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60/ 559,354 filed on April 2, 2004 is hereby clained.
BACKGROUND OF THE | NVENTI ON 1. TECHNI CAL FI ELD The
present invention relates to dihydrate and anhydrous
crystalline forms of 5, 11-di hydroll -

et hyl - 5- net hyl - 8- { 2- Ry dand o8l d@y! ) oxy}et hyl }-
6H—dipyrido|3,2-b:2‘,3‘-e! !I,ﬁ.?lazepln-6-one. 2.
BACKGROUN -ET -5-METHYL-8-{2-{(1-OXIDO-4-

5421{%_;&3@{%% 2750k 30%] § Ad AR 6-ONE
i NyT ) oxXy}etnyr J- )

[1,4]di azepi n-6-one is a non-nucl eoside H V-1 reverse

t [ R B ' structure is as

RO RRERR RO o REL T APREREHERSs

SBakfitiofBrovisiodal Applinalie6MEILBI4- Mled pRApril 2, 2004 is hereby claimed.

{(1-oxido-4-quinolinyl)oxy }ethyl} -

6H di pyrido[3,2-b:2",3 -e] [|,4]diazepin-6-one, its

UBACKGROUED tORBHAENVENTION V i nf ecti on, and

phar mac [ itions conprising this substance

and s “&Egkéﬁkéﬁ%ﬁ%ﬁi use are described in U S. Patent

@%_ﬁi_ﬁes%ﬁﬁw@dﬂdb&&lmrtd% &iﬁp&g@ laing aﬂm(ij&ﬁ%%&taﬁﬁieﬁ&m, RYdihydro-
nav i scover ed that en, s s

ST TP e BB ALY [ PRI 2-b:273 ]

quidp@ihzepinl-g-eaey } et hyl } - 6H-di pyrido[ 3, 2-b: 2", 3' - €]

[1,4]diazepin-6-one is made i nthe manner described in

US PRa 4 correspondi ng WX0196338

t he ré%55?#%3“%@&9&%3P§5g¥§2§80r|y crystalline

t5,1 hpitiyate1 1-MaylFomethi M-y el - shkigs-avpiRtny iy } &the } -6H-
t%ihﬁgkg%%.Ls,got the nost desirable formot this drug .
stipgldohte o bl L4 ddrzpRinomee de g apipirlersidsily - biraygrse transcriptase
PRRIBHGH TtsAhdrhicallstradin 6 asbpibR@ Helodsent i nvention

conprises the discovery of a dihydrate crystalline

\ 0O
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The synthesis of 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}~
6H-dipyrido[3,2-b:2°,3’-e] [1,4]diazepin-6-one, its use for the treatment of HIV infection,
and pharmaceutical compositions comprising this substance and suitable for this use are
described in U.S. Patent 6,420,359 and the corresponding W00196338.
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form of 5,
11-di hydro-11-et hyl -5-net hyl - 8-{2-{(1- oxi do-4-quLnol in

wQ kgosxgFed hyl } - 6Hdi pyrido[ 3,2-b:2',3 -¢€] PCT/US2005/009655
[1,4]di azepi n-6-one. This dihydrate crystalline form
Is thernodynamcally or kinetically favored at
tenperatures and humdity's that are nost likely to be
encount ered upon storage of drug substance or drixg

BRIpfuehrongk vt OrsTHANVERGaN cal |y preferred to the
trihydrate that is provided b the grlor art. The

Webaistdissaveisdsbatowhen 5i 1d edihydea HoetByl omedetisntp-{ (hoxido-4-
qtthlaﬁ %Z &@t?%ﬁ' Ldibne (302"5% '[‘132{]@1&%{{1 ht@-{)néjlk HEQY 81 6

roper COﬂ t1ons S vera dr ous
mprsngseqatesd gf U.S. Patent 6,420,359 and the corresponclmg W00196338 the

8
r?grl%} oxy%ﬁja Eyal %oo@%%gtggpgg%l??atfl V%VZI?{V? ?J&féﬁrqﬁscévé}éﬂ t'ﬂgd the
t{ihydda]td lsameme moBt deszabiefprib ef thisrdmegsub@mecoto beheerkin thehi ch
% % aydrous FormlIll (AF 1I11), has
efra e % ase stability at sone tested anbi ent
condl tions, which indicates that it is
lofiest aspedof tlmaalretsyntém@emmmrisam@ discovarygi afal dibysksate pystalline

BoE PR hSSHa . B DS BEGTR | SUELD

ditrywigo[3]hbi8 ;.3 td] ¢ 1,# ez egtin-Oroné.uthik élthydlrm lcusigslliae foyarious

g B e Fvgred g emeseyhnes g B B o oy
likely jte by coutibred upotr stﬁage%fﬂrugbuﬁstaﬁae o]rug product and thus

di az |n6 e, a s for  its
P S REP BT T Y R BrPr g R aeer it gpingention
als® campEISihdRaldt €rMaking this dihydrate crystalline form.
of 5, 11-Di hydro-1I1-ethyl -5-nmethyl -8-{2-{(l -oxi do-4-
qui nol i nyl )oxy}ethyl }-6Hdi pyrido[3,2-b:2 ' ,3 -¢€]
[1, 4] di azepi n-6-one di hydrate. Figure 2 is a DSC
Wb asveelirtiied diseovetdd, tAdt ubden ybper-dohdidbdyskver-al anhydrous polymorphs of

S BB RS R Gl rppige s linylhos sy g Hdipyridol3,2-
[k ,%ytlaqei@i:@nﬁs@ﬂ@mdy by REaéde .Orfel oF tHege, 3vhish a8 d¥&EHate as
aﬁgﬁrﬁgﬁr Ogll;rlrgt(ﬁy |IIIB h%szgé{r{qnst@%dd)}aasg stability at some tested ambient

c@Hchfi@As' Wiich Sre¥das ik it iSpttahheMmiticalB éicé’p‘tefbl% andl b'nﬁ])glcal testmg

]d| azepi n-6-one anhydrous FormIl]l. Figure 4is

l@S@“Y‘f‘i’éh%‘l leqds e/ bighgr piasma kevels Hipp pis- arttpm@bk:yqsmg other crystalhne
oSy drﬁi{”@hlﬁ(tlhe ok Rndurther includes anhydg'ogs Fgrm II] of 5,11-

y}ethyl}-6H di pyrido[ 3,2

uinolin
qqhyduq - H1-ehbi-methybid 24t hgddo traumelimioky L ethyl}-6H- dllpyrldo[3 2-

b:2’,3’-e] [1,4]diazepin-6-one and methods for its manufacture.
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Figure 5 is a Phase D agramof 5,1 1-di hydro-
| - et hyl-5-nmethyl ~8-{2-{(I -oxi do- 4-

W@ 008097796/1 ) oxy} et hyl } - 6H di pyri do[ 3, 2-b: 2", 3' PE&[/US2005/009655
[1,4]di azepi n-6-one. DETAI LED DESCRI PTI ON OF THE
I NVENTION 1. Identification by Characteristic X-ray
Powder Diffraxtion Patterns As noted previously, the
i nvention conprises two novel crystalline forns

BIEr Pestriveion 'oF THE DRAWINGS

et hyl - 5- net hyl - 8- é do- 4- qui noI|n I)oxgﬁeth ﬁé
Eigwty i Patiors 6 5i1-BEo T sty e A% & B
ARG AR - %Htl}igklt RHE, f@&f@ Ld [1,47688 BindB ¥nd@hydrate.

i dent1fied and distingui shed fromeach other and from
other crystalllne forns that are not part of the

ﬁ%Ett %ﬂ§¢yrheﬁea*eu ( X&E)%?i 'bﬂ‘f}}a% @Pttﬁgrrh%tﬂaa@ A4-8{(1-0xido-4-

raction terns
quinp&ingl)dxjy peshfl b6 Rh-dipyrido[3, 2-b 2’ 3’—e] [1,4]diazespin-6-one dlhydrate
5,11 -di hydro-I1I-ethyl-5-nmethyl-8-{2-{(l-oxido-4-
gui nol i nyl )oxy}et hyl }-6H di pyrido[3,2-b:2", 3" -¢€]
Yigurd B di az¥RPR Petionef 3, haDitiydra-H -etbyler-ulemtind-8n(2- f(1 tchxdlo-4-
I OV by,
PR PR B G 2L U PR QU o o

degrees 20 ( 0.2 degrees 20, mhereln said X-ray

EAF s S SCARE LR of S BBt Bl netfrtr grgg-onido-

abfirdollind ey étldﬁ%l—l@dipyrﬁlo [Bimb:agsed]i[ LeHdidag phas-shd gnaytrottsdprm
% owder diffraction pattern that conprises peaks at

3.4 and 24.9 degrees 2Q(j 0.2 degrees 2Q and wherein
said X-ray powder diffraction pattern is nmade using
Cu-Ka radiation. Mre preferably, the dihydrate in

aF g mpase Piggrasisel -Gk B i Gtk oo
mhylw@}aﬁﬁm}mlpﬂﬁtom-ae’ -4 iiaz@pirdegnees 2Q (
.2 degrees 20 ) and wherein said X-ray powder

dlffractlon pattern is made using CuKa radiation.
Still nore preferably, the dihydrate in accordance
with the invention is characterized by having an X-ray

BRI s bR BY B hE R logom o3 Pes

20 ( 0.2 degrees 20 ) and wherein said X-ray powder

1. Identification by Characteristic X-ray Powder Diffra ction Patterns

As noted previously, the invention comprises two novel crystalline forms of 5,11-dihydro-
11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}~6H-dipyrido[3,2-b:2’,3’-¢]
[1,4]diazepin-6-one, the dihydrate and anhydrous Form III. These may be identified and
distinguished from each other and from other crystalline forams that are not part of the

invention by means of their characteristic X-ray Powder Diffraction (XRPD) patterns.

