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NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS

TECHNICAL FIELD OF THE INVENTION

The invention relates to novel compounds and pharmaceutically acceptable
salts thereof, their use, either alone or in combination with other therapeutic
agents, in the treatment or prophylaxis of HIV infection, and to

pharmaceutical compositions comprising the compounds.

BACKGROIH\FD OF THE INVENTION

The disease known as acquired immune deficiency syndrome (AIDS) is
caused by the human immunodeficiency vir;ls (HIV), particularly the strain
known as HIV-1. In order for HIV to be replicated by a host cell, the
information of the viral genome must be integrated into the host cell's DNA.
However, HIV is a retrovirus, meaning that its genetic information is in the
form of RNA. The HIV replication cycle therefore requires a step of
transcription of the viral genome (RNA) into DNA, which is the re{/erse of
the normal chain of events. The transcription of the viral RNA into DNA is
accomplished by an enzyme that has been aptly dubbed reverse transcriptase
(RT). 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 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



| sopropyl, or isobutyl; and Qis selected from the group consisting of
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as inhibitors of HV reverse transcriptase, wild-type and several nmnutant
strains. 16 Decenber 2004 WO 01/95338 PCT/ CAO1/ 00890 1 NON- NUCLEGCSI DE
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I nventi onwdi@élrs t o novel conpounds and phar naceuti girlchoegept able salts
thereof, their use, either alone or in conbination with other therapeutic
agents, in the treatnment or prophylaxis of H'V infection, and to

phar maceuti'cal conpositions conprising_the conpounds. 10 BACKGROUND OF THE
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the information of the viral genonme nust be integrated into the host
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requires a st Gk |5 al 1 RNA) into DNA, which
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viral RNA bnt eraiidfiptse wiltbibid replivadobyf MIV-e azinfetctiikalls. bag been aptly dubbed
reverse transcriptase (RT). The HI 'V virion includes a copy of RT along

with the viraFforRRANIS i thA preveptione reatmentob BIKdnicionipmat i c
functions; it SNG: %ﬁﬂ %9?
ri bonucl ease, han g@%%%pené%%)?&%ﬁ%o y er %éé%ﬁ c ?’F{Sﬁgg'%én
RNA- dependent debkthymidine (AZT), 2! 3'-dideoxyinosine (ddl), 2’ 3'-dideoxycytidine
(ddC), d4T, 3TC, Nevirapine, Delavirdine, Bfavirenz and Abacavir, the main
10 drugs thus far approved for use in the treatment of AIDS.

As with any antiviral therapy, use of RT inhibitors in the treatment of AIDS
eventually leads to a virus that is less sensitive to the given drug. Resistance
(reduced sensitivity) to these drugs is the result of mutations that occur in the

15 reverse transcri;:;tase segment of the pol gene. Several mutant strains of HIV
have been characterised, and resistance to known therapeutic agents is due
to mutations in the RT gene. Some of the most commonly observed mutants
clinically are: the Y181C mutant, in which a tyrosine (Y), at codon 181, has
been mutated to a cysteine (C) residue, and K103N where the lysine (K) at

20  position 103 has been replaced by asparagine (N). Other mutants which
emerge with increasing' frequency during treatment with known antivirals
include the single mutants V106A, G190A, Y188C, and P236L; and the double
mutants K103N/Y181C, K103N/P225H, K103N/ V1081, and K103N/L100L

25  Astherapy and prevention of HIV infection using antivirals continues, the
emergence of new resistant strains is expected to increase. There is therefore
an ongoing need for new inhibitors of RT, with different patterns of

effectiveness against the various mutants.

30 Corhpounds having tricyclic structures which are inhibitors of HIV-1 are



pol ymerase, RT transcribes a single-stranded DNA copy of the viral RNA
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during treatment with known antivirals include the single mutants V106A,
GL90A, Y188C, Sperificeipdhe comppundeofdinpriesent inventiorsark e8mvya81C, K103N P225H,

K103N V1081, and . N\ | . thera nd prevention af HV infection
using anti 1\1/}i ; érF}(leijélJiogﬁ}e#&é’fsE,) al}q]lﬁﬁ)?:ﬁsmum{s A0 Vefl'aS 2 Blcad range ¢ ofher
single mutants and certain commonly found double mutants such as

K108N/Y181C and K103N/P225H.

SUMMARY OF THE INVENTION
15  The invention reduces the difficulties and disadvantages of the prior art by

providing novel compounds that are potent inhibitors of single and double’
mutant strains of HIV-1 RT.

In a first aspect, the invention provides a compound of the general formula I- '

20 wherein
© R2is selected from the group consisting of H, F, Cl, Ci4 alkyl, Cs4 cycloalkyl
_ and CFs;



energence of new resistant strains is expected to increase. There is
therefore an ongoing need for newinhibitors of RT, with dif

patterns of effectiveness against the various nutants. 30 Coiéj(?gn%jnm"f"lzm}‘l
tricyclic structures which are inhibitors of W -1 are 16 Decenber 2004 V\D
01196338 PCT/ CA01/ 00890 3 described in U S. Pat. No. 5, 366,972. O her
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group consSsthgsethteld,&omtt@gro@lwnabth}gof C344 cycl oal kyl and CFs; 16
Decenber 2004 WO 01/ 96338 4 .
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or a pharmaceutically acceptable salt thereof.

In a second aspect, the invention provides an inhibitor of HIV replication, of
10 the general formula I, or a pharmaceutically acceptable salt thereof.

Tn one embodiment, there may be provided an inhibitor of a reverse transcriptase

enzyme of HIV, of the general formula I, or a pharmaceutically acceptable salt

thereof.

15
In a third aspect, the invention provides a use of an HIV inhibiting amount of a

compound of formula I, ora pharmaceutically acceptable salt thereof.

In a fourth aspect, the invention provides a pharmaceutically composition for the

_20'



PCT/ CAO1/ 00890 R4isHorMe; R5 is H M or Et, with the proviso that R4 and
Rs are not both Me, and if RAis M then R5 cannot be Et; R é r263¢
cycl opropyl, propyl, isopropyl, or cyclobutyl; and s Qis seﬂecte

the group consisting of and "1, - \\;::-- 0+ o\ O or a pharnaceutlcally
acceptable salt thereof. In a second aspect, the invention provides an

I nhi bitor of HN replication, of 10 the general fornmula I, or a
pharnaceu&g GPdssy acceptable salt thereof. 15 In one gobodi R there may
be provided an 1 nhibitor of a reverse transcriptase enzyne of HV, of the
‘general formula I, or a pharmaceutically acceptable salt thereof. In a
third aspect, the I nvention provides a use of an HV inhibiting anmount of a
conpound of formula |, or a pharnaceutically acceptable salt thereof. In a
fourth aspect, the invention provides a pharmaceutically conposition for

the 20 16 De&ea&&ﬁént%@%vm&ﬂdfgﬁ%ﬁfeaﬂ{ eRp/ERS Q%é?émf@&%tﬂé’r

prevention of  HV infectio conprising a corrpound of fornula , or

phar maceut i caﬂ ‘P’Sﬁﬂ%?é@ﬁ‘%eﬂbﬁéfyg?ﬁeﬂ?tﬁwer eefnenda pharpaesdigellical | y accept abl e
carrier nt, there may be provided a nethod for preparation
of a conpoun& ornu al, or a pharnmaceutically acceptable salt thereof.

5 In an embodiment, there may be provided a method for preparation of a

compound of formula I, or a pharmaceutically acceptable salt thereof.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
10 Asused herein, the term “Cy4 alkyl” is intended to mean lmear or branched

alkyl radicals containing from one to four carbon atoms and includes methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl and fert-butyl.

Asused hefein, the term “Cs4 cycloalkyl” is intended to mean saturated
15 cyclic hydrocarbon radicals containhgiﬂlree to four carbon atoms and

includes cyclopropyl and cyclobutyl.

Detailed description of preferred embodiments

According to a preferred embodiment, compounds of the invention are

defined accorcling to formula I wherein R? is preferably Cl, F, or H. More
20  preferably, R? is Cl or H. Most preferably, R? is H.

According to a preferred embodiment, compounds of the invention are
defined according to formula I wherein R4 is preferably H.

25  According to an eltemaﬁve embodiment, compounds.of the invention are

defined according to formula [ wherein preferably RS is Me.

Preferably, compounds of the invention are defined according to formula I
wherein R™ is Et or cyclopropyl. More preferably, R is Et.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Definitions 1o As used herein, the
term"Cl.4 alkyl  is intended to nmean |inear or branched al kygDre?%il %95504
containing fromone to four carbon atons and includes nethyl, ~e yl1,
propyl, isopropyl, butyl, sec-butyl and Pert-butyl. As used herein, the
term"Cs. 4 cycloalkyl™ is intended to nean saturated 15 cyclic hydrocarbon
radi cal's q@yadss8 ng three to four carbon atonms and i RgirdBSeogayC! opr opyl and
cycl obutyl. Detail ed description of preferred enbodi ments According to a
preferred enbodi nent, conmpounds of the invention are defined according to
formula | wherein R2 is preferably A, F, or H Mre 20 preferably, R2 is
Cl or H Mst preferably, R2 is Ti Accérding to a preferred enbodi nent,
conpounds of the invention are defined according to fornula | wherein R4
is preferably H 25 According to an alternative enbodi ment, conpounds. of
the invention are defined according to fornula | wherein preferably R5 is
Me. Pref er abl fccosditg don grefeated erabadisnent; campeimgls dbthe desention anedi ng tg forml a
| wherein R is.Et ok cyclopr |. More.preferably, ' ig Et. 1
December 20049 dﬁ?%%]gg%o béﬁ%?%ﬁ’ggm@rﬁé’?%ﬁ’oﬁ%&eﬁ%mg‘ %\ﬁef erred

enmbodi nent , Cgﬁﬂ?uaﬂﬁaﬁ%cﬁhe invention are defined according to formula
wherein Qis preferably selected fromthe group consisting of: 5 Mre
preferably, Qis: Alternatively !eferred emodi ments of the invention

i ncl ude conpounds 10 sel egted N sting of: Cl 16 Decenber
2004

More preferably, Q is:

Alternatively, preferred embodiments of the invention include compounds
10 selected from the group consisting of:
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WO 01/96338 PCT/ CA01/ 00890 7 The conpounds of the invention are effective
inhibitors of wild type reverse transcriptase as well as inhibi]

exanpl e, the single mutation enzynmes Y181C, K103N, V106A, Gﬂgg;%kgﬁ¥%é§64
and P236L. The conpounds also 5 inhibit the double nutation enzynes

K103N Y181C, K103N P225H, K103N V108! and K103N L100lI. The conpounds of
formul a | wossgses | nhibitory activity against H V-1 pe@i¢Risogsshr anscri pt ase.
When admi nistered in suitable dosage forns, they are 1o useful in the
treatment of AIDS, ARC and rel ated disorders associated with HYV -1
infection. Another aspect of the invention, therefore, is a nethod for
treating H V-1 infection which conprisés adnministering to a human bei ng,
infected by H V-1, a therapeutically effective anount of a novel conpound
of formula I, as described awpve.PWiether it be ternmed treatnent or 15
prophyl axi s, the conpounds nmay 0 be used to prevent perinatal

transm ssion of H V-1 from by adpiRistration to the nother
prior to birth The conpoungs o yN\be inistered in single or
di vided doses 20 by the o H/o Npa rqgtes. A suitable oral dosage
for a conpound of fornul &I moul@tbe in the rahgdfof about 0.5 ngto 1 g
per day. A preferred oral dosage for a conpound of fornmula | would be in
the range of about 100 ng to 800 ng per day for a patient weighing 70 kg.
| n par ent er al Thd @hipountls ONbe irvefitibt 28 Hedios BIELILME bf WRYtypeRvalda from 0.1 to
250 ng of said 25 conpounds, preferably 1 ng to 200 ng. "It should be
under st ood, ‘HewsEEptaselss Wlkasinkibitpgoior exappie tigsdagle MORioNEL£00890 8 t hat

t he -dosage adyidy} i tq t jept will vary and the dosage

for any partid‘g%}ﬁ(tﬂ:fsf< %@N’?rilpééﬁmgegé%@%g’atﬂoolﬁg%iﬁ'g’mq‘ioﬁfrpé’f’%% 9 udgenent, who

wi Il use-as cinhitétithadbible friuativg sazpaedICT03Ng Yagies, khesns/mesrand condi tion of
K103N/V108I and K103N/1.1001L.

The compounds of formula I possess inhibitory activity against FIIV-1
reverse transcriptase. When a'dministered in suitable dosage forms, they are

10 useful in the treatment of AIDS, ARC and related disorders associated with
HIV-1 infection. Another aspect of the inventioz}, 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 novel compound of

. formula 1, as described above. Whether it be termed treatment or

15  prophylaxis, the compounds may also be used to prevent perinatal
transmission of HIV-1 from mother to baby, by administration to the mother
prior to birth.

The compounds of formula I may be administered in single or divided doses
20 by the oral or parenteral routes. A suitable oral dosage for a compound of
formula I would be in the range of about 0.5 mg to 1 g per day. A preferred
oral dosage for a compound of formula I would be in the range of about 100
mg to 800 mg per day for a patient weighing 70 kg. In parenteral
formulations, a suitable dosage unit may contain from 0.1 to 250 mg of said

25 compounds, preferably 1 mg to 200 mg,. It should be understood, however,



the patient as well as the patient's response to the drug. 5 Wen the
conmpounds of the present invention are to be adm nistered by E@Emuﬁh%lmxm
route, they may be adm nistered as nedi canments in the form of
pharmaceuti cal preparations, which contain themin association with a
conpati bl e pharmaceutical carrier material. Such carrier material can be an
10 inert ef@ankBsor inorganic carrier material suitalplegdaficosoal

adm ni stration. Exanples of such carrier materials are water, gelatin,
talc, starch, magnesium stearate, gum arabic, vegetable oils,

‘pol yal kyl ene-glycols, petroleumjelly and the Iike. 15 The pharnaceuti cal
preparations can be prepared in a convéntional manner and finished dosage
forms can be solid dosage fornms, for exanple, tablets, dragees, capsules,

and the |ike, ttattheldpoagt ad@GaBeafic H8m phednt eXpARNEwHDVAH, bdthe SUSPENSi ons,
enul sions and the |ike. The pharnmaceutical preparations nma be subjected

to convent i ondPsaBREREE Patticutar patit will depend wphn the dinisianlsijadgenent, 20

Furt her, the j : [ cont ai n_gonventional

20 wvant s such Sen et Rl RALER pRbl: HBdeet B e i BPUcon 8

f 1 avour - i npr otteriientas inellng trgsatient's tesfohss ®,thedhdgs for varying the osnotic
pressure and the like: Solid carrier material which can be used i ncl ude,
for exanpl &, starch, lactose, mannitol, methyl cellul ose, mcrocrystalline
cel lul ose, tafhen$id d el j ' ﬁ% b8 and ki gh ol ecul ar
wei ght polynerse?suéﬁﬁ§%{ g%?§%§ﬁ§%$ﬁ§h§?§§% SEEQ? parg%?%gggnhse, a
conmpound of f orahrdude, thayanaybie: abhiinistesédasaneditantihts inqhefous ofr NON- aqueous

sol ution, suspension or enulsjion in a 16 Decenber 2004 WO 01/96338

PCT/ CAO1/ 0089 entical separatiensy which eontaip them in asgpciationiwith e of | i qui ds,
whi ch may cong@hdht '&%qj@gli%rr@ tebial. 3RdH Ak Sl RESESLYat | ves,
buffers or ot herlghsol es to rer? er tﬁﬁe sd?ﬁ‘ﬁ%ﬁh%sot opI C vm% t he bl ood,

t hi ckeni ng0 agkwtiorganicmdnoigagic carrier material suitable for oral administration.
Examples of such carrier materials are water, gelatin, talc, starch, magnesium
stearate, gum arabic, vegetable oils, polyalkylene-glycols, petroleum jelly and
the like.

15 The pharmaceutical preparations can be prepared in a conventional manner
and finished dosage forms can be solid dosage forms, for example, tablets,
dragees, capsules, and the like, or liquid dosage forms, for example solutions,
suspensions, emulsions and the like. The pharmaceutical preparations may
be subjected to conventional pharmaceutical operations such as sterilisation.

20 Further, the pharmaceutical preparations may contain conventional
adjuvants such as preservatives, stabilisers, emulsifiers, flavour-improvers,
Wetiing agents, buffers, salts for varying the osmotic pressure and the like.
Solid carrier ma;cerial which can be used include, for example, starch, lactose,
mannitol, methyl cellulose, microcrystalline cellulose, talc, silica, dibasic

25  calcium phosphate, and high molecular weight polymers (such as
polyethylene glycol).

For parenteral use, a compound of formula I can be administered in an

aqueous or non-aqueous solution, suspension or emulsion in a



agents or other pharmaceutically acceptable additives. Additives of this
type 5 include, for exanple, tartrate, citrate and acetate buffey smber 2004
et hanol , propylene glycol, polyethylene glycol, conplex forners ?sucﬁ as
EDTA), antioxidants (such as sodiumbisulfite, sodium netabisulfite, and
ascorbic acid), high nolecular weight polyners (such as liquid

pol yet hyl gfgoi¥isgies) for viscosity regulation and pglotriavdegsne derivatives
of sorbitol anhydrides. Preservatives 10 may al so be added if necessary,
such as benzoic acid, nmethyl or propyl paraben, benzal koni um chl ori de and
‘ot her quaternary ammoni um conpounds. The conpounds of this invention may
al so be adninistered as solutions for 915 nasal- application and may contain
in addition to the conpounds of this invention suitable buffers, tonicity
adj usters, m @hekhdeutiial§ akcéplable®H or dMhikQu¥é éﬁﬂﬁﬁds?ﬂ:@ﬁcwn’%%%h{&i' ncreasi ng
agents in an aqueous vehicle. Exanples of agents used to Increase

vi scosity ar e bpdesjastaticlagentscingipxidens, pn¢servativeie bidfexs pwether solutes to

pol yvi nyl pyrrql.i e, | ysor bat e r .ql .i,n. . M crobial 2Q. preservatives
added may inc?%ﬂdfeag gﬁgg%féﬁﬁoﬁ%%l%mﬁgﬁ?ec}%?%ﬁﬁlmg@ RS ut anol  or
phenyl et hyl akgehobr omécpﬂama@uﬁyanytab@g%mwmsm&ﬁﬁ%%f% g invention

can be adm nistered by suppository. 25 The conpounds of the i"nvention nmay
be made usiSng Mddes for ekample, tarteaje citeats and agetgphivéiershethind, propyleneenpl ary

reacti on sche | ' e 16, De r_200 01/ 96338
ben CAoL) oBoaDrs” Rilet il r@p%l‘%"ogﬁ%%s e AR ERTAT aaf ot ch R re v
R NHS Xyi engsuth as sodium bisulfite, sodium metabisulfite, and ascorbic acid), high

molecular weight polymers {such as liquid polyethylene oxides) for viscosity
regulation and polyethylene derivatives of sorbitol anhydrides. Preservatives

10 may also be added if necessary, such as benzoic acid, methyl or propyl
paraben, benzalkonium chloride and other quaternary ammonium

compounds.

The compounds of this invention may also be administered as solutions for

15 nasal 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

20 pre;servaﬁves added may include benzalkonium chloride, thimerosal, chloro-
butanol or phenylethyl alcohol. |

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

25
The compounds of the invention may be made using the skills of a synthetic

organic chemist. An exemplary reaction scherme is shown in schemes 1 o 6.
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is M N2 RLi-NH z THE o e R x w X=Ctorr NaH Ml DWW, 50C

sequence of scheme 2 is anal ogous to one descri bed by J. M Gjr%gﬂe(:é?gg?go%
J. Med. Chem 1998, 41,2960-71, and C.L. Cywin et al.; J. Med. Chem 1998,
41, 2972-84. 16 Decenber 2004 WD 01/ 96338 PCT/ CAO1/ 00890 11 Schene 3:
"Prepar ati woabsssnt ermedi ates in which R2 is Cl-3 al kwcticaoroessdh H z Cl ur
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Scheme 1: Preparation of intermediates in which R is Me
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Scheme 2: Preparation of intermediates in which R is Me
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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. Cywinet al; J. Med. Chem. 1998,
41, 2972-84.



H3C 1. NaHMCS dine 2. Mel HSC ,N. O iN'N 111 NH Pd(OH) 2. H2 Schene 4:

Preparation of internmediates in which R2 is CF3 Eto 1. NaH, 4
{CF,SO :,NFh 3.EWHZ RT, 20h Oa OAc NH, O H2 McOH F3C %Gﬁlf%%eﬁzﬁ’fo

Rux, 3h 2, 4N HCl, 45*C &n, RT 16 Decenber 2004 WD 01196338 12 Schene 5:
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Scheme 3: Preparation of intermediates in which R2 is Cy.g alkyl
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Scheme 5: Introduction of the quinoline nucleus
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As stated before, the compounds provided by the invention inhibit the
enzymatic activity of HIV-1 RT. Based upon testing of these compounds, as
described below, it is known that they inhibit the RNA-dependent DNA
10 polymerase activity of HIV-1 RT. It is known (data not shown) that they also
| inhibit the DN A-dependent DNA polymerase activity of HIV-1 RT. Utilising
the Reverse Transcriptase (RT) Assay described below, compounds can be



C.- N C HN'N Aat As stated before, the conpounds provided by the
invention inhibit the enzymatic activity of H V-1 RT. Based est}

of these conmpounds, as described below, it is known that the%g?}r%ﬁ?"%befﬁp(%g
RNA- dependent DNA 10 pol ynerase activity of HHV-1 RT. It is known (data not
shown) that they also inhibit the DNA-dependent DNA pol ynerase activity of
H V-1 RT. widdibéssd Ng the Reverse Transcriptase (RT) AggaXed@peri bed bel ow,
conpounds can be 16 Decenber 2004 WD 01/96338 PCT/ CA01/ 00890 13 tested for
their ability to inhibit the RNA-dependent DNA pol ynerase activity of HV
-1 RT. Certain specific conpounds described in the Exanples which appear
bel ow, were so tested. The results of ¥his testi ng appear in Table 2 as
1C50 (nM and Table 3 as EC50 (rM. EXAMPLES The present invention is
illustrated i tesfeddddtheir disitity o ifbyibit e RMAldependentDINA polpintdagg exanpl es. All

reactions were perf in_a nitrogen or argon 1Q atnosphere. Tenperatures
are given in &%ﬁ%@giﬁﬁéﬁﬂ@%ﬁﬂ?@owgﬁ@%&&ewﬂﬂeaﬁ’ia%ﬂ@xpress a

vol urme to vol wmhraﬁbg&ib%%%@%&g‘?g?ﬁ%gﬂs 8@?%2%%%‘2??@%2%“ ations or

synbol s used herei h* 1 ncl ude: azo ;15 DI AD:

di i sopropyl aZahle 2 as Kax{nMitamyd TaBleBAs Hillsi (8b)r opyl et hyl ami ne;  DVAP:

4- (di met hyl.am o) pyri di ne; DVSO di net hyl sul f oxi de; DMF:

di met’hyl f oPmani de; 20 ES Ms: el ectron spray mass spectronmetry; Et: ethyl;

EXAMPLES

The present invention is illustrated in further detail by the following non-
limiting examples. All reactions were performed in a nitrogen or argon
10  atmosphere. Temperatures are given in degrees Celsius. Solution
percentages or ratios express a volume to volume relationship, unless stated
otherwise.
Abbreviations or symbols used herein include:
DEAD: diethyl azodicarboxylate;
15 DIAD: diisoprop-yl azodicarboxylate;
DIEA: diisopropylethylamine;
DMAP: 4-(dimethylamino)pyridine;
DMSO: dimethylsulfoxide;
DMEF: dimethylformamide;
20 ES MS: electron spray mass spectrometry;
Et: ethyl;
EtCAc: ethyl acetate;
Et2O: diethyl ether;
HPLC: high performance liquid chromatography;
25  iPr:isopropyl;
Me: methyl;
MeOH: methanol;
MeCN: acetonitrile;

NBS: N-bromosuccinimide;



Et OAc: ethyl acetate; Et20 diethyl ether; PLC high performance |iquid
chromat ography; 25 iPr: isopropyl; Me: nmethyl; MOH nethan é %%%\IQOM
acetonitrile; NBS: N-bronosuccinimde; 16 Decenber 2004 WO O 5)8%

PCT/ CAO / 00890 14 Ph: phenyl; TBE: tris-borate-EDTA; TBTU 2-(1H
benzotriazol 1-yl)-N,N,N ,N -tetranethyluronium tetrafluoroborate; 5

TFA: trifwgeisasetic acid, THF: tetrahydrofuran; MSpéfSleradbeectrospray
mass spectronetry; MS (FAB) or FAB/ Ms: fast. atom bonbardnment nass

spectronetry; HRMS: high resolution nass spectronetry; 10 PFU:. pl aque
form ng units; DEPC diethyl pyrocarbonate; DIT: dithiothreitol; EDTA

et hyl enedi anri netetraacetate; UWP: uritdi ne 5' - nonophosphate; 15 UTP:
uridine 5 triphosphate; MES: 2.-(n norpholino)ethanesul fonic acid,

SDS- PACGE: - sodfluphelgdecyl sul f at e- pol yacryl am de gel el ectrophoresis; MACO

5 B st 1 S (RGBT Ainet hy1 am noj pr opane

TBTU: 2~(1H-benzotriazol-1-y1)-N,N, N’ N'-tetramethyluronium
tetrafluoroborate;

5 * TFA: trifluoroacetic acid;
THEF: tetrahydrofuran;
MS (ES): electrospray mass specirometry;
MS (FAB) or FA]‘S/ MS: fast atom bombardment mass spectrorr;elry;
HRMS: high resolution mass spectrometry;

10 PFU: plague forming units; '
DEPC:diethyl pyrocarbonate;
DTT: dithiothreitol;
EDTA: ethylenediaminetetraacetate;
UMP: uridine 5’-monophosph.ate;

15 UTP: uridine 5riphosphate;

' MES: 2-(n-morpholino)ethanesulfonic acid;

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
MWCO: molecular weight cut-off;
Bis-Tris Propane: 1,3-Bisftris(hy droxymethy!)-methylamino}propane;

20  GSH: reduced glutathione;
OBG: n~Octyl-B-D-glucoside.

SYNTHESES
The following examples illustrate methods for preparing compounds of the

25 invention.

