNA strand utilizing 3H-dGTP as a substrate. The assay described
10  below utilizes the wild-type enzyme (which is the predominant form of the enzyme
observed in patients infected with HIV-1) and can also be used with mutant RT
enzymes (for example, Y181C, prepared by site-directed mutagenesis in which the
tyrosine residue at codon 181 has been replaced by a cysteine residue) in
analogous assay conditions. This assay allows compound to be evaluated for their
15 effectiveness at inhibiting the mutant enzymes.

Materials:
a) Preparation of the enzyme
Some HIV-1 lIIB clone BH10 RT mutants were provided by Dr. C.-K. Shih
20  (Boehringer Ingelheim Pharmaceuticals Inc., U.S.A.) in the vector pKK233-2
(Pharmacia). Briefly an HIV RT clone pKRT2 containing only the RT p66 gene
regulated by the lac operon/trc promoter was obtained from Dr. W. Summers (Yale
University) (2). A variety of specific amino acid substitutions were introduced into the
wild-type RT gene by site-directed mutagenesis. RT clones were subcloned into the
25 pKK233-2 bacterial expression vector. Clones provided included wild-type,
Val106Ala, Tyr181Cys, Tyr188Cys, Tyr188Leu, Gly190Ala and Pro236Leu. Others
were made in-house by site-directed mutagenesis of the pKK233-2 RT clones
including Lys103Asn, Lys103Asn/Tyr181Cys, Lys103Asn/Leu100lle,
Lys103Asn/Pro225His, and Lys103Asn/Val108lle.
30 '
b) Purification of Enzyme
Purification of recombinant reverse transcriptase was performed using a
combination of methods previously described (3). A single colony from a fresh plate
of transformed JM109 cells was used to initiate growth of a pre-culture grown o/n at
35 37°C. Two liters of growth medium were inoculated with this pre-culture. At ODgoo ~
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observed in patients infected with H V-1) and can al so be used w th nutant
RT enzynmes (for exanple, Y181 C, prepared by site-directed nutagenesis in
whi ch t hewotognswiine resi due at codon 181 has been repl acedChyCA3o¢88ei ne
residue) in anal ogous assay conditions. This assay allows conpound to be
eval uated for their 15 effectiveness at inhibiting the nutant enzynes.
Materials: a) Preparation of the enzyne Sone H V-1 I11B clone BHLO RT

mut ants were provided by Dr. C -K Shih 20 (Boehringer |Ingel heim

Phar maceuti ¢ 0 n_the.vector nKK a). Briefly
an HV RT cl12§lh§5 %Eﬁ'y rsl@ﬁg%f‘?lﬁx%rﬁ?i}o'? Has Wﬁ%eé%‘ﬁ%eﬁpg ér MW}%Q And the |ac
?psr on/trc Fth@f@h?@rﬁtaﬂﬁﬁ\?/@bb@ﬂmadd fdr@{jfe@rmorﬁ\hoﬁitsmﬁBVgC(R’%re:entﬂmgahog,l ty)

2 A variety o specific amno acid substitutions, we tro into
the wild- tfﬁ@emta@@dléersw%cﬁf%ddwﬂééﬁaae'?ﬁ}% wgERAgd a’ﬁ[r§8'ie§ g(ief
subcl oned i nfg 5d?ﬁca%énpéﬁ%3«ﬁer% thard L4 Ac @%.Qmsan@rsuwsﬁdw in Ysi@NRFepr ovi ded
I ncl uded wi I d-type, 06Ala, Tyr 181 S Tyr18 Leu, d yl90Ala

and ProZ@GLéMES@Qﬂ@ﬂ§H W%@M "ﬂ%h‘(ﬂug caygh, 610?@-@/@% G102 WYenesi s of

the pKK233- Z Rlinf éﬁd’é@%ysb%é’@la@Qdéd&éﬁ@tﬁé'ﬁmxthbéﬁ%’@ﬁ&%éf&d &8 kce@ys40
Lys103Asn/ LeulOOlI e,  LysTO03Asn/ Pro225H s, and Lys103AsnNal 1081 le. 30 b)