The dihydrate crystalline form of 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-
quinolinyl)oxy }ethyl}-6H-dipyrido[3,2-b:2°,3’-e] [1,4]diazepin-6-one that is in accordance

with the invention is characterized by having an X-ray powder diffraction pattern that

3-



10

15

20

25

30

diffraction pattern is made using CuK 01 radiation.
More specifically, the dihydrate in accordance with
wa b@siosrrent i on is characterized by havi ng an Xe@EHYS2005/009655
powder diffraction pattern, made using CuKaradi ati on,
which i s substantially the sane as that shown in
Figure 1. The anhydrous Form Il crystalline form of
5,1 1-di hydro-| |-ethyl-5-methyl-8-{2-{(loxido-
cémﬁWsleE‘ Qbbdkdt 2DA M AER YD Y 6bHddbRyy 1000vBerdnxaid X-Ry pey der

[1,4]di azepin-6-onetliat is In accordance with the
diffrgedionipatiern & adsvsioe SoKe Bdid0N-havi ng an X-ray powder

diffraction pattern that conprises a peak at 11.6

degrees 20 ( 0.2 degrees 20 ), wherein said X-ra% )
Pessuelely, e flibydreteilbproprencerithi the inuension ds thgractsriged by having an X-
rd Row E:d’ fﬁ?fract:J ﬁéﬂeﬁﬂhé’bcoﬁt?ﬁse@ BEME h034S1 SR d delorees 26 (= 0.2

I ne m i n accordance wth the invention I's
degrees@O@nil pberelpysaldaX taygpowdendiffeagtiqranatien igmpde g Gk,
r%ﬁh%grn that conprises pealcs at 11.6,22.5 and 8.3

egrees 2Q( 0.2 degrees 2Q, wherein said X-ray powder
di ffraction pattern i s made using CuKaradi ati on. Mre
refer , d I ' .
Jore pre ggbl the %]Eyc?%@ it a?lzgééra nIF g nw&ltl]le 1ng{n>£1§{1 gsrchlhﬁgergzgﬁ rB}J Bhving
ah &viap gowdendififiaytiqnopatien tiht édmpaises wakpa 2 24.9 hak17.3, degrees 20

(:gggpc{glg%ee ea%g%@%@é{%@@r@é@daﬁ?ﬁaa&& atteétzi%dhragé;tgsilr’lg Buk,

erel
rphitdar diffraction pattern i s made usi ng CuK
radiation. Still nore preferably, the anhydrous Form

I1l crystalline formin accordance with the invention

Stifl n@diap@feﬁmy ,AeddiRydrdian d@gardﬁhcé(wﬁthyhepiﬁvﬂlebn tichfrsmatizatby
pattern t ha rise s s at 11.6
hgyingan Xoray po‘ggeg Hipedion gattermibas uwiae Realgs aﬁ%éérée L79H 243,
12.1, YO1€E&d (7.6 é%eXQe ay0.pawdeds 2di) hid aateRRaida -6 Hbwier

nmade usi ng 01 radi ation.
diffraction pattern is made using CuK, radiation.

More specifically, the dihydrate in accordance with the invention is characterized by
having an X-ray powder diffraction pattern, made using CuK, radiation, whichis

substantially the same as that shown in Figure 1.

The anhydrous Form III crystalline form of 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-
oxido-4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one that is in
accordance with the invention is characterized by having an X-ray powder diffraction
pattern that comprises a peak at 11.6 degrees 26 (+ 0.2 degrees 26 ), wherein saicl X-ray

powder diffraction pattern is made using CuK, radiation.

Preferably, the anhydrous Form III crystalline form in accordance with the inveration is

characterized by having an X-ray powder diffraction pattern that comprises peakcs at 11.6,
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More specifically, the anhydrous Form Il crystalline
formin accordance with the invention is characterized
whyohayi’ng an X-ray powder diffraction patter nPCTEHS®05/009655
usi ng CuK radi ation, which is substantially the sane

as that shown in Figure 3. In order to allow for
experinental error, the above descri bed 20 val ues
shoul d be considered accurate to 0.2 degrees 20. That

1S dnd 8%96€gre‘é§"%‘(i%5§ 85p3del 90 YWeHehei sadd Birkepovaderifactidn Pattern
11-di hydro- |

ip madyangs e rAdiption. { 2- { (1 - oxi do- 4- qui nol i nyl ) oxy} et hyl
}-6Hdi pyrido[ 3,2-b:2",3 -¢e] [I|,4]diazepin-6-one is

t he di hydrate or anh drous Form 111 crystalline form
Moregeeferpllrtbeantiydiqus Ferm hasyrtalling, forn fricoeipignge With ¢l ipention

i§ élpa%c'(tfﬁ l&?(rnr{% %{ ya?%o Qér cﬁ ctRAPaktsin S %rﬁ’prggs peaks at

consi aracteristic val ue

1deﬁs ez.bpkd 1@@9%4 pfid 5.8 d@&qu@e\ﬁ# PRidegmes2odeyheseis szid Xopy
pow er @ﬁ{a%ﬁén V\;‘Eat'ttﬁltn 1%m\£ SR I%a_l.hﬁ, SdiYedal | ine forms in

accor dance are preferably enpl oyed
as drag active substances in substantially pure form

#tﬁf‘rﬂgre gre{erzilicl the %}%ggrlgt | Fgr}rylllfcrr}?s?all?ge fgltnt1 ﬁlracgc[rgghtcgkvlit.h fife
ihveitibyy is-cﬁarﬁﬁélﬁlzyeﬂ 8 h@\ﬁng z(ri mey phovdér ditiiravgbin pafiednahgticempiise s

qébseagtlh& %\S{é 8%1, E%O,I o e 't i ‘B'ﬁl 22)][8 c{egfe%% %@ghﬁ% %‘iwherein

Aidydayagorvder Jistastibn puetefnds made udidpeCGhydiatboms Form |1 |
crystalline formin adm xture with another crystalline
formor fornms. Should the drug active substance be a

Mbigat s?écﬁ‘ﬁ&ﬁ? rtu@&@bhﬂoﬂﬁFclfrmrmscrysé%umefoom m;l eeecsraﬁhce fith tiiehe
supstance conpri se at east 50% 0 ther t
Y iaR isrcbargrtorizer Py MaYias FhKwHRY PQWES 9@%351“% RRtefty pige using Cuk,

8268, %thsemgtantlaﬂ¥ theYAhBesihst shb@n ifMe@eon furt her
provi des processes for the synthesis of the dihydrate

and anhydrous Form Il of 5,1 1-dihydro-
i}n dlid YA alﬁv{}ﬁ%f @%Jern%el{tgl ehQ ’tl%j‘db@l% desErifen b ivAvés) Byl 86 hy |

4] di azepi n- 6-one. (A)
@aanéerad a@ymdfeth 0c2 dagrasd a@, Taat triel 53y When aseessing paethergrgiven

e [ h
%}rﬁ)le e éacié}%@( 4 sz M%{hﬁ]?ﬁ' {g Qil _bR8o-RIRHUELJIRRy RbnyiyI6E1-
dlpmdw?di-b 2F ,B2-elt [t ylﬂdlﬂepmﬁmne igthg diby driatecx pateydzpus Form IIT
crystalline form in accordance with the invention, a 20 value which is experimentally
observed for the sample should be considered identical with a characteristic value

described above if it falls within & 0.2 degrees 26 of the characteristic value.

The crystalline forms in accordance with the invention are preferably employed as dru g
active substances in substantially pure form, that is to say, essentially free of other
crystalline forms 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy }ethyl}-
6H-dipyrido[3,2-b:2’,3°-e] [1,4]diazepin-6-one. Nevertheless, the invention also embr-aces
the dihydrate crystalline form or the anhydrous Form III crystalline form in admixture with

another crystalline form or forms. Should the drug active substance be a mixture of

-5-
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qui nol i nyl ) oxy} et hyl }-6H-di pyrido[ 3,2-b:2" ,3 -€]
[1, 4] di azepi n-6-one I n nost general terns, the
walrdvpavade crystalline formis prepared by PCT/US2005/009655
recrystallinzing 5,1 1-di hydro-
| -ethyl-5-nmethyl-8-{2-{(I-oxido-4-
quinolinyl)oxy}ethyl} 6H di pyrido[3,2-b:2',3 '-¢€]
, 4] di azepi n-6-one in crude form prepared by any

%ﬁéﬁhh@tfc’)rﬁls MR ihRetelkddiBaiist fBstiiet cOipridelafich® d0%@f ki the
escrib U S. Patent 6,420, 359 or t he

d&wdw@sca@n@r%@sﬁmﬁ%qm ling fopmdesatibsd hetgi.s | s
acconpllshed by suspending 5,1 1-di hydro-I |-ethyl-

met hyl - 8-{2-{ (I - oxi do- 4-qui nol i nyl ) oxy}ethyl }- 6FLd|pyr
2i do[ Symh¢sis2' | 3'-e] [|,4]diazepin-6-one in a mxture of

TRk @Jh%ﬁhe? %&W&E p%és@& ﬁ)lsthp %&e%%?&@dﬁﬁfﬁﬁkeedna Eﬁily@rous

|IQUI near anpi ent npera ure. | e Sol vent
Forne Ll ¢€5,1 hdihlyduoek1- qlmbﬁfmepthylra é2s{((lfoefrdOécatnmlélyl)oxy}ethyl} -6H-

FEGoR.242, " FULARLEPRENG) U nanor, and

i sopropanol ), cyclic and acyclic ethers including
pol yéther §er(drid [SyathetirgYlethedst Acghidinede thednaventipbxane and
diglynme), am des (for exanple dinethylformm de,