Example I (entry 24, Table 1)
5,11-Dihydro-11-ethyl-5-methyl-8-(2-(4-quinolinyloxy)ethyl}-6H-
_ dipyrido[3,2-1:2',3"-e] [1,4]diazepin-6-one
30



20 GSH: reduced glutathione; OBG n Cctyl-!3-Dglucoside. SYNTHESES The
follow ng exanples illustrate nethods for preparing conpounds t he, 2

i nvention. Exanple | (entry 24, Table 1) lngecemeber3004
5,11-Di hydro-1|1-ethyl -5-nmethyl-8-(2-(4-quino linyloxy)ethyl j-6H

di pyridof3,2-b:2 ,3 -¢ej [1,4]di azepin-6-one 30 16 Decenber 2004 WO

01/ 96338 R@lriedssl/ 00890 15 a) 2 (Ethyl azni no) 3-nitr egyicadigage To a sol ution
of 2-chloro-3-nitropyridine (51 g, 325 mol) in THE (650 nL) was added a 2
M solution of ethylamne in TFW (365 nL, 731 mvl). The reaction was
'stirred at room tenperature overnight. The reaction m xture 5 was poured
into water (1.5 L) and the resulting sBid was filtered and dried under
reduced pressure’to give the title conpound (52 g)_ b)

3- Ani no- 2- ( et &)y Rdhthylam)ipy)-3-ditrepyfidénd ut i on of 2 (et hyl am no) 3

ni tropyri di neT¢ a2olgdion of Mibio(3ekiGopyridina? glBP53tunbl) &l THY €650i at room

t enper ature under hydrogen (1 atm)_ in the esence of 20% Pd(OH)2/C (10.4
g). The catal }¥8t2 & OBQ}#YWWBIT}E%I?W&W%WMUS earth. The

filtrate was mﬁ,@&@% gﬁﬁn I ‘G : title
conpound as aﬁ%I ac éol | d%g g,tre % yI glog%ﬁgﬁg%gbé atﬂge b). 15 c)
2- Chl or o- N5 [ 2waepduytkd anto water (-3t dndli thy tepulfing salibwas filpyred addsiet boxanmi de To

a cool ed solutiopn of 3-am no-2-(ethylam no)pyridine (30.6 g, 223 nmmol) in
MeCN ( 740 rrL)“ﬂ&rﬁ%ﬁﬁﬁp’?ﬁwfﬁm\éﬂ@%@SGF"@PS‘?{“‘%%gg)nmI). After 5 min,

b) 3-Amino-2-(ethylamino)pyridine
A solution of 2-(ethylamino)-3-nitropyridine (52 g) in MeOH (600 mL) was

10 stirred overnight at room temperature under hydrogen (1 atm.} in the
| presence of 20% Pd(OH)2/C (10.4 g). The catalyst was removed by filtration
tfu‘ough diatomaceous earth. The filtrate was concentrated under reduced
pressure to give the title compound as a black solid (39 g, 88% yield over
steps a) and b).
15 '

¢) 2-Chloro-N-{2-{(ethylamino)-3-pyridinyl}-5-bromo-3-
pyridinecarboxamide
To a cooled solution of 3-amino-2-(ethylamino)pyridine (30.6 g, 223 mmol) in

MeCN (740 mL) was added solid NaHCO;s (56.3 g, 669 mmol). After 5 min,

20  crude 5-bromo-2-chloro-3-pyridinecarbonyl chloride (prepared from 5-
bromo-2-hydroxy-3-pyridinecarboxylic acid and SOClz {as described by T.
W. Geroet al. m Synth. Commun. 1989, 19, 553-559 (incorporated herein by
reference) but with omission of the aqueous work-up] was added: (1 equiv.,
223 mumol). After 2 h, the reaction mixture was pouréd overice/H0 (1.5L)

25  and the resulting solid was filtered, rinsed with H20 and then hexane. After
drying under reduced pressure overnight, the title compound was obtained
as a black solid (54.9 g, 69% yield).

d} 8-Bromo-5,11-dihydro-11-ethyl-6H-dipyrido[3,2-b:2",3"¢][1 4] diazepin-6-
30 one .
' To a solution of 2-chloro-N-{2-(ethylamino)-3-pyridinyl}-5-bromo-3-



20 crude 5 brono-2-chl oro3-pyridi necarbonyl chloride (prepared from 5-

br ono- 2- hydr oxy- 3- pyri di necar boxylic acid and SOCl2 [as descri by, T
Gero et al. in Synth. Commun. 1989; 19, 553-559 (i ncorporated héggéﬁe%?/eﬂoow
reference) but with om ssion of the agueous work-up] was added- (1 equiv.,
223 mmol ). After 2 h, the reaction m xture was poured over ice/H20 (1.5 L)
25 and t hworeesasbd i ng solid was filtered, rinsed w thpEPCaanossd hen hexane.
After drying under reduced pressure overnight, the title conpound was
obtained as a black solid (54.9 g, 69%yield). d) 8-Srono-5,11-di hydro
‘11-ethyl -6H di pyrido[ 3,2 b:2',3" -e][1Adi azepi n-6- 30 one To a sol ution of
2-chl oro-N-{2- (et hyl am no) - 3- pyri di nyl'}-5-brono-3 16 Decenber 2004 WO
01/96338 PCT/ CA01/ 00890 16 pyri di necar boxam de (54.9 g, 154.4 nrnol) in
pyri di ne (308PyAdingparbspamidgda4.9 g datd mypelpinpridine (B0 #R0i°6Grwast Na. HVDS

(sodi um hexa | 8b54i8% B s o1 . n . 10 mn, the
reaction vvasn%f#}gvc\ggﬁto coo S’P%llh&rl-égﬁaﬁgﬁ%égg lljlrgé,exérqI hﬁ%@a\%ﬁc@ pour ed over
ice water (2 in)THF{365 tris285triungl) SAB@l 10 @ninpthe kédctiat @ds alldwrsias cobltth wat er and
t hen hexane. The solid was drjed wunder reduced pressure to give the title
conpound (36 @°W¥%5%@Wﬁm%ﬁr%wa& (%}). The resultng
8 Brono- S, 31- A Gnckleaetie AR b P e 1R Wledofia Wag avida. 10
e][1, 4] di azepi n-6-one To a solution o e
8- br ono- 5, 11- dirdey deducdd prebduyt toqiivelihe YitledolnBo@nd(38'g, B% ¢ikld) as a
[ 1, 4] di azepi n- 6= 0ne ((57"36 7 g9, 115 mol) in DWVF (380 nL) was added NaH (3.5
g, 138 mol ), 9akéeRsxt ure was heated to 50 OC for 30 min. The reaction
m xture was cooled to roomtenperature and treated with Mel (14.3 ni, 230
15 mmol ). After 1.5 h, the reaction m xture was poured over ice water. The
solid was fi¢t &Bromovwddiibydvoslf-etigil Grmethyil-6Helipyradof®2-bi2)3'gi ve after’
dryi ng thaoti¢][igt]ldipeepiorohe( 37.9 g 99% vyield) as a dark grey solid.

To a solution of the 8-bromo-5,11-dihydro-11-ethyl-6H-dipyrido[3,2-b:2' 3'-¢]

[LA4]diazepin-6-one (36.7 g, 115 mmol) 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 was cooled to room temperature and treated with Mel (14.3 mL, 230

15 mmol). After 1.5 h, the reaction mixture was poured over ice water. The solid
was filtered, washed with water and then hexane to give after drying the title
compound (37.9 g 99% yield) as a dark grey solid.

f) 5,11-Dihydro-11-ethyl-5-methyl-8-(2-propenyl)-6H-dipyrido[3,2-b:2",3'
20  e][l4]diazepin-6-one
Allyltributyltin (30.7 mL, 99.0 mmol) and Pd(PhsP)4 (5.20 g, 4.50 mmol) were

added to a degassed (N2 through solution for 30 min) solution of 8-bromo-
511-dihydro-11-ethyl-5-methyl-6H-dipyrido[3,2-b:2',3"-¢][1,4]diazepin-6-one
(30.0 g, 90.0 mmol) in DMF (450 mL) at room temperature. The mixture was

25 stirred at 90 °C for 1.5 h then was cooled to room temperature and
concentrated under reduced pressure. The residue was purified by flash
chromatography (hexane: EtOAc, 8:2 to 7:3) to give the title compound (22.19
g, 84% yield).

30 g) 511-Dihydro-11-ethyl-8-(2-hydroxyethyl)-5-methyl-6H-dipyrido[3,2-



f) 5,11-D hydro-11-ethyl-5-nethyl-8-(2-propenyl)-6H di pyrido[3,2-b:2",3

20 e][1, 4] di azepin-6-one Allyltributyltin (30.7 nL, 99.0 mol %}65@(: ber 2004
Pd(Ph3P)4 (5.20 g, 4.50 nmol) were added to a degassed (N2 throlg

solution for 30 mn) solution of 8-brono- 5,11-di hydro-I1-ethyl-5-nethyl-6H
di pyrido[3,2 b:2',3 -e][1,4]diazepirv-6-one (30.0 g, 90.0 mol ) in DV
(450 m.) wloowmepe tenperature. The m xture was 25 stiptiedoais®0 C for 1.5 h
then was cooled to roomtenperature and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane: EtOAc,
8:2to 7:3) 'to give the title conpound, (22.19 g, 84%yield). 30 g)

5,11-Di hydro | 1-ethyl-8-(2-hydroxyet hyr") -5-net hyl - 6H-di pyrido[ 3,2 16
Decenber 2004 WD 01/96338 PCT/ CA01/00890 17 b:2',3'e] [1,4] diazepin-6-one
A stream of ozoh25¥elllldigaepindsorizubbl ed t hrough a cold (-78 C) solution of
5, 11- di hydr o- Astresarhyf oZonised bysige wag byhtiabibydughGidoti (FErCialdidhd: 2' , 3' e]

[1, 41di azepi n: 6- ane( 221 w D jpmol ) i Cl2 ( ) and MeCOH (150
5 nm) for 2. &ﬁl%@@iﬁ#ﬂﬁ%ﬁ%@?&%ﬁﬁéﬁ%&ﬁﬂ?@%@%m sol ution for
15 mn and t akd 4%nm ot geedh sol ution.
The reacti Onﬂ%ﬂ;ﬁtﬁl&ﬁg@-ﬁg&@’io wé}jﬁlto r%)g\%@%%er ateE)?Ie@ﬁg\fter 1 h,
aqueous saf uralgior RIECA s2eam nf Iz wasnexdt bdeblatitiraugh td solution foxdd stirred at

room tenperatucte f 2h.. r i ol vent s re renoved under reduced 1
0 pressure. Vﬁf%@d(%é%sogr@;\?%ﬁ_g(%’33%%‘65’%%‘3“\\@?%‘0&58 T 1€ resi due.
The phases VRb@icheRRfuRé Rl ARRNINS waRHE O B PErat@S. RiEr@gt ed with CHCG 3
(3 x 300 nL). The conbined organic |layers weré dried (MgSO4), filtered and

concent r at ed avgens sabgated WEpCbSEUME) waheddedeind e mixsunpwas ftimel aly f | ash
; ihglog;at gg r gp h | E;t%;gJFri%gtcrg fﬁdi' 2%2, & or%iaﬁ/jce: sglpeentst vlrérle Ferricv %liltﬁgr rgeégc'egi g, 72%15
Di hydr o. 11e et pugbsube. Metéy3008n])2nd4HUL (300 tily Werdaddedyd the 8dsitue. The

phases were separated and the aqueous layer was extracted with CHCls (3 x

300mL). The combined organic laj*ers were dried (MgSQOy), filtered and

concentrated under reduced pressure. The residue was purified by flash

.chromatography (BtOAc:CHCls, 4:1) fo give the title compound (16.1 g, 72%

15 yield)as a whitesolid.

h) 5,11-Dihydro-11-ethyl-5-methyl-8-{2-(4-quinolinyloxy)ethyl}-6H-
dipyridof3,2b:2",3"-¢] [1,4]diazepin-6-one
Diethyl azodicarboxylate (DEAD) (12.8 mL, 81.0 mmol) was added drop-

20 wise to a solution of 5,11-dihydro-11-ethyl-8-(2-hydroxyethyl)-5-methyl-6H-
dipyrido[3,2-b:2’,3"-¢] [1 4]diazepin-6-one (16.1 g, 54.0 mrhol), 4-
hydroxyquinoline (11.6 g, 81.0 mmol) and PhsP (21.3 g, 81.0 mmol) in THF
(270 mL) at room temperature. The mixture was stirred at room temperature
for Th then was concentrated under reduced pressure. The residue was

25  purified by flash chromatography (EtQAc:MeOH; 95:5) to give the title
compound (17.7 g, 77% yield) as a white solid: MS (ESI) m/z 426 (MI)*.

Example 11 (enitry 2, Table 1)
2-Chloro-5,11-dihydro-11-ethyl-5-methyl-8-{2-(4-quinolinyloxy)ethyl}-6H-
30 dipyrido[3,2-b:2’,3"-e] [1,4ldiazepin-6-one



di pyrido[3,2b:2",3 -e] [1]diazepin-6-one D ethyl azodicarboxyl ate (DEAD)
(12.8 nL, 81.0 mmol) was added drop 20 wi se to a solution of

5, 11-di hydro-11- et hyl - 8- (2- hydr oxyet hyl ) - 5- net hyl - 16 December 2004
di pyrido[3,2-b:2",3 -¢e] [1,4]diazepin 6-one (16.1 g, 54.0 nmol ), 4-

hydr oxyqui noline (11.6 g, 81.0 rnnol) and Ph3P (21.3 g, 81.0 mmol) in THP
(270 m.) wlooimnse tenperature. The m xture was stirre@cafcaiimosnt enper at ure
for 1h then was concentrated under reduced pressure. The residue was 25
purified by flash chromat ography (Et OAc: MeOH, 95:5) to give the title
compound (17.7 g, 77%yield) as a V\,hi.tg solid: M5 (ESI) mz 426 (NH)+.
Exanple Il (entry 2, Table 1)

2-Cliloro-5,11-di dro- 11- et hyl nmet hyl {2-(4-qguinclinyloxy)ethyl}-6H 30
di pyri do[ 3, 2-8: @Cﬁwoe?a(eﬁhylmaph%@pmpy@dwe 16 December 2004 WO 01/ 96338
PCT/ CA01/ 008%!nﬂc8~cal)d sdlutiohof BENEZ @P Byl hitinnD) in ®luene (20Pyuli)dvase An i ce-col d

Ton t o an | caden g eap ftinas e soR il S PR (100.0 g
0.52 nol) in gwdm%mﬁsz(:ﬁéﬁm%])u fsﬁ%tﬂémeﬁhééﬁrﬁé&a%b@f&&or 45 5 min.

Water (500 niL Et OAc 00 nmL) weré added and the phases Wre
separ at ed. 5Trm1r0r‘@d:m60(?mﬁéandnﬁ A0 (G0mE) weteyadvled waditheiphhsesateze (200 nl)

and brine (200 nL SA), filtered an entr der reduced
o osour o Thatplaki, The S e Was fucsbeil eated Pt it Ve he t il e
conpound (83 afidOorirBQ00MhE), SieB @ISt SilteRARAH REncehPatdll under reduced
3- Am no- 6-chl or o- 2- él'hhyl am no yr|d| ne A sol ution of SnQ2.H20 (616.3 g,

(2

2.73 nol) i n RgwasThezesigyatsoli @smys @puM@Ha@la:erdﬂnecﬁtée sol ution of
6-chl oro-2-(e 4 g, 0.84 nol) in AcOH (1.7
L) at roomtectr(r)p r%&?@?’g&?p‘étﬂ%@y m’f’ﬁ%‘:’(d}@os m xture was cooled to 0 C and
wat er (25@ nL) was added. Solid NaO—| (240 ’

b) 3-Amino-6-chloro-2-{ethylamino)pyridine
A solution of SnCl.H20 (616.3 g, 2.73 mol) in aqueous 12 N HCI (500 mL)

was rapidly added to a solution of 6-chloro-2-(ethylamino)-3-nitropyridine
(169.5 g, 0.84 mol) in AcOH (1.7 L) at room temperature. After 20 min, the

15 mixture was cooled to 0 °C and water (250 mL} was added. Solid NaOH (240
g) was then added in small portions. The resulting suspension was filtered to
remove tin salts. The filtrate was diluted with water (3.5 L), the solution

‘rendered basic by addition of aqueous 10 N NaOH and then extracted with

EtOAc (3 x 1.7 L). The combined organic layers were washed with brine ¢

20 L), dried (MgSOy), filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane:EtOAc, 3:2) to give
the title compound (89.9 g, 62% yield) as a brown solid: MS (ES) m/z

172/174 (MH)*.

25 ) 5-Bromo-2—chlom-N-[2-(ethyiamino)-6—-chloro-3-pyridinyl}-3
pyridinecarboxamide
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- anuno~6—
chloro-2-(ethylamino)pyridine (16.6 g, 97.0 mmol) in MeCN (180 mL)
30  containing solid NaHCO3 (14.2 g, 169 mmol) at room temperature, The



g) was then added in small portions. The resulting suspension was filtered
to renove tin salts. The filtrate was diluted with water (3. th
solution rendered basic by addition of aqueous 10 N NaCH and%hécﬁmbepzom
extracted with EtOAc (3 x 1.7 L). The conbined organic |layers were washed
with brine (1 20 L), dried (MgSO4), filtered and concentrated under reduced
pressur e. whhenssigesi due was purified by flash chronmat ggiraRfiesofiexane: Et OAc,
3:2) togive the title conmpound (89.9 g, 62%yield) as a brown solid: M
(ESI') nfz 172/174 (W*. 25 c) 5-Bronp-2-chloro-N

(2- (et hyl ani-i no)-6-chloro-3-pyridinyl)-3 pyridinecarboxam de A sol ution of
5- br onp- 2- chll or o- 3- pyri di necar bonyl cHPori de (30.0 g, 97.0 Innmol) in MeCN
(100 nL) was added via cannula to a solution of 3-am no-6-

chl or 0- 2- (et hyixamiwae stigred ali mem(tdfipératyre 858 1. rWatet (200 miMaabladddi0 nl) 30

contai ning solid, NaHCO3 (14.2 g, 169 | ) at_r-oomtenperature. The 16

Decermber 200£RhAPF B Sﬁ@f“‘a% /W@nggjéel@‘qﬂnﬁtsﬁf@%%wé‘?i rred at room

tenperature f g : i ' e was stirred
ftferdd. "Fhe\M81i@4vab %&Mﬂ@éﬁ@@ﬁ %ﬁ%ﬂ%&%@@@s &

for 10 min. The resulting suspension was was washed
wi th Et 20 ( 50pyridinesotitionn(3 #1560 malt) éo give dnd titlquopmpbiznd (281 g75%ryigld). x 50 nl) to
give the tjtle conpound (28.4 g, 75%yield). 5 d) 8-Broaato

2-chl oro-5; 11-di hydro- 11-et hyl -6H di pyrido[3,2 b:2"',3" -¢€j

j 1, 4] di azepi nq)68-Bedin2chidrs 8111 diRAIeH1 i 30467 3kenl, 167.5 mmol)
was slowy adg@flijade h@,ﬁ;aﬁl,utfon of 5-bro -2-02?’-?5?@-1% Al '
{2-(ethy|am’n§ Bé kel '9'![] ' 8.4 g, 72.8
mol ) in pyri |F£sa(il %{& ea?%&%l%g'sé&ﬁ%ﬁe re?gvt%s%ﬁm'- ?&%‘% was
stirred at 500@sblutiof of5-brombHachivpotNH2(ethtantine6-ciiorordeshridiid)-3 mi xture of

wat er and ice L nd, after 1 _h, the resultin suspensi on was filtered.
The sol i d%spséaéﬂf%a&wm%f&gé&%mmﬁ)éﬂmew(ﬂémL) heated to 50 °C.

The reaction mixture was stirred at 50 °C for 1.5 h. The mixture was then

poured into a mixture of water and ice (1 L) and, after 1 h, the resulting
suspension was filtered. The solid was washed with water and dried under
reduced pressure to give the title compound (23.4 g; 91% yield).

15

¢) 8-Bromo-2-chioro-5,11-dihydro-11-ethyl-5-methyl-6H-dipyrido[3,2-
b:2',3’-¢] [1,4]diazepin-6-one
Solid Nak (60% oil dispersion, 3.46 g, 86.1 mmol) was added over 30 min to a

solution of 8-bromo—2-dﬂoro—5,11-dibydro—11—ethy1—6H—dipyrido[3,2—b:2’ 3]
20 [1,4]diazepin-6-one(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 (1 L) and the resulting suspension was filtered.
The solid was successively washed with water and hexane then dried under
reduced pressure to give the title compound (23.0 g, 94% yield).
25

f) 2~Chlor0-5,11-dihydro-11-ethyl~5-methyl-8-(2-pr0peny1]-6H~cﬁpyrido[3,2-
b:2’,3"-e] [1,4]diazepin-6-one
Allyltributyltin (21.3 mL, 68.7 mmol) and Pd{PhsP)s (3.61 g, 3.12 mmol) were

added to a degassed (Nz through solution for 30 min) solution of 8-bromo-2-
30 - chloro-5,11-dihydro-11-ethyl-5-methyl-6H-dipyrido[3,2-b:2’,3'-¢]
' [14]diazepin-6-one (23.0 g, 62.5 mmol) in DMF {312 mL). The mixture was



reduced pressure to give the title conpound (23.4 g; 91 %yield). 15 e)

8- Bronp- 2- chl or 0- 5, 11-di hydro- 11- et hyl - 5- met hyl - 6H di pyri do[ 3’1%!) Zt;e’r%g f]
[1, 4] di azepin 6-one Solid NaH (60% oi |l dispersion, 3.46 g, %
added over 30 min to a solution of

8- brono- 2-chl oro-5, 11-di . hydro-11-ethyl -6H di pyrido[ 3,2 b:2',3 -e] 20

[ 1, 4] di azeg@ dieésone (23.4 g, 66.3 mol) in DVF (220 bekicabidadeC. The

m xture was stirred at 50 Cfor 1 h then was allow to cool to room
tenperature. The mxture was poured into water (1 L) and the resulting
suspension was, filtered. The solid Waﬁ]r successi vely washed with water and
hexane then dried under "~ reduced presstifre to give the title conpound (23.0
g, 94%vyield). 25 f) 2-Chloro-5, 11-di hydro

11- et hyl - 5- nehenpd 1®- wzcéom%anQmmnewaSpqueu’m@@d 2ndér2dycd- e]

(3610, 5 1Pty fhrlitittetiar (ol sbmrmitignessotion for oo

m n) sol ut|0n7g)fto &ytﬁgaﬂac 1. MQ (}5—5’5}3 gld_l hydr o- 11- et hyl - 5- net hyl -
di pyrido[3,2 b:2,3 -e] [1,4] azepln one (23.0 g, 62.5 nmol) |nDI\/F2312

m.). The m xture was 16 Decenber 2004 WO 01/ 96338 PCT/ CAO1/ 00890 20 heat ed

residus wad Sg%n ég&ﬂgﬁ{ggfﬁ » 3@@%&&{&%@@@ d pressure. The
h |

e L TR e o §XI9§1H ST oot e

di pyri dof 3, 2- @112@.%@11%;;145 ﬁleﬂ@qu?r@eam.eﬁzfﬁﬁﬁ&qs oxygenwas introduced

into a cold (78 C) "sol ution of 2-

5, 11- di hydr o- ﬂﬂ@m@m(ﬁﬁ&@?mlm@ﬁwm{mmmm(;zozb 2", 3" -¢€]

5L 225 L8 i BB e el SRR R R phoot’?

through the solution to remove excess Os. Solid NaBH, (2.69 g, 71.1 mmol)

was next added in small portions and the mixture was allowed to warm
slowly to room temperature. After 1 h, aqueous saturated NHC (150 mL)
was added and the mixture stirred for 20 min. The organic solvents were

15 removed under reduced pressure. Water (100 mL) was added to the aqueous
solution. The solution was extracted with CHCls (3 x 200 mL). The combined
orgarnic layers were dried (MgSOy), filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography (EtOAc:CHCls,
4:1) to give the title compound (104 g, 77% yield).

20

h) 2-Chlore-5,11-dihydro-11-ethyl-5-methyl-8-{2-(4-quinolinyloxy)ethyl}-
6H-dipyrido[3,2-b:2’,3"-e] [1,4]diazepin-6-one
Diethyl azodicarboxylate (DEAD) (4.26 mL, 27.0 mmol) was added drop-

wise fo-a solution of 2—ch10r0~5,11—dihydxo-11-eﬂlyl—S-(Z—hydroxyethyl)-B-
25 methyl-6H-dipyrido[3,2-b:2',3'-e] [1,4]diazepin-6-one (6.00 g, 18.0 mmol), 4-
hydroxyquinoline (3.92 g, 27.0 mmol) and PhsP (7.09 g, 27.0 mmol) in THE
(90 mL) at room temperature. The mixture was stirred at room temperature
for 1h then was concentrated under reduced pressure. The residue was
purified by flash chromatography (EtOAc:MeOH, 95:5) to give the title
.30 compound (6.22 g, 75% yield) as a white solid: MS (ESI) m/z 460/462.



t hrough the solution to renove excess 03. Solid NaBH4 (2.69 g, 71.1 mmol)
was next added in small portions and the m xture was al | owed 58 marq%{ 004
slowy to roomtenperature. After 1 h, aqueous saturated NH C Pfgﬁn %
was added and the m xture stirred for 20 min. The organic solvents were 15
renoved under reduced pressure. Water (100 nL) was added to the aqueous
sol uti on. wbhwses uti on was extracted with CHCl s (3 X pe®@adnilopsoo The conbi ned
organic layers were dried (MgSO4), filtered. and concentrated under reduced
pressure. The residue was purified by flash chromatography (EtOAc: CHCh,
4:1) to give the.title conmpound (10. 4 77%vyield). 20 h)

2- Chl oro-5, 11-di hydr o- 11- et hyl - 5- met hyf* 8- { 2- (4- qui nol i nyl oxy) et hyl)- 6H
di pyrido[3,2-b:2",3 -¢e] [1,4]diazepi n-6-one Diethyl azodi carboxyl ate (DEAD)
(4.26 nL, 27.0 mmol ) was added drop- wi se to- a solution of

2-chl oro-5, 11:di hydr -éL]ﬁ,gg h];élbl -)( 2- hydr oxyet hyl )-5- 25
nmet hyl - 6H- di pg’f g -Ibl ’ -88‘& . 4{1 gi a% pli :6-0ne (16. ?0 )g 18.0 mmol ),
4 hydr oxyqui n] :@f_ogrdpy .5,3,' zﬂj W%F@Q"W"W@’y%'o mmol ) in THE
(90 nL) at ro e ét B2-5R 1aZefic6-66¢ rred at room tenperature
for 1h theA was concentrated under reduced pressure. The residue was

purified by f i {’” %@%ﬁ@%ﬂg&& to give the title .30
oo (3 R Aol D R A R 2,15,

e
2- Chl or al | - cyadidrar sy 10 Mirl forzal ibaeb1 @ sdlutidt 472} 6-Belgrok3initidppalingy | oxy) -
ethyl)-6Hdi pyridof 3, 2-b:2',3'-e] f1,4ldiazepin-6-one 5 a)
6- Chl or o- 2- ( c{Pi0F L& p el wdplugne (1P melgy Fheaninairawesstinredat 06€ for 1 h
cycl opropyl ai i ( ' ne added over 10
mn to. an'PoehdftoduidnPersae by TP Wardlod ALUTREARD o e e
and the phases were separated. The organic layer was washed with brine (25

mL), dried (MgSOs), filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane:EtOAc, 3:2) to give
the title compound (1.97 g, 89% yield) as a yellow solid.