Purificati oﬁn'GPteEnﬁfiﬁﬁ*@OP%‘j’Q?‘F'F%t&nl USH9? DP%H’E)PFF&RPC‘? VROZUME ABscr i pt ase

was per for mf"s‘énk':&hd]ﬂtl% céHQWé'ré‘é‘édt@ﬁ]g@cﬁ forBb haAste SIpettBant (SESedd $28dd(3) . A
single colony froma fresh plate of transformed JML 09 cel | WSME§OI to

initiate grcndpteed at4iCe TBGIOFDV'EJQQP'&%GW% rgguspsNaein exaCtion rowt h

medi um wey e 4 Y I-FGFK@ 100V 118% Vi giyBsren 0.02284 wWDBE/ 080612
PCT/ CAO\é@OO4P§r%%H %ﬂgorm m RT gene exprgsm on was Yvnduced W th

| PTG (1 nM fQ.9Rf6 W/v %Qmumtaﬁ@e)‘ @?dr@tﬁ"te&tfp pistesHA GubYs Frond MKW SRR hour s
at 37 C Al t &y @fdégrdgfﬁ 4 tﬂB’supéH%hf‘%tzﬁ%§ SHRIE THE BbavdIgdcadlirk wage! |

pellets were po ored until purification. Cells were
%‘h

thawed at 4 repeated Aimtie limed S3viag sWRRIAAtRRAS|SARNS B4 ARG Pneslash2dragioAAY 6,
EDTA 1 nM l&ﬁb\%é(d Q\Léfﬁugﬁto(lss) GdiRin W (0.008% firl) Qitd addéd t@fr@ wmmzeode)

Lysozyme was added he m xture was_i ncubated on.ic tes.
Af t er hotogesPgealants IogpmgVe NeetiR @gidsn ThISSORR Wap SF'V@‘%W% ”?;iﬂ‘dtes Jufd
°C and centrifuged for 1 h. The supernatant (SS1) was precipitated on ice with 20%
w/v ammonium sulfate and stirred for 1 h at 4 °C. The mixture was then centrifuged
and the resulting supernatant (SS2) was precipitated with additional 40% w/v
ammonium sulfate (60% total), stirred for 1 h and centrifuged again. The final pellet

20 (P1) was stored overnight at 4 °C before undergoing purification the following day.
All steps of the purification were performed at 4 °C unless otherwise stated.

Pellet (P1) was resuspended into MES 50mM pH 6, KPO; 10 mM pH 6, KCI 100mM,
10% Vv glycerol, 0.02% w/v OBG, 0.02% w/v sodium azide. The suspension was
dialyzed against the same buffer overnight using 12-14kD MWCO dialysis tubing.

25  The dialysate was centrifuged and the supernatant was filtered through Millex-PF 0.8
pm filter units. The filtered sample was loaded on a Hydrbxy Apatite column (30-mL
bed volume) and washed with the same buffer. The bound enzyme was eluted with
~220 mL of a linear gradient of 10 to 300mM KPO, in the above buffer. The fractions
containing p66/p51 heterodimer (as determined by SDS-PAGE 8% and Western

30 blotting) were pooled for the next column. The RT containing fractions were diluted -
two-fold with Bis-Tris propane 50 mM pH 7.0, 0.02% w/v OBG, 10% v/v glycerol,
0.02% w/v sodium azide and loaded on a Hi-Trap Heparin Sepharose column (5-mL
bed volume) and washed with the same buffer. The bound RT was then eluted with

75 mL of a linear gradient of 0 to 1 M ammonium sulfate in the same buffer. RT-
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sonication, the cells were centrifuged for 30 m nutes. Supernatant (Si) was
saved and stored at 4C. The centrifuged pellet was resuspended in

ext racti owolamsen2 (MES 10 50mM pH 6, KP04 50 mM pH 6, KCl pCOGINB/004086 v/ v

gl ycerol, 0.02% w v OBG 0.02% w v sodium azide) and stirred for 30

m nutes at 4C. This second m xture was centrifuged again and the
supernatant (S2) was saved. The above procedure was repeated 2 nore tines
savi ng supernatants S3 and S4 and one | ast extraction was perforned

overni ght (S5 0. 00 % f i na d 15
super nat ant §° t%‘“l“@r{'g‘}}é rf'?d’& "&iPEO] glaggor LF?Q@%?SIEI ggnén\%/a\;svggttel rr e{gﬂ?
m nutes at énal@e%nﬂrdt@nbomdeugektbrfmmhlé phol Wasedetenpenatthyathe Bragoid rWéIQOd