Net hyl pygy ol | @ijapn §yrﬁﬁ\5‘illc%é¥%m} tﬁ@ 9150@{1%’:%)0{ the dlhydrate
sul f oxi des” (for exanple DVBO), f or exanpl e

su |OI f ol anegrystalbmforlalo@lk@tlwﬁrésl 1(«7%?1-5@%5%%{%&&%@;4-
and |
ower % éﬁ}ﬁly]?ﬁ)?ﬁ}s us ensiﬁgwﬁo‘?j 2 8%3RRLE]1, 4]d1azep1n -6-one

nitrometh i s heat’ed until a clear

solution that is saturated or nearly saturated is
obt ai ned. ImRest gerseah ferps, thgdibydrae siystplding formd s RieEPgreh by

required Iegi}@{amn%ngg Q'lfiilil{}@mﬁ f—étﬁ%@ R¥Ayes- g2 W LA e

amount of 5 -
5- net hyl - aulp(zhnp()pxmﬁhgjﬁ =641 éuuméq[?r PEY 859} [d idinzepigrg-eegn
yrido[3, 2z, gfdnﬁglggfa}?c{ﬂtya Lq @E&ﬁe 'lﬁé’c}ﬁ)dQﬁ%luHﬁgq)utﬁ?ﬂmltlgd to

| ess t han out era sol vent m xture
a sol uti othat deserdted bt & Batent 6&@@4369 orthe cartsispandingol 00196338),

SoLvent SfpOIED, ISt SRS ARTRELOMR D L

to cool shwtyl8+{d-{6l-bxdwed-quinniielekyiethyu6ilidipysido[3,2-b:2’,3"-¢]
[1,4]diazepin-6-one in a mixture of water and a solvent which is both water-
miscible and a liquid near ambient temperature. Suitable solvents include
the lower alkylnitriles (for example acetonitrile and propionitrile), lower
alkyl! alcohols (C1-C7, for example methanol, ethanol, and isopropanol),
cyclic and acyclic ethers including polyethers (for example tetrahydrofuran,
dioxane and diglyme), amides (for example dimethylformamide, N-
methylpyrrolidinone and dimethylacetamide), sulfoxides (for example
DMSO0), sulfones (for example sulfolane), lower alkylketones (for example
acetone), and lower alkyl nitroalkanes (for example nitromethane). The

suspension is heated until a clear solution that is saturated or nearly

saturated is obtained. The amount of water must be at least that required to

-6-
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crystalline precipitate is first observed. The slurry
is then held at that tenperature until precipitation

whawsesgenti al |y ceased. The precipitate is theRer/US2005/009655

renoved from solution, for exanple by filtration. The
solid is then dried until all surface solvents have
been renoved, providing 5,1 1-di hydro-

11- et hyl - 5- et hyl - 8- { 2- { (1- oxi do- 4- qui nol i nyl ) oxy} et hy

I} -6Hdi p)f&ﬂnimtoémametr@ dxh§dra€é] witll th hdba@z @p5 miﬂﬂ@aﬁ) 11-ethyl-
di hydrate. (ii) General Synthetic Method for th

product i or§ Bethrth {41k @ L%‘l@(ﬂ"ﬁﬁullql!nYB‘?XYée@}’li -0d}- ﬂly}jrrl@ﬁ‘ 2-b:2’,3-

| -ethyl - tét])ﬁazéfnr{ guo{lc{ lllse@)&hgi Rséthan about 90% of the overall solvent
qU|noI|nyI xy} et hyl }-6Hdi'pyrido[3,2-b:2", 3

[1,4]diaz é@mﬂre@_lﬁﬁ golgtionjig nqtyo Vglp@).aﬂdltlonal volumes o solvent are
[-ethyl - f{éd'a; %eaztéd ngse&?ﬁg@yue@ sbmylba YRl e

}- 6kkd|pyr| di azepi n- 6- one
di hydr at e solutipn isylahnatdleW(qotp@dQl@ Ihip aleyertemperglurg, gntil a

oy e PR rApidid Al oD% Ahe furh L 1A HB aOthac

any neans, "SuC in an oven
t enperatu rtanma:tulatuntil prmnutaeon Imasgsesidallyecoed.ublkeprecipitate is

vacuum | tt Siid mf)}{]ed o(Srr équéovtlorgor Pnﬁ i tgraf%li?rg&% c’lfhe @olgcf %then

I nert gas eriods,
may be ch emed ahtilyllduifad solbaits lexa m*:elneerbyvad; 1&'()V1|din§t51, 1dnd1hydro-

to renove ter .t nt mhl f

azeot r opi <:1 R ar rnéetgéflta%m;? 13?’ & é?tg}élgk “are

| ower al kydigyiridoji3l2es:2( e, qaxaaqm sv@né diblyépte. | oner

al kyl al cohol' s (such as ethanol and isopropanol) and
ethers (such as dioxane and THF). Drying is perforned
until analysis shows that < 1 %water remains. This

dry solid is then dissolved in an anhydrous sol vent in

whi ch 5, :[ili} di iederal-Synthetic Method for the production of Anhydrous Form III

| -ethyl - tl'?lé’iﬂby%ﬁé-ﬁ ét&yl 5051% r{ﬁ?l g]{ﬂ‘{ 1”81 hdlyl ) oxy}et hyl

}- 6Hdi pyr zepin-6-one is

sol ubl e (Sluﬁimllﬁﬂ)ox&})ath}é}eéﬁpﬂl@ndemﬁamma -e] t,4 diazeran-6ebne
tenperature, such that a solution which is saturated

lor etnﬁf/llr ly SS I’alI fé[h?&%dl 1%%}%}?15%%%1&%158@&f—‘y((il-ro%do-4-quinolinyl)oxy}ethyl}-
6H—d1pyr1do[3 2-b:2’,3’-¢] [1,4]diazepin-6-one dihydrate or trihydrate
(produced by any method) is dried to remove H,O. This drying can be
performed by any means, such as drying in an oven at 23°C or higher
temperature and at atmospheric pressure or under vacuum. It may be dried
by vigorous passage of a dry, inert gas over the solid for extended periods,
or it may be chemically dried, for example by distillation to remove water
with any solvent which can form an azeotropic mixture with water.
Exemplary solvents are lower alkylnitriles (such as acetonitrile), lower
alkylalcohols (such as ethanol and isopropanol) and ethers (such as dioxane
and THF). Drying is performed until analysis shows that <1 % water
remains. This dry solid is then dissolved in an anhydrous solvent in which
5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy} ethyl}-
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4- qui nol i nyl ) oxy}et hyl }-6H-di pyrido[ 3, 2-b:2",3" -¢€]
[l,4]diazepin-6- one is obtained. This solution is

w0 b@s/ogid7powed to cool slowy to a | ower tenperBETU82005/009655

until a crystalline precipitate is first observed, or
optionally seed crystals of 5,1

1-di hydro-11~ethyl -5-net hyl -8-{2-{(I|-oxi do-4-

qui nol nyl )oxy}et hyl } - 6Hdi pyrido[ 3, 2-b: 2", 3" - €]
[1,4]diaz %Pl'—dﬁ L?thydé]c[@ﬂ]dﬁ%ﬁhjd-dne(lé écoltﬂ)\l’@(sh@MSGt))r
may be added original solution. The slurry is
then hel d eéflmﬁlﬁl eéhafl@%ﬁé? ﬁ‘tatﬁdéerﬂi’ﬁr?t}‘rep?“é]& fhat ¢ %M&ﬂﬁ‘ which is

pronounce Qatufaha%rbr ﬁéetrﬂ%ﬁtufa'tddtv@fheﬂjl pﬂlh?&-}gl 1@dzt1{}lll-|’5ttﬁ’&liyl%n{i -{(1-
then filtered. The solid is dried unti

surface s @K@éﬁt@lmﬂ)%ﬁéﬁhﬂhéﬁv@wﬂ®f3@% @l aﬁ ge]E{l #1diazepin-6-

1-di hydro,di- O%Fa,méh 5[1@3\;1 %n 1? ﬂ{eﬁ a{léwed to cool slowly to a lower
1- oxi do- 4-qui nol i nyl ) oxy} et o[

3, 2-b: 2", 3emperatfre, Wikl azfetphhne Bm@néatm yamb@ﬁquﬂoprmpmpmally

(B) Exanpl, %Biegrsga%&% fl'ﬁh}%{é‘ﬁbf,ﬁ&ﬁ \f\lﬁi@'g\?&d Bi(&i@%

I nventi on I C syntheses o I ne
forns of Suiholinydjolykthyd J-6H-dégtyhigé[35-b: 2’ ,3’-¢] [1,4]diazepin-6-one

met hyl - - '
P o
accor d anc d"h\aAstul’rynmen Il attthie tentpemtln‘e sniﬂ ipbseipiﬁatiort is gronounced,
golj! gyd:]g t qn r‘%ﬁﬁﬁfege%xﬁé?@%}?d értl{xegragé) ered &“f?é solid is then

E‘rl qz i gol I Riyied axjl ol tstfdde 6bvehtphave ggﬁh:felﬁf)@dem@ldt@B ,11-dihydro-

i azepi at
- i hyar oatrgresn e CEill Sl qpraph et S *
qui nol i nyld)pyxmbﬁtzhb*iz}a Gt JijaMedpite b dn2 Abhyrowd' Foah IIL.

[I,4]diazepin-6-one as a wet cake was charged to an
|nerted 400L reactor. The reactor was again inerted,
then 105 Kg MeCN and 8.3 Kg 0.002M HCO were charged,
and the mxture heated to 7Q0C in the dark and held
t her @Bf or BB@mplen uf ScififiSestbbses Aocordiag tadthemvedolned t o
220C over 1 hour, held one hour, and the slurry

Specific syntheses of the two crystalline forms of 5,11-dihydro-11-ethyl-5-
methyl-8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2’,3’-¢]
[1,4]diazepin-6-one that are in accordance with the invention are described

in the following examples.

Example 1:  Preparation of 5.11-dihydro-11-ethyl-5-methyl-8-{2-{(1-
oxido-4-quinolinyDoxy}ethyl}-6H-dipyrido[3.2-b:2°,3’-e] [1.4]diazepin-6-

one dihydrate.