15 ’

b} 2-Chloro-11-cyclopropyl-5,11-dihydro-8-(2-hydroxyethyl}-5-methyl-6H-
dipyrido]3,2-b:2’,3'-¢] [1,4]diazepin-6-one

The title compound was prepared from 6-chloro-2-(cyclopropylamino)-3-

nitropyridine using a method similar to that described for the 11-ethyl analog

20 inexamplell

¢) 2-Chloro-11-cyclopropyl-511-dihydro-5-methyl-8-{2-(4-
quinolinyloxy)ethyl}-6H-dipyrido[3,2-b:2’,3’-¢] [1,4]diazepin-6-one
Diethyl azodicarboxylate (DEAD) (85.6 pL, 0.54 mmol) was added dropwise

25 toasolution of 2-chloro-11-cyclopropyl-5,11-dihydro-8-(2-hydroxyethyl)-5-
methyl-6H-dipyrido[3,2-b:2",3'-e] [1 4]diazepin-6-one (125 mg, 0.36 mmol), 4-
hydroxyquinoline (78.9 mg, 0.54 mmol) and PhsP (143 mg, 0.54 mmol) in
THE (1.8 mL) at room temperature. The mixture was stirred at room
temperature for 3 h then was concentrated under reduced pressure. The

30  residue was partially purified by flash chromatography (EtOAc:MeOH; 95:5).
The solid was further purified by reverse phase HPLC (CombiPrep ADS-AQ
50 x 20 mm, 5, 120 A, 5-100% MeCN + 0.10% TFA / water + 0.10% TFA in



(2.00 9,10.4 mol) in toluene (10 m.). The m xture was stirred at 0 C for
1 h 10 and at roomtenperature for 2 h. Water (50 nL) was addcleggto t.he 4
m xture and the phases were separated. The organic |ayer was é‘?&\f‘?%
brine (25 nlL), dried (MgSO4), filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane: Et QAc,
3:2) to giueernkRe title conmpound (1.97 g, 89%yi el d) pas/cRodfssbow solid. 15
b) 2-Chloro 11-cydopropyl -5, 11-di hydro-8-(2-hydroxyet hyl)5-nmet hyl -613

di pyrido[3,2-b:2",3 -e) [1,4]diazepin-6-one ' The title conpound was
‘prepared from 6-chl oro-2-(cycl opropyl e{ﬂ no)-3- nitropyridine using a nethod
simlar to that described for the 11- analog 20 in exanple Il. c¢)

2- Chl oro- 11- cycl opropyl -5, 1. 1- di hydr o- 5- rrethyl 8-{2-(4-

qui nol i nyl oxy)Zétrhay)It))gBHtliefpgﬂrmntm[:@;c&qkisﬁttpﬂﬂm@}lek@pdmt(éﬁv ;B%ne Di et hyl

azodi car boxyl a added dropwise 25 to a
sol ution of ZYP?FD %tegslgq 3&%@8&“‘@@?@1%0 8- (2- hydroxyet hyl ) - 5-

met hyl 6H di pyr|d0[3 2-b:2',3 -€e] [1,4]diazepin-6-one (125 ny, 0.36 nmol),
4- hydr oxyqui noI i ne (78 9 rrg, 0.54 mml) and Pb3P (143 ngy, 0.54 mol) in
THE (1.8 nl) ai‘a‘ﬁi‘?l The m xture was stirred at room

comperaturg Sl B g
The solid was Fudrt SXZ Fdfe chf’nve Se phase HPLC (Combi Prep ADS-AQ 50
x 20mm 5 ,12 %/éqi@ %.IVECN+ 10% T1i A/ water + 0.10% TPA in 16
Decenber 2004 # 1/ 00890.,22 i 25 min) to _give the
trifldoroacet 1€ 2ZpxHIeg ‘ionﬁﬁntrla spRbpEc add (R0 mel) @nd fymig nitppacidi o) d) as a

white sol ig: %@Am)rﬂ\&@%ﬁé&ﬁa&m&ap XA EnNne8 9 5-¥0 4y WigP! € 1)
added drop-wise 2,6-difluoropyridine (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 exiracted with Et;O (2 x 2 L). The combined
organic layers were washed with aqueous 1.5 N NaOH (2 x 1 L), then with

15  aqueous saturated NaHCO; (400 mL) or until pH is around 8-9. The organic
layers were dried over MgSOy, filtrated and concentrated under reduced
pressure until constant weight (to remove unreacted 2,6-difluoropyridine: 10-
12%). The title compound was obtained as a yellow liquid (207.3 g, 74%
yield}).

20

b) 2-(Ethylamino)-6-fluore-3-nitropyridine
To a solution of 2,6-difluoro-3-nitropyridine (45.7 g, 285 mmol) in THF (500

mlL) at -40 °C was added drop-wise a solution of ethylamine (25.7 g, 570
mmol) in THF (250 mL). After 30 min, the reaction mixture was concentrated

25  under reduced pressure and the residue was dissolved in EtOAc. The
organic phase was washed with brine, dried (MgSOy), filtered and
concentrated. The resulting yellow solid was purified by flash
chromatography (15% EtOAc 1n hexane) to give the title compound (43.2 g,
82% yield) as a yellow solid.

30 .



5 5,11 Dihydrv Tl-ethyl-2 fluoro-5-nmethyl 8-(2-(4-quinolitiyloxy)ethyl)-6H
di pyrido[3,2-b:2",3 -eJ [1, 4Jdi azepi n-6-0one a) 2,6-Di fluoro-3;nKtronyridine
To a mi xture of concentrated sul phuric acid (600 nL) and fum hgbﬁ?ﬁnﬁ?éﬁb(gdéﬁ d
10 (90% 400znL) in a ice-bath (internal tenperature maintained at 5-10 oq
was added drop-w se 2,6-difluoropyrridine (200 g, 1.74 nol). The resulting
m xture ws® gpd3sy ed overni ght at room tenperature. Threr/hottotsse was poured
slowy into 3 kg of ice and extracted with Et20 (2 x 2 L). The conbi ned
organic |layers were washed with aqueous 1.5 N NaCH (2 x 1 L), then with 15
‘aqueous saturated NaHCO3 (400 nli) or til pHis around 8-9. The organic

| ayers were dried over-MgSO4, filtrat and concentrated under reduced

pressure until constant weight (to renove unreacted
2, 6- di f | uor opPBranino-2(rthylaggno)-Hlearppyridivenpound was obt ai ned as a yel | ow
l'iquid (207. 3Agolutiasof 3H{ediydymin@Po-HipoR-F-Httvpeidine )3.Be, 2BUmtes]@nni t r opyri di ne

T | ut | 6- dj fJ ugro- 3: ni t idire (45.7 q, .285 mml) in THE
(200 “m)" e T () gsiad e o0k e fie e Bidehvdrateram ne (25,7 o,
570 ol ) i NatktEntRSGrestnke of0Y%SPd(BPNiNA.35 ?ﬁ Th@@&ﬂ'g%ﬁi:é&lb%a was

concentrated 25 under” reduced pressure and The residue was dissolved in
Et CAc. TheS obxj@iationthaseghdistommetnud evith.Thb filtrate wds cater(thy@D1) , fil tered

and concentr qghe.resultin | L.aw sol id purified by flash
chr omat ogr aphy (%?E‘Eguﬁ?@{cesﬁuﬁe*’?@g‘é%@f“ﬁSC(@?‘B%“Il%g?g{§gegPﬁﬂb%d (43.2 g,
82% yi el d) asblackysliiow solid. 30 16 Decenber 2004 WO 01/96338

PCT/ CA01/ 00890 23 c¢) 3-Aniino-2-(ethylam no)-6-fluoropyridine A solution of
2-(ethylam no).-6-fluoro 3-nitropyridune (43.2 g, 230 mol) in

, d) 2-Chloro-N-[2-(ethylamino)-6-fluoro-3-pyridinyl}-5-bromo-3-
10 pyridinecarboxamide
- Toacooled solution (4 °C) of 3-amino-2-(ethylamino)-6-fluoropyridine (31.0
& 200 mmol) in MeCN (160 ml.) was added solid NatHCOs (50.4 g, 600
~ mmol). After 15 min, d solution of 5-bromo-2-chloro-3-pyridinecarbonyl
chloride (1 equiv., 200 mmol} in MeCN (155 mL) was added. After 60 min at
15 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. The fitle compound (73.7 g, 99% yield) was
obtained as a black solid.

20 e) 8-Bromo-5,11-dihydro-11-ethyl-2-fluoro-6H-dipyrido[3,2-b:2 3"
e][1,4]diazepin-6-one N
To a solution of the 2-chloro-N-{2-(ethylamino)-6-fluoro-3-pyridinyl}-5-

bromo-3-pyridinecarboxamide (73.5 g, 216 mmol) in pyridine (435 ml.) at 50
°C was added drop-wise a 1 M solution of NaHMDS in THF (520 mL,, 520

25  mmol). After 10 min, the reaction was allowed to cool to room temperature,
then poured over ice water (2 L). The resulting solid was filtered, rinse with
‘water and then hexane. The solid was dried under reduced pressure to give

the title compound (50.6 g, 69% yield) as a dark green solid.

30 f)8-Bromo-5,11~-dihydre-11-ethyl-2-fluoro-5-methyl-6H-dipyrido[3,2-b:2',3'-
e][1,4]diazepin-6-one



THE (1 L) was stirred overnight at roomtenperature under hydrogen (1

atm) in the presence of 20% Pd(OH)2/C (4.35 g). The catal yst r enp 5
by filtration through di atonaceous earth. The filtrate was coﬁ%@%ﬁngqeééﬁ&
under reduced pressure to give the title conpound (36.3 g, 95%yield) as a
bl ack solid. d)

2- Chl or o- Wwddadeésed hyl am no) - 6-f | uor o- 3- pyri di nyl) - 5- bipp@Readiseisee 10

pyri di necar boxam de To a cool ed solution (4 QC) of

3-am no- 2- (et hyl am no) - 6-fl uoropyridine (31.0 g, 200 nmmol) in MeCN (160
‘mL) was added solid NaHCOB (50.4 g, 600, mmol). After. 15 min, a solution
of 5-brono-2-chl oro-3-pyridecarbonyl il oride (1 equiv., 200 mmol) in MeCN
(155 nL) was added. After 60 mn at 15 roomtenperature, "the reaction

m xture was pliqaeduﬁmdiiwaﬁfbror(\d-Sm-kijh}aimd—ll—sﬂzijrk-ﬁ-ﬂdofcs&H—afpyrﬁin[S ZThe

overni ght. - TrE2e e iRt e Al W5 Sma iR Glliomeaeen as a bl ack

solid. 20 e) Rmframez 517@3511{46)1 1% e ix@lre
di pyrido[ 3, 2- b: 21( 31g, I[1, 4Td| agleépl n 6- ﬁnaé%%t%a{s%ﬁ??ﬁo%?me 2-chl oro-N

{2- (et hyl am otﬁ)acmmurbnem@spwlecutmbmtsmpbnmmpyateeﬂwmthd\@eimm@rm de (73.5
g, 216 mmol) | 50 or- was add dro sealM

sol ution o% I\H'E\N%r %éﬁ&%%%ﬁre%%wa)spoH Ve’i’égma'ﬁ?r t he
reacti on was ghd ldvdsdilend] whehel SR WRIPSAEBEHA Bexank WBkdRAMELD Over ice
water (2 L). The resulting solid was filtered, rinse wth water and then

hexane. The stﬂ%@@?@%ﬁ@@%@h@%p@@i{%&g% vidldjjasdark prey titl e
conmpound (50. § , 69%yield) as a dark green solid. 30 f)

8- Brorno-5, 11- ydr 0- 11-et’hyl - 2-f | uor o- 5- net hyl - 6H di pyri do[ 3, 2-b: 2", 3" -
e]l[1, 4] diazepi n -one 16 Decenber 2004 WO 01/96338 PCT/ CA01/00890 24 To a

sol utlon of the 8- brom) 5,11- dl_ﬂydro I'l - et hyl -2-fluoro-6Hdi pyrido[ 3, 2-
g) 5,11-Dihydro-11-ethyl-2-fluoro-5-methyl- (2-pr0peny1)-6H-d1pyndof:/3

b:2',3'-e][1 A]diazepin-6-one
Allyltributyltin (32.0 mL, 103.4 mmol) and Pd(PhsP)s (5.43 g, 4.70 mmol)

were added to a degassed (N2 through solution for 45 min) solution of 8-

bromo-5,11-dihydro-11-ethyl-2-fluoro-5-methyl-6H-dipyrido [3,2-b£2’,3’—e]
15 [14]diazepin-6-one (33.0 g, 94.0 mmol) in DMF (470 mL). Additional

amounts of Pd(Phs)s (1.09 g, 0.94 mmol added after 1,2, 3, 4,5 hof reaction)

were added to complete the reaction. The mixture was heated to 90 °C for 6

H

h. The mixture was concentrated under reduced pressure. The residue was
purified by flash chromatography (hexanes:EtOAc, 8:2 to 7:3) to give the title
20 compound (22.4 g, 76% yield).

h) 5,11-Dihydro-11~ethyl-2-fluoro-8-(2-hydroxyethyl)-5-methyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one
A stream of ozonised oxygen was bubbled througha cold (-78 °C) solution of

25 5,11-dihydro-11-ethyl-2-fluoro-5-methyl-8-(2-propenyl)-6H-dipyrido[3,2- _
b:2'3'-e}[1,4]diazepin-6-one(22.38 g, 71.6 mmol) in CHCl; (100 mL) and
MeOH (100 mL) for 3 h. A stream of N2 was next bubbled through the solution
for 15 min and then solid NaBHj (5.05 g, 133 mmol) was added to the solution.
The reaction mixture was allowed to warm to room temperature. After 1h, an

- 30 additional portion of NaBHj (1.62 g, 43.0 mmol) was added to the reaction



b:2',3" -e][1, 4] diazepin 6-one (44 g, 130.5 mml) in DV (520 ni) was added
NaH (4.28 g, 178 mmol ), and the m xture was heated to 50 Cfor ﬁp D B}%
reaction m xture was cooled to roomtenperature and treated Wll6 R e(rg

5 nm, 522 mol). After 1.5 h, the reaction m xture was poured over ice
water. The solid was' filtered, washed with water and then hexane, dried
under redur@dspsessure to give the title conpound (4%t Ad10084% yield) as
dark grey solid. 10 g) 5,11-D hydro-11-ethyl 2-

| uor o- 5- met hyl - 8- (2- propenyl ) - 6H di pyri do[ 3, 2-

b:2',3" -e][1r4] di azepin-6-one Allyltriputyltin (32.0 nL, 103.4 nmmol ) and
Pd(Ph3P)4 (5.43 g, 4.70 ninol) were afftled to a degassed (N2 through
solution for 45 mn) solution of 8- bronp-5, 11-dhydro-11-ethyl-2

f 1 uor o- 5- meet MyktugAdiepyr dddiifi@iabhdyr2iquadusehtutted WIUTlHAe]) was 6- one (33. 0
g, 94.0 mol) _i,n 470 anou Pd(Phs)4 (1.09 g,
0.94 mmol addddd %‘:&im’gﬂr aSAgngéﬁHBf’mrf@ﬁE?rﬁg‘ﬁﬁfc’r Eg?jed to conplete
the reaction. ofh@id¥bivbhts FeVBemdoad @t fed¥fedpreiund Water (XJdenI¥iwkisUr € Was

concentrat ed under reduced pressure. The residue was purlfled by flash
chr omat ogr aphgddesansithe mbitm@aeas egtractedwith CH3 gi30@mihelhecoinkined0 conpound

glzﬁofOQS (7 A xjéﬁ%n%?%ﬁeﬁ%/‘ﬁ?eénm% %ﬁ}’e—mﬁﬁ‘?ﬁf‘a‘bﬂf@”?e%“%dﬂﬁed“éﬂ 1, 4] di azepi n

6-one A str eagr@éux@zmu REduONHTRRHADY T REmb g RipHY (ROALI(/8 O

sol ution of

5, 11- di hydr o- #1) rgiya the fifleameponnd€i IR g, 78% yielies pewitgsoldt di pyri dof 3, 2-
b:2',3.-e] [1, 4] di azepin-6-0ne(22.38 g, 71.6 mml) in CH02 (100 nm.) and
I\/EO—I (100 nL). for 3 h A streamof N2 was next bubbled through the solution

for 15 nmin ang a,ndnﬂtho-m-mwﬂﬁar&ﬁnmhﬁ:sqzmhmomymﬁdﬂt}l}tsﬂ-t he
sol ution. IOThﬂlp')@ﬁR)[.'B,DBZT}S A dieeéepinleloneed to warmto roomtenperature.

After 1 h, anDiefylagedit lat@gl) P(l@ﬁnmai"ﬁnﬁﬁ ?3«&.9 d&éacﬂol!wvl) was added
to the reaction 16 Decenber 4 WD 01/ 96338 PCT/ CA01/ 0089
wise to a solution of 5,11-dihydro-11-ethyl-2-fluoro-8-(2-hydroxyethyl)-5-
methyl-6H-dipyrido[3,2-b:2",3'-€] [1,4]diazepin-6-one (19.2 g, 60.7 mmol), 4-
hydroxyquinoline (13.2 g; 91.0 mmol) and PhsP (23.9 g, 91.0 mmol) in THF
15 (300 mL) at room temperature. The mixture was stirred at room temperature
for 1h then was concentrated under reduced pressure. The residue was
purified by flash chromatography (EtOAc:MeOH; 95:5) to give the title

compound (17.9 g, 67% yield) as a white solid: MS (ESI) m/ z 444 (MEL).

20 ExampleV (entry 1, Table 1) '
2-Chloro-5 11-dthydro-ll-etkyl-é!-methyl-S-{2-(4-qumoImyloxy)ethyl}-GH-
dipyrido[3,2-b: 2’3" -e] [1,4]diazepin-6-one

a} 2-Chloro-N-(2,6-dichloro-¢-methyl-3-pyridiny})-3-pyridinecarboxamide
25 NaHCO; (21.72 g, 258.6 mmol) was added to a solution of 3-amino-2,6-

dichloro-4-methylpyridine (41.61 g, 235.1 mmol; prepared as described by K.
G. Grozinger et al. J. Heterocyclic Chem. 1995, 32, 259-263) in MeCN (350 mL)
and the resulting suspension was stirred for 15 min. A solution of 2-
chloronicotinyl chloride (43.44 g, 246.8 mmol) in MeCN (500 mL) was then

30 introduced over 30 min. The resulting suspension was stirred at room

temperature. After 24 h, the solution was found to be acidic and s0 an



- mxture. After an additional hour, aqueous saturated NH4C1(150 nlL) was
added and the m xture was stirred at roomtenperature for 30 %§ e 2004

organi ¢ solvents were renoved under reduced pressure. Water ( e\fv&g
added and the m xture was extracted with CHCb (3 x 300 nmL). The conbi ned 5
organic layers were dried (MgSO4), filtered and concentrated under reduced
pressure. whhgodzgsi due was purified by flash chromat ogepdlifedsii OAc: CHCI3,
4:1) to give the title compound (19.7 g, 72%yield) as a white solid. i)
5,11-Di hydro 11-ethyl 2-fl uoro-5-mnet hyI -8-(2-(4-quinolinyloxy)ethyl)-6H 1o

di pyrido[3,2 b:2',3 -e] [1,]diazepin-6-one D ethyl azodicar boxyl ate (DEAD)
(14.3 m., 91.0 mmol) was added drop- wPse to a solution of

5, 11-di hydro-1|1-ethyl -2-fluoro-S- (2 hydroxyethyl)-5- nethyl-6Hdi pyrido[3,2
b:2', 3" -e] [ laddiibirarapountof NaEQCEP.A) @356 0antolywab ydded: Thy dr oxyqui nol i ne
(13.2 g; 91.0 nmol) andéﬁ’hSP( 3.9 g, 92.0 mmol ) in THE ls (300 nm) at room
t enper at ur e. SPRREIHORMWRS |#F%H“?P‘Hemetf%\?’?d§ﬂw €. 1h then was

concentrat ed Hp 884 d by flash
chr omat ogr aphy Et OAC%%%IIQ% ; to gl ve the t| %/@%nd@%ﬁdré (17.9 g, 67%
yield) as a wdidistinedford?0 ohils. THeSio)id mfaz filkdred @ivHwasheDw i evearr €500 (entry 1,

Tabl e . 1)

2- Chl or 0- 5° 11mb}W&r&fﬂlﬁesﬁwdwameﬂﬁr%omP@sa&ﬁ%ﬂmﬁ oxy) et hyl | - 6H

di pyrl do[ 3, 2- eXoofvk thetifld 655 Q)R aWifigebowd,

(2, 6-di chl or fureto vk Pyri d.“%dmmg PR yidBaditfieowdsy |\
(21.72 g, 258 6 mml) was added to a soI utlon of 3-amno-2,6

di chl oro- 4- ne 4 repared as described by K
G G ozinger é/' Jd‘i %Eﬁc#ﬁ@’%ﬁ@%jz'(%%’mgﬂ)yzw 263) in MeCN (350
m.) and-the F xeny ion was stirred for_15 mn. A solution of 2-

chl oroni c? i nﬁ‘ISOIEHP’b? ?W&a@m@lme%Pm (500 nL) was then 30

{onperatur e, SFIRRortiE (OFY IRRA AR AL 58 21 00" 16

Dece nber 2 OO@HMD@&YWEOR@I)’W&EWD to 125 °C in a steel autoclave for
7 h. The resulting suspension was poured into water (1 L), stirred for 15 min
- and filtered. The residue was dissolved in EtOAc and washed with water (3
15  X), brine and was dried over MgSO4. The filtrate was extracted with EtOAc

and the combined organic extracts were washed with water and brine and
dried over MgSO;. The two fractions were then combined and excess xylenes
removed by co-distillation with benzene to give the title compound (61.98 g,
pink solid) as the major component of a mixture ;)f éompounds. The material,

20 not purified at this point, was used directly in the subsequent reaction.

¢) 5-Bromo-N-(2,6-dichloro-4-methyl-3-pyridiny}l)-2-(ethylamino)-3-
pyridinecarboxamide
Solid KOAc (22.2 g, 229 mmol) was added to a solution of crude N-(2,6-

25  dichloro-4-methyl-3-pyridinyl)-2-(ethylamino)-3-pyridinecarboxamide (61.98
g, <190 mmol) in AcOH (600 mL). A solution of Br2 (9.7 mL, 191 mmol) was
then added over 30 min. After stirring 30 min, additional amounts of KOAc
and Brz were introduced until TLC indicated that no starting ﬁaterial
remained (a total of 11.2 g of KOAc and 5.91 mL of Bra). The solution was

.- 30 then poured into water (2 L) and stirred for 20 min. The solid was removed



26 additional anmount of NaHCO3 (3.00 g, 35.7 mml) was added. The
suspension was then stirred at roomtenperature for an additi ?83 2 da&s
The m xture was then poured into a m xture of water (2 L) and &c 6‘94
and stirred for 20 mn. The solid was filtered and washed with water (500 5
m.) and the resulting solid was then dried over P205 under reduced
pressure twogensthe title conpound (62.55 g, 84% yi alcd)caasegwonhi t e powder .
b) N (2, 6-dichl oro-4-nethyl -3-pyridinyl)-2-(ethyl anzi no) - 3-

pyri di necar boxam de 10 A solution of 2-chloro-N

(2, 6-di chl oro-4-net hyl - 3-pyridinyl)-3-,pyridi necarboxam de (63.17 g, 194.0
nmol ) and ethyla ine (28.0 g, 583 m"m%?? in xylenes (250 nL) was stirred at
120 to 125 Cin_a steel autoclave for 7 h,The resulting suspension was

pour ed into waY ERration pad themjdissalyed én E9@ (W) Theptherepl sobittien waBhe resi due was

di ssol ved in EtOQAG & i y\ﬂﬁ .brj nd was dried over
MpSO4. The fi Itratﬁé@lﬁ%gg%iﬁ’gé&'%gw ée@:&i}aén%b %{hcg:g%%leﬁed organic
extracts wer e(MgSDg b give b mistized continihy, a0 eheangjor eimpsheity Be theSO4. The two
fractions were then congi ned and excess xylenes renoved by co-distillation

with benzene FHBEWE ((hégtyellpw foyny dhematesial yes weed divieptky ®dhe d) as the mmj or
conponent gf g, -%ﬁIerfe afonconpounds. The nmaterial, 20 not purified at this
poi nt, was use(}me rect Iay cinn t he subsequent reaction. c) 5-Bronp-N

(2, 6-dichl oro-4-nethyl-3-pyridinyl) 2-(ethylamno)-3- pyridinecarboxam de
Solid KOAc (2 , 229 s added to a solution of crude N- (2,6 25
di chl or o- 4- meé};éﬁgf F@%bﬁ%’(‘@?&iﬁgﬁ’?ﬁ@e Ylpﬁﬂ'ﬂEHYﬁ@é’Eﬁl%oxam de (61.98
g, < 190 mol PEH-e SONr9Ne A solution of Br2 (9.7 nL, 191 mml) was
then added ovéysobuiopiofcrude bdwomeilN-(26ndicliorad-methyddipyridingl)-Zanount s of KOAC

and Br2 re | il H.C i ndi d {. no, starting,.nmaterial
r emai nedW(elzg tgﬁiﬁg#%ﬁ%pgﬂghﬁi%&gﬁg%@?g%ﬁ nc}fﬂn}é}rr f‘.ls Bl ution was
30 then pour ed.0 Ditwasiebed t¢ 20 1Q. AAhM sblitiohed NabIMBDS il THF (fiBenlsalig d was

removed 16 Decenher 2004 .
mmol) was then added dropwise and stirring was continued for an

additional 15 min. After cooling to room temperature, water (50 mL) wés
added and the mixture concentrated fo two-thirds volume on a rotary
15 evaporator. The residué was then poured into water (3 L). Filtration gave the
title compound (23.44 g) as a tan solid. The filtrate was extracted with EtOAc
(3 x) and the combined extracts were washed with water and brine then
dried (MgSOs), filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane:EtOAc, 9:1 or CHCls) -
20 to give an additional amount of the title compound (14.06 g, for a total of
37.50 g, 50% yield for 3 steps).

e) 2-Chloro-5,11-dihydro-11-ethyl-4-methyl-8-(2-propenyl)-6H-dipyrido|3,2-
b:2',3'-¢] [1,4]diazepin-6-one '
25 A solution of 8-bromo-2-chloro-5,11-dihydro-11-ethyl-4-methyl-6H-

dipyrido[3,2—b:2’ 3'-e] [1,4]diazepin-6-one (12.6 g, 34.3 mmol) in DMF (25-0
ml) was degassed under reduced pressure for 20 min. Pd(PPhs)s (775 mg, 0.7
mmol) was then added followed by allyltributyltin (12.5 mL, 41.1 mmol).
After degassing under reduced pressure for 10 min, the mixture was heated

30 to 100 °Cfor 7 h. The mixture was then concentrated under reduced



WD 01196338 PCT/ CAO /00890 27 by filtration and then dissolved in Et20 (1
L). The ethereal solution was washed with water (3 Xx), aqueous sat ur at ed
NaHCO8, brine then dried (MgSO4) to give a nixture contalnlné Dggerplpg 2004
maj or component, the title compound (77.7 g, yeIIOM/foan) The materi al
was used directly in the 5 subsequent reaction. d)

8- Br ono- 2wortimesss- 5, | 1- di hydro- 11| - et hyl - 4- net hyl - 6H dpgmcmﬂm&@gz- b:2',3 -¢€]
[ 1, 4] di azepi n-6-one A solution of crude 5-brono-N
(2,6-dicbloro-4-nethyl-3-pyridinyl)-2 10 )

(et hyl ani i no) - 3-pyri di necar boxam de (7 7 g, mmol) in anhydrous pyridine
(1.0 L) was heated to 50 C A 1 Msol %I(Nlof NaHVDS in THE (418 ni, 418
mrol ) was then added_ dropw se and _stirring was continued for an additional

15 mn. After PESHES- HBEf%ﬁl%mStP@ﬁaﬁéﬁthﬂa@ chyempatpgiapby fexaneEfOAfdded and t he
m xture conc | vaporator. The
resi due was %ﬂ%%?%&éﬁcg rer (g/(% ?Pﬁg{éll@r atgl on &v;s\tr}e&t hg title

conmpound (23.44 g) as a tan solid. The filtrate was extracted with Et OAc
(3 x) and the i ned extracts re washed with water and brine then
dried (Ngsm)ﬂ%f&a %‘%‘Hg%}kéﬁﬂr%fze'&’qﬁﬂ’ﬂ’ﬁhﬁl}sﬁﬂmlﬁ%ssur e. The

resi due wa$ @‘Pﬂ‘lﬁ%@ﬂﬂy a%mn P& (hexane: Et OAc, 9.1 or CHCI 3)
20 to give anAéﬁmPf)ﬂaWa%mﬂduC@fmﬂﬂecoﬂ gﬁé@@d}mmdﬂ{-ﬁlﬂm@@ﬂ for a total
of 37.50 g,

2- Chl or o- 5, 11&3{%%?6&&% elf‘ﬁmp' -%?fn%?ﬁf,ﬁ{ﬂ};ﬁf(flwg@}?f%ﬁ[ di pyri do[ 3, 2-
b:2',3" -e] [J{ﬂ]&a@pﬁpﬁ@n@(&m@z&w‘mj d#id AR I #h CHCI, (120 mL) and

br ono- 2- chl or0-5, 11-di h dro-11-ethyl -4-nmethyl -6H dipyrido[3,2-b:2",3" -¢€]
[1, 4] di azepi nMGOM Qmp). Wgen@apgkmnpnmnmoms%wap@b degassed

uner ¢ 3??@3&5“’%@% Bl (o 0l NP LS 204 iR )02 g
under reducedamhhesmlﬁﬁoﬁwasém)vmdrtQWalﬁmtﬁtodszempmﬂteA&emﬁﬁuﬂm100 Cfor 7

h, The m xture m&hen concentrated under reduced
amount of NaBHs (500 mg) was added. After 1 h, aqueous

saturated NHsCl was then added and the mixture stirred for 20 min. The

solution was concentrated under reduced pressure and extracted with

15 CHCl: (3 x). The combined organic extracts were washed with brine, dried
(MgS0Oy), filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography (CHCla:EtOH, 97:3) to give the title
compound (6.01 g, 74% yield) as a white solid.

