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9- DEOXO- 9a- AZA- 9a- METHYL- 9a- HOMOERYTHROWCI N A Under 35 U.S.C.  119(e),

t hi s applwoatiooms3e! ai ns the benefit of prior U S. Provisi @caliBodeps7 cati on
No. 60/394, 705, filed July 8, 2002, and prior U S. Provisional Application
No. 60/393,612, filed July 3, 2002, the entire contents of which are

i ncorporated herein 10 by reference. Under 35 U S.C. 119, this
application clains priority from Croatian Patent Application No.
P20020231A, filed March 18, 2002. FIELD OF THE I NVENTION Thi s invention
relates to new isostructural pseudopol ynorphs of 9-deoxo-9a-aza-9a- 15

nmet hyl - 9a- honoeryt hronycin A, to a process for the preparation of such
pseudopol ynorphs, to pharmaceutical fornulations incorporating the sane
and to methods of use of such fornulations in the treatnment of bacterial

and protozoan i nf ectimTﬁﬂ@f%'ﬁ mﬁﬁeégse_s. BACKGROUND COF
I

Lisle) Y
THE kNVENTI ON - - R (ﬁf;ﬂ% is th
fi rstB and stil fﬁm&%%‘%'%?a‘%g?‘gg - nénf)lgrée sem’ﬂgyn et |®Zrﬁr\alcfol i ge

antibiotic fromthe group of azalides [The Merck Index, 12th Ed. (1996),
p. 157 (946)]. 1t has the fornula 1 CONFI RVATI ON COPY WD 03/ 077830
PCT/ | Bo3/wby$p UlaCoRl 1d(a), thdHapplicationalaints theNgenefit of prior U.S. Provisional

Application No. 60/394,705, filed July 8, 2002, and prior U.S. Provisional Application

No. 60/393,612, filed July 3, 2002, the entire contents of which are incorporated herein
10 by reference.

Under 35 US.C. § 119, this application claims priority from Croatian Patent

Application No. P20020231A, filed March 18, 2002.

FIELD OF THE INVENTION

This invention relates to new isostructural pseudopolymorphs of 9-deoxo-9a-aza-9a-

15  methyl-9a-homoerythromycin A, to a process for the preparation of such pseudopolymorphs,
to pharmaceutical formulations incorporating the same and to methods of use of such
formulations in the treatment of bacterial and protozoan infections, and inflammation-related

diseases.

BACKGROUND OF THE INVENTION

20 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A is the first and still the only
marketed 15-membered semi-synthetic macrolide antibiotic from the group of azalides [The

Merck Index, 12" Ed. (1996), p. 157 (946)]. 1t has the formula

CONFIRMATION COPY



The synthesis of 9-deoxo-9a-aza-9a-net hyl - 9a- honoeryt hromycin Ais
described in U S Patent No. 4,517,359. Its antibacterial spectrum (J.
Anti m cr otVO®RETSEher ., 1987, 19, 275), node of action (Apkirfbeydss; AJ-
Chenot her., 1987, 31, 1939) and pharmacology (J. 5 Antimcrob. Chenother.
1993, 31, Suppl. E, 1-198) are well known.
9-deoxo-9a-aza-9a-nethy|-9a-honderythronycin A occurs in anorphous form
and in several different cryst characterized by different
arrangenents of the atons in tRe crygtdl network. Myst of the forns are
crystalline, their crystalfosqj I _,ﬂiakﬁiﬁ%, in addition to

9- deoxo- 9a- aza- 9a- net hyl - 9a~hpnoer yt hr pnyci s Ay di fferent nunbers of water
10 nol ecul es and/ or sol ventstfohgcules ("psgudopdl ynor phs). Anhydrous

anor phous 9-deoxo-9a-aza-9d-net yl - 9a- honmoexyt hfonycin A, having a nelting
poi nt of 113-115C, is descri U8, Pat . 4,517,359. It may be
obt ai ned by evaporation of the sé&lven oma chloroform solution of crude
9- deoxo- 9a- aza- 9a- met hyl - 9a- honoer yt bf onydidosd. It is not crystalline but
rat her an anor phous product, resenblin 15 solid foam ng nmass. A pure

| aboratory scal e product may be obtai red, ®hther by chromatography of the
crude final product or by dissolution of pure crystalline 9-deoxo-9a-

aza- 9a- net hyltheQgmtes® & Vd-BEXoYTd- draDmaaivod-Réfo @k thebAyeh A & BEscABePiPani C
solvent, followed by evaporation of the solvent. Pure anorphous anhydrous

9- deoxQT.g?‘Pﬁéﬁt'IQ&'ﬁﬁgﬂ\/gQSftQ Hntgoéggﬁgr{ﬁgg@%%’gﬁgmc%l% SChgmother 1987, 19

met hyl - 9a- honoer yt ir ofyci'n A et tai ned. rocedure s hot

sui t abl Qr .| -scal e manuf acture. The at | of, variou

amor phadd B AR d AR A SR aRa e P 5 Bhe S dhd pldihiSalogy ¢

9- deoxo- 9a-.az -ag-nethyl-9a-honDerythro cin A has been described in the
pat ént ABINicEdy Gheipatheisd @93,¢3], Supplikbl ls198) atp wall kpawmes: U S, 6, 245, 903; EP
1 103 558; CN 1 093370; CN 1 161971; WD 99/58541; WD 00/32203; WO 01/ 00640;
WD 02/ 09640;9-d40x0 233294 meting- P2 h @b @et thyonyyoin 2/ G us in amdrhous irdR 3ddbin
Material s so produced have been subject to various di sadvantages i ncluding
| ack ofsevusali disferenn styatil Ifodnys clwgit@see WyCdif¥rent AftakideindntK 6f the atoms in the

crystal network. Most of the forms are crystalline, their crystal unit cells containing, in
addition to 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, different numbers of water
10 molecules and/or solvent molecules (pseudopolymorphs).

Anhydrous amorphous 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, having a
melting point of 113-115°C, is described in U.S. Patent No. 4,517,359. It may be obtained by
evaporation of the solvent from a chloroform solution of crude 9-deoxo-9a-aza-9a-methyl-9a-
homoerythromycin A. It is not crystalline but rather an amorphous product, resembling a

15 solid foaming mass. A pure laboratory scale product may be obtained, either by
chromatography of the crude final product or by dissolution of pure crystalline 9-deoxo-9a-
aza-9a-methyl-9a-homoerythromycin A monohydrate or dihydrate in an organic solvent,

followed by evaporation of the solvent. Pure amorphous anhydrous 9-deoxo-9a-aza-9a-



Non- hygr oscopi ¢ 9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronycin A di hydrate
was 10 prepared as early as the m d-1980's by neutralization of an acidic
sol uti on OVOY3EEXb- 9a- aza- 9a- net hyl - 9a- honmoer yt hronyci n Acicis@hoos?
acetone-water mxture. Its crystal structure (single crystal) was

eval uated upon recrystallization fromether, and was characterized by the
or t hor HegtylDadieareerghepmyam 24 pmyibe thye ohtsinedc eThis papcedureeissnot saitalily forr yst al
axes a = 17.860 A, b = 16.889 A and ¢ = 14.752 A and the angl es between
t he crjagalscaxmsenufd&iuvee.= a = y = 90, were published in 1987 at the Meeting
of Chem sts of Croatia (Book of Abstracts, Meeting of Chem sts of Croatia,

Feb. 19-20, Th8SfepdaticdPpf viRSlisLahbhoud, tcPysEdINSS 8blvated rakiﬁtwd?at@d‘%nns of .
preparation were described in detail (J. Chem Res. (S), 1988, 152, Ibid.,

P el oG M 8 R i
That palanEe S S0t 7 Spdnder Bt Do EridosiPnbhral® By BB on

fromtetrahydrofuran and hexane with the addition of water. The product

thus f&Mvadiol27 Y6 /P83 AR Q042203; BIQ A1/RBEAG AV Q%AMA: VAP 02401445 n

pure form 3 WO 03/077830 PCT/1B03/00987 |Its preparation is however

subj ectWOd26k53d2 aW@i024d\ 8 h piad) ¥860 4243381 T dMatennils b producesichavt beat sibject to

i mm sci ble, toxic organic solvents and the necessity to carefully control

t he dr warigustdisideaitagestinuding ¢avki ofpestyl Gistapligpdyich@cdpitity iany diAil®. have been

disclosed in the patent Iliterature, e.g., in US. 5 869, 629; EP 0 941999;

EP 1 103 55 A 3 athvi0.a 2 ) f the
&OHHBE%OS%&;I@%‘(‘IG% %éﬁ%%ethyﬁ9@ﬁ&n¥?yﬁ%t éﬁg‘?&yﬁr%{?}é rgt;,'sw&

procedures described involve the precipitation o

5075k 05, L B S L 3R SR e PR P8

l'iterature ar owever  subject . to a nunmber of, distinct di sadvantages,
g g R T RRAE BT Y A ek epHRF MRS SRR Yo Gl SRACTard (Ahgle
9- deoxo- 9a- aza- 9a- et hyl - 9a- honoerythronycin A materials to the yield,
puri ty camtll wapcrvelyetesi ppomwfrearfigalbirgibne from: pides ednde vas | cideasterized douties
formed by various of the prior art

orthorthombic space group P 2:2,2;. The unit cell parameters, namely crystal axes

a=17.860 A, b=16.889 A and ¢ = 14.752 A, and the angles between the crystal axes,

15 a=p8=1y=90°% were published in 1987 at the Meeting of Chemists of Croatia (Book of
Abstracts, Meeting of Chemists of Croatia, Feb. 19-20, 1987, p. 29). Thereafter, its crystal
structure and preparation were described in detail (J. Chem. Res. (S), 1988, 152, Ibid.,
miniprint 1988, 1239; received June 4, 1987; Cambridge Crystallographic Data Base:
GEGIJAD).

20 Subsequently, in U.S. Patent No. 6,268,489 9-deoxo-9a-aza-9a-methyl-9a-
homoerythromycin A dihydrate was described. That patent disclosed the preparation of the
dihydrate by crystallization from tetrahydrofuran and hexane with the addition of water. The

product thus formed is crystalline and can be obtained on a commercial scale in pure form.



techni ques incorporate differing anounts of conbi ned and adsorbed sol vents
and water, thus inparting inconsistent stability, purity, release and

pot ency cHEPABPEBBGL i cs when i ncorporated in pharmaceuti calTiigiiaabgt i ons.
It is among the objects of the present invention to provide a nunber of
new, 15 isostructural pseudopol ynorphs of

9- deox ot DRLCRF AU IsphovyRyler siEhiers k@ sevigrah disagreintagas efsociateddeitle thri wse cbf water-
crystalline structures and which, by virtue of such structures, provide
nmore clgnsiseiblentoxiqoregaiic solykets pncbmembcemty 10 qaheflipcaitiol ¢al drf,zmgmradﬂ ons. 4
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rel ates to nethei sechibtques Uoalpreseiusope! JnRIRRShAle geéilleﬁiéerogé’d ?1?3&19 ate
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products formed by these and other processes described in the literature are however subject
to a number of distinct disadvantages, ranging from the necessity to treat pharmaceutically
pure 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A materials to the yield, purity and
10 homogeneity of the products themselves. Indeed, products formed by various of the prior art
techniques incorporate differing amounts of combined and adsorbed solvents and water, thus
imparting inconsistent stability, purity, release and potency characteristics when incorporated
in pharmaceutical formulations.
It is among the objects of the present invention to provide a number of new,
15  isostructural pseudopolymorphs of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of

predetermined crystalline structures and which, by virtue of such structures, provide more

consistent, predictable properties in pharmaceutical formulations.



angl es between the crystal axes of a =7 = 90 and (3 = 106 -112 The

i sostructural Pseudopol ynmor phs hereof conprise the individual crystal
entities YOOUPYENEG fied as conpounds la-Imin Table 1 bel owcrwhbesmog’ Yst al
packing is illustrated in Figures 2-14 of the annexed draw ngs. As
illustrated, they are compounds having unique crystal packing with

di screte channel formation within their unit cells (see Figure 15). As a
conseqtﬁ%@&&w EHEINVENZION: | on wat er and/ or sol vent nol ecul es can be
fitted into their cavities and renoved upon drying to provide
i sost ruct ur NS BVERLiQR Elates oy rAyY isosteucturehpseudopaly081phy P8 YodRETOnREE80987
pseudopol ynor phs of the invention, which have unique crystalline structures
as chamgséfﬂazlmﬂnodnythrdmymnH&Dhmhgthecfonm&aé group P21 and the | engths of
their crystal axes and internediate angles of their unit cells. It is
t ext book know edge t hat dr at|es and/ or selyvates in general, of any
conpound 5 should be solid state\forns that nust have crystal
wat gr and/ or sol vent i tric unit of the crystal unit
cell besides the core oglg)ou i Mor eoyer, these hydrated and/ or

oi ¢chio

sol vat ed nol ecul es nus \ i chi tric r@%g&é? the core
conpound noiety, and are tkgreforg clgsr I\,q_di sti ngui f r oY adsor bed
crystal l ography is the only

wat er and/ or sol vent
met hod that shoul d be used|as{an[an8MN¢i ¢ | 1'y unambi guous and valid
characterization of such hy#&™a ol yates. Various thermal nethods
(e.g. TGA or DSC) together wt AandPor {sol vent content determ nations
Menafi ons or GC) can only be used
as a supplenent to x-r crystall ggr hL;:/d}at a, and can give fal se and
specul ative results. Ad ionally, varto 15 literature data denonstrate
thad ev@Rrein specific hydrate and/or solvate form can crystallize in
different and distinct crystal entities, i.e., in distinct
pseudopol ymar; t.i bi. ni t r of ur ant oi n,
crystalli zggllpgﬁo{/%ﬁc?% de&l }r(r%lﬁéo%ﬂaa Pal%% mascihlgyét%f w th exactly

t he sane Watx%lclo% eng 01(5:8H6N405 H20) but with clearly d| stinct

(e.qg., Karl Fischer

yis 0,0.5,0r1,
the pseudopolymorphs being characterized by the monoclinic space group P 2; and a range of
15  unit cell parameters of
crystal axis lengths froma=15.5-17.0A, b=155-170 Aandc=17.5-19.5 A,
and
angles between the crystal axes of o =y=90° and B = 106~ 112°
The isostructural pseudopolymorphs hereof comprise the individual crystal entities
20  identified as compounds Ia-Im in Table 1 below, whose crystal packing is illustrated in
" Figures 2-14 of the annexed drawings. As illustrated, they are compounds having unique
crystal packing with discrete channel formation within their unit cells (see Figure 15). As a
consequence of the channel formation water and/or solvent molecules can be fitted into their

cavities and removed upon drying to provide isostructural solid state forms, i.e., the



crystal |l ographic data, nanely nonohydrate | crystallizes in the nonoclinic
space group 20 P 21/n while nonohydrate Il crystallizes in the orthorhonbic
space growp oPobwsa (EE W Pienaar, M Caira, A P. Lotter PCIaB@opsg7al | ogr.
Spectrosc. Res 23 (1993) 739-744; CSDB codes HAXBUD and HAXBUDO1) .

| sostructural solid state fornms, e.qg., pseudopol ynorphs, can have ver

si ni | amserdopelymorphseiihe mvenfinns Bihich Fave aaique srystalins: alctursscas chafaglerierdk i ni t e
and unanbi guous identification of 6 WD 03/077830 PCT/I1B03/00987 any

i sost r thyt theialmswklinic spateegionp 2, asd ghe pmegthd ayfchsinorystd axenandaindersiedisled be
done by single crystal x-ray diffraction. In accordance with the present

i nvent izgbles bh@eckR@ficklle crystalline structures of a group of stable

i sostructural pseudopol ynor phs of 9-deoxo-9a-aza-9a-nethyl-9a- 5

homoer yt hr Oy & g hoBig KoRABe Atk 8RS dndf bRARS iRk, Whia} compound

pseudopol ynor phs possesses nunber superior properties as conpared with

preyi ousl escr.i bed fqr of. 9-deoxn-9a-aza- 9a- net hyl - myci n
A n Bar R e e TS ST BB v RD°B SeBh Sy Sal P b e

i sostructural 9-deoxo-9a-aza-9a-net hY' - 212 h m)erg/t hr orunl/] in.A
pseudopbBessypmeirc yaibef the arpsiahumat qellfegides the,core cqppp a&%%lﬁté’s@gorgomfnber

of superior 10 properties as conpared with the current comercially

avai | abhesefloydmatedt agl/oesolvated mpdecutes-muss theyfound ith sietsdiapadirio mgtid to the aesdrel vy
the di hydrate referred to herei nabove. Thus, that pseudopol ynorph may,

unl i ke doliothd yxlsialye andeare aherefbue ichdayly pdistheguéstiabin ditom aadsbrbed rwatge and/or
preparative conditions. Second, it can be prepared directly fromthe native
sol uti qpRht mbiddEles.9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronmycin A, or from
crude 9-deoxo-9a-aza-9a 15 net hyl - 9a- honoerythronycin A itself, rather than

Tl hrs et SOBURERHRas HRE alfy piFEhal sk AR MR AT, STt ol
D e ioud nf o ot B ob i el bt Nt HoRSEH PRI Bl = 2"
aza- 9a- met hyl - 9a- honoer yt hronycin A (based on the granul ated habit of its
smal | cmsthodd (s,g. TGA or DSC) together with water and/or solvent content determinations (e.g.,
Karl Fischer water content determinations or GC) can only be used as a supplement to x-ray
crystallographic data, and can give false and speculative results. Additionally, various
15 literature data demonstrate that even a specific hydrate and/or solvate form can crystallize in
different and distinct crystal entities, i.e., in distinct pseudopolymorphs. As an illustration a
known antibiotic, nitrofurantoin, crystallizes in two distinct monohydrate solid state forms
with exactly the same water content (CgH¢N4Os ¢ HyO) but with clearly distinct
crystallographic data, namely monohydrate I crystallizes in the monoclinic space group
20 P 2,/n while monohydrate II crystallizes in the orthorhombic space group P bea (E. W.
Pienaar, M. Caira, A. P. Lotter, J. Crystallogr. Spectrosc. Res 23 (1993) 739-744; CSDB
codes HAXBUD and HAXBUDO1).

Tsostructural solid state forms, e.g., pseudopolymorphs, can have very similar or even

identical powder diffraction patterns. Therefore, definite and unambiguous identification of



20 see Figure 16.). Fifth, the new pseudopol ynorph has significantly better
di ssolution rates in both acid and neutral nedia as conpared with the
di hydr at ewo®B%t1830 t he intrinsic dissolution rate (1DR) offCrhBo3/00987
pseudopol ynorph is significantly higher than the dissolution rate of the
di hydrate. Seventh, the new pseudopol ynorph may be used in the preparation
of a vatyiieésyruofural pbhd smteforie,ad.g. psepmpalyimmshs, pareandeshoplst be dapsdivatingle
controll ed or sustained release 7 WO 03/077830 PCT/1B03/00987
appl i cag,gtglry@radeiffpdcﬁyn. because of its superior dissolution characteristics
this new pseudopol ynorph, unlike the di hydrate or other previously known
forms of 9-deax0- 98- rin tRArIRnD Hvemiion) Mﬁi@fcgfﬁl’élliﬁb fructidss &ea group
successfully utilTized 1n the preparation of rapidly acting oral and | ocal,
particul arl opi cal har maceutj cal f | aj.} ong,. e _pLese nosent i on
furt hef rels'é{’ s t@oﬁﬁ"b(&‘ggi«;sspfsgurdoﬁﬁlé’mﬁr Hggra fons)o?e%txﬁgan%\%v%?g%}sl l%lgt ur al
9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hr o in A pseud | ynor.phs of . Formul a
|, Swhi Bempmpdeamydn mr paes bequyie P@Sﬁr‘v%&a&t on ot Which bscudbpolymorphs
9- deoxo- 9a- aza- 9a- et hyl - 9a- honoerythroinycin A material in f&lfi. an (%r ganic
sol venposabiiseha ingmier bE sispterionprapgitiop ageomparadswith peeviqusly dessri fagmgots ych
organic 10 solvents, (3) a mxture of the organic solvent and water or (4)
a ni xt Yleogs-onaseoa-aithyoallpasierythoemycimAr dh artiotayaoiepseodeholyrhyrph of
crystallizing the isostructural pseudopol ynorph fromthe solution; (c)
I sol at 'tH%g;&IIeglﬁ?lt i SRREbH Cdr RbstREEHAONALWIINia- Rt he-94-homdbyihromgeinha
i sostructura pseud’opol ynorph to a stable isostructural 15 pseudopol ynorph
of Formul a | ,wherein. x= =0.r F nal | y.q th | M |
rel at eBS"tugc’%‘H%‘PﬂH’?‘e?ﬁ g%n;efﬁ;}ggxrrﬂ ét‘?%%glhc%rrlﬁf? i ﬁggét%ﬁgé Thew i soo(sf{h r g{::rtﬁgr al
pseudopol ynor phs of 9-degxqQ-9a-aza-9a-net hyl - 9a-.ho [ r chn .. Aol N
coh®i nRrapEHIeHas gomRared Wit} %‘W&Pﬁ&‘é’é‘ﬁ?"’ |%Ya§%b@%g‘?r§’b¥£5bd§§% 2?%252%% ot her
excipients, and to a nethod for the treatnent_ of bacterial ang, ﬁro#ozoan
i nf ect mwtisyl-9arhwmaetythiemstcitod., emeky e ihvsrale a¢fegred fo 0¥ aRPretd
subj ect thereto, involving the adm nistration of such )

pseudopolymorph may, unlike the dihydrate, be reproducibly prepared under a wide range of

preparative conditions. Second, it can be prepared directly from the native solution of crude

9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, or from crude 9-deoxo-9a-aza-9a-

15 methyl-9a-homoerythromycin A itself, rather than from any purified 9-deoxo-9a-aza-9a-

methyl-9a-homoerythromycin A material. ~ Third, this new pseudopolymorph may be
prepared in high purity and pharmaceutically acceptable quality.