29.1 Kg of crude 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-
quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3-e] [1,4]diazepin-6-one as a
wet cake was charged to an inerted 400L reactor. The reactor was again
inerted, then 105 Kg MeCN and 8.3 Kg 0.002M HCI were charged, and the
mixture heated to 70°C in the dark and held there for 30 minutes. The
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t hus obtai ned was centrifuged, washing the cake with
35 Kg of 8:1 MeCN:-H 20. The recrystallized 5,1

wa2shyde©-1 | - et hyl -5-net hyl -8-{2-{ (| oxi do- PCT/US2005/009655

4- qui nol i nyl)oxy} ethyl}-6Hdipyrido[3,2-b:2 ',3 -e]
[1, 4] di azepi n-6- one wet cake ( 18.55 Kg) was then
packed out and again returned to the reactor. The
reactor was inerted, then 12.6 Kg H20O and 77.7 Kg Et CH

( SDA- 28) %fuﬁoﬁ;ti@i ﬁi@ﬂjcocﬁ’é'&lqo bire dext 6L, ﬁbﬁﬁ&rﬁ%oﬁp arld W& slurry

in the dark. Once in solution, the m xt ure

transferr éhpsmbtamqehws senaiiger Weehing e C@“i‘?r"@% Kghof §1
l'ine polishimgd,bl ‘I%E re H%{aﬂ%e@§1i~dmdx%f118etﬂy11%t&1hﬁ -42-{(1-

to aid the transfer first react

About 22L %fdog%qhueﬁtnyﬁa@'}?ﬂiéﬁ Gtedipyidp[by-baY AoshiH didiezepin-6-
pressure gﬁg%’éj&&% '(%3,1?5}_@ WAl e &ﬂeﬁ'oﬂga %Qﬁﬁ lré?ﬁ}nm (the

t hen adde to pr onate t npurity
299 of et Ireactd®, Thd redéthyelasangrted, then 12.6 Kg H20 and 77.7 Kg EtOH

t hyl .
ol 3, 5. bOPRRI R Pl YT A RARIA LR TRY Onee
was t hen om sbleidort, memﬁrd)wmtraﬁsfhmw hahirdo 8 esdedireadtortthrough an

| OOy of ) .

10 hydr o7 1o palPing T Rjpe 32 L 58 pf B BIOHEE 0 aid thewansfer
q uin j)ldl ny lanaxyakledutyhe ﬁr@ﬂ-ﬂe@htqay Ribo[22L. 2 bol2ént 8/as thEn removed by

, 4] di aze one . m xt ur e th
i honr |y coBPRReTosoe e, 78 Theshite ol fop y/af fhon added
ggt ? ne? \ém? Ef’%"fﬁﬂg“ pﬂofl(_)ﬁ@ethe i@ ety TR% e etk 8,1 WMdiydro-11-
g o t e.s d.in t P

centrif ugéﬂﬁm‘tslr}lethﬂ‘—l'&/'\gt g Oé‘H’Q %V\?%]E’SLQ "9"'5?13 2°,37-¢]
gi ve 14. 451 Aigfepia-6- éri'e' @h@%&iﬁﬁbﬂ wak-tRdntebled td’@(l"b)ék/er 1 hour and

2-{ (1 - oxi docar thyl }- 6H di do[ 3, 2
b2\ 5 Gpeqen Wil hORE Sbi- BB A A R ) Sar

yield fr or‘qu'lrfbtllﬁﬂ%@g@cﬁﬁ -%Hbcﬁ%yrﬁloﬁ 2-b:2°,3’-¢] [1 4]d1azep1n—6 one
1-di hydro-11-et qui nol i
hyl } - 6Hdi pliyderse- ”ghezmgtlge wgs th@} 111Pe|ar )4}:@91%\‘@&,2,{3/ @\Lebﬁéours The

a z) ai 98 O%‘B.l %f Ahﬁ?o%t%lﬂéd Wasthdntetdl E)%e@ l’l{/dsﬁﬁﬂg ﬁfe AR With 15 Kg of
8:1 EtOH:H,O. The sohd was dr1ed in the centrlfuge untll KF water
analysis reached 7.5% to give 14.45 Kg of 5,11-dihydro-11-ethyl-5-methyl-
8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2",3’-¢]
[1,4]diazepin-6-one dihydrate (67% overall yield from intermediate ether
5,11-dihydro-11-ethyl-5-methyl-8-{2-{(4-quinolinyl)oxy}ethyl}-6H-
dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one Cl) as a colorless solid with
HPLC purity of 99.1%. M.p. 199°C; 'H NMR (400MHz, CDCI3)3: 8.69 (d,
J=17.0Hz, 1H,), 8.62 (d, J= 8.7Hz, 1H), 8.39 (d, J=2.4Hz, 1H), 8.21 (d, J=
8.4Hz, 1H), 8.18 (dd, J=4.7, 1.6Hz, 1H), 7.8 (dd, J= 5.4, 5.4Hz, 1H), 7.70
(dd, J= 7.2, 7.2Hz, 1H), 7.47 (dd, J= 8.0, 1.6Hz, 1H), 7.07 (dd, J= 7.9,
4.7Hz, 1H), 6.78 (d, J= 7.0Hz, 1H), 4.42 (dd, J=6.2, 6.2Hz, 2H), 4.18 (q, J=
6.9 Hz, 2H), 3.50 (s, 3H), 3.22 (dd, J= 6.2, 6.2Hz, 2H), 1.24 (t, ] = 7.0Hz,
3H). '*C NMR (125MHz, d6-DMSO0)3: 166.25 (C6), 157.68 (C15), 153.95
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J=7.0Hz, IH ), 862 (d, J=8.7Hz, IH), 8.39 (d, J=
2.4Hz, IH), 8.21 (d, J= 8.4Hz, IH), 8.18 (dd, J= 4.7,
wWa2@bsn9779dd) , 7.8 (dd, J= 5.4, 5.4Hz, | H), 7.70PCTUS2005/009655

7.2, 7.2Hz, |H), 7.47 (dd, J= 8.0, 1.6Hz, IH, 7.07

(dd, J= 7.9, 4.7Hz, IH), 6.78 (d, J= 7.0Hz, IH), 4.42
(dd, J: 6.2, 6.2Hz, 2H), 4.18 (q, J= 6.9 Hz, 2H), 3.50
(s, (dd, J= 6.2, 6.2Hz, 2H),124(tJ:

7. OHz 3 ,3

T57 68 (O 5 15%&@25%&3 (@B 1EWB O(CT; 14168. @3), 19617 (C30),
%gi % Ecé)“* 3 @232113216?)&4)1!&)1 hb(c(léi%g 581@52%61%?%%8)

1 1
R (C‘ikzj 0@?@273} 12(2;%3@328) ?@(ﬁﬁgéﬁ?ﬁ)(} 241&% 48@14)?31)9 24
C14), 119(@ ) 2 (C2 ¥ 6587 (@20240. 6, 3@10 Ci6aghg8 C19),
(cﬁilzzj e %%‘8&5%%5 An%pcﬁﬁ:d@&J(Q}Hz'_'ﬁﬁ)g“@ c(th;]sSH 5%8&1 14.67.
Found C, &2uSkC, 43.865H75: 72N, 454, Exanpl e 2
Preparation of 5JI-dnyd I'l-ethyl-5-nethyl-8-{2- -
oxi do- 4- qui ngl i nyl )o%) re?th— gl—l—éi pyr irrgo| d te-t e
3,2-b:273"-e] [I|,41ldi azepi n-6- one Anhydrous FormlII.

5,11 -di hydixa
qui nol i nylokRky4- @ﬁlHMlnkt)Qﬂ}Gthpute}ﬂ@p%ld%f 3)2% N 53"-313[]1 4]diazepin-6-

[1,4]di azépin-6-one dihydrate was dried I n a vacuum
oven (40C/94ﬂAﬂh§ﬂtl‘é§_%lﬁﬂiéﬂant wei ght, requiring about
60 hours, and furnishing 20.4 Kg (98% recovery) of

anhydr ous 225 K% of 5,11- dlhgdro -11- ethyl 5-methyl 8-{2- {(1-ox1do -4-
5,1l -di hydro-1I, ¥h T I"- 8- { b%‘ cg)flgd .
qui nol i nqu}lﬁwy}’ﬂqu athg ¢ Hrcbwr}d&[?[% | laéfpm one

[I',4]diaz Qﬁ’ﬂifdra@e QlQ@drle-ﬁhh§v§&1hh1dov\é@§lO§¢7¢4‘nﬁt)% Q&Qtahﬂ\tléight
an inerted 200 L reactor protected froml

liters anhyaHidesabouhefhsiursaand fupushingdgéke Ié?%eﬁ’ ‘leﬁ‘é’erY) of
resul tant gl rBNs A a&lﬁ?drt)ql-re @’f%etl?‘# @L{;ZLR%Ludo -4-

anhydr ous ethanol en ive a clear
sol uti on. duiriodinglydxy} éthyl}wblsdipyride(3,2-h@a? 1€l [i&lﬂlﬁéplﬂé -one. This

670C over 811 was then charged into an inerted 200 L reactor protected from light.
82 liters anhydrous ethanol was then added, and the resultant slurry heated
to reflux. Additional anhydrous ethanol (10L) was then added to give a
clear solution. This solution was then linearly cooled to 67°C over one
hour, and then seeded with 205g 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-
oxido-4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-
one anhydrous Form III added subsurface as a slurry in 2 liters absolute
ethanol. The batch was then cooled linearly to 35°C over 4 hours, and then
cooled linearly to 30°C over 12 hours. The batch was then cooled to 10°C
over one hour, giving a slurry. This mixture was then vacuum distilled
(30°C/400 mm), collecting 32 liters of ethanol. The resultant slurry was
then cooled to 10°C over one hour, and then filtered, washing the cake with

6 liters ethanol. The solid was then dried (42°C/51 mm) for 20 hours to
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hour, and then seeded with 205g _
5,11 -di hydro-1I1-ethyl-5-nmethyl-8-{2-{(l oxi do-

wa2@aismbé nyl ) oxy} et hyl } - 6Hdi pyri do[ 3, 2- b: 2' , BCFHE$2005/009655

[1,4]di azepi n-6- one anhydrous Form |I| added
subsurface as a slurry in 2 liters absol ute ethanol.
The batch was then cooled linearly to 350C over 4
hours, and then cooled linearly to 30Q0C over 12 hours.