20 g) 2-Chloro-5 11-dihydro-ll-ethyl—4—methy1—8~[2«(4-quinolinyloxy)ethyl}- '
6H-dipyrido[3,2-b:2’ 3'-e] [1 Aldiazepin-6-one
Diethyl azodicarboxylate (DEAD) (83 L, 0.53 mmol) was added dI'OP—WISE

to a solution of 2-chloro-5,11-dihydro-11-ethyl-8-(2-hydroxyethyl)-4-methyl-
6H-dipyrido[3,2-b:2’,3"-¢] [1,4]diazepin-6-one (125 mg, 0.38 mmol), 4-

25 hydroxyquinoline (76.3 mg, 0.53 mmol) and PhaP (138 mg, 0.53 mmol)-in
THF (2.5 m[;) at room temperature. The mixture was stirred at room
temperature for 3 h then was concentrated under reduced pressure. The
residue was dissolved in EtOAc (60 mL) and the solution was successively

_ washed with 1 N aqueous NaOH (3 x 10 mL) and brine (15 mL) then was
30 dried (MgSOy), filtered and concentrated under reduced pressure. The



16 Decenber 2004 WO 01196338 PCT/ CA(c) 1/ 00890 28 pressure. The residue was
purified by flash chronmat ography (hexane: EtOAc, 19:1) to give the title
conpound (8.04 g, 71%yield) as a yellow solid. f) 2-Chl oro- 51aBPecembgy 2t
11- et hyl - 8- (2- hydr oxyet hyl )-4-methyl -6H 5 di pyrido[3,2 b:2',3 -¢€]

[ 1, 4] di azepi n-6-one A stream of 03 was introduced into a cold (-78 Q)

sol uti on wioodmeabd oro-5, 11- di hydro-11- et hyl - 4- net hyl 8t/ciemospenyl ) - 6H

di pyxido[3,2-b:2",3 -e] [1,4]diazepin-6-one (8.04 g, 24.4 mml) and Sudan
11 in CH2C12 (120 nL) and MeCOH (120 nlL). Wen the pink solution turned
brown, 02 was bubbl ed 10 through the sglution for 10 mn. NaBH4 (1.12 g,
29.4 mmol) was then added and the solWtion was allowed to warmto room
tenperature. After 30 min, an_additional anmount of NaBH4 (500 ng) was
added. Aft.er Zesiluezepgpuri§ed by flaghaheemappraphydiOnadteQlddEY tagivet he i xt ure

stirred for 2 4. The ut | QR, Was.concentr ] r reduced pressure
and extract edg‘lv%irqtﬁc @P@#&%@%%@ggfﬁéﬂygﬁg{eﬁ%&%g% tracts were
washed with bgéoj%zmipd (MgS04), filtered and concentrated under reduced

pressure. The residue was purified by flash chromatography (CHC 3: Et OH,
97:3) to give the title conpound (6.01 g, 74%vyield) as a white solid. 20

g) 2-Chlorg- SE%& I%g i’ﬂ:y]!g 4-met hyl - S-[ 2- (4- qui nol i nyl oxy) et hyl }- 6H
di i do[ 3, 2-: 3 5 iN- 65 et hyl .. di | at DEAD
(85'p. 0 sosfEE -Eé% S P e (00
>-chl oro. - 5, 11741 - HEEPH-10%T oxyet hyl ) - 4- met hyl - 6H
di pyrido[3,2-b:2",3" -e] [1,4]diazepin-.6-one (125 ng, 0.38 mmwl), 4 2s
hydr oxyqui nol hy¥Bfoffs-B11Hihydro2P1-BH91-2- {@qqe@&)’,s%& et nathira4mol ) .in  THE
]gg-r53ﬁh)tﬁlgnfﬁféfﬂﬁ-%ﬁp<§ﬂ?ﬁ&t1[§ -.bTi‘@’l}B]‘H ] 'Ezg 26-Dht }?g‘?@t} roo”ii gﬁgpﬁégture
di ssolved in %%%&é&?% ﬁ’ gn t %i%%tﬁ @%&P\Xg@g@%‘é@% 1375 Slashed with 1
N aqueous NaOH 4]@iaxepid6-whe (2500, 68D Aend]fwagdilsol eein Weskane (10 mL) in a

glass pressure bottle and 4-methoxybenzylamine (4.0 mL, 30.6 mmol) was

added to the solution. The mixture was heated to 170 °C for 5 days. The

15 reaction mixture was cooled to room temperature and concentrated under
reduced pressure. The residue was taken up in EtOAc and washed with 10%
aqueous NHyCl, dried over MgSOQy, filtered and concentrated under reduced
pressure to give a brown oil which was chromatographed over silica gel
(hexane:RHOAC,; 4:1). The title compound was obtained as a yellow solid

20 (1.35g, 42% yield).

b) 2-Amino-8-brome-5,11-dihydro-11-ethyl-4-methyl-6 H-dipyrido[3,2-
b:2',3"-e] [1,4]diazepin-6-one
8-Bromo-5,11-dihydro-11-ethyl-2-({(4-methoxyphenyl)methyl}amino}-4-

25 methyl-6H-dipyrido[3,2-b:2" 3'-e] [1,4]diazepin-6-one (6.52 g, 18.7 mmol) was
dissolved in trifluoroacetic acid (100 mL) and the solution was stirred
magnetically at room temperature for 18 h. Trifluoroacetic acid was
evaporated under reduced pressure and the residue was poured into a
mixture containing water (450 mL), concentrated NH,OH (50 mL) and

30 EtOAc (400 mL}). The mixture was stirred magnetically for 2 h at room

temperature. The organic phase was concentrated under reduced pressure.



30 dried (MgSO™4), filtered and concentrated under reduced pressure. The 16
Decenber 2004 WO 01/96338 PCT/ CA01/ 00890 29 residue was purified by flash
chromat ography (Et OAc: MeCH, 9:1) to give the title conpound (6Pecoambe8R004
yield) as a white solid: M5 (ESI) mz 460/462 (WMH)+. 5 Exanple VI (entry
7, Table 1) 5,11 Diltydro 11-ethyl-2

f1 uoro- 4- grfdndsB42- (4-qui nolinyloxy)etlyl)-6H di pyrpicdehdumssh: 2' -3 -¢€j

f1, 4j di azepi n-6-one a) 8-Brono-5, 11-di hydro

11- et hyl - 2- ({ (4- met hoxyphenyl ) met hyl } am no}4- 10 - nethyl - 6H

di pyrido[3,2-b:2",3 -¢e] [1,4jdiazepin-6-one 8

Br onb- 2-chl oro-5, 11-dl hydro- 11 - et hyl - K¥0ret hyl - 6HT di pyrido[ 3, 2-b:2', 3" -¢e]
{1, 4] di azepi n-6-one (2.50 g, 6.80 mmol) was dissolved in dioxane (10 nL) in
a gl ass pr esbheayellbwtpreapitatelwds fiitdrbdutf bad mashat witk waterQdridd, wrdr 6 | mol ) was
added to the sql utjion. The m re was_heate 0.170 C for 5 days. The 15
reaction m xt’i?ﬁ@ce\%ge‘??ﬁm fe&%ﬁ#&%&%w%ﬂw@%w&em@ﬁ@ Fhﬁ*éé under
reduced pressyy, I ' washed with 10%
aqueous NH. CIS'!,é%ﬁ%gggeg%‘%%&@g%ﬂ@g?gg&?n%%géﬁnst%?gt ed under reduced

pressure to give a brown oil which was chromat ographed over silica gel
(hexane: Et QAC

(1.35 g, 4 %gﬁété'% %‘!‘i}ift'r‘}"%&?"gﬁ%ﬂg?fg, Tﬁﬁ{ﬁ{ﬁﬁ?«ﬂpﬁﬁd&sﬁﬁliﬁw solid 20
11- et hyl - 4- meflhbFldigzeningrp
8- Srono- 5, | 1-AiPiApHE botlle ves Riars

Mdo[ 3, 2- b:2',3 -e] [1,41di azepi n-6-one

1- 4P e e itk damindkypmesl ool atvkd; -4 25
s ssol veyEibReE dfolidelo Boood.of fLdiditeide CrfPiab im0, 1L ™)

stirred nagnEfpgeding (HD g) sasnddwiperiaheresulting sidpehsiord wak basdédbmaet i ¢ aci d
was evapor at nder. re d pressure and.the resi due was poured into a
m xture cdht a&%oﬁr%t@‘&?i%& 1%1})“‘3‘8{3 a8 ﬁg?l%f{] Beerpriarerions avey 3hnd

min to produce a purple solution. The mixture was then stirred for 16 h at

room temperature. The reaction mixture was pouted onto ice and 6 N NaOH. |
The beige suspension was extracted with EtOAc. The organic extracts were,
combined, dried ovel; MgSOq,,-filtered and concentrated. The residue was

15 triturated with Etz0/hexane to give the title compound (£.30 g, 84% yield).

dj 5,11-Dihydro-11-ethyl-2-fluoro-4-methyl-8-(2-propenyl)-6H-dipyrido[3,2-
b:2',3"-e] [1,4]diazepin-6-one
Allylributyltin (7.77 mL, 25.1 mmol) and Pd(PhsP)s (1.32 g, 1.14 mmol) were

20 added to a degassed (N2 through solution for 30 min) solution of 8-bromo-
5,11-dihydro-11-ethyl-2-fluoro-4-methyl-6H-dipyrido[3,2-b:2" 3]
[1,4]diazepin-6-one (8.0 g, 22.8 mmol) in DMF (114 mL). The mixture was
heated to 90 °C for 3 h. The mixture was poured into water (250 mL) and

- extracted with EtQAc (4 x 250 mL). The combined ofganic layers were

25 washed with 20% aqueous NH;OH (250 mL) and brine (250 mL), dried
(MgS0s), filtered and concentrated under reduced pressure. The residue was
purified by flash chrématography (hexanes:EtOAc, 4:1 to 1:1) to give the title
compound (3.16 g, 51% vyield).

30 e} 5,11-Dihydro-i1-ethyl-2-fluoro-8-(2-hydroxyethyi)-4-methyl-6H- -
- dipyrido[3,2-b:2",3'-¢] [1 4] diazepin-6-one



30 EtOAc (400 nL). The m xture was stirred magnetically for 2 h at room
tenperature. The organi c phase was concentrated under reduced pressure. 16
Decenber 2004 WO 01/96338 PCT/ CA01100890 30 The yel | ow preci po Datenbead(04
filtered off and washed with water, dried under reduced pressure to give
7.51 g of a yellow solid which was triturated in Et20 to give the title
conpound . , 105%vyield) as a yellow solid. 5 ¢

8- Br onp- S%fg%is%ydr 0-11-et hyl - 2-fl uor o- 4- met hyl - 6H d,u}"ﬁf/ﬂ‘%‘g[’sﬁ?_z- b:2',3 .-
e] [1,4] diazepirr-6-one A plastic bottle was charged with 2-am no-8
brono-5, 11-di hydro-11-et hyl -4- nmethyl -6H di pyrido[3,2 b:2',3"-¢€]

[ 1, 4] di azepi n-6-one (5.10 g, 14.6 moldLt. HFpyridine (100 g) was added and
the resulting suspension was cooled to 0 to C. Sodiumnitrite (1.12 g, 16.1

nol ) was addestréain sByhizkd POfdeh RS babiled BRough Acdl (P8 eChubRitRnRE! Pl €
solution. The m xture was then stirred for 16 h at roomtenperature. The

reaction ni xtddedipdropdatled-2ohiosofurethyld-@-pronerol)-6H-tipyrideldge  suspensi on
t t Abh i . ' f ' dried
IR VRTINS e

Et 20 hexane t(25 giLy fortbenihi A bigeat0ofidimas ﬁeﬂdBﬂbiﬂedﬂﬂ-BﬁdgHtﬁé golutiéh fop, 11- Di hydro
11-ethyl -2-fl gor,o- 4- met hyl - 8- (2- propenyl % 6H di pyri %]% 2- b:2',3" -€]

[ 1, 4] di azebi it Glﬂﬁﬁé‘dgﬁ?fyﬁlollﬂi |(§619ﬁn&>7i.7- mel) was addeghithe sobetianel ( Ph3P) 4
(1.32 g, 1. 14:1@;94%014%@8 i Oun%@a@;ﬂg%dwvarmgmﬁ@m(&%a&m A og0! ution for

30 mn) solution o
5, 11- di hydr o-aite@istsaturted NHCDE miBtwasladded dnditeimiafule rabstdredat- €]

heated to- 60 Teoparmptitire i 157sio e crbeipsivais Ve sPRaRedaizs0 m) and
ashod with SO0 Tt N (SLE ht S Hpl e SRR R 1 Chson.
filtered #nd (2sd6eml)alhkeicopinsd organic lgersveae dried (MpsO4) ddfechdeandas puri fi ed
by flash chr chﬁée% %%h%dgp ree %Qe%sﬁrgstsgrbé? "Ihé:r%siége v%asl ur}f:%d%iy\ﬂeasﬁ he title
choﬁatography {BEtOAc:CHCIs, 1:1) to give the title compound (2.40 g, 75% '
yield) as a white solid.

15 £} 5,11-Dihydro-11-ethyl-2-fluoro-4-methyl-8-{2-(4-quinolinyloxy)ethyl}-6H-
dipyrido[3,2-b:2',3"-e] [1,4]diazepin-6-one
Diisopropyl azodicarboxylate (DIAD) (117 nL, 0.59 mmol) was added drop-

wise to a solution of 5,11-dihydro-11-ethyl-2-fluoro-8-(2-hydroxyethyl)4-
methyl-6H-dipyrido[3,2-b:2',3"-¢] [1 4] diazepin-6-one (125 mg, 0.40 mmol), 4-

20 hydroxyquinoline (86.0 mg, 0.59 mmol) and PhsP (156 mg, 0.59 mimol) in
‘THF (1.9 mL) at room temperature. The mixture was stirred at room
temperature for 3 h then was concentrated under reduced pressure. The
residue was dissolved in EtOAc (40 mL) and the solution was successively -
washed with 3 N aqueous NaOH (3 x 20 mL), aqueous saturated NF,CI (15

25 L), brine (15 ij then was dried (MgSO), filtered and concentrated under
reduced pressure. The residue was partially purified by flash
chromatography (EtQAc:MeOH; 95:5). The solid was further purified by
reverse phase HPLC (Comb_iPrep ADS-AQ 50 x 20 mm, 5 1, 120 A, 5-100%
MeCN +0.10% TFA / water + 0.10% TFA in 25 min) to give the



conpound (3.16 g, 51%yield). 30 e)

5, 11- Di hydr o- 11- et hyl - 2f | uor o- 8- ( 2- hydr oxyet hyl ) - 4- net hyl -

di pyrido[3,2-b:2",3" -€e] [1,4]diazepin-6-one 16 Decenber 2004 18\Detehit®63GEt
PCT/ CAO / 00890 31 A stream of ozoni sed oxygen was bubbl ed through a cold
(-78 C) solution of

5, 11-di hy joandésset hyl - 2f | uor o- 4- met hyl - 8- (2- pr openyl )Pt’isklhmgﬁa?w' do[ 3, 2
b:2'",3 -e] I1,4]diazepin 6-one (3.16 g,10.1 nol) in CHC 25 nL) and
MeOH (25 nmL) for 45 mn. A stream of N2 was next bubbl ed t hrough t he
solution for, 5 15 -mn and then solid BH4 (669 ng, 17.1 mml) was added
to the solution. The reaction rnixture was allowed to warmto room
tenperature. After 2 h, aqueous saturated NHA4CL (50 nlL) was added and the
m xture was strifluogehcetic acidsath of Ergtéiteabmpeuhad (106 ngyitdt yiEhi) apagdiec sol vent s
were renoved U ure. The residual aqueous sol ution was
extracted w tﬁori%l—wglg ?%‘E@g%ﬁ The conbi ned organic | ayers were
dried (MgS™), filtered and concentrat ed under reduced pressure. The

resi due was pgfdnf, IQGUIb Xe h‘abkfl omat ogr aphy (Et OAC CHCl s,1:1) to give the

t5I ELllech%?gngégﬁ%yﬂ%hﬁ-dﬁw}%ﬁi{f qU| %ﬂ M ny?o% et hyl } - 6H

di pyrido[ 3, 2 dlaze |n jsopropyl azodi car boxyl at e
(DIAD) (117 L, 0.59 mmol) was added drop- vvlse to a sol ution of

5, 11- di hydr o- a)l1-1armﬂpr8pﬂta,1m&ihﬁdﬁ>22 ﬂa&ro@ﬁ&ai(ﬁmbﬁyeth

di pyri do[ 3, 2- &lpgnﬁ[g-gei,zd,gt,:gas lﬂ.ﬁﬁmene 125 0. 40 mml) 4 20.
hydr oxyquiypol TRE (SR mpdd % | #ror 3 GAR. dci 11y aforapyte | 01 ) 1 1

THF (1.9 nL) at roomterrperat e m xture was st room
t enper at ur e f dill-@ihydrdrémneied- thhpmdmlaﬂénﬁ’ﬁ’ﬂddl 4]dmtapaeﬁ-qzteesmgrae The

vashed w ih SPROHTECHLRRIR Yo 4 obesp§iiing ICehdl Salogratahedimar (15 2%

m), brine (léafpleVhen was dried (I\/gSO4) filtered and concentrated under

15 b)11-Cyclopropyl-5,11-dihydro-2-fluoro-4-methyl-8-{2-(4-
quinolinyloxy)ethyl}-6H-dipyrido]3,2-b:2’,3"-¢] [1,4]diazepin-6-one
Diisopropyl azodicarboxylate (DIAD) (131 pL, 0.66 mmol) was added drop-

wise to a solution of 11-(cyclopropyl)-5,11-dihydro-2-fluoro-8-(2-
hydroxyethyl)-4—meﬂ1y1—6H—dipyﬁdo[3,2—b:2’ '] [1,4]diazepin-6-one (140

20 mg, 0.44 mmol), 4-hydroxyquinoline (96.4 mg, 0.66 mumol) and PhsP (124 mg,

066 mmol) in THF (2.2 mL) at room temperature. The mixture was stirred at

room temperature for 3 h then was concentrated under reduced pressure.
The residue was dissolved in EtOAc (60 mL} and the solution was
successively washed with 3 N aqueous NaOH (3 x 20 mL), .:aqueous

25 saturated NECI (20 mL) and brine (20 mL) then was dried (MgSOs), filtered
and concentrated under reduced pressure. The residue was partially purified
by flash chromatography (EtOAc:MeOH; 95:5). The solid was further
purified by reverse phase HPLC (CombiPrep ADS-AQ 50 x 20 mm, 5 p, 120
A, 5-100% MeCN + 0.10% TFA / water + 0.10% TFA in 25 min) to give the

30 trifluoroacetic acid salt of the title compound (104 mg, 43% yield) as a white
solid: MS (ESI) m/z 456 (MH)".



reduced pressure. The residue was partially purified by flash

chromat ography (Et QAc: MeCH;, 95:5). The solid was further purified by
reverse phase HPLC (Combi Prep ADS-AQ 50 x 20 mm 5 [t, 120 A, 16Dt&H%ber REEAN
+ 0.10% TFA / water + 0.10% TFA in 25 mn) to give the 16 Decenber 2004 WO
01/ 96338 PCT/ CA01/ 00890 32 trifluoroacetic acid salt of the title conpound

(106 ny, HRPeyésed d) as a white solid: M5 (ES)) mz 4é4chdfidhsos Exanpl e VI
(entry 5, Table 1) 5 11-(Cyclopropyl)-5, 11-di hydro-2

fl uor o-4-net hyl -8-(2-(4-quinolinyloxy)- ethyl}-6Hdipyridoj3,2-b:2 ;3 -¢€j
] 1, 4j di azepi n b-one

a) 11- Cycl opropyl -5, 11-di hydro- 2-fl uor >3- (2- hydr oxyet hyl) - 4- net hyl - 6H

di pyrido[3,2-b:2",3" -el [1, 4] di azepin 6-one 10 The title conpound was
prepared from 8-bronp-2-chloro 11-cycl opropyl - 5, 11-di hydro-4-net hyl - 6H
di pyri do[ 3, 2- Bxamplg ViH](efitty & TablerBpi n- 6- one using a procedure simlar to
that of the chili-Siwirdiltgtiyl-donbhyl-suidxdoguideknylobpanyipoHexanpl e VI. 15

b) 11- Cycl opr o@ipyriBolB2-ti2 |3y} [t 4RlidAepin-®ode met hyl - 8- { 2- ( 4-

qui nol i nyl exy) et hyl } - 6HHdi pyrido[ 3, 2-b:2',3" -e] [1, 4] di azepi n-6-o0ne

Di i sopropyl aamilcaﬂ?ﬁilwila&mﬂ@m@drﬁ,}y?&hﬁj.h..m&];ﬁitﬂnﬂypﬁdg@g_ added drop-

wise to a*solution of 11-(cyclopropyl)-5,11-di hydro-2-fl uoro-8-(2-

hydr oxyet hyl ) b#-3reef ByAldigreninyariedo[ 3, 2- b: 2', 3"-e] [1, 4] di azepi n- 6- one (140
20 ng, 0.44 mmol), 4-hydroxyquinoline (96.4 ng, 0.66 nmmol) and Ph3P (124
ng, 0.66 moymixFuepf-chom-idlydihydiodd rethd Se@hydemgethfihd-mdthylur e was

stirred at r . or r h then on trat.ed under reduced
pressure. Th@@e@ﬁ%ﬁ%g %ﬁi@ﬁ%&@pﬁ:ﬁ&g\@i@%ﬁgﬁﬂamﬁ@ t he. sol uti on was
successi vaby sasbathinifdrinat (3 saaE eIy QHd 18% P Ghing) RGO 25 saturated
NHAGT (20 1) ana brine. (o0 e e 1 %g(soztf? P ®ed” and

concent r at ed ThwRs plEamibatdoom tamparaturer hbtey 2bh.edditignsl amounisaf| vy puri fi ed
ammonium formate (200 mg, mmol) and 10% Pd/C (50 mg) were added.