Fourth, the new pseudopolymorph is an air-stable, free-flowing form of 9-deoxo-9a-

aza-9a-methyl-9a-homoerythromycin A (based on the granulated habit of its small crystals,

20  see Figure 16.). Fifth, the new pseudopolymorph has significantly better dissolution rates in

both acid and neutral media as compared with the dihydrate. Sixth, the intrinsic dissolution

rate (IDR) of the pseudopolymorph is significantly higher than the dissolution rate of the

dihydrate. Seventh, the new pseudopolymorph may be used in the preparation of a variety of

pharmaceutical preparations intended for immediate, controlled or sustained release



pharmaceuti cal fornulations to subjects in need of such treatnment. 8 WO
03/ 077830 PCT/ 1 B03/00987 BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a
crystal paoloBnogrsas agram of the current commrercial |l y-avai | 2iraB@s/00987

deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hromycin A di hydrate (the structure coded
GEGJAD, described in the Canbridge Crystall ographi c dat abase); 5 FI GURE 2
is a cegpicationsackinaly.dikegeusm of a8 isupssior udisselations sharagiensiesr fdHs onew

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronycin A of Formula | (conpound | a:
x=1, yp&udopdtirabiiph, Gnlike the ditygliad opathit pigvibusigriaowaf form$ of Phleoxo-9a-aza-

i sostructural pseudopol ynor ph of

9- deox %%irbt}?ﬂ@a%n{@%%ﬁwen%@nmn@ﬁf%t OSBRI ufiliodd e ipRdpaRiioARS t4adipound

I b: S = nmethanol ; x=1.25, y= 5 10 FIGURE 4 is a crystal packing diagram
of af er. i %E‘B f
9- deoxg&bgorrala%g%(’ra&lﬁ%ﬁ&ar gﬂl ro%cglfxm?lau%e i nvention (conpound

1|‘ ﬁr? her | sogﬁ? @E?ﬁ??%fnvﬁété%g\%ﬁkw rFSqu’EE t8fa Protess 16r "l fi3SithAch O3 ABOT 2

9- deoxo- 9a- aza- 9a- net hyl - 9a- honmper yt hromycin A of the inventjon (conpound
Id:  15osractyrab Ydaors-Ya-geada-eth yﬂsiéa- hemegEhrgmysing 4 yé?%opﬁ{mer% agr am
of a further |sostructural pseudopol ynor ph of

9- deox Heofimulalavltieh prichssl codgprisesroer yt hronycin A of the invention (conpound
le S = isopropanol; x=1.5, y=0.5); FIGJURE 7 is a crystal packing di agram

of a furt hel(a)lﬁgggtvmg:é WdaRbxP9LULLPHIMEIDI98-hofnoeBBhromycin A material in (1) an
9- deoxo 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A of the invention (conpound

|7 ]: ur t oL éﬁnﬁg%@% Cv%,ﬁl};%ﬂé S‘é g% t g)iftlagg%ﬁg Bidebl@ @) eshRktuRABKsidh Bigagicam of
ggg O)écs)ol%?%tg, aﬁgfmrg(gflthg %rgagl%seqzl’ Qtntc] Ercl)m%{e? o’rA‘(ABfa ﬁl&?mje %\f%ttér%d (a‘t: fagou nd
one mineral or organic acid;
(b) crystallizing the isostructural pseudopolymorph from the solution;
(c) isolating the isostructural pseudopolymorph; and
(d) transforming the isostructural pseudopolymorph to a stable isostructural
15 pseudopolymorph of Formula I wherein x=1 and y=0.
Finally, the present invention also relates to pharmaceutical formulations comprising
the new isostructural pseudopolymorphs of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin
A in combination with one or more pharmaceutically acceptable carriers and other excipients,
and to a method for the treatment of bacterial and protozoan infections, and inflammation-

20 related diseases in humans or animals subject thereto, involving the administration of such

pharmaceutical formulations to subjects in need of such treatment.



9 WO 03/077830 PCT/1B03/00987 FIGURE 9 is a crystal packing diagramof a
further isostructural pseudopol ynorph of

9- deoxo- MOaz@7B30 net hyl - 9a- honoer yt hromyci n A of the i nveaTiiBes/esympound
lh: S =1,2- ethanediol; x=I, y=0.5); FIGURE 10 is a crystal packing

di agram of a further isostructural pseudopol ynorph 5 of

9- deoXxBRIEF ES CRIPEION | QOB FHIIL BRAWINGSHci n A of the invention (conpound
li: S = 1,3-propanediol; x=l, y=0.5); FIGURE 11 is a crystal packin

di agr am of BIGURE hetis ias@gstaluptaking dipgentd op dhe worrpit cqgpmercially-available 9-

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hromycin A of the invention (conpound
R &eoxgl%%ﬁlyaimé‘tﬁgzl&#H&n&ryﬂ&&nﬁiﬁﬂﬂﬂiﬂrats (thecstyostuat cpdek GREGIADgr am
of a further 1sostructural pseudopol ynmorph of

9-deoxaésggf)%hzig-tg%c%hgage:g%ga?lg??‘w;ch{a&gggfg;n A of the invention (conpound

lk: S = cerol,; FI GURE is a crystal packing diagram of
a further i ctural pseudopol - dopol h of

9- Roxo- 9a- gﬁ@%ﬁ( #‘réf i‘?ylcg’ﬁél-lj W@ﬁ@ggﬁ% T&F%er?yé)ilf AR ASOsfrug tfgléali%s\?gn%piooyrllno(rgon%ound
11: S = 15 acetone; x=1, y=0.5); FIGURE, 14 js ryst al cki_ng. diagram of
a f urt ReleoxeBaera;a-mettylfedivamnssyiegysm Ad’? Formita 1 (dompound 1 %15 yby

9- deoxo- 9a- aza- 9a- met hyl - 9a- honoeryt hronycin A of the inventi o%&g}?tound
Im  S=di neFE§URE¥ 5 argstalnveking diagrampfe fartherpsasiypgtura ppeudgpol ation
of channel formation within the unit cell of the 20 isostructural

ps eudopalprEorazeba- Inetieg>oa- 1@z gthBanyoit hy - &fa-the miwrention o fgesipeund oflb:
general fornmula |I. FIGURE 16 is an SEM of the surface of the isostructural

pseudopal LR&. o571 29- X0- 9a- aza- 9a- net hyl - 9a- honoer yt hronyci n A of
For mul ;&Oll cgrrpf)und ?’a}?g?(:l, y=0); 10 WO 03/077830 PCT/ |1 B03/00987
10 FIGURE 4 is a crystal packing diagram of a further isostructural pseudopolymorph of

9-deoxo0-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound Ic: S =
ethanol; x=1, y=0.5);
FIGURE 5 is a crystal packing diagram of a further isostructural pseudopolymorph of
9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound Id:
15 S =n-propanol; x=1, y=0.5);
FIGURE 6 is a crystal packing diagram of a further isostructural pseudopolymorph of
9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound Ie
S = isopropanol; x=1.5, y=0.5);
FIGURE 7 is a crystal packing diagram of a further isostructural pseudopolymorph of
20 9-deox0-9a-aza-9a—met.hy1—9a-homoerythromycin A of the invention (compound If:
S = n-butanol; x=1.5, y=0.5);
FIGURE 8 is a crystal packing diagram of a further isostructural pseudopolymorph of

9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound Ig:

S = isobutanol; x=1.25, y=0.5);



FIGURE 17 is a graph conparing the dissolution rates of the pseudopol ynorph
of the invention and the known 9-deoxo-9a-aza-9a- net hyl - 9a- honoer yt hr omyci n
A di hydr awe,03at783pH 3 and 37C, FIGURE 18 is a graph conpaPCRgBem9s7

di ssolution rates of the pseudopol ynorph of the 5 invention and the known
9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronycin A di hydrate, at pH 6 and 37C,
FI GURE 19 i BIGURE @ik aidrystaitpaeking giagren ob# ifutther imostragtunsl psepgonsymeyph of

i sostructural pseudopol ynor ph of

9- de0x 9488k A%AaRA9 ARlctiyl-98 arohREBelhiyc g aif theAinoéntior @ompotnd Tic Grpdidad | a:
x=1, y=0) under various stress conditions (tenperatures from 30-70C, and

10 humgdities. JLomia<(5% RH). FIGURE 20 is a graph illustrating the plasm
prof i rétﬂgééd?ﬂ’e{ plé ?Jg{)sg’ol ynor ph of 9-

deoxo- 9a- aza- 9a- get hyl - 9a- h | i :
(=1 %y20) aRis UGl k g Gl RREI AU frfler ROl prSliRIMAGL,

t ft dm ni strati 0 1 kq, ) 15. FI GURE 21,1 _ h
|1 3t phorisge A bRy sa e Bros e & pC BB AR iR 1 =07 2P

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronycin A of Formula | (conpound | a:
x=1, yI@)propamtdidl;detdxy=0.4);aza- 9a- net hyl - 9a- honoer yt hronyci n di hydrate in
rats after per os admnistration (50 ng/kg, b.w.) FIGURE 22 is a graph
conparing t PEGURESHI itd arystahpacking dibpempsta dofior jeestrpdtuiak pesudopdympgph

i nvention and the known 9-deoxo-9a-aza-9a- net hyl - 9a- honoer yt hronycin A
di hydr a¢e. oRHE8 kM, BRI RTi8 30 o PG 130G edipobhd A: LEB
DESCRI %#?&ﬁogzggﬁéélgﬁ%t gﬁ%’sknused rﬁgei n with referengcg) tpo t he

i sostru tur?_l [ sey@grgol ynor phs of 9-deoxo-9a-

aza- 9a5EEVIX 9a¥horter yt hromycin A of the present invention, the term

substant ally pur ot denolec 3. poGHoROL VAN SlosERATHA BsduabASAGKSY | 200

of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound Ik: S =

glycerol; x=1.5, y=0.5);
FIGURE 13 is a crystal packing diagram of a further isostructural pseudopolymorph
of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound 1I: S =
15 acetone; x=1, y=0.5);
FIGURE 14 is a crystal packing diagram of a further isostructural pseudopolymorph
of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of the invention (compound Im:
S=dimethylsulfoxide (DMSO); x=1, y=0.5);
FIGURE 15 is an illustration of channel formation within the unit cell of the
20  isostructural pseudopolymorph of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of |
general formula L
FIGURE 16 is an SEM of the surface of the isostructural pseudopolymorph of

9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of Formula I (compound Ia: x=1, y=0);

10



5 P 21 and the average unit cell paraneters identified above, that is at

| east 90% pure. To be nore specific, the phrase "at | east 90% pure" refers
to the pswodopuwisgmor phs of the present invention that comCaTRIIWISTOr e t han
10% of anot her conmpound, particularly not nore than 10% of sone ot her
crystalline or anorphous form of 9-deoxo-9a-aza-9a-nethyl - 9a-

honoer yt hr OFELIRE A7 i1 gfaphabinparingthe dissokition rated ofthp ppaidoplymeaptither ph of
the present 10 invention is "essentially pure,” that is it contains 5% or

| ess Of,v@ibnOiddethe GaitRaL ek o-99aRa- 9 itetiyl OnyhetmietytmonycinAodibyduate, fabr m of
9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A.  In addition, as used

her ei n%%%%dtﬁs@ " 9- deoxo- 9a- aza- 9a- met hyl - 9a honoerythronycin A material "
utiliz in step (a) of the process for form ng the isostructural

dopol 9. _9a_ et vl - 9ac j f,
Pofors to HiRRETh i3 dEtgoltafe puAn Bhibh g bR sUdep oot & e o

i ncl udi ng ¢rud ified 9 -9a- aza-9a- et hyl - 9a: in A
or B sonenian i MRS OHEeRaPE RO DR oA ety ool WO BEE 1

or the "native solution” of 9-deoxo-9a-aza-9a-nethyl-9a- honoerythronycin A
f or redpHprand@7tGe | ast step of its syntheses (e.g. from 9-deoxo-9a-aza-

9a- honoeryt hronycin A ("9a-DeMet"), as one of its |ast internediat esg. 20
As used her BIGUREEO tier an grapludBustrating the solid state stability of the isostructural

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A" is intended to include

9- deOXBse%aoﬁc;l?m%hn%&fhvldeSﬁo-D@aEee9atheﬂqwaihnnﬁeqfthmmycpu rAt ¢f |Rosmulat Ran

phar maceutical |y acceptable purity, including 9-deoxo-9a-aza-9a-nethyl -9a-

horoer gégg{p%@ﬁ }1% 0%18 3%337 AEGLrRYatiBls bifesh ichAditiond (patiued frorar3ges70°C, 20

03/ 077 As used herein, the term"native sol utions of
9- deox0-9a-.aza: 9a- »9a honmoerythronycin A" refers to solutions of

9- g@oxﬁ‘-‘@?@l‘é\?}f‘gﬁ:s%}ﬂ]ﬁmga- honoer yt hronycin A in water or any organic
sol vents, or _adm xtures thereof, utiJized in the .fj r S&Par i ng
9- deoxo- 9a- &¥AUBE- b ing Lrap -lﬁﬁﬁﬁ‘é‘?‘ﬁt“#‘? B f‘r?r%lﬂfe 5 rﬁl %‘?éseu?g}zcﬁy@turp%
internediates (e.g. from9a-DeMet), prior to isol[?ti on OEIc.ru_e —0) and

9- deox de@®-9azale-methyl-Oadamogpiisemyetiro ff Epnyda I (compound la: x=1, y=

9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin dihydrate in rats after per os administration

(50 mg/kg, b.w.)
15 FIGURE 21 is a graph illustrating the whole blood profile of the pseudopolymorph of
9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A of Formula I (compound Ia: x=1, y=0)

and 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin dihydrate in rats after per os

administration (50 mg/kg, b.w.)

FIGURE 22 is a graph comparing the dissolution rates of the pseudopolymorph Ik of

20 the invention and the known 9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A dihydrate,

at pH 6 and 37°C;

11



9- Deoxo- 9a- aza- 9a- honoeryt hronycin A ("9a-DeMet") used as starting materi al
in the presently clained nethods is also referred to in the art as

11- aza- | Owo@enomsB®- di hydr oeryt hromycin A PCT/IB03/00987

(10-di hydr o- 10- deoxo-11-azaerythronycin A) (US 4, 328.334; J. 10 Chem Res.
(M 1988, 1239). It is known and obtai nable e.g. by conventional nethods
(see: US mE@BMWM 11986, 1881). Sol vents
utilized in the native solutions of 9-deoxo-9a-aza-9a-net hyl - 9a-

horoer yt hr ofy Gidd Heréwitin edferdoanst the isostruciniah asedopamemhs, of @-dgeoxo-9a-

hal oal kanes having one or two carbon atons such as chl orof orm or

di chl Oa{z%!%lrﬁﬁtﬂ L 0LRbRbSyfoRGahi & SCHE PidséntainGenth, he |tomersabstantially oup
such as ethy cetate, isopropyl acetate or n-butyl acetate; nonohydric C2-
C4 al kanal s such ' | riz&d kBbgiRicSpate gou

acet on&"8r aerfogec?baufs %Pﬁ@%@g%fgr% (E)-m nﬁl{a?é&h%%@ﬂg ﬁ%ésat ?}tcﬁi ed ar orrat&i‘@g s%?v%nt s
such as tolyene. 1. Preparation of .the. 20] 0 ion
20 5t of % &7 B aFiaeL HL BhraRees- e e AR aE 0otk P, TESBE
Material As disclosed above, the

9- deoxmogspesiicptherrbrasp) “ableaboIA%e PYich ey APHIAEPlYmOIS Afi B BISRY i n
step (a) of the process for the preparation of the isqstructural &éﬂV\D
03/ 07 7836ntREThEBORIHI0 9B7moyrs thad A%t pfHrangther empowad; PAFERHLAER 1PHLIPLS

organi c solvent which is at least partially water- mscible, (2) a mxture
of suchogr @anigme Wth@ntcaystalld)e @r mamompheusoffotrheod rydenxo-Botzadtarmethil-9anat er
or (4) a mxture of water and at | east one mneral or organic acid. O ganic

sol venpsmoliiilinXif £0 Préfelably, RCHUBRalR puRd T plealioml phorihgifithe prosent
-C ol ,

branche In af kanol s such as 5 net han et hanol , n-propanol,

iais g@[}g nja\{rég{i,@} %;I%%%ﬁ@@b pl!lréa'tﬁéfti?ﬂ;’éd taRRG5oR Ok 88 of ahiP bileP B6@PAInd dirsodtel Y!

such as cycl opentanol or cycl ohexanol;
aryl al kanol s, such as enzyl al ol : diol - o,
1) or ofuneaaine or Smrelpandermopt Cdero-Fbanan AR onSeghansghal

triols, such as glycerol; ethers, such as diethy] ether nmonogl 29
di gl yme or In4-afidiieme; aketuspds, heggian é@e actS’E[Bne,9'§9%ﬂ'%?ﬁ8%éga'lg‘§%nfg? such
as

homoerythromycin A material” utilized in step (a) of the process for forming the isostructural
pseudopolymorphs of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A hereof, refers to

15 any form of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, including crude or purified
9-deox0-9a-aza-9a-methyl-9a-homoerythromyein A or a solvate or hydrate thereof, in either
crystalline or amorphous form; or the “native solution” of 9-deoxo-9a-aza-9a-methyl-9a-
homoerythromycin A formed during the last step of its syntheses (e.g. from 9-deoxo-9a-aza-
9a-homoerythromycin A (“9a-DeMet”), as one of its last intermediates).

20 As used herein, the term “crude 9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A”
is intended to include 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A of any purity less
than pharmaceutically acceptable purity, including 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A obtained prior to final purification thereof.

12



10 nethyl formate, ethyl formate, nethyl acetate, ethyl acetate or ethyl

| act ate; am nes, such as N-nethyl nor pholine, am des, such as

di et hyl fworean?®eo or di net hyl acet ami de; | actans, such asPeTgBey@bsdone,

N net hyl pyrrol i done; ureas, such as NN, N,N -tetranethylurea; nitriles,
such as acetonitrile or propionitrile; sulfoxides, such as gi rret{;u I

sul foxi de; As ussdl presires thes tiern aSnatiyef eplatiens 105 PrisoxpPyaragp-~ang é'&%’c
acids which nmay be utilized for acidification enployed in step (a) of the
pr oceskorhi@rythsmyog t W psefeopotoy mosalimnker off  Pedeosorderazedaangihiicitnon

m neral or organic acid. Suitable exanples include, but are not limted to,
hydr ochdRédrfthroriydid W inCwatsHbf biyosiganip ROBRHNS] dicadntiatupentihereof, attilived inathet i c,
propionic, titric, tartaric, maleic, oxalic, chloroacetic, benzoic,

cethangsy o' grﬂ;{eﬁaerﬁr% 9Bl DRIo6AGh .02l Sy BRI A oo it et

9- deoxo0- onoerythronycin A nma in step (a) is

carsried out .af tenpgratur fro { o Qf)C € at
A S G T e et P e S
about 5 to about 60C. 14 WO 03/077830 PCT/1B03/00987 Step (b) -

Cr yst ahomodythsdmsin fhe Pseudopol ynor phs The new i sostruct ur al

pseudopol ynor phs of the invention are crystallized fromthe o

9- deoxo0- 9a- %eoga-Sasrzhh-IomassyiBempCH énz(??'rp%’[%to) peedoss FLATUOE JpRteHal 1Bt ¢ he
process hereof 5 by either controlled cooling, isothermal saturation of

t he sothat Ffa@enw kla@bérmethdis is| dlghtreferredi Wi ity thé arhessbl-aza-thrdenly, or
by neutralization of the acidic solution with a common inorganic or

or gani ginjasRryth/dly8ANIAC PRSEHyML WAddoRY- 1N eazarythromieiadA) (EBU482883d0A

i norgani ¢ bases, such as the hydroxi des, oxides or carbonates of G oups I

glr ﬂ((g: i henyr}?etsﬁﬁ\%[é?%é\; blgggj §¢ & 11:111-5% and0oHEhiRRE S, b9-@nvertid@albhbimbils (eé:al or

e ear es such as lithium sodium potassium barium

magnesi Ci hydr oxj de: .sodi i um or cal cium oxi de; sodium
or pot i@=%'g¢%ﬁg}f’@; Oéw%ﬁ’?ﬁfi%’isuﬂ{gﬁ@%%?gam c bases which are so

ful includ i ' h ] | ani ne, i.et hyl am ge,
B?Selrji di Ingc Sglv;@t%[]gﬁgizgﬁg{?ﬂgﬁﬁé %lélt(l:ve assohtltrlénrsretor}y &-ﬁ]egx%-%g-az'a- a—%e%qul-gg-

homoerythromycin A may include water, chlorinated solvents, e.g. haloalkanes having one or
two carbon atoms such as chloroform or dichloromethane; esters of acetic acid with a C,-C4
15 lower alkyl group such as ethyl acetate, isopropy! acetate or n-butyl acetate; monohydric C,-
C, alkanols such as isopropanol or 2-butanol; Cl-(?4 ketones such as’ acetone or

isobutylketone; or aromatic or substituted aromatic solvents such as toluene.