The bat ch ¥@s 19.he ©9%) 6654 pdﬂﬂ%@ 1qve%ﬁy1%ﬁethﬂtﬂ {2-{(1-oxido-4-

giving a slurry. This mxture hen vacuum

distilled %%@@wbexmihyl}c@ﬂﬁwmi@{é 2§322 13’ te Fls4]diazepin-6-one

et hanol . Th@yaRay F&@NI & i JwhRSsdjigen cool ed to 100C
over one hour, and then filtered, washing the cake

with 6 liters ethanol. The solid was then dried

(42C/ 51 mm for 20 hours togive 19.2 Kg (94%

of 5,1 I -di hydro-11-ethyl -5-methyl -8-{2-{(I-oxi do-4-

qui nol i nyl E_m;}leBhWMamifhoﬂJr@Mfs dpbiBydrob Zthyd:5=Rdthyl-8-{2-{(1-
[I,4]diazepi. h ous Forml|ll as an off-white
So| id. oxigge Jn S : 3.2-b:2°.3’-e] [1.4]diazepin-6-
H- di pyri dodg{p- d@ﬁ‘ydrﬁe e] [I 41d| azepl n-6- one di hvdrate.

An inerted 4OOL reactor was charged with 11.2 Kg of 5,

11-di hydro; 1

et hyl - 5- meth Wertgd FOL reacter wasshpeged Yish 12 &eats. 1d pdilidesy 1-

i dof[ 3, 2 b: &thyl3-methyl-8-{2{¢4- %mﬁcnin@r)&qqaﬁgmﬂ-ﬁ]%ﬂm éﬁ@Jbrz’ 3-¢]

oaat b s detedin bane HCHEARnlebes: hind SKb Negp i mol

ver e then nhag.yedd tﬁeqkéms li»eaneh%& K95 K%@Ae(ﬂi%n@“s%ﬂ{ TH,CL
was agitated at 100 rcgéq)l or 15 mnutes at 220

34. 5Kg 3290 efcashirged Eplipwadhy 123 kg Hher The rrmxt@qa \yaswagated at
charged ovep rﬂlg 81 %ﬁﬁtes Theoeestl 34, o Eagl%geg‘e@adg{OAc

agitated wel | the dark for 2.5 hour
t hen cool dd4¢ 61015(‘5(1 SWQSWﬂlérg@bP@rﬂri)mrun@ th rqshiéing mixture was

sl owy adda%ﬂat%&w%ll@th% MOISZ%()&XQ{Q,’QA@ am*l Lngéoledﬁ%) 5°C. To

mai ntai ning the interna nper at ure bel o
m xt ur e wdBischldmigture Wesjthalt SIQ\E@ added A.NKg QM Has,O:hwever 45

the organi 1ﬁ1n§f%L,\f§aﬁ£t§m‘lq’%rtﬁe [Py ‘tee%perature below 15°C. The mixture was

then stirred at 22°C for 1 hour, and then the organic solvents were removed

by distillation at 45°C/50mm, collecting 31L of distillate. The contents

. were then stirred 4 hours at 22°C and the resultant slurry was centrifuged,
and the resultant cake was washed with 75 Kg H,0. The resulting wet cake
(15.5 Kg) was then packed out and returned to the reactor. An additional
13.6 Kg of 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-
quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3-¢] [1,4]diazepin-6-one wet
cake from a different batch was then charged into the reactor, for a total of
29.1 Kg wet cake.

The reactor was inerted, then 105 Kg MeCN and 8.3 Kg 0.002M HCI were
charged into the reactor, and the mixture was heated to 70°C in the dark and

held there for 30 minutes. The solution was then cooled to 22°C over 1
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by distillation at 45C/ 50mm collecting 3IL of
distillate. The contents were then stirred 4 hours at

WQ20S020186 t he resul tant slurry was centrifugedPCEHOS2005609655

resul tant cake was washed with 75 Kg H2O. The
resulting wet cake (15.5 Kg) was then packed out and
returned to the reactor. An additional 13.6 Kg of 5,1
1-di hydro- 1l -ethyl-5-nethyl-8-{2-{(I-oxido-4-

qui nol i nyloupXié1d R Y tehrpBfaté Ry bhélRdus, add Bheslurry tﬁus olﬁlned was
[1, 4]d|azep|n 6- one wet cakefrom dlffer&N; ]c%
f 1

was t hen EhEHbBgd: Wating the cake grthol g of8: 5 Me
Kg wet C%&gstlﬁﬁed §@deﬁi'yd1\@a§1 étﬂﬁfstﬁgﬂqyltgl‘%ﬁl{@lo&ldﬁm-'\/bm

and 8.3 Kg were char into the reacto
and the mmn@ml)méemat@%rdwn h% %ﬁé[ldﬂfiwzegﬁw one wet

hel d therg, 5% gfé 2y eg? V%is thir paH?eQi HPhH dgﬁﬂl Washell i@MRe reactor. The

cooled to our, at this tenperature

for one Hhiseetor wardnertad, teni?. 9 thtﬁm@ Qﬂéﬂ& |7r¥é%iE%%{§ (SDA-2B) were
centrifu g&% eﬁﬁﬁ& tﬂeglaﬁ)glﬂ’i ‘ﬁ%h%i ‘%ﬁﬁ?@*ﬁ éﬁhg@arfgf Ofeelin Iﬁ@mtﬁthe

O. The recr ize
| - et hyl 5mlmmﬂay¢as &a{lﬁ'er{e(dl hoomqj@)se{l:ond reactor through an in line

R
P:g Ié:eg r oudsustalgmjﬁm?mgmorr eﬁthmunm ¢fcolvhe was dltnaemovilddy
i nerte

(S o6 "REPEREHE PR SRS Y eETratisity B Bpiciaed
71 s Sl sy o B
line poli %tﬁ)/h%mreﬁy {3 @% RGOSy, fgﬁé{hgﬁ -éﬁ-&’iﬂg{%ﬁ ;%[]32'%5’3,'6]
tAgoalt dzg Eg z}@]ﬂﬁliqﬁlastoae dmasbmt it twak fienfcbslsd tor WAC bear.1 hour and

u of so]ven
pressure &ficdeq W}t]éll?Q%P\AfIaS%& ‘Pﬁ)gi Z%Gﬁ’@'?ﬁ(ﬁ%ﬁ %Dﬁsﬁpa? @ 4

t hen adde ot }
29% of et ﬁtgr%@@/i)@fg}@myﬂ%Hquafﬂa@[anm d) 1, i RE iil-Y-ofic.2

et hyl - 5- nEeQy ITth{DEL“{e(VYFSdlEﬁnHWFWWOP@Qﬂ & hyavee Bheugs: phAe

i do[ 3, 2- by iy Fnis@htaded Had iRz 2Bk tHfGe® RAshiAE oSk WitOTS Kg of

was then coo r?,ed to 500C over 1 hour and
8:1 EtOH:H,O. The solid was dried in the centrifuge until KF water
analysis reached 7.5% to give 14.45 Kg of 5,11-dihydro-11-ethyl-5-methyl-
8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3’-¢]
[1,4]diazepin-6-one dihydrate (67% overall yield from 5,11-dihydro-11-
ethyl-5-methyl-8-{2-{(4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2’,3’-¢]
[1,4]diazepin-6-one Cl) as a colorless solid with HPLC purity of 99.1%.
M.p. 199°C; 'H NMR (400MHz, CDCI3)3: 8.69 (d, J=7.0Hz, 1H, ), 8.62
(d, J='8.7Hz, 1H), 8.39 (d, J=2.4Hz, 1H), 8.21 (d, J= 8.4Hz, 1H), 8.18 (dd,
J=4.7, 1.6Hz, 1H), 7.8 (dd, J= 5.4, 5.4Hz, 1H), 7.70 (dd, J= 7.2, 7.2Hz,
1H), 7.47 (dd, J= 8.0, 1.6Hz, 1H), 7.07 (dd, J= 7.9, 4.7Hz, 1H), 6.78 (d, J=
7.0Hz, 1H), 4.42 (dd, J= 6.2, 6.2Hz, 2H), 4.18 (q, J= 6.9 Hz, 2H), 3.50 (s,
3H), 3.22 (dd, J= 6.2, 6.2Hz, 2H), 1.24 (t, J = 7.0Hz, 3H). "C NMR
(125MHz, d6-DMSO0) 8: 166.25 (C6), 157.68 (C15), 153.95 (C12), 151.31
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seeded wth 1 0C0g of 5, 11-dihydro-|
| -ethyl-5-nethyl-8-{2-{(I-oxido-4-

W@ 008097796/1 ) oxy} et hyl } - 6H di pyri do[ 3, 2-b: 2", 3' PE&[/US2005/009655