After stirring an additional 24 h, the reaction was concentrated under
reduced pressure. The residue was dissolved in CHCl; and the mixture was

15 washed with aqueous saturated NaHCO3, dried (MgSOy), filtered and
concentrated under reduced pressure to give the title compound (122 mg,
81%) as a yellow oil. '

b) 5,11-Dihydro-11-ethyl-4-methyl-8-{2-{¢-quinolinyloxy)ethyl}-6 H-
20  dipyrido[3,2-b:2",3"-e] [1,4]diazepin-6-one
Diisopropyl azodicarboxylate (DIAD) (42 uL, 0.21 mmol) was added drop-

wise to a solution of 5,11-dihydro-11-ethyl-8-(2-hydroxyethyT)4-methyl-6E-
dipyridof3,2-b:2’ 3'-e] [1,4]diazepin-6-one (42.0 mg, 0.14 mmol), 4
hydroxyquinoline (31 mg, 0.21 mumol) and PhsP (55.4 mg, 0.21 mmol) in THF

25 (0.7mL)at room temperature. The mixture was stirred at room temperature
for 2 h then was concentrated under reduced pressure. The residue was
dissolved in EtOAc (60 mL) and the solution was successively washed with 3
N aqueous NaOH (3 x 20 mL), aqueous saturated NH,C1 (20 ml) and brine
(20 mL) then was dried (MgSOy), filtered and concentrated under reduced

30  pressure. The residue was partially purified by flash chromatography
(EtOAc:MeOH; 95:5). The solid was further purified by reverse phase HPLC



by flash chromat ography (Et OAc: MeOH, 95:5). The solid was further purified
by reverse phase HPLC (Conbi Prep ADS-AQ 50 x 20 mm 5 ,120 A, 5-100% MeCN
+ 0.10% TFA / water + 0.10% TFA in 25 mn) to give the 30 tri 16 Decapdee?dlet
acid salt of the title conpound (104 ng, 43%yield) as a white solid: M
(ESI) mz 456 (MH)*. 16 Decenber 2004 WO 01/96338 PCT/ CA01/ 00890 33

Exanpl e Vigdofo@adry 8, Table 1) 5,1l-Dihydro-11-et hylpcfmgﬁpd%b
8- (2-(4-quinolinyloxy)ethyl)-6H dipyridoj3,2-b:2 ,3" -

[ 1, 4Jdi azepin-6-one 5 a) 5, 11-Di hydro-11-ethyl-8-(2- hydroxyet hyl ) - 4- net hyl
6H-di pyr7ido[3,2- b:2',3 -e] [1, 4l diazepin-6-one A m xture of
2-cbloro-5,11-di hydro-11-ethyl -8-(2-h oxyet hyl ) - 4- net hyl -

6H di pyrido[3,2-b:2',3 -e] [1,4]diazepin-6-oneb(168 ng, 0.51 mol), 10
ammoni um f or mf@enkiBied ADS-AR 50 NPMOinin, 8ne12008 RS ¥EONV).10HMTEAGH (6 nl)
was stirred at roomte/ufr’;;@:erature; After 24 h, additional anpunts of

anmoni um f or n¥RET AWWW&@%W‘@%’%ﬁW gadtrof thefifld.  After
t j d d
or essura. - TheltpdliiR4Zthelion BRI 8¢ WAl R MERSHIN ALBRNCL 1L ached

W th aqueous saturated NaHCO3, dried (MSO4), flltered and concentrated
under reducedg L_H(?e 39'1*V§1e 51e title conpound (122 ng, 81 % as a

Il |
2 11-Di hy ?Pyd)- 'ﬁWd@#ﬁ’wIMr{@qﬂWMﬂymﬁkyl}}ﬁlﬁlY 20

5, 11- Di hydr o- :
di pyri do[ 3, 2- E’Pﬂﬂddﬂel]z'{%eﬂ]léﬁﬁ‘l@m -g#&nk Di i sopropyl azodi car boxyl at e

(DIAD) (42 L, 0.21 mmol) vvas added drop wise to a solution of o
1] i 232". ﬁ%"eﬁ% ﬁ‘?‘_ ol 5&#%%%%‘%@3%@" Mol ine (31 m, 0. 21
mmol) - an d’ cMoro—'f:mgnglpyndme (0.51 g, 2.85 mmol} was dissolved in
toluene (35 mL) and pyridine (0.27 mL, 3.28 mmol) was added. 5-Bromo-2-
chioro-3-pyridinecarbonyl chioride (0.80 g, 3.14 mmol) was then added
dropwise over 30 min. The resulting mixture was stirred at room
15  temperature for 1 h, diluted with water and extracted with toluene (2 x). The
combined organic extracts were dried (MgSOy), filtered and concentrated
under reduced pressure. The resulting thick oil was triturated with CHxCl,,
and the white solid collected via suction filtration to give the tifle compound
(0.41 g, 36% yield).
20
b) 5-Bromo-2-(cyclopropylamino)-N-(2,6-dichloro-4-methyl-3-pyridinyl)-3-
pyridinecarboxamide
A solution of 5-bromo-2-chloro-N-(2,6-dichloro-4-methyl-3-pyridinyl)-3-
‘ pyridinecarboxamide (3.00 g, 7.61 mmol) and cyclopropylamine (2.11 mL,
25 30.5 mmol) in xylenes was heated in a sealed tube at 120 °C for 24 h. The
reaction was cooled to 0 °C, diluted W1th water and extracted with EtOAc (2
x). The combined organic extracts were dried (MgSOy), filtered and
concentrated under reduced pressure. The resulting residue was purified by
trituration (Et2O:hexane, 3:1) to give the title compound (2.35 g, 75% yield) as
30 apale yellow-rv solid. |



25 (0.7 nL) at roomtenperature. The m xture was stirred at room
tenperature for 2 h then was concentrated under reduced pressure. The
resi due was dissolved in EtOAc (60 nmL) and the solution was 36Deessbey2004
washed with 3 N aqueous NaCOH (3 x 20 nlL), aqueous saturated NH4C (20 i)
and brine (20 nmL) then was dried (MyS04), filtered and concentrated under
reduced 3 re. The residue was partially purifizg sh

chr omat ogrqvap lgéﬁ%a OQAc: MeCH;, 95:5). The solid was fur ﬂ]grwlﬁ’)oﬁérgﬁf ed by
reverse phase HPLC 16 Decenber 2004 WD 01/96338 PCT/ CAO /00890 34

(Conbi Prep ADS-AQ 50 x 20 mm 5 ,120 A, 5-100% MeCN + 0.10 % TFA / water +
0.10% TFA in 25 min) to give the trifl3broacetic acid salt of the title
conmpound (14.2 ng, 19%yield) as a white solid: M5 (ESI) mz 426 (MH)*. 5
Exanpl e | X (ed}s- Broiuo-i@HIoﬁ:-ﬂ-cyclopr yI-5 11-dihydro-&-methy]-6H-

11- (Cycl opr opyk 2_g42 ¢%-b 16.(§w(2 (4-qui noI I nyl oxy) et hyl j - 6H. -

di pyridoj 3, 2- i Iut%{l of b-br n%{%}fléﬁfnﬁngC(? Failc%?r)o-éi—gmetllgl-?)-

5- Brono- 2-chl oro 2, 60
pyri di necar bgpmﬂhgl)-s-pyndmecabﬁxadmdh(WBmgOﬂﬁéM@Mandme((mﬂﬁm)g, 2.85

was. ndded. 5. Brshee R Grdils i viaaioe S BeRO S B Bt g0 *3. s
mol ) was t hegragl adifeapma%s@wfgso?&dmassmci @%éfo&ish ure was

stirred at room 15 tenperature for"1 h, diluted wth water and extracted
wi th tol uene (@C&anmendmbmhbdqmgmmamdtmsd:m&wﬁhmder( My504) ,
filtered and co nt r at e uced. pressure. The resu thick oil
was triturat ean %‘E@% ﬁgl §8FWC§W?%W8’§‘W% uction
filtration towgihteide/dridd MgBOZP HRéHéﬂGnd (Shclrdtrdted %@%’r)ﬁécﬁlc@& re%QnQ)

5- Br ono- 2- (cydoprop | am no) - N( 6- di chl oro4. net hyl -3 - per di nyl)

pyri di nec af boxhetegulting residue was punﬁed via flash chromatography (hexane:EtOAc,

7:3) to give the title compound (32 mg, 33% yield).

d) 2-Chloro-11-cyclopropyl-5,11-dihydro-4-methyl-8-(2-propenyl)-6H-
dipyrido[3,2-b:2",3’-e] [1,4] diazepin-6-one
15 Asolution of 8-bfomo-2-chloro-11-cyclopropyl-5,11-dihydro-4-methyl 6H-

dipyrido[3,2-b:2’,3"-e] [1 4]diazepin-6-one (0.046 g, 0.122 mumol) in DMF (2.0
mL) was degassed by sparging with N for 10 min. Pd(PPhs)s (2.8 mg, 0.003
mmol) and allyltributyltin (0.45 mL, 0.146 mmol} were added and the
resulting solution was heated to 90 °C for 2.5 h. The reaction mixture was

20 diluted with water and extracted with CHzCl (3 ¥) and EtOAc (2 x). The
combined organic extracts were dried (MgSOy), filtered and concentrated '
under reduced pressure. The resulting residue was purified via flash
chromatography (hexane to hexane EtOAc, 7:3) to glve the title compound

~ (0.033 g, 80% yield).
25

e) 2-Chloro-11-cyclopropyl-5,11-dihydro-8-(2-hydroxyethyl)-4-methyl-6H-~
dipyrido[3,2-b:2",3'-¢] [1,4]diazepin-6-one
A cold (-78 °C) solution of 2-chloro-11-cyclopropyl-5,11-dihydro-4-methyl-8-

(2-propenyl)-6H-dipyrido[3,2-b:2 3] {1 4]diazepin-6-one (0.82 g, 243
30 mmol) in CHoCl, (7.5 mL) and MeOH (7.5 mL) was saturatéd with Os until
the solution turned pale blue. The reaction mixture was left at ~78 °C for 10



A sol ution of 5-brono-2-chloro-N (2,6-dichloro-4-nmnethyl-3-pyridjnyl)-3-
pyri di necar boxam de (3.00 g, 7.61 nmol) and cycl opropylamne (2.11 n, 25
30.5 Mol ) in xylenes was heated in a seal ed tube at 120 C f oi6 Récembed D@04
reaction was cooled to 0 C, diluted with water and extracted with Et OAc (2
X). The conbined organic extracts were dried (MSO4), filtered and
concent r atygslippder reduced pressure. The resulting reggiy ﬂ% purifi ed by
trituration (Et20 hexane, 3:1) to give the title conmpoun SYZ 35 g, 75%
yield) as 30 a pale yellow sol | d. 16 Decenber 2004 WO 01/96338

PCT/ CA0O1/ 00890 35 c) S

Br onp- 2- chl or 04l - cycl opropyl -5, 11-di hy%‘?o 4- met hyl - 6H

di pyrido[3,2-b:2',3 -e] [1,4]diazepin-6-one A solution of

5- br ono- 2- ( cydﬁpxthgyNaBﬁ{n@)%@,?ﬂﬁmwl)uthdedm@tﬂeyhﬁanewas

pyridinyl)-3- i dj necarbx 1 254 pmol ) in pyridine (3.0 )
5 was heat ed %A?BW °"§Y1f°r€ﬁ’é6 OV%H@‘lﬁqrﬁa Wae 53 ni, 0.53
mol ) was addaqemﬁba“ﬁasﬁqhéddam%i&ha@seﬂeﬁ %&defi Qi 3 h. The
reacti on was dquenched w t'h agueous saturate d ute vvat er and
extracted wit ). E&@cha@B:eqractﬂ'Wamnﬁmaédww}gdmﬂxMerdm&(N@&) washed with

bri ne, dr| filtere and ntrate reduced pressure. 10
The resul ti ng&"‘yg@%‘%}g Eﬁ?ﬁ?f%‘éﬁ Paes’fﬁné ﬁﬁ?"i‘é‘? ﬂé“?ﬁ’é?(ane: Et OAc,
7:3) to give phafitd heH0RoMRS ﬁ%ﬁm% %) §1 th

Chl oro-1I 1- cycFopropyI 11-di hy ?%34 met hyl - 8- (2- pr ope o ehﬂe

d| pyrido[ 3, 2 mmPOI&d@Flgiﬁwﬂddi@pamlﬁteed&l 15 A sol ution of 8brom)

. chl or o- II-cycIo‘propyI 5, 11- di hydr o- 4- met hh1-6H dipyrido[3,2-b:2',3 -¢j
[1,4] di azepi n-6-one (0.046 g, 0.122 mvol) in DV (2.0 nl) was degassed by

sparging w t hfj\a 1-RRY BB 1)-dmefh3i-eprol ) and

al lyltribulyl di Mggepﬂﬂ f{ .)s_ﬁé.})geggc}ed and the resulting

sol ution was Ijﬁg g@l hﬁ%} ' . 20 dil uted
w th water and egtr(a&ct eoggl\?\ngt’h ClﬁﬁZ (3 ébﬁle Et ct??%l)’ié&?ﬁ%f

for the 11-ethyl analog in example VIlla.

g) 11-Cyclopropyl-5,11~dihydro-4-methyl-8-{2-(4-quinolinyloxy)ethyl}-6 H-
15 dipyrido3,2-b:2",3-¢] [1,4]diazepin-6-one
Diisopropyl azodicarboxylate (DIAD) (167 uL, 0.85 mmol) was added drop-

wise to a solution of 11-(cyclopropyl}-5,11-dihydro-8-(2-hydroxyethyl)-4-
“methyl-6H-dipyrido[3,2-b:2',3"-e] [i,4]diazepin—6—one (175 mg, 0.57 mmol), 4-

hydroxyquinoline (123 mg, 0.85 mmol) and PhsP (223 mg, 0.85 mmol) in THR

20 (2.8 mL) at room temperature. The mixture was stirred at room temperature
for 3 h then was concentrated under reduced pressure. The residue was
dissolved in EtOAc {60 mL} and the solution was successively washed with 3
N aqueous NaOH (3 % 20 mL), aqueous saturated NH,Cl,(20 mL) and brine
(20 mL) then was dried (MgSQy), filtered and concentrated under reduced

25 pressure. The residue was purified by flash chromatography (EtOAc:MeOH;
95:5) to give the title compound (74 mg, 30% yield) as a white solid: MS (ESI)
m/z 438 (MH)*.



conbi ned organic extracts were dried (MgSO4), filtered and concentrated
under reduced pressure. The resulting residue was purified via flash
chromat ogr aphy (hexane to hexane: Et QAc, 7:3) to give the titl & Desgpthign204
(0.033 g, 80%yield). 25 e)

2- Chl or o- 11-cycl opropyl -5, 1. 1- di hydr o- 8- ( 2- hydr oxyet hyl ) - 4- met hyl - 6H

di pyri do[ §odnkesss - 3 -€] [1,4]diazepin-6-one A cold (pédckdrosdhution of
2-chl oro-I1-cycl opropyl -5, 11- di hydr o- 4- net hyl - 8- .
(2-propenyl)-6Hdipyrido[3,2-b:2",3 -ej [1,4]diazepin 6-one (0.82 g, 2.43
30 mol) in CH2CAI 2 (7.5 mL) and MeOH (7.5 nL) "was saturated with 03 until
the solution turned pale blue. The reattion mixture was left at -78 C for
10 16 Decenber 2004 WO 01/96338 PCT/ CA01100890 36 m n, then NaBH4 (0.23 g,
9.71 mmol ) waExaapleX ety eTabl&I)Jure was allowed to warmslowy to room
t enper at ur e oFgt-TRhfdro et LiRl-S40 ((1-GWRIBCA gEnBlif D orReARMYSeHO% Ci tri C
acid sol uti ond@gdd%ta ]M}J;:;%p%oﬁ@ X) . %I'the oyrl)gani c extracts were
conbi ned, washed with brine, dried (MgSO4), 5 filtered and concentrated

under reduged ey I ' | i f yvia flash

chr omat ogrgphﬁﬁ{de@%?%g%@’ atd%}o?%%o&%gé %#‘@éﬁ\?ﬁ%ﬂtﬂ izt{’{% gvgsrrpound (0.41 g,
117yl o 8- 2 hdr oyt bl 1o et by B A O g do( 3, 2-b: 2,3 -e]

, 11-di ro-8-.(2; r 0X .- 4- -6 dipyrido(3,2-b:2,3 -e

[ 1, 4] di aZepi nd -MWS%%&'E%’%B’FEF{MX%'%E]eégé‘\a@%’%ré'ioﬁ@(zé%t hod simlar
to that descrjheghm ' ﬁmﬂﬁﬂ |

g) 11- Cycl opro%yl -S,Jlljf%‘di hy r%q%?ﬂﬁdhﬁi%%!%ﬁ?qw no |e>1éytm(l)e>a<(§} tgt hyl)-GH 15

di pyri do[ 3, 2- hapthe3eactibn (4 b pHrfrmed i GH#Tlealtnd) Sthpmaigiire waostireat boxyl at e
1£ IDI '(A\([:) i/cl( églgolp_)}i’ﬁ f&%ﬂmmﬁilaﬁg%?%@d@gw%?@vﬁ%% ‘;I?di??rqsf'g‘!r" =f rg?ﬁ‘g:li pyrido[ 3, 2
b:2", 3" -e] [ 17Hd #kide6 RiaBdfassiv& in ERCITT00 thi), theB8thbion Was successively

washed with aqueous 10% Na:%0s (3 x 75 mL), aqueous saturated NaHCOs

(875 mlL) and brine (75 mL), dried (MgSOs), filtered and concentrated
under reduced pressure. The residue was purified by flash chromatography
15 (CHCl3:MeOH, 9:1) to give the title éompound (2.01 g, 76% yield) as a white
solid: MS (ESI) m/z 442 (MH)*.

Example XI (entry 17, Table 1)
'2-Chloro-5,11-dihydro-11-etlyl-5-methyl-8-{2-{(1-oxido-4-quinoliny Doxy]-
20 ethyl}-6H-dipyrido[3,2-b:2",3'-e] [1,4]diazepin-6-one
Using a procedure identical to that of example X, 2-chloro-5,11-dihydro-11-
ethyl-5-methyl-8-{2-(4-quinolinyloxy)ethyl}-6H-dipyrido{3,2-b:2',3 -]
[1,4]diazepin-6-one (2.70 g, 5.87 mmol) gave the title compound (2.05 g, 73%
25  yield) as a white solid: MS (BSI) m/z 476/478 (MH)*.

Example XTI (entry 11, Table 1)
' 5,11-Dihydro-11-ethyl-2-fluoro-5-methyl-8-{2-{(1-oxido-4-quinolinyDoxy)-
ethyl}-6H-dipyrido[3,2-b:2/,3'-el [1,4Mdiazepin-6-one
30
Solid mCPBA (457 mg, 2.12 mmol) was added to a solution of 5,11-dihydro-

2-fluoro-11-ethyl-5-methyl-8-{2-(4-quinolinyloxy)ethyi}-6H-dipyrido[3,2-
b:2',3'-¢] [1,4]diazepin-6-one (470 mg, 1.06 mmol) in CELCla (10 ml). The



hydr oxyqui noline (123 ng, 0.85 znnol) and Ph3P (223 ng, 0.85 znnol) in THE
20 (2.8 nmL) at roomtenperature. The m xture was stirred at room

tenperature for 3 h then was concentrated under reduced presssDesemb3E2004
residue was dissolved in EtQAc (60 nlL) and the sol ution was successively
washed with 3 N aqueous NaCOH (3 x- 20 nL), aqueous saturated NHACL, (20 ml)

and brinewoloffsssl) then was dried (MgSO4), filtered trated under
reduced 2‘5” [?reﬁsssure. The residue was purified by flag g%(ﬁ}gﬁsg ogr aphy

(Et OAc: MeOH, 95:5) to give the title conpound (74 ng, 30%yield) as a
white solid: MS (ESI) m/z 438 (WMH) +. 16 Decenber -2004 WO 01/96338

PCTI CA01/ 00590 37 Exanple X (entry 21,38Table 1)

5,11- D hydro-11- et hyl - 5- et hyl - 8- {2- (( 1- oxi do- 4- qui nol i nyl ) oxy) et hyl)-6H

di pyri do[ 3, 2- R =T j Wk j fﬂ%@ﬁ 0- 85%
m chl or oper benzt%lrgs\éagisggre%%é%mgﬁggagu@fnn%p)ghmﬁgép%g% e tg egi880| ution of
5, 11- di hydr o-urkeetdvipicedprestung [The résRlue4vasaiissnivkd iryCHLIs)#8 L), YhebH

di ido[3,2-b;2: .3 -el [1,.4]di i n-.6- . ... 6.02 ntnol) in CH

(IBB:/H_) o[gn_ol ﬁQEI?PWELiS}m‘%iY%B#%‘T_e | nﬂb’i“lﬁﬁggﬂ%ﬁéﬁs}gaz%%%?’ xtzﬁéfr‘ir)ggltc%ei IO(Er g?nr l;e
erformed in : r u

p T e ey

for 1 h then was concentrated under i due was
di ssol ved % n @ledandigncentiated trales pidutédopressmse. The vsihie wab purified hed Wi t h

aqueous 10% ~ (3 x 75 ”L'(%Tﬁ at urat ed, C?j (3 x 75 nL) and
brine (75 m;\%zﬂ@fa%ggw(oﬁ%%?hy i @%@ﬁﬁ%ﬂ%%@&ﬂﬂvg%{%u der reduced
pressure. Thee da BU% ividi®ths RYvHiledlid.a18 @%xﬁﬂi aprnd> (CHCL3: MeOH,
9:1) to give the title conpound (2.01 g, 76%yi el as a white solid: M5
(ESI) mz 442 (N'+. Exanple Xl (entry 17, Table 1) .
2- Chl or o- 5, 11Example XHY (entre1® Fablg Jjret hyl - 8- (2- f
(1- oxi do- 40 qui-GBloreril-ryclefropgich, B dijydroci-methy)-B+{@d{139x2ddo4-guinolin-
, 3' - e]j 1, 4j diydiveyletingl-6itelipyridol3,2-b:2’,3'~e] [1,41diazepin-6-one
Solid mCPBA (177 mg, 0.82 mmol) was added to a solution of 2-chloro-11-
~ cyclopropyl-5,11-dihydro-5-methyl-8-{2-(4-quinolinyloxy)ethyl}-6H-
15 dipyrido[3,2-b:2’,3"-e] [14]diazepin-6-one (143 mg, 0.30 mmol) in CHCl, (3
ml) and THF (3 mL). The mixture was stirred at room temperature for 14 h
then was concentrated under reduced pressure. The residue was dissolved in
EtOAc (50 mL), the solution was successively washed with aqueous 10%
Naz5:03 (3 x 10 mL), aqueous saturated NaHCOs (3 x 10 mL) and brine (10
20 mL), dried (MgSO4), filtered and concentrated under reduced pressure, The
residue was partially purified by flash chromatography (BtOAc:MeOH, 95:5
to CH2ClzMeOH, 9:1). The impure compound was further purified by
reverse phase HPLC (CombiPrep ADS-AQ 50 x 20 mm, 5 b, 120 A,
~ 5-100% MeCN + 0.10% TFA / water + 0.10% TFA in 25 min). The pure
25 fractions were treated with aqueous saturated NaHCO;, extracted with
EtOAc and the solution was dried (MgSOy), filtered and concentrated under
reduced pressure to give the title compound (28.3 mg, 19%) as a white solid:

MS (ESI) m/ z 488/490 (MH)*.



Using a procedure identical to that of exanple X 2-chloro-5,11-di hydro-11-
et hyl - 5- net hyl - 8-{2- (4-qui nol i nyl oxy)ethyl}.-6H di pyrido[3,2-b:2",3" -e]

[1, 4] dia. zepin-6-0one (2.70 g, 5.87 nmmol) gave the title conpousdetemidd 2004
73% 25 yield) as a white solid: M5 (ESJ) mz 476/ 478 (MH) +. Exanple Xl |
(entry 11, Table 1) ' 5,11-Diliydro-Il-ethyl2

fl uoro-5- Wd],b(y;ng (2-((1-oxido-4-quinolinyl)oxyj- ebpbiyhdifdoy di pyri dof
3,2-b:2 ,3 -¢e] {1,4jdiazepin-6-one 30 Solid nmCPBA (457 ng, 2.12 mmol) was

added to a-solution of 5,11-di hydro- 2 fluoro-11-ethyl-5-nethyl-8-{2

(4- qui nol i ny| oxy)ethyl)-6Hclipyrido[3,2- b:2",3"-e] [1,4]diazepin 6-one
(470 m& 1.06 mmol ) in CHzClz (10 nl). 3he 16 Decenber 2004 WO 01/ 96338
PCTI CA01100890 38 mixture was stirred at roomtenperature for 13 h then was
concentrat ed Examtﬂemo(umﬁmr[abmye The residue was dissolved in CHCL3

(75 nmL), the z-s:maﬂusm- m iy Le-Fh - owidoly-aaineRma)-10% Na25233 (3

x 25 nm), a 'ngm% )G_g,ged brine (25 nL), dried
(MS™), 5 flltered and concentrat ‘ed ‘under reduced pressure The residue

was purifigd to give the
titl 2 con%ouscgi\détgﬁ%m& y%%@ﬂ%&%%&%oas% O(lj"o %ﬁﬂl(oﬁ%‘%u m zg460
(&) +. Exanpl chh?@.ﬂd—lléethﬂk‘iﬂné&ylweluﬁolﬁl Io&fr)@myqtm_aipyﬁugpgmr opyl

5,11- dlhydrOSI?fT 1OXIdO4

yl)axy} et hyl [28H8 éﬂ %ﬁ@ﬂﬂmgejlmndhm@i@z@m@n&esm i d mCPBA

177 , 0. 82uml gﬂgg
((:ycl og?opyl °5,11- d| hydr o- ’h‘qf’ﬂgé?éﬂ%?qu’?%%ﬁ‘ﬁ%% tré'tt?'udl} 6H 1s
di pyrido[ 3, 2 m@rre‘duce}p{e&ﬁlﬁs} (he resfiue-veasaiissolyéd th BEDACSBALYMRE ) in CH Cl12

A then Wb CETRAR PeRsSEreteRY eaten pheesls gt B Bavas o ssol ved
'n Erome ( 5Quqfliedus abifta®Q INAHCS ($RI0THGGRIBLNE 0 NSRS Middbfaueous 10%
filtered and concentrated under reduced pressure. The residue was purified *
by reverse phase HPLC (CombiPrep ADS-AQ 50 x 20 mm, 5 11,120 A, 5-
100% MeCN + 0.10% TFA / water + 0.10% TFA. in 25 min). The pure |
15 fractions were treated with aqueous saturated NaHCQs, extracted with
EtOAc and the solution was dried (MgSO0s), filtered and concentrated under

reduced pressure to give the title compound (32.5 mg, 63%) as a white solid:
MS (EST) m/ z 488/490 (MH)*.

