DESCRI PTI ON STABLE CRYSTAL OF 4- OXOQUI NOLI NE C 4POUND
TECHNI CAL FI ELD The present invention relates to a
stable crystal of 6-(3- 5

chl oro- 2-fluorobenzyl)-1-[(S)-1- hydroxynet hyl - 2-1 net hy
| propyl | -7- met hoxy-4-oxo-1I,

4- di hydr oqui nol i ne- 3- car boxylecp@sgrgn © C COON O
-YE~ OH (hereinafter SOITEt#ITES to be conpound AE and
a mxed cryst SFABLRTRYSTALTOR $rQEORHING 0
relates to a pharnmaceuti Cabom@r n‘@%%t'ﬁi on conpri sing

the crystal or the m xed Cryst a(ﬁ&' C OQUND OF THE ART

The presgné pPppdntattvémsion sellatesl tionavepaply cagstsl of 6-(3-

PCT/.JP2003/014773) fjled t he ' roovl]—7-
t(s hehlgpgves ’T"gﬁ)é'ﬁyic)o%pcﬁ)rél& 5;1 H&s an Iﬁ%‘l} Ei tor: )%H?ip opy ]
actn'\émogg_amma,aedﬂ@dﬂmmslm-éﬁ-cesbmli& agady e
for the growth of H V (Human | mrunodefi ci ency Virus),
which is a causative virus of AIDS (Acquired
I mmunodefi ci ency- Syndrone), arm@ shows an anti-HV
effect (particgjarll i
Exanpl e). I n gene
pharmaceutical 28

stability of the conpo |s equired so as to

mai ntain quality and/or facilJ-tqte preservation. Not

only the final phar maceuti% commposition but also a

conmpound as a synthetic startin terial is desirably

chemcally and physically stable for the sane reasons.

25 Therefo SHFE E@F@ Sel SoRbGHRT AP ¥n@ £ misdedl crystal
par&fe&ﬁlg#gé%re erta yQ%H]steabIo@iscryst al . When the  cal
conpEteé£hasThe mrssaht puivensioni akgo medakes (te & phgrmaceutica
rystal i.s,generall.y. sel.ect | L fatREzed crystal.

gobo%’fpr?ﬁﬁfsﬁil e‘ﬁo%&%f"%ét%en c%g?é%} \k?reys cgrrpoueﬁd KY no
concrete description r SxaIKGROUND OFhFHEr HBT al f or m of

conpoundThe present Applicant has disclosed in W02004/046115

et cal and physi cal

(PCT/JP2003/014773) filed by the same Applicant that the
above-mentioned compound A has an inhibitory action on integrase
15 that is an en essential enzyme for the growth of HIV' (Human
Immunodeficiency Virus), which is a causative virus of AIDS
{Acquired Immuncdeficiency -Syndrome), and shows an anti-HIV
effect (particularly Example 4-32 and Experimental Example) .
In general, when a compound is used as a pharmaceutical
20 product, chemical and physical stability of the compound is
required so as to maintain quality and/or facilitate
preservation. Not only the final pharmaceutical composition but
also a compound as a synthetic starting material is desirably
chemically and physically stable for the same reasons.
25 Therefore, such compound is preferably a crystal,
particulaxrly preferably a stable crystal. When the compound has
crystal .polymorphism, the most stable crystal is generally

selected.



A is found. SUMVARY OF TBE I NVENTION 5 Thus, the
present inventors have studied various crystal forns
of conpound A in an attenpt to find a stable crystal
of conmpound A. As a result, they have found that
compound A has crystal polynorphism and a crystal of
conpound A having a particular crystal rm i useful
as a stwiille thesabsive-meatinnas aEBl-b?PWﬂ“cﬁ

they have,c 2368t td BERNEEPEEal Fform of ' compound
ABR FHRGTS @%&ggéégﬁﬁ%aﬁéeﬁﬁon provi des the

fnli@\Mdn@d [1] A crystal (crystal formll) of

6- (3- chIoroZIuoro%%k.} mmrENTION

1-[(S)-1- hydr oxynet Ay nmet hyl propyl ] - 7- met hoxy- 4- 0xo £al
5-1, 4- dnmsdrmqa.msene Snmﬁyh?‘ée a%ﬁuele%‘r%%%éscﬁ#
X- r?%%pqﬁm [ ffra eH(gEt% NesB@AVhNgcable crystal of

ckg Factio ks at diffraction
agghpsurt) @) né H.re6pitd. ﬂ&y revectourgl ghat jcompsund A has

25, 22 d b ; .
A CER LA IPPYEOR Y oI 1 (G OF ChBERATE: akrib]a
6 &Eﬂﬁrocfyﬁtamrﬁbhmniylgseful as a stable crystal, and based

10 primhisgh ARGRPORI BV, VS ORPRBUAL | L REE i MrteRidon-

an X-r aycasnaiegig] fﬂfea@treeen*pauxvenmhwammgides the following.

TS S B 5180 25208, b gl
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di'f fract ongt { al f | e
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T AR byt g
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C%S%%L aEH méa¥u9é-d &J&exab&yq;dmatl @xmka[ci:]ametaa:fs]

purity of crystal ? i"' SS tha f&@obenzyl)_
3017I5p armaad leryseat SostotTHh F PRoscPRrar 20 ;
ab‘f)\}e( d ot hetey 1@f-7-tditﬂ:hoxy—4—oxo—-1 -
Ry 39'[“2;“?’“ 6 Y d tal of

20y rc?hwbcvgu;rg?rﬁnené%c;%oxy @r%q: .« HBd Ebﬁ%st gn/2-fay Powder
Cr%i;f[d‘.a Lgod ?atltgas.‘ﬁ HARg 79€(&r£ﬂeﬂsﬁhafdiﬁ<f&abttca’l peaks at

I'on conpri si ng the crystal of any t he
abmEfraeniooreylps] 26 6) [af S 4trhé4fﬁ%<'e&5cﬁ§/st]g{ 08¢ the??

ompound A,

24.16, 25.74° as measured by X-ray powder diffractometer; ;

[3] a crystal (crystal form III) of 6-— (3—chloro-2—-fluorobenzyl)-

25 3-[(S)-1-hydroxymethyl-2-methylpropyl]- ~7-methoxy-4-oxo~1,4-
dihydroquinoline-—S—carboxylic acid, having an extrapolated onset
temperature of 162.115.0°C;

[4] the crystal of any of the above-—mentione_d {11 to [31, which
has a purity of crystal of not less than 70%; _

30 [5] a mixed crystal comprising the crystal of the above-
mentioned 1 and the crystal of the above-mentioned [2] or [3];
[6] the mixed crystal of the above-mentioned [5], wherein the
purity of crystal is not less than 70%;

(7] a pharmaceutical composition comprising the crystal of any
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above-nentioned [5] or [6], and a pharnmaceutically
acceptable carrier; [8] an integrase inhibitor
conprising the crystal of any of the 5
above-nmentioned [1] to [4] or the m xed crystal of the
above- nentioned [5] or [6] as an active ingredient;

[9] an antivirus agent .c risi t r £ the
of pRctaRpESTRSGREd [ (0o (FA b ey S oo ©

Cr Y$bhabe HerdchEnd oS- e8] Oned & jhamaceitinnldy acceptabls
active ingredient; 10 (10] an anti-HV agent

conpgRFsi+8%y t he crystal of any of the above-nentioned

[1] (k9 ;,g]i[,&]@gws? NinkG 81 €6 ohrdéind ehaborgstal of any of the
ment’i one 5] "or (6]. as an. actiye ingredi v (el -
aft iabpw-w‘laée#@ibﬁ Enpt I ?%1’%d§§%§${%% Q’afmll?'h %;hb ove
tEe n%ggyﬁﬁé@qtsi] oggd[d]:jhfg&n [dﬂtigé ixln;g:emiienﬂ; crystal of

t he above- nmenti one or, nd, gne r

Ki nd@]o&no@ﬂéﬁ’iﬁﬁ?iag%t\/c%&’ﬁénguﬁﬁ acl’}gggg%sé%gt% vgfie
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[2%51 [@]‘61[ ﬂ[%{tit—-ﬁgv nidfé:i'ft Qbﬂ(ﬁﬁiﬁingf th? e:qurglazEE-as@rwwonédthe
or . as an active_ I ngredient. -
DESGROPEHGIRmRAELLRAW (15 1 Ghe "R HATE} 7 the above

records.of X-rsy oRoyElierasdhhif 4@GiveO inghRilledtns, wherein
t he ml?ﬁ%é"r’g?%(nfeﬂsﬁows ﬁg diffracti Qny&gt ern oéal of any of
crystidl] eorandi-HIVt herpesdgien | GHPTiR o CTYS of

di ffraction z NeQf £67 Y61 &r R Milxed Beysaienf the
li né%h V\gv?ﬁéeerg:?ﬁlgaac{lﬁoﬁ ga{té:rn of cry?fgal fo My £i-
135 dHwwevmebtiomiedaXbs whdfd omd fangcPFJrPrs FLBAR ¢y other an

(cps;..counts per el S q2ba el hAA2500

cps)H%vrcﬂc ﬁget%ugﬁg\%g‘?é;% aasx?'ts:ﬁgyh%v\]gnggi ffracS?i on angl, the

29( 0)121Fiag. aRtiHINS agest iforea rmeripdeofrud ﬂ'—&ﬁ'—'mg@?h other

diffracti 30 ,pat k Om-& S @FPLey ajtt @he above—
530, i RS iU M ke 5 e o

3- da¥pr g he “stability test of crystal toned
f or nidntipedc pipan $6h, ot taeuppeednsaystal E &hsRbqvssmention

B st omane) ot FoRErEL AR O T g £ act i an

pattern (initial CeRUErDRSSRIPIIQY PEt BHE MRAFINGS Shown

fromthe FS;.g. 1 shows multiple r':ecords of X-ray powder diffraction
patterns, wherein the uppér line shows the diffraction pattern
of crystal form III, the middle line shows the diffraction

25 pattern of crystal form I, the lower line shows the diffraction
pattern of crystal form II, the vertical axis shows diffraction
intensity (cps: counts per second: intervals of scale is 2500
‘¢cps) and the transverse axis shows diffraction angle 20(9) .

Fig. 2 shows multiple records of X~ray powder diffraction

30 pattern obtained from the sample after 3-day preservation of the
stability test of crystal form I. For comparison, the uppermost
line shows the diffraction pattern (initial conditions) of
crystal form II, and the lowermost line shows the diffraction

pattern (initial conditions) of crystal foxrm I. Shown from the
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second line are diffraction patterns under
preservation condition #6 (60C/ 75% R H., open

contai ner, 3 weeks preservation), preservation
condition #4 (60C, container with stopper, 3 weeks
preservation), preservation condition #5 (60C, 5 open

t 3 ation
coRBFPTLTipS AFEORRLESEl A e brnd R Pt vars

pr espaiEidroRs B0PCHTES &.Hal | open comdRinreh, #2Yeshbt,

cont ai ne sto d rasat c ner wi
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suﬁé‘Pfib'Fi‘?rh 3@'?8& CONFPREN ¥1 qog%g]ﬂ t y,da\?ﬁllg =T ton} -
t Uit ehdsrZraadurid aamehaifmmmnam@mﬁtyhécmﬁ;alcptzyts per
of conpound A fo Ion t.er I ¢h

{ aGePPPat SDUSFESLY IR FBACS | 17 L300, Froh, SEheheargtverse axis
100'wRat:8 081 £ frakthen drigle nlel(oong productu on of various

phar maceuti cal conpositio whi ch

reduces the producti oﬁrﬁﬁf %F%BEE#&@B%ESCRI PTI ON

OF THE | fWENTyaTher piesantrysteanbifonommuadphapfiethe present

detail- in the foIIovmng I n, the present,_inven n (
thelﬂvein*yustwﬂ|hf'=\‘E’oH2HFﬂ’ﬁ’o ﬁ RETERE & ar%‘l’{aolt fprm and is

4R rApnpbi&dL has alibrﬁﬁzd’a’ly staﬁlmydewhlch in tu::n has
d| ffraction pattern havi ng char act er%stl c d| ffractd ANfor a

15 edilyantage fadcre bt amgre
V\%%P_%Qn@ 4ecomds 21?0553.5132 Tﬁﬁdﬂi‘ Fapl '.Eﬂtdi:yésXpregervatlon In

diffractoneter. In the present [ hventi
" cr@@&uonorthem have fadvepkpet idiak FespLing a5 3pg Prgpuction of

'%‘}‘i'&gﬁ%hé’ﬂla%guéféala% 58¥cicHs aﬁadﬁﬂmfsf easy,i which

pattern I'ng characteristic diffraction peaks at
di fﬁa@cesoﬂlaambéscm Ceﬁt8 54, 14.02, 15.68, 17.06,

17.24, 24.16, %ﬁnﬂ:& P?Q&%ﬁ&ohyoﬁwmvh‘ﬂﬂm

i ffractoneter. raction peak val ue at th
above- meMhioprsbeit! Lrerntion angrpldppdnty %h& f’fg’me
rreafsolirerrent error due to

In the present invention, the “crystal form II” of
compound A means a crystal of compound A, which has an X—ray
25 powder diffraction pattern having characteristic diffraction
peaks at diffraction angles 29(°} of 6.56, 13.20, 19.86, 20.84,
21.22, 25.22° as measured by X-ray powder diffractometer.
In the present invention, the “crystal form III” of
cor.npound A means a crystal of compound A, which has an X-ray
30 powder diffraction pattern having characteristic diffraction
peaks at diffraction angles 29(°) of 8.54, 14.02, 15.68, 17.06,
17.24, 24.16, 25.74° as measured by X-—ray powder diffractometer.
The diffraction peak value at the above-mentioned

diffraction angle 20(°) may show slight measurement error due to
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4 the neasurenent instrunments or measurenent

conditions and the |like. To be specific, the
nmeasurenent error may be within the range of 0.2,
preferably 0.1, nore preferably 0.06. The crystal of
conmpound A of the present inventionis also 5
characterized by thermal analysis. For exanple, when

t BBe HdaLur@heh® rilstitmeftsc onpmmlmmeﬂttm%itég%ﬁtand the

invention is subjecte to Di t Gwithin th
CALER | e o et 56 e, RpRap it ERtprpad biouithin the

' §aﬁ<g@l5f 88.4/ q;re&aﬁamg rApb) atew: poaserablymp@rQf-ur e

i s 162. 15. 0C, 1 "
162. 11. e SHHE ef{ gllg%g(l}rgpg edlﬁg.%ggtl@ Rreheiablis also

5t QPSS EtdHiRedNBRRherRs] dafalyeils by FhrSeKargle|, when the

(measur ement net hod of tragsfer &vdbhtion i
DFESEFR) forficl e PRIETEGA 2 o TLSFORcL o o1 "Lhe

e’éhfa?@@iéﬁ ed bﬂﬁﬁﬁe&tx@i Sdaanlmg\maldrémpenat se) 5 the

toward the higher tenperature sj d PO Hated
| ienshakemefa eREP 5B At PO dPn grea%est slegée on

t%%sgﬁaéén%r%@ﬁﬁe afs tbe. 185 OPOg g&e&hram.m LE@wet3.0°C, more
enperature side in a DSC curé’t e+t
"‘“amd'n‘-Jé%mlabelé?e%ﬂ:]or‘E%t whegfbRr eurgx & "endo erm c
Satfiddv Rebible, BRONEEiERNblONES] K emgb {mda&suc:mysm*lalmethod

of npound A is stable. 20 Thg cry ?
ofoft lrsapsfare ARPeRASWEORE AR cr y or m

| I:m%!er? ?‘Ei’cﬁat alr £ @x&khpoﬁ@d%&@&h.xﬁr p&t the dfowar

crysta ormlIl and a crystal formlll. For u
pftzmvacetr-t!ﬁ:@lldsr‘@m%‘fi R i e AT fd%k I‘:Ei‘-']tlhe
10T B{é“akkug (o 43! 1O RbUL g ithepysésrsat] slope on
becaus are 25 stable crystals, q_Pa crystal

|
fotrtm Lehding rm!ge of afrer BBl 6ind BeAlicEn (4 §tpture side
bl.e gfzyéﬁﬂl Q‘?q:hte' SfvhApy ¥Ad aéxtr%pbnatéd iomset

% & BBYreST Vi ew of the absor abllltmlg%ﬁ1 ~
ormmesatun@mf &ei endstharnish Peskad pHEY TRt ve

Siti n Int @ha A he seaid.y of
Crr?r;‘sbrt gﬁ? RI&S3e0i &1 5

he“purity of the crystal form.,||I be
2001 cr ystmle &nyshalll bf on%omgnﬂo%lmf Ahe| pregebt; ingenfion may

| .of
ni Xe‘g‘ éﬁ% %%e%?nﬁl 3 o% s'tbl 26 A 181 V6t & ni‘mém

| 1§ crytal relative to th
t Of & stRANDUPta Girystbs tfmpe 16faned @ weyatak domm| F1hnd Fgr use in

a pharmaceutical product of compound A and the like, tge crystal
form II or crystal form III is preferable because they are

25 gtable crystals, and a crystal form III is more preferable
because it is the most stable crystal. In addition, a crystal
form II is preferable in view of the absorbability by living
organisms upon administration as a pharmaceutical composition.

In the present invention, the “purity of crystal” means

30 the purity of the crystal form II or crystal form III of
compound A. In the case of a mixed crystal of a crystal fomm I;
and a crystal form III, it means the ratio of crystal relative
to the total amount of substance of a crystal form II and a
crystal form III. The purity of the crystal of the present

5



crystal formlIll. The purity of the crystal of the

present S invention can be determ ned by, for exanple,
known met hods such asX-ray powder diffractonetry,

thermal analysis and the like. ,The purity of the

crystal or m xed crystal of the present invention

does not need to be 100% and may be not | ess than

70% 5 preferably not |ess than _80% nore pﬁ&% 5%8’ 5 such

notinkestidrh sAnobé,detesdned divar ABF y=FBPCast
and EEDS& gao%zfdggag#f'fﬁ%ttcﬂngﬁﬁ( tthéﬁn&'B%naRysiﬂi yand tthenllke
I'S pre

erable for guaranteein
quaihlet puri]it;e ofr Yhe ATYsEal K didefs FEYSHL ggn%%u FeReSF
Lhe BLSPEN ol LOYSIAPIRaC8D Drowidahal mkenadiion dess than 103,

man, nouse, rat amst er t dO
ﬁowmﬁrmmomﬁkeyﬂ@c 39‘*aﬁ'!?rleh8mf"?§?3’15's Gbriasis than 90%,

phar rmceut#fg: oggesietgs EEaﬁUﬁ% agna%sﬁbyeferably not less
grase I'nhibitors, antivi ruslaggen{_.s and

t hecﬂankee%usezixrrmy wiﬁrlne%hh@l@nqehéspﬁ’

and/ or treatne of 15 When the crystal or m xed
crﬂ’(ad:anﬁ?e’c'?ﬁ‘n%%ﬁ 811%11%? the present inventjaon cesent
used as &haherymméubraaixeﬁomstﬂ(ﬂ# cpppeund §dﬁ1fx1é1be P

wi th pharnmaceuti caII Fahde81 S (hu46l, PhGies, rat,
i I’J&fﬁné"m’éx‘t"‘gha *n§ agrgf]ﬂt%%ggg%?nafegr an%s(h

St ajpirkdteer, srabmﬁﬁs eauatdogas Mméeﬁ@eeﬁdeWeP'%?') and the
flavoring oI orin i tSURSIRIRNNEs anti-HIV
agehtke aPthEQ aE’Sace 4 ves %l Saelution  ai 33 : Lik
and,gihey, addi 1ﬂﬁggs:asé mmeogenmmyrkﬁmnﬁéra%% the like
such™ as water, vege abI ol | I &r,tx%bﬁﬁ@@i of AIDS.
or peed °r'aF‘8’6tﬁﬂag'é’ﬁ' S’Fygéﬂﬁ i %eag {/co

g4 ycer oI WHenA€RE aé;ggstagebﬁtmmgedcarWdPét EO'EEO‘{j‘d A of the

| act ose, starch etc. neS| u ale. Sition, it is
I anBF??PntpéPFSPE’c%lﬁnﬂs éor e | nt o tablet,

pi | gdmﬂféﬁj @ith %ﬁﬁﬂa@:euﬁm bccgptahijee gar{mersey gxr.‘.lplents .

drop, liquid, capsule, troc a J .
susgé;ia‘i'fﬁPIﬂ?ﬂ\s eitie agggﬂ‘—%.p%gﬁa E?élsﬁg’ltﬁ %J—lizers
con %ﬁ%@i\r@ﬁt hackseaBd &@lﬂnsrilfiéﬁs ecflmsmgnmnrty ogoloring

toplc and orally or par rally. h Tukd
éﬂ)segeats E§W@é§%§1@96ﬁ ﬁ g 5%’ t:ﬁtrr\/@‘i::{&st @issolution

treghgent, f Lefby aﬁﬂ'mtﬂbéﬁr aﬂia‘tnaﬁétdmﬂaxaﬂldiythmwn per se, such

it iS5 generally 0.01 to er admi nistr
an aduga‘-;er, veéetable r;g.l alco%orl). (&.g., et?: §1'&0 beﬁ&yl

alcohol etc.), polyethylene glycol, glycerol tr:.acetatg,
gelatin, carbohydrate (e.g., lactose, starch etc.), magnesium

25 gtearate, talc, lanolin, petrolatum and the like, formed into

tablet, pill, powder, granule, suppository, injection, eye drop,

liguid, capsule, troche, aerosol, elixir, suspension, emalsion,

gyrup and the like by & conventional method, and administered

systemically or topically, and orally or parenterally.
30 While the dose varies depending on age, body weight,

symptom, treatment effect, administration method and the like..

it is generally 0.01 mg to 1 g per administration for an adult,

which is given once to several times a day orally or in a dosage

form of an injection such as intravenous injection and the like.
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whi ch is- given once to several tinmes a day orally or

in a dosage formof an injection such as intravenous
injection and the like. 6 An anti-HV agent is

generally required to sustain its effect for a |long

time, so that it can be effective not only for

t enporal suppression of viral growh but also for the

prohi bi ti Q0 @k s ViifwladeBrdi 9 Yeherdliys rig@ised ot s@stain its
prolonged 5 adnministration i s necessary and that a Iv £
hi gletfeelyifordastonmfipe. 9 dhakntt Fap R/ iEd6rL Yo not only for
SUSk@hBotle sibhfsds1ba o JioRaeE-dhi Bgk isol Hgr nirght ‘
and the |ike. Such prol onged and hi gh dose d
adnbrpitisiperof wiredste-ameEthi siThdp ®eahe dPpECE ProfRNIe

Vbewsofy {0 5¢1806 OhebbSsMhehad Aiae Madem efingle dbiBe may be

present 1 nvention i s such conpound permttin

) ( hi gh ;
abs Srpmientlyyinsridebientnisystatn Ghe %fﬁfc_é:uéﬂgc%rﬁ%’@ﬁﬁ period
Capam:%goini Nl 2hA0%1 i 006,80 ReEAqHd @RdOhidH@ose

adm nistered conpound for an extended period of tine.
By afeitistoaghidraincressey pBe riskpfmide GLTeghfmpl e, 25

adni ni str t\lﬂg%'} o} &igpﬁfr%aggu’{ﬂacg&eégféﬂlé fiod8s of the

i ndi vi dua teste positive but has not yet
devpremed tiresrdiionate sicht compiund) pemitding bighEpgarption by
of a ar.maceutical a Walo'RVA hgwsinin

an Prbt SUBE iteation LG shih AhnpbB LKL D6 ibiAtRining
whob e cescetittastiibh| off dhbeadnindisterast comgowndsfoxpgn extended
rel a%s'.e ;Of I.DS is worried, and adm nistration of a

ph Pt ¢ dgent out of a fear of possible

i nfecti opy Tiie “prbphillakicomPosINg"ohs glearite Fptsexample,

Lyoventign is used. for, for e | N 1 wh
AR bR 5, driaraee Rl Sorkt T bhPlfuiidal who
ant tedtled BTY ipse iSibe tAanc hist ot getisireflope@sthé glisease state
anti-H_V conpasi.tion jnclude an anti-HlV.api ] -4l
I \PE AU, AP RO T o e usded AR B af
}_I:"{C/iﬂdih@duﬂ] whidl Mlbﬁ@@hymp;@ﬁdl'ﬁib_ el seﬁﬁse off AJpSaxfter
reverse _ transcriptase_inhi or, .an r.ot.e
i nHIsEEBent Ay Hhe bFa eso?I‘B(fﬁgiLeﬁwgneﬁa%{jﬁadmd gﬁs-whose
200 CRALPEe ((DAIDEX IR Aor@eE8, At biRididtehtBOn df a host
cell recognized by virus and the virus, ﬁgg t)&_tel, I gfen
spatiermacaRdsplcadent oné of \2 fo9E e POPEIRELT | EESE -
The anti-HIV composition of the present invention is used
for, for example, a multiple drug combination therapy gf AIDS.
Examples of the “other antl-HIV active substance” to be used for

25 the anti~HIV composition include an anti-HIV antibody, an HIV

vaccine, immunostimulants such as interferon and the like, an
HIV ribozyme, an HIV antisense drug, an HIV raverse
transcriptase inhibitor, an HIV protease inhibitor, an inhibitor
of bond between a bond receptor (CD4, CXCR4, CCR5 and the like)

30 of a host cell recognized by virus and the virus, and the like.