reci pitated on i 2 WL, I 1hat 4
B CThe, e 80 G s e, oo it TR, biEatnbR s Al B MBS S S
was preci pi theeekm4t3m0amlv1|pH|&;rml 12690 0%artvrolycarah 8.9RVawey sodbwm azidel ) |

stirred for d in. The final pellet 20 (Pl) was stored
over ni gh‘l5 ?n‘ia@ gech) J%‘?‘F&ﬁ%gmﬁgépurl fication the followi ng day. All
steps of the purification were perfornmed at- 4 C unl ess ot herw se stated.

Pel l et (P1) VY M into MES 50mM pH 6, KPO4 10 mM pH 6, KCI 100nmM
10% v/v gly 7 OBG 0.02% w v sodi um azi de. The suspensi on was
di al yzed agahestdiometris aneymridssay has bean gHeptad ing 98- well axgyotiancian RIpat s

tubing. 25 ;hsug{%@g@%ﬁd.m?tﬁﬁ%ﬁhl e s e B4RGTOBIARIGeBML | L er ed

t hrough M| ter The Itered sanpl & was | oaded on a
Hydr oxy 18pabelow. Fbé mmu%bemﬂymebw thawvedand aawepvﬁglﬁé’dUWt"HotT He/HGiRA

buffer. The ng%cﬁ'sé dibhexaRgdafdoriil, BTiGRAArGSHadinent  of
10 to 300nmM gdﬁ%ﬁlatgefqgﬁ ove buwa%eefrg%tlons cont ai n|n p66/ p51

het er odi mer apd$. Qi?t% wnChans 1 giveBs-herzys%. aifa 3padt this gozyme$alt WQ)W%r e
pool ed for t

Do fol d wi ehoed 18w P By chilfiof o ALBLM A K Pty ireh &6
gl ycerol, @bbMectainmgdbtn/aDMBO)amtbe blaésiwes pre- Iacuhiaield@pWi@"p%#tPﬁatSephar ose

col um E]?;ad rwr?ﬁgﬁ;%g%g?f%dq BAREY Wit dnd RSt almthHré ‘?r{cuba-m ik RT was

t hen el I near —gradi ent o M anmoni um sul f ate
in the same highebtand IBWest iBoiADCOBI0806NE mﬂ@msw @0@9862 M espeRiively

fractions weyg tlpé)? rﬁgnﬁ%ﬂbﬂrﬁ"ﬂﬂﬁbé Wa§@sld?% %@nwé ?Fham: Phdctistowagnal yses.

Protein concent ration o ool was term ned he Bradford net hod
usi ng BSA adnitiatesh i edditiqmef q l#an shsyae spluipar Abe B'?‘?'\K%%Ct'ﬂf‘ AXYEY in MES

50mM - pH 6, KE030RisMEIRT v JCr 81162610 AR AMEOL-8lXF 2 ik, DPT 82w/ v sodi um

azide 20 GSH 2 mM, Chaps 0.02% w/v DMSO 3% v/v, Poly rC 179 nM, Biotin dGis 18 nM,

dGTP 288 nM, *H-dGTP 71nM, and 1-2 nM enzyme. |
In this incubation step, the highest and lowest inhibitor concentrations were 10 UM
and 0.5 nM respectively. After addition of substrates, the plate was covered with a
plastic seal and incubated for 1 hour at 37°C in a dry incubator. Then the reaction

25  was quenched by addition of 75 L of EDTA 0.5M containing 5mg/mL of streptavidin
scintillation proximity beads.
The plate was shaken for 2 minutes at medium speed and incubated 1 hour at room
temperature. Then 75 pL of cesium chloride 7 M solution was added, the plate was
shaken for 2 minutes at medium speed and incubated again for 1 hour at room