20 Example XV (entry 9, Table 1)
5 11-Dzhydro-ll-ethyl-2-ﬂuora~4—methyl~8—{2-»{(1-0x1d0—4-qumolmyl)-
oxylethyl}-6H-dipyrido]3,2-0:2",3'-e] [1,4ldiazepin-6-one
Using a procedure similar to that of example XIV, 5,11-dihydro-11-ethyl-2-
25 ﬂuoro—él—methyl—B-{2—(4réluinolinyloxy)ethyl}-6H-dipyrid0[3 2-b:2' 3 -]
[1,4]diazepin-6-one (125 mg, 0.28 mmol) gave the title compound (40 mg,
31%) as a white solid: MS (ESI) m/z 460 (MH)*. '

Example XVI (entry 12, Table 1)
30 5,11-Dihydto-11-ethyl-4-methyl-8-(2-{(1-oxido-4-quinolinyDoxy}ethy j-6H-
dipyrido[3,2-b:2',3'-e] [1,4ldiazepin-6-one

Solid mCPBA (163 mg, 0.75 mmol) was added to a solution of 5,11-dihydro-



Na2S233 (3 x 10 nmlL), aqueous saturated NaHCO3 (3 x 10 nL). and brine (10 20
m), dried (MgSO4), filtered and concentrated under reduced pressure. The
residue was partially purified by flash chromatography (Et OAc:lH®qembe: 2004
to CH2C12: MeOH;, 9:1). The inpure conmpound was further purified by reverse
phase | -1 Plyp ¢fsasdgi Prep ADS-AQ 50 x 20 mm 5 , 120 A . R«ﬂ@&%ﬁ@p\l + 0.10%
TEA / water- 0.10% TFA in 25 min). The pure 25 fractions were treated with
aqueous saturated NaHCO3, extracted wth EtQOAc and the solution was dried
(MgS™), filtered and concentrated under _reduced pressure to give the
title conpound (28.3 ng, 19% as a white480lid: M5 (ESI) mz 488/490 (M) +.
16 Decenber 2004 WD 01/96338 PCT/ CA01/ 00890 39 Exanple XV (entry 14,

Table 1) 2-Chl dﬂ@ﬂﬁ_{l—ﬂiﬁlﬁﬂiﬂ-ﬁdﬁ-@é—hﬁmo ?rloxy)ethyl}-6H do[3 2—b 23]
- ethyl - 4- et hyl 2 ((1-oxido-4-quinolinyl) ox)e?
di pyri do(3, 2- bib4dinzepin-6-gna (14 s 9i34 remelan z(asrmp]sxh(ewuaong, 0. 22

I dd
myzjr\(l)valsl iiet ﬁ%ﬁgﬁ?ﬁ?&kwdﬁ?ﬁéﬁgﬁpkol zZny oWﬁWﬁSdélﬁ-t%Wt}"do[S 2-
b: 2,3 -e] [1, (iCiz@ps mip, wmeﬂsﬁcc@sswalyanﬂﬂa i3 10% N, (42 % 28L) . The

,m'xture was stirred at roomten&erature for t hen was concentrated

under reducéd Pt s%‘ll%eé’““ﬁf@ra F’Mé‘@@bﬂ%@m@éﬁm e&mm_) the 10

sol ution was sy¢ka ZSZCB 10 m),
aqueous sat ur at ed Na zg %Sld%&p‘gﬁ% dr)'iltllil%é(“i‘gu )Pl'e%ﬂlf?e s, -
filtered and cmmwaspdnﬁewbyﬂmﬁeﬂua @hﬁw@@;{q 08) WesiREri f i ed
by reverse phase HPLC ( Conbj Prep ADS- AQ 5 5 120" A7 5- 100%
MeCN + 0. 10% Tal?'? S EAmEpoundy1 %WW@B’&%W}“&W @35[)&\?15&@% ons were.
treated with a ys saturated NaHCO3, extracted with EtOAc and the
solution was dri (MgS04), filtered and concentrated under reduced
pressure tdogi ve the title conpound (32.5 ng, 63 %9 as a white solid: M5

ESK) mf 488/ 90
( ) z % H\é %‘611’ (entry 15, Table 1}
11- Cyclapropyl—S 11-dihydro-4-niethyl-8-{2-{(1- oxtdo-él—qumolm—-

yl)oxy}etkyl}-ﬂ{—dtpyrzdo[.?,:z- 2,3 -e] [1 4]dmzepm-6—aue

15 Usinga procedure similar to that of example XTIV, 11-cyclopropyl-5,11-
- dihydro-4-methyl-8-{2-(4-quinolinyloxy)ethyl}-6H-dipyrido[3, 2-b:2" 3" -¢]
[1,4]diazepin-6-one (37.1 mg, 0.085 mmol) gave the title compound (35 mg,
91%) as a white solid: MS (EST) m/z 454 (MH)*.

20 Example XVII (entry 25, Table 1)
2-Chloro-5 ﬂ-dzkydra-]:l—eﬂryl—-i—methyl-S—-(Z«(S-qumolmylaxy)ethyl}-ﬁH-
dipyrido[3,2-b:2',3'-e] [1,41diazepin-6-one
Diethyl azodicarboxylate (DEAD) (77 pL, 0.49 mmol) was added drop wise
25  toasolution of 2—chlor<}5,11;djhydro—l1—ethyl-S_—(Z—hydroxyethyl)‘-d;—methyl—
6H-dipyrido[3,2-b:2',3'e] [1,4]diazepin-6-one (125 mg, 038 mmol), 5-
hydroxyquinoline (70.9 mg, 0.49 mmol) and PhsP (128 mg, 0.49 mmol) in
THF (2.5 mL) at roem temperature. After 1.5 h, additional amounts of DEAD
(35 pL, 0.22 mmol) and PPhs (59'mg, 0.22 mmol) were added to the mixture.
30 The mixture was stirred at room temperature for 1 h then was diluted in

EtOAc (50 mL) and the solution was successively washed with aqueous 1N



20 Exanple XV (entry 9, Table 1) 5,11-D hydro-I|I-ethyl 2-

fluoro_4-net hyl - & 2-[ ( x- oxi do-4-qui nol i nyl) -
oxy}ethyl)-6Hdipyrido[3,2-b:2",3 -ej [1,4)diazepi n-6-one Usi h§Dacgpitee2old e
simlar to that of exanple XV, 5, 11-dihydro-11-ethyl-2- 25

fl uor o-4-net hyl - 8-{2-(4-quinolinyloxy)ethyl}-6H di pyrido[3,2-b:2",3"-¢]

[1, 4] di azeyp cainéssone (125 ng, 0.28 mmol ) gave the titlpgreaiarsgd (40 ng, 31
% as a white solid: M5 (ESI) mz 460 (MH){. Exanple XVI (entry 12, Table
1) 30 '

5, 11- Di hydro-1| z- et hhl - 4- et hyl - 8- (2- ((1- oxi do- 4- qui nol i nyl ) oxy} et hyl } - 6H

di pyrido[3,2-b:2",3-e)' [1,41di azepi n-#L one Solid nCPBA (163 ngy, 0.75 mmi)
was added to a solution of 5,11-di hydro 16 Decenber 2004 WO 01/ 96338

PCTI CA0110089DIa@®1 (4 * 10 mL) and brine (15 mL) then was dried (MgSOy), filtered and

11- et hyl - 4- met hyl $- { 2- (4- qui nohnyl oxy% ethyl)-6H-dipyrrdo[ 3,2 ix2', 3" -e]

[ 1, 4j di azepi ng@iéﬁ?fﬁat?‘i%d%?d‘ﬁ?‘éﬂr%ﬁ)meHE@M@ Hurified py flaslThe sol ution
was stirred a . AR Lxture.was. dilyted with
CH2C16 (125 m@%ﬁ%ﬁ%@%‘gﬁe ey&wﬁt)@%%as thg Sehd s samed 2 & 25 s
n), aqueous wahiEtAR eciNaHEale (Ginpoitil (B8 Inga2aib yicl af 2 Whiek kolid: g was  dri ed
(MgS™), filt d and. conc rated under reduced pressure. The residue was
purified by ff@%Z%Mbd@ﬂbphy (CH2Cl 2: MeOH, 10: 1) to give the title
conmpound (102 ny, 68%yield) as a white solid: M5 (ESI) mz 442 10 Exanple
XVIl (entry 15, Table 1)

11- Cycl opr opyExample XIX Hyatryp20) Takledy | - &{ 2- (( 1- oxi des- 4- qui nol i n

yl') oxy] et hyl ) 2-&Whlatosyil-dibydBoa1etiyl-53methyl-B-12-Ml Sxaloepynmblingle 15 Using a

procedur e si noigethylh-6ERdpyfillo[8 207 36Dl Midldzepincg-o@s OpY!l -5, 1. 1-
di hydr g- 4-1et hyl - 8-[ 2- (4- qunohnyl oxy) et hyl } - 6H- - di pyndo[ 3, 2 b: 2, 3-¢€]

bisg 2" T o Satafqie s OD QI i iddd s (5 1o
to a solution of 2-chloro-5,11-dihydro-11-ethyl-8-(2-hydroxyethyl)-5-methyl-
6H-dipyrido[3,2-b:2’ 3"-e] [1 A]diazepin-6-one (225 mg, 0.68 mmol), 5-
hydroxyquinoline (147 mg, 1.01 mmol) and PhsP (266 mg, 1.01 mmol) in THF

15 (3.4 mlL)atroom temperature. The mixture was stirred at room temperature
for 3 h then was concentrated under reduced pressure. The residue was
partially purified by flash chromatography. (EtOAc:MeOH; 95:5). The
fractions containing the 5-quinolinyloxy derivative were concentrated,
dissolved in CHzClz (2 mL) and THF (6 mL) and treated with mCPBA (80%,

20 248 mg, 1.15 mmol) at room temperatﬁre. The solution was stirred at room
temperature for 2.5 b, then was concentrated under reduced pressure. The
residue was dissolved in EtOAc (50 mL), washed successively with aqueous
10% Naz5,0s (3 x 10 mL), aqueous saturated NaHCOs (3 x 10 mL) and brine

(10 mL), then was dried (MgSOy), filtered and concentrated under reduced
25 pressure; The residue was purified by flash chromatography (EtOAc:MeOH,
955 to CHzCl:MeOH, 9:1) to give the title compound (113 mg, 35% yield for
2 steps) as a white solid: MS (ESI) m/z 476/478 (MH}".

Example XX (entry 18, Table 1)
30 511-Dihydro-11-ethyl-2-fluoto-5-methyl-8-2~{(1-oxido-5-quinolinyl)-
: oxylethyl}-60-dipyrido[3,2-b:2,3'-¢] [1,4]diazepin-6-one



20 Exanple XVIU (entry 2.5, Table 1) 2-Chlaro 5, 11-di hydra

| 1- et hyl - 4- met hyl - 8-[ 2- (5- qui nol i nyl oxy) et hyl )-6H di pyrido[3,2-b:2",3 -¢]
[1,4)di azepi n-6-0ite Diethyl azodicarboxylate (DEAD) (77 L, OléDeeomiley200s
added drop wise 25 to a solution of 2-chloro5, 11-di hydro-47.-ethyl-8-(2
hydr oxyet hyl ) - 4-nmet hyl - 6H-di pyrido[3,2-b:2",3 -e] [1,4]diazepin-6-one (125
mg, 0. 38 {WeRhesigd- hydroxyquinoline (70.9 ng, O0.49 ”BPi‘R:A(ﬁFBEB&\E)h?’P( 128 ny,
0.49 mmol) in_ THE (2.5 nL) at roomtenperature. After 1.5 h, additional

anounts of DEAD (35 L, 0.22 mmol) and PPh3 (59 ng, 0.22 mmol) were added
to the mxture. 30 The m xture was stirred at roomtenperature for | h then
was diluted in EtQOAc (50 nml) and the 430l uti on was successively washed with
aqueous 1 N 16 Decenber 2004 WO 01/96338 PCTI CAOQ. /00890 41 NaCOH (4 x 10
m.) and brine (15 nlL) then was dried (MgSO™4), filtered and concentrated

under reducedUghgs ttrc@duﬂhﬁnﬁaﬁ't&mgtdﬂaﬁanqﬁ%m,%ﬂlm dr&3lethGs Omat ogr aphy
(CH2C12: acet one,g82: 15). The resulting solid was tri){ ur at S%IW%\A' th EtzOto

give the tit|@aedidhydrogsshyiypmetind-HHealipyridel3 2 bwhd'tal[l¢dlinzbpis 5 (ESI)
n z 460/ 462 X | try 20 Table. 1) 2-¢hl orp-5, 11-dhyd
T et byl -5 et g Y g hoys ¥ e ptmofifRioa e S il @i 2 11 v elr

oxyJet hyl J5 6 )P d WaktsoRdivE ' m 4{{0](;\41{)’ di azepi n-6-one 10 D et hyl

azodi car boxy:_gtfbep( DEAD) (160 L,(Els?)mﬁmml) was added drop-wise to a
solution of 2-chlaoro5, 11-dhydro-11-ethyl-8-(2 hydroxyéthyl)-5-nethyl- 6H
di pyri do[ 3, 2-BampleXXp|(ertny 18}, Takledbi n- 6- one (225 ng, 0.68 mmol ), 5-

hydr oxyqui nol 3-kélora-f,11 ro11-ethyl-#-maitly R BP(((-268lovfyquikoldylrmol ) in THE 15
(3.4 nL) at rogiathyipBErdipynidol3, b, 8tod{1)4ldiomeginat-oner ed at room tenperature
for 3 h then was concentrated under reduced pressure. The residue was

partial |y purifihgd phecedre siinibh tOtRt O anplke XIKafasile Slioptspy) - The
' azodicarboxylate (DIAD) instead of diethyl azodicarboxylate, 2-chloro-5,11-
dihydro-11-ethyl-8-(2-hydroxyethyl)4-methyl-6H-dipyrido[3,2-b:2",3"-¢]
[14]diazepin-6-one (223 mg, 0.67 mmol) gave the title compound (43.4 mg,
15 14% yield for 2 steps) as a white solid: MS (EST) m/z 476/478 (ME)*.

Example XXITI (entry 23, Table 1)
5,11-Dihydro-11-ethyl-2-fluoro-d-methyl-8-(2-{(1-oxido-5-quinolinyl)-
oxylethyl}-6H-dipyrido]3,2-b:2",3'-¢] [1,4]diazepin-6-one Using a procedure

20 similar to that of example XX, 5,11-dihydro-11-ethyl-2-fluoro-8-(2-
hydroxyethyl)-4-methyl-6H-dipyrido[3,2-b:2' 3'-€] [1,4]diazepin-6-one (250
mg, 0.79 mmol) gave the title compound (64.7 mg, 18% yield for 2 steps) asa
white solid: MS (ESI} m/z 460 (ME)*.

25  Example XXIII, Entry 22, Table 1 ‘
2-Chloro-5,11-dihydro-11-ethyl-8-{2-{(1-oxido-4-guinolinyloxylethy }-6 H-
dipyrido[3,2-b:2',3'-e] [1,4]diazepin-6-one
MS (ESI) m/ z 462/ 464 (MH)*.

30 Example XXIV, Entry 26, Table 1
5,11-Dihydro-5,11-diethyl-8-2-(4-quinolinyloxy)ethyl}-6H-dipyridol3,2-
b:2’ 3"-¢] [1{4]diazepin-6-one

MS (ESL) m/ z 440 (MEH)*.



fractions containing the 5-quinolinyloxy derivative were concentrated,
dissolved in CH2C12 (2 nL) and THE (5 nlL) and treated with nCPBA (80 % 20
248 ng, 1.15 mmol) at roomtenperature. The sol ution was stirr&De@inbeo2004
tenperature for 2.5 h, then was concentrated under reduced pressure. The
resi due was dissolved in EtOAc (50 nL), washed successively wth aqueous
10% Na2S2¢f} of/dsaxe 10 L), aqueous saturated NaHCOB (3 perdletthiopand brine
(10 mL), then was dried (MgSO™4), filtered and concentrated under reduced 25
pressure. The residue was purified by flash chromatography (Et OAc: MeOH,
95:5 to CH2C12: MeOH, 9:1) to give the {itle conpound (113 ng, 35%yield for
2 steps) as a white solid: M5 (ESI) m™”? 476/ 478 (MH)}. Example XX (entry
18, Table 1) 30 5,11-Di hydro-11-ethyl-2

f | uor o- 5- met hijxangple XXV, Entx 2@ Fablejui nol i nyl ) - oxy) et hyl) - 6H di pyri dof
3,2-b:2 , 3 - ep1]-Diltjddo-aaepliathgl-S(te{(l-oxideckpiieoliRflvdylHYIIOAH-96 338

PCT/ CAQ / 0089&ipgddals2+iep 3 -p 08 e pin-63 6 MSFES] ﬁ(hﬂ@&( wexanpl e Xl X

5,1 1-di hydro-11|-ethyl-2- fluoro-8-(2-hydroxyethyl)-5-nethyl-6H dipyrido[3,2
b:2',3 -e] [1,4]diazepin b- one (267 ng, 0.84 mml) gave the title conpound
(204 ng, 52%yield for 2 5 steps) as a white solid: Ms (ESI) mz 460 (MJ){.

Exanple )M (_eﬁ,;agﬂt,l f{ Ry oro-5, 17-di hydra
i1l
d.

& oovl tFy"SS),Téb jor .
LL- et ! -4 103 Sflinddly s g ftf0- 99, B 8L A1 SAh-2quinofimyDoryleshyl
oy ety ) it P PR e B el o

azodi carboxyl ate (DI AD) instead of diethyl azodicarboxylate, 2-chloro-5,11-
di hydro- 11- et hyl - 8- (2- hydr oxyet hyl ) - ~- net hyl - 6Hdi pyri do[ 3, 2-b: T, 3' - €]

[ 1, 4] di azépi n)-SeBronw-2-gfleronly-(6-chieFo-Pampithylfapyridingl)Bi t | e conpound (43. 4 ny,
15 14%vyi el d pywidifeatlmpxainidess a white solid: MSP]) miz 476/478 (h"+.
Exanpl e XXI' | NeHCOy (328g, 46dlrh@ol) vas added to a solution of 3-amino-2-chloro-6-

methylpyridine (2.2 g, 15.4 mmol; prepared as described by K. G. Grozinger
et al. J. Heterocyclic Chem. 1995, 32, 259-263) in MeCN (50 mL). The

15 resulting suspension was stirred for 15 min. and a solution of crude 5-bromo-
2-chloro-3-pyridinecarbonyl chloride (prepared from 5-bromo-2-hydroxy-3-
pyridinecarboxylic acid and SOCl [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] (4 g,) in MeCN (10 mL) was

20 introduced over 30 min. The resulting suspension was stirred at room
temperature. After 24 h, the mixture was poured into a mixture of water (100
mL) and ice (10 g) and stirred for 20 min. The suspension was filtered and
the resulting solid was washed with water (50 mL) and hexane (25 mL), then
dried over PyOs under reduced pressure to give the title compound (1.8 g,

25 31% yield) as a white powder.

b) 5-Bromo-N-(2-chloro-6-methyl-3-pyridinyl)-2-(ethylamino)-3-
pyridinecarboxamide
A solution of 5-bromo-2-chloro-N-(2-chloro-6-methyl-3-pyridinyl)-3-

30 pyridinecarboxamide (1.7 g, 4.8 mmol) and ethylamine (2M in THF, 10.5-
mmol, 5.2 mL) in THF (5 mL) was stirred at 90 to 95 °C in a steel autoclave



5,11-Di hydro 11-ethyl-2 fluoro-4-nethyl-8-(2-((1-oxido-5-quinolinyi)-

oxy) et hyl)-6Hdi pyridof3,2-b:2 ,3 -e) [1, 4] di azepi n-6-o0one Using a procedure
20 simlar to that of exanple XX, 5,11-di hydro-11-ethyl -2-f| wwDeceBibef 2004
hydr oxyet hyl ) -4. met hyl 6H . di pyxido[3,2-b:2",3 -e] [1,4]diazepin-6-one (250
ng, 0.79 mmol) gave the title conpound (64.7 ng, 18 %yield for 2 steps) as
a Wwhite G@lomssdB (ESI) mz 460 (M) +. 25 Exanpl e X¥lhioaoogdopy 22, Table 1
2-Chl oro-5, 11-dhydro 11-ethyl -8_(2-((1-oxido-4-quinoli nyfsgoxygethyl) 6. H

di pyrido[3,2-b:2",3 -eJ [1,41di azepi n-6-one M5 (FSI) m z 462/ 464 (MH)+. 30
Exampl e XXV, Entry 26, Table 1

5,11- Di hydro-5, 11-di et hyl - 8-[ 2- (4- qui i i nyl oxy)etliyl)-6H -di pyrrd o[ 3, 2-
b:2 ,3 -eJ [1, 41di azepin-6-one M5 (ESI) nlz 440 (WH)z. 16 Decenber 2004 WO
01/ 96338 PCT/ foAT hOH&%sﬂi&l@ﬂW a\é)@duréalhfd/wé’t& (13RI, stirred for 15

5, 11-Di hydro-5, 11-dj et hyl - S-{2- ((1- oxi do- 4- qui nol I nyl ) oxy}et hyl J- 6H

di pyri do[ 3, 2- Bimpan QXWGQQWHQ%WW@VG%WW@EMCI hexaBetq MH) *. 5

o (20 ( (L oxi o 3 meopbRUN agd ydloll ot b o 40 o %5 e

[ 1, 4] di azepi n-6-one 10 a) 5- Brono- 2- chI oro-N (6- chI oro-2 net hyl
3-pyridinyl)-3- pyridi necar boxam'de NaHCO3 (3.9 g, 46.4 nmol) vvas added to

a sol uti ong of
pr epar ed as dﬁ% @%&%‘%@%ﬁa ie/#fp Xté'?’ f]'gﬁ"dléy"%?e[‘?% Péc?/ alic Ch em
1995, 32, 259-2 5 result ng susp n5|on was stirred
for 15 mn. .. gog gpﬁgﬁ-gqu% Nfé‘éﬁ@& Ptﬁ’ﬁﬁ‘em)’ - "PYTI&R
{ethylamino)-3-pyridinecarboxamide (0.7 g, 1.8 mmol) in anhydrous pyridine
(18 mL) was heated to 50 °C. A 1 M solution of NaHMDS in THE (7.2 mL, 7.2

10 mmol) was then added dropwise and stitring was continued for an

additional 3h. After cooling to room temperature, methyl jodide (0.6 mL, 9
mmol) was added and the reaction was stirred ov;amight. Water (25 mL) was
added and the mixture was extracted with EtOAc (3 x} and the combined
extracts were washed with water and brine then dried (MgSOy), filtered and

15 concentrated under reduced pressure. The residue Was purified by flash
chromatography (hexane:EtOAc, 8:2) to give the title compound (259 mg,
41% yield).

d) 5,11-Dihydro-2,5- d1meﬂ1yl-11—ethyl—8—(2—propenyl)-6H-d1pynd0[3 2-
20 b:23-e] [IA]dJazepm-G-one
A solution of 8-bromo-5,11-dihydro-2, 5-dimethyl-11-ethyl-6H-dipyridof3,2-

b:2',3"-€] [1,4]diazepin-6-one (258 mg, 0.7 mmol) in DMF (7.4 mL) was
. degassed under reduced pressure for 20 min. Pd(PPhs)s (43 mg, 0.04 mmol)
was then added followed by allyltributyltin (0.3 mL, 0.85 mmol). After
25 degassing under reduced pressure for 10 min, the mixture was heated to 100
°C for 1.5 h. The mixture was then concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane:EtOAc, 8:2) to
give the title compound (184 mg, 98% yield) asa yellow solid.



2-chl or o- 3- pyri di necarbonyl chloride (prepared from5 bronp-2 hydroxy- 3-
pyri di necarboxylic acid and SOC12 [as described by T. W Gero et al. in
Synth. Conmun. 1989, 19, 553-559 (i ncorporated herein by referene®ecdinber 20dh
om ssion of the aqueous work up] (4 g,) in MeCN (10 nmL) was 20 introduced
over 30 mn. The resulting suspension was stirred at room tenperature.
After 24 kodiagsg xture was poured into a m xture of 196? bi/dosg0 L) and
ice (10 g) and stirred for 20 mn. The suspension was filtered and the
resulting solid was. washed with water (50 nL) and hexane (25 nlL), then
dried over P20s under reduced pressure to give the title conpound (1.8 g,
25 31%vyield) as a white powder. b) 5-#ono N

(2-chl oro-6-net hyl - 3-pyridi nyl)-2-(ethyl am no)-3- pyridi necarboxam de A
sol ution of Se)BXIAD b Brdamblhy 21 TBiNg1-8Bh deh -'@Mrdifjﬁw' g[323 30

pyri di necar bosgng’ E dibz&bi $_Ef§}i’mmlm)lﬂané e hy?yamﬁza (2MTn ‘FI—'lIZE 10.5
mmol , 5.2 ) Algfedilef w%%nti’éﬂ% ik g iy &shgel autocl ave
16 Decenber 2004 WO 01/96338 P&‘% C&)ﬁ%&%ggggq&%(%?n%&%&%ﬁ%esulti ng
m xture was pdbrdidethyl-1l-ethyld-(2(ir0 penyl)y6H-dipyride[s, 2£10’,318] [14]dlazapth-f i | t er ed.
The solid S, Was Wi wat,er | | owed hexane to _give the title
conpound agaa&)?g? agaf%{’? 6‘“{"1&3‘51 %A%ﬁﬁ&@% (3 mL}and MeOH (3 ml).

8- Bromo- 5, 11- Wby dhe Sink sclubb R brddnSOMhs Bilbldd dddd in2 3 _el

[ 14] di azepi n-6-one A sol ution of crﬁ%’"e g-%srorm!e%tﬂwdgﬂ%ém&&n

( 2- di chl or o- 6for A otig NaBHay(F7 wigil 52 mrol) (vedstthdreatided ind Hpsohdioneear boxani de

(0.7 g, 1.8 ) 4.n_anhydrous..pyridi ne 18 n) was_heated to 50 C A1 M
sol ution of L of%nitéﬁffer%ﬁ' fﬁgﬁ%‘z%g‘?ﬁ%‘?ﬂaﬁﬂw dropwi se and
stirring was MBI&L(WH&PW@MdeﬂdﬂH&gPH,% u.@tﬂzs shtubREd REOET W dh@y F 0OM

tenperature, nethyl iodide (0.6 ni, ) was added and the reaction was
stirred ovér ndsled angiesmixtems stitrpd ferP0 mid e sehution Was ninceuraedvas ext r act ed

with EtOAC (3ypder %c&c&'ﬁmﬁ&ﬂ? ERESeracted with CH>Clz (3x). The combined
*  organic extracts were washed with brine, dried (MgSO4), filtered and

concentrated under reduced pressure, The residue was purified by flash
chromatography (EtOAc:Hexane 6:4) to give the title compound (111 mg,
15 b8% yield) as a white solid.

f) 2,5-Dimethyl-5,11-dihydro-11-ethyl-8-{2-({4-quinolinyloxy)ethyl}-6H- .
dipyrido[3,2-b:2",3'-¢] [1,4]diazepin-6-one ’
Diethyl azodicarboxylate (DEAD) (139 pL, 0.88 mmol) was added dropwise

20 toasolution of 5,11-dihydro-2,5-dime&;yl-li-ethyl—&(Z-hydroxyethyl)-6H- '
dipyrido[3,2-b:2' 3'-¢] [1 A]diazepin-6-one (110 mg, 0.35 mamol), 4-
hydroxyquinoline (128 mg, 0.88 mmol) and PhsP (231 mg, 0.88 mmol) in THF
(3.5 mL) at room temperature. The mixture was stirred at room temperature
for 16h. The reaction mixture was diluted in EtOAc (60 mL) and the solution

25 was successively washed with 1 N aqueous NaOH (3 x 10 mL) and brine (15

- mL) then was dried (MgSOy), filtered and concenirated under reduced
pressure. The residue was purified by flash chromatography (EtOAc then
EtOAc:MeOH, 9.5:0.5) to give the title compound (57 mg, 37% vield) as a
white solid: MS (ESI) m/z 440 (MH)*.



extracts were washed with water and brine then dried (MySO™), filtered and
15 concentrated under reduced pressure. The residue was purified by flash
chromat ogr aphy (hexane: EtQAc, 8:2) to give the title conpoundié PaSnitgr 2004l %

yield). d)
5,11- D hydro-2, 5-di net hyl -11 -et hyl -8-(2-propenyl)-6Hdi pyrido[3,2- 20
b: 2", 3" - elvdodwébgli azepi n-6-one A sol ution of PCT/CAOL/00890

8- brono-5, 11-di hydr o- 2, 5-di net hyl - 1i - et hyl - 6H di pyrido[ 3, 2- b:2', 3 -¢e]

[1, 4] di azepin 6-one (258 ng, 0.7 mmol) in DV (7.4 m,) was degassed under
reduced pressure for 20 mn. Pd(PPb3)4 (43 ng. 0.04 mmol) was then added
followed by allyltributyltin (0.3 mL, 49.85 nmol ). After 25 degassi ng under
reduced pressure for 10 mn, the m xture was heated to 100 C for 1.5 h The
m xture was then concentrated under reduced pressure- The residue was
purified by fdsil-Dihydra? bginghyl-{hehghe{F (1 ¥Gdod-2) to give the title
conpound ( 184quigolifijexyjeiy)-6BdigyricRi[s 20:2591d] fh 4l dfizEminidify 2004 WO

01/ 96338 PCT/ hOPBR %ﬂn—clﬂoroperbenzoic acicg }601{1 (r 8 oa.was .