1. Preparation of the Pseudopolymorphs of the Invention

20
Step (a) - Dissolving the 9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A Material

As disclosed above, the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A material

is dissolved in step (a) of the process for the preparation of the isostructural

13



pi perazine, triethanol am ne or ethylene diam ne; or quaternary organic

hydr oxi des, such as 15 tetranethyl-, tetraethyl- or tetrabutyl-amonium
hydr oxi dewODh®788yst al | i zati on nay be carried out w th or PGrtiB@a0sr yst al
seeding i.e., by the addition of small anmpbunts of one of the

pseudopol ynor phs of the present invention, in anpunts of fronl about 0.1 to
about me@ipbhsmuplorofithe invention iofl) energapicsolreny wiih s aolgast pattially water-

9a- met hyl - 9a- honoeryt hromycin A material treated. 20 The crystallization,
whet henispidld, q2)Te dniftjure ofitsuc beginivosilvants, (3)samuisturelof $he oreanicoselnt and
neutralization of the acidic solution with base, is carried out at

t enpergiy 65 (42 fi:@iRcadonhter add& ledstane uhin8ACor prgahier add.y Grganic adlvents 0C t o
about 40C, and nost desirably at tenperatures of from about 5C to about

25C. The: £rystal [d-Aatinehdk Sowerli {t i ry ~chhinO AlkasisitsudD agi nut es
to abo‘gﬁlcg %gysgﬁgféﬁv{gg%glf 819783011@8%3 Iéé%l 63%81%@14%?2;11(0) | sol at}lngat he

| sostructural Pseydopol ymoy hs T r r 5

ps e"\i dIPERYr tﬁgn‘ﬂe’t’ '2’691}33?% R (r)%glpe d %?ﬁﬁu@klsr{o% g Sa0( (I?ﬁﬂﬁ(tﬁl’ H‘E%'I f(’:llg[%{l/oel’ngteirtol?1u<'§ailmr1na nner,
e.g., by centrifugation, filtration or the |ike, operati r ced,
at mos poreallyé alsehel syelpalkangls such ascyclepsniang) o Ceyﬁloﬁlfgﬁt? pwn%un%gglg’ sluéﬁg en
washed in a water- m scible organic solvent (such as thqgse describ ‘1

her ei nbémayk)alanhol;n dilsh Saclstvgsﬂ-eth@nﬁd%éd 1.3wpropanediel | Lymaopase l ﬁg‘
intermedi ate product is then dried in conventional manner, e.g., by fluid
bed drwitagsdislper atbueneshdatiolatiriolpisech @s pglpswol; eetherst stgbe patdiptbyl 6%31& rom
about 20 to 10 about 120C, or under reduced pressures of fromabout 2 to

about %%ngé?m@,néig?}ﬁné BIMEf-BloMARS ke@hed, s0eh abatttorR) C-tarmtmouestag0DchIsep (d)
- Transtform ng the | sosttuctural Pseudopol ynorph to a Stable Isostructural

P d f _ ) _ I
1; g&%&%@i@ﬁgﬁ gth?fb?@ﬁia@ ?ﬁ'etﬁ’flaacgﬁterf@ﬂlm/bce@ﬁe B BMST Mctitd mpttihgs, Auchaismul a |

| , a‘?’ly, ransformation of the crystalline dried (or
\é\geﬁdz)g@%{h&f%%%ﬁ%ln%i %%18%2@31&? rgg @él}l?t%gg&gﬂlﬁﬂlugg or | @B 1dcBrafi®P 16ms,0 the

such as 2-pyrrolidone, N-methylpyrrolidone; ureas, such as N,N,N',N'-tetramethylurea,

nitriles, such as acetonitrile or propionitrile; sulfoxides, such as dimethyl sulfoxide; or
sulphones, such as sulfolane.

15 The mineral or organic acids which may be utilized for acidification employed in step
(@) of the process for forming the pseudopolymorphs hereof may comprise any common
mineral or organic acid. Suitable examples include, but are not limited to, hydrochloric,
sulfuric, sulfurous, phosphoric, carbonic, formic, acetic, propionic, citric, tartaric, maleic,
oxalic, chloroacetic, benzoic, methanesulfonic or p-toluene sulfonic acid.

20 The dissolution of the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A material in
step (a) is carried out at temperatures of from about 0° to about 100°C, preferably at from

about 0° to about 80°C and, most desirably, at temperatures of from about 5° to about 60°C.

14



removal of solvent and excess water by |yophilization, or by drying under
reduced pressures 20 of from about 0.01 to about 80 kPa or at atnospheric
pressur e wWod3vesper at ures of from about -100 to about 12@CI/IB6B200PEW

i sostructural pseudopol ynorph of 9-deoxo-9a-aza-9a- net hyl - 9a-

honoeryt hronycin A of general fornula | wherein x=1, y=0, produced by the
process ofStelb]'(tg-(EnymﬂiziaﬁmbﬁthatPsbmmDIYMBhEanti al purity, possesses good
flowability, porous crystal structure 25 (see Figure 16.) and excell ent
stability characteristics under varying humdity conditions (see Figure

19.). The inproved properties of fhat pseudopal t ph.r.elati: £Omidhe
commer ci al | Yhe new \F@%PW&@G“‘%@?M‘BE@%O@@%‘? m&‘Yy/ng}l% a%? éfysalh%ﬁ

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hromyci n A di hydrat re mor el y

di scl 09edoim9Erzmd-metiyb-92-hopwenihromycing salubeR &k B@%&%@@ﬁ&%ﬁ%ﬁé’% phs
of the Invention 5 The new isostructural , : S

9- deox By haz sorfiviled tdoplingaisbibemes ysatwatiopc ph e sqlutiand S YA prtl skehthe
present invention can be utilized in the preparation of rapid, controlled
and suglBaned iRl saato BasuIB Ay aaltraticationl aft thersidic solutéin &ithor copaon
rectal, parenteral, transdermal, buccal, nasal, sublingual, subcutaneous
or intraveneu yni stration. Such formul ations nay be useful for the
t r eat MHYED C(graoégaelrﬁ?g]flgéand protozoan infections in hunmans and ani mals, as

wel | as other condjtions.such as jn i iDDadear sadhadsi ons
are prefer ag‘?%yg%#’ﬁﬁeét@}@bnbaiygﬁ éy0 Ilﬁlil%a %er ?ndrglf%lr%g%?rgmgr control | ed

rel ease tablets, mcroparticles, m.ni tablets, ¢ | 8S.: & I tions
or sustensydasideyroxidesnge ,cgr%pggtef 13 %‘ioélBﬁlla?ri %of@?elg%o% Tgcﬁj%i ?? gi;lﬂét o the
new i sostructural 9-deoxo-9a-aza-9a- 15 nethyl - 9a- honmper yt hr onyci ra.A
ps@0doRitens, phg., dhe talielipmetainer pieling eoth aactilnRasss P %u]b@{“%c%o, 16al
preparations may optionally include various standard pharmaceutical,

carri ernstassiif, Bain] BagmesiviuoncAsui ydensde; fspdiney aghesia ey calep PXft s,
glidant's, disintegrants, odorants, sweeteners, surfactants and coatings.
Sone exgiRhent SofRMuRaYRbERM; | AhBofial @tutions.t herganic bases which are so useful

include organic amines, such as trimethylamine, triethﬂamine, piperidine, 3-methylpyridine,
piperazine, triethanolamine or ethylene diamine; or quaternary organic hydroxides, such as
15  tetramethyl-, tetraethyl- or tetrabutyl-ammonium hydroxide.

The crystallization may be carried out with or without crystal seeding i.e., by the
addition of small amounts of one of the pseudopolymorphs of the present invention, in
amounts of from about 0.1 to about 5.0% based on the amount of the initial 9-deoxo-9a-aza-
9a-methyl-9a-homoerythromycin A material treated.

20 The crystallization, whether performed by controlled cooling, isothermal saturation or
neutralization of the acidic solution with base, is carried out at temperatures of from about
-10°C to about 80°C, preferably from about 0°C to about 40°C, and most desirably at

temperatures of from about 5°C to about 25°C. The crystallization is completed in a period of

from about 30 minutes to about 7 days.
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formul ations, e. g., act as both binders and disintegrants. 20 Exanpl es of
phar maceutical ly acceptable disintegrants for oral formulations useful in
the presewOD o0vmsadi on i nclude, but are not limted to, st&CcTthBo3/00987
pre-gel atinized starch, sodium starch glycolate, sodium

car boxymnet hyl cel | ul ose, croscarnel |l ose sodium mcrocrystalline cellulose,
al ginates, resins, surfactants, effervescent conpositions, aqueous alum num
silicates afmp¢s)dssihfifkdd Igatrmuny Ppaudopdlyaerghs 17 WO 03/ 077830

PCT/ 1 B03/ 00987 Exanpl es of pharmaceutically acceptabl e binders for oral
formul ati ons useful herein include, but are not Iimted to, acacia;
cel | ul ose derivatives, such as methylcellulose, carboxynethylcellul ose,
hydr oxypr opy Thecrystalling isostrectural pseidppelypprehs| hereefs repisolated in step (¢) in

hydr oxyet hyl cel | ul ose; gelatin, glucose, dextrose, xylitol,

pol yaret tmveytiaiab sianberp olgy, i yngdnpryfugat ong ditteationoortthe dike, spmthfg under reduced,
pre-gel atinized starch, tragacanth, xanthane resin, alginates,

nmagnesi atmoalbhaﬂcrwmaratedcpaés@mepotuetsbwtme@d &Fh REMER R akiked iPsaRREES Of
pharmaceutically acceptable fillers for oral for ations include, but are

not |i mgRhid Qrgtahﬁcsto%ﬁt E)s%@llﬂwﬁf?&%é‘ﬁés%ﬁﬁed 11?}9 958 ?"apﬁbgﬁ%ai Slvet eiRs&d

dextrose, nanni sor bi tol starch articularly

m crocr n di.hydr o- 10 c |CI hosphat e
cai o unt B sitra, e Sroy M Bl rpancis BRDHEE iy ColnERI L oA P b
accept afl bricants useful in the fornulatlons of 1 vention nclude,
but ar eﬁwgmbeﬁ- 8dORBATHERYHISE AIRASEh e RIFEITS ¥ (EmPRIeY ﬁ{/ﬂ@ﬁea @PR/%
i/mars of et Egll ene oxide, sodiumlauryl sulfate, nagnesium | auryl
s uI (ht eaboyb 2076 ot wades redusedipreasusescafifiam pber 2o @bow 80 IRacindeat savepesaites dal
silicon dioxide 15 Exanpl es of suitable pharmaceutically acceptable
odor ant sf fran abowt 30P@lto Aty dR@Ad. ons i nclude, but are not limted to,
synthetic aromas and natural aromatic oils such as extracts of oils,
flowers, fruits and conbinations thereof. Preferable are vanilla and fruit
aromas, including banana aople sour cherry, peach and simlar aronas.
Their use Xghay Ls;!"ﬁ.' the u' EUCHIF 5 RSB QLOPORNERQTPR 10 .n-__.:.’g ItruCtural
or ganol epthseu | % \P- d@ﬂxorﬁ}ﬁeazmﬂarmethvln?a hcbmoerml;rcbmmn A Formula I
15 wherein x=1 and y=0

Finally, transformation of the crystalline dried (or wet) isostructural pseudopolymorph
of Formula I formed in step (b) to the pseudopolymorph Ia (x=1, y=0) is carried out by
removal of solvent and excess water by lyophilization, or by drying under reduced pressures

20  of from about 0.01 to about 80 kPa or at atmospheric pressure and temperatures of from
about -100° to about 120°C.

The new isostructural pseudopolymorph of 9-deoxo-9a-aza-9a-methyl-9a-
homoerythromycin A of general formula I wherein x=1, y=0, produced by the process of this
invention in at least substantial purity, possesses good flowability, porous crystal structure

25  (see Figure 16.) and excellent stability characteristics under varying humidity conditions (see

Figure 19.). The improved properties of that pseudopolymorph relative to the commercially
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20 taking the pharmaceutical fornulations. Exanples of suitable

phar maceutical |y acceptabl e dyes for the oral fornulations include, but
are not |wEiBeWwss®, synthetic and natural dyes such as ti PamiiBed/w@pIXi de,
bet a- carotene and extracts of grapefruit peel. 18 WO 03/077830

PCT/ 1 BO3/ 00987 Exanpl es of useful pharmaceutjcally. a&rgfqpt abl e Cﬁgﬁ'lngs for
the orahilitde nPdaeiwda aza-Yamethyl-PadomeeryBimoayreny tat élhéf FF NGO Hy t he
rel ease properties, 'inprove the appearance, and/or nmask the taste of the
f or mul @ikdlesed in Bromples 2527 batav.not |imted to,

hydr oxypr opyl net hyl cel | ul ose, hydroxypropyl cel | ul ose and

acryl ate-nethacrylate 5 copolyners. Suitable exanples of pharnmaceutically
accept abl e sweeteners for the oral fornulations include, but are not

i m tegd t0, piiidlidfPor SRE0AIIbIVABAMYrd BidhHy sodi um cycl amt e,
xylitol’, nemmrtor, , and sucrose. Suitable exanpl es of

phar maceutical ly acceptable buffers include, but are not limted 10 to,
cittic acid, sodiumcitrate, sodium bicarbonate, dibasic sodi um phosphat e,

magnesi um oxi de, cal ¢i um carbonate angd magpesi I oxi i.Labl

exanpl es of T%arﬂ%euﬂﬁ"é’%ﬁt&}raﬁcc BeaKy-da-g '?%aem'?¥%8%°8§§?f°§§’t°ﬁ‘ar e’gnot
limted to, sodiumlauryl sulfate and poll;)/sor,a_at es. Formul ati ons, of & he

i sost r pesndopnlyrgopEs - Ba- presend Anvnting | can 06 oHliard, i thmpesnaraiion ¢f rapid,
pseudopol ynor phs of the present invention can also be adm ni stered

i ntravesnitley @id sistinaparichon phhinacettical busilationss suitpllet fosnoraby ¥ebsi ons
can al so be prepared in a liquid carrier or internediate, such as

gl ycer'F nfelQUi gaRabyeilhy lbaselgl yeal,s, sublihgedt | subsirtancowmndoni ittravesous
thereof. To inprove storage stability, such preparations may also contain a

Prg§er X@&llan%raEign. ' %ﬁgﬁ#}%?lﬁﬁ&s%%@u%l%ﬁ {1Ral<afhé BT badtBriilhad pacterdanc al

forful ati ons sul I'njection or infusion may be in the formof a

steril e a yosggflélaﬁ%ﬁzain i1 S RIS Qthe? Cotiifidi dubf aPRNERIm AR dicaskal ns

the act?

The formulations are preferably administered orally, in the form of rapid or controlled
release tablets, microparticles, mini tablets, capsules and oral solutions or suspensions, or
powders for the preparation thereof. In addition to the new isostructural 9-deoxo-9a-aza-9a-

15 methyl-9a-homoerythromycin A pseudopolymorphs of the present invention as the active
substance, oral preparations may optionally include various standard pharmaceutical carriers
and excipients, such as binders, fillers, buffers, lubricants, glidants, disintegrants, odorants,
sweeteners, surfactants and coatings. Some excipients may have multiple roles in the
formulations, e. g., act as both binders and disintegrants.

20 Examples of pharmaceutically acceptable disintegrants for oral formulations useful in
the present invention include, but are not limited to, starch, pre-gelatinized starch, sodium
starch glycolate, sodium carboxymethylcellulose, croscarmellose sodium, microcrystalline
cellulose, alginates, resins, surfactants, effervescent compositions, aqueous aluminum

silicates and crosslinked polyvinylpyrrolidone.
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adjusted, if necessary, for preparation of such a sterile solution or

di spersion suitable for infusion or injection. This may optionally be
encapsul awed3jomsso | i posones. In all cases, the final preparaBixmnsmst be
sterile, liquid, and stable under production and storage conditions. 19 WO
03/ 077830 PCT/1B03/00987 The liquid carrier or internediate C%ﬂ be .a

sol vent or Examgples of phasmersusicakiyi pesepiahlstbindmss frraral fogpulaignspseul herein

et hanol, a polyol (e. g. glycerol, propylene glycol or the like)

veget abbkdej bsi, aromet ditiitedylty,cavacine @itioss derivaisvest abthe asi medyissilylng: eof .
Suitable flowability may be maintained, by generation of |iposones,

adni ni gipynRyelRldy] t aby@oRprbpyhetisicetuliose,5 tinsrcapeomicediubser sioons, or
by the addi'tion of surfactants. Prevention of the action of mcro-

or gani Leve th bl Offex@fosaar i olant ipbBaticfiacAllated)d
antifuﬁg%?ﬁgggﬁﬁgﬁﬁgk’g.gd%g?abgﬁgggﬁﬁor%%utanolf%g§ sorEigﬁ;cide}ln many
casges i sot.oni ¢ _substances. ar c

<o unp@ﬁy]gﬂpagoﬁ%onées ST itol: gta{c%t %gg-gglqgﬁ!ized Gtar ér@tr%@ h, QHIfltrlﬁ%e; (rjé}ﬁﬁ

e gsnot | Ssure sim t hose o
fluids, particular|ly blood. Prolonge bsorptio f such injectable
nixturé@ﬂwﬁﬁd@@?&@ﬁﬁé@@ﬁnTan?hWW%PBE@@W&Bﬁgbpogﬁgﬁwgpﬁﬁn-deIaying agent s,
such as al um ni um nonostearate or gelatin. Sterile injectable solutions
can be prepakadploy ofiphirngctitieally deepabdillraioparatdomyulatians-ingdhdre byt #eomyci n
A isostructural pseudopol ynorphs with an appropriate solvent and one or

nor e ofof hRited 6 CTRREE,0RBTdRAA GNee McSose fradrobiwrhtd) ysustose,i dextiosd, treanmiigl, | n
the case of sterile powders suitable for use in the preparation of sterile

i nj ect | o e PhibloeRBiafiine0bel ey daihy il Ustearitiyiorg i n
vacuun?ghgoﬁﬁ%gﬁ%lg%%%@%ngﬁ&ﬁ?%ﬁb%révidQ@Sbmgery nigtdfgs of they¢r
i spstructural eudopol yimor ph ILe ci pients for subsequent
prggar ﬁglFW@fd%EI?ag?’icﬁgc%glcﬁ{%P%ﬁg%dr %ag%ln%(l)%er%ds of the present invention

may al so be_used for the preparation acal | t.i t Opi
fornulation@KmSB@ﬁOfﬁ%ﬁ%P%WW%ﬁgyﬁ&?mgﬁLbh%ﬂﬁ?ﬁfﬁ“%@ﬁ@&gégﬁggkgghﬁggheicalIy
accept abl e excipients, such as polyners, ails, quui%»carriﬁ%&? Iveol

sur f actimention tudhids; hut pre gt Jineitedetp, maguesinm; gearatcs fleoRplygiyione slycol,

moi sturizers, enollients, colorants and odorants. )
polymers of ethylene oxide, sodium lauryl sulfate, magnesium lauryl sulfate, sodium oleate,

sodium stearyl fumarate, DL-leucine and colloidal silicon dioxide
15 Examples of suitable pharmaceutically acceptable odorants for the oral formulations
include, but are not limited to, synthetic aromas and natural aromatic oils such as extracts of
oils, flowers, fruits and combinations thereof. Preferable are vanilla and fruit aromas,
including banana, apple, sour cherry, peach and similar aromas. Their use depends on many
factors, the most important being the organoleptic acceptability for the population that will be
20 taking the pharmaceutical formulations.
Examples of suitable pharmaceutically acceptable dyes for the oral formulations

include, but are not limited to, synthetic and natural dyes such as titanium dioxide, beta-

carotene and extracts of grapefruit peel.
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Exanpl es of pharmaceutically acceptable polyners suitable for such topical
formul ations include, but are not limted to, acrylic polyners; cellul ose
derivati vwe,038u8B0 as 20 WO 03/ 077830 PCT/ |1 B03/ 00987 PCT/IB03/00987

car boxymet hyl cel | ul ose sodi um nethyl cel |l ul ose or hydroxypropyl cel | ul ose;
natural polyners, such as al ginates, tragacanth, pectin, xanthan and

cyt osan. ExBxguies of usefil phdrmapéwicatiyc acaepihlel soatinge farabe core) fosmyltiers: are so
useful include but are not limted to, mineral oils, silicone oils, fatty
aci ds, ty%icﬁﬂ?%@d andfaglliyste| swalloviingmphaiifyofthe ukleatd @ropratiesciuproval thy
acceptable liquid carriers include, but are not |imted to, water,

al COhO%@e & VRl s4eh (RS takddT0he foEAMEARRNGIcIudR ORY lef Gogllingiedd, to,
hexyl e SPycoI , glycerol and pol yethyl ene glycol, or m xtures thereof in

whi ch {1 is i asRipeshiintissPer sed.  QRky1ABMdiacy1aB the
addi ti %ﬁgfﬁﬁrg%?@gﬁg&gﬁﬁg%i c, ﬂ%‘%té}l?%p\rﬁ?@’ or Ulnc?n- ionic surfactant s?y and
inorgani c_or organic buffers. 10 Suitable exanples of pharnmaceutically
accept SMOY R Eser vat i ves include, but are not limted to, various

anti bacterial and antifungal agents su as solvents, for exanple ethanol,
propyl ene gbyitahle BeERles abk : awlﬁﬁgbuﬁcﬁﬁﬁ??leqﬁﬁftegttﬁﬂ%y ArmBhi I?FHHSGJ ts,
and parabens (such as nethyl paraben, ethyl paraben, propyl parabgn,

et c.) . f@mulabhe inckaiepbetsaro hophaitat i @spasianiey sascbapy, éb‘fcga@l? godipmy godiuny, g
antioxidants include, 15 but are not limted to,

et hy| egpdimatnelliesl mansitdlCsonlsital, 1865nd subiosair ea, t ocopherol and butyl
hydr oxyani sol e. Sui t abl e exanpl es of pharmaceutically acceptable

moi sturi zer §}ﬂt£lﬁé ugﬁnplpyafsﬁu{a@ma%uﬁcéﬂwwceﬁtam bugeisaaélnae, bus erdict Gimitedr ea
y

and pol yet hyl'ene glycol. Suitable exanples of pharmaceutically acceptable

empllients include,.. but.ar | Qe HAARE Ha, mhavRsieRyY!
rrymrB stg’ec,lngn ! ’ssgs}ugﬁlpﬁt?aﬁgl %(a%a ?a)?c dgllateégﬂ%?mdgygs a do%ﬁgr éntas?ggi n topical
dﬁ%ends on many factors of which the