Specific examples of the HIV reverse transcriptase

inhibitor include Retrovir (R} (zidovudine), Epivir(R)
{lamivudine), Zerit(R) (sanilvudine), Videx (R} (didanosine),
Hivid(R) {(zalcitabine), Ziagen{R) {abacavir sulfate),
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i nhi bitor include Retrovir(R) (zidovudine), Epivir(R
(lam vudine), Zerit(R) (sanilvudine), Videx(R)

(di danosi ne), Hivid(R) (zalcitabine), Z agen(R)
(abacavir sulfate), 7 Viramune(R) (nevirapine),
Stocrin(R) (efavirenz), Rescriptor (R (delavirdine
mesyl ate), Conbivir(R) (zidovudine+l am vudi ne

Tri Yi:mw(r@m( abneyavrping)| f SeFr iRy th%‘ﬁé'zfeaal udfgreFipter (R
Co a?&éi% né eﬂi@s‘&'l&t%ﬁe) ColRB &S PI@IO ki éRudine+lamivudine},

Coviraci | ovu

(3 Tﬁi%kﬂﬁ;(gi (ﬂhﬂ@y?hgrﬁqﬁfﬁ§7+lamﬁv39}pe+z1dovud1ne),
d) AV kR Dot 3rReil (R) ,
(Fhe @&iﬁenyf’)flﬁﬂrﬁrﬂ%) PhESH orY 5-dob3rsci

I 'sopropyl -| - (4- pyrld [ met hyl)im
|%aab¢@@-newé$ haﬁi@pr 'ba‘ﬁfp%si’%éfﬂb‘)d nghn ot ¢ X

d| s 5—{
@h@é%%i% - Zc%yraélﬁégy rret hyI hospho
| c amhjlorobhsnx(l)gbpobxﬂmwenrm ) imidazole-2~

Cfumar - -
o, O @iy ERBAE 40D, Tepofouiz s;apa“ig;:rzr:fi: -
tri fﬁﬁmmneﬁwuﬁ@i%y]qmlnagﬂwmg;cy myehyd dphosphon

-6-chl or
e S PR APy e R ST e el 5o 491
g 1Hj- ctﬂlc»trbﬁ&ﬂ“%ﬁ@ql@kﬁﬁﬂ-féﬂ)emlﬂ)r& ‘B‘C@-ihaf#ﬂ ]_25 i?; ne
|1 O ne ] e
e G ey T EIHC s AT b0 MbE R0 RS R ohi0z0-¢
D- A&E@lopaapmmyﬂg) 13C 478y dueriri(tii Elbioremethyl) >3 m -
ot R Lokl 1080 G B 317 Btz the” aftidiane)

5ul bbb an] \MSK-0D55, @zsw Méw-aaw msmegmeﬂs@ndnpc—au,
the like, 20 wh rel” § tr r k
oty o136 fha T M RR | SRRl le ) I

ph%&&ﬁ@ﬂtmﬂe,aﬂml&ée lemamnlspwa-fmma, DPC-
exanpl es of the HI rot ease mE#ﬁ n%q in Iude
Cr 1083y aBEFFViEIRgy |1 saf ¢ A )

SaQh FaYh/ 1aniRuiLAs e GB)- 78 56,0 WweaeB4,, rmwlgaea«; and the like,

2%%&%?} él{)lobggg%:a: )repiléé%ﬁ-\%;acep g'l(ﬁr\)?"% r{gw_-?%naaf/ter the same)

galaghr ‘Eﬁ%{)nénre'st SPatinkt! Bﬂéﬁﬁ\&eh):icﬂpwwrare general names.
i nesyl at e

([ 4R ( 4aSBREIGHF] examplsispf ThariSoRERsAIReiAypitor inciude
NeXRRYEr: ( O (BhdltlL 0KV 5 el SERORINGIEE! Nodduididvis 3- d

i azepin one anesul fonate), tipranaviyr
( 3Tnyitdde (R) [ (6RuiBagigoresylate), Norvir(R) (ritonavir),

2411 Y P10k (B IRV 1Fa0X £ oY 18RY) St IDPimivRE PPeouditRY T
(amprenavir) , Kaletra(R) (ritonavir+lopinavir), mozenavir
dimesylate ({4R-(4a,5c,6B)1-1,3-biel (3—-aminophenyl)methyl] -
hexahydro-5, 6—~dihydroxy-4, 7-bis (phenylmethyl) -2H~-1,3~-diazepin-2-

one dimethanesulfonate), tipranavir (3‘-[(1R)-1-[(6R)-5,6-

30 dihydro—4-hydroxy-2-oxo—6-phenylethyl-6—propyl—2H-pyran—3-
y1l]propyl]-5- (trifluoromethyl) -2-pyridinesulfonamide) , lasinavir
(N-[5 (8) - (tert-butoxycarbonylamino} —4 (S) ~hydroxy-6-phenyl-2 (R) -
(2,3,4-trimethoxybenzyl) hexanoyl]-L-valine 2-
methoxyethylenamide} , RNI-272 { (R) -N-tert-butyl-3-[(28,38)~2-



yl Tpropyl]-5-(trifluoronethyl)-2-pyridinesul fonam de),
| asi navir

(N-[5(S)-(tert-but oxycarbonyl am no) - 4(S) - hydr oxy- 6- phe
nyl-2(R)- (2,3,4-trinmethoxybenzyl)hexanoyll-L-valine 2
met hoxyet hyl enam de), KNI -272
((R-Wtext-butyl-3-[(25,35)-2- 8

: hy dfx?@ox}r 5|- 1&1 [Fi)R) 22 N’t’—( fl%Q&HiM 1rp-55y1/clnﬂ?é¥:€€§1 Dol A4 310 -
”Et*‘?t“ﬂthpomw}m 4-phrarybptanaydy rp - S HmaRet -3
3 bhisazol,i O 33968 ppC—
1R SeBRO R ARLD D A 43R Y o kel SHAE ppc-es1.
M@uﬂdﬂm(ﬂds@@:(ﬁ)llhydm}x PIR-2 842 HWéénW') (2.3 (IR)drOXY“l {8)—

benglgﬁ]ﬁz L%)I_ {,,%\1%}%@5{%??4 ?S) but _Isgzgfgarr-oyl ) pi per

aZl Peszo [Pl Fpentydnathydd -2i( AL fremsitr by Sose qerERmOYH PIperazin-l-
—~2147 2 (8)-oxo~4—
e}(ﬁﬁﬁ?ﬁﬁiﬁmﬁ‘ﬁéﬁﬁ 1fhy‘r%%xy)']%enyl crﬁ bi)r!y?z?n no
- lphenylmethyl-3 (8) —[ (2-methyl-3-oxy) phenylcarbonylammo} -1-

?é;“b R R I A A L T A

o %&%h?&ﬂzsﬁsaéﬂem,sms-mzssz ((3s,88,98,125)-3,12-bis (1,1~

di net hyl et h -
U SR S A -
perﬁﬁa_aahﬂ)r;ﬂéﬁyanﬁm@aubmwm aoat3< di net hyl est er)

((ﬁg‘gsaﬁwdi%d&ﬁ?ﬁ’awﬁ 18853 SmeFhYL SRR 4 IO

i bep 1@!«4 5§ ééS m) -1—(S—amzl.no-lﬂ-—indazol-s—yhnethyl)-»4 7-dibenzyl—3—
5

buty 1wydr oxyper hydr |az ne

HO by R - Fs AL e ge bup-851, RO~
TNQ?:].?:II%49 T' bﬂ.ﬁaﬁé?@.‘.f » R-B2&ANDI-388Yi TMG—G.dIfL u nTipra.navir .
FosanprenaV|r cal ci um _Darunavi r R-944 _
RO TESTREHTEY A P UST R TR STPRAE e v DAREEY AL, GH-0385,

' n*ﬂ-l@'mofgcbfoa@xsm I w;egeé;a/ Hrdl 8RO, 14ke. 20 870810 and
the I'iké, the DNA pol yner ase i nhi bitor oi g(\ﬁyér 61360, IL-
synt hesi Ehe riﬁvbi¥‘%ﬁgrﬁ§ee3(%51tPFeﬂs HRFeEBSt k)8
ﬁo—é;% 264%1 Lt e like, the DNA polymerase inhibitor oxr DNA
[

dro- di deox fluoroctldln
entsaroaheais inhgbitor is exeympl ified %‘oscavi:? (R), ACH~-126443

?S f"s-)di?eg e aéé!gfrs(-kida Hi¥e) ; 2ntecavir

ehecyc¢ guani ne), cal anol i de A ([I1OR 25
(1G6(J.BL35 43)-9 [4—hydroxy—-3—(hydz:oxymeth 1)-2-

4 FRkEs el il deadunl O ¥a faroride 14 L BoRaEL DY -
26 H, (104 T 2ap ] -2 10.12-di hyde®,-8 2bhiydudxyy f af- 30 ,é.ﬂeyetramethyl—d—
c2yhert i En BRI by 0 Lol one)
| i kelahdiiddl ¥, avEd-628447 dilug ‘~asclsbesophariide] (pscador (viscum
HGTV s ex%Erac\‘?) . %:%i%he L k% tﬁebeli%t : tﬁg\ﬁIV antisense drug
is exemplified by HGTV-43, GEM-92 and the like, the anti-HIV
30 aptibody or other antibody is exemplified by NM-01, PRO-367, KD-
247, Cytolin(R), TNX-355 (CD4 antibody), AGT-1, PRO-140 (CCR5
antibody), Anti-CTLA-4MAb and the like, the HIV vaccine or other
vaccine is exemplified by ALVAC(R), AIDSVAX(R), Remune(R},
HIVgp4l vaccine, HIVgpl20 vaccine, HIVgp140 vaccine, HIVgpleO
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30 anti body or other antibody is exenplified by NM 01,
PRO 367, KD 247, Cytolin(R), TNX-355 (CD4 anti body),
AGT-1, PRO 140 (CCRS antibody), Anti-CTlIA-4MAb and
the like, the HV vaccine or other vaccine As
exenplified by ALVAC(R), Al DSVAX(R), Renune(R),

HI Vgp4l vacci ne, H Vgpl 20 vacci ne, H Vgpl40 vacci ne,
H Vept@Ghed HaVmli7neaceingl HiVa2tivieecipg v lVPracERrene.

HI V cl a Ral YAM4iTat, MVA-F6
apl %ﬁ%c?%%ormé%lgg%tyﬂ %%G%H * %?{; @g:aﬁ e, Hw e\c;1
vacBefieracCAnd/3 HI¥pev deacqingd oF4-V| repbide, FRPERDWVIR-201, -
TBCG, 3B, “LE- 3 gl J ntif.er £
(i ﬁ?‘glrgf?’glr%gr%&?gém ne wﬁ]dgltah%&fi é, i%%eg' i%%fgr?lé?%n or
i Nt etdterderaganivatciseexawpthe | dkehy tise rfifter§at ey or
Mul ti Feron(R) .ntecfe - heul 1LiF R),
Ieuk’b%?ﬁf%rlgﬁtaeq‘}n&;%nl% %:g%ptﬁ%gf&? ilﬁ'ue, t geCCR - Hu eron (k)
ant agesiferon sy, eRetftiYoiseq ymaBCHeBEkyAS anterfrron pkand the
t he, pharnpceytical . agent .actin Vi RR4 al8

& bﬁh&%ﬂ% 399 ex%n%‘iiﬂﬁ fi;_%gﬁbﬁ_ 351125 and the

exehptqfi | YCYF-pro yci nam de)
andlilke Ithkepharhacehdicadluayent iattibgton HIY pRéndd iexempglified

FP-21399 . (1, 4-bi s[3-[.(2, 4- .
BY sy SE6oNR, Aoty ay Dasen ik AhfCipanidel apd, the Jike, the HIV
sul £ ﬂﬂ@iﬁi&ﬁk-is %Stﬁu@etﬁw gem-kzmw- dit h?gbi&[@ﬂéfzr4“

, 1-1249, etic rjc nsiruci. o ,

| oriishleraRhe) SauuY Aol G BA0 -5 chtseR s |

t hesdliﬂ_@fgylg ﬁgg,hlthy%_gig;;.ml 'kj‘&_ Etigﬁx%pmahggmjlfﬁihgdrazone) , T-1249,
exe 1Tl e I Nnteril eukl nN- 2, nace

o CRSRE L PO IPE & el APy REFAfREife  FE-RAE0-
ENFprd- 580! agGavELtide @HATER (1194, bynhd hal-enagéist ox
(thalidom de), Rem cade(f(;ll)7 (inflj xllpgﬁ}b_), ur dl an

sul Ffegonisle 18- aremisitdedely I RhL B %rs 35 v ed

by B35k {ir) 3Nl Ok k@) , (diRaRYR] Nend Rl BOKe ddthe TNF-g
phosphor vyl ase | nhibitor is exenplified b #Sesn

( 2-antrgeniEtyis- Wﬁﬁé%%ﬂ%’hﬁrgi ‘Bﬂﬁﬁ 2-

d] Rk LG4 (8) (ﬁqﬁgﬂfﬂ?hhEe%um%namaﬂ,sw%@bc%idase

i nhrbrtor "I's exenp led by Arkin Z(R), Panavir(@],
200 dmbghbta 0.5( @x@@lified by Bucast(R) and the like, the purine

decal-Pe hés3 NEliG ol (P 1dMANY1 Br L& byl pBidesine
be ?@%‘ gﬁﬁgﬁ)&% %héwg&%? k:g%h:.lti‘h eo C hﬁ iégngis%er ase d
i nHi2bamimo-i4soxexAHYSH-7i-¢ (3t rddyhmg Ry 1A Ruc ¥ ¢l [3iRe
and,.t he; i nponodyl.at o S e Lof ] AR5 Rihibitor
or SAPYEPHALAEE id, @tﬁh 1ike, (‘Z‘édgﬁﬁaﬁg 2o .
is exemplified by Arkin Z(R), Panavir(R), Coenzyme 10 (2-

25 deca (3-methyl-2-butenylene)-5, 6—dimethoxy-3-methyl-p—
benzoguinone) and the like, the cholinesterase inhibitor is
exemplified by Cognex(R) and the like, and the jmmunomodulator
is exemplified by Imunox(R), Prokine(R), Met—enkephalin (6-de~L—

arginine-7-de-L-arginine~8-de-L-valinamide—adrenorphin) , WF-10

30 (10-fold dilute tetrachlorodecaoxide solution), Perthon, PRO-542,
SCH~D, UR-427857, AMD-070, AK-602 and the like.
In addition, Neurotropin(R), Lidakol(R), Ancer 20(R),
Ampligen{R), Anticort(R), Inactivin(R) and the like, PRO-2000,
Rev M10 gene, HIV specific cytotoxic T cell (CTL immunotherapy,
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ar gi ni ne- 7-de- L- ar gi ni ne- 8- de-L-val i nam de- adr enor phi n
), WF-10 30 (10-fold dilute tetrachl orodecaoxi de
solution), Perthon, PRO 542, SCH D, UK-427857,

AMD- 070, AK-602 and the like. In addition,

Neurotropi n(R), Lidakol (R, Ancer 20(R), Anmmpligen(R),
Anticort(R), Inactivin(R) and the |like, PRO 2000, Rev

ML _ i t Cgdné &hleréfhl, scA binding
e e e i T’

g e r@?ﬂtﬁﬁ’eﬂa P5BC-CBEACHIREKn MotsaE P rgadRaent
£, r&ﬂiﬁ‘é LB e TEM 5, ﬁhkfeﬁe@ﬁm ( )vllﬂieel (R),
Ushercell D2S, BufferGef§ R ,. VivaGel (R), ~
vagﬁmlngélva‘ﬂ@éiml aSPYIu JRPEY L S@Ffste,@F%‘?f’z@%g}%\ﬁi& VERX

W, 35—@77777’1@\936/ GIrRLA8Y 258 andl 1tike dike

are the "other anti-HV activity
sukﬁaﬁtealn@;bfltttb bé used for the anti-H V conposition of

the presgpty {\‘%@Léf’rbﬂtg—ﬁﬂ? adPiliEp| fivdtlfce” to be used for
conmbi nat1on therapy, preferred are an HV reverse 10

t r dbecebi-H conpdiitden 2f the PresqitodaveRtionhinithsy .

TWo 9k %1%1 y QmSinE i én qg'n%?:tause kr&d are an HIV reverse

phar imrec ca agents can I n conbi nati on,
Ifh erehaceismEe; miuhirtogfa:phannﬁé‘émno@&ﬁse Agdvibiteryi fgo or

o f&ﬁ%;?ra%gkgnagﬁcg i-on, § QP ?&E&tﬂ’a&f &5t can be

se ect I

p h asedcni taonbﬁnargmn.s whexsinoh swdeimﬁec tofy phrrpagautical
rahl e. C f. €; i pat
Eﬂf df’?c%ﬂ‘ ntascq—'fin clu d('gh agug%)l r%le'éri g’?’?eﬁﬁofﬁg{g

g r Pitpferalslies bmh@dnfeneﬁ avilme addzticsnofseizecption of
t abi di
Pg%%?‘?e“ﬁghal%gg%ﬁﬁ ha¥t ra\”flr opI N %@?@Xﬂ n 44

r| peapytable. saqui navir, didanosine + | am vudi ne,

zi dovudi ne + d|danos avudine +.di dan .
zi dovudiFRecit F‘én‘?’ﬁ?ﬂ'& ﬁ% °§?§$UW€'”§U? g’g‘gg‘gﬂ";ﬁ‘ ical

enkgbves idduide Gopbimdtion m:‘)@d_:mbnpsbaisi(sﬂ:ih@ ef efavirenz,
present inventiaon (CGuidelines for

AnteretevdF r grtocikghing, RGP A5 é‘ﬁf‘gﬁ"ax&ﬁl't%taazn ggavir,
2Adp} ESERALS + MBYSLit3 ri288dyir Palpifatial bydpriionsved +

is a conbined use of tvvo agents, of th c{i st al d%g ine
i RREINAYEal distancRéng rie deR VIdREt FLAOWH t fidprRsine.

stavudine + didanosine, z.1dovudine + lam.lvud.v.ne, stavudine +
lamivudine and emtriva, and the crystal or mixed crystal of the

present invention (Guidelines for the Use of Antiretroviral

25 pgents in HIV-Infected Adults and Adolescents. August 13, 2001).

Particularly preferred is a combined use of two agents of the
crystal or mixed crystal of the present invention with efavirenz,
indinavir, nelfinavir, tenofovir, emtricitabine, zidovudine or

lamivudine, and a combined use of three agents of the crystal or

30 mixed crystal of the present invention with zidovudine +

lamivudine, tenofovir + lamivudine, tenofovir + zidovudine,
tenofovir + efavirenz, tenofovir + nelfinavir, tenofovir +
indinavir, tenofovir + emtricitabine, emtricitabine + lamivudine,

emtricitabine + zidovudine, emtricitabine + efavirenz,
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indinavir, nelfinavir, tenofovir, entricitabine,

zi dovudi ne or | am vudi ne, and a conbi ned use of three
agents of the crystal or 30 m xed crystal of the
present invention with zidovudi ne + [|am vudi ne,
tenofovir + | am vudi ne, tenofovir + zidovudi ne,

tenofovir + efavire tenofowr 'l'nlfl a
t enMEHeL tabing o Hﬁgf’rna"tlﬁ i im ¥a‘§|1”ﬁr F-c?'{%léjbxllanvé te
ent §d 1¥ihabi per 1dmbthainl, Nfel Biiiavie| }abidmﬁlne, nelfinavir +

zi dovudi ne, entrici tfbl ne + ef gvir ? At
ent $5aVAEEBE nene L fiopy T & A PAinaviF o f ggllrne i HpTEge.

nel {¢RAV-bhe ++ | AHNHEIRE ,ornefafvart&wz.r ++igdidevidi ne,
nelfinavir + efavirenz, nelfinav r + i ndi navir

&f avi r enThe PEATNAIAPRIETHERRL [ FYSERbRidPREehcrystal of

ef ae/dnfp%{}ﬁd tal o '%beese'it_rﬂﬁréiftﬁéﬂcls OfiotTphaboticudfaripelimited,
crystal or mxed crystal of conpound &0‘5{1 t he present ..
. nwgm itha +rysienl saml?wrraw Pm e §rPYR Per S

r%%’llodgagh&% RO EhE Gr;%lwwﬁxﬂkaﬂﬂlgﬁm RR& EikeOr

s shown 1 n the follow ng Exanples and the |ike.

Exaﬂxplméeﬂlo Whi |l e the production nethod of the _
& ystal ?,g 1%,c‘gga:mt RSHYE SENkhk NWSi3kchONof Tompound A
expl ai ne |nt Fovvln referring to Exan‘j@'§l
whiagh taeepmememm@@naw Wlﬁé{l&‘lil o tthe; figlig
i nve R NGe RXAEPLEamblelr Ao ABt limit
of C%E?E?A’for%ﬂg#st'hgﬁ%lg compound A Step 1 FF F F
2, A pkemmt)eimntitaclla @510"@,’1 316 mmol) was

di O €38R 1ioF taed

: i ' y
Igordﬂ@ anditA not nore than 5C After the conpl etion of
the addition, the mxture was stirred at the sane
teﬁ&gpature for 4.5 hr. The reaction m xture was
poured into ice water (ca. 600 rr1) t hen 10% aqueous
sodiumsulfite ution S a and the m xture
was stirre precipi t at |d 25 was col |l ected
by filtrattefi;Fwashed witlf and vacuumdried to
give crude crystals (85 Q). The cr ude crystals
obtained in
- 2,4-Difluorobenzoic acid (50 g, 316 mmol) was dissolved in

concentrated sulfuric acid (200 ml), and N-iodosuccinimide (68 g,

20. 300 mmol) was added by portions at not more than 5°C. After the
completion of the addition, the mixture was stirred at ‘the same
‘temperature for 4.5 hr. The reaction mixture was poured into
ice v.water (ca. 600 ml), then 10% agueous sodium sulfite solution
was added, and the mixture was stirred. The precipitated solid

25 yas collected by filtration, washed with water, and vacuum dried
to give crude crystals (85 g). The crude crystals obtained in
the same manner were combined (total amount 205 g)_, and
recrystallized from 50% agueous ethanol (820 ml) to give 2,4~
difluoro—5—-iodobenzoic acid (148 g, yield 73%) as a white solid.

30 iz NMR(CDCls 300MHz) (g) ppm: 6.94(1H, dd, J=10.3, 10.3Hz), 8.46
(1H, d, J=7.bHz)
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t he same manner were conbi ned (total anobunt 205 Qg),

and recrystallized from50% aqueous et hanol (820 m)

to give 2,4- difluoro-5-iodobenzoic acid (148 g, yield
73% as a white solid. 30 1H NVR(CDC13 300MHz) (a)

ppm 6.94(1H, dd, J=10.3, 10.3Hz), 8.46 (1H, d,

J=7.5Hz) 12 Step 2 QQRQRLQRQ F - F\\ N The conpound (148

9, 52k 1pol) obtained in Step 1 was dissolved in

t ol 750 m), thionyl chloride (76 m, 1.04 nol)
and di nmet hyl formam de (catal ytic_anount) were added,

and the mxture was heated undey pefl ux for 2 hr. The

i nsol ubl e was it @i pt = at 600C, and the
filtrate wap entrated uRdefr ® qﬁced pressure and
azeotroped with toluene (330 m ). The residue was

di ssolved in tetrahydrofuran (400 m), 10 and this

sol uti on Ve cauipeuhdir(3gi ge 523 mmelb)| gbtainast iat Bygr 3 ¥as
di AL QACLH! 57 ) , 1.04
trimgigé{)am ngﬂ(%é?‘u%%‘té Q/g%qs%r%r)lél %@?e@%&gﬁo#ﬁ énr}

( 40@oi ) ancadime thy Ifoxmamislerdsataldtiedanmud) vere pddegy and

7 hrth Tglexél%%lcvtva'so g%%éé ‘{In%e‘é‘a:?eﬂdd(o%ﬁ 2 thg_co.ﬂlle t3Qsoluble

room f"enpera ure, concentrated under reduced 15
pr eaatiesial\\da2r£ilteded] 9famd €090y | and dhat £i118GEenwys

were _added _for rtitioning. The or | 1
vesfeiceteesed wley Lpiid Breddsel Mot AU itn cotuene
hydr{egeml)ar brinatmesidtd why MH2pelveshtior t¢SGhydicpTarap (400 ml),

t ur gt bri 300 m ng dri.ed er . ' _
20! Mol 6 PSR Pl el B, LY, g BOELor oot 5,3
20 ginétlenimceohseat (62t g¢ 5TRIamol pdindetirpetgslamdne o(87 ml,

gi v crude, product 0 Q)

. (g?ﬁ.fmoﬁﬂojrrb.t@.trala%%éﬁaﬁﬁ) o BhedR She AP, e

aci He#tdty hn@st Gefdvx afddf QWArSO|The. r&idtfiod MidtureFwabs 3llowed

YEt F~ OH 25 The crude produc ?}210 ‘%)ﬁbggt aicrﬁed ie‘guced

St eBe XAt OB YEIPeTaTUFEy r_aéﬁiﬂ’ BEH ogaRy F .

{S) phensuyal | MWalteeS5€7@0 3 1aAWthyl acetate (800 ml) were added
for partitioning. The organic layer was washed successively

with saturated agueous sodium hydrogen carbonate (250 ml, X2),
water {300 ml) and saturated brine {309 ml)_, and dried over
sodium sulfate. After filtration of insoluble material, 't!:e

20 fiitrate was concentrated under reduced pressure to give a crude
product (210 ¢) of 2- (2,4—difluoro-—§-—iodobenzoyl)--3- .
dimethylaminoacrylic acid ethyl ester as a brown solid.

Step 3

0
[ t
LG — *
F - ¥
)
OH
25 The crude product (210 g) obtained in Step 2 was dissolved

in tetrahydrofuran (500 ml), (8)-{+)-valinol (54 g, 521 mmol)

was added, and the mixture was stirred at room temperature for

13



was added, and the m xture was stirred at room
tenperature for 13 30 mn. The reaction m xture was
concentrated under reduced pressure, and the residue
was di ssolved in dinethylformamde (600 m).

Pot assi um carbonate (144 g, 1.04 nol) was added and
the m xture was stirred with heating at 70C for 2 hr.

The36 mianct Fom epgtion Wadvuap| Wk oReeRigaltedatRier deguoed
to ﬂurgls%ﬁi 'l:.t'ﬁlazjr i Wbk 68k 555N Ged9C ARink Bh PTFormamide
ected by

sol was ¢o filtration and the obtaineddcha(il 3
sol i(60Gvard ) wastrdwss i cepybpapye Wldh 9adol4qiredliswas 2 an
et hanol . ﬂ?ﬁ;% B8Rt aP708E 8Edw 12 nel herhe
(15@1%131&%%& hruea)fa%gg]il m%g and vgcﬁum dried to give

7 2feaction mixture was allowed to cool, and added to water {1500

T URE 0 dria( £ ckedy - Yb:b1 fed oD
-oxIE‘)j-zll,aZ\?-cl %ﬁ@%?oqﬁ?lﬁ%ﬁ%ga éigﬁﬁéggﬁeﬁdg@g gaﬂét hyl ¢ .
est £11trht8on, and the olnstinedsseliseiga washed syppessively with

N O-d6_30 7 «nd ai 1

1 Ty ipeqed e, (S0t T}, S 3 silkod sgiTEneTSH ptethy

( 1HptHayr) (180 7Wl)( ahti Herxane2$130 860 18nd hiepuum, duigd o give 7-

=7 0Hz), .4 )., 5.12 =4.0H o—4-oxo-1 , 4—
¥ oot S H hyghcepRebty g mehyipadnl Bl pdora oot 4

S) dfHyESbiuindl 4483 -Gimpx411i6 @id2ethyl €s0eE: (}78 uy Kaeld
YII%H OorBM erein. ITBDMS neans a

ter'{-%dutaﬁlﬂil?f‘ve‘vgﬁy?%ﬂi‘ifl group. The compound (80 g, 179

ni rigl }Mebivaionagl 300MBEEP(S) wam: 0L7SGHYedl, i0w6.6He), 1.10 (3H, d,
di net hyl f or mam

e (320 ) nee LM dazol 16 g,
ot =8 - §HB) ¢ -8y i %%h%‘%h 220k %59(3%-3"3’, 4§, b -
BN03 JseREE BH ,addfsi, (2andgt, hhwmon‘zm a.\malagi pred W2 (1H, t,
room tenperature for 1.5 _hr. Wate added . e
reaE"[‘li-agEhi &P &1 H ﬁglﬁfﬂ‘ﬂr'e%mé%mﬁz&t acéj'é%'%v&{z g B-68 (18
et hyl acetate. The organic |ayer was washed

successively with saturated agqueous amoni um chl ori de
solM(ESR) : MMd448turated brine, and dried over sodium

suldial.eq The organic

0 0
| CO.Et 1 Et
T 1 Smons

wherein TBDMS means a tert~butyldimethylsilyl gzoup.

The compourd (80 g, 179 mmol) obtained in Step 3 was
dissolved in dimethylformamide (320 ml), imidazole (16 g, 233
mmol) and tert-butyldimethylsilyl chloride (30 g. 197 mmol) were

25 added, and the mixtnre was stirred at room temperature for 1.5°
hr. Water was added to the reaction mixture and the mixture was
extracted with ethyl acetate. The organic layexr was washed
successively with saturated aquecus ammonium chloride solution
and saturated brine, and dried over sodium sulfate. The organic

30 Jayer was filtered and the filtrate was concentrated under

14



30 layer was filtered and the filtrate was
concentrated under 14 reduced pressure. The obtai ned
residue was purified by silica gel chromatography
(ethyl acetate: hexane-1: 3 to 1:2) to give 1- ((S
-1-tertbutyl di met hyl silyl oxymet hyl - 2-met hYl propyl ) - 7-
fluoro-6-iodo-4-o0xo0-1, 4-di hydr oqui nol i ne- 3-car boxylic

acid eth 5 ester (41 ' 9 il
AroP BB BT E Ny CEE i ahpddud ol B SE1REBy silica
- 0. 61 Atrofptogihphf( Sethyl) podtatp(Betane=d); 3 bogW(@HER 9ive 1~
J=6. ) . 1. 11...d,..J=6. e
127 B r-esredidiig e vufoymaeih A methy1propyl) 7
3. 981dorl62tbdd—oxd-—BO-4i hPdRiduing ] ine-36¢carbayylic acid ethyl
8. 64( 1H, , 8.94 , J-7.2 : 62
st ef*%0 @i ik b iebrbds iebihing omRl
( Pr &papRiEme,odoaasg| Us) @prof ~0.07 (3H, s), —0.05(3H, s}, 0.77 (94,
3-ch] oro-2-fl uorqbenzyl zi nc br,onj [
C et PhbnfBa L ) SORCRNE 2 Lt G obr k- SEEhe Lnfan ®
$ﬂ 1 )1J,gzl_ zgzg]bms)_zwﬁo {1}5,ug1pi g:d.m—s n9s glﬂr,atny ;;Jri)f&ﬁ—&le &R, m),

, 2- dI br onoet hj ne : -
tri frettidr 40 (25 E‘I’ilfo?i%se‘(lflo?ﬁsrgnﬁ(éﬁ sm%g%?*é d, J=7.2Hz)
adl dgelyptr) 698 ssRd the m xture was stirred with heating
for 30 20 mn. A solution of 3-,chloro-2-fluorobenzyl
br of#eR5(41 g, 178 nmmol) in tetrahydrofuran (100 ni)

was added dropw se at 65C, and the m xture was
stirred withgheating for 2 hr ang al'lowad to cool to

roomte QB0 gi ve a sobliA EREN| or o- 2-
fluorob nc bromde Th tet n. This was
used in 25 the next main step. (Min.sjep) The

compound (7 6 mmol ) obtained in $t gIas

di ssolved in tetrahydrofuran (600 nm) and, under an
argon stream di benzyli denacetonepal l adium(11) (3.2
g, 5.5 mmol) and 30 trifuryl phosphine (2.6 g, 11.0

n mlﬁteigg{-agtiaogxd &9 2 A A15R! 4 30Bh1oro-2-fluorobenzylzine
15 bromide in tetrahydrofuran)

Under an argon stream, zinc powder (11 g, 267 mmcl) was
suspended in tetrahydrofuran (3¢ ml), 1,2~-dibromoethane (0.15 mi,
1.8 mmol) and trimethylsilyl chloride (0.45 ml, 3.6 mmol) were

- added at 65°c, and the mixture was stirred with heating for 30

20 pmin., A solution of 3~chloro—2-fluorobenzyl bromide (41 g, 178

mmol) in tetrahydrofuran (100 ml) was added dropwise at 65°C, and
the mixture was stirred with heating foxr 2 hr and allowed to
cool to r¢;om temperature to give a solution of 1M 3~-chloro-2-
fluorobenzjlzinc bromide in tetrahydrofuran. This was used in

25 the next main step.