36 temperature. The plate was then covered With a plastic seal and counted using the
TopCount-NXT™ Microplate Scintillation & Luminescence Counter, (Packard). Each
well was counted for 60 seconds. Each row contained at its extremities a blank and
a control well.
The calculation for percent inhibition is as follows:
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5 and aliquoted and frozen at -80 C. ASSAY PROCEDURE: The radionetric
enzyne assay has been adapted to a 96-well mcrotiter plate format and
uses strewpamiosiiom2 scintillation proximty beads. The assapcCraAvsioefiBy
descri bed 10 bel ow. The H V-1 RT enzyne was thawed and appropriately
diluted into Tris/HC 50 mMpH 7.8 containing NaCl 60nM MC 2 hexahydrate
2mM DIT 6nM GSH 2nM and 0. 02% w v Chaps to give =3 nM enzyne. To 30 pL
of this enzyne solution was added 10 L of inhibitor solution (50 pMto 2.5

nM i nhi bitor in sane assay buffer above contai ning,15%v/v DVMBO). The
plate was pre-incubated - lm 5 T nu espnat walb— cporblogkp fdére bef ore
proceedi ng to the next s{‘ 6’ 61 1 cpp,qecdn%pb@pmoalagk the highest and

| owest inhibitor concentrati ons r 12.5 pMand 0.62 n respectively and
t he concent naingiheeivolal/Bs3aynsordpolimtioof the. indrdion wes testay fomirihibiiaweaftRTon was

initiated by diti of , 10 of substr i i I tion

m xture cont"ﬂ@ﬂe‘&e W?ga%nuﬁkwymg‘sﬁ@e%\%@?%ﬁéﬁ '“rg%%z%rﬁgb?( " DIT 6
mv| 20 GSH 2 mM Chaps 0.02% w v DVSO 3% v/v, Poly rC 179 nM Biotin dGl5
18 nM GTR. 288 ..n H-. tion
step, th hrT&%og'rNk ?%@grﬁh %ﬁﬂ%g%‘%ééwégﬁw a )é%gmwgﬂrag %8 t‘kﬁ?gam 0.5
nM r espect i \thé humah fTeCelbCdliure (Bynoytiag Wssay desesibed helom ate was covered with a
pl astic seal and incubated for 1 hour at 37Cin a dry incubator. Then the
reacti on 25 was quenched by addition of 75 pL of EDTA 0.5M contai ni ng

5ng/ nL of stEldBAzsisdy for asseasikehbof aptivily xcell cyltikeads. The pl ate was shaken
for 2 mnutes at medium speed and incubated 1 hour at room tenperature.

Then 75 pL of cesiumchloride 7 Msolution was added, the plate was shaken
for 2 mitout e'EheaaormrmrLimdmfﬂme@@ndwa&ﬂﬁi@dltag@ilw te gthibit HIYwepligatiorydm 30

t t t t d
enper at ur e_lcoeg%gmﬂje%%% 1 op at g thY&té FklPﬂ/IImGﬁﬁ dnsREY ofisMCRaURL €

using the cr ntillation & Lum nescence Counter,
(Packard). BEatdfs fekal hovimessaramnt Gulg/fmbgedamyeio @ndd 0 L Biingreapteihangl wag at its

Cany o o Rt o SOOI e TBA G RARRR ThO PRERRE
1- cpm wel Icell liop©8166 aale iffpeted et & prultiplieiyt of dnfectionmh0.Qd1 yith viruses coding
15  for wild type and mutant reverse transcriptase. Cells were then incubated for three
days in the presence of serial dilutions of the compound of the invention. The
supernatant was pooled from eight replica wells and the concentration of
extracellular p24 was determined using a commercially available HIV-1 p24 antigen
assay kit (Beckman-Coulter®). The level of inhibition (% inhibition) was calculated
20  with the following equation:

% - inhibition =| 1— p24pg | mL-inhibitor | |, 100
p24pg /mL- control

The results are listed in Table 2, as ECg (nM).

REFERENCES (INCORPORATED HEREIN BY REFERENCE)

25 1.Benn, S, et al. Science 230:949, 1985.
2. D'Aquila, R. T. and Summers, W. C. J. Acg. Imm. Def. Syn. 2:579, 1989.
3. a) Warren, T. C. et al. Protein Expression & Purification 3:479, 1992; b)
Kohistaedt, L. A. Science 256(5065): 1783, 1992.
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Usi ng the above assay, conpound of the invention was tested for inhibition
of RT wild-type (W) and nutant enzynes. The results are |isted in Table
4, as | Cowo(mne6125 To confirmthe ability of the conpounecTracAoskisst H V
replication, it was also tested in the human T-Cell Culture (Syncytia)
Assay described bel ow. ELISA assay for assessnent of activity in cell
culture 10 The conpound of the invention was tested for its ability to
inhibit HVreplication in cell culture in a 96-well plate assay. Conplete
RPM 1640, consisting of RPM 1640 &+ 1§’Zg tal bovine serum 10 pg/m
gentanycin and 10 pM P- ner capt oet handA used for dilution of the