];rgg{m: %ﬁggéﬁamégﬁwgéﬁggﬁ%ggﬁ%bﬁ% ity to the population that wll
be using the pharmaceutical fornulations. :
Suitable examples of pharmaceutically acceptable surfactants include, but are not
limited to, sodium lauryl sulfate and polysorbates.
Formulations of the isostructural 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
15 pseudopolymorphs of the present invention can also be administered intravenously or
intraperitoneally, by infusion or injection. Dispersions can also be prepared in a liquid carrier
or intermediate, such as glycerin, liquid polyethylene glycols, triacetin oils, and mixtures
thereof, To improve storage stability, such preparations may also contain a preservative to
prevent the growth of microorganisms.
20 Pharmaceutical formulations suitable for injection or infusion may be in the form of a
sterile aqueous solution, a dispersion or a sterile powder that contains the active ingredient,
adjusted, if necessary, for preparation of such a sterile solution or dispersion suitable for

infusion or injection. This may optionally be encapsulated into liposomes. In all cases, the

final preparation must be sterile, liquid, and stable under production and storage conditions.
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21 WO 03/077830 PCT/1B03/00987 The therapeutically acceptable quantity of
t he 9-deoxo-9a-aza-9a- net hyl -9a honoeryt hromycin A isostructural

pseudopol wowmsptms3of t he present invention adm ni stered va&craBo3/megrendent
on the sel ected conpound, the node of administration, treatnent

condi tions, age and status of the patient or animal species, and is subject
to the finaThedqiisl eariersorahtarmedipteyesndiean soleentiar diauifl disperatve ey Bt or
nmonitoring the course of treatnment. Suitable oral and parenteral doses may
vary Webdthifs, ! B€ exadhsle, whtef, retilanahauoldolt(e. atgyterol2p@pitenp atycel obthed @)

wei ght per day, preferably fromabout 5 to about 100 ng per kg of body

wei ght vé%&&'a bis, oL RRIYcek e BsRR0Md fithbleahiquireStherat pHuitably fiéwiin
wei ght per day. = The 9- e%l)xo- 9a- aza- 9a- et hyl - 9a- honoer yt hr onyci n AW

pseudopol ynor phs . may . . i N, £S5 B9 jzec@Nt ai n
from aﬁ@&’t elméﬁg?aé eoﬂp 9%&%3{5%}& Hﬂl@%ég&a 1 %/(ﬁmfﬁ irsg)}?ndugtnt)gﬁt§ %%ﬂ?g@;{gtgﬁlzdéglo nlg >

and_nore desirably from abopt .t o ah £t Y t ance

ipﬁ \r/ Z lrjl[l!ﬂ%e s &f %ER%FWPECS]IM%%@‘;%%&OPUO t°ut a%tmg[g'g% oepngllofl1 rr‘%ﬁ B?I g&:l)(%‘n ﬁ@%&esent
ion were prepared as escribed in anples 1- bel.ow, .utilizin

9- deox r@aismran he gekinyed Baths SABID h Y BRSHS: aﬁgﬁa‘ﬁq%"‘\i&?‘% 6%?“8%‘1"??‘?‘8%] “afd )

crystalline forms, including anhydrous, hydrated and solvated forns, as

subst r pamben, whidrabhutynalsemsoriie ragidn In Maay gages aipsorue W%ﬁrﬁiaq‘)@gnenﬁd’

met hyl - 9a- honoeryt hronycin A materials so utilized were comrercially

avai | all g @garspbefias and soditinechimriteen adsise beetic pressune siprilapito those of Bodhe
extent that the conditions therein 20 could be ascertained. In the

exper i MRS pheRREHS HlddY. PRSloBFE M s6ptioh B seaNinttablomitthes cardpechiovel
9- deoxo- gg- gza- Oa- 2Et hyl - 9a- h%%oer ?/?hr onycin A@gr oducts were :)flal yzed by

and s 3000 AT A APRRAP AP AR ot SBLSTERE * ™
T oSR5SR T i3 S0 o B ST ©
9a-homoerythromycin A isostructural pseudopolymorphs with an appropriate solvent and one
or mofe of the aforementioned excipients, followed by sterile filtering. In the case of sterile
powders suitable for use in the preparation of sterile injectable solutions, preferable
15  preparation methods include drying in vacuum and lyophilization, which provide powdery
mixtures of the isostructural pseudopolymorphs and desired excipients for subsequent
preparation of sterile solutions.
The compounds of the present invention may also be used for the preparation of
locally acting, topical formulations. Such formulations may also contain other
20  pharmaceutically acceptable excipients, such as polymers, oils, liquid carriers, surfactants,
buffers, preservatives, stabilizers, antioxidants, moisturizers, emollients, colorants and
odorants.

Examples of pharmaceutically acceptable polymers suitable for such topical

formulations include, but are not limited to, acrylic polymers; cellulose derivatives, such as

20



WO 03/ 077830 PCT/1B03/00987 experinents were perfornmed on Broker-Nonius
FR591/ KappaCCD single crystal X-ray diffractonmeter and Philips X PertPRO
powder X-wayw3dif8Be act onet er equi pped with Anton Paar TTKPC@OBoBwPEti ty
canera used for non-anbient data collection. The crystal structures of the
several pseudopol ynorphs thus produced are indicated in Taﬁ‘le 1 bel OVY’ and
the 5 cuheymahdcdlnnssy ewdiving haethylselplasat pon hydoxyproaricpliulesy, datusalyng 3,
Formul ati ons containing the new isostructural pseudopol ynorph of general

f or mul polymeysh) euohi as akgidates; t@gafantiy peqingsaritlancamd cytpsew 21 are described in
Exanpl es 23 and 24, and conparative data indicating the potenti al

consi st ent Ek&ﬂ%l@is bekiitable/phadigceatipalyi steptiiss ollsivhivh arasslusdfalbintliide/but
properties of the new pseudopol ynorph, relative to the commerci al

9- deoxQr9ah 1 1R ReTB Y s1RendIoHD ekt R RMMEHbIA add BiWdoRt € product are
gi ven %ﬁq@g#p%eggéﬁ%%%w’gbar%ti on Cr)‘wThe Pseudopol ?Mrrgr phs Exanple 1 15

[ f - . e _
pr oBi pi 1 at 1 GAEPER AR P eyt P RRlobi BATERTR jokfle, Birdrodor B

9- deoxg- 9a- aza- 9a- honper yt hr onyci 9a- DeMet obt.ai ned, b 20 thod A of
US4 30Bad 4o Wale FEaRRsEr BMERS Sustraetizgp b optopRaoiPBy Rt shESL IBIIRE, ) and
formalin (1-1.5 nol e formal dehyde/ nol e, 9a-De|\/bt%_ in_acetone (4-8 1/kg of
the 9aglyshbiglycseel end ab)yethyimerdlyqolre mixtreclera! bwhich Be PFFHEPUBRRIPY about
56C) and stirred at that tenperature for 4 hours. The reaction m xture was
t her eafid éissatvnl eddigretsedc bptiatatly vatinthecallitiTnofapdgdxic rarwe catiggc Af nap-
stirring the mxture was filtered, and the charcoal remaining on the filter

vas Washifdsurtictaatsaaed BRgsdn® &S-otgthidblleref the 9a- DeMet substrate). The
conbi ned acetone solution (both 23 WO 03/077830 PCT/1B03/00987 the

fil t t 2 f
on Berer) andyiiifc WRaRbINRT gHERacRASHy Rol il BhaRErehfes2Rolbbb dafard ET@t

limited to, various antibacterial and antifungal agents such as solvents, for example ethanol,

Uit
ro
propylene glycol, benzyl alcohol, chlorobutanol, quaternary ammonium salts, and parabens

(such as methyl paraben, ethyl paraben, propyl paraben, etc.).

Suitable examples of pharmaceutically acceptable stabilizers and antioxidants include,
15 but are not limited to, ethylenediaminetetraacetic acid (EDTA), thiourea, tocopherol and

butyl hydroxyanisole.

Suitable examples of pharmaceutically acceptable moisturizers include, but are not

limited to, glycerine, sorbitol, urea and polyethylene glycol.

Suitable examples of pharmaceutically acceptable emollients include, but are not

20 limited to, mineral oils, isopropyl myristate, and isopropyl palmitate.

The use of dyes and odorants in topical formulations of the present invention depends
on many factors of which the most important is organoleptic acceptability to the population

that will be using the pharmaceutical formulations.
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crystals were thus partially precipitated. The resulting m xture was

al kali zed stepwi se with 10% sodi um hydroxide to a pH of 9.8, and then
stirred aworoeomssenperature for 2 hours. The precipitate ®»ag/1IBOX0YST al | i ne,
5 isostructural pseudopol ynorph of Formula I (l1l: S = acetone, x=1 and
y=0.5). The precipitate was filtered, washed with an aqueous acetq e

sol ution (1086 Wheflapewitballyi edceptable omantibhped dher 8-dsyer aa@??n?%‘ﬁ‘#é‘i‘yg’ -
pressure to constant weight. A mninumof 0.7 nole of the isostructural

ps eudopahydiphtnyuas A hostryrnepbpseddofdbpmorphn gf enecprpsand inventieny adminisiered i on
anal ysis, the isostructural pseudopol ynorph was characterized, identified
as conpgyid ngeﬂd@ntlgnT% eclbcfe@! BMhpdiing, SRECnbie fondiniristraion; ittdatmazhti n t he
preparation of that pseudopol ynorph are summarized in Table 2. Exanple 2
15 Pre | fanBSEiEO i | @rd(iSThisiect b GRAM dedisidn 5,
y=0.5) 5)(%{91‘%dlgr9’2a Slntﬁ)gl on@%ﬁ@gﬁ%ﬂﬁgﬁg%&e@ (NEtﬁF\od A) The native

sol utiop, of . 9-deoxn-9a- aza- 9a- net - 93- | t I rmed as 20
doskr i BEUS RS S PRy SRRt R S SRR et 275 S

nol e/ mol e 9a-DeMet) . and formalin (1-1.5 mole formald de/nol Met )
was added t gullt%?r@b%parmt_egl?gpqg@ (magfva%‘é”t@él-%@ REEe r‘?gkr%m ahgut ?fagﬁcr%&xt ure
was treated in the same manner as described in Exanple 1. i.e. iﬁ( S
heat ed20®migt e thegi o fi baglypueisht pendlay; prefesably frohaliout Snigeabapt Q) mgrPey ﬁ\gﬁr s.
The reaction m xture was then cool ed and activated charcoal was added

t her et BodyNvbight @l mbterpréfegblihfomi sbbutr etovahsutf 30 mgpevke afibodyecightnet day.-
remaining on the filter was washed with isopropanol (0.5-2.0 1/kg of the

9a- De S RS0k 818 aza DAEN &APIDI IBEMb G PBEIRFIO! /5 OlpsdidepolyRbrpMd ORAP7 BB30
PCT/IFB@%?O?Q)B? boatzﬁ t he flmth)rate agtgfthe wash) was then added to the

E‘?i@ :' D &%rg{uiagec{l‘ (Fﬁag sig lsefJ ?ﬁgeafo%'\fﬁat) conta?ﬁsoﬁi?iﬁtabﬁﬁty B thsout8060 hix ﬁreferably

. g mxture was al kalized stepwi se with 10% sodi um
hydr OXIfr%?n gb%utalgd_i toogtbout 200 mg, and more desirably from about 150 to about 600 mg of the

active substance per unit dose.

EXAMPLES

The isostructural pseudopolymorphs of the present invention were prepared as

15 describped in Examples 1-22 below, utilizing 9-deox0-9a-aza-9a-methyl-9a-
homoerythromycin A in various purities and crystalline forms, including anhydrous, hydrated

and solvated forms, as substrates initially used therein. The various 9-deoxo-9a-aza-9a-
methyl-9a-homoerythromycin A materials so utilized were commercially available or
prepared in the manner disclosed in the prior art, to the extent that the conditions therein

20 could be ascertained. In the experiments reported in the examples, the contents of the
respective 9-deoxo0-9a-aza-9a-methyl-9a-homoerythromycin A products were analyzed by
HPLC, and residual solvent contents were determined by GC. Particle sizes and distributions

were obtained by the Malvern Method. TGA and DSC measurements were performed on

Perkin-Elmer instruments, SEM scans were performed on Jeol JFM-5800, and diffraction
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9.8, and then stirred at roomtenperature for a further 2 hours. The
precipitate was a 5 crystalline, isostructural pseudopol ynorph of Fornula
l e, in thwofoatomsed an i sopropanol solvate (S = i sopropanolPCTABA/ BN
y=0.5). The precipitate was filtered, washed with an aqueous i sopropanol
solution (10% VAT) and dried to constant wei9glht at a ter_rp?r at ur f 70Cto
80C, uedetimentsedure derformsslios Bfuker-Nonigs RS9I IAK apteGialin 819 7ySR1 2787 t he

i sostructural pseudopol ynorph Ie was thus prepared. Upon single crystal
x-ray giffhdiaabicpand Phali) XRestPROheowdasKrray tdiffedctqueeser opupyadowifh Anaien
characterized as identified in Table 1. The specific conditions utilized

i n thepplepge '%pnﬁﬁ‘ dirs&h 9S&0fdr Mok akltier? dafaxaliptitor3 Th Tryat ptmetiiesn of
Pseudolp;g rym)rf)}?bo Folfyrml a ld (S=n-propanol, x=1, y=0.5) By Precipitation

From n- Pr.opanaol / J}B@s indicated in Table 1 below, and the
9-deox85§1'éle?§\ezvgza§\ﬁ%r€({°ﬁ§%a- o%g%t rgcrirya(gei: rllnAl\ca(eSg), having a water 20
content of 5.7 le % was dissolved with Lk Rkn 20 m n-propanol and
hea? edc?wlféonste@ﬁ@fegtlﬁ Fléenb?reﬁ%@l%rbarg§8€nﬁl?aﬁs%{ %tglig %?1 was treated with
activated charcoal, filtered, and .cooled to a tﬁper ahurfe ofr ISf% juﬂIa 2
hour peri odFommdatienstapntainiag thesesye isosirycral prsudonplymonga of gsuerp) (OFHHE,
pseudopol ynor ph of the 9-deoxo-9a-aza-9a- net hyl - 9a- honoer yt rorrcgéi n of

t he Fomwhsten kel B=thepEsmaniss 11xend ldne 2=aresiescrihed Bdiawle?pendoerad 24
hour period. 25 The precipitate thus fornmed was the crystalline )

i SOSt I Weinuh@live dsd dedieatitEomp potantitheorkistent bioavailability panspsupsriorsdisselition The
precipitate was filtered, washed with cold n-propanol and dried to

consta ' ffes 3 HROMSEFseRl af refative t8 theRmnanercial 9alebxorper at ur e
of 400%3\.Mébgﬂ§(,)?%25 e\S/\D 03/ 077@530 W%B/ 00987 the isostructural
pseydopol yrmor ph .1 d .char [ as:l LbaRd af 'J&Piheaxjanlﬁﬁ’e% Asnes

pr gg uc@&?’gm&%ﬁgﬂm%e%kﬁéﬁggé ;&lrtll&t R irbfilatc

2 5

ons’ u e preparation are disclosed in Table
Exanpl e 4:

Preparation Of The Pseudopolymorphs

Example 1
15 Preparation of Pseudopolymorph of Formula Il (S=acetone, x=1, y=0.5)
By Precipitation From Acetone/Water
(Method A)

The intermediate 9-deoxo-9a-aza-9a-homoerythromycin (9a-DeMet), obtained by
20 method A of US 4,328,334, was reacted with formic acid (1.8-2.5 mole/mole 9a-DeMet) and
formalin (1-1.5 mole formaldehyde/mole 9a-DeMet) in acetone (4-8 kg of the 9a-DeMet

material). The mixture was heated to its boiling point (about 56°C) and stirred at that

temperature for 4 hours.

The reaction mixture was thereafter cooled and activated charcoal was added thereto.
25 Aftef stirring the mixture was filtered, and the charcoal remaining on the filter was washed

with acetone (0.5-2.0 kg of the 9a-DeMet substrate). The combined acetone solution (both
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Preparati on of Pseudopol ynorph of Formula Ig (S=iso-butanol, x=1.25, y=0.5)
by Precipitation From | sobutanol/Water (Method C) 10 Anorphous

9- deoxo- 9Oaz@7B3a0 net hyl - 9a- honoer yt hromycin A (5g), havi RGTABEAI00S7

content of 3.8 nole % was dissolved in 15 m of isobutanol and heated to a

tenperature of 40C. At that tenperature, water was gradually added to the
sol ut i ofe \ﬁ&tf%e and the weshy wtas theay added to thevwater ¢10-200¢keef tﬁfrﬁé- eH-iFsRduhs

then gradually cooled to roomtenperature over 5 hours and allowed to
stand aerysthls sveretipe partialy pudicitiieted. stirring for a further 18 hours. The
resulting 15 precipitate was a crystalline, isostructural pseudopol ynorph
of Fornul a |TDhe fesulting niivture whs alkalizegloadtepive srotvith DY@l hydiosideuto aangH of
x=1.25 and y=0.5). The precipitate was filtered, washed wth a cold

aqueousg 8ohii ki @Hrrddsabron @mpeki¥eeVioy)2 dbdrsd %@q)ré&%i%i@ kAN chRtdide, under
at nospheric pressure and roomtenperature. 2.2 g of the pseudopol ynorph Ig

was & hu I i c X | ff i LSniclhe
oyt ol SOy RERPRRE oD EbRGL Forbiuph A §afHlofl, 5 3L 0P E e ipith
condi tions .of the prepar.ative techni que ar IS ed i.n Table 2. Exanple
52" Br o RPa o BLEn G6 TR st B PR rate s 0 &8 Bl abit gt ot R
25 By Precipitation From_ Ethanol/Water (Methqd D) L

9- Deox olCBRCRREC JRAFFAMOSRITHC PEgRS ey WP@%@FBiWFI@tdiAa?HP%‘En ©f O mglgr ofithe  Usp
25) was dissolved in 35 nl of 96% ethanol. The stirred solution was heated
to a teiwpdinatumalepssidopdymerpb3mes 1880 prpFred BdGon0siggle gugtal 3149 Gliffastion
subsequent|ly added gradually, over a period of 2 hours, to 70 mMl of water

at 40C amtgts, geecidbsnmcinirdlpseidopglyefiorph &vas chatacterizad, adenpisied de pompomidon inf
Formula la in which x=1 and y=0. The m xture was then gradually cooled to

SC myerTald4 R . STIRESIRHic comdftidnk QiTBd ﬁmh@%rgaapitﬁﬁidzithat cuddp®lymorph
precipitate was filtered, washed with cold 96 % et hanol, and dried to

iggst{an&rem%zwﬁefab%ﬂospheri C pressure and at a tenperature of 0Cto

Example 2

15 Preparation of Pseudopolymorph of Formula Ie (S=iso-propanol, x=1.5, y=0.5) By
Precipitation From Isopropanol/Water
(Method A)

The native solution of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A formed as
20  described in Example 1 from 9a-DeMet (1 mole), formic acid (1.8-2.5 mole/mole 9a-DeMet)
and formalin (1-1.5 mole formaldehyde/mole 9a-DeMet) was added to isopropanol (4-8 I’kg
of the 9a-DeMet material). The mixture was treated in the same manner as described in
Example 1, i.e. it was heated to its boiling point and stirred at that temperature for 4 hours.
The reaction mixture was then cooled and activated charcoal was added thereto. After

25  stirring the mixture was filtered, and the charcoal remaining on the filter was washed with

isopropanol (0.5-2.0 I/kg of the 9a-DeMet substrate). The combined isopropanol solution
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2.0 g of the pseudopol ynorph Ic was obtained. Upon single crystal x-ray
diffraction analysis, the isostructural pseudopolynorph Ic characterized
in Tabl e wowas7isdent i fied. The parameters of the preparaPCanBexmwbsn que are
di sclosed in Table 2. 10 Exanpl es 6-9: Preparation of the Pseudopolynnrphs

of Formulas Ij (S=G ycerol, x=1, y=0.5), Ik cerol, Xx

| b ( S=iettharofilfrate=dnd2the vyas]h) waa tlebn add@@i@masetila/ -2 Mgt thqgaﬂ?éff%}gous to
the procedures outlined in Exanples 3-5, crystalline isostructural
pseudopgldy sl piiss Merd@igpteRipitated. t he form of the glycerol solvates Ij (S =
gl ycerol, x=l and y=0. g? and Ik (S = glycerol x=1.5 and y=0.5), the

met hanol SO'r}{él} uit ?(&mg%&da%n&hlze&aép\%e m&mdl(y/’&%ddlumﬁ@/d&dﬂaddtormpﬁ)df
squOX|de( vate Im (S = DMSO, x=1 and y=0.5) were 20 prepared.