{(Main step)
The compound (76 g, 136 mmol) obtained in Step 4 was

dissolved in tetrahydrofuran (600 ml) and, under an argon stream,

dibenzylidenacetonepalladium{II) (3.2 g, 5.5 mmol) and -
30 ¢rifurylphosphine (2.6 g, 11.0 mmol) were added, and a solution

15



15 of the aforenentioned 1M

3-chl oro- 2-fl uorobenzyl zinc brom de in

tetrahydrofuran (178 m, 178 mml) was added dropw se

at 60C. After the conpletion of the dropw se

addition, the mxture was stirred with heating at the

sane tenperature for 2 hr. The 5 reaction m xture was

al lofvetlet af @eolent Honechb AMt &m#eﬂuﬂrgh?%‘ﬂét?é&c bromide in

ARG R P T i e (i Ree Krorilde 7 c0°c

extafaetrethe tasmptewiidrh oft hlyé da:@ewase adpigien gdiiecMiayEEe Was

was wash essi vel Lt MeGBd A 2 hr. The
satsﬁlﬁr%g ‘#‘ng )é \% rbf%@over magnesi um sul fate.
Fheeacgaon ixayes weas afmbwesi deb encl tive ropih| fempesapare., -

concentrated under reduced €, e
O aPaEeEas BaES gy ian | taSEIME eqiitioh \ad UuBbdSGna the

( chligtatervangel eneel@hijudto cgilite 1- (Th8) filtwmte was extracted

but I eL Y Sl QIR e BRI PGP ) s adned! ©

f | yapebsazydl)y ¥ithiGated- (uiide) 4and yatnagted diine, 3and dried

boxyllc aci d ethyI ester (68 | d 849
10 o oY PF RRINAR B BIAE & okt it itepsd and tne

pp@éthaQQ (va}%écgﬁentrﬁ@igﬂrﬂki Eéducesl éféd@i%e, ghgl the
b&a@eﬂ Feaspag faSbP)lnéi%bg 9)3?1) dneGiaddrany
3 34 4.41( 211, aciflon e%%og%pkogoﬁﬁlﬁ-( -l _2c1)1 1?1
m buyy pdimethylsh 'lOWmevh%"’?mE‘é’(*lﬂli’r’?ﬁ‘f’Yz’ '8533’9’( f'?‘i““”z"
29= ébﬁé%_?erﬁ:g@?r Aldhuotb-SL&R-A , E—&iﬂ&dx@hu%ne@[%l—baﬂbd&ylic
he conpound (48 86 rwnol)) gbt ained {n . e rm.
St epi8 ekhyl ¢sten| (Bdd i nym%&%&ﬂ 2300 APLIRER SO
m Iy 3@%(%%6?3(&%%) "@o‘) hsﬁhde_dmtgr@gﬁols)sol—ot. 0eMK,1E, 0.75{9H,
ed

and the m xture was heated
undbr @eﬁﬂ@ﬁ ford=54 7THE} , 'Iﬂhéar(éﬁct‘ioﬁ THekt Mgl ¢

al Lo 5o 8l g5 ke afd §hes-ni xbyie, m),

305 wa's r?e’u %ﬁzﬁgdbgp I'ng GNHE} d?“?)chl oric acid.

20/ea hgthet . 1838, m), 4. 12(2H s), 4. 34-4 41(2H, m), © 6.96-7.00(1H,
m), 7.03—7.05(1}1, m), 7.21-7.24(1H, m), 7.26-7.29(1H, 'm),

8.39 (1H, d, J=8.8Hz), B.63(1H, s)

Step 6
DTBDHS
25 The compound (48 g, 86 mmol) obtained in Step 5 was

dissolved in methanol (300 ml), water (5 ml) and 28% sodium '
methoxide methanol solution (176 ml, 862 mmol) were added, and
the mixture was heated under reflux for 24 hr. The reaction
mixture was allowed to cool to room temperature and the mixture
30. was neutralized by adding 6N hydrochloric acid. Methanol was
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16 evaporated under reduced pressure. Water was added
to the obtained solution and the m xture was stirred.
The precipitated solid was collected by filtration
and the obtained solid was dissolved in ethyl

acetate. The m xture was washed with water 5 and dried

over sodium sulfate LUEEON YRell Lib&rfledndo the
fFe"aﬁ‘DlrFFﬁ%{]e 5 c’:‘ﬂgﬁ%e&flp}%egaunder reduced pressure. ced
1Tﬁbtaabbalseﬂhtiun dud thes mistnyetwas iskdared omTPenprecipitate

tate-h
nge%{tai‘;ﬁ r@g ngﬁ%%eﬁlﬂés\(/ e olgl&algggﬂ g%nc'ip %ﬁg ob%ééﬁ{éa 86984 was

di gsloredd Elnkmihwll acetaaﬂ:ee. ( T66 miytun® Wps rm%qqlng.th water
d fl :
e Gl e "R OB et (86rea ana
cogle 38 litkat¥asas ToAceiieed ipid ahder sidudedapressiurect efhe
by filtrat hed t | on
e, sorkar5 598 g Gl eane <
@N«% & $Qlupbund f@zOPi; ap el caempoamoh @m.aezgngi;d Waghe

d h 40 n
 coneda saBERR (GPoShves 13 ohartat ARgPHE fadetatkif60 ml)

1d aatttliﬁg nal}.e r@fﬁnk‘r Catperghtal eﬁbﬁﬂ Irowss seeded at 75°C.
e'ﬁ%era 8 for

filtered, and the.re n
S ofbal niasmashes ﬂMlﬁﬁe@@B%d"uéoh§ wetieAdt Wf’?‘-’n& 2ool as it

vacuun1 £ $0Fo0 RSB Ey ﬁfilwmathah washed
qf“) gﬁg‘gi&,t e gé%‘%a 55 2 white solid,

15ﬂ1ﬂr52tfﬁﬂyﬂi WM@BWBWCP@ drird 50798 gampound

108ty bk g ey e ha. 2 B Beblsdabioaboma (4.0

18}, 49 :6%"&)3504\7&) -id ﬁl@txxambl N0 By by mu{xg unger’ reflux at
e 19 46 L4 rature.
5 58°1 Anasganed hrgss, ol e () - 8 Eempere
1: Tﬁﬁcﬂﬁﬂﬁur@nwaé éﬂiﬁ&bdlaf(tdum temﬁetaﬂpngoﬁpﬁLﬁﬁth, filtered,
St ep e L G o € 0201 Gud Hefbhanol,
(50n8, isL et} RO TRt iphed wiHe evieaaR:

and vacuum dried to give a crystal of compound A (crystal form
20 1) (3.9 g, vield 97%) as a white solid.

m.p. 151-152°C -

4 NMR (DMSO-ds 300MHz) (§) ppm: 0.72 (3H, d, J=6.5Hz),

d, J=6.5Hz), 2.30-2.50 (1H, m), 3.70-3.90 (1#, m), 3.90-4.00 (1H,

m), 4.03 (3H, s}, 4.12 (2H,s), 4.80-4.90 (1H, m), 5.19 (1H, t},

1.16 {3H,

25 7.19-7.25 {2H, m), 7.46-7.51 (2H, m), 8.04 (1H, s), 8.88 (1H, s),

15.44 {(1H, =)

MS (ESI) : M+ 448
Example 1: Production of crystal form II of the compound A

Step 1

cof Iy O
LT

F

2,4-Difluorobenzoic acid (50 g, 316 mmol) was dissolwved

17




17 in concentrated sulfuric acid (200 m), and
N-i odosuccinimde (68 g, 300 nmol) was added by
portions at not nore than 5C. After the conpletion of
the addition, the m xture was stirred at the sane
tenperature for 4.5 hr. The reaction mxture was 5
poured into ice water (ca. 600 m ), then 10% agueous
sodinponcenfatedsanlfiurds apid {3aRdn1ananeEnl- gret
vas of U T56b mhBE) Pd Gl AP osblorh WRSnEeI e etlabyseC.
fllfralon, washed w t wat'er, and vacuumdried to .
gi VAfterutie opplation @F §he apidtien.ddecpixturg vas stirred at
obtgln @%5% nt%nBSrégﬁ?e RBNEI s UG e Ahleaed: bh Ghltull was

g), and rec

anount a ryst a?l I zed from 50% aqueous

&t hpnakd (B0 imk)wateni(pe. 2600 it i dded- 50F RBlRaFoPR™

aﬁ%&éﬁ% %88&%’ CL{%%? Of/%ig?navs é‘&ﬁ%ﬂ?ﬂiﬁ&kg -:q%%.ﬂsstirred. The

10.12er)ipitated solid whs So¥lame)l by fdlspapien, pashgd (ith

i SRS opaR et Ve LARE, FvaiEls ?&gi%e e

M’ ,crhd@4crymth) s ashitadinegt hy | fher ramé canpexnt weye jqombined (total

nount dded, .and t, kX1 U ol (820
lgntfé‘?"“%‘é:‘lﬁéig?mmf rﬁe.cqﬁéagilﬁggfl%ﬁn %ﬁ‘gte?l ai nghan (
filngr esl gifvie 2} 4-6dKE1vand-S-Hedbbenuciice andd (148 g, yield 73%)
concentrated u r reduced pressure and azeopt oped
wi tAF PoFtefe®°1330 nl). The residue was dissolved in
t ety algcot Ly 300MHO0 () pomara 9ulis, s, uvFd0. dasitadiel, B8.46
dropw se to_a_solution of ethyl. 3,3 25 )

di ngfinyfarihodd¥yl ate (82 g, 573 mmml) and

151 igekRy2 amine (87 m, .625 mmol) in tetrahydrofuran
(4 , and the m xture was heated under reflux for
7 hr. The reaction mxture was allowed to cool to
roo’mtenqerat ﬁ and concgntr gt der reduced
pressure. (Z00 gl ) afpdjethyl acetate (800 m)
were adde Fto allow [RIFEFTH O ng. The organic -

| ayer was washed successively wth saturated

aqueous. sodi um hydrogen carbonate 18
d The compognd {148 g, 521 mmol) cbtained in Step 1 was

imide

dissolved in toluene ({750 ml), thionyl chloride (76 ml, 1.04
mol) and dimethylformamide (éatalytic amount) were added, and

« 20 the mixture was heated under reflux for 2 hr. The inscluble

material was filtered off at 60°C, ;nd the filtrate was
concentrated under reduced pressure and azeoptoped with toluene
{330 ml)}). The residue was dissolved in tetrahydrofuran (400 ml),
and this solution was added dropwise to a solution of ethyl 3,3-
25 Qimethylaminoacrylate {82 g, 573 mmol) and triethylamine (87 ml,
625 mmol) in tetrahydrofuran (400 ml), and the mixture was
heated under reflux ;‘.or 7 hr. The reaction mixture was allowed
to cool to room temperature and concentrated under reduced
pressure. Water (700 ml) and ethyl acetate (800 ml) were added

30 4o allow.partitioning. The organic layer was washed

successively with saturated agueous sodium hydrogen carbonate

18



(250 M) twice, water (300 m) and saturated brine
(300 m), and dried over sodiumsulfate. The m xture
was filtered, and the filtrate was concentrated under
reduced pressure to give a crude product (210 g) of
2-(2,4-difluoro-5-iodobenzoyl)-3 5

di met h Ian1noacr d h o ml), and
Sty el b U0 ) e Bl Pa D00 m e
RS byé 2 1dbgmobtafared | Ahetmpxungayadi S5blared. 3pd the

in tetrahydrofuran 500 m d
kot R T Pl YLl (51t o o

r ARIRMREL QI £f ¢ lr—(z Sﬂ-dﬂfmuoifheSﬂemt)ﬁmPYﬁ Xtr e was

concentrated under, redu due
BETRAE PR A SN s
g ?ﬁ s um carbonate (144 g, 1.04 nDI) was added and

1 m xture was stirred with heating at 70C for 2
hr. The reaction m xture was allowed to cool to room
tenperature, added to water (1500 m) and the m xture
was stirred. gThe precipitated s s coll ected by
filtratign 605bt ai ned,_ soly hed

successi ¥elly Wit-h 30% aqueo ol (500 m) 20 and
a mi xed sol Vienli: of diethyl eth 50 m) and hexane

(150 m), and vacuumdried to ging
7-fluoro-1-((S)-1- hydroxynethyl
met hyl propyl ) - 6-i odo- 4- oxo- | dlhydrqu|noI|n

oxylic T}ﬁiﬁldi'udéhytowter(Z%qm ebtaieerd Hedite Pega‘ﬁ‘ﬁ,e&"‘ss"l"ed

to Step 2 b I
”sgeme*?raé@}ﬂ) rsﬁﬂfa’b.@??ﬁff’a,&jzé?g%ﬂ'ﬂf‘l&"@sﬁﬁ 4528 o
Jwfs64lidedq, 1aﬁa(% mixtded . tﬁ&)stilrgd %t [OoBy em%erp;ture for

Loses er reduce
g3g6pg;3 éqéi hlkFur%*qf Hgyge f&é@e@f@ﬁd duced

I3 éséﬁl?e a&dG%hé Ja}ésiduera?s %ﬁolﬂeﬁ&(!&@limeglyyﬁpmamide

NH 448 19 Ste
(600 %l) Potassium ca@bonate (144 g, 1.04 mol) was added, and

the mixture was stirred with heating at 70°C for 2 hr. The
reaction mixture was allowed to cool to room temperature, added
to water (1500 ml) and the mixture was stirred. The’

The obtained

0 ml)

precipitated solid was colledted by filtration.
solid was washed successively with 30% aqueous'ethanol.(SO
and a mixed solvent of diethyl ether (150 ml) and hexane (150
ml), and vacuum dried to give 7-fluoro-1- ( {8) ~1-hydroxymethyl-2-
methylpropyl)—6—iodo—4—oxo~1,4~dihydroquinoline—3—carboxylic
acid ethyl ester (178 g, yield 76% (relative to Step 2)) as a
beige solid.

25 1y NMR(DMSO-ds 300MHz) (§) ppm: 0.72(3H, d,
J=6.6Hz), 1.28(3H, t, J=7.0Hz), 2.27 (1H, br), 3.77 (1H, br),

3.86(1H, br), 4.23 (2H, d, J=7.0Hz), 4.56(1H, br), 5.12 {11, t,
J=4.9Hz) , B.09(1H, d, J=11.1Hz}, g.62 (1H, d, J=7.5Hz), 8.68(1H,

J=6.6Hz), 1.10 (3H, d,

s)
30 MS(ESI): Mt 448
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CoP FF I I 1 n COzEt YOH OTBDIIS The conpound
(150 g, 335 mmol) obtained in Step 3 was dissolved in
di met hyl f ormam de (500 m ), im dazole (30 g, 436 5
mmol ) and tert-butyldinethylsilyl chloride (56 g, 369
mmol) were added, and the mixture was stirred at room
te reture for 1.5 hr. Water was added to the
réaction mxture and extracted with ethyl acetate.
The organi ol ayer was washed succes@ivel i
sat ur gte LB anmoni um chl

brilne, and™drTed over .
or ganiFc Ner was filtered arf th]e)\'iltrate was
e

concent r av@dyunder reduced press and the obtained -
residue was PHrified by silica ge Mt ogr aphy
(et hyl acetate: hexane=l:3 to 1:2) to give

)((S) dnb ebdmgtiadl disetdy13ssl yduoxyrm:tuayhea ftShEpBopas

dllsaghse@ iy W&W:bfqp‘@m&fiﬁy &Y Mol 1B eda‘i’»zc'clffle  oN yF|

C ofioh 1Yok I das (56 anl GEPemmol) were
sarfl%'%pgousa%%rrﬁﬁfE?NNR( i

- &gg&g:s Hamg?]'l;he oixpere 3H3s :Lg}iggm él’%&i g%z;rat};:eczoz :;izh
(%g‘?géﬁ ot %dé%?l% %Heaggl%"% 1H)“'3 Henlacts

3 &ﬁnA, 36éRite.m Thgoong@g.cn lggggowaqr)wasi}eég%liwess)51vely with ,
8 64 H &bl | yo1dtidb2and
S)::br Sﬁedéégg?o% a#rmgng.{i%) chi\ﬁ(:.ﬁl@ )s ]I.: oapans

Ioo-rs%ﬂdrStea Shf Hiep andt doied fovexs gp@:wnb Fudfate e organic

3-chl oro-2-f] uorobenzyl zi n ted und
e o L 05T ekcrosen ande

(lﬂecﬁlce@l7§rﬁﬁ§iﬁe Wasd the obtained residue was purif:x.ed by
silica gel chromatography (ethyl acetate:hexane=l: 3 to 1:2) to
give 1-((S) —1—tert-—butyldimethyl-silyloxymethyl—z-methylpropyl) -

15 7-—fluoro—6—iodo—4-4oxo—1,4—dihydroquinoline—3—carboxylic acid

ethyl ester (173 g, yield 92%) as a colorless amorphous form.
"s), 0.77(°%H,

436

14 NMR(CDCls 400MHz) ({8) ppm: -0.07(3H, s), —0.05(3H,
s), 0.84(3H,d, J=6.5Hz), 1.18(3H, d, J=6.5Hz), 1.40(3H, t,

J=7.2Hz), 2.35-2.50(1H, m}, 3.85-3.95(1H, m}, 3.98-4.10(2H, m),

20 4.30-4.40(2H, m), 7.26(1H,s), 8.64(1H, s}, 8.94(1H, d, J=7.2Hz)}

MS (ESI): M+ 562
Step 5

F 0

m“"# aepsa s
———
F
OTBDKS ﬁmnus

25 (preparation of a soclution of 3—chloro-2—fluorcbenzylzinc

20



suspended in tetrahydrofuran (30 nml),

1, 2-di bronpethane (0.1 m, 1.20 nmol) and

trimethylsilyl chloride (0.29 m, 2.4 mol) were

added at 60C, and the m xture was stirred with heating

for 30 mn. A solution of 3-chloro-2-fluorobenzyl

brom de (27 g, 119 mol) in tetrahydrofuran (60 m)

was pagefth dnopwirsayatofifian) The mixture was stirred

with heating for 1 hr and all owed to.coo0),.to

t enper at [FRISFo2RiaFECR S oR1F PPIFSE ¢ 1090_15%23%01) was
f1 ughohaiid Th NetbaRpalFubant 30 ahy dr Df2dibronketianas (0.1 ml,

used in the next main step.. (Main, ste he, c oun
(50120 ggorhorgd %WW&SF'EYJ&%%’OEJ'&%SR) AP oTr ded oY were
tet pabydef Boa) 4APAnEl hiRAthe WAGOStidteargidh Sbsehmy for 30

15 di chl orobi s(tri phenyl phosphi ne) pal | adi Ll 1
g, Bim m%pyllw(;@natgge’d—ycgﬁaraf%—aw%:?%pgw&t cgmld)e ((37 g, 119

aboyesITe i POEANINM-IriEAn060 Ju1)f kT ARBZYidpwikse at 60°C. The
bromde in tetrahydrofuran was added drog%/l\n ‘}ﬁll at .60C. 1 &
Af tixture wespitdrrem viith heainsh&pEel AFdPRS FLlopRE to cool to

M XE e t%ﬁelf%ﬂurréef’o Wit Beadividontof N8 Sadloro~2-
tenperature for 1.5 an hr. The reaction m xture was g i
1 | Simedobenzyigiing ramide i fdirabydeetorpphy JHgenFa? gsee o
aci dele geggthe m xture was extracted 3 tines

Wi tﬁie\é\?’%i/‘? acg)t ate. The organic |ayer was washed

suctedsi sbéy) Wit h water and saturated brine, and dried -

. . an . .
over mgg@g;g%?,g%aa@ gl N80 QA GutAHRE YRSsildp Bekssl

and t he e was ~Concentrated under reduced
pr elissodyvednith thtralysireifnsen r 4H00md) ved pUPHETF AP [HFgon stream,

£y b 2SR N1

o

butwlsd nteediyersli & ysabutien hyf thensbbng-mespigneds M33ralpkpro-2-

0" & ide i dropwl.
1 %&u&ss’a%wl?%? o o s w0 T R e s
r baty boec.30 agtexl thehybmsistdon (48 the Jiepwisg3ogidision, the

br owr hous. f NIVR( CA 0
ORSEERE ap SEyr iR gRCia et it Sobs ceyBhefffhe for 1.5
2\3- %%:(7 Tzl:)i'he #e%&% gligtgﬁe( f%ldf) alloxag:( gmio%u, toJ xgom Hz) ,

: ,. br), . 3..89-3. , ., 3.98- a vas
4, SreasTRee), IRpYarosa{one sell ypt; 199e gl fhe fixture va

6. Q6+ Fa Ol Blrimss Whth Tetir17 a0btdtd. nhe orybnic2l{yids was

, 1.26-7.29(1H, ,
m washed succegsivelrp with water and saturated brine, and dried

. over magnesium sulfate. The organic layer was filtered and the

25 fjltrate was concentrated under reduced pressure, and the
obtained residue was purified by silica gel chromatography
(ethyl acetate:hexane=1:2 to 1:1) to give 1-{(S)-1-tert—
butyldimethylsilyloxymethyl-2-methylpropyl) —6-(3—chloro—2-
fluorobenzyl)-7-fluoro—-4-oxo-1, 4~dihydroguincline—3~carboxylic

30 acid ethyl ester (43 g, yield 83%) as a brown amorphous form.
14 NMR{CDCls 400MHz) (§) ppm: ~0.09(3H, s}, -0.05(3H, 8), 0.75(%9H,
s), 0.85(3H,d, J=6.7Hz), 1.18(3H, d, 6.7Hz)}, 1.39(3H, t,
J=7.1Hz), 2.45(18, br), 3.89-3.92(1H, m), 3.98-4.02(1H, m), -
4.07-4.12(1H, m), 4.12{2H, s), 4.34-4.41(2H, m}, 6.96-7.00(1H,
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8.39(1H, d, J=8.8Hz), 8.63(1H, s) Step 6 FO F O

Cl~CO=Et I ~COYH | F~~ ~N,Y" |OH OIBDNS | 5
The conpound (43 g, 74 nmol) obtained in Step 5 was
di ssolved in nmethanol (280 m), 28% sodi um net hoxi de
nmet hanol sol ution (151 m, 742 unol) and vvater (4 3

m ) wer.e dde t d r

| u®ror - 93 ﬂ'rodS"*ﬂ 'act i2g1n¥ %épure E? ?t er fi.
t hrowphiael df g=sThrzf | |&.6atteana3 10 concentrat ed under
reduced pressure. Water (400 ml) was added to the
reﬁfe@e-,@ and the m xture was washed wi th hexane (100
m ). The aqueous | ayer was acidified by adding
concentr at eg hydroghloric acid (65 m),fand theg
m xt-ure extract gd dﬂgﬁ@ et hyl acatiaih ~poso 9.' pit
| ayer was cqessivetyw™Th 15 watg @
sat ur at ed g dri ed over sodi um sul f?ate. he
sol ution was filt and the filtrate was
concentrated underl nggpyged pressure. The obtai he@H

crude product (35 g, brown oil) was dissolved in

ethyl acetate (49 nm) by heating under reflux, hexane

630 M) yas a%@,qnahuﬁ?al fOWir ) t BbEDTed aﬁds-tépes was

m xture 20 was stirred for 18.5 hr. The preC|cF) tedth 1
soldigsadted gin metlapolnyi289 |mblat 28R, sQiiuRHe R ano
M %R9uEPbsy 8Al510h1 St w62} s aBer h@sanﬁlx hielde, aﬂwﬂ .and

vacuumdried to give a stal of conpound A rﬁ‘hﬁ ¥ at
'f ortire| mjxie yaSyiP@rf@ds neflvni foF 20 Pa: eaction

Lok B, 91 AR AR CONIO A8, 800MHE, £SLLahith wls 72
1.16 (3 Hz), 2. 30-2. 50
zfllelonqv}ntx&t‘ad gnder (reduced pressore. odater (404 ml) was added

(3% ‘Sz’\%‘%ﬁ“é }iﬁ%t&é '3&5 :%Owééwva's'ﬂad 51-&19 ﬁi:)fn:t 1100 ml) .

8. $Be(ddqyecals, layer was acidified by adding concen al
hydrochloric acid (65 ml), and the mixture was extracted with

ethyl acetate. The organic layer was washed successively with

15 water and saturated brine, and dried over sodium sulfate. The
solution was filteved and the filtrate was concentrated under
reduced pressure. The obtaiﬁed crude product (35 g, brown oil)
was dissolved in ethyl acetate (49 ml) by heating under reflux,
hexane (30 ml) was added while allowing to cool, and the mixture

20 yas stirred for 18.5 hr. The precipitated solid was collected
by filtration, washed with a mixed solvent of ethyl acetaie and
hexane (1:1), and vacuum driéd to give a crystal of compound A
(cxrystal form II) (27 g, vield 82%) as a white solid.
m.p. 153.7-153.9°C

25 lg NMR (DMSO-ds 300MHz) (5) ppm: 0.72 (3H, d, J=6.5Hz), 1.16 (3H,
d, J=6.5Hz), 2.30-2.50 (iH, m), 3.70-3.90 (1H, m), 3.90-4.00 (1H,
m), 4.03 (3H, s), 4.12 (2H,s}, 4.80-4.90 (1H, m), 5.19 {1H, t),
7.19-7.25 (2H, m), 7.46-7.51 (Z2H, m), 8.04{1H, s), 8.88 (1H, s),
15.44 (1H, 8)
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15.44 (1H, a) 22 M5 (ESI) : M+ 448 Exanple 2:
Production of crystal formlIl of the conpound A
Exanpl e 2-1: Production of crystal formlIl of the
compound A Step 1 5 F F XF 2,4-Difl uorobenzoic acid
(100 g, 633 mmol) was dissolved in concentrated

sul furic acid (400 m ), and N-iodosuccinimde (142 g,
60%&pq ymadglggl by portions at not nore than 5C.
ﬁwter t e conpletlon of the addltlon the n1xture > oNas

fe L )ﬁ.t uf’f Bﬂ%f% 5'95.'9 f'o‘iﬁ fﬂltcﬁf tbﬁac i d A

m Sodium sulfrte solution
maéﬁagdbd, and the m xture was stirred. The
precipitated solid was collected by filtration, washed
wth water, and vacuun1dr|ed to glve crude crystals
%;88 g). AeCll crude cry ained in the sane

nner ﬂ!ﬁ conmbrned (tot Dfﬁi%nunt 568 g), and
recrysthal TT zEd fron15096agueou ethanol (2600 n) to
give 2, 4 di fl uor o- 5-i odobenzoic acid (388 g, yield

68% Mioh ) (Ras RE¥solved
6. 94( 172 g‘d\%ﬂfEl %&%81 @W@%@zgﬂgl )
J=Un5ttcetiteptad seamﬂ@ aeif Momwtommieéminmlde

704 _m ol ) _abt ai ned | t
(1088 1) oL ol il oh R 1ofls 50 P nb R (HHTRE

di Mt@b’“ﬂﬁ Eenb it ionadal el eddmixmt.) tweméx&aaeorm%ﬁ&iﬂed at

he. mi xture was eate u d
e o 5 B oy el Eph8Lach Rixediif was poure
Waf.'mﬁ@ NN Waeée dical nzleao el ucﬁdarpsetsm@c’a pduecus sodium

azeotroped with tol uen The i du dj ed
i nSpERiten parBrint g ‘{'eﬁ‘f"se %f‘%%'egﬁ%ﬁfa%ém“' rhe

precipitated solid was collected by filtration, washed with
The

water, and vacuum dried to give crude crystals (188 g).
15 crude crystals obtained in the same manner were combined {total

amount 568 g), and recrystallized from 50% aqueous ethanol (2600

ml} to give 2,4-difluoro-5-iodobenzoic acid (388 g, yleld 68%)

as a white solid. _ '

'H NMR (CDC1l; 300MH2) (o) ppm; 6.94(1H, dd, J=10.3, 10.3Hz), 8.46
20 (1H, d, J=7.5Hz) .