[1,4]di azepi n-6-one. 2 H20. The m xture was then
l'inearly cooled to 220C over 8 hours. The slurry thus
obt ai ned was then centrifuged, washing the cake with
15 Kg of 8:1 EtOH H 20. The solid was dried in the

centrif U9§Z2lll)’1t1|§1 1l§lic9@t1¢4 om(tai)ymszlr(e;ay heol47 ((5%)t1<35 36 (C23),
glve144 dro-1]-e

|

0 15 L1 B BB aiinaitoay o8 cid 13 BalGhp A Recans
;“bel2d ?r ofnjz sl (éﬂsﬁl 1@a©pl(@2®1pzmez4ctdawdcﬁ)el 1984%coye1al.d2
g T R Gt P 4D 1T) G G0 (GBS
i dof 3, 2 bgal; &: rcﬁ]for[dz %%ﬁg@;@pméi HJVS%CNZ 1@@7 Found C, 62.86;
col orl ess sollg H Copurity of 1% M p. 1990
1H NMVR (4H0M&%Ncwc&43)d 8.69 (d, J— 7 OHz, IH ),
8.62 (d, J= 8.7Hz, IH), 8.39 (d, J= 2.4Hz, IH), 8.21
(d, J= 8.4Hz, IH), 8.18 (dd, J= 4.7, 1.6Hz, IH), 7.8
(dd, J= 5.4, 5.4Hz, |H), 7.70 (dd, J= 7.2, 7.2Hz,
7.47 (dd, J— 8‘0 1, 6FE 7.9

I H), 6. 78Exampls

2H), 4.18¢f ,1-6 o-3§-b&23(-
J=6.2, 6 r%

(125MHz, ?Oéaof 1%}11}1?/‘1183“9?@13/1-5'

C12), 15} . ; s 3
EC7)? 140&2@}%@2@{(1‘%%1’530143@ 1)&% &%(@?-h pyﬁéf(%’a’ 2%:23°-¢]

(C13), 13&@@@@@@676 onfziailysl@te(wdrleﬂzlsa @chmzwn atlséic 238

5%8)9 2 Cg%gtgné%%t (’%%%e%ﬁl %hd’ zv%é%&n rel:é%taﬁf]ze& £ém)8 mL

30.59 (C1 91)801UI@ eﬂn@nc(l an’8yC, andallowehtosgok WWMWMNMEnwawre
C, 62.88; léh7 N:stl%lé% % r&%y@ ﬁ% er@a aﬁg }Na%imi @mﬁ% small

N, 14.54. esl's
1-di hydr oalhloﬁnteif Iayd;ollﬁe mbaﬂw I a118dr1ed briefly, then dried under a nitrogen

(201 - 0xL 000 4 A8h AR WRIERD 168 806k St Rl AGhesaftipl 6 be
5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}-
6H-dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one anhydrous Form III.

Example 5: Manufacture of 5.11-dihydro-11-ethyl-5-methyl-8-{2-{(1-
oxido-4-quinolinvDoxy Yethyl}-6H-dipyrido[3.2-b:2°,3’-¢] [1.4]diazepin-6-

one anhydrous Form III.

22 Kg of 5,11-dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-
quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one
dihydrate (46.1 mol, 1 eq.) was placed in a tray drier and dried at 40mm
vacuum and 60°C until KF water analysis showed H,O content < 0.2% (48

hours). The solid (19.5 Kg) was then charged to an inerted 200L reactor,
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[1,41di azepi n-6-one anhydrous FormlIll. 2.05g of 5,1
1-di hydro-11-ethyl-5- nethyl-

w@2q0340977b6 oxi do- 4- qui nol i nyl ) oxy} et hyl } - 6H di ppeT/tisfods/@96s5

-b:2',3 -e] [|,4]diazepin-6-one dihydrate was dried in
a vacuum oven at 850C to constant weight. The
resulting solid was then recrystallized from 8nL

absol ute ethanol at 700C, and allowed to cool slowy

to anmbi enyhiteWVREhah WikerRd € BOH 8hkoluld@hdRS (KA -NB) %ym&nf
was then filtered and washed with a spmall anmount of

absol ut e deresfend thg mixiye B@s pgifaisd ay 109 amasihs Egpeiges was

a ni trogeRissyRap . Wltﬁ@tﬁ%ﬁﬁffta r&‘fc't&mlqucﬂt sRoeed(£8%k solution.
XRPD showed t he sanple to be i hydr o-

L1 et hy| -Brapeicys was fion cpoled N e sy 2008
et hyl } @H gh X%'lqoétﬁ%l% Bel%yl g {2 3111 -oxido- 4-qu1nohnyl%oxy}ethyl}

[1, 4]d|azep|n one an rous For
|\/an uf act uﬂé—dmngo[i,Z];b ai %yqi r[b4]d1azep1n-6 one anhydrous Form III as an

| - et hyl - _%_ gmﬂx ﬁe x%g‘li%og&ntsé%yeqyﬂﬁ@ﬁ thhgh\f%}{led to ambient

}ethyll |pyr|do
1, 4] di azetpimperturaneer dBlnyaimewslef durthet td 14°Q 2ngkheld afthis, 1

1-di hydro-] 1l -ef hy} - 5- - - - 0Xi. dQ-4- .

aui not i ny T BRIREY oy By Bt T el Ri Kok s then dred o

[1,4]di azmnsmntﬁve@giﬁ ixﬂhlvydmmtce/e(lé%o]iCrfm 24h%o eiye )1 9Rasg 5,11-
Iaced in,. r rier 4

B unt | finydeb et SmRE €Tl Bl SRR BR s

(48 hour sdipyridog3,3bk2’3’ {1 P, Adikgdpimeont hetydodua Fgeal [T (9524) as an

i nerted 20 Lrea r\/\hlch sth rei ted. 80L

absol ut e 'I‘iVaK’HSF SNBSS Qfd ‘P'ﬁtgﬁg]léjp( 3‘8@3 ?mgﬁodnl%aﬂ%on toan

m xtu g e \Aaglae%gb §t3ﬁvcﬁﬁcé aﬁovﬂela(?t 6 [BENLIRSS, Ih&lh&@ﬁ}l&ralﬁylﬁﬁnmﬂyg-&

raised to t hdr awa re t we

a clear st-udrao- B‘nﬁ*‘%uﬁ’?%}%&’é} ?ﬁéﬁ tqg'gtzog

and seeded fusdpifE%8e %ﬁy’ﬂro&@ Born® 111 polgHnlayshr (T'hE HPLC purlty was

| - et hyl - 5- et hyl - 8- { 2- - 0Xi do- 4- U|noI| X
}- 6H-di pgﬂun@l@[l@ 92-2{&4>2M3 198P°¢; ' Qﬁg) 3: % 69 (d,

v I e BB e ot 1 -
8.4Hz, 1H), 8.18 (dd, J—47 1.6Hz, 1H), 7.8 (dd, J—54 5.4Hz, 1H), 7.70
(dd, J= 7.2, 7.2Hz, 1H), 7.47 (dd, J= 8.0, 1.6Hz, 1H), 7.07 (dd, J="7.9,
4.7Hz, 1H), 6.78 (d, J=7.0Hz, 1H), 4.42 (dd, J= 6.2, 6.2Hz, 2H), 4.18 (q, I=
6.9 Hz, 2H), 3.50 (s, 3H), 3.22 (dd, J= 6.2, 6.2Hz, 2H), 1.24 (t, ] = 7.0Hz,
3H). 3C NMR (125MHz, d6-DMS0)35: 166.25 (C6), 157.68 (C15), 153.95
(C12), 151.31 (C21), 151.13 (C9), 144.02 (C2), 141.21 (C7), 140.47 (C30),
135.36 (C23), 131.70 (C4), 131.11 (C13), 130.58 (C26), 128.86 (C8),
128.02 (C27), 122.28 (C28), 122.07 (C29), 120.24 (C3 + C14), 119.24
(C25), 101.92 (C22), 68.87 (C20), 40.36 (C17), 36.71 (C16), 30.59 (C19),
13.40 (C18). Anal. Caled for CpsHpsNsO5: C, 62.92; H, 5.30; N, 15.77.

Found C, 62.76; H, 4.97; N, 15.72.
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tenperature over 18h, then cooled further to 140C and
held at this tenperature for one hour, then filtered.

wab®soesed t ant cake was then dried to constant PEGEUSIWIWS/009655

in a vacuum oven at 60Q0C for 24h to give 19.2 Kg 5,1
1- di hydro- 11-ethyl-5-nethyl-8-{2-{

(1- oxi do-4-qui nolinyl)oxy} ethyl}-6Hdi pyrido]
3,2-b:2',3"-e] [I,4]diazepin-6-one anhydrous Form I

é95%x@§ym&frmﬂabﬁcﬁlmahé&olo@nal ysis of the materi al
by XRPD and conparison to an authentic standard showed

Any bigheualits X5Ray novien Jifrastameteranay ermplopgst fy the gurpose of
ﬁém{%ﬁshﬁ%'b?ﬁ,e‘éﬁl G110 otyRUlsh O RIRIAPS -G b MY IR 8- (2-

di azepi'n one an rous Form I
@ Fawider-prhuindling et jethyUr-6H- yhmgioﬁe{:hé Boeldé, 4@9@22%11 1S
198.2C; 1H NWR (400MHz, CDC13) d: 8.69 (d, J= 7.0Hz,

IH ), 8.62 (d, J=8.7Hz, IH) 5 8.39 (d, J= 2.4Hz,
ExBmpl8ry ZRRIY patferns®f &qulhykir@te ag] ardhynpas Faem U1 qustglhgq:.[ﬁorms in

¥ pdpteq it o i erS &ffged Pl rR 499 X3Bapfey

g)ligractgm?ﬂdz M%dd) D8 Z\dfglcédl“hd lins’rlulﬁbizt is d:cgi)pped Wt a(ldng fige=focus x-

%tﬁb% ’J%_I%?t&d)%jr w'%s sgt {oglt)]é%_ ngzélasn'_A'Z ’ Tl‘fﬁ@l%tﬁu%iegp W&S;OpGﬁ%ed in

§%i)ifo;ﬂ&%51§ﬂb@9é WsingS=VHIm 2 rfgﬁife@ﬁ‘ﬁ) slit; 1. mﬁgqlé}ﬁlscﬁﬁx) slit,JEZm@ letector

% §) MiHHI0 gzo%xp}er int4 g2 c?i oi%,%o_r%&s é%?g %mtil%il.m% 8gtector.