5, 11- Di hydr o-2. 5-di met Ryl - 11- 6t hyl T8 (2= By ar oy er By BPoas: | dof 3, 2-

b: 2', 3' - ej 5[ 1adfleditaz epluhomsofid -dhydroeimlinetigd-1lmehyl-Bi{2(uced into a cold
(78 C) solution aof 13- di ro- . o P ]

> 5-di met hyl -W@?‘?ﬁ?’i‘?ﬁ%ﬁ%‘gﬁ%&?ﬁ%‘bé# &l Bfldisrspin-6ope G5 mg,_ o

[ 1, 4] di azepi n.15mérolif CHLEH (18 ml1f abrodiDiehpeRereUld@inidddre vis 2 (3 )
and MeOH (3 nL). When the pink solution turned brown, 02 was bubbl ed

t hrough the s¥iraemdempgraiure Qr &b h themdilited 9ithuGiClo. The resdtipg was t hen added

and t he sol uté'

addi 1 onal . oo e el bRl T Sl TR MiBontucous sat ur ot

NHACI  was 16 hesatrkBted INIEECEIhd B e IdA (M STy, Kilt@dd BRd calefedled The sol ution
was concentrated under reduced pressure and extracted with CH2Cla (3x).
The conbi ned WaslegEeslugedtpiessige. Shagesidugyssaurified by Sashrdromatogrphyy SO4) |

[lieren and aRRISAROAAGHT shEMERT: BRERRE By P 3ok SThE S 125 Puri T ed
white solid: MS (ESI) m/z 456 (MH)*.

15 Example XXVII (Entry 29, Table 1)
5,11-Dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyDoxylethyl}-2-
(trifluoromethyl)-6H-dipyridof3,2-b:2',3'-¢] [1,4]diazepin-6-one

a) 2-(Ethylamino)-3-nitro-6-{trifluoromethyl)pyridine
20 To a solution of 2-nitroacetamide ammonium salt (4 g, 33 mmol) in water

(165 mL) was added piperidinium acetate (33 mmol) in water followed by
slow addition of 4-ethoxy-1,1,1-trifluoro-3-buten-2-one (6.1 mL, 43 mmol) m
MeOH (11 mL). The reaction was stirred for 2 h at room temperature and at
reflux for 3 h. The reaction mixture was allowed to cool to 45 °C and aqueous

25 HCL(1N) was added until the pH was acidic. After 1 h at room temperature,
the reaction mixture was extracted with CHzClz (3x). The combined organic

| layer was successively washed with water and brine, dried (MgSO), filtered
and concentrated under reduced pressure. The resid.ﬁe was purified by flash
chromatography (EtOAc, then EtxOAC:MeOH, 9:1) to give S-Iﬁh'o-é-
30 (ifluoromethyl)-2(1H)-pyridinone (2.7 g, 40% yield) as a yellow solid.



chromat ogr aphy (Et OAc: Hexane 6:4) to give the title conpound (111 ng, 15
58% vyield) as a white solid. f)

2,5-Dimethyl -5, 17. -di hydro-11-ethyl -8-(2-(4-quinolinyl oxy) et hyd De&khber 2004
di pyrido[3,2-b:2",3 -¢ej [1,4jdiazepinn-6-one D ethyl azodi carboxyl ate
(DEAD) (139 L, 0.88 mml) was added dropwi se 20 to a solution of

5,11-di hy g di met hyl 11-ethyl-8-(2 hydroxyethyl ) yrido[3,?2
b:2',3" - W(F(]f 4sj§d| azepin 6-one (110 ng, 0.35 mmol), %p@/ﬁmg;rfogé)?ng nol i ne
(128 ng; 0.88 mmol) and Ph3P (231 ng, 0.88 mml) in THF (3.5 nL) at room
tenperature. The m xture was stirred at roomtenperature for 16h. The
reaction mxture was diluted in Et OAc 460 nlL) and the solution 25 was
successively washed with 1 N aqueous NaC]—I (3 x 10 m_) and brine (15 i)

t hen was dri eqioemg%ofjﬂhwﬁgﬂ@ag Oi‘ﬁ_ g’ uced pressure.
The residue was purified by flash chromat ogra h hen Et OAc: MeOH,

9.5:0.5) to gmmoﬁiﬂé)Wt@%nbbmﬁﬂdad@@ﬁu@Ydﬁﬂ%{@mgﬂS&mmol)\'iﬂhete sol i d:

MS (ESI) m 440 enbe 004 /96338 PCT/ CA 00890 46

5, 1(1 Di %ydrg Vi %%Wegﬂ ;-atgiz(? 31%@ % ﬁ§}$ oxy} et hyl )%H
di pyrido[ 3, 2 phéhy l@]ﬂuﬂmétﬁaﬂe@ml&&ﬁﬂidég§9 g,nﬁ 8 ﬁﬁ{ol)dmm&éﬁ (A8Q- 8974

m chl or oper benzoi ¢ aci was ‘5 added to a sol ution of

d ,
5, 11- di hyd#o- 2 Msalntigsn ?t)wthﬂme ﬁyTHE(mM mmol) was added The

qui nol i nyl oxy iazepi n-.6-one (55
my, 0.13 nzn}%Q ﬁ@é%g%ﬁdogg%%f%ﬁheggmé#p QUIEHETS S xt ure was
stirred at reaspb@eyeitaivite (100mb) &dhx&ﬁ@éudi&lmﬁc @, THeH2C12.  The
resulting sol ut| on was successively washed wi th agqueous 10% Na2S2GCs3,

aqueous 1o safQmiipedorganiclayenwas wicresaivelywashed watsomd brine, dbedd and
concentrat ed regauced rif.,ed by flash
chr omat ogr aph)r/mgﬁg td&lc%ﬁftﬁ%g%%ﬁ%lrge?@%ﬁtﬁﬁ@t e 8% %Wﬁ% (59 ny,
99% yi el d)1oasparifiediby SashehictnatddapisShpxaneEt@A6, KUYH) Eive the desired

compound (1.1 g, 41% yield) as a yellow oil.

J

b) 3-Amino-2-{ethylamino)-6-(trifluoromethyl}pyridine
A solution of 2-(ethylamino)-3-nitro-6-(trifluoromethyl)pyridine (1.1 g, 4.9

15 mmol) in MeOH (40 mL) was stirred overnight at room temperature under
hydrogen (1 atm.) in the presence of 20% Pd(OH)/C (100 mg). The catalyst
was removed by filtration through diatomaceous earth. The filtrate was
concentrated under reduced pressure to give the title compound as an
orange oil (1 g).

20
¢} 2-Chloro-N-{2-(ethylamino)-6-(trifluoromethyl)-3-pyridinyl}-5-bromo-3-

pyridinecarboxamide
To a cooled solution of 3—ammo~2—(ethy1am1no)—6—fnﬂuoromethyl pyridine (1

g, 4.9 mmol) in MeCN (24 mL) was added solid NaHCOs (906 mg, 11 mmol).
" 25 After 5 min, crude 5-bromo-2-chloro-3-pyridinecarbony! chloride (prepared
from 5-bromo-2-hydroxy-3-pyridinecarboxylic acid and SOCI, [as described
by T. W. Gero et al. in Synth. Commun. 1989, 19, 553-559 (incorporated
herein by referénce) but with omission of the aqueous work-up] was added

(1 equiv., 4.9 mmol): After 2 h, the reaction mixture was poured over



15 Exanple XXVI1 (Entry 29, Table 1) 5,11-D h

ydr o- 11- et hyl - 5- et hyl - 8- (2- ((1- oxi do-4-qui no |inyl)oxy)ethyll-2-
(tnfluoronethyl)-611-di pyridof 3,2-b:2 ,3 -¢ej j1,41di azepi n- 6i®Deceber 2004
2-(Ethylam no)-3-nitro-6-(trifluoromethyl)pyridine 20 To a solution of 2
nitroacetam de ammoniumsalt (4 g, 33 mol) in water (165 mL) was added
pi peri di nwﬁ"@@@ﬁ;ate (33 mol) in water followed by pgreWg et on of
4-ethoxy-1,1,1-trifluoro-3-buten-2-one (6.1 m., 43 rrznolg% McOH (11 nl).
The reactlon was stirred for 2 h at roomtenperature and at reflex for 3
h. The reaction m xture was allowed to cool to 45 C and aqueous 25 HC (1N)
was added until the pHwas acidic.  Aft# 1 h at roomtenperature, the
reaction m xture was extracted with, CH2CI 2 (3x). The conbi ned organic
layer was sucgefHWY €.y yashereshking wi&waﬁﬁlebr&r kiSed WHth BHOGNESOY) , filtered
and concentrated _ under reduced pressure. The residue was purified by flash
chr omat ogr aphihephbexne. Afterdryingandentedrredpressurepvgimnightathatitle 0- 6 30

becenber 2004 S BE1S AR AUIEH Bietiond Uh Fedbahon 7 O 7' O

3-nitro-6-(trifluoronethyl)-2(1H)-pyridinone (2.4 g,11.5 mol) in DW (69
nm.) was added sodi um hydride (350 ng, 13.8 mmol). The reaction was stirred

et o g%% mé 831 iyl e 1 S SR Do %ﬁ%@ggﬁm@a Ater 1h a

5 2"Msolutio 13 nL was added. The

reacti on was ?FF?]Q mc‘f@% OB@'@"?}P PEASOYEM i xture

was pour ed 'n%rd‘iﬁé-gf %xaﬁﬁéeg%é\fl\x%fi@ﬂzd% %[ﬁ&@fﬁ} as 1€ conbined
rine

organi c | ayer was su essively washed er an ri‘ed (I\/gSO4)
filtered and beifdé-ﬁa}ﬂﬂ%dng;ﬁdenmnhdﬂmeehcpmmsmmdﬁtsoP(ésAfebnelIwas 10

Corpound (1. 178 a5 S P pon Ip KoM ippengijne and thefh s poured © ©°°" "¢
3- Ani no- 2- (et hyiae 20 nT): THerrkdu g PBRIE Y a5 BYEAMd With BtOAc (3x). The

combined organic layér was successively washed with water and brine, dried

(MgSOy), filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane:EtOAc, 7:3) to give the desired
15  compound (200 mg, 28% yield) as a yellow solid.

¢) 8-Bromo-5,11-dihy dro-11-ethyl-5-methyl- 2-{trifluoromethyl)-6H-
dipyrido[3,2-b: 2'3'-e][1,4]diazepin-6-one
To a solution of the 8-bromo-5,11-dihydro-11-ethyl-2-(triffuoromethyl)-6H-

20 dipyrido[3,2-b:2'3"-¢] [1,4]diazepin-6-one (200 mg, 0.52 mmol) in DMF (2.6
mL) was added NaH (20 mg, 0.78 mmol), and the mixture was heated to 50
°C for 30 min. The reaction mixture was cooled to room temperature and
treated with Mel (97 pL, 1.56 mmol). After 16 h, the reaction mixture was
diluted with water. The resulting mixture was extracted with FtOAc (3x).

25 The combined organic layer was successively washed with water and brine,

- dried (MgSOsy), filtered and concentrateci under reduced pressure. The
residue was purified by flash chromatography (hexane:FtOAc, 8.5:1.5) to
give the title compound (110 mg 53% yield) as a white foam.



A solution of 2-(ethylamno)-3-nitro-6-(trifluoronethyl)pyridine (1.1 g,
4.9 15 nmmol) in MeOH (40 nL) was stirred overnight at roomtenperature
under hydrogen (1 atm) in the presence of 20% Pd(OH) 2/ C ( 1006 egembEh2004
catal yst was renoved by filtration through di atonaceous earth The filtrate
was concentrated under reduced pressure to give the title conpound as an

orange oi iwo(‘,}g 20 c) 2-Chloro N {2-(ethyl am no) - 6?&@&\31}0‘1&?6 onet hyI)

pyri di nyl r ono- 3- pyr| di . necar boxam de To a coo

3-am no-2- (et hylam no)-6-trifluoronethyl pyridine (1 g, 4.9 mml) in MeCN
(24 nm.) was added solid NaHCOs (906 ng, 11 mmol). 25 After 5 mn, crude
5- br onp- 2- chl or o- 3- pyri di necar bonyl ch#®ori de (prepared from

5- br ono- 2- hydr oxy- 3- pyr| d| necar boxyl ic acid and SOCl12 [as descri bed by T.

Bt e N
PRI T ko e epes N SR

filtered, ri mﬁéd%hﬂegﬁ@dqhﬁthrbhgﬂsdhﬂi@rferso%irﬁoldﬁdﬂ 808 bRgRs- reduced
pressur.e over big‘gﬁj‘ the title 1g-;)ound was obtained as a light brown solid
(1.6 g, 77% /o ydug-Iyethylsdy ~{(rifluepomethyd)-of-dinymidp[3,2-b:2,3'-

2-(trifluorongp , |azep|n60ne To a
sol ution of 2@@%@%&%@{{9 gﬁyé’ér%?n °1§“‘(I?“‘Fﬁ%%*r@ne’i°ﬂ%) 3-pyridinyl)-
5- br ono- 3- py rtethpamtae Thexmirite way §Great 90 °G f6r1w | thedl wallbodldBigrL) was added
NaH (137 ng, 5.4 mmo The reaction was stirred at 80 -C. After | h 1o the

|
reacti on was &P P&@@H%WEBMW‘E@%?H%W et Bresyiel Thedmsides poured in
20 | 3 Th
Lo {20 M e AR e BB e GHLER AL U ED BLRG(3X) | The,

conbi ned organi ¢ | ayer "was succe rine,
" 10 title compound (101 mg, 99% yield).

g5 11-D1hydro-11-ethyl-8—(2-hyd:oxyethyl)—5—methy1~2~(tnﬂuoromethyl)-
6H-dipyrido[3,2-b:2',3'e][1,4]diazepin-6-one
A stream of ozonised oxygen was bubbled through a cold (-78 °C) solution of

15 5,1l-dihydro-ll-ethy175-meﬂly1-8~(2-pr0peny1)—2—(ﬁ‘iﬂuoromemyl)-GH-
.dipyrido[3,2-b:2' 3"-e][1,4] diazepin-6-one (100 mg, 0.27 mmol) in CHxCla (2.7
mL) and MeOH (2.7 mL) for 2.5 h. A stream of N2 was next bubbled through
the solution for 15 min and then solid NaBH; (52 mg, 1.4 mmol) was added
to the solution. The reaction mixture was allowed to warm to room

20 temperature. After 1k, aqueous saturated NH;Cl (5 mL) was added and the
mixtute was stirred at room temperatare for 2 h. The reaction mixture was
diluted with CHClz and the aqueous layer was re-extracted with CHzCl.
The combined organic layer was successively washed with water and brine,
dried (MgSOy), filtered and concentrated under reduced pressure. The

25 residue was purified by flash chromatography (EtOAchexane: 75:25 to
EtOAc100%) to give the title compound (60 mg 59% yield) as a white solid.

h)5 11-D1hydr0-11—ethy1—5-methyl—S-[2-(4-qumoImyloxy)ethyl}-2-
(triflaoromethyl)-6H-dipyrido[3,2b:2",3'-e] [14]diazepin-6-one
130 Diethyl azodicarboxylate (DEAD) (38 pl, 0.24 mmol) was added dropwise to



(MS™), filtered and concentrated-under reduced pressure. The residue was
purified by flash chronmat ography (hexane: Et OAc, 7:3) to give the desired 15
conmpound (200 ngy, 28%yield) as a yellow solid. e) 8-Bronp-5, 14 Ddtdnytsds 2004
11-ethyl -5-nmethyl - 2-(trifluoromethyl)-6H

clipyrido[3,2-b:2",3 -e)[1,4]diazepin-6-one To a solution of the

8- br ono- Spdglg@kAydro-11-ethyl -2 (trifl uoromethyl)- GH%QI 01/0089

di pyrido[3,2-b:2",3 -¢e] [1,4]diazepin 6-one (200 ny, gf mmlo) in DM (2.6
m.) was added NaH (20 ng, 0.78 mmol), and the mi xture was heated to 50 oC
for 30 mn. The reaction m xture was cooled to roomtenperature and

treated with Mel (97 L,1.56 mmol). Aft¥d 16 h, the reaction mxture was
diluted with water. The resulting m xture was extracted with Et OAc (3x). 25

The conbi ned Qg@aﬂbﬁoﬂm%hmlgwgqgwmbm%@m@&@@at er and bri ne,

dried (MgSH), filtered and concentrated under réeduced pressure. The

resi due was plififireiometiylrétidipyeieisa ¢ -ahilldineepime ome (BBeg 8.16: 1. 5) to
O e BT R B 91 L i B3y BT

5, 11- Di hydr o- THF¢1.6 L) bt et tinpSrat@e PTROQNHIe-was(stifell htRiom anet hyi ) - 6H

di pyrido[3,2-b:2",3 -¢e][1,4]diazepin-6-one Allyltributyltin (98 L, 0.32
moi ) and Pd( tEEey or Hythen was copepntyatogpader serincgd peessitdeBhs sed (N2

t hr ough sol ut] oY) ' .
5. 11-di hydr 0_f@@g%ﬁ‘{?ﬁ?’@‘_ﬂmé@kﬁ%%ﬁ?t?%‘&?ﬁoﬁ%?@ﬁ%ﬁ%}Ff} #8832 b2, 3 -
e] [ 1, 4] di azeptir-tileenmp6ird (24 mg® 327 yiehd)|as aiwhiloblid: M3 (BH)mAE 49400m
t enper at ur e. @}&fgjﬁ%ture was stirred at 90 Cfor 1.5 h then was cooled to
room t enper at - concentrated under reduced pressure. The residue was
purified by flash chromat ography (hexane: EtOAc, 8:2 to 7:3) to give the 10
title conpound (101 ng, 99%yield). g) 5, 11-Dhhydro
11- et.hyl - 8- (2- hydroxyethyl)-5-nmethyl 2-(trifluoronethyl)- 6H di pyrido[3,2
b Y4 pa 4?§;yla o o epkyL5 metiy8 121 -oxido A quinolimlonpledyli 2
trifluoromethyl)-6H-dipyrido[3,2-b:2’,3"-¢] [1,4]diazepin-6-one
Solid mCPBA (80-85%, m-chloroperbenzoic acid) (16 mg, 0.08 mmol) was

added to a solution of 5,11-dihydro-11-ethyl-5-methyl-8-{2-(4-
quinolinyloxy)ethyl}-2-(trifluoromethyl)-6H-dipyrido[3,2-b:2’,3 -]

15 [14]diazepin-6-one (22 mg, 0.04 mmol) in CHoClz (0.5 mL) at room
temperature. The mixture was stirred at room temperature for 2.5 h then
dituted with CHCla. The resulting solution was successively washed with
aqueous 10% Nax5;0s, aqueous saturated NaHCO; and brine, dried

(MgSOs), filtered and concentrated under reduced pressure. The residue was
20  purified by flash chromatography (MeOH:CHCls, 5% to 10%) to give the title
compound (11 mg, 52% yield) as a white solid: MS (ESI) m/z 511 (MH}*.



A stream of ozoni sed oxygen was bubbl ed through a cold (-78 C) solution of
15 5,17.-di hydro-1 1-ethyl. 5-nethyl-8-(2-propenyl)-2 (trifluoronethyl)-6H
di pyrido[3,2-b:2",3" -€e][1, 4] di azepi n-6-one (100 ng, 0.27 nxnol§ DetenfBer i
(2.7 ) and MeOH (2.7 nmL) for 2.5 h A stream of N2 was next bubbl ed
through the solution for 15 mn and then solid NaBH4 (52 ng, 1.4 mmol) was
added t ution. The reaction m xture was all rmto room 20
t enper at %Q%%?%Ier 1 h, aqueous saturated NH40 (5 m?%vééﬁg'gg\gd and the
m xture was stirred at roomtenperature for 2 h The reaction m xture was
diluted with CH202 and the aqueous |ayer was re-extracted with Cl-2Cl12.
The conbi ned organic |ayer was successilvely washed with water and brine,
dried (MgSO4), filtered and concentrated under reduced pressure. The 25
residue was purified by flash chroaBLBgr aphy (Et OAc: hexane: 75:25 to EtOAc
100% to give the title corrpoucgmi,ﬁgnagogg%mgql d) as a white solid. h)
5,11-Di hydro 11-ethyl -5 nnet hyl -8-(2-(4-quinolinyl oxy)ethyl}-2-
(trifluoromethyl)-6H dipyri doLS, b:2'9g3 -e] [1,4]diazepin 6-one 30 Diethyl
)]

azodi car boxyl ate (DEAD) (38 LRy 0. | ) was added dropwi se to 16 Decenber

2004 WD 01/96338 PCT/ CAQL/ 00 ution of

5, 31-di hydro-7.1-et hyl - 8- (2- Rgdriaxyet fyl Ryl - 2-
e] [1,4;1di azepin 6-one (58 ny,

0.16 nmmol), 4-hydroxyqui ngk4 neN(BSl“rrg,N 0.24 mol ) and Ph3P (62 g, 0.24

mol) in THE (1.6 nL) at roomtenpBrature. The m xture was stirred at room

5 tenperature for I'h then was conceptrated under reduced pressure. The

resi due was }:U‘Nﬁk‘relu' edby fasth—chrgmatography—(EtOfc~MeeH—95-5) to give

the title conpeusng [(24Rng,| 31pdo yilel d)gsas 4 whit e sol i d:Q M5 (HSI) mz 494,

495 (M -3)f. HO_1) :

5, 11- Di hydr o-{11 et hyl -G ndt hyMes- {[2- ( (H- oxildo-E- qui nal i oxy) et hyl } -2

(trifluoronetihyl)-6H di pyrlido[3,2-[b 2',3 -¢] [1,4]idia 6- one Solid

nCPBA (80-85% m chi oroperlbenzoic lacid) (16 ng, 0.{08

|
p | H Me Et E:
/
| /

3 H Me H CycPr

4 F H Me Et
i
. =N
5 F Me H. CycPr
i
- = N
6 Cl H Me CycPr
/
==N
7 F Me H Et
|




added to a solution of 5,11-di hydro-11-ethyl 5-nethyl-8-{2 (4-

qui nol i nyl oxy)ethyl }-2-(trifluoronethyl)-6H dipyrido[3,2-b:2",3 -e] 15
[1, 4] di azepi n-6-one (22 ng, 0.04 nmol) in CH2Cl2 (0.5 nlL) at [®DBember 2004
tenperature. The m xture was stirred at roomtenperature for 2.5 h then
diluted with CH2A 2. The resulting solution was successively washed with
aqueous 1Qfpoaggs? 3, aqueous saturated NaHCOB and brippgcsdllabdgl (MISHA),
filtered and concentrated under reduced pressure. The resi 3ue was 20
purified by flash chromat ography (MeOH CHCO 3, 5% to 10% to give the title
conmpound (11 ny, 52%yield) as a white solid: M5 (ESI) nmlz 511(MH)+. 16
Decenmber 2004 WO 01/96338 PCT/ CAO /0090 51 TABLE 1 ' Conpounds of fornul a
| 1 a e RRRAR50Q Entry # 1C MeH, Et 2C . HwveEt 3HWVeHCycPrf r N 4FHWVEEt N
5FMeH. CycPrf N 6C HI\/b(ycPr--Nij%HEto-N 16 Decenber 2004 WO 01/96338 52
PCTI CA01/ 00590 R "

Q
RZ
—Tablet
Entry # R? R? RS RM Q
8 H Me H Et .
‘ ! ;
9 F Me H Et ,.;
/
=N+
=
10 cl H Me CycPr
|
—~——N+
11 F H Me Et -
/
N
\o—
12 H Me H Et
!
—nNt
hY 0-—
14 Cl Me H Et
2/ ; .
N+
- 0_
15 H Me H CycPr
/
=Nt




a e Entry ORZRARSR] | Q 8HWeHEt 9FMeHEt ~N+ 10C HMeCycPr N+ O 11FHMWeEt O
12HVeHEL f 7 14C MeHEt JN+ 15HMeHCycPrJ ~N+ O 16 Decenber 2004 WO 01/ 96338
53 1. PCT/ CA01/00890 e e EntryR2RARSR'Q 17CI HVeEt f 18FHVEEt | 16 DedenBeebbod\+
“o-

WO 01/96338 PCT/CABL/00890

—Tabte ;
Entry # R R? RS RU Q
17 Cl H Me Et
' 2/ ;
) =N+
-
18 F H Me Et
. _ | fj
. Ay
i9 Cl Me H Et
/
Nt
. \0-—
20 Cl H Me _ Et
!
. = Nto_
21 H H .Me Et
/
. :;-ZN +
23 Cl " B Bt
!
—Nt
~ o—-—
23 F Me H Et
f
=N+
No-




f

20Cl HWeEto- J I O 21HHWeEt o 22C HHEt 1 23FMeHEt.o - r p- 16 Decenber
2004 WO 01/96338 54 i PCTI CA01/ 00890 a e EntryRRRARSL Q R' 24HHMWEEt N
25CI MeHEt 6-) N 26HHEtEt ~ J -r N 27HHEt Et ~Na 16 December 2004
WO 01/96338 PCT/CA01/00890
54
[ Taskel : '
Entry # R? R4 RS RM Q
24 H H Me Et
/
=N
25 Cl Me H Et
f N
=N
26 3 H Et Bt
/
27 H H Et Et ;—/\
I
et Vit
=
28 Me H Me Et
/
—Nt
N
0
29 CF; H CHs Et
/
= NF




28MeHVeEtp N. + O 29CF3HCH3Et ~-N+ ~0 16 Decenber 2004 WO 01/96338

PCTI CA01/ 00890 55 REVERSE TRA. NSCRI PTASE ( RT) ASSAYS ASSAY THEORY. 5
Anong the enzymes for which Human | mrunodefi ci ency Virus (H V48 Decanisndoss
is a reverse transcriptase (1), so-naned because it transcribes a DNA copy
froman RNA tenplate. This activity can be quantitatively nmeasured in - a
cel |l -freew@wgyd¥es assay and is based upon the observatQpadilades " EVEr S€
transcriptase is able to use a synthetic tenplate poly r?C primed with a
10 biotinylated oligo d(G to transcribe a radio-|abelled DNA strand
utilising 3H dGIP as a substrate. The assay described below utilises the
wi | d-type enzyme (which is the predofhant formof the enzyme observed in
patients infected with HV-1) and can al so be used with mutant RT enzynes
(for exanple, Y181C, prepared by site-directed nmutagenesis in which the
tyrosi ne 15 rBEVERSE ARANSCBAPIABIE R ASE4AXSr epl aced by a cysteine residue)

I n anal ogous assay conditions. This assay all ows conpounds to be eval uated
for their effectiveness at inhibiting the nutant enzynes. MATER TALS: 20
a) Preparati oASSAYTHEORY2yne Some HIV -1 |11B clone BHLO RT nutants were
provided by Dr. C -K Shih (Boehringer Ingelheizn Pharmaceuticals Inc.,
USA) 'nsthﬁg%§§§%%¥3§§§§éw%dmﬁﬁﬁar”ai'a?'mﬁ&kﬁ%hyvﬁﬂsﬁﬁﬁﬁi§r cl one pKRT2

cont ai ni ng” on

encodes is a reverse transcriptase (1), so-named because it transcribes a DNA
copy from an RNA template. This activity can be quantitatively measured in
a cell-free enzyme assay and is based upon the observation that reverse
transcriptase is able to use a synthetic template poly r(C) primed with a

10  biotinylated oligo d(G) to transcribe a radio-labelled DNA strand utilising
3H-dGTP as a substrate. The assay described below utilises 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

15 residue at-cod(_)n 181 has been replaced by a cysteine residue) in analogous
assay conditions. This assay allows compounds to be evaluated for their

effectiveness at inhibiting the mutant enzymes.