Step 2
| COH lm%co,ﬁ
)CI F F "N~

F )

The compound (200 g, 704 mmol) obtained in Step 1 was
dissolved in toluene (1000 ml), thionyl chloride (103 ml, 408
25 mmel) and dimethylformamide (catalytic amount) were added, and
the mixture was heated under reflux for 2 hr. The insoluble

material was €iltered off, and the filtrate was concentrated

under reduced pressure and azeotroped with toluene. The residue
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added dropw se to a solution of ethyl

3, 3-di net hyl am noacrylate (111 g, 775 mmol) and
triethylamne (118 nml, 845 mmol) in tetrahydrofuran
(500 M), and the m xture was heated under 5 refl ux
for 3 hr. The reaction mxture was allowed to cool to

ot Eh Bpetved et ralEoE TFeae da0 8 iy Y B5iBRiqn was
and, giday hr tsal 8o (BQRR1ubidn W ethpdey 3t—dir%‘&h}\llam1noacrylate

partitioni The organi ¢ | ayer was
suctidds IgveT'gE veR) sadl%ﬂ%i%%’épﬂ@ﬂ‘éﬂﬁs”slgawgm 3PP BgLh
carhanateafAa01 1500Valf! 4P Anel hiAfdeSabs nadatdd under

brine, and dried over sodi um sul fate. The, organic

Isawafhﬂﬁsfﬂ 13 BFed, Thengeaehion mEFts YRas2t hEP TR T
E%%Séj%aﬂ??% €1 fellld/ @nd tl‘ié Lﬂi&tﬁﬁﬂﬁlﬁs EarSentrated

uor o- 5-1 odobenzo

d' 'FEW' zedunsscpyessurgei dlaseasy (5 ﬁt@r) ggdaefﬂ}yav\ﬁcetate {800
oo &h del
SO wetS AR £ anow FaddiElths fg CHmndhergdide ayer vas

al ne In Step was di ssol ve

temhyedrsﬁmnr{‘@ﬂowm SE("SFEW Wel"ﬁél sqdaqmy, f)%gen
1Hrm boV\Q'E'e a(%gﬁdﬂl)gggﬁkgﬁ_r ot Wif MR satlhf4€sl deih®pPrand

tire e reaction mxture was 3. and
com&aﬂratesd sodilen sudfated TheeotgaticapayeR&aSediltRred. an

rouat. R s TR A SRl i

t herudexprodacha$2 23 |gﬂ r eﬂ -'th 4héaﬂu$§?°a§"mtfe&z°2.

reperbr SRR AT RIS BHE Gel § SR Rrtacm

18 sicepe3was stirred. The precipitated soI id was
collected by filtration. The obtained solid was
subject to slurry washing succegsively with water and

30% aqueoys j a&ol (650 M) ggum dried to -give
a crude 7} (2 Th bt¥ai ned crude product
(217 g)F S-UJeCt 30 to durr washing with a m xed

sol vent of ethyl acetate (650 24 and hexane (440

m) with heating under ref | ux. e nixture was

filtered, and the reraining solid was vacuumdried to

give 7- The crude procluct (273 g) obtained in Step 2 was dissolved

in tetrahyd.rofuran {650 ml), (S) (+)—valinol (73 g, 708 mmcl)
was added, and the mixture was stirred at room temperatuzre for 2
20 hr. The reaction mixture was concentrated undexr reduced
pressure and the residue was dissolved in dimethylformamide (800
ml). Potassium carbonate {195 g 1.41 mol) was added, and the
mixture was stirred with heating at 70°C for 2.5 hr. The
reaction mixture was allowed to cool to room temperature, added
25 4o water (2000 ml) and the mixture w-ras stirred. The
precipitated solid was collected by filtration. The cbtained
solid was subject to sluxry washing successively with water and
30% agueous ethanol (650 ml) and vacuum dried to give a crude
product (217 g). The obtained crude preduct {217 g) was subject
30 +to slurry washing with a mixed solvent of ethyl acetate (650 ml)
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T W

fluoro-1-((S)-1-hydroxynethyl -2-net hyl propyl)-6-i odo-4
- 0x0-1, 4- di hydroqui nol i ne-3-carboxylic acid ethyl
ester (207 g, yield 66% (relative to Step 2)) as a
pal e-brown solid. 1H NVR(DVMSO-d 300MHz) (S) ppm
0.72(3H, d, J-6.6Hz), 1.10 (3H d, J--6.6Hz),

1 28(3H, t, J=7.0Hz), 2.27 (1H, br), 3.77 (1H, br),

%((% %?ng{‘ g (éoﬂ&%@ugh%gﬂﬂomiaeﬂ ‘L‘f% Qélﬂ-l—;) ThE) m:r.xture was

(1H511d;eréd7 &idz rhe Sreg@d ping mlé) wRS(AGHIm We§4‘go SGive 7-
S (&) O DXO‘- -
bl oA ot PGB o

corrpoun obtained in Step
di s@::ryaedq-umodrmermaﬂ:bpmmw@cézlsethﬂl) esteq 425w (Yi?ld 66%

gg glg.-éa il QQEéei)adggtgﬁ&%&i)pgmlgo\ﬂldcm oride (58

(0] vvere the mxture was stirre
Ove‘wmtm-u@mnmam@r appme.0. 70488 49066 nfHzlnad- o (n, q,

ot PR o RE DR U oBET S BT (R ST, b
20 3 lsa\en, 9 ,WAskR A28 cqgesEi7v8Hg) ni4- ﬁGMe,b 459-¥ (1H, t,

t e (2 f 3&‘0' J<11‘7' 6210V 81, 68 (1H,
dﬂ%ﬁ?éﬁ 2%83?{1’% Z?:Ito?gg{nrl(r:iﬁ)éyg(r)si\/\ﬂ/a%l [tered, and
Iﬂhes)frltrate was concentrated under reduced pressure

ive_a crug? product (192 g) of 1-

(fsﬂs'r My ?/I di met hyl si | yl oxynet hyl - 2- net hyl pr opyl
) 7s .
fl uoro- -iodo 4- oxo- 1, 4- di hydr oqui nol i ne- 3-car boxylic
acid ethyl ester as a pale- yeI I OW anor phous form
Step 5 2p_Q K o,. iEt C I GME'EN OTBDNSOTBDBS
The crudejpgloduc (162—gﬁbobt d in Step 4 was
di ssol veld \]/\'

OH O‘IB‘DHS

The compound {150 g, 335 mmol) obtained in Step 3 was

15 dissolved in dimethylformamide (450 ml), imidazole (27 g, 397 ‘
nmol) and tert-butyldimethylsilyl chloxride (58 g, 385 mmel) were
added, and the mixture was stirred overnight at room temperature.
Water (900 ml) was added to :the reaction mixture, and the
mixture was extracted with ethyl acetate (680 ml). The organic

20 }ayer was washed successively with water (450 ml, 3 times) and
saturated brine (200 ml), and dried over sodium sulfate. The
organic layer was filtered, and the filtrate was concentrated
under reduced pressure to give a crude product (192 g) of 1-
{(8) —1-tert-butyldimethylsilyloxymethyl-2-methylpropyl)-7-

25 fluoro—sfiodo—4—oxo—1,4—dihydroquinoline~3—carboxylic acid ethyl

ester as a pale-yellow amorphous form.

Step 5
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in tetrahydrofuran (160 m ) and, under an argon
stream di benzylidenacetone palladiumll) (1.7 g, 2.9
mmol ) and 5 trifuryl phosphine (1.3 g, 5.8 gaol) were
added. To this mxture was added dropw se at 60C a
solution of (375 m, 375 imol) of 1M

3-chl oro- 2-1 uorobenzyl zinc brom de in tetrahydrofuran

obtained in the sanme manner as |n Exanmple 1, Step 5
and, aftegr th Eggl etion of ]:he drop e cagdi tion,
t he mxtur rred—3»0 wt gfat” t he sane

t enper at ' € 3.5 hr. The reac |dfn Xt ure was
aIIovvedtoéVgT\toroomterrperature € | acetate
(640 n) and' 167BP§ueous citric acid sol SF5¥%H (400 nl)
were added, and the m xture was filtered through

Celite, mpd Jrlaae %fé&ﬁc%t €16¥.%) Pab A frieanad. sﬁépa %W@arﬂ:@solved
| ayer was washed successively with water

satinr mmueﬁmddﬁeml)hﬁaﬂog@%a%oﬂ%%’ F%‘ amrﬂ )
ke d d Cléredn -
%ﬁgwﬁﬁg%g& ani cgjggi)%r vvégﬁ?l (Ilt g[ gg 2 o e it
‘F i u;m:aerspbmmh dted ﬁjﬁd@?‘@)ed“%@daﬁ‘?%cgs u&g s mixture
gi ye.a dhﬁg ?{r?%jéj%tt éé@?géoﬁﬁu&n(&is) ¢3hst el 20 mmol) of 1M
s 0

fm’?darreet xXymet h 2- net hyl propyl) - 6- (3-
o- 2—0ﬁlqnmﬁab§hug¢gbegiylziﬁg bromidevgnptegz by o%uran oPtained

-7-fluoro-4-o 4- di [ §ak DX Wifter the
aclird éﬁ)ﬂm&s er asag Eﬁf‘gév\xﬁ%ﬂg’:woi %%e§ ')Iéo rCI tes

2Etofiiletiioh £f HETEDNSWRE Bdditiume tgpo@a’e?ﬂ(elyss frirred

bt aj.ned _in-Ste S§PE ARANOImé Gt
?ﬂ)’”‘ eﬁ'&ﬁ@%usg %oe\é\?%?ngh g?o erelsgoﬁtlggn 26 (1290 eeren

M it wak)albsrest dtedr;ocan dot moumbﬂmfeéam hekpgl acetate

O Bl b3 el Ao ST oty v
t hpoagt, Gakii thRe mibaniel ﬁatsaiféimased abirdingh e@eweadm%g‘—h
CERLPOI e EARIREEAS 3o Tyl e
14 | L slds@Pel NG MR GaET d(F00dmLD, giaterated Lapieopnsderdiom
(1§§Erggegscarbonate (400 ml) and saturated brine (200 ml), and
dried over sodium sulfate. The organic layer was filtered, and
the filtrate was concentrate& under reduced pressure to give a
crude product (186 g) of 1-{(S)~-l-tert-
20 butyldimethylsily1oxymethyl-z—methylpropyl)“6*(3~chlor0w2~
fluorobenzyl)~7hfluoro~4—oxo—1,4—dihydroquinoline—3~carboxylic

acid ethyl ester as a brown oil.

f;rnfr“ W

unmus

25° The crude product (193 g) obtained in-Step 5 was dissolved
in isopropanol (650 ml), 1N agueous sodium hydroxide soluticn
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a pale-yellow solid. The crude products obtained in
the sane manner were conbined (total anount 143 g),
suspended in butyl acetate (430 m) and subject to
slurry stirring with heating 10 under reflux for 1 hr.
The suspension was allowed to cool to room
tenperature and filtered and vacuumdried to give

6- (la.l.'290 ml. 1.29 mol) was added, and the mixture was heated under

chl or o- 2-f1 Gor obenzyl ) - 7-f | uor o- 1- ((S
- 2 -refdukyfor @pphF) - xpeaction mxtug:se zzas "IMILRAVEF Y o

q‘]lola%d£ | 3@ e sRaCAI DXkl Endsiigh (:991@ yhelﬁlﬁ%:e was
elativ oSte 3)) as a gray solid,

NI\/R(C@FJ@@%FB woemirag eg}cegﬂmate #ﬂd(r?ﬁhl‘a“% agid e the
5. 3% lga SEOrRiF) T 3febibhtdiel sSLid (wim cdi)I])ected by
%Eﬁ 4.25 (2H, 4.77(1x, b
ﬂizrdt—tt):) anquaru@g(q!;@e%ro gmeggqur@ég PfPP“?ﬁ (4% a) as

Lo i s B i

Wﬁ@ﬁhbﬂwa#eyemaeﬁlotowamﬂ@fe dABoghd Bclgae’gdedzé? butyl

I Gl b st ydeashusty o e

lgomuenme(ﬁm.&s fiey, 12he8 msxe) swerensd@adwas 7d-1PRed % €aPe to

was ted u der f RfacutR€ari@ACES Ofive 6-(3—
mf?ﬁ’?‘e a‘E}S Jfgo (ofoJ) f%gdrc?glrlnterrﬁerature and

fi Ichﬂsdsﬂd-z—ifanug&beﬁeyll-e?' flnerofi+ ¢ (Satt-hysiroxymethyl-2—

BB e B Sm o G ar SR Tipy grbeRac el (99 g,

cogiend raite drePatikpdto Gtlepr BE) i @ gray seljd- and

xtracted wt acetate ) -aTheeOs@aAN @ 13 (31,

'F Wﬁ%@ﬂe‘gﬁ%?ze?&l vvaé gb a4 I:,g,s gg@ dri ed \

ovac Fealism s ut f3%t ¢1H,The)ni ztmam/abrh 13- @ﬂe&lﬂ oFd. 4

theflltrate nce t de edq B ,
Bhues 4B Prousid 10h g Srheitfrsy ST,

pr odm‘—tv .350819) s 7. 48-sdl2ved, im) | Sobat§l28d8Hatm) . 9.00 (1H,

(330 m vvlth heating and the mxture was stirred

whel e Gwil Hy 8 cool for 24 hr. The precipitated
zcsohg@lﬂgﬁs_ g@liﬁct ed by filtration, and vacuum dri ed

Step 7
F 0 oot ol F 0 oo
Ci .
T T

The compound (29 g, 227 mmmol) obtained in Step 6 was
25 dissolved in methanol (530 ml), 28% sodium methoxide methanol
solution (465 ml, 2.28 mol) was added, and the mixture was
heated under reflux for 20 hr. The reaction mixture was allowed
to cool to room temperature and filtered through Celite. The
filtrate was concentrated under reduced pressure. The residue

30 was acidified by adding water (200 ml) and concentrated
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to give conmpound A (71 g, yield 69% as a white solid.
The 10 crude crystals obtained in the sane nanner were
conmbi ned (total anmount 233 g), dissolved in isobutyl
acetate (470 m) by heating under reflux, and the

m xture was stirred overnight while allowing to cool.

The precipitated solid was collected by filtration
an@yaoshnric adid d1gPvELh, ARgs PEEEARESEOWHGL RITAL Acetate

~ ed@ Ew d\lhdﬂtﬁ iﬁrt xl. (200
(crm&ab g\lﬁ(}@g% Gﬁgg é/I'Lngmg‘ gﬁg%ﬁZ d?%Hac . g%fte ed,
1 w)(.sand curleg—@vesmpdi@n Foufate. (jThe ﬂ}xt'*f%Ua% g

ﬁln%-a iﬁgg::%}:g Qfagltbncéﬁtra":eg:%m(c@ik rSducet i)%eé.&l::l;e to give

, H t), 7.19-7. §2H )
a Erdge mz@ﬁucgﬂmﬁ) g) 8 Oﬂhe( phtasl;ed gryude (PrQAug 0% g) was

géﬁg%& Hédé%n 9.@0]:‘1& ) ac QM% 44@?%%@& l?eatlng and the

ion crys t he corrpound A St €R.e
1 i xBor&Gre amﬂwewmm alIpwing $¢ @aolofer 2

- 5- Bron?gya%i? | L1y c{%?ﬁ”é&l%ﬂ:%'d {,8&1&5510,3431150{;3@@ dried

wa®reqi tene thi onyl . chloride
(62:03gkge cﬁﬁ:@oum)l@ (amdgmmmwm mavehv@aeatssilw The

T i@ tBhbfhed (total
051‘1‘18?3 al Bh m éltrn% mas)%aﬁfgwed to © o=

CO@hnoIlﬁt (283G erm&:rsanve@ ircdmobntyhtesgtabelef47§oml) by heating

SShses BSR4 RN APt

L) alnbwﬁngs QloUbbeN Wahe ﬁf&lﬂduﬂtabpm wd itdowas solderted Jiy

et %E{FF% - di met t%%lng%o%%i%i}%t 6gﬁ as%ﬁgt'ﬁ?%% EBdpound A

15 ol(ggpgtgﬁ&grh) 11)andot he, ry;xauur eawvasassal wiiche \ﬁpﬂ-hd

heat t 700C f 21 h
ale %I ?Bnﬁ%':}s %Ognﬁ%bn{a)t rgﬁger .(7[% 35 %‘ ?’? WEiS 16 (3H,

(38, 05kg, 5149 pDi0-2086 0K ) amd?l)%hesun(iﬂurmlmg'ﬁ-—‘ik 00 (1H,

stifred at roomtenperaturefor (420, L
vaB) adl<dP t(@He h® o 8adti b?rﬁ'msit'u?eeq 4 §P| Xﬂ' (8280 Lam, b,

papt i §LPBsNGen, m), 7.46-7.51 (2H, m), 8.04 (1H, s), 8.88 (1H, s),

20 15_44 (1H, =)
MS (ESI) : M+. 448
Example 2-2: Production of cxystal form I1I of the compound A

Step 1

0
CO,Et
o E{j\ '

D

25 5-Bromo—2,4-difluorobenzoid acid (82.7 kg, 349 mol) was
dissolved in toluene (420 L), thionyl chloride (62.3 kg, 523
mol) and dimethylformamide (catalytic amount) were ;dded, and
the mixture was stirred at 70°C for 6 hr. The reaction mixture

was allowed to cool to room temperature, concentrated under;

30 reduced pressure, and azeotroped again with teoluene (420 L).
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and the organic | ayer was washed successively with 1N
10 hydrochloric acid (250 L, twice), water (420 L), Sk
aqueous sodi um hydrogen carbonate (250 L, tw ce),
water (420 L) and 10% brine (250 L). The extract was
concentrated under reduced. pressure and azeotroped
mﬁth di methyl forrnatnide (420 L) to give a

nt L atd Onfrgg Séldéé%l(régoh{-)togﬁéﬁé| (e2DOLP, Ghlidesolution was
pr odtict

(5- iﬂmodﬁawidef toigr clodntibgt pEetind) 313rdineshyhapippacsyiate

St gg%;%l I met %%@ Egi %&E%S&i&u@q[%ﬂl% Eiwllg gskg/ 523 mol)
To s:bllwéneortz(zem L andf thﬁemetmﬁ% wgﬁoagﬁregop%g}qtﬁng at
%O &agp dl rre }él 8% eagéjsedalloged to cool to room

tundecane ( g, 349 nol) and tJ] d
i X-Edﬁio&ramm st(sr-reld—aalmcdm (Bén?)é%t 8f2 "I'fé‘ﬂ y3spddeg, an

t he reagtj on nlxture frmansder. wWat
{33 TxGHRE AR S ?ﬁgﬂl nd, ‘:g%(‘ltjefﬁ stirring . o

for(42ohn) wat aﬁdédm; h:hemca:ddadnn@uéﬁom\ﬁ owm%rt%tioning.

precipitated soli mas coIIe WAen fmd

eI EIS (9P RPAE! 3}8‘9"5 b\%\g%é{ W?‘170 L)

W Xid-8chlcaid LBED mst)hLetham:en (wmrL)(‘l%ltIér- B3 orryepus

m xed sol ution. The S 119d.and 10%
USSR drogm dronate: UeD B J3felS AR Tag0 Slen

(33;}15;, Gt ef a;lmg shtojpact Jiashedmaanytraﬁe@vagﬂﬁﬁgmwd

suspension was filtere the, .r

B e L e

hyd%ogég_ﬁ@%fﬂL)FZrémd Q?ﬁ@yﬂ)) ctén'mdn(—lgg@ dérwger Dg 1?184 Pt 2-

ne- carboxylic acid_e

133 @‘?m‘mﬁ 4v&ﬁiﬂé’°§8f’?ﬂzgyﬁﬂl"§ ZL‘?‘pé‘ ﬁﬁg"ga?%e ?I rmed

.g;%:l RN REEhS RmihBPastANGaAch P eatiyL testiert he
conpoun by “hi gh performance |iquid chromatography

(HAt€p Analysis. Step 3 0
0 0
Br COEt Brmwzﬁt
me F
g Y

Te a solution (330 L) of the crude product obtained in

20 gtep 1 in dimethylformamide was added 1,8-

diazabicyclo[5.4.0]undecane (105 kg, 349 mol) and the mixture

was stirred at room temperature for 23 hx. To the reaction

mixture were added dimethylformamide {330 L), and then watexr
{170 I) and, after stirring for 2 hr, water (170 L) was added

25 gropwise. The precipitated solid was collected by filtration
and washed with dimethylformamide (170 L)-water {170 L) mixture,
and then with ethanol (460 L)-water (200 1) mixed sclution. The
obtained solid was vacuum dried, suspended in an ethyl acetate
(330 L) — n-heptane (330 L) mixture and subject to slurry

30 washing. The suspension was filtered, and the remaining solid
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F)()~YC'2Et BrQEt ON tOTCDMS The conpound (45.0 kg,

112 nol) obtained in Step 2 and 20 im.dazole (9.95

kg, 146 nol) were suspended in toluene (180 L), a

solution of tert-butyldinmethylsilyl chloride (17.8 kg,

118 nol) in toluene (45 L) was added at 50C, and the

m xture was stirred at the sane tenperatur )fgr 3 hr.
X

TolwaeneagBodrjedete wiue et roment-fl8azern! |
gg%%%tﬁgiggggéﬁmﬁwﬁ ~§Souahc e -a4Bpdtoqui i Titje~3-

a
a

ure,

e extract was_ concentrate

underbexyrhicedchd exuile cabrr d283tkbpyacif (3% as a yellow

t etwi‘xggée/ d!{cg‘f&gr anTlg:l’(:;’% %ogn?)oﬁﬁh Ya¥CedhiGoReants dtd @fuivalent to

resi

L) ning a crude product of

6- khenstdndar8) piedutt of the compound by high performance liquid

but y| di net I I%PM 4 - nethyl propyl)-7-fl uoro-
4- c?égg_iar%%bg#hg roqui no i"Ne- 3- car boxylic acid ethyl

estséep 3Step 4 O F 0O Br)COWEt C O0OP F F N' DTBDVS
ON (Preparation of a solution of -

3-chl oro-2-fl uorobenzyl zinc bromde in

tetrahy?;ofur %5 Under a ngtr {gzeam zinc
powder (1 , 287 mety—+was pgndéd in
tetrahydiourthn (130 L), 1, 2- & bf oNoet hane (470 30 g,
2.50 nol)

stirred at

dded at 60C, and I‘T@m’ xture was
t e same tenperature fo078M¥Snj n.

Trimethylsilyl chloride (560 g, 3.10 nol) was added
to this THe peRpbaRd afd5r 000yt atpanciuobtained irhStep 2 and

. | 1 204500k { QP anaR)L pbtad
o Katdanolar (398 ofl-ol46 ol e anspetited iy SOugpe, (100 10,

Sga S tiTeh) %fc nteﬁ@bﬁd ﬁiaw:im fthiy Psi1gA5ch) onbde dddedl kg, 118
ropwi se at_0C, and the mi xtyr stirr t

foF‘g@ HR tehgene ndrnihgies ﬁegﬁgftfmsﬁté’r &g de%‘f‘? Tio%&ggf?/ e
a 50 :da0nt0fne adnt Bhftcratuié URiroBenzy| ziolnebeoi?ife L) was

i o) TR ol T, S e nb oS POLLY witn

15 water (450 L, twice) and 20% brine (450 L). The extract was

20

25

concentrated under reduced pressure and azeotroped with
tetrahydrofuran (320 L) to give a concentration residie (390 L)
containing a crude product of 6-bromo—1-{ (S)-1-texrt-
butyldimethylsilyloxymethyl-2-methylpropyl) ~-7~fluoro—4—oxo~1,4~-
dibydroquinolinre-3—-carboxylic acid ethyl ester.

Step 4

0 0
srmco,& cué A j ﬁ,oo,n
———r i
¥ F N
\r'\:'nms Y\‘ou

{Preparation of a solution of 3—-chloro—2—fluoxrcbenzylginc

bromide in tetrabydrofuran}
Under a nitrogen stream, zinc powder (18.8 kg, 287 mol)
was suspended in tetrahydrofuran (130 L), 1,2-dibromoethane (470
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Under a nitrogen stream

tris(di benzylidenacetone)di pall adium0) (1.96 kg, 3.36
nol) and triphenyl phosphine (1.77 kg, 6.72 nol) were
di ssolved in tetrahydrofuran (180 L), and the m xture
was stirred at room 15 tenperature for 1 hr. A
solution (390 L) of the crude product obtained in

Steg 3, idh 4] Al ahuAaR. ¥ AddACeAS GRYLSE: dns! QOFPred at

éra’[ure azd wasT wth tetrahydrofuran (45 L).
soI trhé osRme( rmngatux@ﬁoms)o gfint heTxiperbyhehiiloR rilﬂﬁ (560 g,
31 98 %cd) L0 ARRIZYL AH1S MAMGoh ot SoRNYEREHEAR, and
prepare vance was a ropw se at room
t enple anmnta;reamis tsfed rnedk wikh lwwmgt Fer P winh Hegplyfgion of

aj S%J%E—Z Moo rggﬁlﬁf%gyn.f e: (gglgg"\@i 2 Ab1)oWRd to

Co0 ESof § enper a 1) "and 25%
aqueetisshgdrofiixan d650L) dessadded dropeBee At AG.c 2bd ddg mixture

dth t
P HAESS D 28 R B g b Pl i A w9 T2 tored
wasaet! tougies st \sellytivn mfZW)B—mlecqﬁ—aﬁhWnpbWleinc bromide
hl 23 t 0, 0
codPh RS EaPbor e THR0 e S i apE mA S0
bri peain( 388pl). The extract was concentrated under

reduced pressure to a_crude product (80 L) of
6- (3-chl 8 E?l’h‘&FBB%hﬁ?F $3%r 30

1; I U?l%‘{aﬁéﬁyﬁlﬁndémﬂtpélﬁdmw pelopy'l J;gAsoa@ml) and
- | | NOL 1. Nne I pox as a

St efFiz %qE‘?‘de’@lB?og]u%? F%‘Oy‘{) %oﬁ? * e f ﬁ

di sglyuhgdréfuras0R1Lepang! azﬁci&ﬁeLMxtﬁskeﬂqmsom&mdl aJlmroom

hydroxi de sol ution 31 (180 L, 180 dded, .and
B CreperarRra EoTat | R o AFRHIERBa (0l T R0 PO roduct

Actdpaliggd Cai ieep( 4. & kairMRiratdesh tvas blGed eropiize at room
m xture. The m xture was stirred. at roomm&g’nﬁrat%r Tutd
f ortegpeprirrg jandevashach Pty FetTRRYRERINTED nd % sorution
t hO(l%ugla&,y msrh%ﬂwf hnahabeepmenticied 48 S)chlosatms
(4 m xt ure ter (180 L) and_n-heptane (230Q ﬁ&

advance

vverféuaédlé%!ﬁﬂzﬁ-ﬁé bqumififeame tekgabydyqfurap; preRaged;
21 Lur sd g&ﬁé %Qﬁ%@%ﬁ%@ a8 eERVRS x¥@Eh Gdls

agal n WI tane (230 L) Hyofrochl oric acid
(451:&;:@0:@ ;xeam:mthwq gmr&)@ﬂ KB Reaction mixture was

allowed to cool to room temperature, toluene (230 L) and 25%
aqueous ammonium chloride sclution (230 L) were added and the
mixture was stirred. After filtration, the mixture was

25 partitioned. The organic layer was washed successively with 25%
aqueous ammonium chloride solution (230 L), water (230 L), 5%
agueous sodium hydrogen carbonate (230 L, 3 times) and 10% brine
(230 L). The extract was concentrated under reduced pressure to
give a crude product (B0 L) of 6- (3—-chloro—2—-£iuorobenzyl) —7—

30 fluoro—1-( (8)-1-hydroxymethyl-2-methylpropyl)—4-oxo—1,4-
dihydroquinoline—3—carboxylic acid as a brown oil.
Step 5

The crude product (80 L) obtained in Step ¢4 was dissolved

in isopropanol (180 L), 1N aqueous sodium hydroxide solution
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10 (450 L) were added to the organic layer and, after
stirring, the mxture was partitioned. The organic

| ayer was washed successively with 10% brine (230 L),
twice with 8.5% aqueous sodi um hydrogen car bonat e

(230 L), O0.5N hydrochloric acid (230 L) and water

(230 L). The extract was concentrated under 15 tedug_egth
pr ed$0r b, BPewelbres 3ddedeang the MIpERRR EFIG LTI

reﬂe‘l‘d&‘n#"aﬁ: $hid 88 §thl00%ct BfatbdSchibord! (409EKkG)t dras added to
cool"to To ‘

om tenperature and stirred for 3 hr. The
pr ediepreattdgnsolsttingas The Mixtutr i@ pLiryed AonT3MH
th | i ' | 4E1MR11648 powdmitdand
VaSsIRR RS ROk £ 48R, ERIRIO Lroddhl BENGIAR povdkilan
f| whoobegtdyl yashdd wditb- on [{sOpropanad d49nkk iy Masehetdn )
pro -4 ax0ad Al Byd LRQbedife rO%éreCadddd to the
(4Z2. ‘]?'ée ylﬁg‘fzedl;L 86‘)%?s Egs&gﬂg]apgéye Ig(&vggollhi d. Th?s
comidtinaterasde oaffiemetiitoings theukxinsntwasp Pagsitioned.  The

standard product_ b L ySi S e
> Fabipie devepes Yotk GAIhIH Y wDhERcche @30 D A
kg Hy8Pochlmmtiy axotdni(M6dL} rLéHt eplhb amsksmethyk disppgopyt ketone

t 0 240 L % s0di um ide t N3Re i
Lo %’f’?% %%d,edggso = )°%ﬁaa§%g%§§gd?’g%w aak stpEInd, the
anghikbere WXt pertitdenedi r rixe wigdnicedoyen was weghed

21 hr. Activyat 3 b dgt g t
CABECRAPIYELT UFEER TRE T, 220 9%, PR ARG o, b difhoons

t egpeiat Wyerbgin baltbondtd t@36dLY hioo&Yhhydmichibyte acid (230
powder and t horoughly shed w th neth I )
e A e
1§ h@ediided Presda%e CaBeRidpRided tinstar wi el Urdaiepee$23N &) . The
The residue was azeotroped tw ce _w th i.gopropana
( 22gsidue yps | stirpgd; gk 1 Uegi%‘ifeiw'é'wér'a&}éagi%% r’JPﬁé to room
( 2Q8mbaratide tald terfEdEdy) 3ant. Thb! precipitated, salid was
m xture was partitioned. The

e Hitodl bY  raBbem anrh Cpa (b HRL et Fiig) Wag HRRE waen
hy@éﬁf%ﬂieoﬁhﬁ BCiasla( ¢80 nin de08d A gige SOj3ehtblord-de
2"( 1glut?robgggyl) —7-Fluoro-1-[ (8) -1-hydroxymethyl—-2-methylpropyl]—4-
oxo-1,4-dihydroguinoline—3~carboxylic acid (42.5 kg, vield 87%)
as a pale-yellow solid. This compound was confirmed to be
equivalent to the standard product by HPLC analysis.