Upon s' a ; r egRe

g:grﬁo? Y %§Eﬁﬁeé iquﬂbjkg ﬁpaggéh%%gfgc%g?fzed agk% ﬁ?i??%g I n
e prepar c itions ar O b

03/ H77896t E%WF%E§? ‘EEQHBP%HR Ofgkﬂ%%ghklﬁﬁq%ka seu oég %ﬁ%rphs

of Formulas | h (S=1, 2- Et hanedi o], x=

1, 2- Et kelvatdi(61= gSOPm}’taﬁ@]d x5} - Seend=0F)- aTﬁ%\thV)épl?g%/ ep gﬁte ?Idt Vabidd Wi

9- deoxo- 9a- aza- 9a- et hyl - 9a- honoerythronycin Ain eth acetate, prepared
as desatudoasl isoprapaniC@atia0 6% WA g agidl |dgied do wgonsiany Wﬁiggthétra Ipgratgie ofet hy |
acetate. The resulting m xture was al kalized stepwise with 10 % NaCH

sol uti gooct Qo ®0%0, plldfa BdBcedptbsitte dfyar § IFapatamidmuithef &thylolaebthet e

| ayer was washed with a saturated sodi um chloride solution and treated

with a%&s&fﬁ‘ét&%@%{d%}ﬁ@ﬂrymo?ﬁl@ TdYiphl WG ﬁgﬁﬁaﬂa@ \eUpbii kingleeehystabrday Meffradtimcoal

remai ning on t was washed with ethyl acetate (5 ml). To the
10  analysis, the isostructural pseudopolymorph was characterized as identified in Table 1. The

specific conditions utilized in the preparation are disclosed in Table 2.

Example 3:
15 Preparation of Pseudopolymorph of Formula Id (S=n-propanol, x=1, y=0.5) By
Precipitation From n-Propanol/Water
(Method B)

Crude 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A (5g), having a water

20  content of 5.7 mole %, was dissolved with stirring in 20 ml n-propanol and heated to a
temperature of 40°C to 50°C. The solution was treated with activated charcoal, filtered, and
cooled to a temperature of 35°C in a 2 hour period. The mixture was seeded with 0.25 g of

the isostructural pseudopolymorph of the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A

of the Formula Ie (S=n-propanol, x=1 and y=0.5), and cooled to 0°C over a 24 hour period.

25  The precipitate thus formed was the crystalline isostructural pseudopolymorph in the form of
the n-propanol solvate. The precipitate was filtered, washed with cold n-propanol and dried to

constant weight under a reduced pressure of 6 to 8 kPa and at a temperature of 40°C. 2.6 g of
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conbi ned ethyl acetate solution (both the filtrate and wash), 30 m of

1, 2-et hanedi ol was added. The ethyl acetate was then distilled out at

at nrospherwo optoessure. The residue after 15 distillation w»a3/18030wbs7 cool ed
from90 Cto O C over a period of 30 hours. The resulting precipitate was a
crystal line isostructural pseudopolymorph of FornulLa, .Ih. .in the fgrmof a
1, 2- et Hensestoictual @a@@oz)@ymomhzlétﬂmﬁ%q@ﬁg %?:1<{eaﬂ‘lée‘§/£6. Egble 7, was thus
precipitate was filtered, washed with a cold aqueous sol ution of

1, 2- et padeckdo| ThekOnditivaditilizeddn mmww@im@d@&ps%nghblqﬁwder at nospheri ¢
pressure and at a tenperature of 0 Cto 10 20 C. 3.4 g of the

pseudopol ynorph I h was thus prepared. Upon single crystal x-ray

di ffrag&hﬁﬁylmal ysis, the isostructural pseudopol ynorph Ih was
characterized, as indicated in Table 1. Preparative conditions are

su rized in Table 2. 28 WO 03/077830 PCT/1B03/00987 Exanple 11:

Conver si on, of the Psejidopol = 18, ¥ 32 Pis. vL9.5
Pseudopol yFSPHHOR "?j’gi“&}‘%‘j&} %‘:% #I‘t‘(l{r\ﬁl iﬁﬁ%&ﬁgﬁf slg%sdty i on)of
9- deoxo- 9a- aza- 9a- met hy PYGA IREARY fﬁ?‘g Cih prepared using the
procedure described in U S. Patent 10474, 768, was converted to a

crystalline isostructural pseudopol ynorph of Formula I} = aceton x=1
andOy=0. 5) denargheused-ge ?@59%@§%1V1'%BOWHG’E§%%V@§ A_‘Lééénha‘@“%lﬁ e py
met hods E and D. 10 The precipitate thus forned was filtered and washed
Wit h aromeguiesfUss asdt &6 evasaissobved if 16 @b ofisehutangbend deatediép aiareperaurecefuced
pressure of 2 to 5 kPa and at a tenperature of 70Cto 80C, 0.6 nole of

pseudopgby MRk Akt tefngeXatdre, Watdl Wi SraaBAIR} ARV (@ theisbMitiohSRth2inglineil stightst al
structure of pseudopol ynbrph la was characterized as identified in Table 1.
The C?Ergidtitly%tsmeem h%ys%ijut%glewgsumrgkaﬁﬁgﬂ}'i BooldPlProdm tempetdimel R §4iohs
and allowed to stand at this temperature without stirring for a further 18 hours. The resulting
15  precipitate was a crystalline, isostructural pseudopolymorph of Formula Ig, in the form of an
isobutanol solvate (S = isobutanol, x=1.25 and y=0.5). The precipitate was filtered, washed
with a cold aqueous solution of isobutanol (10% V/V) and dried to constant weight under
atmospheric pressure and room temperature. 2.2 g of the pseudopolymorph Ig was thus

prepared. Upon single crystal x-ray diffraction analysis, the crystal structure characterized in

20 Table 1 was identified. The conditions of the preparative technique are disclosed in Table 2.

Example 5:

Preparation of Pseudopolymorph of Formula Ic (S= Ethanol , x=1, y=0.5)
25 By Precipitation From Ethanol/Water
(Method D)
9-Deox0-9a-aza-9a-methyl-9a-homoerythromycin A dihydrate (5 g; purity: USP 25)

was dissolved in 35 ml of 96% ethanol. The stirred solution was heated to a temperature of
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Preparation of the Pseudopol ynorphs of Fornulas If (S=n-Butanol, x=1.5,
y=0.5) and |i (S=1, 3-Propanediol, x=1, y=0.5) A native chloroformsolution
of 9- deoxwodanzsae 9a- net hyl - 9a- honoer yt hromycin A, 20 pr @panse/@mesior di ng
to the procedure described in U S. Patent No. 4,517,359, was converted to

t he pseudopol ynmorph If (S = n-butanol, x=1.5, and y=0.5). A native butyl
acet at e30501ta 4000, aid subsafpentty Shlcd Zeaddallyymiviey & peadedohd boyishtodityml of Water
prepared according to the procedure disclosed in WO 99/58541, was

conver t2diobQ jnldsr REBHIORRL YRR LA the (Bsrudkurd! BERRBPSIHBph FF&nﬁ’tﬂQ IynQ 5).
29 WO 03/ 077830 PCT/ | /00987 Theepsgudopol grmr pﬁ&%\le%pe gr epare

anal ogy t.o th roced crlb 10 a b t hods
2" ana Brhigh Bf eB8 3o s PREE s SR PaciiRrogedto 2 ovar Aot &&%ﬂ%ﬁ& sip
t he pseudopolynnrphs | f and li were characterized, as indicated in Table

1. The wihé&raiatae ofig precinithte Theuenipitaty was fierpdhyashed vgthesalh9p&s eihanol,
Conversi on of the Pseudopol ynorph Il (S=Acetone, x=1, y=0.5) to
Ps e &d o paaldydried pd cdrstank wkighy aider iimddpheis pressupobrydairaphmpbrafuse at 81O el 0°C=1,

y=0.5), obtai ned according to Exanple 1, was dried to constant weight
under & g @@p%Wrﬁor‘ﬁB 10 whs KEﬁlréadUﬁén éng1e %P}%Ea?}tx‘-&ra d?lffract'i_’(gpdnafﬁ?s
resul ti ng pseudopol ynor ph was characterized as Formul a (x 1 and 'y=0,
Tabl e I tati r 5.

Beampl Mt lsg%ﬁwéfé%sﬁ%ééﬁé?&?ﬁ%s éﬁd%‘hﬁaa el Vi JHRLL, s rebdfhiad>, T4

to Pseudopol a Q S | ymorph 1c (S=et hanol x 1,
y=0.5),P aﬁj %a(s‘%?‘?rb@é“l %1“ ﬁﬁF]QEeﬁ dl'\%gge%“ eg to C(()nstant wei ght

under a reduced pressure of 2 kPa and at a tenperature of 80

10  Examples 6-9:

Preparation of the Pseudopolymorphs of Formulas Ij (S=Glycerol, x=1, y=0.5), Ik
(S=Glycerol, x=1. 5, y=0.5), Ib (S=Methanol, x=1.25, y=1), and Im (S=DMSO, x=1,
y=0.5)
15

Analogous to the procedures outlined in Examples 3-5, crystalline isostructural
pseudopolymorphs of Formula I in the form of the glycerol solvates Ij (S = glycerol, x=1 and
y=0.5) and Ik (S = glycerol x=1.5 and y=0.5), the methanol solvate Ib (S = methanol, x=1.25
and y=1), and the dimethyl sulfoxide (DMSO) solvate Im (S = DMSO, x=1 and y=0.5) were
20 prepared. Upon single crystal x-ray diffraction analysis, the respective pseudopolymorphs Ij,

Ik, Ib, and Im were characterized as identified in Table 1. The preparative conditions are

disclosed in Table 2.
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C. The pseudopol ynorph Ia obtained was identical in formand yield to that
prepared in Exanple 14. 30 WO 03/077830 PCT/1B03/00987 Exanple 16:
Conver si owomB/0t1880 Pseudopol ynorph | b (S=Met hanol , x=1. 25, PEFAB03/10987
Pseudopol ynorph la (x=1, y=0) 5 The crystalline pseudopol ynorph | b

(S=net hanol , x=1.25 and y=1), obtained according to Exanple 8, was dried
to con@f‘%mPie\M=ght under a reduced pressure of 2 kPa and at a tenperature
of 80C. The resulting pseudopol ynorph I a, characterized in Table 1, was
identical in formand yield to that obtained in Exanple 14. 10 Exanple 17:
Conver siPeeparhtioh of AxcPatadopelyororphs of K@nmi@s Bpeivdl2-Etkanedjolx=), y=0.5)
Pseudopol ynor ph | a (x=1, by P@¢cipitatitreFeomdt2aEthanedjpdeudopol ynorph 1d (S =
n-opanol, x=1 and y=0.5), obtai q®kth@&CEPrding to Exanple 3, was dried to
constant wei ght under a reduced pressure of 13 Pa and at a tenperature of

80C. The i g} dhiaidh Rhifd o1 orPSEIMLRRLIIRIPS) AR SE haRcHTbniydHSA in

produced were identical to those of Exanple Exanpl € 18: "Conver si on
e N N T el
Subj ooPeal te5taso ] it Bi e MR eLHcHizal ieBR b0 oA abiion to H°°
10 pH of 9.8, and the layers separated. The ethyl acetate layer was washed with a saturated
sodium chloride solution and treated with activated charcoal. The mixture was then filtered,
and the charcoal remaining on the filter was washed with ethyl acetate (5 ml). To the
combined ethyl acetate solution (both the filtrate and wash), 30 ml of 1,2-ethanediol was
added. The ethyl acetate was then distilled out at atmospheric pressure. The residue after
15  distillation was slowly cooled from 90 °C to 0 °C over a period of 30 hours.
The resulting precipitate was a crystalline isostructural pseudopolymorph of Formula
Ih, in the form of a 1,2-ethanediol solvate (S = 1,2-ethanediol, x=1 and y=0.5). The
precipitate was filtered, washed with a cold aqueous solution of 1,2-ethanediol (10 % V/V)
and dried to constant weight under atmospheric pressure and at a temperature of 0 °C to 10
20 °C. 3.4 g of the pseudopolymorph Ih was thus prepared. Upon single crystal x-ray
diffraction analysis, the isostructural pseudopolymorph Ih was characterized, as indicated in

Table 1. Preparative conditions are summarized in Table 2.
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31 WO 03/077830 PCT/1B03/00987 tenperature of -95C until a product of
const ant wei ght was produced. The yield and purity of the pseudopol ynorph
la (x=1 awo oge0R3mere identical to those of Exanple 14. EprempBes/@®387 5
Conversi on of Crude 9-Deoxo-9a-aza-9a- net hyl - 9a- honoeryt hromycin A to the
Pseudopol ynorph la (x=1, y=0) The crude conmerci al

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hromycin A (100 g) 10 was suspended in
500 mM of water and acidified stepwise at roomtenperature during a period
of 105pfampleai:to a pH of 5.2 using 10 % hydrochloric acid. The resulting
solution was then added dropw se for about 35 mnutes to 1360 m of

approxi mat el'y 3cgh k6ol Ve thd P§é’u"ﬁ@g&}¢mo@ﬁﬂﬁl’@=&3ﬂm@l xf, yw0isr to 40 m of

acetone) at roomtenperatysp m RITY (9N y=6) 10% sodi um hydr oxi de
solpiti on was added dr opw g&e (sjet}lﬁaﬁg 55r§1 nutkes gt )roomterrper ature, until 15

a of 9.8,was_qbt ai ned. . The m xtur thep hea 19349 oGm&hillded at

t hat terrperéturléa(%1V or lﬁgloFﬁlﬂ?}F]an)s% an%ﬂ% ﬁen cggl e?aée%qg(?ac. Thgnpr%ciapi tate
was a crystalline isostructuyral seudapol ynor T 6Sp= o] ~l,

0. 5) honrsreyioresey e fameniel Fibs LRIEOSARE (HONE I iSo bt ROSB TS 2 1ov
acetone solution. 234.1g of wet pseudopol ynorph 11(S = one, x=1

y=0. 5) wassonvied tsha enyat@gmwc@tmctaxaﬂ BFCUEPRAINGORDY Qifé(ﬁgl%laﬁtalf &é.— GRttous X55¢

under a vacuum 20 of 2.0 kPa, gave 93.5 g of the isostructural

pseudop@l yms)fsidgathé procedmds Yeddyibed inUBRnRHes KLanidryaoms: hmethodREFEAN ng

this procedure twce (Batches 2 & 3) gave the pseudopol ynorph la (x=1 and

(o) DA 45 i 10 a5 5. 2
9 Deon]-/@)a.- 580 %&HE LAY PRANOIPHREKLRY &MY & 5 IPatafd P8 temperature of 70°C to
80°C, 0.6 mole of pyseudopoly-morph Ia (x=1, y=0) was obtained (purity: USP 25). The
crystal structure of pseudopolymorph Ia was characterized as identified in Table 1. The
conditions employed are summarized in Table 2.
15
Examples 12-13:
Preparation of the Pseudopolymorphs of Formulas If (S=r-Butanol, x=1.5, y=0.5) and
Ti (S=1,3-Propanediol, x=1, y=0.5)
A native chloroform solution of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A,
20  prepared according to the procedure described in U.S. Patent No. 4,517,359, was gonverted to
the pseudopolymorph If (S = n-butanol, x=1.5, and y=0.5). A native butyl acetate solution of
9-deox0-9a-aza-9a-methyl-9a-homoerythromycin A, prepared according to the procedure

disclosed in WO 99/58541, was converted to the pseudopolymorph Ii (S = 1,3-propanediol,

x=1 and y=0.5).
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Pseudopol ynorph la (x=1, y=0) 5 The crude conmerci al

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronmycin A (40 g) was suspended in 200
m of watwo oandsaci di fi ed stepwi se at room tenperature foPCIHBU008EY
mnutes to a pH of 5.5. The resulting solution was added dropwi se to 600 m
of a 10% acetone solution (formed by adding 60 m of acetone to 540 m of
wat er) at r G psenpepcdymerphs Ovate mirergra by analogy . toThet mpeedurs dsseibed 0o
pot assi um carbonate sol ution was added dropwi se at roomtenperature during
a peri qkagiple3®, 5i DOIEES 11,W3 inkthadpE and BlasOvelhas BiahdiDn&ihontpngleénysht afasous
seeding with 0.8 g of the pseudopol ynorph Il (S = acetone, x=l and y=0.5).

The MM Xdi -0 SndeN R tisEERPoRmIrMATE RAMER & Wherat Rfizéd, fab iidieitedlin Tablwt es.
The res& tai rllg cr%g%]al sldswecgﬁ(e5 ?ﬁtrﬁel%ed, washed twice with 20 m of a 10%

aceton tian ¥olgl] '%ﬁ'%'@'&g wei ght under vacuum at 2.0 kPa
and at qas%%grgkoﬁggtlﬁéd%gé . bg gﬁtltaﬁltgz'i sostructural pseudopol ynorph | a

(x=1 and y=0) was thus obtained. Exanple 21: 20 Conversion of

Pseudopol ynorph | 1( S=Acetone, x=1 and y =0.5) to the Pseudopol ynorph |a
(x=1, y=0) 40g of the isostructural pseudopol ynorph Ti (S=acetone, x=1 and
y=0. 5) E\ﬁ‘gﬂp@aébended in 200 M water and acidified with 10% acetic acid at
roomtenperature for about 25 60 mnutes to a pHof 5. 5. until the
pseudopol ynor ph Qdnvwéirsion jof $ak: Psendopasmiorplnlf (S5A¢ei088, Xwds Yalded dropwi se to
600 M of a 10% acet one sotaPsendopélymoeph by (xddynd) 60 i of acetone to 540
m of water) at roomtenperature during 30 mnutes. To this solution a 10%
sodi um hydroxi de sol ution was added dropwi se at room tenperature during 80

m ny es unt i"fhéa%s@{ihcﬁjol Srpié@ gé%aeitzﬁé’gg%ﬂ%@.gﬁ%@Qﬂ&ﬁaccﬁrcﬁng’\@SEﬁdmlﬁb ned,
-4 g

si mul t aneously by seeding wt the isostructural pseudopol ynor ph

Il S= t Qr = =0 E i H
(S=ace gr'i]efedotoxcéi?ha%(lf gveer éh} gﬁaﬁrﬂ' %@géf?ﬁ%&ré ReD Bkbh HA4 a8k R EFPtélre of

terrpera‘f’ﬂsr rra resulting crystals

. . , .
filter e§j(5°C\.N%ﬁQ Er}e%ui[ti\ggcp%el\fglgp%ly%(l)orp w%]; c ar%c(:)te/lqi?e%eésofpo%mula Ia (x=1 and y=0, Table

1). The yield was quantitative; purity: according to USP 25.

15 Example 15:

Conversion of the Pseudopolymorph Ic (S=Ethanol, x=1, y=0.5)
to Pseudopolymorph Ia (x=1, y=0)

20 The pseudopolymorph Ic (S=ethanol, x=1, y=0.5), prepared as described in Example
5, was dried to constant weight under a reduced pressure of 2 kPa and at a temperature of 80

°C. The pseudopolymorph Ia obtained was identical in form and yield to that prepared in

Example 14.
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solution and dried to constant wei ght under a vacuumof 2.0 kPa at 55 C
35.5g of the 5 isostructural pseudopol ynorph la (x=1 and y=0) was thus

obt ai ned.wolEsansBe 22: Reprecipitati on of Pseudopol ynor ph PCRIBGADRESO, x=1
and y=0.5). 10 2.0 g of the isostructural pseudopolynmorph Im (S = DVBO, x=1
and y=0.5), obtained as described in Exanple 9, was dissolved in 10 m of
DVBO atExﬁmﬁp?%"P@:r ature of 50C. Water was added dropwi se to the solution at
that tenperature until it turned slightly turbid. The m xture was then
cooled to roomtenperature over a two hour period, and kept at this

t enper at ure f o€onvénsiomhafrth Psé¢wslopolymmurphdbdS=Methanal, X:Tr]y%gia’Fﬂ) ne

i sostructural 15 pseudopoltpisepdopolye&pibMad@x=~y=0nd y=0.5) was filtered,
washed with cold water and dried to constant wei ght at atnospheric
pressure and a tenperature of 25C. 1.1 g of the recrystallized

psegdopol y h = = . by ai 77830
P Bha boas8 eyt a(cl:%e WReAdofStmtTP 16) ($aSethiies, RR1a5nald. y-3, W70

DD DD OM.~ N P00 5. . "
o~ \ getpraipsty Fringrle S:3v8 drick 68 feighh pdty TSPl mPeR 2 PPy Y
at a temperature of 80°C. The resulting pseudopolymorph Ia, characterized in Table 1, was

identical in form and yield to that obtained in Example 14.