(S )scanj.a $krelrhin (edn3) to 3538D, 5[&) 082 steﬂ;?éﬁse%@e( £&). , A 13&ef2 quartz
122. 28 (C28), 122.07 (C29), 120.24 (C3 +

mgdazdlwe‘m@? to ghgek strymenpylismpens7Samapley weig @r@gre(lgirﬂnalysm by
@@ﬁ@k@@né&&%@hm 1@1&@5&&%&%Pﬁ%ﬁem% %f)r(ﬁd%ed in

62.92; H 5.30; N Found C,
Geurs;1 49d 34, 97; N, 15.72.3. X-ray Powder Diffraction
Met hodol ogy Any high quality X-Ray powder
di ffractonmeter may enpl oyed for the purpose of
di st i AgditismmgetheiS\KH@hamaheri@@téomr ystalline fornms of

F‘I‘he crysgl hng ?orms in acchtdaxée V&ﬁﬂ‘pﬁl% hﬁUenéori 1%ay, optionally, be further

characterized by differential scanning calorimetry (DSC). DSC thermal curves for the
dihydrate and anhydrous Form III crystalline forms in accordance with the invention are

shown in Figures 2 and 4, respectively.

A further means of characterization is thermomicroscopy. The dihydrate exhibits the
following thermal events when observed by thermomicroscopy (heating rate = 10°C/min)
using a polarized light microscope:

1. Crystal clouding and evolution of volatiles indicative of dehydration in the

range of ~75-112°C, resulting in a dehydrated phase.

2. Melting of the dehydrated phase in the range of ~155-162°C.

3. Re-crystallization in the range of ~162-188°C.

4. Final melt in the range of ~195-203°C.
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20

{ (I -oxido-4-quinolinyl)oxy}ethyl}-6Hdipyrido[3,2-b:2
,3"-e] [I,4]diazepin-6-one. Exenplary XRPD patterns of

wo b@sdytyer at e and anhydrous Form 11 crystal | PEEEUS0F@09655

in accordance with the invention were produced using a
Bruker AXS X-Ray Powder Diffractoneter, Mdel D8
Advance. The instrunment is equipped with a long fine
focus xray tube. The tube power was set to 4CkV and

Kieradver] it @aa'grbatcamiaa thaBthe APOARHCH al sbidtadALHE diybgteByde
using a_ 1. 0nm dj verggnce sli1t, 1.0mm antiscatter sli

hermagrayeneey Bourist franstopm g Rse e ARl e pnadysis (TGA/FTIR) or

dharhetifiqRaochromator and a Nal scintillation

detector. Step scans were run from2 to 352Q at O 05

per step, 4 sec per step. A reference quartz standard

yas Usfe ?%'ngﬂ efeféﬁwslf(?ﬁﬂfl}/(ﬂafe%ﬁ%ydr%ﬁ?ﬁ&&?ﬂi"’er e

prepare r analysis by filling a zerdo background =

Solhbitityrexperfirdents warh @sadde determige shiRPDIqya Phasesépgzane shown in Figure
I i j S ne 4. & iconal hods

§ ER VR, L L BT o S m A (2ol

quindingynxg ethiy o H-Hipyiidnf a0 203  red j1.4 ldpzéom&tdng, Thephase diagram

furthe hart ' . ' [ ' '

B DS PELES S A LT T Bt o
ati 259@r AtditiamadlyaathydhoosBorfdils thermodynatoddally rﬁaa{ofernirqur the
giﬁg&ratg%gé glb%fmg%q% Ft&le}”l f %\QS ‘!ut? %vﬁegg} ?rr}éogﬁagp \\é\?h Iet%m%l%%‘l&&c?ns%ontaining
€ hﬁngmm.e Wt?r&];ai/dftﬁ'n l(joﬁvdri‘e@r, rt}nniii}gzlfcb&e Merm'ﬁldgnﬂiﬁiﬁgdd’(mtferred over
exhibits t owi.ng thernal eyents en .observed b
EHBHRbR P e S e i ARGt 10 GEAn Ay SR Gt ting ¥ 2.7
ek l&faitte& Qfd kit@btte? mtit_ﬁ lrsgs Qﬂg&l_'ro-lllt jefH’y]LSIr@ééh}ﬁl@{Bii{ng)W-

evol ution of vyolatjles indigat . de ration in
w0l ARy e o cipyBtors S e re) U1 Aok et o

phase. 2. Melting of the dehydrated phase in the range

gf ~1 -.%62C. 3. Re-crystallization in the range of
62-1 %‘%ﬁ 4. Final nelt in the range

L e L

lometric
4-quinolinyl)oxy}ethyl}-6H-dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one that are in

accordance with the invention may be used to treat HIV infection in humans, in the manner
described in U.S. Patent 6,420,359 and the corresponding WO0196338. The compound, in
either of these two crystalline forms, may be incorporated into pharmaceutical
formulations and administered in accordance with the dosing regimens described in U.S.

Patent 6,420,359 and the corresponding WO0196338.
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t her nogravi netry/ Fourier transforminfrared
spectrographic analysis (TGA FTIR) or simlar

wo embidTaes. 5. Thernodynam ¢ Preferences for BETIYS2088/€09655

and Anhydrous Form 11l Solubility experinents were
used to determ ne the uni que phase di agram shown in
Figure 5 for the various forns of

5,11 -di hydro-11-ethyl-5-methyl-8-{2-{(I-oxido-4-

W‘i&a‘i‘%'dld’*ﬁ‘xledﬁxy} et hyl } - 6H-di pyrido[ 3, 2-b: 2", 3" -¢]
[I,4]diazepin-6- one The phase dlagranrlndlcates t hat

anhydrous Form | i S hernnd%oanrcall preferred over

anhy d @Y EeiiAS forratof 58 & dibxdier Hirdr 2 yethylyidr € Loxidsrm
hhlhoh lfokaﬂeﬂﬁﬂﬂy@ﬁ%@ﬁho[ﬁ Zt@Y’of’ [pmazﬁ%]ﬁ Gj(br{éy(ﬂﬁﬁitreﬁe having an

ydrous Form | en in contact wt
&1y m@Wd@fcﬂlﬁﬁtaFWaE@ﬁtﬂéﬁt ﬁ‘PUﬁ@“S%S a peakat 23 4nlegess %@a&*é} 2 degrees

2 ZW@{é&ﬁ Yaid §{hﬁy gh@&éﬁ‘ it Setion %Etllfb?ﬁ PRAYRAR AU, radiation.

‘ferred over ahhydrous For and Form I'l | en in
contact with ethanol solutions containing > ~2.7 wt%

: It ler gﬁﬂ%?@fh mb?ﬁy%@ glalm wh_ergirttﬁl_e {)i—ra_y d))orvggr_ czifffraction pattern
qbi Sambkubﬁlyhc)edkgtﬁﬂtcwpl}lses h-lpchkply 24.9 d@g},e@s_lﬁ @ 0.3degreds 20 ) and
gx! f"el ds'azf‘cg ﬁ %QY(% glfl}i‘gc%ioﬁét{eh} i mBGS ugfngﬂk%'rz?dlﬁfogr

r'ous
dihydro II-ethyI 5-met hyl - 8- {2-{ (I - oxi do-

G AR 1 PASBARt cigs
ipElN@fﬂ bf eid mytaﬁlfe fusied céropriseepeakdai/l 7.8 lfdegrteesﬂﬁ (0.2 degrees 20 )
B e B R D ONAEH LB UG8 Y58 CyRe radinton.

conpound in either of these tmo crystalllne forns,

may be_ incorporated i nto ph ceuti cal nulatlon .
Tt o o Selne e b gl bekord VReE e Samh gowdst diffraction

ﬁ)ﬁﬁétﬂ%ﬂ%l&i_ﬁﬁﬁﬁh&%@ 8fiseUg§rks Bet43)t12.8, 486.28897.8@dgrebe20 (0.2

correspondin 6338. What is clained is: 1. Thg
degise a9 p%wggelmsald X-ray powder diffraction pattern is made using CuK,

& Ratldy- di hydro-11-ethyl -5-nethyl -8-{2-{(Il-oxido-4-
qurnolrnyl)oxy}ethyl} 6H- di pyrido[ 3, 2-b:2", 3 -€]
, 4[] di azepi n- 6-one di hydrate having an X—ray powder

gefq Traft g%gt Rk ke rbftsha}tdmreorr SBF1- S-RBRN-82L2- £3-ckido-4-
quinolinyl)oxy}ethyl}- 6H—d1pyr1do[3 2-b:2°,3’-e] [1,4 ]diazepin-6-one dihydrate having an
X-ray powder diffraction pattern, made using CukK, radiation, which is substantially the

same as that shown in Figure 1.
6. 5,11-Dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy} ethyl}-6H-
dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one wherein at least 50% of said substance is

present in the form of the crystalline dihydrate in accordance with claim 1, 2, 3, 4, or 5.