Step 6

F 0

ol F 0 [H] mwﬁ
s OO —
F N 0

™ g

The compound (39.2 kg, 89.9 mol) obtained in Step 5 was
dissolved in methanol (240 L), 28% sodium methoxide methanol
solution (173 kg, 899 mel) was added dropwise at 10°C, and the
mixture was stirred with heating at :?0°C for 21 hr. Activated

30 carbon (3.9 kg) was added to the reaction mixture. The mixtuze
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30 20% brine (200 L). The organic |ayer was
concentrated under reduced pressure and azeotroped
with ethyl acetate (200 L). Ethyl acetate (320 L) and
water (200 L) were added to the residue and, after
stirring, the mxture was partitioned. The organic

| ayer was concentrated under reduced pressure and 15

azgatr gped-Jy w%eerdanr Lyk A&etahe, (ﬁlQQekéd tHeugh

resi due was I ssol ved by heating filtered
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St izesidud orer6 #idedTREY Ryrivsi $R0QIdd288) telugae (200 L) and,
coII Ct%g?h lé%Lg%ﬁghﬁgkufghgaggééyegggonégﬂ| gh¥esrganic layer

wa?ﬁ g acetate and vacuum dri ed
t 0 wgb vieashedr ymcadssaﬁrebprm@naoag l(zz;lpys(%pﬂ for ant.:ﬁn)eﬂ . 0.5N

gyg.g%%ﬂ %gay?ceil% ézgtﬁL %o §ﬁlliitgn ciljlb:?id‘el' Ydbakg) and .

i va ent t st andard
ipr ade chriole t(hm anyst 'ahe (coopBial Ldysrnvag [copreRBFAIGGn Ynder

bt d I 2-1 H
G PV Setaep i e ge e ot ey, Bept BER00 10 -

of Eehybtatlethts M320 Df arhiswabapo(ﬂw B BgreThddeq iy fhe |
form}| can be Iso oduced_p e Qoned. The
acfﬁ?ﬂé aPa't Heas @nﬁE¥§éE£ né?Lt 55
t Ooﬂgé'}u%ﬁ lafarqalse c&n&:ﬁrﬁb&d Clmmu neldwe(dzﬁoemre and

btai ned in Exanpl e v 1- i 290k s
18 aregtagpen ek H@t‘aﬁfé’?’"?;%f 13 Lfbd By 1 Dl 2b1ane va
St i & 8hver bt hhelaitingi fﬂt%b:bdvmﬂigbet mtoml hoth eand thoroughly
precipitated solid was colle tr n tal
D e Laaputyheatptpat2d do 1 b Tk ohg e degre
6330 r®f11C BRPOMMPIuAd IR, B9 §) Wadd %.dﬁ@d:llfb tEJeaﬂ:plia:azzGSaiz 60°C,
The conpound A (200 ohtained in Eﬁ*ﬁgﬁ %Ef 1:1 5 hr.
di eg%m@dmﬂm yRS Fekezed b e o e

20 efpd Ufixture was stirred with heating at 80°C for 2 hr, allowed to
cool to room temperature and further stirred for 6 hr. The
precipitated solid was collec;ted by filtration. The obtained
solid was washed with isobutyl acetate (40 &) and vacuum dried
to give a crystal of compound A (crystal form II) (29.0 kg,

25 yield 72%) as a white solid. This crystal was confirmed to be
equivalent to the standard preduct of the crystal (crystal form
II of compound A obtained in Example 2-1) by HPLC and X ray
powder diffraction (XRPD} analysis.

Example 2-3: Production of crystal form II of the compound A

30 The crystal form II can be also produced by
crystallization according to the methods described in Examples
2-3-1 to 2-3-26.

Example 2-3-1
The compound A {200 mg) obtained in Example 1 was
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The m xture was stirred for 17 hr while allowing to

cool. The 20 precipitated solid was coll ected by

filtration and vacuumdried to give crystal formll

(102 ny, yield 518) of conpound A as a white solid.

Exanpl e 2-3-3 The conpound A (200 ng) obtained in

Exanple 1 was 15 di ssolved in nethyl isobutyl ke Qne  ppe

( 2ambyolnwech inedthutgnohdéd ml) eFidk DeaddPa fEs ﬁ?% HRas

added. dr opw_s t i r a13bkihe dof 860D, hiThe
vvhf“ﬁ%t%\ﬁ 8’&%%"‘ 0 co%ﬁ?@Tﬁhg&pﬁ%ﬁi t at ed fol id was .o
coplecipitatedf sdlidawkrercadgcted dumidditzatiqq gpgeracuuwm ort

crystal _form 8 i dngg% Upe AR as a
a WRi ¥ v%(ﬁrlyg.t—'%o&ég'aﬁ%?tem @&,4 he conpgund %OO
figwhirbé adoladi.i n Exanple 1 was dissolved in ethanol (2

m! vvitE gf__%t_'!ing under reflux. The mxture was

st hr while allowing to cool. The

preci pi tmiedempbintl Bad200 ngcobtiabyed iin EXNRIE dnRS
vacyum dried 2 Ve cryst f.Qf edey i ®ifdux.
2864s ‘FP BoRutod ggegatev\h(lit'gbsoﬂ% héxagrrp e 2-3-5

Thens appatine Aag 280rred it AVnkd whilexahdewing fascool. The

neneaEpeuns dad 3 o i _ .
o ePElT RO L 0. T SR A AP eeg A dxied

t h@oNgickdilrywBs]l Soxrtal BT (1f0@r mG, hyieadid Bashl¢owomgoyns A as a
cool. The precipitated solid was collected by

fi Mpibe i¥i8nd vacuumdried to give crystal forml|
(18Qammie Y8ld 838) of conpound A as a white solid.

Exanmpl Z2-3-6 34 Th 200 i i
oDl o T EomBra e SO0 o PREF IR ap BREEACH b
19 s HeRlddAnURsly1 166bubyl kepbmne(Z Al yithabeatithg under

dropw se and the m xture was _  stirred.for '
al keflvwe t depbape (Fnalh s Bpflﬁ‘%e op¥ise ?%m%evmi@;re was

C%kﬂj&ﬁ % Bi it KAl LS BRI MG CLsIMBaiili. edThe pievépitated solid

gr %/(;; t@]@fﬂ%gll éﬁ;ﬁg;gg@% ;S('a d 629  ALsSMOYede Atal

form II (168 mg, yield 84%) of compound A as a white solid.

20 Example 2-3-4
~ The compound A (200 mg) obtained in Example 1 was
dissolved in ethanol (2 ml) ﬁrith heating under reflux. The
mixture was stirred for 17 hr while allowing to cool. ?:he
precipitated solid was collected by filtration and vacuum dried
25 1o give crystal form II (56 mg, yield 28%) of compound A as a

white solid.
- Example 2-3-5
The compound A (200 mg) obtained in Example 1 was
dissolved in ethyl acetate (2 ml) with heating under reflux.
30 Heptane (1.6 ml) was added dropwise and the mixture was stirred

for 6 hr while allowing to cool. The precipitated solid was
collected by filtration and vacuum dried to give crystal form II
(166 mg, .yield 83%) of compound A as a white solid.

Example 2—-3-6
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The conpound A (200 ng) obtained in Exanple 1 was

di ssolved in l1l-propanol (2 m) with heating under
reflux. The 1D m xture was stirred for 17 hr while
allowing to cool. The precipitated solid was coll ected
by filtration and vacuumdried to give crystal form
Il (91 ng, yield 46% of conpound A as.a white solid.

Exanple 2-3-8 is The c ound A (200 )obtlndln
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wi th b | TR Cconffothd € 2688 white edlid.
fo °fu}e‘ﬁfr (\I\%I ﬁga&ﬁég\n&rﬁgﬁ o cool . The 25 precipitated
soExempls @oBt®cted by filtration and vacuumdried to

gi ve cry, taI fo lrda9hYiE@inptanpaiasd A
as a wh g‘%}dl éxg\wg@ tLiagiThe compound A (200

)il@b&hteﬂednlhpﬁaam]e (2 mak vgo:hdbs%#r@eanﬂﬁra'i’ﬁ Bfe

h h f
L CePkbh e 98004, #9%, Eite TNEotl byt oo e
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2- @hide Haaigonpound A (200 ng) obtained in Exarrpl el
was dissglyed in acetone (2 m) with heating under
re £ ne (2 m) was added dropw se and the
17 Xt Ur € MRS chhpdun@dal otlagd obtaimed| tn Baapplegl 32

cool . Heptane (4 m S er, added.. - AQHadPGeflux. The

mi QAR 1R HSOREP! %‘T (gd'"# iﬁ ﬁg em ©

pr 8tk Rider k88 stirred for 17 hr while allowing to cocl. The
precipitated solid was collected by filtration and vacuum dried

to give crystal form IXI (88 mg, yleld 44%) of compound A as a

The

]

20 ywhite solid.
Example 2-3-9
The compound A (200 mg) obtained in Example 1 was,

dissolved in cumene (2 ml) with heating under reflux. The
The

mixture was stirred for 17 hr while allowing to cool.
25 precipitated solid was collected by filtration and vacuum dried
to give crystal form II (188 mg, yield 94%) of compound A as a

white solid.

Example 2-3~-10
The compound A (200 mg) obtained in Example 1 was

30 gissolved in anisole (2 ml) with heating under reflux. The
- The

mixture was stirred for 17 hr while allowing to ceol.
precipitated solid was collected by filtration and vacuum dried
to give crystal form II (107 mg, yield 54%) of compound A as a

white solid.
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solid was collected by filtration and vacuumdried to
give crystal formll (134 ng, yield 679% of conpound
A as a white solid. 10 Exanple 2-3-12 The conpound A
(200 ng) obtained in Exanple 1 was dissolved in
ethanol (2 m) with heating under ref lux. Heptane (4
m ) was added dropwi se and the. m xture was stirred
forE ég s z_glh_iie allowing to cool. The precipitated

SO cted by 35 filtration and vac mldrled
to give Tre somponst & (0P mx pPtaingdsiy Liﬁf

dw laidb&' -:Ebflu Heptan
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y| % ifec'te(;&ugg ﬁifa‘ér%&%lgtlg g%ﬁudm Exarrpcl’ eg ve

2- Mﬂtﬂﬂ&oﬁexma:seumd A 4e2806T) oSbeamRad A B Apiite
di ssolved in 1-propanol (2 ml) with heating

un(?é’i ideflux. Heptane 44 m) was added dropwi se and

W hgxpipdaize3wes stirred for 19 hr while allowing to

cool . The precipitate Ii 1
filtrati H?}P‘sﬁ’éfé?mqa?? ' 87 veg’lc?'yg% form 11 30

(128ss@Lvent Qtht}&%:lOf(Z caXipedhll heagdng yudere £eSLRY. Heptane

Exanple 2-3- ound
Exdfppl ragqd d%{' §§8PV d1A gl(.%Q:} ano%'e qgsa's@ﬁgré@ for 19 hr
he&hmg d1nefing &b baesl Thme prmme;ataﬁssqitidr pad ¢kiected by

21 hr whil I 36. t
AL ETITIT N T SE TR

g yeefd W&l of %ﬂbbﬁn&lﬁhm@ whyitel dob68) of conpound A
as'a white solid. Exanple 2-3-16 5 The conpound A

( 2Brampe dndzathed in Exanple 1 was
The compound A (200 mg) obtained in Example 1 was

dissolved in isopropanol (2 ml) with heating under reflux.
20 Heptane (4 ml) was added dropwise and the mixture was stirred
for 19 hr while allowing to cool. The precipitated solid was

collected by filtration and #acumn dried to give crystal form II
(166 mg, yield 83%) of compound A as a white solid.
. Example 2-3-14
25 The compound A (200 mg) obtained in Example 1 was
dissolved in l-propancl (2 ml) with heating under reflux.
Heptane {4 ml) was added dropwise and the mixture was stirred
for 19 hr while allowing to cool. The precipitated solid was

collected by filtration and vacuum dried to give crystal form II
30 (158 mg, yield 79%) of compound A as a white solid.
Example 2-3-15
The compound A {200 mg) obtained in Example 1 was
dissolved in isobutanol (2 ml) with heating under reflux.
mixture was stirred for 21 hr while allowing to cool. The

The
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di ssolved in toluene (2 mM) wth heating at 100C. The
m xture was stirred for 37 hr while allow ng to cool.
The precipitated solid was collected by filtration
and vacuumdried to give crystal formll (190 ny,
yield 95% of conmpound A as a white imsolid. Exanple
2-3-17 The compound A (200 ng) obtained in Exarrpl el

was dissolved in nmethyl butyl keto 2
he aresgpitatgaiCsol id praseot keaker Jy A3 erinld o dar"g Ypcam ariea

anded e 01 XS 1 WAS izl (£5h iy, f P1e13V 6l6%) WO |cﬁmpound Aas a
allowng tocool. The precipitated solid was .
col'ﬁ’{h:,l{';t’-'eéIOJEﬂyi filtration and vacuumdried to give

;io5mmh (191 ngy, yield 965) of conpound A as

anpl e 2-3-18 The conmpound Af(ﬁZgO n%)
dbt ai nedThe ermepnd A (299 meh gbsainsshdn Feampis: &r 67
(1 dilskol¥dd :.%e%w&;@yzﬁﬁﬁ iSRRGy 8¢ NEJ0°¢ 1. &hel pixture

was a ropw se an m xture was-stirre f or
hr welsi b‘e:uatddoﬁpng?:'i’ dur wbile Bldoping itsi £20ky ’a"%&?zuted

e e A gt “’%?‘g‘é’%‘r?p’%ﬁﬁﬁm s

a mnytsealscﬂdrm I25(EKhmal eyipld- 95%)TIoE eompRITIT AA ?Z’OO’E’"“’
g éal ned in Exanple 7, was dissolved in

tetr Aur of ur an (1 m) by heating at 60C. |sopropyl

et mxempbPe B-B-0ds added dropwi se and the mi xture was

stirred r 41 hr [ | [ ] qw |Ex§iﬁf€l 1 was
preci pi t%\lfeed:"g@ o8By (%aa rlé%| Iogg?il%cﬁ?/ﬁfl Fratl on and
vawuﬁmwdcednt ety butyy stekbné ofamniL) ¢y hegting &1t 60°C.

2% of co A as 2a a2l stirred
Thegtats g AR O gRasD copely s B iRl fruge bt s
1di Fo0! ¥ thy nnnsemnmhg (1 ’bPLni ﬂhehpaeqmgibma@rsolid was
refl ux ta added d E}lﬁcal £ II
m )E’Pﬁ}‘“ecﬁggt EH'%‘E?"TP% arffl d% V\%g\faiﬁ)g% P Caol o
Theip1 asd Piyiatahenl iod moundlzkast edwhi/e idodddt i on
and vacuum dried to give crystal formll
. Example 2-3-18

The compound A (200 mg) obtained in Example 1 was

20 dlssolved in chloroform (1 ml) with heating at 60°C. Isopropyl
ether (1.8 ml) was added dropwise and the mixture was stirved
for 37 hr while allowing to cool. The precipitated solid was

collected by filtration and vacuum dried to gilve crysta.I form II
- (184 mg, yield 92%) of compound A as 2 white solid.
25 Example 2-3-19
The compound A (200 mg) cbtained in Example 1 was
dissolved in tetrahydrofuran (1 ml) by heating at 60°C.
Isopropyl ether (2 ml) was added dropwise and the mixture was
stirred for 41 hr while allowing to cocl. The precipitated

30 golid was collected by filtration and vacuum dried to give .
crystal form II (144 mg, yield 72%) of compound A as a white
solid.

Ezanple 2-3-20
The compound A (200 mg) obtained in Example 1 was
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5 (160 ng, yield 80% of conpound A as a white solid.
Exanpl e 2-3-21" The conpound A (200 ng) obtained in
Exanple 1 was dissolved in butanol (2 m) with

heati ng under ref lux. Heptane (2 nl) was added
dropwi se and the m xture was stirred for 21 hr 10
while allowing to cool. The precipitated solid was
coldebededin fibbiviamiodn (2medl)y adthrmetindg wsley yeflux.

crystal form| 152 iel.d 769 AS.rred
a igpteneof4 H‘ﬂ I&ﬁrﬁdggg-%zwl‘?ﬁeg@)n%fgun A 288ém\:]) e
obt@jmed hi WwBiasn B okingstd odils s ofhee preaipiedysolid was

tate (2 m) _with heati d | Y- o1 o
m aeinechan T £ bpiar o3 et Sflnd 8% qu¥ St £om 11

Fher160' Ag| Riiledtiegomoldfd comsowral Reas ex whyitéi$akighi on
and vacuumdried to give crystal formll (140 ny,
yi disampdes2-H2dommound A as a white solid. 20 Exanple

2- 3- 23 Thge CmpoURd A (200 0mgD ottt abdicich Exarfikerd| wag

was dissolved in isobuty]l acetate m it ti
e eapirre o Pl Fh P b FTbhpdh 16! | Mbotane

t heﬁznhﬁrhgﬁﬁs Waded ldroiRdse faid Zhehhixttideewas | shiwgdtEor 21 hr

cool . recipitated solid was,k?2 ol,l ecte
31 iae] SHLOWE\ bR FoRdr | P P&eﬁﬁlag (B5HE o, ppitected by

(1 i ol 89% il 4 0 AN gl de Gy tuhi fems alTi ¢152 mg,
Exa?lf%nf)'ﬁga -3-24 The conpound A (200 mm), .obtained in

Exariglld 16%lasf ewnpoyniel a5 pyhite Sre (2 m) with
hegllng; undar ,sef l ux. 30 Heptane (1.5 m) was added
dr e mxture was stirred for 21 hr while

al | owi ngThe asppund'ife (BPRAPY rRtadned frgFxgEple 1 was

gol fi 00V qo UKD Gfst8dhéAtPigV@nder reflux.
lcr)#é'?%igf\g%ér)%nnl #‘é Eléé‘ ﬁf} Lyl e?g 1‘%’)0 of _conpound A Th
a \Whiet misoivedvad aiipred2fer 23 by e 3RS /E°(‘2%%’-s' ©

S0 LA BTl B0 i s s

dr epwibee angstak furmt G e (140 mgy i yiekd 788) 2af (onpARpd A as 2
white solid.

20 Example 2-3-23

The compound A (200 mg) cbtained in Example 1 was

dissolved in isobutyl acetabé {2 ml) with heating under reflux.
Heptane (2 ml) was added dropwise and the mixture was stirred
for 21 hr while allowing to cool. The precipitated solid was

25 collected by filtration and vacuum dried to give crystal form II

(178 mg, yield 89%) of compound A as a white solid.

Example 2-3-24 )
The compound A (200 mg) obtained in BExample 1 was

dissolved in butyl acetate (2 ml) with heating under reflux.

30 Heptane (1.5 ml) was added dropwise and the mixture was stirred
for 21 hr while allowing to cool. The precipitated solid was
collected by filtration and vacuum dried to give crystal fomrm II
{158 mg,. yield 78%) of compound A as a white solid.

Example 2-3-25
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allowng to cool. The precipitated solid was coll ected

by 5 filtration and vacuumdried to give crystal form

Il (187 nmg, vyield 89% of conpound A as a white

solid. Exanple 2-3-26 The conpound A (200 ng) obtained

in Exanple 1 was dissolved in butyl acetate (2 m)

with heating under reflex. 110 After rapid cooling,

the m xture was stirre or .2 br..The .precipihta

sol i d walhe JFreerRd Ab)’gf'{’l'?q)af 8‘%1%"?1% 1@&%%%[%1%“5-8 ®to

gAi \éﬁs@sb!%c_ﬂ'inf Qﬁfﬁ_dcll.b «ﬁa.ulw@y ;aiaug:geg%@;oec. coleptarel (2 ml)
as a ite solid. e_2-4: Produc n i

cr y&gapdgest fdrppuise f"ﬁgx Ef%'dri\ WafSS*s%%%%%lfgi— 21 hr while

1- GaPbwing afdt chet Y| dhagsRadipi kytex it aywas? cabléntias By

1) - . . .

E- E31ERrbian 208 RSPUBCTEAS) 1. BLTR YRRk SO T (0, B

quivagh i Ngug)3veasdpuihd ca a & shind sedier (48 g, 86

nmol ) obtained in Exanple 1, Step 5 was dissolved in

meExasple (2330261 ), water (5 20 m) and 28% sodi um

met hoXi dg,dRihaheda A0l266 Gy)( BEaifed 8A42Exampik) 1 werse

added, and the m xture was heated u dgr r.ef | ux,for ¢4
%a reflux.

hr digaelvashdn bty reevatade Bl WY WP &8
sbeRRRLAtUNA g BEMHG! | @R Mkt 8Niddy depakiiorbe Adid alble

nmet hanol “was evapor at ed under reduced ressur%.va\é\%&%rdﬂed

wapredipitated: sel idswemtenllegted | RE ifdhtEHd O a Pt er
StELT Qi $pat spbi drigtaseen) bEctanbdupd A as a
fi Ik:%rgﬁgeoréggﬁg %%?gi inrsald(cigél fag \?\y/als di s?c)xl ved in ethyl
acwehate sodddhed with water, and dried over sodi um

su hg. n ekt ihesf thé rétnponad A
Cog%%ea?cg- ?@?yaﬁiﬁﬁibg g&ﬁrfg.mlhe obt ai ned

¥ estepiel was 30 recrystallized from ethyl

20.5 g, LolEhakr e YRR A LBy S Sy Loropy) -
yi 6+ (3-8 ras2-of Inhrolkersyl) d7-Fyprord toas At i hygRoquinoline-
(DVBO- do _300Mz). (S 7 , g6 : nel 18

(3 ,“‘%@”‘é(?g‘j %‘3‘?%&}‘?@%&&2 . g’bé (ﬂfllf,e "r'r)"l’:l@s.ég%%is. 90

( 18damplle 13. S€pl 500ad Hiibsoluwpd in sethamol (390 mil)ypwater (5
28 288 P aind* 288 S (ihionThe Retibrbl'dordthon (176 m1, 862

mmol) were added, and the mixture was heated under reflux for 24

hr. The reaction mixture Wa's: allowed to cool to room
temperature, neutralized with 6N hydrochloric acid and methanol
. was evaporated under reduced pressure. Water was added to the
25 gbtained solution and, after stirring, the precipitated solid
was collected by filtration. The obtained solid was dissolved
in ethyl acetate, washed with water, and dried over sodium
sulfate. The mixture was filtered and the filtrate was
concentrated under reduced pressure. The obtained residue was
30 recrystallized from ethyl acetate-hexane to give compound A
{(primary crystal 29.5 ¢, secondary crystal 2.8 g, in total 32.3
g, vield B6%) as a white solid.
m.p. 151-152°C
g NMR (DMSO-dgs 300MHz) (§) ppm: 0.72 {3H, d, J=6.5Hz), 1.16 (38,
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7.19-7.25 (211, m, 7.46-7.51 (20, m, 8.04 (111, s),

8.88 (111, s), 15.44 (111, s) M5 (ESI) : M+ 448 2

Step Conpound A (32.3 g) obtained in Step 1 was

di ssolved in butyl acetate (160 m) w th heating

under reflux. The crystal formll of Exanple 2 was

seeded at 63C and the mxture was 10 stirred for 3 hr

whi lig 246 .Gezhg 2.BeE0B0 Tih ) ecd pla--88 $HEi @) n3sP0-4-00 (1H,

col | ect by £l trati ac Q" b8 {0 Qb Ves e (18, v,
cr y’&fal“e'%gf (E%h‘psadng'g\ﬁl (@ﬁ?sl/aﬁ“??r rqn? ie) ‘ (524. by g, ‘

yi et di9F PR 5ad2m, Wit @.4601.550. (Ekampl.c 8204: (FModhet P (1H, S},
g igz@t g]!m{roé)mplg OE)Tt6he" Eo(rrjPlound A is Step 1 FFO

15 (¢S) b1t erm+ gyl di net hyl si | yl oxymet hyl - 2-t hyl propy

' 6- (Mﬂgor o- 2-f I.uor obenzyl ) - 7-1 uor o- 4- oxo- 1, 4-di hydroq _ .
ui nol i ne-Copeandax 323 ani dbealwyed dst Step 1D was dbssolved in

I bt ai ned i 0. . Ex I St '
" Pl ogaore (360 i AR Bediien, BPads Bk AnkiErystal
sol g1 1( 38 OEimp1209 WeiDlspetied atd@ael; andntihe heixture was

m xture was heated upder ref|lux for 2.5 . : soli
Pl Aet Rt of SxvMBLLE |G Seo6Poty (P racipitated solid

t enpgy dldinBctathy ERBLFEtIbH endVamchivnt @riml thr gingh the crystal

Celite. The filtrate was 25 acidjfi by .addiyn hi
conek sorpeERd iy des¥RERt iforacty, e:31‘#d$§tﬁ’f ryelgqaa?nf}ogﬁw a white
tenpergture for 2 hr. The precipitated solid was

g?l(gl eﬂﬂCt egr gzﬁf IElrErodgéil:fgn %r%dcl\:'/yas%:%limfglr:zlne to% %gecmg)ound A

id ugwpbenzyl ) - 7-fl uoro- 1- ((5) - 1- hydr oxynet hyl - 2- et hy|
prcrpy%;‘- 4- oxo0-1, 4-di hydr oqui nol i ne- 3-car boxylic acid

(12 g, yield-82% as 30 a pale yellow solid. 40 3H

NVR( DVBO- dé 400 £8) ppm 9' *1(3H  eng=0. DHz) ,
1. 13( ?)X,cl —
F "y F

T

0TBDES

-1— ((S) —1-tert-butyldimethylsilyloxymethyl—-2-methylpropyl)-

6— (3—chloro-2-£luorobenzyl) -:7—f luoro—4-~oxo—1,4—dihydroquinoline—
3-carboxylic acid ethyl ester (19 g, 33 mmcl) obtained'in

20. Example 1, Step 5 was dissolved in isopropanol (100 o1}, 1IN
aqueous sodium hydroxide solution (200 ml, 200 mmol) was added,
and the mixture was heated under reflux for 2.5 hr. The
reaction mixture was allowed to cool to room temperature, and
the mixture was filtered through Celite. The filtrate was

25 acidified by adding concentrated hydrochloric acid, and stirred
at room'temperature for 2 hr, The precipitated scolid was
collected by filtration and vacuum dried to give 6~ {3~-chloro-2-
fluorobenzyl) ~7-fluoro—-1-( (5) -—1—hydroxymethy1—2~—methylpropyl) -4-
oxo~1,4—dihydroquinoline-3-carboxylic acid (12 g, yield 82%) as

30 a pale—yellow solid.
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J=6.5Hz), 2.36(1x, br), 3.77(1H, br), 3.94(1x, br),
4.25(2x, s), 4.77(1x, br), 5.16(1x, t, J=2.4Hz),
7.19-7.23(1x, m, 7.32- 7.35(1x, m, 7.48-7.52(1x, n),
8.24-8.28(2x, m, 9.00(1x, s), 5 15.00(1H, s) Step 2
FOf O C COli A Q ' OH OH The conpound (12 g,
27 mol) obtained in Step 1 was 10 dissolved in

o B obB8-) oo SR W BRI B 22

wasy=geaiex, ABEQIH/ m‘.rl)ux3f'117r(1ﬁ4 Hwr)., Bhe4 (Hhcbirbn 4 25 (2H, s),

i 14 dr G e Tabect s Thg- AR ¢ Pate i (e @ Aaz-

concesiirl e ,undes-7.cdyred mpr, e8 s24-S8.. 2FH2eH r i, dAe00BH, s) .,
was aC|d|f|ed by addi ng water (360 m) and ,
ConcCelP it ed) hydrochloric acid, and extracted with

et itepagetate. The organic Iayer was washed
successively with*water and saturated brine and dried
over sodlun1sulfate The n1xture=mas diltered, and

the fil t% entrated ®d pressure
to give 20¥ e product (13 o brown oil. The
obt ai ned crude“yproduct (13 g) was difsgl ved in

i sobutyl acetate P60 nl) by heating and, after
seeding, the mxture was stirred for 23 hr while
allomﬁng to cool. The precipitated solid was coll ected

filtgal ceﬁgo&mi (42CYUBT70nSTh tobtglined Gmseapd Aas
%9 2 49, ylel 5 759% as a_white solid. 1H N

Dm@uerego@mﬂv@ey pfff. md) 7 28 god aumjwéhsvh‘@e mpthanol
(3'§|o%u on T%ZS%’P '253 xﬁﬁblj ris (egeﬁedn') and® - tHe RiRbirel bas heated

s), 4,12 (2H, %? dt
4 80deir Qi@féml-l fay 24511:19 (I‘bﬂ r@é)ctim; MiKEUTSCHED |3 e

égﬁl tibl @%' % an)tAé L filté%egStﬁﬁdﬂghs relitd) The

( ESFY:" Wi 448 41 Step 3

filtrate was concentrated under reduced pressure. The ‘residue

15 was acidified by adding water (360 ml) and concentrated
hydrochloric acid, and extracted with ethyl acetate. The
organic layer was washed successively with water and saturated
brine and dried over sodium sulfate. The mixture was filtered,
and the filtrate was concentr.:ated under reduced pressure to give

20 a crude product (13 g) as a brown oil. The obtained crude
.product (13 g) was dissolved in iscbutyl acetate (60 mli by
heating and, after seeding, the mixture was stirred for 23 hr
while allowing to cool. The precipitated golid was callected by
filtration, and vacuum dried to give compound A (9.2 g, yield '

25 75%) as a white solid.
4 NMR (DMSO-ds 300MHz) (5) ppm: 0.72 (3H, d, J=6.5Hz), 1.16 (3H,
d, J=6.5Hz), 2.30-2.50 (14, m), 3.70-3.90 (1H, m), 3.90-4.00 (1H,
m), 4.03 (38, s), 4.12 (28B,s), 4.80-4.90 (1H, m), 5.19 (1H, t),
7.19-7.25 (2H, m), 7.46-7.51 (2H, m), 8.04(1H, s), 8.88 (1H, s),