10
Example 17:
Conversion of the Pseudopolymorph Id (S=n-Propanol, x=1, y=0.5)
to Pseudopolymorph Ia (x=1, y=0)
15
The crystalline pseudopolymorph Id (S = n-propanol, x=1 and y=0.5), obtained
according to Example 3, was dried to constant weight under a reduced pressure of 13 Pa and
at a temperature of 80°C. The yield and purity of pseudopolymorph Ia (x=1 and y=0) thus
produced were identical to those of Example 14.
20
Example 18:
Conversion of the Pseudopolymorph Ie (S=iso-Propanol, x=1.5, y=0.5)
to Pseudopolymorph Ia (x=1, y=0)
25

The crystalline pseudopolymorph Ie (S=isopropanol, x=1.5 and y=0.5), obtained

according to Example 2, was subjected to sublimation under a reduced pressure of 1 Pa and at
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temperature of -95°C until a product of constant weight was produced. The yield and purity

of the pseudopolymorph Ia (x=1 and y=0) were identical to those of Example 14.

Example 19:

Conversion of Crude 9-Deoxo0-9a-aza-9a-methyl-9a-homoerythromycin A to the
Pseudopolymorph Ia (x=1, y=0)

The crude commercial 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A (100 g)
was suspended in 500 ml of water and acidified stepwise at room temperature during a period
of 105 minutes to a pH of 5.2 using 10 % hydrochloric acid. The resulting solution was then
added dropwise for about 35 minutes to 1360 ml of approximately 3 % acetone (formed by

adding 1320 ml of water to 40 ml of acetone) at room temperature. To this solution, a 10%

sodium hydroxide solution was added dropwise during 55 minutes at room temperature, until

a pH of 9.8 was obtained. The mixture was then heated to 40 °C, stirred at that temperature
for 120 minutes and then cooled to 30 °C. The precipitate was a crystalline isostructural
pseudopolymorph 11 (S = acetone, x=1, y=0.5). The precipitate was filtered, and washed
twice with 30 ml of a 10% acetone solution. 234.1g of wet pseudopolymorph II (S = acetone,
x=1, y=0.5) was thus obtained which, after drying to constant weight at 55°C under a vacuum
of 2.0 kPa, gave 93.5 g of the isostructural pseudopolymorph Ia (x=1 and y=0) of USP 25
purity (Batch 1).

Repeating this procedure twice (Batches 2 & 3) gave the pseudopolymorph Ia (x=1

and y=0) in yields of 92.5 g (Batch 2) and 93.8 g (Batch 3). Purity USP 25.
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Example 20:
Conversion of Crude 9-Deoxo-9a-aza-9a-methyl-9a-homoerythromycin A to the
Pseudopolymorph Ia (x=1, y=0)

The crude commercial 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A (40 g) was
suspended in 200 ml of water and acidified stepwise at room temperature for about 60
‘minutes to a pH of 5.5. The resulting solution was added dropwise to 600 ml of a 10%
acetone solution (formed by adding 60 m1 of acetone to 540 ml of water) at room temperature
10  during 30 minutes. To this solution a 10% potassium carbonate solution was added dropwise
at room temperature during a period of 80 minutes, until a pH of 9.8 was attained, by
simultaneous seeding with 0.8 g of the pseudopolymorph Il (S = acetone, x=1 and y=0.5).
The mixture was then stirred at room temperature for a further 15 minutes. The resulting
crystals were filtered, washed twice with 20 ml of a 10% acetone solution and dried to
15 constant weight under vacuum at 2.0 kPa and at a temperature of 75°C. 37.5g of the

isostructural pseudopolymorph Ia (x=1 and y=0) was thus obtained.

Example 21:
20 Conversion of Pseudopolymorph Il (S=Acetone, x=1 and y =0.5) to the
Pseudopolymorph Ia (x=1, y=0)
40g of the isostructural pseudopolymorph Il (S=acetone, x=1 and y=0.5) was
suspended in 200 m1 water and acidified with 10% acetic acid at room temperature for about
25 60 minutes to a pH of 5.5. until the pseudopolymorph Il dissolved. The resulting solution
was added dropwise to 600 ml of a 10% acetone solution (formed by adding 60 ml of acetone
to 540 ml of water) at room temperature during 30 minutes. To this solution a 10% sodium

hydroxide solution was added dropwise at room temperature during 80 minutes until a pH of
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9.8 was attained, simultaneously by seeding with 0.4 g of the isostructural pseudopolymorph
Il (S=acetone, x=1, y=0.5). The mixture was then stirred at room temperature for a further 15
minutes. The resulting crystals were filtered, washed twice with 20 ml of a 10% acetone
solution and dried to constant weight under a vacuum of 2.0 kPa at 55 °C. 35.5g of the

5  isostructural pseudopolymorph Ia (x=1 and y=0) was thus obtained.

Example 22:

Reprecipitation of Pseudopolymorph Im (S=DMSO, x=1 and y=0.5).

10 2.0 g of the isostructural pseudopolymorph Im (S = DMSO, x=1 and y=0.5), obtained
as described in Example 9, was dissolved in 10 ml of DMSO at a temperature of 50°C. Water
was added dropwise to the solution at that temperature until it turned slightly turbid. The
mixture was then cooled to room temperature over a two hour period, and kept at this
temperature for a further 72 hours. The precipitated crystalline isostructural

15 pseudopolymorph Im (S=DMSO, x=1 and y=0.5) was filtered, washed with cold water and
dried to constant weight at atmospheric pressure and a temperature of 25°C. 1.1 g of the

recrystallized pseudopolymorph Im (S=DMSO, x=1, y=0.5) was thus obtained.
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(S=I'so

55C/ 2.0 kPa nethyl
20 Crude WoOda0xB3®a- aza- 9a-

pro anol,

x=1.5, y=0.5) 19 Crude 9-deoxo-9a-aza-9a-
-9a- honoeryt hronycin Fornmed Wt A
Drying In Situ 75C / 2.0 kPa PCT/1B03/00987

Drying In Situ

Pseudo ol ynorph 11

met hyl - 9a- honoer yt hronyci n Formed Wet A" Pseudopol ynorph 11 2 21
Pseudopol ynorph Il Drying 55C/ 2.0 kPa (S=acetone, x=1, y=0.5)2 1.
Pseudopol ynor ph || (TARIHE anEQORMATIONOR ISISETRUET URAR cr ude 9- deoxo-
9a- aza- 9a- net BYDEOXOMOAZA-DACMET Y B-S0-HOMOERVTHROMYEINi A situ 2.
Pseudopol ynor ph 1| ( SSACHSEEDOPOLYYFSREH Iar(xst,al=0) zed using crystal 10
seedi ng techni que Fornul ati ons of the Pseudopol ynorphs Exanple 23: Tabl et
Forlggl ations 15 9-Deoxo-9a-aza-9a-net hyl - 9a- hom)erythrorrym n A
seudgpof - formotat repared b ati
Bjseudogol ?Srzr%}@p (97% ofStgitﬁlﬁpwﬁi? aﬁd 14- g X=1 and —6 Itrgs %ELE
m cr ocrystatttne—cetul u.u CrG""arucn lose ehi—um-b ataA oxy
gr anul a%ll onlflechn ques, Pl nuI ates \Ml?ff@l om)éenl zeém 911 kPa
magnesium 38 WD QR/ ﬂfSRafﬁ W‘rll?ﬁ‘ﬁ@ stearate —and tabletted ysing
standdrd taBfetting madisewdopolymgsplelc cor ¢s wer O1EWat ed wilth a80°C/2kPa
hydr oxypr opyl net hyl céb+kthasd, XHRPWVED.5roat i ng. The quantitfies of ingredients
for 150, 20Q6 250{ 30@sedddpohmtbrpldlh ny tabl et Drging gi ven; i n THOI/E IPa 5
Tabl e [4: TABLET FORMA-AVI@iToIG=PR2DEEXP- YA- AZA- 9A- METHYL - BA-
17 Pseudopolymorph Id  (S=n- Drying 80°C/13 Pa
Propanol, x=1, y=0.5)
18 Pseudopolymorph Ie Sublimation -95°C/ 1 Pa
(S=Isopropanol, x=1.5, y=0.5)
19 Crude 9-deoxo-9a-aza-9a- Drying In Situ 55°C/2.0kPa
methyl-9a-homoerythromycin Formed Wet
Al Pseudopolymorph Il
20 Crude 9-deoxo-9a-aza-9a- Drying In Situ 75°C /2.0 kPa
methyl-9a-homoerythromycin Formed Wet
Al Pseudopolymorph 11 2
21 Pseudopolymorph I Drying 55°C/2.0kPa
(S=acetone, x=1, y=0. 5)?
1. Pseudopolymorph Il (S=Acetone, x=1, y=0.5) prepared from crude 9-deoxo-
9a-aza-9a-methyl-9a-homoerythromycin A and wet solvate dried in situ
2. Pseudopolymorph Il (S=Acetone, x=1, y=0.5) crystallized using crystal
10 seeding technique
Formulations of the Pseudopolymorphs
Example 23:
Tablet Formulations
15

9-Deox0-9a-aza-9a-methyl-9a-homoerythromycin A pseudopolymorph formulations

were prepared by granulating isostructural pseudopolymorph (97%) of Examples 11 and 14-

21 (x=1 and y=0 with starch, microcrystalline cellulose and croscarmellose sodium by

standard granulation techniques. The dried granulates were homogenized with magnesium
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HOMOERYTHROWCI N A MONOHYDRATE PSEUDOPOLYMORPH (x=1, y=0) Formul ation
Conmponent / Dose: 150 200 250 300 500 600 ing ng ng ng ng m |sostructural
pseudopolwowmsptrssed Fornmula | (x=1, y=0) 158 210 263 316 S5PETAB®/00087%)
Starch 16 20 25 30 50 60 Mcrocrystalline cellulose 85 115 140 170 280 340
Croscarnell ose sodium5 7 9 10 18 21 My-stearate 2 3 4 5 9 10 HPMC

( hydr oxstgistpyindStablettdd utingAtandard tubidiyigcmabhihess ablbo chreanpdre cddted Tafh zal
Forrmul ati ons 15 Water, co-solvents (glycerol, polyethylene glycol),

pr eser lakdsSPr lcelfithse RHPRUP&H28RE Mhe Glaailbd bZRErcaNGhtORY 150020001 yer

are honogeni zec? by st'andard techni'que to form an aqueous phase. The
| sostr u =1 =0) was added to such an aqueous
20 phagie‘stoél?l ’is'?é\;ia/g(g%g?gygerslg /atlﬁ?élé%ﬁl\g/negm%)x] y conponents (such as liquid
paraffin and cetyl alcohol), with the addition of enulsifier, were nelted,
and after being cooled, were mxed wth the previously prepared agueous
phase. The final_ honbgeni zation was carried out under reduce sure.
Corant  nEablad -EABEEIFORMPRATION OF §-BCR Dt Ao A SE Fi 5355 Vo
03/ 077830 PCT/1B03/00987  HOMOERYTHROMYCIN A

MONOHYDRATE PSEUDOPOLYMORPH (x=1, y=0)

150 | 200 | 250 | 300 | 500 | 600

Formulation Component / Dose:
mg | mg | mg | mg | mg| mg

Isostructural pseudopolymorph of

Formula I (x=1, y=0) 158 | 210 | 263 | 316 | 526 | 632
(97%)
Starch 16 | 20 | 25 | 30 | 50 | 60

Microcrystalline cellulose 115 | 140 | 170 | 280 | 340
Croscarmellose sodium 5 7 9 10 18 21
Mg-stearate 2 3 4 5 9 10
HPMC (hydroxypropyl 8 11 14 16 27 32
methylcellulose)

o0
(9]

10
Example 24:
Topical Formulations
o Water, co-solvents (glycerol, polyethylene glycol), preservatives ( methyl and
propylparaben), stasbilizer and gelling polymer are homogenized by standard technique to
form an aqueous phase.
The isostructural pseudopolymorph Ia (x=1 and y=0) was added to such an aqueous
20 phase and it was dispersed/dissolved. Oily components (such as liquid paraffin and cetyl
alcohol), with the addition of emulsifier, were melted, and after being cooled, were mixed
with the previously prepared aqueous phase. The final homogenization was carried out under

!

reduced pressure. Odorant may be added to the last phase, i.e. homogeneous gel, and
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optionally its pH may be adjusted. A typical pseudopol ynorph-contai ni ng
formulation thus prepared is given in Table 5. TABLE 5 5 TOPI CAL
FORMULATI vON 00@KBAGI NI NG | SOSTRUCTURAL 9- DEOXO- 9A- AZA- PCT/TIB03/00987

9A- METHYL- 9A- HOMOERYTHROMYCI N A PSEUDOPCLYMORPH | a  Conponent Dose (ng/

Rol e I sostructural 9-deoxo-9a-aza-9a- 100 active substance

met hy| -cpéiohatyois pHhmaeynpeiadjuatada A typikal psediiom@ilyerpbtcontiiniog formudationcthys

| sopropanol 400. 00 co-sol vent PEG 60. 00 co-sol vent Carboner 15.00 gelling
pol ynerprefdréd isgivamiifl TabH. adj ust or  Pol ysorbate 40 10.00 enul sifier Methyl
graben 0.70 preservative Pro yl araben 0.30 preservative D sodi umEDTA 0.5
stabilizer Liquid paraffin 25.00 oily conponent Cetyl alcohol 25.00 oily

corrpontentg)t Qdorant gs Water up to 1 5hese m xtures a w de range of
Songenty ﬁ%g%%;% N ONTAL fﬁf‘é‘ﬁgs@ XQ9A-AZA-
0XO0-
preservati e& i%l thp g@ &]Ing on t he
dosageform (i . e mul-tidose monodose)—Superi-or— Iro rf | es—of the
| sost rjuct ur al @unmml ynor ph nf t HRose{mgiE) o
Isostructural 9-deoxo-9a-aza-9a- 100 active substance
methyl-9a-homoerythromycin A
Ia (x=1, y=0)
Glycerol 100.00 co-solvent
Isopropanol 400.00 co-solvent
PEG 60.00 co-solvent
Carbomer 15.00 gelling polymer
Citric acid gs pH adjustor
Polysorbate 40 10.00 emulsifier
Methylparaben 0.70 preservative
Propylparaben 0.30 preservative
Disodium-EDTA 0.5 stabilizer
Liquid paraffin 25.00 oily component
Cetyl alcohol 25.00 oily component
Odorant gs
Water uptol g

In these mixtures, a wide range of concentrations of the isostructural
10  pseudopolymorphs of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A can be utilized; a
preservative may also be incorporated in the preparation depending on the dosage form (i.e.,

multidose or monodose).

Superior Properties of the Isostructural Pseudopolymorph of the Invention
15 Example 25:

Dissolution Profiles Of The New Pseudopolymorph Of The Invention vs. Commercial 9-
deoxo-9a-aza-9a-methyl-9a-homoerythromycin A Dihydrate

In order to compare the behavior in vitro of the 9-deoxo-9a-aza-9a-methyl-9a-

20  homoerythromycin A pseudopolymorph Ia of the invention with the commercial 9-deoxo-9a-
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15 Exanpl e 25: Dissolution Profiles OF The New Pseudopol ynorph O The

I nvention vs. Commercial 9- deoxo-9a-aza-9a-net hyl - 9a- honoerythronmycin A
Di hydr at ewDre3or8er to conpare the behavior in vitro of th@CT/IB03/00987

9- deoxo- 9a- aza- 9a- net hyl - 9a- 20 honoeryt hronmycin A pseudopol ynor ph I a of
the invention wth the commercjal 9:deoxo-9a- 40, WO 03/ 077830

PCT/ | Be@r%@@tiwl-é%@@a@wrﬁw%a%ém RFQShgte  diss hﬁﬁOﬁﬁPﬁf@é s dRrer,

di ssolution profiles have been determ ned at pH 3 and pH 6, at 37C. For
conpar ideferningd lsh pHh2 sind fpH) 6¢l @b 33°Q F i cenmarisors thhickes- slobdeexa-fa-arma-n A
pseudopol ynorph | a from Exanpl e 19 above were used. The conparative

di ssol utetlyb-9phohicksshreayeind At pseniloydyrbyrphSR vk hifxchnihle R9asboad esdre Sised.

Di ssolution Tester, PTWSII; the content of dissolved

9- deox ¢h9acoagRrdlive nﬁ%iﬂﬁﬁ&ﬁprdﬂ@&}‘e}‘é ceMEicd by VBSP Hathdder byarhidirest The
data thus obtained are set forth in Table 6 below, and plotted in Figures
17

 To PAEARR Vit 1T A6 ettt S S it e
o° doox BoGReRpIO il A e BERIE o TR nekate il SRR il o,

9a- net hyl - 9a-_ 9a- net hyl - 9a- _aza-9a- honoeryt hronyci honoer yt hr omyci
hom)erPFIHWOH‘}‘HPIOttgltW%B‘}@é-17ﬁn&1% An A ho?/mery'%ro Pseudo%ol ym)n?/ph
Pseudopol ynor ph Pseudopol ynor ph rnéci n Alalala Dihydrate (Exanple 19,
(Exanpl e 19 (Exanple 19, Batch 1) B&BWE$) Batch 3) Mnutes pH 3 pH 6 pH 3
pH 6 pH 3 pH 6 pH 3 pH 6
PERCENT OF 9-DEOXO0-9A-AZA-9A-METHYL-9A-HOMOERYTHROMYCIN A
PSEUDOPOLYMORPH Ia AND COMMERCIAL 9-DEOXO0-9a-AZA-9a-METHYL-
9a-HOMOERYTHROMYCIN A DIHYDRATE PRODUCT DISSOLVED

10

Time Commercial 9-deox0-9a-aza- 9-deoxo-9a-aza- 9-deoxo-9a-aza-
9-deoxo-9a- 9a-methyl-9a- 9a-methyl-9a- 9a-methyl-9a-
aza-9a-~ homoerythromyci | homoerythromyci | homoerythromyci
methyl-9a- nA nA nA
homoerythro | Pseudopolymorph | Pseudopolymorph | Pseudopolymorph
mycin A Ia Ia Ia
Dihydrate (Example 19, (Example 19 (Example 19,
Batch 1) Batch 2) Batch 3)
Minutes | pH3 | pH6 | pH3 pHO pH3 pHO6 pH3 pH6
5 3.9 14.5 25.1 67.0 18.5 71.7 21.1 70.2
10 8.1 273 37.1 73.2 30.7 81.4 324 77.3
20 146 | 442 45.8 76.7 45.1 81.6 43.3 77
45 26.7 | 69.1 555 76.7 60.9 80.4 56 77.6
60 333 | 737 58.3 74.5 64.8 79.9 61.1 78
90 39.1 | 75.0 62.9 75.8 70 80 64.7 79.2

In addition to the above data, the intrinsic dissolution rates (IDR’s) for the new
15  pseudopolymorph of the invention and the commercial dihydrate, at pH 3 and pH 6 and 37°C,
were determined by Intrinsic Dissolution Tester, Van Kel Type. The IDR for the new

pseudopolymorph was about 2.5-2.8 mg min” cm™, about 40 to 50% higher than the IDR of
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53.9 14.5 25.1 67.0 18.5 71.7 21.1 70.2 10 8.1 27.3 37.1 73.2 30.7 81.4
32.4 77.3 20 14.6 44.2 45.8 76.7 45.1 81.6 43.3 77 45 26.7 69.1 55.5 76.7
60. 9 80. 4wb®3/M7880 60 33.3 73.7 58.3 74.5 64.8 79.9 61.1 P8T/IBGB/B®I,W7L 75.0
62.9 75.8 70 80 64.7 79.2 In addition to the above data, the intrinsic
dissolution rates (IDR s) for the new 15 pseudopol ynorph of the invention
and t hethe gwiveragi QidedkdrPdraas-Qa-naathylt9achcamubryhtodnyeid A8 Adydrate r(ebaiet o8 mged by
Intrinsic Dissolution Tester, Van Kel Type. The IDR for the new
pseudopainemhh was about 2.5-2.8 ng mn 1 cm?2, about 40 to 50% hi gher
than the IDR of 41 WO 03/077830 PCT/1B03/00987 the prior art

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hromyci n A di hydrate (about 1.8 ng

mn- 1 cm?2) Exanple 26: 5 Conparison of Dissolution Profiles of Three

Bat chesg 8{ g &gNew Pseudopol ymorph O The Invention And Cormmer ci al ‘

9- deoxo Za- 9a met hyl - 9a- honDerythronyC|n A D hydrate 10 In order to
furt assess the dat from Tabl #,%(1 %/%f tors (f2) were

cal uI at ed according - '%&'é%%“r He %€ for Guidance on the
| nvestigation of _Bioavai P9 ymyPe (EMEA, Decenmber 1998,
London) fdrhet wem@séndtqfanmew 9-fleexocfa-aras93-rethyleta-hamoerythromycin A

(9- deoxo- 9a- aza- 9a- net hyl - 9a- hormerl?,l!lﬁﬁfﬂﬁ}‘m n A pseudopol ynorph la of the
present invention, and comrercial 9-deoxo-9a-aza-9a-nethyl-9a- 15
honkfer yt hr o rﬂyncirdeer duttlyctrastesy theAlagi fnoth drabley6, fstailayity fic2ors ¢f2) berareaddenldied and
100 suggests that two dissolution profiles conpared are simlar and
suggest gchidaig ttbeihehav@hsd nddsadibddl @@vAblealivd iGidakde bhe /it Naveshgdbn of
Bioavailability and Bioequivalence (EMEA, December 1998, London) for the dissolution
profiles of the two species (9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A,
pseudopolymorph Ia of the present invention, and commercial 9-deoxo-9a-aza-9a-methyl-9a-
15 homoerythromycin A dihydrate).
A similarity factor (f2) of between 50 and 100 suggests that two dissolution profiles
compared are similar and suggests that they have similar bioavailability. On the other hand,
f2 values below 50 indicate significant differences in two dissolution profiles and hence in
their relative bioavailability. A comparison of the calculated f2 values for the respective pairs
20 of the three batches of the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
pseudopolymorph Ia (x =1, y=0) prepared according to Example 19 are given in Table 7.
Also given is a comparison of the f2 values for each batch of Example 19 as compared with

xl‘

the commercial 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A dihydrate product.
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f2 values below 50 indicate significant differences in two dissolution
profiles and hence in their relative bioavailability. A conparison of the
cal cul at ewofo3/0vmBues for the respective pairs 20 of the tRCceaBiioosres of

t he 9-deoxo-9a- aza- 9a- net hyl - 9a- honoeryt hronycin A pseudopol ynorph |l a (x
=1, y=0) prepared according to Exanple 19 are given in Table 7. Also given
is a conparison of the f2 values for each batch of Exanple 19 as conpared

with the commergipf y9: deRKeTIAPES SRAINRRIFY 198 ORBSOM ATV Cin A

di hydrate produgippd@goda-QF/A oagﬁﬁ@rmzdammﬁﬁmﬁe@mam SALCULATED
SIM LARI TY CTCR& ¢
PSEUDOPOLYNE’QPH 5 SEAZA P RXNRIPIE192- HOVCERYTHROWCI N A

9- DEOXO- 9a- AZA- E TE9 PRODUCT f 2
Val ue” Conpari son Between rrparl son Between Bat ches of
i— geoxg- 9a|- aza- 9a- nmet hyI 9a- 9- deoxo 9a- aza- 9a- net hyI 9a- hormeryt hr onyci n
seudoepotyrerph—hopge o) \,..