7. A pharmaceutical formulation comprising the crystalline substance of claim 1, 2, 3,

4 or 5, and a pharmaceutically acceptable carrier or diluent.
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2Q, wherein said X-ray powder diffraction pattern is
made using CuK radiation. 2. The crystalline substance

w@Rooshgi7ae 1 wherein the X-ray powder diffractiPCI/US2005/009655

pattern of said substance further conprises a peak at
24.9 degrees 2Q 0.2 degrees 20 ) and wherein said
X-ray powder diffraction pattern is made using
CuKar adi ation. 3. The crystalline substance of claiml
or 2 wherein the X-ray powder diffraction pattern of
sai d substance further conprises a peak

$egr ke crgytalineFogmdHed gntpygrops g drdibrdresi by e@‘éﬂ éi n}@ﬂi‘yah;‘ 2-{(1-
RS uﬂoitﬁ§l%#h%lﬁ@ﬁ££;‘5ﬁtdb9 NRIE3-US] Y] dehiks m— -orie having an

radi at crystalline substance of c
Xfrayspwm@r diffraction pxtterafhapenmesises Hopk at11-6 ﬁe$¥8?5t2@r(ﬁ Ok degrees
nd
36} QS LRI G AR §EERER I s Ancfusthd e d o
X-ray powder diffraction pattern is made using CvKa

ad' Al O staﬁ nlg]e %&Sgg\{% %% ?\%} rﬂ Q%aérg%%eoi( éy p&JvaéiJ dtdE Qo pattern

- et hyl™-
qﬁsahtﬂubftyﬂc)ecfm}}eetdmbr}seﬁlbdsakts pyRiSchofl 8 32ddgrees 261 @ degrees 26)

R it PR OB P YRR TR Sl ienP T

is substantially the sane as that shown in Figure 1.

5,,.11- .
F0.o.¢ R TRl i Adbganes of eleims§ P whergi e Ry Py sy AffRgton
patlbfid sﬁi@i’tar&e ZarthicPCondprised peEﬂl:s, a4]lﬁOaZZ=.{® iand 6-8abgees 20 (i 0.2
wher ei_n _at Sast 500/ of sai doqs St anc% sent Ka
U EEER QPP MR CRYS FONET A e R oot 5 B Gthe 6
Wdtdtiogl @ m1, 2, 3, 4, or 5. 7. A pharmaceuti cal
formul ati on conpri sing the crystalline substance of
claim1l1, 2, 3, 4 or 5 and a pharmaceutically

pece p’i‘l@@éu%stﬁﬁd’erdf €hind8, 91611 ll(betmere%t thd Ber&f posidet difetibe patern of
11 of anhydrous 5,1 %Cxqgr o- |

Faid puhpanee mmyq:s.gmglg ai{?(q tess 20 (= 0.2 degrees 20 ) and wherein said X-
ﬁﬂ%] gt &1@@,&1%%‘2}&}% a6 hkich OV H@hdoR- b: 2", 3' - €]

I azepl n- 6-one having an X-ray powder di ffraction
pattern that conprises a peak at 11.6 degrees 2Q 0.2

degresg. Iggtﬁllge WG 6 &F &xjx@dio 5f1qydtlﬁﬁt¥t‘96m e%}flfstxﬂ&hylosl{z {(1-

pattern | e usling aradi ati o
Okwstmdlmmﬂylwtﬁ} tthmk}éfbtﬂlpm@[M£ 208 eﬁb[lsﬂ]diaéepm ppe having an
&Qray powger (Itffraac{ion patt qu&e using CuK, radiation, which is substantially the

same as that shown in Figure 3.

13.  5,11-Dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy}ethyl}-6H-
dipyrido[3,2-b:2°,3°-¢] [1,4]diazepin-6-one wherein at least 50% of said substance is

present as the crystalline anhydrous Form III in accordance with claim 8, 9, 10, 11 or 12.

14. A pharmaceutical formulation comprising the crystalline substance of claim 8, 9,

10, 11 or 12, and a pharmaceutically acceptable carrier or diluent.
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of said substance further conprises peaks at 22.5 and
8.3 degrees 2Q 0.2 degrees 2Q and said X-ray powder

waledokrogrové on pattern is nmade using CuK radi at i BCT/US20@5/009655

10

15

20

25

10. The crystalline substance of claim8 or 9 wherein
the X-ray powder diffraction pattern of said substance
further conprises peaks at 12.0, 12.4 and 5.8 degrees
20 ( 0.2 degrees 20 ) and wherein said X-ray powder

dist f r achb@bd RAaRMB tﬁescry@edﬁeqﬁﬂnn efslﬂﬁdn@af@l 1-Gihy1- §-§1ethyl 8-{2-
11. The substance of cla 0 wherein tﬁ

rialropdodequinglinhoxy gt} éatélwlﬂ%ﬂ ée’é A -sLidAldipeepin- Gone
Qﬁgﬁ?dtt,sﬁ%c@or@a%@l‘wﬁﬁ chfln 8, HeU 883 2%l nftidddeShaSH: 4R Rllowing

wherein said Xray powder diffraction pattern is
rBERP& using CuKa radiation. 2 0 12. The crystalline

'%Qf drﬂ%;sbfgr éﬂﬂl‘ la&m%(ﬂf) qlf'%’lc_lr-gl-%—nfethgl- -{2 t(l -ox,ld 4-qu1nohnyl)0xy}ethy1}-
O 505 F o0 sy DB OHED o wate]-miscibl
[s%{véitd{o%ﬁp% Qat@raf%& Gr %ﬁg g%r?{%d %%lhﬁgn %ﬂ‘ﬁtﬁé gijdvﬁ o tRHt 'iﬂeoa%ount

tet € usi ng tion,
smT bOamist bt dtyeastthe q@mﬁtyasqmﬂadito bhmmtcvwhlﬁmglmc dilFdrage; 5

5¢:1 1-Dihydro-1 . .
e de AT Sprocpiee . Ysdiygrorlretlysmethyl e 3-4 (o4
Jqudtinylyaxiy gkohyl 3-69-dipy2ido B, 2-8:p", 3’ |-e,]4]l,(4]<hmplnﬂ6 -6aodibydrate out of
wh rel n at | east 50% of said substance is present as
APy st al 1 i ne anhydrous Form 111 in accordance with
qb)aﬂeﬂib&ng%e ptétipithtelfrod tht2olufich; apﬁd phar maceuti cal

rmul ati on,.co e Cr | I'i ne substance of
c@%ﬁir?ﬂng thegs‘)hg gﬁfg Surrfl%eéi) vemgs aé(ﬁ ogn 1ﬁ?’ﬁ%ﬂ?’ﬁgceuti cally

acceptable carrier or diluent.15. A nethod for making

the crystalline form of 5 11- di hydr o- |
160t mf%/ msthﬁ%fqgwak@g{tl? anhydrous FormyIII crystalline form of 5,11-dihydro-11-

{étlllylgzsh@tﬁyl% wmQincréyA apgw}nﬁ)&w} bthgh- @tqmgyrﬂa[g&-g 21328
e] [I, 4] diazepi n-6-o0n g/grateln accord

vﬁl ﬂﬂﬂl@qegmrﬁ q_ne ip accgrdagce \glttbqla@ ail® Ider Hgdw@élprmeﬂ*@ﬂ Iqgmprlses
dergohigagn oterm () dosnvng s b Lo e,

@) drymg 5,11-dihy o-ll-et yl-5-methyl-8-{2-{ (1-oxido-4-quinolinyl)oxy}ethyl}-6H-
dipyrido[3,2-b:2°,3’-¢] [1,4]diazepin-6-one dihydrate or trihydrate to remove water and
produce an anhydrous material;

(b) dissolving the anhydrous solid in an anhydrous solvent, to produce a saturated or nearly
saturated solution;

(c) cooling the solution to precipitate out anhydrous Form III crystalline form of 5,11-
dihydro-11-ethyl-5-methyl-8-{2-{(1-oxido-4-quinolinyl)oxy} ethyl}-6H-dipyrido[3,2-
b:2°,3’-¢] [1,4]diazepin-6-one;

(d) separating the precipitate from the solution; and

() drying the solid until all surface solvents have been removed.
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6H di pyrido[3,2-b:2",3 -e] [|,4]diazepin-6-one in a
m xture of H O and a water-mi scible solvent, to forma
w@aa0a02t7eel or nearly saturated sol ution, w th PEEUS2005/009655

Dlhydrate%m\éinﬁﬁdrbuggr H&ﬂg tof0f H 20 nust be at least the
2-

L vy
i:j:agéh){ 1-5-fnaityi-5 tl@}dl%-gu@@eéﬁ)%&@ éﬁi}'éi-iglldi})’@é[gzebz 3-e][,
PINGo ydro | I-ethyI 5- met hyl - 8- { 2- { (| - oxi do- 4-

qU|nollnyl)oxy}ethyl}-6kkdipyrido[3,2-b:2‘,3'-e]
[1,4]diazepi n-6-one di hydrate out of solution; (c)
renoving the precipitate fromthe solution; and (d)
drying the solid until all surface solvents have been
renoved. 16. A nethod for making the anhydrous Form
[1l crystalline formof 5,11-di hydro- 11-

et hyl - 5- net hyl - 8-{ 2- {(I-OX|do 4- qui nol i nyl ) oxy}ethyl }-
6H di pyrido[3,2-b:2",3 -e] [|,4]diazepin-6-one in
accordance with cIa|n18 9, 10 11 or 12, which nethod
conprises the follow ng steps: (a) drying 51

1- di hydro-|

| - et hyl -5-met hyl -8-{2-{ (I -oxi do-4-qui nolinyl)oxy}ethyl
}-6Hdi pyrido[ 3,2-b:2",3 -e] [I|,4]diazepin-6-o0ne

di hydrate or trihydrate to renove water and produce an
anhydrous material; (b) dissolving the anhydrous solid
i n an anhydrous solvent, to produce a saturated or
nearly saturated solution; (c) cooling the solution to
preci pitate out anhydrous FormIll crystalline form of
5, 11-

di hydro-11-ethyl-5-nmethyl -8-{2-{(I-oxido-4-quinolinyl)
oxy}ethyl}-6Hdi pyrido[3,2- b:2",3 -¢€]

[1,4]diazepi n-6-one; (d) separating the precipitate
fromthe solution; and (e) drying the solid until all
surface sol vents have been renoved. Di hydrate and
anhydrous crystalline forns of 5,1 1-dihydro-1

1-et hyl - 5-net hyl - 3-{2- { ( 1- oxi do- 4- qui nol i nyl ) oxy} et hyl
}-6Hdipyrido[3,2-b:2",3 -e][1 , 4]diazepin-6-one.