30 15.44 (1H, s}
MS (ESI): M+ 448
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FA FF i OH

2-(2,4-D fl uoro-5-iodobenzoyl) - 3-di net hyl am noacrylic
acid ethyl ester (20 g) obtained in Exanple 1, Step 2
was subject to s slurry washing with a m xed sol vent
of ethyl acetate (60 m) and hexane (40 m) and

heat ed under ref lux. The m xture was filtered, and

t hesttegymai ni ng solid was vacuumdried to give 7-
fluoro-1-((S)-1-hydroxynethyl -2-nmnet hyl propyl)-6-i odo-4

- 0x0- 1, 4- didydroqui nol i ne-3-gcar boxylic acid ethyl
ester (1 d_94% Fsﬁﬁ‘ﬁﬁbei ge solid. .1H
NVR( DVS MHz) (S) .72 (3H, d,J-6.6Hz),
1.10 (3H, d, 9-6.6-Hz), 1. 3H, t, J=7.0Hz), 2.27

(1H, br), 3.77 (1H, br), 3.867(1H, br), 4.23 (2H q,

J=7.0Hz), 4,56(1H. br), 5. i - i i

(1H d, )kiif%??“%’?%'zs'ﬁf#?béﬁéf:ﬁ/. gﬁg"fﬁ,g tsl.ﬁsgsm?’%a%%ﬂl ¢ acid

S) etM5AESker N204dB cifindped th Exapble 1,0Btep Griapngubject to
d (19 g, 4 | t aj i 3 0 -

G R o BE T BERET) TNCRE G (PR 3o 0 (80 i) and

0, daSe {@®mL)anad iiateduiydeali meflyk si Mhe nixamejwas

7.2

(7.2 g, 47.8 nmmol ) were_added,. and_t ] WaSgive 7-
st i%ilderat, AhERe RERAPIPE FUd Y98 ‘ﬁ%"%é er&\/vas grve
addeghdr@-i he(9) aChydibxFinst by B-2-anthy heropyl kt &rriedgad—oxo-1, 4~
extracted wth ethyl acetate. The organi 7= Syfald 94%
e sHEISoRRDE I AP & AL PG 55045 G, ¥ ovESIa 94
RMRNILURL; &dlekde solution and saturated brine, and
dried over  sodium sulfate.. The grg%ﬂi I_gﬁgrslgﬁs 1.10 (3H
fi I*Hel0SR (DMERTde REOMEEY 1 @) PBBS ©O-d6ndehn Pai €d° uhder '
reqycadePE@sSUncegt R3M)i Me B=FI0MI9 PROJUC(IN2BrH2 3.77 (1H, br), -
3.86 (lH, br), 4.23 (2H, q, J=7.0Hz), 4.56(1H, br), 5.12 (1H, t,
J=4.9Hz), 8.09 (1H, d, J=11.1Hz), 8.62 (1H, d, J=7.5Hz), B.68
15 (1H, s)
MS (ESI): M+ 448

Step 4

Ao — o™
T T Y

The compound (19 g, 42 mmol) cbtained in Step 3 was

20 dissolved in dimethylformamide (65 ml), imidazole (3.4 g, 49.9
mmol) and tert-butyldimethylsilyl chloride (7.2 g, 47.8 mmol)
were added, and the mixture was stirred at room temperature for
1.5 hr. Water was added to the reaction mixture, and the
mixture was extracted with ethyl acetate. The organic layer was

25 yashed successively with water, saturated aqueous ammonium
chloride solution and saturated brine, and dried over sodium
sulfate.. The organic layer was filtered, and the filtrate was

concentrated under reduced pressure to give a crude product (24
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of
(5)-1-tert-butyldi methylsilyl oxynethyl -2- et hyl prop

g

1-(

yl)- | | - |
7-f 1l uoro-6-io0do-4-o0xo-1, 4-di hydr oqui nol i ne- 3- car boxyl i
c acid ethyl ester as a beige anorphous form ''H
NVR( CDC13 400MHz) (S) ppm -O0. O7(3H s) , -0.05(3H, s)

o giié? g Guolivete 26 i foediad Rhoshel B Bld-mdlovipropyr -

3. 85-81:9hfol$1; ody-4-3x68t A-HihPdtogu)inol ine3G-daridfdtic acid

6( 1H, 94(1H, d, J7.2Hz) MB
(ESIeth%( S)Za%taegesig‘b aﬁ'#h?)‘is 6™F -: F The Z:rude
pr od IMR((2BC) 400RiINag) | oSt ep. 67 (815 d) ssal .\wSd3H| rs) , 0.77(9H,

t r ahydr of 200 t

i beho o eautaed, SaBoaft i ots (A Boolls JHdpT PIABH, <,
anga=t rZE{zl)l[ yzﬁmlspbomm,( 5 IBS-3. 95]5r1m,| u) wes Sexddda (28, m),
an a Sol utl on
3 A 40 o mchedt BN bribttdad Biaprghy fhed=7 280

S&ﬂ’ﬁsL@jﬂ@fmﬁSjQZﬂ Exanple 1, Step 5 in
tetra yd of uran was added dropwi se at 600C. After the

ngteR i%n of the dropwi se addition, the nixture was
stlrred WItJ1 beating at the same tenperature for 2

hr. They m xture ¢as, 20.axkl ocod to cool to
Lpom t ure, satdrat t.*!.i AU$ anmoni um chl ori de
sol ution added, and filteredhrough Celite, and

the fi-ltrat eoveems extracted tw cefwosimset hyl acet at e.
The organic Iayer was washed successively with water

(twice) %e @rmaeg; %@aﬂﬁé&qnoseéprmgﬁesmaved
sulfate. T e organic 25 layer was filtered, and the

fildm a:tesrammnwm (200ewl i sl w%m@edaﬁg%sﬂmvea%

o bk o 17 e w2

chlori€ugylphosphine (795 mg, 3.4 mmol) were a and a solution
4 QPREN e hpby] | 4025 3¢ &i‘ﬂ:x?}hﬂ-PiMbQﬂé&mln'cnﬁr&nm
vl aci h as a brown past'e. 30 Step 6

43 dbtﬁ.me&l-in the same manner as in Example 1, Step 5 in
tetrahydrofuran was added dropwise at 60°C. After the cmnplet:.on
of the dropwise addition, the mixture was stirred with heating
at the same temperature for 2 hr. The reaction mixture was

20 allowed to cool to room temperature, saturated agueous emmpnium
chloride solution was added, and filtered through Celite, and
the Filtrate was extracted twice with ethyl acetate. The
organic layer was washed successively with water {twice) and
saturated brine, and dried over magnesium sulfate. The organic

25 jJayer was filtered, and the filtrate was concentrated under
reduced pressure to give a crude product (30 g) of 1-((S)-1-
tert-butyldimethylsilyloxymethyl-2-methylpropyl)—6-(3-chloxo-2-
'fluorobenzyl) ~7-fluoro—4-oxo-1,4~dihydroguinoline—3-carboxylic

acid ethyl ester as a brown paste.

30 Step 6

43
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't 13 PF ry-N, The crude product (30 Q)
obtained in Step 5 was dissolved in isopropanol (150
m ), I N aqueous sodi um hydroxi de solution (300 m,
300 mmol ) was added, and the m xture was heat ed under
5 reflux for 2.5 hr. The reaction m xture was all owed
to cool to roomtenperature, and the m xture was
filtered through Celite. The filtrate was acidified
by adding conceptrated hydrochlpric acid, and the

m Xt ur@. Qs mgtat _rqom € dhr 2. hr.

The prel ?-o‘ solid was col Nc¢ By filtration and
vacuum 1o 5r| et 0 give a crude prodvé‘ﬁ (18 g) as a
bei ge solid. Theomoabt ai ned crude produld (18 g) was
suspended in butyl.acetate. (90 m ), and subjected to

'Sl'lhgr ;ﬁs;‘t@;%” | n WI 5y, hgv\:g%d’] %%:Lrte%f '()g%nmﬁ er w;s I'H:u&:sol‘s.ired
t e&ﬁew&;%ganall {ey0efll PN AN aquiesnsd sodduh chygireside selution

6- chl or
fl l(jé%a@nz;py g l) | HRE- q,dd(ecig) a&dmw}?ﬁ% %as., hea P.nder
Hr ¥ dx For0%0s Ind- dirhy dﬁéawumlmaecawcambwedm aool to

1 g, eld 62% (relative to Ste as {
oFoen t%wmmo;aé B e {%)Wa%p%lﬁeﬁef?g ough Celite.
J n@h% "f’ﬁ)l«tgété 3wa(sg 'Elc:.dﬂf 3 ol By Siliding? cdficéditatied) hydrochlorie
4 (1H, br), 4.25 20. 2H Sh477for2hr
( 1eidhy )andsttm rqm#uere was stigred pty Fool atyye
7 , yS 2;&:&1:38 aiid )
d%ééﬁéﬁ% 8°L&§679( %ﬁiﬁeﬁé&sf M 42( N Stvg,E .
‘ 1"7 @ried-to giye B crefe gupducks( éﬂcaﬁp%s %‘ﬂ"g‘ &
““glL @?&*e }J}oﬁh dednimbh’e Qi tate. (90
‘)ﬁj?l hag o SOdI um oxi dew%et%ﬁg%gﬁ 44 sg ?m Pc: re:mx

(rmm ang5sulpirsttednhe aﬂam seiRringewith
hegt eq1 hH”de:fhé lsh¥nd n %8sdra0kR8 £€8£$610Ftorrkefém4r e

was al1 owed
temperature, filtered and vacuum dried to give 6-(3- chloro-z—
15 fluorobenzyl)~7-fluoro—1- ( (S} —l-hydroxymethyl—z—methylpropyl) —4—

oxo-1,4-dihydroquinoline-3-carboxylic acid (11 g, yield 62%

(relative to Step 3)) as a white solid.

'H NMR(DMSO-ds 400MHz) (§) ppm: 0.71 (3H, 4, J=6.5Hz), 1.13 (3H,
d, J=6.5Hz)}, 2.36 (1H, br), 3.77{(1H, bz}, 3.94 (1H, br), 4.25

20  (2H, s), 4.77 (1H, br), 5.16 (1H,t, J=2.4Hz), 7.19-7.23 (1H, m),
7.32-7.35 (1H, m), 7.48-7.52(1H, m), 8.24-8.28 (2H, m), 9.00 (iH,

s}, 15.00 (1H, s)
MsS (ESI): M+ 436

Step 7
ol F 0 : 'cl F 0 oy
\]AIOH \hoﬂ

The compound (11 g, 26 mmol) obtained in Step 6 was
dissolved in methanol (60 ml), 28% sodium methoxide methanol
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cool to roomtenperature and filtered through Celite,
and the filtrate was concentrated under reduced
pressure. The residue 5 was acidified by addi ng water
(330 M) and concentrated hydrochloric acid, and the
m xture was extracted with ethyl acetate. The organic
| ayer was washed successively with water and

S AL ) Y Al v boaces

m xture ‘at e was
conmadt-ratﬂiuunﬂmr 2debucedhe0 rpacsisur aifurg vas aldowdd to

produc brown oiJ ..JThe a|n e
D oder 7ot EautsRttl B Fi PEe RAMRCCELINS, apa the
m ) fhytivesd iwag cmnuﬂéwnnd&SMCedylsrt@lsu(:er ydhel residue

R i i R et A

pr ehy@rdc&ﬂexhe cﬂdardl Wansd Ctde! ik Bilre Lﬁsngﬁnabte@twid:h ehlyl

Vacuur‘qéaq_Sﬁo Ve C%%g‘g%é"\ 8,2 9 g“ﬁ? @Eﬁ water

( SHandl, sa]:ﬁ&aﬁélll )hriﬁe,']-ﬁu:(cﬁ Bried, oukz6 sEﬂﬁ)m sdlfire?. 50he mixture

70- 3. 1H, 3.90-4.00
gsrr'a%)ﬁl&ei%d(z'ﬁg )(-“ fig%tﬂt%'a(slﬁonﬁn tjg)d(qlﬁr Fsduced
’g’oggfjﬁrr% ;?5 di38 Z?’?‘f‘ﬁ ﬁﬁ:)ﬂu&l (G2 e a6 B31S) The
S S e
CorfRae PRasspEIsth dLAcd) MPoALpboivetaLE dRgBRTAL Aeetate

25 (61 i) by OlilaRt dlﬂcﬁrsf:éﬁl& Mepesshd soyyed i(&rystal form
I sobutyl acetate 84 m) rX heati ng under refl ux
t hethiot GrEpaprd &t |W%&eﬁﬁ? P EhGHHAREULE | ﬁ*g'if’aed for 23

COMy whifePAEGkRhy AL dos®! | rAPreENhtaeb8dldd was collected
filtration and vacuumdried to give crystal forml|

C1byr Fijtratigngapdoacymcdrisslite give comppinde AsdBig 9. yield

30 ﬂ)gqnggea?,ﬂﬁteP,g&chUon of cryst al formll of the
cogEound 11 Y%cop F"

R (PMEB HRERD ) POB: 0. A )J=®a§ﬂzh 1.16 (3H,
di ggolugdsgd)n b g luiapones hanesy Hens graqhd, (00 ITeb-4.00 (1R,
and N-| odosucci ni mi de
m), 4.03 (3H, s), 4.12 (2H,8), 4.80-4.90 {JH, m), 5.19 (1H, 1),
20 .7.19-7.25 (2H, m), 7.46-7.51 (2H, m), B.04(1H, s), B.88 (1H, s),
15.44 (1H, s) '
MS (ESI) : M+ 448
Step 8
" Compound A (7.66 g) obtained in Step 7 and compound A
25 (9.17 g) obtained in Step 2 were dissolved in isobutyl acetate
{84 ml) by heating under reflux and the mixture was stirred for
16 hr while allowing to cool. The precipitated solid was
collected by filtration and vacuum dried to give crystal form II
(14.73 g, yvield 88%) of compound A as a white solid.

30 Example 2-6: Production of crystal form II of the cqmpound A
Step 1

A0 —
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(157 g, 696 mMmvl) was added by portions at not nore

than 5C. After the conpletion of the addition, the

m xture was stirred at 5 50C for 1.5 hr. The reaction

m xture was poured into iced water, and the m xture

was stirred for 1 hr. The precipitated solid was

collected by filtration, washed successively wth

wat er an@,4heiEhverobenkoigsc aghtldfiddd gy 063 yaol) wab dissolved
2, 4; di f| I ¥%he&!¥l-iodosuccinimide
quanl? iir ?vg %gétﬁ%? %ghggl [ dﬂi f(ﬁ)é%ﬁ?%m CDC13 .
300[\&527) o 659@[1:!:1015 x@a:s( 2dded by Portions Bt BPE)mrg ¥gan 5°C.

'theEhl fure Raz~stirred at
Ekfctér%p%h ﬁ%@e§l£€@% I%dcabq;?g?hed in :ét%; 1avvas

155 @bt’ss&bwad 5i hret IThe zewtticn (asmmﬁ yasopeynpd into iced water,
chl g 122 o et byl pro@ipidated solid
(ca?’h#% xr%‘tfﬁt e a%i% %ﬁd the mﬁxture was

st iwae d:oalecumyefmmratmoe, fmShEdhimccﬁﬁ’élVﬂ-lf fixhewater and
was concentrated under reduced pregs eebhapedi id
W, DGR ac VR S ae thedt vy 2c Tt fung o4 e ac
tet (Wd@i&ﬁq@éﬂﬂ.ﬁ&lﬂé) as i shite saldd. was added

rqpwi se to.a s o of et hyl 4
4 IS e Aol ool BoBi 1 (g do7r10Rr 20-388), 8-46
tru@mhyhanpwesﬁgn n1 150 nnDI) i n tetrahydrofuran
(100 E, and the mixture was heated under reflux for

e reaction m xture was allowed to cool and
ethyl ‘acetate (200 M) was added. The m xture was 25
washed succeSS|ver with wager (tw ce) and saturated
bri ne, foted over fate. The m xture was
flltered t he TEiltr “concentrated under
reduced pressure. The obtaine resi due was subject to
slurry stirring wwth a m xed solvent of diethyl ether

(50 m) apd Lflﬁ?@ﬂﬁd (@@ g1) 100 higeoXh xbiinsdsiB(Btep 1 was

filtered. he remai ni ng SO|Id was vacuumn dr.i.ed
1§| viesaolvﬁdjé@ gtlyﬂu@peygge g(3°§9| 6?#‘ gfmorlde (.Ilf ml, 122

dEh‘H fh&gﬂi@n%l ic amount) were added, and

net am noacry ic acid eth ester as azygl I OV,

Soh:hd m.Sttqu-eswas stirred at room temperature for x. e
filtrate was concentrated under reduced pressure and azeotroped

with toluene. The residue was dissolved in tetrahydrofuran (100

20 ml), this solution was added dropwise to a solution of ethyl
3,3-dimethylaminoacrylate (17 g, 120 mmol) - and triethylamine (21
ml, 150 mmol) in tetrahydrofuran (100 ml}, and the mixture wase
heated under reflux for 3 hr. The reaction mixture was allowed
to cool and ethyl acetate (200 ml) was added. The mixture was

25 yashed successively with water {twice} and saturated brine, and
dried over sodium sulfate. The mixture was filtered and the
filtrate was concentrated under reduced pressure. The obtained
residue was subject to slurry stirring with a mixed solvent of
diethyl ether (50 ml) and hexane (50 ml). The mixture was

30 filtered.and the remaining solid was vacuum dried to give a
crude product (26 g, yield 63%) of 2-(2,4-difluoro-5-
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00 1,~,,~C02t | OxEt F F 7 ,0Hd5 The crude
product (22 g, 55 mmol) obtained in Step 2 was

di ssolved in tetrahydrofuran (110 m), (S)-(+)-valinol
(6.8.g9, 65.8 nmol) was added, and the m xture was
stirred wwth heating at 50C for 30 m n. The reaction
m xture was concentrated under reduced pressure, and

t heiﬁ&eﬁggyfﬁ%n%ﬁé&ﬂ%ﬂihaa&tﬂﬂh A5 atRyll @stk@0as a yellow
wasne

m), successively wth water and saturated

bri aelid.and dri ed over nmagnesi um sulfate. -The m xture
wasgfdl ered and the filtrate was concentrated under

r ed pressure. The obtained residue was dissol ved

i n di nethylfonnam de (80 m ), potassium carbonate (19
g, 137 nnol) ®as added, and the mixt 15 was stirred
with heatli ®FE for 1,5 h ction nmixture

was allo geol to roomt ture and

concentrated urtder reduced pres?:h\e. Water (250 m) -
was added to 'the obtained residuggand the m xture
was stirred at roomtenperature for 30 mn. The

ecipitated sali c ect i fheH) inl St 2
%[Jt ai nedeé%ltf %\?/ag‘r%i%teg%u%’cﬁs%]l)ybvb\n{:?h a niixeg B2 was
sol dienbived inatetrfi@rofiyan cflAQ| mEcet8l eI roradinohntf-8 9,

g_e;(f[afﬂgr %ﬁ%)?@_a%_ d?%ﬁé%ﬁzwg&;& @LY¥Cstirred with heating

metdy 5pro Eyk) 36 miindo- The xeatt donlintytuxey wiago Fppeetsrgied under

poivesyerd aectrrsy 581 Ehenity et agihud® 1) =g acoaes

. 7Q 003 ) dwadhéa Gitcessivdly @Rth watdr dnd sgrppated dgine,

ooyt o3t (gl Bhighih: riipidtiedibs gfigfed ana

( 1Rhet £i11thade kY ,cohc@ftfdidd dndee kbditld pr@sélre1H The

2' @ﬁ%ﬁ?@?g wa(sltilisss,glv?é% Q/E (cg.?n!el:iiy orAﬁé?uiéZ ﬁdapnl} v

potassium carbonate (19 g, 137 mmol) was added, and the mixture

15 yas stirred with heating at 60°C for 1.5 hxr. The reaction
mixture was allowed to cool to room temperature and concentxrated
under reduced pressure. Water (250 ml) was added to the
cbtained residue and the mix:ture was stirred at room temperature
for 30 min. The precipitated solid was collected by filtration.

20 The obtainéd solid was washed successively with a mixed solvent
of water (100 ml), ethyl acetate (10 ml) and hexane {40 ml) and
vacuum dried to give 7-fluoro-1-((8) -1-hydroxymethyl-2-
methylpropyl)—6~iodo—4—oxo—1,4—dihydroqu inoline~3—carboxylic
acid ethyl’ester (22 g, yield 88%) as a pale-yellow solid.

25 g NMR(DMSO-ds 300MHz) (§) ppm: 0.72 {3H, d, J=6.6Hz), 1.10 (34,
d, J=6.6Hz), 1.28 (3H, t, J=7.0Hz), 2.27 (1H, bxr), 3.77 (1H, br),
3.86 (iH, br), 4.23 (24, g, J=7.0Hz), 4.56(1H, br), 5.12 (IH, ¢,
=4.9Hz), 8.09 (1H, d, J=11.1Hz), B.62 (1H, d, J=7.5Hz), 8.68
(1H, s) -

30 MS(ESI): M+ 448
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The conpound (22 g, 48 mmol) obtained in Step 3 was 5
di ssolved in dinethylformamde (60 m ), imdazole (3.9
g, 57.7 mol) and tert-butyldinethylsilyl chloride
(8.0 g, 53.0 mvl) were added, and the m xture was
stirred at roomtenperature for 1.5 hr. The reaction
m xture was concentrated under reduced pressure, and
theStgp & ned resi due was dissolved in ethyl 10 acetate
(200 M), washed successively with water (tw ce) and
saturated brine, and dried over sodiumsulfate. The
mxture was filtered and the filtrate was

concent r gt ngoktr educed presgupe. colike obt ai ned
resi due pell Ichiomat ography

(et hyl aFetat®: hexane-3:7 to #6f Mo give 1-((5) 15
1-tert-butyPimet hyl silyl oxynet hy‘lr-)} nmet hyl propyl )-7-f
| uoro- 6- i odo- @ oxo-1, 4-dihydroqui f3PPM§e- 3- car boxylic
acid ethyl ester (25 g, yield 92% as a white wax. 1H
NVR( CDC13,, 400VHz 6 0..04G3 05t&H.3 shs
0. 77(9%,he %3”“"%‘“@42%%&1 4§ e ))B%’tél%nl%?%ﬁ, d%H

F- Gafadollyed . 40 (e thyl f28mamide HEP, mP) 35inddepeley (3P 9. 57.7

3.85-3..95 . 98- 4. 30-4. 2
> St e PR apodP g 63 2. Do
VB(vesle) addéd 5GRdStie nfxfufe (wasCstirted G cpgpNBmperature for
orB 25 The co nd (.2 ' ' ce
St o Oy b i SERPELE miePafe 140, FBcdn GRS G requced
" UNGffes3ir@) GOl $héc@Baindd residue was dissolved in ethyl
i benzyl i denacet pnepal | adi un{ 1| .0

R A Wi sl

SOl d#th2atéd brink, o @rhbd @ferlbbdium sulfate. The mixture was

3-chl oro- 2-f| benzyl zi nc_broni de, oht aj '
| earaRh e thh ERRRE oo SPORCRCTAL: LRARE drE i

5 wassdffed dmepubefindll 8861 dvd was mheifiedpbetsidicef gel

the dropwi se additiqn, the m xture w heat gd .un _ _
r efchrgmategraphy, (ethyd apetads BRXARST et\ﬂag‘g I%’\Agg{'?ol ()

180G+ LR+ LAAPIHENP R ALY N 91 o Bfntiithy 1 -2-methylpropyl) ~7-fluoro—6-
iodo-4—oxo-1,4—dihydroguinoline~3-carboxylic acid ethyl ester

(25 g, yleld 92%) as a white wax.
%y NMR(CDCls 400MHz) (5) ppm: —-0.07(3H, s), —0.05(3H, s), 0.77(%H,
), 0.84(3H,d, J=6.5Hz), 1.18(3H, d, J=6.5Hz), 1.40(3H, t,

20 go7.2Hg), 2.35-2.50(1H, m), 3.85-3.95(1H, m), 3.98-4.10(2H, m),
4.30-4.40(2H, m}), 7.26(1H,s), 8.64(1H, s), 8.94(1H, d, J=7.2Hz)

MS (ESI) : M+ 562

SteE L)
0 F 0
o™ — oo™
F F
oo Y raos

25 . The compound (25 g, 44 mmcl) obtained in Step 4 was
dissolved in tetrahydrofuran (200 ml) and, under an argon gstream,
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acetate (200 m) was added, washed successively with
IN hydrochloric acid, water, saturated aqueous sodi um
hydrogen 10 carbonate, water and saturated brine, and
dri ed over sodium sulfate. The m xture was filtered
and the filtrate was concentrated under reduced
pressure. The obtained residue was purified by silica

I n s tqsh Ng44: )0 athél 1
05 AT AR AR LR AP, R DGR RIS o0 s L)
ot fivd frrypphosmhine. (Hiong, 2313 FBObbovRRA paved | | d seUiigon (58
-1 4-_dj h L 0} i B8 = 35 C - 6 i1 86 @tain
(0 S A ARy S B aines
400fizthe( Sk pranned . HD (BxExanple- @ ,og(g:x’s iy Fetg_al;gt{lg;a?u’ ran

,..0.85(3H d. J=6.7 ol 1 ;{Eg; _ wise
E? bR 9?)—%@"2%5%3?,0 %’r ) %gé%é&f gZ( x,tir?j;l, oP (ke drop
3. Oddh t83h 1 xthenjnixtune) Fad Heted unjler sefipp forsP hr. The
4.34-4.41(2 . 96- ' s eod 4035 7 e
¢ Skl ol SRR ool o A BB, e
J=Gadbkhty, (MBAL] xwas odSedp vhsha8 Fudesgively, @iti 1
NCl. Q' OTBDNS OH.Th .
DUNATEEE TP AL e sel Saato e SmmedHp eyt Byrogen
10 )carbbifatodinatereiiD shtieratechbrbhe, swidudibed Syer| sodium

304 I dded, d ' 8
inciLERh Lo R ver i EEp, e Y, EPARte e

al | ptRdnt fotedPunosr deduted presspes at (he, obtimed( 2egidue was

m ) was, added, ,apd nethanol _ was_ evapor . )

r e dEEELe &35 l?lii?carl‘?@ r%ﬁ‘iﬂ?@"%’%ﬁl C(I%&F} ffgad*%% |xr?3e=4'6

co%eat;:mt-@g ggy_dr gchlswi-eta’iﬁd—-ﬂud_ ' tgl'djumhl : gﬂ?]imlphmﬂw;--?r
cetate, and _dried over saodiym sul fat mXtupre 5. ,_

B erbr ecRyD) aRa PR T ALBO AR TR ST SRy oy 14

r e@iﬁ?&rocﬁﬁ%&ﬂﬁ&ﬁ—%a%&ﬁ;ﬁd: bofle gngduestdd 419)gpfyield 68%)

conpound as a pale- vyellow oil. '
r;r; a pale—yellove oil. y

1y NMR(CDCls; 400MHz) (5) ppm: -0.09 (34, s), —0.05(3H, s), 0.75(SH,
s), 0.85(3H,d, J=6.7Hz), 1.18(3H, d, 6.7Hz), 1.39(3H, t,

20 J=7.1Hz), 2.45(1H, br), 3.89-3.92(1H, m), 3.98-4.02(1H, m),
4.07-4.12 (1H, m), 4.12(2H, s}, 4.34~4.41(2H, m), 6.96-7.00(1H,
m), 7.03-7.05(1H, m}, 7.21-7.24(1H, m), 7.26-7.29 (1H, m),

8.39 (14, d, J=8.BHz), 8.63(1H, s)

Step 6
25

F 0
O — O™
F N 0 \[J\'
\rl\l'mous o

The compound (17 g, 30 mmol) obtained in Step 5 was
dissolved in methanol (120 ml), 28% sodium methoxide methanol
solution- (62 ml, 304 mmol) was added, and the mixture was heated

30 ynder reflux for 19 hr. The reaction mixture was allowed to
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Step 7 Conmpound A (14.11 g) obtained in step 6 was

suspended in a 10 m xed solvent of ethyl acetate (20

m ) and hexane (20 m) at roomtenperature, a seed

crystal (crystal formll of conpound A) was seeded,

and the m xture was stirred for 1 hr. The suspension

was filtered, and the remaining solid was vacuum

dri ecol dogiruen craeperature ( eayet al20Ponh) Was 2dded, gnd methanol

Id 779 whi t e, soli d._Ex R
R o e v
Pr Od:blﬂiilﬂi&dolﬁy CHcMihgl cérm’emtkhtecbhyﬁ-h@cldmrpcundl‘i« egfgacted

Cryst co A (10. 1) <
obt‘éﬁ'ﬁb@‘:}qﬁ 8 Zaqu %ge & £ %&'}us’,%% ? gggbetTgF guxture
(B Owiﬁ-)fllﬁerét[l,d ahfethe ySiabane s eemhersﬂ:amyd hertdsim geduced

St Shb s, IS, o S BB, SRR 9P Pl oo = peae

Thi ge@WuUbLDN Was further allowed to cool to room
tenperature, and further stirred for 12 hr. The
pr%ﬁated crystal was collected by filtration. The

obt ai ned coRPowid/ At 44 VBE glasbedingd! bini SedpuByvaaceispeeded in a

R

be dichi ERPeradti2d) Cd Yeuledl 181l l{cbyst=24REBrANEL Yl epmpound A)
crystal shov:/l:n t he XRPD g{:}g{t c§: 1) as_this The.
I 2:

cr yeas, peqged 4 &R’énﬂa% mixpursg| quso,sﬁ-,’t

hQ:[brwaa%r ¥5iedrdQr Bhd |'ﬂheof:aﬁ$hﬁiiﬁﬁnﬁ ouid whs Fheuum
cryst al formll of cggound A (250 g,

obidxisddte rgimaﬁgmo B ASTYRIQL IR |Istob3|9y¥\6 Srevdpld 77%)
1(5755% gL),hiteAsggggl_ crystal (12.5 g) of the crystal form

conpoun obt a| ned |n Exan'pl e 3 was added at

f| |§‘1 %l rf-ilfpl bl-ﬁ ré*::.%'hyéf atl:ggg_é : 1 f&!ﬂl q(i&egf b&he compound A

i sobutyl Tlaeeenarsea; 2B0mily, of rrdmpaund A 4%l 9o 3 Pemmol)

t he ec chLyst al Il d(30 mL
SRR Jrr Rl GE5/PAR s ponE, oot 30

Zeonahurmad drgsbal egis vaabemlvescbbyhheaﬁmndad@: mrefdyst ofhe

ENE FhY i valb CEYSHY 50880, bnd'seGQIREUAL A hr to allow

precipitation of crystals. This solution was further allowed to

cool to room temperature, and further stirred for 12 hr. The
precipitated crystal was collected by filtration. The obtained

25 crystal was washed with isobutyl acetate (10 mkL) and vacuum
dried to give a white crystal (9.85 g, yleld 98.5%). Since this
crystal was confirmed to be different from crystal form II by
XRPD analysis, a crystal showing the XRPD chart (Fig. 1) as this
crystal was taken as crystal form IIXI.