Exanpl e 19 |a(x=1, y-%) Fal (1";?8 'B &ﬁ%ét‘diﬁ%%f %O‘Vawé Co&gjﬁgf&:ﬁzfg?giﬁes of
9- depxo- 9a- aza- 9a- mef IﬂXlkme B9HPR&’¥ %6&1?}{1%39 Ahgn %ﬁ?cnﬂkms u@(‘;ﬂotyﬁmf‘pﬂc- or
(f2)| Batch 1 vs. Batch 1 w3x=1Balosor 2kaMdle 190 Ny d[ atgxDl hyef R ELniidpdhddhe

Batch 2 Batch 3 Batch 3 vs. Batch 1 vs. Batch Zomeﬁqm 6ecko-9PbaDaInethll-3
74.7/71.3 28.6 27.5 P9.4 pH=6 63.1 75.4 75.3 P5 @hotodFthrbnAcia d Dihyiaté O
Tabl Symllﬁl@t&%@ﬁ(fﬂ) BaRhUvs [0BatthevsD{ daeke-al azigydae MeDiydraika| Dbidydrate
homoeryt hronycin A psewdepol ynoBgbh 3 a | ( XBalch 3y =P ys. BhatcEEx anpl Batdi® haneeBasihidi | ar
di ssplution profiles| (and hence bioavailability), whereas the dilssolutioh

““’”:%

prof| I es obHtfle dihydr&ld rel at742 t¢ eadR bafch28f the ndw 294
pseudopol ynorph of the inventlion are dissiml|lar
pH=6 63.1 754 75.3 25 22.2 23.7

According to Table 7, Batches 1, 2, and 3 of the 9-deoxo-9a-aza-9a-methyl-9a-

10  homoerythromycin A pseudopolymorph Ia (x=1, y=0) of Example 19 have similar
dissolution profiles (and hence bioavailability), whereas the dissolution profiles of the
dihydrate relative to each batch of the new pseudopolymorph of the invention are dissimilar

(and hence the bioavailability would be expected to significantly differ). Given these
properties, it would be expected that the pseudopolymorphs of the invention would have

15 consistent, superior release characteristics, particularly with respect to immediate or

controlled release formulations .

Example 27:
Solid State Stability Of New Pseudopolymorph Ia Of The Invention
20 The solid state stability of the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A

pseudopolymorph Ia (x=1, y=0) was determined by measuring the solid state x-ray powder
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(and hence the bioavailability woul d be expected to significantly differ).
G ven these properties, it would be expected that the pseudopol ynor phs of
t he i nverwooa/owsad d have 15 consistent, superior rel ease etanBeY@ps7sti cs,
particularly with respect to imediate or controlled release formul ations
. Exanple 27: Solid State Stability O New Pseudopol ynorph la O The

| nvent i diffr@fiofl hmttsol fa thisatmtextahlat Ifourydififerdnh gercent relative humidities (% RH),

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronmycin A pseudopol ynorph la (x=1,
y=0) wagmgiadrom BeAR Yo 1835 RH, N6dtah 6vé aiffetent tadhferatufedyinpRUEIRE froM3300 to

03/ 077830 PCT/1B03/00987 diffraction pattern for this material at four

di fferemo i ' L@l tsh 1964 m | 1 O 75 %
RH, andmag Hf%f ve d}l %%ﬁ?gtd;m&ét%?@gl%; ncr eee;[esl{ér@%ﬂrégn‘? 1%18%11?)(1){0 ﬁ%qé?ll}si ng
Phi |'i ps{af P digfr . EOM ith on TTK-
100 hunt B P SafeHE Btk Bty hnbls? G Whh iR h BRI oW R e . e
SO | o e Sl St R ooy e, DRSS b iR S0 S H 0. chon
9a- aza- 9a- net hyl - 9a- honoer yt hromyci n A pseudopol ynorph la (x=1, y=0) to any
ot her $opzpdametivi-Rehomesryilunperi dr esqudepdzsemhofa (el r @t fov anh 9iedi t y

i ncreases. Exanple 28: 10 In Vivo Pharmacokinetic Profiles O New

Ps eudopfolrynoy @thet the@midreturainerdasasior vis relaGueiremadity increases.

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A D hydrate. In order to
conpare the behavior in vivo of the 9-deoxo-9a-aza-9a-net hyl - 9a-

honoer yt hr omyci n A pseudopol ynorph I a of the invention with comerci al

9- deoxogQ -e\%%sgza- 9a- net hyl - 9a- honoer yt hr omyci n A di hydrate product,

pl asma and ol e bl ood concentration tinme curves have been determned in
rats, after (perops_adm ni st rat i.on a_roncentrati 0 / kg. bod

vei Bhe . 35 Vi Pt :%‘éne ’};ﬁ% s dry W%%sv%@soimgp%”@yégg?? RYeltiondsy g,
experi ment . ‘“ATRRIAYHAFXPE -a‘?a-ﬁ?rar hyldashemperythnomysln & Pihydratge

concentrations of the respective materials in whole blood and plasma as a
functi on of Inigrder to compare the behavior in vivo of the 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A pseudopolymorph Ia of the invention with commercial 9-deoxo-9a-
15  aza-9a-methyl-9a-homoerythromycin A dihydrate product, plasma and whole blood
concentration time curves have been determined in rats after per os administration at a
concentration of 50 mg/kg body weight. 32 animals were studied using a cross-over
experimental design experiment. A non-compartmental analysis was used to determine the
concentrations of the respective materials in whole b160d and plasma as a function of time.
20  The data thus obtained are set forth in Figures 20 and 21.
The pharmacokinetic parameters for the 9-deoxo-9a-aza-9a-methyl-9a-
homoerythromycin A pseudopolymorph Ia of the invention and the commercial 9-deoxo-9a-
aza-9a-methyl-9a-homoerythromycin A dihydrate product in whole blood and in plasma in

rats following a per os dose of 50 mg/kg body weight are set forth in Table 8 below.
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20 The data thus obtained are set forth in Figures 20 and 21. The

phar macoki neti c paraneters for the 9-deoxo-9a-aza-9a-net hyl

-9a-

honoer yt hwormo7183A pseudopol ynor ph | a of the invention ana&CrhBoxwesrer ci al

9- deoxo-9a- aza-9a- net hyl
bl ood and in plasma in

- 9a- honoeryt hronyci n A di hydrate product
rats follow ng a per os dose of 50 ng/kg body
wei ght are set forth in Table 8 bel BABLES WO 03/ 077830 PCT/ | B03/ 00987

TABLE 8 I'N VI VO PHARVACCKI NETI C PARAMETERS FOR 9- DEOXO- 9A- AZA- 9A-

i n whol e

METHYL- 9 ATMIGHIPRERMATEMIAC OKANESTO mﬁmﬁﬁhsl POMDE@WMER@A&A&A-
g' DEOXO 9%& ﬁi'gia 2 ’H IA AND
iy ST EERSIAT PLORDR 0 S AZ Zfé*agﬂfﬁ“h%;ﬁb@& I & ol o
BI 0dd Plasma Crax (ng/m) 2569. 0 4 5 307.2 5061 0 1804 4 1005.5
131.0 Foax—{hr)y 2 2 2 2 AJC(o-12) 167211 39979 21203 09 5147 7 ahr/m)
AUC( 0- 24) 24442, 8 |5785depxpeamazadagpeshylsa- (ndhr /9111190XAt9@(98«a2937m§%19% 6
35659. ¢ (nghr/n ) AomeetythaemsicinrA Fyileatsd, |hi gherhomesrdhrongicibAs of tlhe
9- deox0- 9a- aza- 9a-|met hyl - 9a- honoeryt hronmycijn A pspseddgpml pHal a of |t he
i nventiion as conpar ewhle Blobde | CoOnNPREMGAal | Whole Blood Plasma
9- deox@-9a- aza- 9a-\net hyl - 9a- honoeryt hronycin A dihydrate [product are
Cumax (ng/ml) | 2569.0 £606.0 | 734.5+307.2 | 5061.0+1804.4 | 1005.5+131.0

Tmax (hr) 2 2 2 2

AUCp12 16721.1 3997.9 21203.9 5147.7

(nghr/ml)

AUCp24 24442 .8 5755.6 29272.6 6853.2

(nghr/ml)

AUC -8 31696.6 35659.0

(nghr/ml)

As indicated in Table 8, higher concentrations of the 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A pseudopolymorph Ia of the invention as compared with the

commercial 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A dihydrate product are

10

observed in both whole blood and plasma following per os administration in rats. The

greatest concentration difference between the two 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A products is observed after 2 hours (Tmax).

Higher AUC values were particularly observed for the 9-deoxo-9a-aza-9a-methyl-

9a-homoerythromycin A pseudopolymorph Ia during the first 12 hours following

15

approximately 20% higher for the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A

pseudopolymorph Ia relative to the commercial 9-deoxo-9a-aza-9a-methyl-9a-

45

administration. The calculated AUC value for the first 0-12 hours, AUC-12), is surprisingly



10 observed in both whol e bl ood and plasma follow ng per os adm nistration
inrats. The greatest concentration difference between the two

9- deoxo- 9Oaza7Bae net hyl - 9a- honoeryt hronycin A products P€TabBexzvsd after
2 hours (Trmax). Hi gher AUC val ues were particularly observed for the

9- deoxo- 9a- aza- 9a- net 9a- honoer yt hronyci n A pseudopol ynorph | a during
the fi h@WOEIZﬂWQGW@m@IMﬁQ PIslugtiz batl whgle tdoed akeplagiiaul at ed AUC val ue
for the first 0-12 hours, AUC(o0-12), is surprisingly approximtely 20 %
hi gher for mhes@redlﬂmgest daster Whsorptibiy,| hifteer hdoaveilatiikivycmyd anore Aapid
pseudopolynDrph la relative to the comercial 9-deoxo-9a-aza-9a-nethyl -

45 VO Q4G {3 el 0.lBh 'dp?:?t{s 9938 a-Hfé @X%Bﬁﬁ%@n{?cﬂi Rirﬂgr foof) fa i n

bot h whol e and ma. These results s fas rption,

S A e SR A B o 10

cells and/or t| ssues r(_al ative to the commercial 9-deoxo-9a-aza-9a-nethyl -

5 hénoaepoprdhipaiyainA dilydaatapeodwcbduct .  Exanpl e 29: Dissol ution Profiles
O The New Pseudopol ynorph Ik (S'= glycerol; x = 1.5, y = 0.5 O The

I nvention vs. Commercial 9-deoxo-9a-aza-9a-net hyl - 9a- honoerythronycin A 10
Dihydrate In order to conpare the behavior in vitro of the

9- deoxqr 9a nmet hyl - 9a- honoeryt hrornyci n A pseudopol ynorph Ik of the
|nvent| on the comercial 9- deoxo 9a- aza- 9a- et hyl - 9a- honoer yt hr onyci n

A di hyd ro 0 5dtr ne pH6

a7t DR Bﬁug v;ﬁﬁ?f Es%ﬂis'}dﬁ 04’? n5p @w%@m ShEnae 9

pseudopol ton y§- 'a%a 0 8‘3 roéR

480l ution profiles were det er m n #SP Met hod 2, Phar maTest

D| ssolution_ Tester, PTWSII; the (_:ont_ ent of dissol ved

9- deoxo- 9a- dm zorder- tetdoyipatka tivohekawathromjfed of thevRdeormuneadnhipeiyl-8a- The

data thus obtained are set forth in Table 9 below, and plotted
homoerythromycin A pseudopolymorph Ik of the invention with the commercial 9-deoxo-9a-
aza-9a-methyl-9a-homoerythromycin A dihydrate product, dissolution profiles have been

15 determined at pH 6, at 37°C. For comparison, 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A pseudopolymorph Ik from Example 6 above was used. The
comparative dissolution profiles were determined by USP Method 2, PharmaTest Dissolution
Tester, PTW SII; the content of dissolved 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin
A was measured by HPLC. The data thus obtained are set forth in Table 9 below, and plotted

20  in Figure 22.

46



20 in Figure 22. 46 WO 03/077830 PCT/1B03/00987 TABLE 9 PERCENT OF

9- DEOXO- 9A- AZA- 9A- METHYL- 9A- HOMOERYTHROWCI N A PSEUDOPOLYMORPH | k AND
COVMERCI ANO®3DEBXO- 9a- AZA- 9a- METHYL- 5 9a- HOMOERYTHROWYCl RCAVIBIIAIRRATE
PRODUCT DI SSOLVED Ti ne Commerci al 9- deoxo-9a-aza- 9a-

9- deoxo- 9a- aza- 9a- net hyl - 9a- net hyl - 9a- honoer yt hr omyci n honoeryt hronycin A
A D hydrate Pseudopol ynorph 1k (Exanple 6) Mnutes pH 6 (37C) pH 6 (370
5 14.5 99.8 10 27.3 99.9 20 44.2 97.1 45 69.1 97.6 47 WO 03/077830
PCT/ 1 BO3/ 00987 What is clained i s:TABLE process for the preparation of a
substantially pure isostructural pseudopol ynorph of 9-

deoxo- 9ap iisﬁéﬁ? it S ESKOL9RDEZALOA METHY AL HOMOERY THIROMY CIN A0 CH

OH { H2Op b err A C £1,8-DE0X0-9a-AZA-92-METHYL-
92-HOMOERYTHROMYCIN A DIHYDRATE PRODUCT DISSOLVED

Time Commercial 9-deoxo-9a-aza-9a- | 9-deoxo-9a-aza-9a-methyl-9a-
methyl-9a-homoerythromycin homoerythromycin A
A Dihydrate Pseudopolymorph Ik
(Example 6)
Minutes pH 6 (37°C) pH 6 37°C)
5 14.5 99.8
10 27.3 99.9
20 44.2 97.1
45 69.1 97.6
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S is an organic solvent which is at |least partially mscible wwth water, X
is 1, 1.25 1.50r 2, yis 0, 0.5 or 1, the pseudopol ynorph bei ng

char act erwoad/obg3t he nonoclini c space group P21 and aver a®@€T/1Bow/d09s7el |
parameters conprising: crystal axis lengths of a=15.5-17.0 A, b = 15.5 -
17.0 Aand ¢ = 17.5 - 19.5 A, and angles between the crystal axes of a =y
= 90 arWhgtds claing@ is: 112; which process conprises: (a) dissolving a

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A material in (1) an organic
solvent which is at least partially water-m scible, (2) a m xture of such
organi c solvents, (3) a mxture of the organic solvent and water or (4) a

M Xt ur g of pAede8d forfikk prebaraes bf # 88osEnfgN R buRlisdttaitd pdsidpolio §39-077830
PCT/ 1 B03/ 00987 (b) crystallizing the isostructural pseudopolynmorph from

the sol utjon: of.C)  ioSC A&}, ' >t urqal orph; and (d)
transforn%%got g&?é%g%$%@9%}%ﬁﬁ%%Z@%%%%%é%ggkﬁﬁgﬁyE§$%H¥gpI to a stable

i sostructural pseudopol ynorph of Formula |la wherein x=1 and y=0. 2. The
process of claim1, wherein the

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A material dissolved in step
(a) is (i) a czy§fallﬂne 9- deoxo- aza- 9a- net hyl - 9a- honoeryt hronycin A,
whet her in crude or +Ned form (ki) an anorphous 9-deoxo-9a-

aza- 9a- net hyl -Pa- h eryt hwnycin A, |whether in crude or purified form
(iii) solvates| qp hydrates off 9- deoxo-9a-aza-9a- net hyl - 9a- honoer yt hronyci n
A, whether in icrud or[EQQL_gﬁyative gpl ution of

9- deoxo- 9a- azal 9a- H@nolrythromycin A formed during the fina

step of its synthegd an itg last internmediates. 3. The process
of claim 2, wherei d ); deoXV- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A

wherein

S is an organic solvent which is at least partially miscible with water,

xis 1, 1.25, 1.5 or2,

yis0,0.5,0r 1,
the pseudopolymorph being characterized by the monoclinic space group P2; and average
unit cell parameters comprising:

crystal axis lengths of a=15.5-17.0 A,56=15.5-17.0 A andc=17.5-19.5 A, and

angles between the crystal axes of oo =y =90° and = 106° - 112°%
which process comprises:

(a) dissolving a 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A material

in (1) an organic solvent which is at least partially water-miscible, (2) a mixture of such
organic solvents, (3) a mixture of the organic solvent and water or (4) a mixture of water and

at least one mineral or organic acid,;
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material utilized to prepare novel pseudopol ynorphs, dissolved in step (a)
is a crude 9- deoxo-9a-aza-9a-net hyl - 9a- honoerythromycin Ain any of its
known forwe oand7sk@vi ng | ess than pharmaceutical |y accept abraBmaopsry. 4.
The process of claim2, wherein the native solution of

9- deoxo- 9a- aza- 9a- met hyl - 9a- honoerythronycin A utilized to prepare novel
pseudopol yngbpdigstaltizimgahy Bdstiuetwhlgpefdopolynsorph frohuthe solutén;

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronmycin A, forned in the native

sol uti on durj feNddsusb Pl Yseddodosidipies@d. fromany of its |ast
i ntermedi at e(gm%é&\%) 063?(%)877830 Cgl'/ I Bolgl 00987 5. The process of claim 2,

wherein the native.sol ution.of  9-deoxo-9a- - -09-

honoer yt hr or‘rg)cit’f?nﬁoﬁtpf% f@ed 1§o§ﬁ5?%agr%seﬁﬁqp§ﬁ%§rggg§£? d%?apgs o S8R ed in
step (a) is a_solution of 9-deoxo-9a-aza-9a-nethyl -9a-honoerythronycin A,

f or med $qstbefaral psgudgrolygomb erFO&E}Pla%@ aﬁﬁéelpixﬁ |ang%§1é——8. of its syntheses, from
9- deoxo- 9a- aza- 9a- honoerythromycin A as its last internediate. 6. The
process of claim2, wherein the

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A dissolved in step (a) is in

the foran ghe @rébesef dhian 10Whretiehs O-Gnxada-ada-daehdiyl-Bahohemmphromyvimdy ci n A
and the 9-deoxo-9a-aza-9a-honoerythronycin Ainternediate in the native

sol ution N i nal a fe, s Sk S 9Qfeosd-9887a-9a-methyl-9a-

9- deoxo- 9?%%541 9%53?02%%419?‘ 5216&%8%03% y@ﬂr%%&&%ﬁp\_ 7. e‘?’ﬁe pr(Z)%easgneo claim 4,
wherein the solvent in the native solution.is. selected framthe [ Qup
consi st i nGOBOCEYHE OB o e WA Srallnl@é?l‘g%o I}‘r‘?& f?nﬁ’r&g 4B PRERAKE % ﬁ%e,og%%fr‘ér s of
acetic acid with a C2-C4 lower al kyl group, nonohydric C2-C4 al kanol s,

Cl- C4 ket ape9a-mmtlyidailmmaerytbrdnssicin A sdetienimeide oo ppifiedSrme(iiih selvateuir e
thereof. 8. The process of claim2, wherein the

9- deoxo- 93y i AR IRk b0 SRR Gerfttrslhpsin ly oxhémershagudedr |

anor phous €e0Xx0- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A, a crystalline

anhydr ous, nohydr ate, di hydrate or solyate f 0 - deoxop9a- p9a-

met hyl - QaH‘}gg‘Egr ytgffporrﬂi n@Q; Br VFSOSSYL&L?CEI u?%rbp(%gg%gg%ﬁj?r%?be}%g?a

9- deoxo- 9a- i
homoerythromycin A formed during the final step of its syntheses from any of its last

intermediates.