MATERIALS:

20
a) Preparation of the enzyme

Some HIV-1 ITIB clone BH10 RT mutants were provided by Dr. C.-K. Shih
| (Boehringer Ingelheim Pharmaceuticals Inc., US.A) in the vector pKK233-2
(Pharmacia). Briefly an HIV RT clone pKRT2 containing only the RT p66
25  gene regulated by the lac operon/trc promoter was obtajﬁed 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 pKK233-2 bacterial expression vector.

Clones provided included wild-type, Vall06Ala, Tyx181Cys, Tyr188Cys,



25 gene regul ated by the |l ac operon/trc pronoter was obtained fromDr. W
Sumrers (Yale University) (2). A variety of specific amno acid
substitutions were introduced into the wild-type RT gene by 86 Decelibeceztad
nmut agenesi s. RT cl ones were subdoned into the pKK233-2 bacteri al
expression vector. Cones provided included wild-type, Val 106Al a,

Tyr 181Cyswo bybes&8Cys, 16 Decenber 2004 WO 01/ 96338 Befickfididdp0890 56
Tyr188Leu, dyl 90Al a and Pro236Leu. Ot hers were made in-house by site-
directed nutagenesis of the pkKK233 2 RT Bones including Lys103Asn,

Lysl 03Asn/ Tyr| 81 Cys, Lysl 03Asn/Leul001] e, Lysl @BAsn/Pro225H s, and

Lysl 03Asn/Val 1 08l1le. 5 b) Purificatio bof Enzyme Purification of

reconbi nant reverse transcriptase was perforned using a conbination of

met hods pr evi Bud$)ed Gyl YifdalaidPro226IgirQthersootre made imhwase biysitsh pl at e of
transformed JMLO9 cells was ed Lpitiate gr h of re 10 culture
grown o/ n at e %ag??eélﬁgkl%\ePM'ﬁ%rﬁﬁ%gﬁﬁ&@ d with this
pre-cul ture. Ws1G6A0Tyr181Gys Byh03AAY LA, Rfs108A% AXG128Ea gy Was i nduced
with 1PTG (1 Ir%its\/l fina ?ran%’tﬁye ferrrgntati oenﬁ%as cor{ﬁfnued for a few nore
hours at 37 d.ysM3Asn/¥alRdllef ugati on, supernatants were discarded while
cell pell efs were pool ed and stored at -80 Cuntil purification. Cells 15
were thawed at 4'C overni ght and suspended in lysis buffer (MFS 50nmM pH 6,
EDTA 1niV 10%b9/pu1gﬂi¢aﬁaﬁaf1;mgm{§2%v\/v 0BG 0.02% w v sodium azide).
Lysozyme was added and, the m xture was incubated on ice for 40 m nutes.

Af t er.” honoge i yiicalen elsepgmbinaaenessej transeriptaseveas prrformedyaing and
oL AP SR ) KSR (1)
extraction bufidshipld{td/biSradroviretd THI109<GR04 wab used to Hﬁﬁate?ﬁwt_m@ d0% v/v
gl ycerol, 1(9 ' Oczu..{i?ur\l\é/ é/ro%G’o / noait (3):’/'2' ‘%). \%\\rlo ]istgrglog ?rd%tlhgr?e)di&g Wef'é ilnE)cr:ueiatezl or 30
with this pre-culture. At ODeoo ~ 1.5 (5-6 h at 37°C), RT gene expression was
induced with IPTG (1 mM final}, and the fermentation was continued for a
few more hours at 37 °C. After centrifugation, supernatants were discarded
while cell pellets were pooled and stored at -80 °C until purification. Cells
" 15 were thawed at 4 °C overnight and suspended in lysis buff& (MES 50mM
pH 6, EDTA 1mM, 10% v/v glycerol, 0.02% w/v OBG, 0.02% w/v sodium
azide). Lysozyme was added and the mixture was incubated on ice for 40
minutes. After homogénization using a Dounce in presence of lysozyme and
sonication, the cells were centrifuged for 30 minutes. Supernatant (S1) was '
20 saved and stored at 4°C. The centrifuged pellet was resuspended in
extraction buffer (MES 50mM pH 6, KPO4 50 mM pH 6, KC1 100mM, 10%
~ v/v glycerol, 0.02% w/v OBG, 0.02% w/v sodium azide) and stirred for 30
minutes at 4°C. This second mixture was ceniﬁfuge& again and the
supernatant (52) was saved. The above procedure was repeated 2 more times
25 saving supernatants S3 and S4 and one last extraction was performed
overnight (S5). Polynﬁn P (0.005% final) was added to the combined
supernatants to remove nucleic acids. This solution was stirred for 75

minutes at 4 °C and centrifuged for 1 h. The supernatant (SS1) was



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
25 saving supernatants S3 and S4 and one | ast extraction was peDeediBRE2004
overnight (55). Polymin P (0.005 %final) was added to the conbi ned
supernatants to renpve nucleic acids. This solution was stirred for 75

m nut es afyodibessnd centrifuged for 1 h. The supernat @théﬁﬁbsbo was 16
Decenber 2004 WD 01/96338 PCT/ CAOL/ 00890 57 precipitated on ice with 20%
w v ammoni um sul fate and stirred for 1 hat 4 C. The m xture was then
centrifuged and the resulting supernatant (SS2) was precipitated with
addi ti onal 40% w v anmoni um sul fate (60%total), stirred for 1 h and
centrifuged again. The final pellet (Pl) was stored 5 . overnight at 4 C

bef ore under gpxjecigimudbﬁﬁceahﬂozc%wvmmham@uﬂmmd\bﬁnﬁmp%a@i the
purification \ﬁféﬁ E erfornmed._at 4 C unless otherwi se stated. Pellet (Pl) was

resuspended i EsAS ek ceniingad WSW@WPEWGUWQO% v/ v

gl ycerol, O. ensi on was

di al ysed aga?ﬁﬁweﬁg%gim&%%@#gn\élv@?ﬁgE% usi |r§umf§ﬁﬁtﬁ@%% di al ysi s
tubi ng. The dstafeﬁiaﬁbhmﬁc@rﬁﬂhgedu@ﬁlmﬁﬁnﬂhﬁeﬂé Twaiadted was filtered
through M|lex-PE 0.8 p lter units. The flltered sanple was | oaded on a

I—Kdrgxy ﬁ\p%lt | QUETRG L AR A “%dg%SBWE@@&ﬁﬂﬂl%ﬁ@H ﬁdAll ﬁéP%?neobuffer
T 10 t
308rr1\/|0llirlgofle|nf\af ei goc\%%&%e\gf’% ?tgd(g%ﬁ% CoRtar i ge(rf]iallseggG?pM °

- 0
pool ed for 1 HAtsEEIRLE Ribraied i P@%PW i eI ek | e

two-fol d wit ioBind4, 0% /Rredprng, RAW/pOBG, @nﬁ%%%mu%i dg@o viv

gl ycerol, 0.02% w v sodi um azi de and | oaded on & H Trap Heparin Sepharose
col urm (5=nL %'émwnm)dl%lm waglﬁéﬂhwwblﬁ&rgamghuMmglz-m@ 20 bound RT

St fare i 0 ¢ nANCRERR bl i DER WA Ao S Pty
was filtered through Millex-PF 0.8 pm filter umts. The filtered sample was
loaded on a Hydroxy 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 KPOy4 in thé above buffer. The fractions containing
15 p66/pbl heterodimer (as determined by SDS-PAGE 8% and Western

blotting) were pooled for the next column., The RT containing fractions Wefe
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

20  bound RT was then eluted with 75 ml, of a linear gradient of 0 to 1M
ammonium sulfate in the same buffer. RT-containing fractions were pooled |

- according to SDS-PAGE and Western blotting analyses. Protein

concentration of this pool was determined by the Bradford method using
BSA as standard. The final enzyme prepafation was dialyzed in MES 50mM

25 pH 6, KPO4 300 mM pH 6, KC1175mM, 10% v/v glycerol, 0.02% w/v
sodium azide and aliquoted and frozen at -80° C



according to SDS-PAGE and Western blotting anal yses. Protein concentration
of this pool was determ ned by the Bradford nethod using BSA as standard.
The final enzyme preparation was dialyzed in MES 50nM 25 pH 616 BRQAbIPDO0AM
pH 6, KC 175mM 10% v/v glycerol, 0.02% w v sodium azide and aliquoted and
frozen at -80 C. 16 Decenber 2004 - WO 01/ 96338 PCTUCAOL/ x0890 58 ASSAY
PROCEDURE wolfi8ss55@8di onetri ¢ enzyne assay has been adaq,tcgﬂl: Bﬂm@m%-well
mcrotiter plate format and uses streptavidin scintill afxl on proximty
beads. The assay is 5 briefly described below. The H V-1 RT enzyne was

t hawed and appropriately diluted into Tris/HC 50 mM pH 7.8 contai ni ng
NaCl 60mM  MCl 2 hexahydrate 2mM DTTS®&mM GSH 2mM and 0. 02% w/ v Chaps to
give sd3 nM enzyne. To 30 pL of this enzyne solution was added 10 L of

i nhi bitor sol ASSAY PRERCEDIIREZ. 5 nMinhibitor in same assay buffer as above
10 containing 15%v/v_DVBO). The plate was pre-incubated for 15 m nutes at
room t enper at 'zﬁghés ey Lo SR Rvell Ricidi -i ncubation
step, the hi gﬁtfelgialagér{géilﬁgmegt i%hl bi t%ﬁ cor???rﬁlttfgt [ oneélﬂv?\léotgke%f?%gj i M and
0.62 nM r espéutriab@td/usen direptevidneetitiation mroxiofity hdads. VEte agsay®6 v/ v. Then the

enzymati c reagt.ion.was, initiated ition of 10L of substrates solution.
15 The findl P8 t‘ﬂ??ﬁ“s?ﬁ%eﬁﬂ%ﬁﬁﬁﬁﬁrﬁﬂW/m&%ewqu 7.8, Nad 60 nmM
MyC12S6H20 2 Tiehr diMtedSS n-ggm 0 ..Amgl}@ /v, Poly rC
179 nM Bi otiﬁ@%r%?gltg@AM t%GTE&gB &%%ﬁggﬁ)’gﬁ% n %%E{ AM enzyne. In
this incubat i ¥gltheyahydratel?rgWdITT G, GSWeBM andi0i200n/ c Cha@rtbr at i ons wer e
20 10 p. M and_0. 5,00 respect.. v, . ter addition of sybstrates, the plate
was cgvered %Qfaﬁe’&w{)?rézgﬁec tﬁi%%@%mw@#ww%@aﬁ%@ 7Cin a dry
i ncubat or. Thﬁﬂﬁﬁiﬁ&:@sélﬁﬁéﬁ(%W.ﬂmﬁﬁom_s%ﬂgbﬁshi%ﬁérang&v of EDTA 0.5M
ea

containing 5ng/nL of streptavidin scintillation proximty S.
10 containing 15% v ﬁr DMSO). The plate was pre-incubated for 15 minutes at

. room temperature before proceeding to the next step. In this pre-incubation
step, the highest and lowest inhibitor concentrations were 12.5 uM and 0.62
nM respectively and the concentration of DMSQO was 3.75% v/v. Then the
enzymatic reaction was initiated by addition of 10 uL of substrates solution.

15 The final reaction mixture contained Tris/HCl 50 mM pH 7.8, NaCl 60 mM,
MgCloe6H;0 2 mM, DTT 6 mM, GSH 2 mM, Chaps 0.02% w/v DMSO 3%
v/, Poly 1C 179 nM, Biotin dGss 18 nM, dGTP 288 nM, 3H-dGIP 71nM, and
1-2 nM enzyme.

' In this incubation step, the highest and lowest inhibitor concentrations were
20 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 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 incuba;ted 1 hour

25  atroom temperature. Then 75 pL of cesiumn chloride 7 M solution was added,
the plate was shaken for 2 minutes at medium speed and incubated again for
1 hour at room 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.



The plate was shaken for 2 mnutes at medi um speed and incubated 1 hour 25
at roomtenperature. Then 75 L of cesiumchloride 7 M sol ution was added,
the plate was shaken for 2 mnutes at nedi um speed and i ncubatléteagaticn 20601
1 hour at roomtenperature. The plate was then covered with a plastic seal
and counted using the TopCount NXTTM M croplate Scintillation &

Lum nesceRgfnfoiignt er, (Packard). Each well was count gerfQ4: 408 Seconds. 16
Decenber 2004 WO 01/ 96338 PCT/ CAO /00890 59 Each row contained at its
extremties a blank and a control well. The calculation for percent
inhibitionis as follows: /o o inhibition = cpm well - cpm blank 1 - *
100 L cpm control -Wcpm - bl ank Usi"??g t he above assay, conpounds of the
invention were tested for 5 inhibition of RT wild-type (W) and nut ant
enzynes.. The Esdubwscoatainedias iteextranmitidFadibleniPandescanGob@ell.nM) . To confirmt he
ability of these conmpounds to inhibit HV replication, they were also
tested in theThewaulakiohdbt petednt itbébitidyie ayidllaysAssay described 10 bel ow.
ELI SA assay for assessnment of activity in cell culture Conpounds of the

invention were tested for their cabflity, 5o Loahihi IV 15 replication in
cell culture in a 96- \A?él-ilnhibiﬁaiee[hs . *1@40, consisting of
RPM 1640 + 10%fetal bovine sekunhPROCYHe)mipmyd cin and 10 , M

P- ner capt oet hanol was used for dilution of the conpound as well as cell
growt h medi unUsingéherboyepisey, rompounds df ieanGl166 weastestefl ft ed at a

mul tiplicity of...nf ection.of O. wiLth viruses coding for wild type and 20
nmut ant rev rsg&fbfté%%ﬁlgwgﬂp%@w%tWWc&g‘ﬁf‘i?ﬂfwr@Fl’{”ﬁﬁlee days in

t he presencehpfabﬁezg@j%g'dmi ons of the conmpounds of. the invention. The
super nat ant was pooled from'ight .replica wells and the concentration of

To confirm the ability of these compounds to inhibit HIV replication, they
were also tested in the human T-Cell Culture (Syncytia) Assay described
10 below.

ELISA assay for assessment of activity in cell culture

Compounds of the invention were tested for their ability to inhibit HIV

15 replication in cell culture in a 96-well plate assay. Complete RPMI 1640,
consisting of RPMI 1640 + 10% fetal bovine serum, 10 pg/ml gentamycin and
10 pM B-mercaptoethanol was used for dilution of the compound as well as
cell growth medium, The T lymphocyte cell line C8166 was infected at a
multiplicity of infection of 0.001 with viruses coding for wild-type and

20 mutant reverse franscriptase. Cells were then incubated for three days in the
presence of serial dilutions of the compounds 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)

25  was calculated with the following equation:



extracel lul ar p24 was determ ned 'using a commercially available H V-1 p24
antigen assay kit (Beckman-Coulter). The level of inhibition (% inhibition)
25 was calculated with the followi ng equation: 16 Decenber 2004 De¥hber 2004
01/ 96338 PCT/ CA01J00890 60 . inhibition = 1- p24pg / nmL inhibitor *100
p24pg | nmL control 1) The results are listed in Table 3, as ECHO (nM.
Speci fi ci o fipgAys S I n order to assess the specifi CigoyQbuddde enzyme
inhibitory activity of the conpounds provided by the invention, a few were
tested, for their ability to inhibit other viral polynerases (such as
Hepatitis C virus and Respiratory Syncytial virus RNA-dependent RNA

pol ynerases) as well as mammal i an ~ai 6010 pol ynerases (such as Calf Thynus
RNA- dependent DNA pol ynerise and Human tel onerase) using known assay

met hods. None of the conpounds so ; rved to possess any

si gni ficant inhibitory atthitae= éa{},g@ﬁgqthv\m,ba ;’H@Q. These results
indicate that the enzyne inhibitory P8y carot dhe conpounds provi ded by
the invention is directed rather specifically 15 agai nst HLV-1 RT.
REFERENCES ( | NuorsdtyeretistatirelotladyarBCHREMIE) 1. Benn, S., et al. Science
230:949,1985. 2. D Aquila, R T. and Summers, W C. J. Acqg. Inmm Def. Syn.
2:579,1989. 20 3. a) Warren, T. C. et al. Protein Expression &
Purification 3:479,1992; b) Kohlstaedt, L. A Science 256(5065): 1783, 1992.
16 Decenber 2B8pdrififity0Adsap338 61 -

5

In order to assess the specificity of the enzyme inhibitory activity of the
compounds provided by the invention, a few were tested, for their ability to
inhibit other viral polymerases (such as Hepatitis C virus and 1.2espiratory
Syncytial virus RNA-dependent RNA polymerases) as well as mammalian

10 polymerases (such as Calf Thymus RNA—deI:;endent DNA polymerase and
Human telomerase) using known assay methods. None of the compounds
.50 tested was observed to possés any significant inhibitory activity against
these enzymes. These results indicate that the enzyme inhibitory activity of -
the compounds provided by the invention is directed rather speciﬁ’cally'

15 against HIV-1 RT.

REFERENCES (INCORPORATED HEREIN BY REFERENCE)

1. Bc.;nn, S., et al. Science 230:949, 1985. )
2. D'Aquila, R. T. and Summers, W. C. J. Acq. Imm. Def. Syn. 2:579, 1989.

20 3.a)Warren, T. C. et al. Protein Expression & Purification 3:4.79, 1992; b)
Kohlstaedt, L. A. Science 256(5065): 1783, 1992, '
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WHAT IS CLAIMED 1S:

1. Acompound of the general formula I:

5 wherein
R?is selected from the group consisting of H, F, C, Cy alkyl, Ca4 cycloalkyl
and CFs;
1.14 is H or Me; _
RS is H, Me or Et, with the proviso that Rt and RS are not both Me, and if R4is
10  Me then R5 cannot be Et;
R11 is Me, Bt, cyclopropyl, propyl, isopropyl, or cyclobutyl; and

D

/

—N+
N
Y .
b

Q is selected from the group consisting of:

2/ ; ,
=N
: and
-2/ ;
—Nt
~
o—
or a pharmaceutically acceptable salt thereof.
15
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2.  Acompound according to claim 1, wherein R is Et or cyclopropyl or
a pharmaceutically acceptable salt thereof.

3. A compound according to claim 1, wherein Q is selected from the
5 group consisting of:

/ and

+
/N\ —n+

0o~ o—
or a pharmaceutically acceptable salt thereof.

4. A compound according to claim 1, wherein Q is:

i . o
or a pharmaceutically acceptable salt thereof.

5. A compound according to claim 1, wherein R5 is Me, .
or a pharmaceutically acceptable salt thereof.

15 : :
6. A compound according to claim 1, wherein R is Bt or a

pharmaceutically acceptable salt thereof.

7. The compound:
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Me

(0]
N
QT N {
: Et

— N-I-
TN
o~ .
i 7
or a pharmaceutically acceptable salt thereof.
8. ©  Thecompound:
Me O
) \
0
/
—N+
N o
0

5 ' or a pharmaceutically acceptable salt thereof.
9. The compound:

~ or a pharmaceutically acceptable salt thereof.
10.  Aninhibitor of HIV replication of the general formula I:



In 1Z 00 O1 NNNNNNNNN 16 Decenber 2004 WO 01/96338 65 WHAT IS CLAI MED | S:
1. A conpound of the general formula |I: 1 PCTI CA0O11 00890 5 whereon R2 is
selected fromthe group consisting of H F, Q Cl14 al kyl, C3.46tpcaaicky004
and CFs, R4isHorMe; R5 is H M or Et, with the proviso that R4 and R5 are
not both Me, and if R4 is io Me then RS cannot be Et; R11 is M, Et,

cycl opropyl, propyl, isopropyl, or cyclobutyl; and Qis selected fromthe
group conswetisagysof : or a pharnmaceuti cal ly accept abl ecsahbidoder eof . 15 16
Decenber 2004 WD 01196338 PCT/ CA01100890 66 2. A compound according to
claim1l1, wherein R11 is Et or cyclopropyl or a pharmaceutically acceptable
salt thereof. 3. A conpound accordi ng Py claim1, wherein Qis selected
fromthe 5 group consisting of:

wherein
R? is selected from the group consisting of H, F, Cl, C14 alkyl, Cs4 cycloalkyl
and CPs;
5 RiisHor Me;
RS is H, Me or Et, with the proviso that R* and RS are not both Me, and if Rt is
Me then R5 cannot be Et; _
R1 js Me, Et, cyclopropyl, 'propyl, isopropyl, or cyclobutyl,; and .
Q is selected from the group consisting of:

10

-

or a pharmaceutically acceptable salt thereof.

11.  Aninhibitor of HIV replication according to claim 10, wherein R is
Et or cyclopropyl or a pharmaceutically acceptable salt thereof.



and or a pharmaceutically acceptable salt thereof. 4. A conpound according
to claiml1, wherein Qis: 10 or a pharnaceutically acceptable salt thereof.
5. A conmpound according to claim 1, wherein R5 is Me,. or a 16December2004
pharmaceutically acceptable salt thereof. 15 6. A conpound according to
claim1l1, wherein R11 is Et or a pharmaceutically acceptable salt thereof.
7. The conmpound: 16 Decenber 2004 WO 01196338 PCTI CA01/ 00890 67 or a

phar maceutwaalsbgs accept abl e salt thereof. 8. The ceopoasifesss ' or a
pharmaceutically acceptable salt thereof. 9. The conpound: or a
pharmaceutically acceptable salt thereof. 10. An inhibitor of W
replication of the general formula I: éP Decenber 2004 WO 01/96338

PCT/ CAO /00890 68 1 wherein R2 is selected fromthe group consisting of H,
F, d, Cl-4 alkyl, C34 cycloalkyl and 03; 5 R4disHorMe; R5 is |l Me or Et,
with the proviso that R4 and R5 are not both Me, and if R4 is M then R5

cannot be Et; .y
: 12.  Aninhibitor of HIV replication, according to claim 10, wherein Q is

selected from the group consisting of:

5 orapharmaceutically acceptable salt thereof.

13.. - Aninhibitor of HIV replication, according to claim 10, wherein Q is:

/
——N+
N o
o .
f

or a pharmaceutically acceptable salt thereof.
10

14, Aninhibitor of HIV replication, according to claim 10, wherein R5
is Me.

| 15.  An inhibitor of HIV replication; according to claim 10, wherein R
15 isEt

16.  Aninhibitor of HIV replication of the formula:



R1' is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl,; and . Qis
sel ected fromthe group consisting of and 10 o r or a pharmaceutically
acceptable salt thereof. 11. An inhibitor of HV replication &é®&sranbey20@
claim 10, wherein R11 is Et or cyclopropyl or a pharmaceutically

acceptabl e salt thereof. 16 Decenber 2004 WD 01/96338 PCTI CA01100890 69 12.
An inhibitor of HV replication, according to claim 10, wherein Qis

sel ect ed e group consisting of: and 5 or a pw jcally
accept ablyogg}’ﬁtf’at hereof. 13.. An inhibitor of HV repi{ ﬁ{’éér?, according to

claim 10, wherein Qis: or a pharmaceutically acceptable salt thereof. 10
14, An inhibitor of HV replication, according to claim 10, wherein R5 Is
Me. 15.An inhibitor of HV replicatiof8 accor ncli g to claim210, wherein
R' 15is Et. 16.An inhibitor of HV replication of the formula: 16 Decenber
2004 WO 01/96338 PCTI CAO mM20890 00 Et N

¢ :
N
\ Y7 = /
N
N l N PN
Et om L
ora pharmaceutically acceptable salt thereof.

17.  Aninhibitor of HIV replication of the formula:

Me o |
A \
N
: = / N )
\_ N = /
; N | N Neait
Cl Et AN

5 o~

’
or a pharmaceutically acceptable salt thereof.

18.  Aninhibitor of HIV replication of the formula:

Me O
\
Ji@“”?;@
N — /
l N — Nt
Et _ Yo~ ;

10,  or a pharmaceutically acceptable salt thereof.

19.  Use of an HIV inhibiting amount of 2



| or a pharmaceutically acceptable salt thereof. 17. An inhibitor of HV
replication of the formula: 5 or a pharnaceutically acceptable salt

thereof. 18. An inhibitor of IRV replication of the formula: AP Deggmbep20Q4
a pharmaceutically acceptable salt thereof 19. Use of an -H V inhibiting
anount of a 16 Decenber 2004 WD 01J96338 PC i/ CA01100890 71 conpound of
formula | according to claiml, or a pharnaceutically acceptable salt
thereof, in the manufacture of a nedicament for the treatnent or prevention
of HV i nPOXPEE 20. A pharmaceutical conposition fBrYeMEE%at nent or

prevention of FHV s infection, conprising a conpound of formula I
according to claim1, or a pharmaceuticall'y acceptable salt thereof, and a

pharmaceutically acceptable carrier. 71

compound of formula I according to claim 1, or a pharmaceutically acceptable
salt thereof, in the manufacture of a medicament for the treatment or prevention
of HIV infection.

20. A pharmaceutical composition for the treatment or prevention of HIV
5 infection, comprising a compound of formula I according to claim 1, or a
‘pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.