30 Example 3—-2: Production of crystal form III of the compound A

The crystal form II of compound A (250 g, 558 mmol)

obtained in Example 2-2 was added to isobutyl acetate (750 mlL).
A seed crystal (12.5 g) of the crystal form III of compound A
obtained in Example 3 was added at room temperature and the
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obtai ned in Exanple 3-1) by XRPD anal ysis. Exanple

3-3: Production of crystal formlll of the conpound A
Compound A (crystal formlIl, 10.0 g, 22.3 mol)

obtained 10 in Exanple 2-2 was added to isopropano

(30 m.), and the m xture was heated under reflux to

di ssolve the crystal. The solution was cooled to 70C,

a seed crystal (10 ng) of the cr stal foor.m of
corﬂpmeAWéﬁt%ﬁlﬁ-’éGdl ’%P%%Qn’b’l’e he Rﬁ%‘:’é’d&é‘d&‘l FoHe vos

XELH éfﬁ%& 541 £189aE Q0.5 Bhe cHth$nsd Xryseatams wathel with

aIIovve to cool to roomtenperature,, stirred f
hr 1mmﬂeae¢w&a|(25wteow%efﬁsamb e?ltF%’tt?]t‘)'r? the Shiect

Obt J&f‘u%t‘”grl A S asheds selig, hyl snprospaspl as hownrge

vacuum to give { he Obj ect product t
f%rmaﬂal 9. MRl crys‘eald woy copfizmed Yih t{éﬁéi & tne

Thi g s Ef fyda1bq ytaaalfam. 11X lfec@fpound A
stan ?% uct o? e crystal ff?' stal formlIll of

conqﬂmﬁi@eﬂ iniRxeinpde 3111513&%?@ 8033¥sH#-XRPD anal ysi s.

Exﬁé%f Eé—:_ﬁP rﬁ%ﬁﬁ&#ﬂﬁ p:ff %ﬁ%@k@l féﬂﬁ rﬁt[' bf Gthe cgt_nggo und A
co .
15. 6 mmlc)mnpomtamn ddrystalx Sopr d12- 30 RS -added 1g obtained
d I I t the mi
'{rFL;(fré ﬁ',s 9 usso ag J}ﬁﬂﬁt 1;%31 %?é?ﬁ'@ﬂ) {@def)!.\ﬁ Qnd(the mixture

addexs haaseed:lrfdﬂfsrﬁﬂuéﬂﬁo rdf)sseflve h‘@*b sFEeEar r odfigt solution
was st ade 'lfcr 28 o@Nd LOgy LULE MRSma] | 4F telef é’fy#ﬁal form
a

hr S"28AP81-€ Wi g%t 8- CcooT "t o room t enper at ur e,
i XELT @fWesmpamdc Aobisthined dirf Exeiple il wag Fdieds ﬁ'i‘% the

ohrshie Yok s R Fr R Ay TR Mg e e @ loved

a m xed solution
f w@oommwm( ﬁa@eﬁﬁumd stdreed (15)1:6 181 hr apgdy e fRystal

dried to |ve rodygt e a
( crips gpl c{tf])i‘?'l gﬂ()tr %15" y?fg‘ng@ : H-c %%lckagtgﬁsmd
msfiq;gnﬁgéﬁmba&ﬁlbmcﬁmthammmm to aricrgr §he object
product Exanpl e _3-1 X anal er.l

g sﬁﬁaapg?‘%“y%ﬁf ?3 sD] 208" e%cefstldg? ')7/5% al atggtﬁ nm&ﬁte
vver&yggggr MgRaG cpysﬁauewggldmﬁ@e@nai pei equiealsntatﬂj the

the Stability test of each crytal r 0
2 sistgnenet pEpdugli e dhe crystal icrysta(l HELE &Qﬁﬁ’)und A

obtained in Example 3-1) by XRPD analysis.
Example 3—-4: Production of c:;:ystal form III of compound A
The crystal form II of compound A (7.00 g, 15.6 ntmol)

. obtained in Example 2-2 was added to a mixed solution of ethanol
25 (52.5 mL) and water (7 mlL) and dissolved by heating. Water (28

mL) was added, a seed crystal (10 mg) of the object product was

added at 70°C and the mixture was stirred for 4 hrs. After

allowing to cocl to room temperature, the mixture was ice—cooled

and further stirred for 2 hrs, and the crystals were collected
3 by filtration. The obtained crystals were washed with a mixed

solution of cool ethanol (8.4 mL) and water (5.6 mh) and vacuum

dried to give the object product as white crystals (crystal form

III, 6.77 gy, yield 96.8%). This crystal was confirmed to be
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Sanmpl e Unl ess otherw se specified, the aforenentioned
crystal 20 (crystal forml) obtained in Reference
Exanple 1, the crystal (crystal formll) obtained in
Exanple 1 and the crystal (crystal formlll) obtained
in Exanple 3-1 were used as sanples. Analysis test 1.
X-ray powder diffractonmetry 25 This test ains at
obtaajuﬂhrageﬁ@ rtay thevwiandaid fpracuictn (Exmmpler fst)t &Y XRED
emHf the crystal formof the crystals obtained in
&% Exampl e 1, Exanple 1 and Exanple 3-1. The
diffraction patterns are utilized to specify the

stal ,form gval te the stability, to determ ne
théﬂﬁﬁ%—ﬁﬂ?ﬁake 20 A sanple was fixed to an
al um nuMPEE| propapty tidueseas waeke orysksl forh Jereddetermined
u3| ng an X-ra owder. diffractoneter. ( QQ0

w&g? AERFYBYS FISRu- 6‘8‘? p’lé)hreatE ion i12"><9'r %5& of each

S OW&’:}Qtaﬂdeﬁrx Wk Perfoubed ilingg thend sk Wpdicdse
electric current: 40 mA, scan speed: 5 per nin, step
wi 8#mP18 02, diffraction 25 angle: 5-400), based on
whi ch t hgntidd baséiwikepapéeified)cthe aittramertionpiecrystal

obtained diffraction patterns re sho Fi.g
 EndmmyrirFifprm 1) ey 5n%véd’er“e FF?‘F%%%S‘F]‘%%tlt ert%"é ofybtal

obt; réh:?@@a]‘. [ €5 WWich ¥ed AR ERSmPES & dnlif treecrystal (crystal

The ore it was confirned that_the cr al s ed
| Cog FERIorbie S AR PR S d s rers, e 45, b ELd ]

vvehgag#ﬂé Nelse fromeach other, and show
diffraction patterns as shown in the
wmwﬂﬁifdiﬂfﬁaﬁmmern Therefore, in the
E’fesent mf‘scf €3 4n at ! H5ta ARG RAPRH p@edeﬂcwﬁhaébim
or

, Ccryst mll and crystal formll], bas

t hpsetMQWOSWeﬂﬂlq%tll 5P Attt &PRSCTYE 218 obtained in

e 1f Qi edp1di $ir.actrhendiffraction
pegéh];#ar acteri é Ii ?iaeﬁéﬁl:{:@ %

tlco h crystal may be evaluﬁ te th
|npattemmrae'hentil\l@eﬁatmeﬂpel§=é§h§dﬂéﬁt qyetel (forket P vate e

chapty 1y gto pqhtfﬁ 4 a%ld PRePEBls and

ch§ erls'tlc ac:lon peasspemfledfromthe
2gi ffracta mmpaétmmsfimd Fiqy.an] admginum cell, and the

measurement was performed using an X-ray powder diffractometer
(RINT 2000/PC Ultima', manufactured by Rigaku-Corporation, X-ray
source: Cu—-Kgl ray, tube voltage: 40 kV, tube electric .current:
40 mA, scan speed: 5° per min, step width: 0.02°, diffraction
25 angle: 5-40°), based on which the diffraction patterns were
obtained. The obtained diffraction patterns are shown in Fig. 1.
As shown in Fig. 1, X—ray powder diffraction patterns

obtained from respective samples were different.
Therefore it was confirmed that the crystals obtained in

30 Reference Example 1, Example 1 and Example 3-1 were distinct
from each other, and show characteristic diffraction patterns as
shown in the X-ray powder diffrac‘tion pattern. Therefore, in
the present specification, they were named as crystal form I,

crystal form II and crystal form III, based on these X-ray
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shown below. [Crystal forml] Miin diffraction

peak: 20=6. 58, 14.40, 14.64, 15.24, 16.48, 19.16, 10
20.90, 21.14, 22.24, 24.74, 25.64, 26.12, 27.20;
Characteristic diffraction peak: 20=6.58, 14.40, 19. 16,
20.90, 21.14. [Crystal formlIl] Main diffraction
peak: 20=6. 56, 9.04, 13.20,'14.62, 15.24, 16.48, 15
19.86, 20.84, 21.22, 22.24, 25.22, 25.96, 26.12,

27. pawderCHAFEER PRt PREYRIMEr act i on peak: 20=6. 56,

13. 20, 1%B6gpeddfltatiad of2 the erddtal Foral, akhé alififichrtion
Main diffraction 1Eieak: 2e=8.54, 14,02, 15.68 ul%%(g) n a
16. Beak phapgcterigtio ofy each grystpd May BegeEYlUSTE !

25 SA e e e i Te g
Char act offhatiair I FFauation peie 20dginfactaripric gifgraction
17. QBaxs Lfelfbic@icibn e @dffractibe piitennfl BiFRig251 are

This test ains at the neasurenent of the enthal py and
ext shgyal Aedew.onset tenperature at an endot herm c peak

on z&reystglffc?x‘ine&ﬁi al Scanning Calorinetry (DSC)
nmeasurenent curve. These val ues are anong the +nd1iéc§1§ 19.16
form - T

of Wain siffradtipnopeaki20=§bd¥e-Ifeffi otfedler yat4t-
ko g&)@%t,abﬁﬂr ”hb!zé‘,”%%%(?tﬁ.sﬁ?ffe.ii(é,liz’v.zmrad can be

used as "an i'ndex io specify the crystal form _ 2. 1.

Ent ¢isdyaytanis tdet difitantdgnopraks: 26 vattrdd o9 tos38-20-
forﬂ |4,,and crystal formll Crystal forml and crystal
form'I]J Were subjected to neasurenent using a

D f {eryetsl aforBc@dbhi ng Calorinmetry (DSC) 53 :

neasur e appar at NARS 0 nyhagh ur gy % U16.48,
Coﬁ%df’aplgg%aﬁ&gﬁﬁ e?e%}t&ngs pher’e,9 ) %’asli far g?na n:?g N ?rggl eg:_gi;
Hy, 19 .186pP20 Bdyr 1 rixe 22224, 26022} A 96al 2fi WumZBpat’s

R T R T
peada.@a,t e 22bt ai ned DSC curve

[Crystal form III]

Main diffraction peak:20=8.54, 14.02, 15.68, 15.90, 16.00, 17.06,
20 317.24, 17.84, 18.12, 19.50, 19.30, 22.26, 22.68, 23.02, 24.1s6,

24.76, 25.18, 25.74, 25.98, 27.50, 28.80, 30.38, 30.72, 32.54°;

Characteristic diffraction peak:2¢=8.54, 14.02, 15.68, 17.06,
17.24, 24.16, 25,74°.

2. Thermal analysis
25 This test aims at the measurement of the enthalpy and

extrapolated onset temperature at an endothermic peak on the

Differential Scanning Calorimetry (DSC) measurement curve.

These values are among the indices of the stability of the

above-mentioned crystal form I, crystal form II and crystal form
30 ITI, and can be used as an index to specify the crystal form.

2.1. Enthalpy and extrapolated onset temperature of crystal form

I and crystal form II
Crystal form I and crystal form II were subjected to

measurement using a Differential Scanning Calorimetry (DSC)
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were determ ned. 2.2. Enthal py and extrapol ated onset
tenperature of crystal form 11l Crystal formlll was
subj ected to nmeasurenment using a DSC 10 neasurenent
appar atus (DSC8240, manufactured by Ri gaku

Cor poration), under atnosphere, neasurenent sanple
5.00.5 ng, tenperature rise rate: 5C/ mn,_ alum num

cl onedsyrement rRPRAraiAa(DERAR, manyfaghuresh by,

ent BRLRY-236n PX 0! ALRIALAESE! mea8UPGhiIEEnBle 1 ng,

endotherm c peak on t obt al ned DSC curve 15 were .
det semperaturgriscerates P/ mivovaluninpghpeen Panf,pRed lumina

DSCog ey 652 %ﬂ%&ﬁ@ém GrReBKN pFN AN gt BBE1ated onset
extrapoﬁ ated onset O tenperaturé Crggst al Endot herm c

peaketfmyratEne el py  ¢udephelwi e padkarp ined DSC curve
te .o Crystal 51.080 150.3 forml| Crystal
53@%%3%&.35£&;egfm Il Crystal 81.404 162.1 formlll

As BhbwiEntha lepdlexrappiated onset | twugepmﬁ sxystal form
ent_laﬂ py and hi ghest extrapol ated onset tenperature

anorg~three 25 crystal forms. Thus, crystal formlll
was conf iCryethl colmm IDE twass sulbj ectiedr he 1:astyepent tusdng a DSC

A This test ains_at e n gAY Xu

R inseieie SRt d AREAE hafleddll by Vrdla

chetémdrasiabi, uhier htinosPherd y mebswomendn dample 5y 848 S5 mg,

forml|l and crystal form Each, sa e f

| O et bR e e mig AR S B | Qe lumina

acedsfikiet 54 | £ refep@ic@: .an ThsDenthadpy léhdrexandpelated onset
temperature at an endothermic peak on the obtained DSC curve

15 yere detemined.

The results are shown in Table 1.

Table 1
DSC curve at endothermic peak on enthalpy and extrapolated onset

20 temperature

Crvstal Endothermic peak
rys
form Extrapolated onset
Enthalpy (7/9) temperature (°C)
Crystal 51.080 150.3
form I
Crystal 151.2
form II 53.542
Crystal 162.1
form III B1.404

As shown in Table 1, crystal form III shows greatest
enthalpy and highest extrapolated onset temperature among three
25 crystal forms. Thus, crystal form III was confirmed teo be most
stable foxrm.
3. Purity test
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used as a sanple solution. This solution (10 pL) was
applied to high performance |iquid chronmatography
(HPLC) under the followi ng conditions. The peak area
of each sanple solution was neasured by automatic
integration, and the purity was determ ned 10 by the
following fornula. The purity is shown in the Tabl es 5

d 6 bel Purit 0 A, 10
I e P Sl B eI B

sol pid QRrAtH cdPiRl upRplhsainviices BEakBendicaerstdrddithe
rml n peak o tal ned fr%m sarrple soI ut| on Test
259 m) @@&mﬁ%@&%@ o BRer csjeR! Srad 16, amm . 10

|l ength 15 cm particle size % rwfactured be 10 mDL and
Shimgi UGSCG-"-SBCLJI"&‘-" %blal‘}ﬁ‘ﬁm!’éﬁ’ﬂ-éﬁa pake: 3T an

t enpRiabYr 8 Sn1RdsdifeiolPDithesPBaSEL BN (10 pl) was applied to
trifluoroacetic amsd séloutl on (1:1000) 25 |\%:.bl | e

phdk’éthPe’o‘ﬁ‘PmWﬁ baid epresesagEephy ofiFEC) pndex the
?0?- f’iﬁv\#ec&ﬁiw&@ GradligeRk Rr-e8'&¥Mealh é‘d?@% sd]l.ution was

ng Table 2, the m xing ratio of nobil
phmsnraﬂ doyrsitPRaira datepmagien anged the e‘bﬂ‘t%?'as determined
10 Pl 1a30 782 gaPiey A Thﬂ@m( Tnnihéfragles 5
m%&ﬁgh%ﬁ%% gadfmgaase I Nj %Ctl%“ﬂ R B (% 0 55
45 ang- 6 BSlab?2 45_448 5-15 52 48 15- 25 52 420 48-; 80
25-35 20 80 35-36 20-455 80.--45 36-45 55 45 Flow

rate: -1 nb/ mn
Purity (%) = 100 - (Baw/Ag} X 100

15 .. total peak area of peaks obtained from sample solution
B.m: total peak area of peaks other than the main peak obtained

from sample sclution

Test conditions

20 petector: UV absorptiometer (wavelength: 259 nm)
Column: CAPCELL PAK MG (inner diameter 4.6 cm, length 15 cm,
particle size 5 um, manufact::ired by Shiseido Co., Ltd.
Column temperature: constant temperature around 40°C
Mobile phase A: trifluoroacetic acid solution (1:1000)

25 Mobile phase B: solution of trifluorcacetic acid in
acetonitrile (1:1000)
Gradient program: As shown in the‘following Table 2, the mixing
ratioc of mobile phase A and mobile phase B is changed to control

concentration gradient.
30

55




3.2. Purity of conpound of crystal formlll A sanple
(crystal formlll, ca. 50 ng) was dissolved in a

m xture (4:1) of nobile phase B and nobil e phase Ato
make an amount of 50 ni, which-was used as a sanple
solution. This solution (1 nL) was precisely neasured
and a mxture (4:1) of nobile phase B and nobile
phase A was added to preciselymnnkeZan SO anount of

sonl's s Winl® UoRRLI WMab110%h
sanpl e sl uﬁ%&r}l‘ %mgf S| andar d ﬁl:fﬂﬂb pR hase
]

! soluii gy (15 L) was (%)
appl i ed fo—htgh orEmcer T gul g uer TOgT aphy
(HPLC) under_the ol low ng tonditi 3ns THe-peak-area

of each $olution 8@% neasurkd bypSewdnnatilc 45548
integrat{on, andg-hg purity jwas deser ni ned 15 by48 he

fOllOWingnunnw |||c purit 1|n e blg 7
bel ow. Plirity (%1L =300 - ( 1'5?'?%6 ppakagﬁgg of

mai n pea ard snbutlon A .. te&aal
peak ar e; T th K0D d
from sanm di t?%aég'% Ddt.ect gr“’q\%
absorpti preter (wavs engt h: 259 nngsCol unt: WAt e45

XTerra Mce—€18 \IHHCI U|aHClCI A6—TCT ieﬂvth o Ob an,

particl eE1EV Ffesr 1 manuf act ured by Waters)

Col umm t enper at ure: const ant tenperature around 40C

Mobi | e phase A phosphorl c aci d i.s _added to
' BRI 3 Bridl - 41149) to

ad] ust pIA fﬂng]_Q @ciebiil qio&haiﬁﬁ aacsbcm)t Wakedissolved in a
G adi ent program AS shown in the fol] ow n g Tabl e 3

thMWﬁg (4: 1k iof BebHSoPhase B edamabile phepe 4o iake an

gedrt §o AN iRl ch SRBCRSED 3lsi ANsAigRY @BlutLth. This
Tab 3 Time (mn) after Nobile phase Mobil e, phase

i nj mtennAq @)L} Bwps)pregisely guegsured. and sgmbgtuze d4:1) of

mobile phase B and mobile phase A was added to precisely make an
10 amount of 100 mL, which was used as a standard solution. The

sample solution and standard solution (15 plL) was applied to

high performance liquid chromatography (BPLC) under the

following conditions. The peak area of each solution was

measured by automatic integrétion, and the purity was determined
15 by the following formula. The purity is shown in the Table 7

below.
Purity (%) = 100 - (Bgm/A:)

20 a.: peak area of main peak obtained from standard solution
Asu: total peak area of peaks other than the main peak obtained

from sample solution

Test conditions
25  petector: UV absorptiometer (wavelength: 259 nm)
Column: Waters XTexra MC Cl8 (inner diameter 4.6 cm, length 5
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35-45 20 80 45-46 20-58 80-42 46-55 58 42 Flow
rate: 0.9 nL/mn 4. Solubility test z5 This test ains
at neasurenent of solubility of the crystal in
various test solutions and under various pHs. The

solubility. 1is one of the indices of the stability of
t he above- menti oned crystal forml, crystal formll
and_cryst f or can b

ref%ﬁ"'eﬁé He® cesa%teabgor | fqucryg?(aﬁ % Porm

by |doldixng m:@anam Eankrta;a:mtenpénattyse ardugdmif°q ype
I, for and. cr r I
wns HPIE PR bt pHiEPhefld il 18 lka o Spotdafitn
the:ﬂd&bbammgphes& mhuibmn( (51 19) 'emchdsiluakemH W t7Th0a
hak SR-i ed by Tietech Co., Ltd.) for
§ Q%Lﬁg Pg}al\/gfga {1 'q" he m xture was
cent;raﬁugﬁﬂ OGN -1 pm sﬁ&hn Ahnyhearfdllbwing Febheat antthe mixing
was filtered

di é’ﬁ&%r"ﬁnw{'ﬂ‘% %%Pﬁo}l’oaerﬁﬂ“gﬁ% é’?’gﬁe B |’133°ﬂm‘ged to control

( Mdoh8¥nt@tionausaaehtyr ed by MI1ipore Cor poration).
The neasurenment was 57 performed by high perfornance

l'iquid chromatography (HPLC). The results are shown
ion Table 4. Table 4 Sol ubilitsablesy 5 Solubility

(gg/nm.) Test solution pH Crystal form Crystal form

[11 Il Purified water - 0.5 < 0.1 Japanese

Phar nac¢poeime 1(mdn). ke, 1| Modlilé|phagel) Bobbheghase

Phar macpoei aifij€ctich 2. 4 A (%) B (%)
0-15 58 42
15-35 5820 42-580
35-45 20 80
45-46 20358 8042
46-55 58 42

Flow rate: 0.9 mL/min

4. Solubility test )
This test aims at measurement of solubility of the crystal

in various test solutions and under various pHs. The solﬁbility.
is one of the indices of the stability of the above-mentioned
c¢rystal form I, crystal form II and crystal form III and can be
used also as a reference indices of absorbability of crystal

I5

20 form by living organisms.

Each sample (crystal fomrm I type I, crysital form II and
crystal form III, ca. 10 mg) was placed in a 10 mL centrifuge
tube together with the following test solution (5 mL} and shaken
with a shaker (SR-1M; manufactured by Tietech Co., Ltd.)} for 14
hours. After shaking, the mixture was centrifuged (3000 rpm, 20
min) and the supérnatant was filtered through 0.2 pm pore size -
13 mm diameter polytetrafluoroethylene disk filter (Millex-1G;

manufactured by Millipore Corporation). The measurement was

25
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2nd fluid 2) 2.2 1.9<0.1 40.8<0.1
50.4<0.161.00.7 6.86.30.7 8 84 23 1)

Japanese Phar macopoei a,

Di si ntegration Test

acid (7. O I\/L) and wat er

chl ori de.

Th iPSEr§8FEﬁdr i

Met hod,

Gener al

Mcl | vai ne 3)

Test Met hod,

1st fluid. Hydrochloric

are added to sodi um
to make an anmount_ of 1000 20

gsglt perépEranae Ahdd |°8FP’@%E°9£ﬁ8hHaQ*P&'°’ -

PH QEu180YHe dndwm 4h #apBNase Pharnmacopoeia, General
Test Method, Disintegration

0.2 nol/L SOdI um hydr oxi de sanple (118 rrL) and wat er
are added to 0.2 nol/ lyfAakagssiimndhsegitastl5 phosphate
sanple (250 nL) to make an anmount of 1000 M.. This
Zolution is transparent and col orl ess and has a pH of

Test Met hod,

2nd. f 1 ui d.

The

abouf 6.8.  3) -Mcl|vaine buffer Obts'%ilﬁ%ﬂlﬂgy r@Pzgmg)

di so i#@th%g{%%?lpwosp L and-Git-H-e—ae-d—at—a—gtven
rati ¢ 10 adjust to|la given )I—Frif—-"rtéﬂﬂ Ewem Crystal form III
abové-mentioned rekults, itlwas cddfirned that 20
crys{ Buxifdedy watéms hi gher $ol ubi®i%y than crystaf-1
form Il Igapanesdtabj |1ty tesf A stability ffest of each
sanp| ehsdsapsidedaned under fhe 58 %ollowing <0.1
preseryatiomigoMdifions. Thp results of cfrystal form

| ar g ShrankBe Tabf e 5, thefresults of cra'ystal formll
are blppWhmaddpobahlle 66.8nd [he residts off crystak.4orm,
[l arepghomgig B [Table 7. As shown in Table 6 and
Tabl g7, crysrtat Tormzl an:i CTySiAl formIII Qlepot
show any differen est—resutt-s—tureer—at]
presgrvation cond|5|1;oné as| compft-®d to tihe ini & %3
sanp] e, In contgast; aS shopn in Otdbl e 5,| crystal0fbrm
| shpwlgt1% ges [in tge X-fay powger difjiracti on.?
pattern obtained flromgIp—Safipl € g Ber prgservatieny
undef preservati on d i 3 (ggc, 23

1) Japanese Pharmacopoeia, General Test Method, Disintegration

Test Method, 1lst fluid.

Hydrochloric acid (7.0 mbL) and water

are added to sodium chloride. (2.0 ¢) to make an amount of 1000

10 ..

about 1.2.

This solution is transparent and colorless and has a pH of

2 Japanese Pharmacopoeia, General Test Method, Disintegration

Test Method, 2nd fluid.

mL) and water are added to 0.2 mol/L potassium disodium

i5

phosphate sample (250 ml:) to make an amount of 1000 mL,. This

0.2 mol/L sodium hydroxide sample (118

solution is transparent and colorless and has a pH of about 6.8.
3) McIlvaine buffer obtained by mixing disodium hydrogenphosphate
and citric acid at a given ratio to adjust to a given pH.
From the above-mentioned results, it was confirmed that
20 crystal foxrm II has higher solubility than crystal form III.

5. Stability test

A stability test of each sample was performed under the
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preservation in an open contai ner for 3 days) and
preservation condition #5 ('60C, preservation in an
open container for 3. weeks), and the X-ray powder
diffraction pattern of crystal form | was observed to
have over| apped with the X-ray powder 15 diffraction

pattern derived fromcrystal formlIl. Thus, it was
evafFyai i nlhatest Ration fcobiSr SHEP! ersbardl £ Yoxt @kystal form
transition to  crystal formll during preservation.