d || L] h ed] h i
wae nf ect od mnikitRpiat e BRE A PRA sl Y FBGPRp i f b D100,
T S

for wild type and nut ant gngMer Sk t|c@ns:rim):s@se.i &g:hs WwerBCHhep i ncubated
for three days in the |presence| o{wsgr i ak1aBN/ult i qwa)of | tKE0aNsnpound of the
i nvention. The superndgtant was pggm)ed fyogmei ght(nvgpl | cx18ke | 5 and the
concentration of extrgcellular| p24 $ dangrn ned usi pg @Monmerci al |y
avai | abl e H V-1 p24 ant[rgggo1 aspay okit |( Begknap-Caultef). dhe |evel of '
i nhibition (%I nhi bi ti n) was chl cul at ed 20w th the followi at)) equati on:
p24 pg / mL inhibitor % 1P0Ribjti & =|11-A 100 (24 py / ¢nL |control The
results are listed in Tdbi190%, S G50V~ FERENCES (T&ICORPORATED
HEREI N BY REFERENCE) 5 1 en S, et al ience 280:049_ 1985, 2.
D Aquila, R T. and Sunmert®04w|C. Q. Acq.Almm Def. Syn. 2:579, 1989. 3.
a) Warren, T. C et al. “r19‘ggi M EXE essi ona& POrifgcat{on g 479, 1992; b)
Kohl staedt,; L. A. Sciengce (50p65): 1783, 199 -30 WD 03/ 080612
PCT/ CA03/ 00418 TABLE 2 || nHi0B6ti pn & W|I d Aype| an®Thut ant Nk rains of RT for
conpound of fornula | [Emtipg7# B850 ECS0c (W) KIg3N | (W) K103N
(nM Y181 C (nM Y181 @ (n?/{ (hM

1008 C A C A

1009 C C C C

1010 C C C C

1011 C A NT NT

1012 C A NT NT

1013 C A NT NT

1014 C A C A

1015 C B C C

1016 C A NT NT

1017 C A c C

1018 C A C C

1019 C A C C

1020 C A C C

1021 C A NT NT

1022 B A B A

1023 B A C A

1024 C A NT NT

1025 B NT NT NT

1026 B NT NT NT

1027 B A NT NT

1028 C A NT NT

1029 C A C NT
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1001 CACC 1002 CACC 1008 CACC 1004 CACA 1005 CA CC 1006
CANT NT 1007 CBCB 1008 CACA 1009 CCCC 1010CccCCC 1011 CA
NT NT 104D o@ogosl NT 1013 C A NT NT 1014 C A C A 1015PCTEAT3/418016 C A
NT NT 1017 CACC 1018 CACC 1019 CACC 1020 CACC 1021 CANT
NT 1022 B AB A 1023 B ACA 1024 C A NT NT 1025 B NT NT NT 1026 B NT
NT NT 1027 B A NT NT 1028 C A NT NT 1029 CA CNTI -31 WO 03/080612
PCT/ CAO3/ 00418 Entry # 1C50 |1 C50 EC50 EC50 (WI) K103N (W) K103N

Entry # ICso IC50 EC50 ECso
(WT) K103N/ (WT) K103N/
(M) | visic | (nm) | visic
(nM) (nM)
1030 C C C C
1031 C NT NT
1032 C C NT NT
1033 C A NT NT
1034 C B NT NT
1035 C A NT NT

Table legend:
IC50 and ECso: A = >100 nM; B =100 nM - 50 nM; C = <50 nM; and
NT = Not tested '
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(nM Y181C (nM Y181C (nM (nM 1030 CC CC 1031 CC NI NT 1032 C CNT
NT 1033 C A NT NT 1034 CB NT NT 1035 C A NT NT Table |egend: 1C50 and
EC50: A =well08msh4 B =100 nM- 50 nM C = <50 nM and NTPETNNO3Ved8ed 5
-32 WD 03/080612 PCT/ CA03/00418 CLAIMS 1. A conmpound of formula I: R O
4 RNRgl \ oRlI3 NNR2N1 (1) Et Rl4 wherein R2 is H hal ogen,
(Cl 4 alkyl, C _4)al kyl, NH(CLl.4alkyl) or N(Cl.4alkyl)2; R4 is Hor CHS;
R5 is Hor CH3, provided that R4 and R5 are not both the sane; Rl12 is H,
hal ogen, (C -4)alkyl, C173, or gAQ\ﬁ H, (Cl_4)al kyl, hal ogen, OH, or
NH2, with the proviso that R12 and R % not both H and R14 is COORl4a
V\/nerel n Rl4a is Hor (Cl.6)alkyl; or Rl4 is (C2.4)al kenyl-COOR14a wherein
Rl4a is 1as defi ned o. R4 is (Cl.4)al kyl - COOR14a wherein Rl4a is as

compounde ofef‘orn’lula
0
R12
/ N 0]
R13
o
Et 0 R"
wherein

R? is H, halogen, (Ci.4)alkyl, O(Ci.4)alkyl, NH(C1.4alkyi) or N(C1.salkyl),;

R*is H or CHg;

R®is H or CHg, provided that R“ and R® are not both the same;

R is H, halogen, (Ci.s)alkyl, CF3, or NOy;

R" is H, (Cs.4)alkyl, halogen, OH, or NH,, with the proviso that R'® and R™ are not
both H; and

R is COOR™ wherein R'* is H or (Cy.5)alkyl; or R is (Cz.4)alkenyl-COOR™*
wherein R is as defined herein; or R is (C1.4)alkyl-COOR' wherein R'** is as

defined above;
or a salt or a prodrug thereof.

2. The compound according to claim 1, wherein R?is H, halogen, (Ci.s)alkyl,
O(C1-4)alkyl or N(C1.salkyl); and R* and R°® are not both the same.

3. The compound according to claim 2, wherein R?is H, Cl, F, (Cy.4)alkyl, O(C.s)alkyl,
. or (N(C1-4)alkyl)2 '

4, The compound according to claim 3, wherein R? is H, Cl, F, CHz, OMe, or OEt.
5. The compound according to claim 4, wherein R? is H.
6. The compound according to claim 1, wherein R* is H.

7. The compound according to claim 1, wherein R® is CHa.
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defined above; or a salt or a prodrug thereof. 2. The conpound according to
claim1, wherein R2 is H, halogen, (Cl_4)alkyl, QCl1_4)alkyl or

N( C1. 4al kyyb)od/osned2 R4 and R5 are not both the sanme. 3. ThePCorp®anas
according to claim2, wherein R is H d, F, (Cl_4)alkyl, Q(CL. 4)alkyl,

or (N(Cl_4)alkyl)2. 4. The conpound according to claim3, wherein R2 is H,
ad, F, CH3, Owe, or CEt. 5. The conpound according to claim4, wherein R2
is H 6. The conmpound according to claim1, wherein R4 is H 7. The

conpound, accqr di ng t | ai m.1 rein R5 S =33 0612

pCT! cAb3Pooa 1t caebliad adinitiln s SERE! e bk deoe Garll CRet <

hal ogen, (CLNO.al kyl, CF3, or NO2. 9. The conpound according to claimS8,
wherein R12 is Br, C, CH3 or CH3CH2. 10. The conpound according to claim
9, wherein R 12 is CH3 or CH3CH2. 11. The conpound according to claim 1,
wher ei n R 13 The chinp6lisq atwrdigg iy clék) 8,ovhekia R™ isBr, ChEH; onPbl@id..accordi ng to
claim1l, wherein R13 is H CH3, or OH 13. The conpound according to claim
12, wherein R13 is H 14. The conpound according to claim1, wherein R14 is
COOH, COmkE, ThE€forpalikeagdordifPEi-claino®, wWieteid Rt isyOHPCQH:CHe. The conpound
according to claim 14, wherein R14 is COOH, CH=CH 000H, CH2OX0H, or
CH2CH2COOH. 16. The conpound according to claim15, wherein R14 is COON.