The® @i Fhpwddr Tabie firadhe oresydtrerhCraptahd ot ¢are shown

Pr eseriedile 08, SAHAPERe WS ts RELRE¥BA1 ForRORH @r@NShown in
#1-6 of crystal forml are showmn in Fig. 20 2. 59
Tabf&¥® 7Results of stability test of crystal forml

Rr eser valg0Bhdif i HBkab 1P BULhd 0k 18PPEAL3REE1 Pzl Y1 XEld
-anal ysis Endothermic Diffraction peak 1 Initial
99. arystalt fem LI (A4 neboshavwe @nycdifkerengasioy theokeRl results

t enifiedt M E ﬁ;geggtioﬁogom&gﬁgggae?é&ﬁﬁgred hig @@gss;%ual,

in No change in 2 container In % diffraction

CurspEPLer esky geuteafiearardwwpalncPable 5; orrystadyform I showed
Ovesy f ' i C p
O/ Waiellin & Ll LY BokaO di@@%%?%}ncgeg%gﬁ BLERILY £rom

Change 1n 3 contaliner 1n C curve
Pr sowple hfispenreseryatbomundendpfererYatityn congdétidn #3 (80°C,

preservation in an open container for 3 days) and preservation
condition #5 (60°C, preservation in an open container for 3.
weeﬁs], and the X-ray powder diffraction pattern of crystal form
I was observed to have overlapped with the X-ray powder

15 diffraction pattern derived from crystal form IX. Thus, it was
evaluated that a part of the sample showed crystal transition to
crystal form II during preservation. The X-ray powder‘
diffraction patterns of the samples preservation sample under

preservation conditions #1-6 of crystal form I are shown in Fig.
20 2.
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formll

60C C osed No change No change 4 contai ner
99.1% in No change in
for 3 appearance pattern weeks Overl ap of
diffraction
change in

appearance form|l
60C/ 75% R. H. No change Open

6 copLalfel de sy tbsacdd @rybELL cEeT Preserved

appearance pattern for 3 weeks 5 R H.
hum dity XRD: X-ray powder

and for 3

DSC curve

B

al
&nge in No change in

60C
Open No change patterns of container
5in 99.1% crystal

in

Preserved diffracti on DSC curve

No

Pr eser ved

weeks forml |

relative
diffractonetry 60 Table 6

Res(T bsesdrvatalnl |ty test of]grystal form.ll Thermal
Pr e?fer&agmoﬂgerr PRI %ﬁ’g”ﬁp ear ance Pufi t \anedpsis
anal[ysiJs Endothefm ¢ Difirpaction peak 1 InitjBhdothermic
98. 9P6 |pattern of [(extrapol afed -crypiffiraettes | péak m :
Il fengerature : attern of | (extrapolated
i | Initial - 99.1% IZrystal onset
form I temperature
150.3°C)
80°C No change
Closed . No change in No change in
2 | container in 99.1% | yiffraction|DSC curve
Preserved .| appearance pattern
for 3 days
Overlap of
8o°C diffraction
Open No change patteriis of No change in
3 | container in 99.1% | crystal |psc curve
Preserved appearance form I and
for 3 days crystal
form II
60°C No change
Closed ] 0 chang
container No ge in No change in
in 99.1%
¢ ‘ diffraction |DSC cuxrve
Preserved arance
for 3 appe pattern
weeks
Overlap of
60°C diffraction
Open No change atterns of .
container ° g 1% P tal No change in
5 4 in 99. crys DSC curve
Preserve appearance form I and
for 3 crystal
weeks form II
60°C/75%
R.H. No change
Open No c.hange in No change in
6 | container n 99.1% | giffraction |DSC curve
Preserved appearance pattern
for 3
weeks

5

R.H.: relative humidity

XRD: X-ray powder diffractometry
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151.2C) 80C No change C osed No change in No change
in 2 container in 98.9%diffraction DSC curve
Preserved appearance pattern for 3 days BOC No change
Open No change in - No change in 3 container in 98.8%
diffraction DSC curve Preserved appearance pattern
for 3 days 60C No change C osed No change in No change
in 4 container in 98.9% di f%ictéon DSC curve
Preserved appearance pattern ®3”weeks 60C No change
OpeRedl t6N8H0ELHH1 1 NDy AlRBBOEE idryshalofdmm OBr in 98. 84
diffraction DSC curve Preserved appearance pattern

for 3_weeks 60C 75%R H. No change Qpen No change inng T
change Hresefvatdohai ngr_in 9%, ¢l {:)&‘r act i DSC| cur rma
Pres arvedndpmﬁemsancegpﬁ’éetatrgggef (1)4}] % beks )%BH_ . analysis
relativg humdity ¥RD: X-ray powder [iffractonef¥gdothermic
Tabl ¢ 7| Results of {stability fest of Mi;&haticﬁmmzahl
Presgrvati on Appearfance Purity XRD Thesttebn abn{ifexdngpolated
anal j&i sInHriddt hernic  ~ 589 crystal onset
: form II temperature
151.2°C)
80°C Ne change
Closed ~No change in No change in
2 | container in 98.9% | yiffraction |DSC curve
Praserved appearance pattern _
for 3 days
80°C ' | No change
Open Yo change in - No change in
3 | container in 98.8% | 3) erraction [DSC curve
Preserved appearance pattern
for 3 days
60°C No change '
Cloged No change in g No change in
4 | container in 98.9% | 4iffraction |DSC curve
| Preserved appearance pattern
for 3 weeks
60°C No change
Open No change in No' change in
5 | container in | 98.8% | i rrraction|DSC curve
Preserved appearance pattern
for 3 weeks
60°C/75%R.H. _ No change .
Open ‘ No ge 8.9% in No change in
6 | container in 98.9% | 3iferaction |DSC curve
Praserved appearance t
pattern
for 3 weeks

¥ R.H.: relative humidity
¥XRD: X~ray powder diffractometry
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Diffraction peak 1 Initial - 98.7196 pattern of
(extrapolated crystal onset formlll tenperature
162.1C) 80C No change C osed No change in No change
in 2 container in 98.686 diffraction DSC curve
Preserved appearance pattern for 3 days 80C No change
Open No change in No change in 3 container in 98.696
di ffraction DSC curve Presereabdeaffpearance pattern

05, NP R6 THGEH] roochy B8 ORI g FPPRdion DOC

curve for 3 appearance pattern weeks 60C Open No
changeg— 1IN e onmtamer - No~<Tfflange i1 n 5
Prefervatior . : . ang Thermal
Preser vegd, fRRGAL anparEdreste JiFigyt i on T cunve z{0ysis
3 papterm weeks —6pCr75%—RHt—No cirangeQuem INghdothermic
change in No change in 6 container b@f?;aacq:'::l@n tpeak
?I ffracti 02 DSC -cufve Pr eser\;(adﬁg*%g{%eogat (EkPrapolated
or 81 ywaeksial - . crystal onset
form IIXIX temperature
162.1°C)
8G°C '
Closed No change Eg change No change in

2 ;:::ai:::g a e:;iance 98.68% diffraction | DSC cuxrve
fon ; daye PP pattexn
Bo°C

No change .

3 Open N No c;:lange 98.69% in . No change in
containex n ) diffraction | DSC curve
Preserved | appearance pattern
for 3 days
60°C
Closed No change

4 contalner No c;;ange 98.67% in Ho change in
Preserved | o e : diffraction | DSC curve
for 3 Ppe pattarn
weeks
60°C
Open No change

5 container No cfnange ' 98.66% in No changs in
Preserved a - )l diffraction | DSC curve
for 3 ppearance pattern
weaks
60°C/75%

R.H.
Open No change J l:z change No ch in

6 | container in 98.65% angs
Pr ed diffraction | DSC curve
fozsgrvj appearance pattern
waeks

5 R.H.: relative humidity

XRD: X-ray powder diffractometry

From the results of the above-mentioned stability test, it
was observed that the crystal form I was unstable but crystal
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b RH: relative humdity XRD: X-ray powder
diffractonetry Fran the results of the above-nenti oned
stability test, it was observed that the crystal form
| was unstable but crystal 62 formIl and crystal form
[1l were extrenely stable under various preservation
conditions. Therefore, it was evidenced that crystal

formlIl and crystal_ formll]l are preferilble r us(ﬁ as___.
a  DPER dce [ TAFtRE FRTE TIf v ese Sr el i&'ﬁ:ﬁgr upder Various

absgrhalivhtion Rynbitidag . Or gREEETEe, Gty $hal efidleficed | thast
nore preferable, and crystal formlll is

pr eFRFHBLeToMb LA U FYPERt iR df L ﬁ%?ﬁg%&%?}ﬁl for use as a

Si n%xeaﬁué&ﬂcafl%faddctaaﬂdcwestlah:ef ormlll are both
sta I a m xed crystal of themcan be used. for the

prese(raﬁ PHvERK ithe. 2BsPrbaBd Li e dva i p¥shraardms . crystal fomm

f ol $ 0 Wighgofx grawz_saxa\éal bad | Oy sRL hagde 011 thembl-¥ preferable
integrase inhibitory activity of a crystal or a m xed
cryaacamsefit dgnplrimeshk stalkrle FYet®Ent i nvention. (i)

Const r ucks oL @:{&%&P'@rﬁaﬁ Lid REL36£ FRRR EXPIA%SShakh stable,
system 25 The 185th phenyl al anine of HV integrase

f uld MEpgt9rygsatk of Yheny gz be gyed £pg. they pregent )ingantion.
15U [ Yefimhedi Nne and inserted into the

restfiction enzy Ndel and Xhol sites of the plasmd

pET21a( +3he Fakltwidou pvplains\eradestionmethads gf the HIV

In e I 3 crystal of

consrrRRfs R AT Brybehy 7 e fiPen oy -

i ncegpawsl Br of cihe pEeedret iigtveattwl.i reconbi nant

b e
Hfredi um cHirt ABStnghanplaldriine. ofHEIV tlhbegraseufell length gene
t ngal Hetopyt Anderdb e S L I 3Gt SRARANY 1iTadutine and
of inseitegr A8to gheeredihe atiiohuerzymes Ndeh tand ko @l t@shef the
it e et N L R L R
cephtédragal eiapacibn orectdtt PERER-INGFLERH wad Constructed.
20 (ij) Production and purification of integrase protein
Bscherichia coli recombinant BL21(DE3) transformed with
plasmid pET2la-IN-F185H obtalned in (i) was shake cultured at
30°C in a liguid medium containing ampicillin. When the culture
' reached the logarithmic growth phase, isopropyl~f-D-
25 thiogalactopyranoside was added tc promote expression of
integrase gene. The culture was continued for 3 hr to promote
accumulation of the integrase protein. The recombinant E. coli

was collected in pellets by centrifugal separation and preserved

at ~B0°C.

30 The E. coli was suspended in Lysis buffer (20 mM HEPES (pH
7.5), 5 mM DTT, 10 mM CHAPS, 10% glycerol) containing 1M sodium
chioride and subjected to repeat pregsurization and
depressurization for rupture, and centrifugal separation at 4°C,
40,000xy, €0 min te recover a water—-goluble fraction '
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wasthpptedass protein Wagxehuted

% Thee progeingves cplided Hith

30 The E. coli was suspended in Lysis buffer (20 MM

HEMS (pH 7.5), 5 mM DIT, 10 MM CHAPS, 104 gl ycerol)
cont ai ning 1M sodi um chloride and subjected to repeat
pressuri zation and depressurization for rupture, and
centrifugal separation at 4C, 40,000xg, 60 mn to

recover a water-soluble fraction 63 (supernatant).

Thi gstpsrdithii)ed THi& okab Gty Jios£61d fwdithf Leeis aluffer free

sodi um chl oride, .m xed, with - Sephar ose (nanuf acture

by © e iR v SEReoha e TR by
M NPhLrnRlci@VCoddsat Pt )0 Rnal stite@r asedonr 662160 hmint he allow
resin. The resin was washed w

th sis huffe ,
fpac LIRS Mg i R R R R K

BT Of@dHeaVastie Tyeed Mifderl yehtaitiikibe1or ot abaiwg cHYoride and
sodiumchl oride. The, el uted_int e?{r,ase' r.otei g%sol ut i on

AFirele o SR BET ROy ning 1

col e iuhOFhOYigkl | tration. 10 The protein was el uted
with Lysis buffer containing 1M sodium, chloride.

The
obt ai ned The fkutsfsinkednige; RYpits goHdea; ?’Ta§\/e"i‘1€z',l°1ieg to a

col dyifetradx a7 (PhERRIR] BLpoiGon| | éddurkl 9241l Falefation.

DNA solution I'5 The fol |l ow rég DNA s%/nt hesi zed by )
waier by izemcﬁm:ainlng 1M sodium

Trigplyggochl oric acid (pH 8.0), 1 nM EDTA) and m xed

wi th donor DNA, target DNA, and each conpl enentary
strand [he mhgained (fnsgsions of he TintagrrearRreiain were.

he f ny or 10 mn, 70C for 10
i ﬁ"l,"ng%{?%?&To‘%n‘?%”ggca?%ﬁg' 10 nin and 40C for 10
m n{idAd Prepagnbioh of DBE solufilps a doubl € stranded

1PNA, - whi gl %ilﬁ%fgght Lth?%ﬁee%gfzed N e PRy (wasS WidBE1ved in

2

havi ng biotin a 0 term nal Donor +
st MEnbuffsr BLO M TACS-IIydrarhlottC aadl i B AATHETRDTA) and

AR it oot R sl Bith, ookt SRR cohpIofighefy scrand
Tar(geandNAstrands)s tpahdeM.boThe halstugedwem hegdednab dtfisg for 5
at m%l, éo%E”}J}:a'ﬁ min, 70°C for 10 min, 60°C for 10 min, 50°C for
® 10 min and 40°C for 10 min and preserved at 25°C to give a double
stranded DNA, which was usec{ for the test. ‘
Donor DNA (- strand having biotin attached to the 5’ terminal)
Donor + strand: 5'~Biotin-ACC CI'T TTA GTC AGT GTG GAA AAT CTC
TAG CA~-3’ (SEQ ID NO:1)

25 ponor - strand: 5'-ACT GCT AGA GAT TTT CCA CAC TGA CTA AAA G-3'

30

{SEQ ID NO:2)

Target DNA (+, — strands both having digoxigenin added at 3’
terminal)

Target + strand: 5'-TGA CCA AGG GCT AAT TCA CT-Dig-3' (SEQ ID
NO:3)

Target ~ strand: 5/-AGT GAA TTA GCC CTT GGT CA-Dig-3‘ (SEQ ID
NO:4)

(iv} Determination of enzyme (HIV integrase) inhibitory activity
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Target + strand: 5 -TGA CCA AGG OCT AAT TCA CT-Dig-3'
(SEQID so NO3) Target - strand: 5 -AGI GAA TTA GCC
CTT GGT CA-Dig-3 (SEQID NO4) (iv) Determ nation of
enzynme (HV integrase) inhibitory activity 64 The
donor DNA was diluted with TE buffer to 10 nM of

whi ch 50 pl was added to each well of

strept avidjeNgspst qm wheratbted Akt op (HRerd-asd bnroeﬂmbyof
Roche) and all owed to adsorb at 37C for 60 m n.

DNA¥HAGR BRepl iiam added the ghek wedleos WV{M‘SQEW
PBSm3 a5t @ed Uk (n‘Qnufécttgréd GO RALIM )N Grfer aﬂ-ﬁ:weﬁ"@@ rladso:rb

20 and hosp hate buffer. Then, a reaction mxture (70

éct#?ﬂéf 681 mémi nFhe Bioy weheﬂmwéehfs@ dgr)th phesphpate
Sﬂbﬁﬁﬁ%&e (Mﬁ:ed@o) et | Watflo waﬁ}akl(?ecé £aghpop éﬂﬁkyﬁﬁug 0.1%

and 100 i ntegrase  protein wer e added
eactrend aami Phgsphatenbusfi .f ofhen 86@3#?31310111' mentmgao (70 ul,

NM da 48k FIVA ke QgPh )fo‘%‘ os%%g@é %@%ﬁa‘)edaa{:e;t@ub@a[nce (10

10 mn and washed wi th cont al ni ng
0. 1% Thiute@ith theopeatbioreatstuwre afileh0l Jedminintegrase

5
bertedas o o) Sl Lhiadh 4OXLBON LIS faatfémgg at 37°C For
Bn$0 mim. ni xture was reacted at 37Cfor 60 mn,

fol om%@%g@ghmgﬁry LBl Q3 RNahe Wl 85eE ORI Ge 370c

. 1% Twee A pero ase Gt Fon
(mfn@rfh@:mumeanﬂyw&lmdmdth Pbbsphrte waffaddmmhtahuing 0.1%
al lg roomtenperaturefor 4 20 mn. The
col orgg?eéajgtl O%Eé s St rﬁ?)cet&oﬂy adding 1IN sulfuric acid
(100 pl )Theﬁhelabaw/nﬂnpercﬁudésé) Tabedad amtisiigdxigiindn

<P R, B30 1l bR R b gy, ana
fr metztizture hvirdis t:deabtédﬂtaﬁ: am Edrn@ tndixf, €0l dWedby rashing

{gﬁl tpPSHhP% einulftfer cont r?insgh%w?.%l '.'lr:‘]we-reanblzg 8.
(%&) - [ 1A poretidddeant)dr Galatidnr Bnamifdotubda bﬂBi%CRad. 100

f . well in the presence of test co

abs bance ou
d"]%oﬁ'taf' ordded, agipaltareds tydigact 2t Heroth Lefeer %“": efqr 4
20 ifAUNGhe color reaction was stopped by adding 1N sulfuric acid

(106 pl). The absorbance at 450 nm was measured.

The HIV integrase inhibitory activity (ICsp) of the
compound A of the present invention was calculated froml tha
inhibition rate according to the following formula. The results

2% are shown in Table 8.

Inhibition rate (%)=(1-(0Object-Blank)/(Control-Blank)]x100

Object; absorbance of well in the presence of test compound

%0 Control; absorbance of well in the absence of test compound
Blank; absorbance of well in the absence of test compound, in
the absence of integrase protein

*Composition of the reactior:t mixture: 30 mM
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Bl ank; absorbance of well in the absence of test

conpound, in the absence of integrase protein

*Conposition of the reaction m xture: 30 nM 65

nmor phol i nopr opanesul fonic acid (MOPS), 5 mv \gCl2, 3

mM dithiothreithol (DTT), 0.1 ng/nL bovine serum

albun1n (BSA), 5% glycerol, 10% di methyl sulfoxi_de

( DVBOFPhelL PppranpnRaFuigonia Asie §MeRfHn oM NClen A A

act Wy thYotHse@ thol (zﬁ@ﬁpwrndné/&%&ne@éﬂﬁtamﬁnﬁf (BSA), 5%

antivirus activity The_ effect of conbined use of

cry SL¥PeRRLl 1o 1AF x@ignethyl cauifiogidef (SR o UR P LA 8?3??u?°
present invention and existent anti-H YV agents can be
determned in the foll ow ng manner. For exanple, the
effect of conbined use of twoTakjeénBs from existent

nucl eosi de reverse transcriptase inhibitors
(Zi dovudi ne m-vudine L enofovir) non-nuecl anci.

everse 25 t rlaHemRQUANE. {|nHinEYPR, SCEVALY, £Cans (P
prot ease i nhilbi€emeeund; Bdilnavir  nel9i0929i r) and
crystal or a m xed crystal of conpound A and the Iike
are eval T. net ho ing CEMSS cells
|nf%ﬁﬁ¥§T %3&9X1V+¥qﬁ3acgﬁ ?tlon the effect of
conbi ned lme ©ffddty of affyined dse Af a efystadl obra anixed
m xed Cr ség of conppound. A, zi dovud| nean

PRl ooF GPTROERG oL i 5he Prnsenh HYRLIPnpnd existent

Cor‘aaﬂiinﬁm agdntBOESN IBe @BdeivtifiadldhNthe Fdd1blénd inhﬁnbﬁ
eval uated. Prior to the conbined use test, |Cso and

CCso of cERTh S*PRRkSmdBEt PEEACtagENFOmRINGE PR Gfc 40 2qpnts

5 GaRmeakidtdrNineleosidePhevdiee trahstripdaBe EntAhd tors
concentrations_of pharnmaceutical -agent det er m ned

bas@ddprudines e LpBETHGIRe, ERNQEOFRTH e RATTUEYEPTiMEe TEYRY S0

2f reghsofinQuhi l‘ﬂ%ﬁ%r@f (R 139RPf Sor FRbLEANDI IRAELitors

use of three agents, hi gh concentration

pha(riﬁ‘aéfamroapeh@emvim 2 3 CENEFMR QIR BiFed Feyptal of
ar eolbsgth %”Qn&hé{éﬁﬁﬁﬂtéfé"eviﬁﬁ%ed fbf?, SRk dHoR using CEM~3S

concentration are conbi ned eval uafion. The test
r esalis gffecked orijtly HIVol iﬁlﬁed crystal of

In addition, the effect of combined use of three agents

20 of a crystal or a mixed crystal of compound A, zidovudine and

lamivudine, or a crystal or a mixed crystal of compound A,
tenofovir and lamivudine, and the like is evaluated.
Prior to the combined use test, ICs; and CCs; of each

pharmaceutical agent alone are measured. 5 concentrations of

25 pharmaceutical agent a and 9 concentrations of phamaceutical

30

agent b, determined based on these results, are combined to
evaluate the effect of combined use of two agenta. For combined
use of three agents, a high concentration pharmaceutical agent b
and a pharmacentical agent c are mixed and pharmacentical agent
a and the concentration are combined for evaluation.

The test results of the crystal or mixed crystal of
campound.A and combination drug alone or in combination thereof
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conpound A and conbi nation drug alone or in

conbi nation thereof. 66 are anal yzed based on the
prograns of Prichard and Shi pman MacSynergy |1

version 2.01 and Del tagraph version 1.5d. A

t hree-di nensional plot is drawn from % i nhibition at
the concentrations of each conbi ned pharnmaceuti cal
ageRte DnoRki-al r ' SE.Ss WL L D %,
B Sy e Mot O thd PSSzl bRCPScHN P S Bhan
contfrpdnarsy 15 vexsitma-&d buddeldagramh vemeiorcdl. Sd.

val ues of prﬁhﬁ%ﬂi%ﬂaﬁtﬁﬂ@ﬁfso&a&h@ %ﬁigfeﬁ!'nh% Pion at
eval uation are shown 1n the followng. Ji |n|l€|on
of Fhg cloncentratives &f ey symimgdspharmacentirall @gent,

[ Sphe tal €5 I QN.t - |.tixe [ on
%O%l%ai ggéél? i?g%%ﬁeggntogggﬁ%'i giég?% 5onq-gj"s-lééﬁ;'- ?%5

St repnfidenagokimitsc ast the e£fEe® of NDdSERNAIned use is
APP. Y The crystal of, c ound A_of .t he presen
varakel Hestd®os X Bt 2 VRttRs or oney e fuitR
pariiezgfgemcr yheatrifterip shewalaatint are Hihéwalf Lecthes
vveléol?§,w§ erior crystal stability. Therefore, it s
useful as starting material of a pharnmaceutical
¥onposition, particularly, various pharnmaceuti cal

co sitjons for the ophyl axi s,_and/ or treatnment of
Al %%m'&%{) L g’btpﬁriagg'{'?‘gn i s M}%§ed on pat ent
apSitcony i symekigl s2@04eti®DO79 failowd i n Japan, the
co f ich are hereby jncorp ted by
regg?@ﬁ%eﬂ%ﬂ}@?:{%ﬁq% ﬁ‘ét:P er enceyl Ci ?g@@her ei n,
i nddddtinvg: patbet s, patent appl+spati esg and

30 hereby incgrporated in their

upl i cati_ons r
Igng %Llr 6}-7 @?tﬁg"’%@?éf’eﬁ‘é"ei.‘m 67 cZam 1% crystal
(coisdral aheageniskiofadtilkd- chl at-qQ08- f | uor obenzyl) - 1-

INDUSTRIAYL APPLICABILITY
The crystal of compound A of the present invention, which
20 has the above-mentioned particular crystal form, shows an anti-
HIV effect as well as superior crystal stability. Therefore, it
is useful as a starting material of a phaimaceutical compesition,
particularly, various phammaceutical compositions for the
prophylaxis and/or treatment of AIDS. |
25
This application is based on patent application No. 2004-
150979 filed in Japan, the contents of which are hereby
incorporated by reference. All of the references cited hersin,
including patents, patent applications and pui:licationa, are
30 hereby incorporated in their entireties by reference.
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[ (S)-1-hydroxynet hyl - 2- net hyl propyl ] - 7- met hoxy- 4- oxo- 1

, 4 5 di hydroqui nol i ne-3-carboxylic acid, which has an

X-ray powder diffraction pattern having

characteristic diffraction peaks at diffraction

angl es 20() of 6.56, 13.20, 19.86, 20.84, 21.22,

25.22 as neasured by X-ray powder diffractoneter. 10

2. Acrystal (crystal formll

6- (3-chl oro-2-fl uorobenzyl) -

1-[(S)-1- hydrox nethyl-2-nethy|prop¥l]-7-nethox - 4- OX0

- 1, ¥ Adichystakuicrsstale £9r8aF HoRfl Pt (3ghkorgn? chiuggebeeyl) —1-

X bé)p-@ﬂﬂg oﬂg&&@ﬂ%@tﬂﬁﬂ%&lhﬂ’)’/J-rE@:hoxy~4—oxo-l,4-—
ticdiffraction

characteri eaks at diffractiqn 4
dnglidwdzogpingfl igesd carpogyliq medd, viyigip hagzanp £-r3y powder
24. ' Yerbirda@e POVER! diffraction peaks at
di fq!i%afgﬁgtn%ﬁe%%tg.géiq%?sg?a# c?ryst al form Ijl:c-il of

6- (B.fEmpotbore anglies AddPz \af) 6. 96 | (19)-20. hi%r&Sey ABt B4 23-22,
met LRk Q - [ XY= A 3 - tometer. '
diﬁ%%?gqﬁﬁﬁo F%%Egig@f%d%?f?%“é%?é?fﬁgefng anr
extrapol at ed onset 20 tenperature of 162.15.0C 4.

Lhe, crystal, af f ' L (3MnG Rrban b 1)-
D e (e Bofh Bia) bR 6 GhohiBoR Suorobepmy)
cr Wst{dB) ebiydrekyre thiyd -2 rmetthallpobpy] lxi e thery térexo-1, 4~
crystal. of .claim2 or The.m r LdBa

c, SGhEratmirdi ety el a5 (AR Kabn & o8y Boilder
70%i £8Padtioh phatemc daviogichagapberidte dbfifricliing penks at

crystal of, any o lainms 1. t0, 4.qgr.th 16ed, erist

of d&%gF?ﬁ%m@r 2691%@?’ Shaf h%c’elhqi' g%\f Ie%/ﬂzf)c?ée% 'a%ﬁ ,635.24,
18apni t6, FR73° A meBhgEde XAlubipbeder cdffifirachoneaties .
crystal of any of <clains 1 to 4 or the m xed crystal

.of claim5 or 6 as an active ingredient. 5 9. An

anBi, VAT ¢sysA8eN{cH@TRLI Sbiig Iahie of & @-chloron2-dluorobenzyl) -

Tt oS LSS R e £
C OHPhySidtfhihBe1kd-ss batb&iylaey aéid £ IhaiviiRg lan Aktirepdlated onset

the mxed crystal of claim5 or 6 as an active
20 temperature of 162.145.0°C.

4. The crystal of any of claims 1 to 3, which has a purity of
crystal of not less than 70%.

25 5, A mixed crystal comprising the crystal of claim 1 and the
crystal of claim 2 or 3.

6. The mixed crystal of claim 5, wherein the purity of crystal
is not less than 70%.

30

7. A pharmaceutical composition comprieing the crystal of any of
claims 1 to 4 or the mixed crystal of claim 5 or 6, and a
pharmaceutically acceptable carrier.
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ingredient. 11. An anti-HV conposition conprising the
crystal of any of <clains 1 to 4 or the m xed crystal
of claim5 or 6 and one or 15 nore kinds of other
anti-HV active substances as active ingredients. 12.
An anti-HV agent for a nultiple drug therapy with
other anti-H YV agent, which conprises the crystal of

any @f agl fldrdse AhHiBifof o HntP el ¥ifsrh106s Gngi B

5 or 6 as an active ingredient. 69 SEQEJ; LI STI NG .
<1103aimpah tPoBaex dheneixed zgystihwiecripm Saprof as an active
4- OsQgpbddne Conpound <130> 09765 <150>

JP2004- 150979 <151> 2004-5-20 ' <160> 4 <210> 1

<211> 32 <212> DNA <213> Artificial Sequence <220>

<3025 . _ L . . O s
g R e B e o o i Br0biaims 1
aaatet ¢ter) the Bixed<prpstal of1¢laizn 5 ep 1@ RsDRA, actiye>
Artificlal, Sequence <220> <223> Donor mnus strand
for%%ft':%cgietn?'determ nation of H'V integrase. <400> 2
actgctagag attttccaca ctgactaaaa g 31

10. An anti-HIV agent comprising the crystal of any of claims 1
10 to 4 or the mixed crystal of claim 5 or 6 as an active

ingredient.

1l. An anti-HIV composition comprising the crystal of any of
claims 1 to 4 or the mixed crystal of claim 5 or 6 and one or
15 more kinds of other anti-~HIV active substances as active

ingredients.

12. An anti-HIV agent for a multiple drug therapy with other
anti-HIV agent, which comprises the crystal of any of claims 1
20 to 4 or the mixed crystal of claim 5 or 6 as an active
" ingredient. '
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< <210> 3 <211> 20 <212> DNA <213> Artificial
<223> Target plus strand for

Sequence 1/2 <220>
activity determination of HV integrase. <400> 3
<210> 4 <211> 20 <212> DNA

t gaccaaggg ctaattcact 20
<213> Artificial Sequence <220> <223> Target m nus

stran activity determnation of H'V integrase.

or
<400>g%&gﬁF§b§F§ @ccttggtca 20 2/2

<110> Japan Tobacco Inc.

<120> Stable Crystal of 4~Oxoquinoline Compound

<130> 09765

<150> JP2004-150979
<151> 2004-5-20

Id

<160> 4

<210> 1

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> Donox plus strand for activity determination of HIV integrase.

<400> 1
acccttttag tcagtgtgga aaatctctag ca 32

<210> 2

<211> 31

<212> DNA.

<213> Artificial Sequence

<220>
<223> Donor minus strand for activity determination of HIV

integrase.

<400> 2
actgctagag attttccaca ctgactaaaa g 31

<210> 3
<211> 20

<212> DNA

<213> Artificial Sequence



<220>
<223> Target plus strand for activity determination of HIV

integrase.

<400> 3
tgaccaaggg ctaattcact 20

<210> 4

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Target minus strand for activity determination of HIV

integrase.

<400> 4
agtgaattag cccttggtca 20

2/2