17. A compouteabmpoundibecofdingbxdaidi hgvheveio IR} ismH, CHR¢h&ogéd, OHRD2NHe. ~ |/ |\
RI32 NNNRI (1) Et Rl14 wherein R2 is H d, F, CH3a Ow or Cet;, R4 is
H R5 is CH3; R12 is Br, O, CH3 or CH2CH3; R13 is H CH3 or OH and Rl14

i s COOH, 1ZH=CHe CoMidouHaGDRdtiIng to CRPCHD GBBkein &' is H, CH;, or OH.

13. The compound according to claim 12, wherein R*® is H.

14. The compound according to claim 1, wherein R™ is COOH, COOMe, (C..4)alkenyl-
COOH, or (Cq.4)alkyl-COOH.

15. The compound according to claim 14, wherein R is COOH, CH=CH-COOH,
CH.COOH, or CH,CH,COOH.

16. The compound according to claim 15, wherein R' is COOH.

17. A compound of formula (I)according to claim 1:

wherein

R?is H, Cl, F, CHs, OMe or OEt; R* is H; R® is CHg; R'2 is Br, Cl, CH; or CH,CHg; R™
is H, CHz or OH; and R'* is COOH, CH=CH-COOH, CH,COOH or CH,CH,COOH,; or
a salt or a prodrug thereof.
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a salt or a prodrug thereof. -34 WD 03/080612 PCT/ CA03/00418 18. A
conpound according to claim1l7, wherein R is H RAis H RS is CH3; RL2 is
CH3 or CHBCOHZ/08RIB is H, and R14 is COOH, or a salt or a mpcadrasgoofier eof .
19. A pharmaceutical conposition for the treatnent or prevention of HV
infection, conprising a conpound of formula |, according to claim1l1, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier. 20. A nethod for the treatnment or prevention of H VvV

i nfection rising admnistering_ to a patient,an, HsV in htl armount
of a con'b%un WHPaﬁFﬁorfj’ngé‘aS%irﬁliqﬂ'd""?%e'e&%i'sr‘rﬁ % |sg—||,'_r-‘L 95{2 %:%rl ly
accept abl e s@H,cHhet@®f H; ahb RAINEDIRH of 8kalk bneabrcfmgrmateomr preventl on of
H V infection, conprising admnistering to a patient an H V inhibiting
anount of a pharnmaceutical conmposition, according to claim19, or a

phar maceyd.i ¢ al dnarmasapicaldompeitibn fdrenensatmaat orﬁbrémiﬂod of AV hfe%ﬂén ng or
preventing H 'V infection co% LfSI nlg ?dm ni sterlﬁp%g rrBoun Iorrrul al,
accor di ng t o CRMAN$NYG 2 cOMPOBRAHPHRIMYUA IWACCAINY 9 AATP e PHI P grmacaytﬁ;ayzg) A
met hod for paesspidblegalpictdtiiaild 4 pranmatasically adceplablelcariierm not her to baby,
conprising adm nistering a conpound of formula I, according to claiml, to

the nother before giving birth. 24. Use of a conpound of fornula I
accor di ngo.t o Aahéthtt forGhe eftirhiBCsrevdrtiah by H\aibtsiba Woenpsiging adhnistefing f or

t he manufact re of or th treatrre t..or revention of . HV
nfectton 28 & paterd AR it iiacBpuntdf P ERp IR BB At abinde By
phar naceut i cal blya plaraegbatiaty sedeptdbleesatiaherebbr t he manufacture of a
medi canment for the prevention of perinatal transm ssion of H V-1 from
not her to baby before giving birth. -35

21. A method for the treatment or prevention of HIV infection, comprising administering

to a patient an HIV inhibiting amount of a pharmaceutical composition, according to

claim 19, or a pharmaceutically acceptable salt thereof.

22. A method for treating or preventing HIV infection comprising administering a
compound of formula |, according to claim 1, in combination with an antiretroviral

drug.

23. A method for preventing perinatal transmission of HIV-1 from mother to baby,
comprising administering a compound of formula |, according to claim 1, to the

mother before giving birth.

24. Use of a compound of formula | according to claim 1 or a pharmaceutically
acceptable salt thereof, for the manufacture of a medicament for the treatment or

prevention of HIV infection.
25. Use of a compound of formula | according to claim 1 or a pharmaceutically

acceptable salt thereof, for the manufacture of a medicament for the prevention of .
perinatal transmission of HIV-1 from mother to baby before giving birth.
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