3. The process of claim 2, wherein the 9-deoxo-9a-aza—9a—methyl-9a~homoerythromycin A
material utilized to prepare novel pseudopolymorphs, dissolved in step (a) is a crude 9-
deoxo0-9a-aza-9a-methyl-9a-homoerythromycin A in any of its known forms and having

less than pharmaceutically acceptable purity.

4. The process of claim 2, wherein the native solution of 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A utilized to prepare novel pseudopolymorphs, dissolved in step (a)
is a solution of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, formed in the native

solution during the final step of its syntheses, from any of its last intermediates.
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aza- 9a- met hyl - 9a- honoeryt hronycin A of Formula I. 9. The process of claim
2, wherein the 9-deoxo-9a-aza-9a- net hyl - 9a- honoeryt hromycin A dissolved in
step (a) we 0af078b@r maceuti cally acceptable purity. 50 WO ®@8TOBIABO87
PCT/ 1 B03/ 00987 10. The process of claim1l, wherein step (a) is conducted
at a tenperature of fromabout 20 C to about 100 C. 11. The process of

cl ai m 13. Wherpiopess ' daigadi ovheodinghe nativerbolution o€ 99deadso:0a-a@a-Saaeetigy-9a-

nmet hyl - 9a- honoeryt hronmycin A is dissolved in step (a) is one or nore | ower

al i phatic hoﬁio%%’tﬂ%}ny%in Aransheds phepar @ddeaﬁgéuaopa GbAk KaRISed in step (a)

aryl al kanol s ols,” triols, ethers, ketones, ers, am des, ureas,

nitriles, uI f S i

e G5 R0 bR RSB o 1D %ﬁ‘ﬁf G R, AT e

9- deoxo- 9a aza- 9a- et hyl - 9a- honper yt hronycin A pseudopol ynor ph is

crystal | i ZBHVE psobgtion (%ymsyﬂ@oﬁiuablat@u odfpi pthgses, h&rogb| UHeBe- 9 ¥R % ni ng
t he 9-deoxo-9a- aza- 9a- net hyl - 9a- honoer yt hronycin A at tenperatures of from
about 80C HomoabyahtomytCA ak3ts ldsdntprmaiists. of claim 1, wherein the

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A pseudopol ynorph is
crystallized in step (b) isothermally at a tenperature of from about 25C
to about 60C, by standing or mxing the solution formed in step (a) in an

organic | vent whi.ch, i ast rt| ter sai
5ot hertal Thediarees Ohciain . Msectp His SRkt atoar T pedrih af bpmoppyliromiiedn A
9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hr orglm n A pseudopol ynorph is
crystal | i ziggolved Snegter( £9) issiot ther forunl of atdispersiomef &-daogodha-aza-Gmradibyitoa- 25C
to about 60C, by saturating the solution formed in step (a) in an organic
sol vent  VifdnfoRrytBrodiycire &S hnd @ict 9-Abbyo-IBLRAL9ThGiibdY ﬁnro ¢ih Avahtermetiiste lint he
solution turns sli ght ly turbid. 51 WD 03/077830 03/ 00987

the native solution used in the final stage of the synthesis of crude 9-deoxo-9a-aza-9a-

methyl-9a-homoerythromycin A.

7. The process of claim 4, wherein the solvent in the native solution is selected from the
group consisting of one or more haloalkanes having 1 or 2 carbon atoms, esters of acetic
acid with a C,-C, lower alkyl group, monohydric C,.Cy4 alkanols, C;-C4 ketones, aromatic

or substituted aromatic compounds, or a mixture thereof.

8. The process of claim 2, wherein the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
dissolved in step (a) is amorphous 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A; a
crystalline anhydrous, monohydrate, dihydrate c;r solvate form of 9-deoxo-9a-aza-9a-
methyl-9a-homoerythromycin A; or an isostructural pseudopolymorph of 9-deoxo-9a-

aza-9a-methyl-9a-homoerythromycin A of Formula L

9. The process of claim 2, wherein the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A

dissolved in step (a) is of pharmaceutically acceptable purity.
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15. The process of claim1, wherein the

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hromyci n A pseudopol ynorph is

crystal |l iwed3jomssa ep (b) by neutralizing the aqueous aci diPCTAB0U0PEIN Of

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoeryt hronycin A fornmed in step (a), at
tenperatures of fromabout 80 C to about -10 C. 16. The process of claiml
wherein the isostructural pseudopol ynorph of 9-deoxo-9a-aza-9a-

met hyl - 9a- honoeryt hromycin A of Fornula | is added to the solution in step

(b) In f) Thappstidks Of clhin®' ™) #Rekdin Qe fa) O caltitidfedt @ téa&ﬁ' @bturdof Ramemhoan20 he

amount of the starting 9-" deoxo-9a-aza-9a-nethyl - 9a- honoeryt hromycin A
material, o ystallization of the isostructural pseudopol ynorph

t herei n. 1@?0 ﬁlﬁoggéggc%ss of claim1, wherein the

9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hronmycin A pseudopol ynor ph of Formul a
| is isolated in step (c) by: (i) separating the pseudopol ynorph fromthe
solution formed in step (a); (ii) washing the resulting product wth

sol vent K. (The, progess of clam Lswhetein teeprepniy sobvent iewhtchatharEdeqyo-Saragmbout -
10 C to about 40C, and (iii) drying the washed product under atnospheric

pressur e ahethyPRodcs Rhrahycii 1008 disNed2RGiém (HHohe b2 Aore dowemnalgphatieduced
pressures of fromabout 2 kPa to about 80 kPa. 52 WO 03/077830

PCT/ | BO3/ Q987 o}q)fraﬂgiﬁ%%-‘aﬁﬁﬁeﬁﬁ%ﬂ{lsd;éy?ﬁdﬁl%noﬂh‘”ahﬁﬁlﬁaﬂch@ BPRUIRBIR] ¥iHRfPh Of

Formula | 1Ts®transforned in ste o the stable isosStructural

dopol h of Forml wh = 1 and_v=0 by | Lzl
Pt hor PTG Rl Satitksp B pHch e orOeporbngy abe of 40k Help el o

pressures of from about 0.01 to about 80 kPa and tenperatures of from
about - 100@iRes xpstAMS; Py rixtues tefgolyr ocess of claim 1, wherein the
pseudopol ynorph of Formula I (la: x=1, y=0)

12. The process of claim 1, wherein the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
pseudopolymorph is crystallized in step (b) by controlled cooling of the solution
containing the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A at temperatures of

from about 80°C to about -10°C.

13. The process of claim 1, wherein the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
pseudopolymorph is crystallized in step (b) isothermally at a temperature of from about
25°C to about 60°C, by standing or mixing the solution formed in step (a) in an organic

solvent which is at least partially water-miscible, at said isothermal conditions.

14. The process of claim 1, wherein the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
pseudopolymorph is crystallized in step (b) isothermally at a temperature of from about
25°C to about 60°C, by saturating the solution formed in step (a) in an organic solvent
which is at least partially water-miscible, with water until the solution turns slightly

turbid.
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formed in step (d) is characterized by nonoclinic space group P21, having
unit cell paraneters at a tenperature of 22 C of a= 16.368(5) A, b =

16. 301( 3)wm,03/0t7830 18. 408(5) A, a=y=90, and 1=110. 04(2). PCT0OBO3ive87
substantially pure isostructural pseudopol ynorph having Forrmula | prepared
by the process of claim1. 21. The substantially pure isostructural
pseudopol ynor ph having Forrmula la, prepared by the process of claiml,
characteri zed by nonoclinic space group P21 and havi ng average unit cel

par aneti§r $h@brodedsSTREiAL LIeh&éindhe G-Rbx@9a-hfa- %ﬁfeﬁﬁywa-hohmeryﬁe@ro%% AA cC
= 18.408(5) A, 53 WD 03/ (77830 PCT/1B03/ 00987 a =y = 90, and = 110.04(2).

22. A subgt
o- deoo. olaoaBhiplil FobBRPHETANE ) RACHATRRY ﬁ‘%aﬁﬁao RS IR AL o
OH CH H28 ]d%:(oiosga}/ aéa—ga-mHgyll\bao—hgmoerytOh\é%mycqﬁll A formed in step (a), at temperatures

of from about 80 °C to about -10 °C.

16. The process of claim 1 wherein the isostructural pseudopolymorph of 9-deoxo-9a-aza-9a-
methyl-9a-homoerythromycin A of Formula I is added to the solution in step (b) in an
amount of from about 0.01 to about 5.0 weight %, based on the amount of the starting 9-
deoxo-9a-aza-9a-methyl-9a-homoerythromycin A material, to seed crystallization of the

isostructural pseudopolymorph therein.

17. The process of claim 1, wherein the 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A
pseudopolymorph of Formula I is isolated in step (c) by:
(1) separating the pseudopolymorph from the solution formed in step (a);
(i)  washing the resulting product with solvents (1), (2) or (3) used in step (a), at
temperatures of from about - 10 °C to about 40°C; and
(iii)  drying the washed product under atmospheric pressure at temperatures of
from
about 20°C to about 120°C, or under reduced pressures of from about 2
kPa to

about 80 kPa.
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wherein S is an organic solvent which is at |least partially mscible with
water, x is 1, 1.25 1.5 o0r 2, yis 0, 0.5, or 1, the pseudopol ynorph

bei ng chawawmtmrisaed by the nonoclinic space group P21 andPCaiuBexmes7uni t
cell parameters of crystal axis lengths of a = 15.5 - 17.0 A, b = 15.5 -
17.0 Aand ¢ = 17.5 - 19.5 A, and angles between the crystal axes of a =y
= 900 arg] Relfdbecesd dPclaiid.1, Whercin liktppaidopblyynappli of Fensila 0d$ tamiformed in
pseudopol ynmorph of claim 22, selected fromthe group of pseudopol ym)r phs

e e U OELPARE Ml b o P PR,

03/077830 P 0987 angl.es_a, 3 a et ween the crystal axes,
or e oryorpy Sophdranier RheR ORifs g pokudoB e mbeplt 1 Msoepheris ordugs, ) A
= 16.301(3) A, c = 18.408(5) A a=y=90, and =110.04(2). (1b) x =1.25,
=1 (S :atm;mepd pressures o2f2am abaut:O.QBI@alﬁ(lmﬁo,kazndﬁﬁmwet@;esmf from 18, 511(7)
a=7=90, and p = 110.53(3)

about -100°C to about 120°C.

b
y
A

19. The process of claim 1, wherein the pseudopolymorph of Formula I (Ia: x=1, y=0)
formed in step (d) is characterized by monoclinic space group P2;, having unit cell
parameters at a temperature of 22 °C of
a=16.368(5) A,
b=16.301(3) A,

c =18.408(5) A,
a=7=90° and

B=110.04(2)°.

20. The substantially pure isostructural pseudopolymorph having Formula I prepared by the

process of claim 1.

21. The substantially pure isostructural pseudopolymorph having Formula Ia, prepared by the
process of claim 1, characterized by monoclinic space group P2; and having average unit
cell parameters at a temperature of 22 °C of
a=16.368(5) A,
b=16.301(3) A,

¢ = 18.408(5) A,
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(lc) x =1, y =0.5(S=FEOH) and, at - 173C. a= 16.1400(10) A Db

=16. 1530(10) A c = 18.2640(10) A a=y=90, and = 109.590(10) (Id) x =1, y
= 0.5 (SwomsorHs3mand, at 22C. a = 16.32(2) A b = 16. 344( PEX/1BO3/@®987
18.610(18) A a=y=90, and 55 WO 03/077830 PCT/1B03/00987 (3 =108.88(9)
(le) x =1.5 = ﬁ = 0.5 (S=i-PrOH) and at 22C. a =16.29410(10) A b

=16. 24440¢ T =A%, end18. 80600(10) A a=y=90, and p =108.5701(3) (If) x =
1.5y = 0,5 (S=n-BuCH) and, at -173C. a=16.1580(10)A b = 16.0190(10) A c
=18. 4570(p.6)11A.046x5%,=90, and (3 = 108.866(10) (lg) x = 1.25 y =0.5)
(S=i-BuOH) and, at 22C

22. A substantially pure isostructural pseudopolymorph of 9-deoxo-9a-aza-9a-methyl-9a-

homoerythromycin A, having the Formula I:

[H20]x [Sly @

wherein
S is an organic solvent which is at least partially miscible with water,
xis1,1.25,1.50r 2,
yis0,0.5,0r 1,
the pseudopolymorph being characterized by the monoclinic space group P2: and
average unit cell parameters of
crystal axis lengths of a = 15.5-17.0A,b =15.5-17.0 Aandc = 17.5-19.5
A, and

angles between the crystal axes of o =y =90° and § = 106° -112°.

23. The substantially pure isostructural pseudopolymorph of claim 22, selected from the
group of pseudopolymorphs (Ia) - (Im) set forth below, wherein x, y and S in

Formula I, and the average unit cell parameters, i.e., crystal axis lengths a, b and ¢

54



a =16.166(8) A b =16.123(4) A ¢c=18.591(14)A a=y=90, and ,3 =107.68(14)
(Ilh) x =1, yv =0.5 (S=1, 2-ethanediol) and, at 22C. a= 16.232(15) A Db

=16. 213( WP 08071830 8. 531(9) A a=7=90, and =109. 63(3) 56 WOPQI/BI/BIEY
PCT/1B03/00987 (li) x=1, y =0.5 (S=1.3-propanediol) and, at 22C

al6. 001(6)A b =16.21(2) A c=18.497(11)A a=7=90, and 0 =109.20(6) (lj) x
= 1, y=0.5 (dodghgzeopandnpdetvaen A @rystal axed 6f B ctystdl sbructutds, 463(13) A
c=18.613(10)A a=y=90, and (3 =109.30(5) (1k) x = 1.5, y = 0.5
(S=glycerol) and, at 22 a= 16.303(6) A

(da) x=1,y=0and, at 22°C:
a=16.368(5) A,
b=16.301(3) A,
c=18.408(5) A,
o =7v=90° and
B = 110.04(2)".
@b) x=1.25, y=1(S=MeOH) and, at 22°C:
a=16,546(3) A
b=16,185(6) A
c=18,511(7) A
o =1v=90° and
B =110.53(3)°
(Ie) x=1,y=0.5(S=EtOH) and, at - 173°C:
a=16.1400(10) A
b=16.1530(10) A
¢ =18.2640(10) A
o =7=290° and
B = 109.590(10)°
dd) x =1,y = 0.5(S=n-PrOH) and, at 22°C:
=16.32(2) A
b=16.344(16) A
c=18.610(18) A

o =7v=90° and
55



b = 16.304(4) A c = 18.725(13) A a=7=90, and |3 =108.968(15) (Il) x =
1.5, y=0.5 (S=acetone) and, at 22C, a = 16.370(6) A b = 16.235(7) A ¢ =
18. 538( 7)wl 03ax83®0, and f3 =109.09(3) (In) x =1, y=0.5PC3ABMBOys7and, at
22 C. 57 WD 03/077830 PCT/1B03/00987 a = 16.349(3) A b =16.304(3) A c
=18.401(3) a=y= 90, and (3 =108.948(12). 24. The substantially pure

i sostructural psgedog@sydwsr ph of claim 22, possessing the structural
parameters: x=1,y=0, and characterized by nonoclinic space group P21 and

0 and 5 bet asbn T he e ystal Groe o anperature of 22.G of ax o
16.368(5) A, b 54@@936(%) A ¢ = 18.408(5) A

b=16.24440(10) A
¢ =18.80600(10) A
o =7y=90° and
B=108.5701(3) °

() x=1.5y=0,5(S=n-BuOH) and, at -173°C:
a=16.1580(10) A
b=16.0190(10) A
c=18.4570(10) A
o=7y=90° and
B =108.866(10)°

(Ig) x=1.25y=0.5)(S=i-BuOH) and, at 22°C:
a=16.166(8) A
b=16.123(4) A
c=18.591(14) A
o=7v=90° and
B8 =107.68(14)°

() x=1,y=0.5(S=1,2-ethanediol) and, at 22°C:
a=16.232(15) A
b=16.213(10) A
c=18.531(9) A "
o =1v=90°% and
B =109.63(3)°
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a=y=90, and =110.04(2). 58 WO 03/077830 PCT/1B03/00987 25. A

phar maceuti cal conposition conprising a substantially pure isostructural
pseudopol wowmsphrsed 9- deoxo- 9a- aza- 9a- net hyl - 9a- honoer yt hr ecyaBes/od9sravi ng
the Formulal: HOOH OH-mHON OO~OO[H20]x [S]Y (I) OQw OH
wherein S is an organic solvent which is at |least partially mscible with
water, x igli), A=R%=015 B=dr3-gropané¢diolpand) a622°6r: 1, the pseudopol ynor ph

bei ng characterized by the nonoclinic space group PI and average unit cell
paraneters of crystgd o@p(bpAl engths of a = 15.5 - 17.0 A, b = 15.5 - 17.0 A
and ¢ = 17.5 - 19.5 A, and angl es between the crystal axes of a =y = 90
and (3 =106 - 112b=ilr5_2:1Q@)toAnati on with a pharmaceutically acceptable
carrier. 26. The pharnaceutical conposition of claim25 wherein the
substantial ly purglsi %ffggtural pseudopol ynor ph having Formula | is

sel ected from the gré%@ 09 pseudopol ynorphs (l1a)-(hn) set forth bel ow,

wherein x, y and Sin Formula I, and
o =7=90°% an

B =109.20(6)°
() x=1, y=0.5 (S=glycerol) and, at 22°C:
a=16.20(4) A
b=16.253(13) A
c=18.613(10) A
o=7=90° and
B =109.30(5)°
(Ik) x=1.5,y=0.5 (S=glycerol) and, at 22°
a=16.303(6) A
b=16.304(4) A
c=18.725(13) A
o =y=90° and
8 =108.968(15)°
(M) x=1.5,y=0.5 (S=acetone) and, at 22°C;
a=16.370(6) A
b=16.235(7) A
c=18.538(N) A
o =v=90° and
B =109.09(3)°

(Im) x=1,y=0.5(S=DMSO) and, at 22° C:
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t he average unit cell paraneters, i.e., crystal axis lengths a, b and ¢ and
angles a, 59 WO 03/077830 PCT/1B03/00987 and y between the crystal axes,
of the crwetoalo7ssr uctures, are: (la) x =1, y=0 and, at 22ECT/IB03003¢. 368(5)
A, b =16.301(3) A, c = 18.408(5) A a=y=90, and (3 = 110.04(2). (Ib) x=
1.25, y=1 (S = MOH and, at 22C. a = 16,546(3) A b= 16,185(6) A c=
18,511(7) A a=y=906.349@) A0 = 110.53(3) (lc) x =1, y = 0.5 (S = EtOH and,
at - 173C. a= 16.1400(10) A b 16. 1530(10) A c = 18.2640(10) A a =y =
90, and p = 109.&9@6_30),(3?%;1) X 1, vy = 0.5 (S=n-PrOH) and, at 22C. a =
16.32(2) A b = 16.344(16) A c 18.610(18) A a=y=90, and

¢ =18.401(3)

o=1v=90° and

= 108.948(12)°.

24. The substantially pure isostructural pseudopolymorph of claim 22, possessing the
structural parameters:
x=1,y=0,
and characterized by monoclinic space group P2; and unit cell parameters, ie.,
crystal axis lengths a, b and ¢ and angles B and & between the crystal axes, at a
temperature of 22 °C, of
a=16.368(5) A,
b=16.301(3) A,
c=18.408(5) A,
o=17=90° and

B = 110.04(2)".
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60 WO 03/077830 PCT/1B03/00987 p=108.88(9) (le) x = 1.5 =y =0.5
(S=i-PrOH) and at 22C. a = 16.29410(10) A b =16.24440(10) A c

=18. 80600 00p/0A83@ = y = 90, and p =108.5701(3) (If) x =1PBTYBS/OI
(S=n-BuOH) and, at -173C. a =16.1580(10) A b =16.0190(10) A c 18.4570(10)
A a=y=90, and (3 =108.866(10) (lg) x =1.25 y =0.5) (S=i-BuOH) and, at 22C
a =16.166(8) A b 16.123(4) A ¢=18.591(14)A a =y = 90, and 6 =107.68(14)
(Ih) x =1, y =0.5 (S=1, 2-ethanediol) and, at 22C. a 16.232(15) A

b=16. 213( 48) A ph&mbBedih( Srpostitihpriziig axlBSamt(B)pure isostructural

pseudopolymorph of 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A having the

Formula I:

[Hz0]x [Sly Rty

N

wherein

S is an organic solvent which is at least partially miscible with water,

xis 1, 1.25,1.50r 2,

yis 0, 0.5, or 1,
the pseudopolymorph being characterized by the monoclinic space group P2: and
average unit cell parameters of

crystal axis lengths of a = 15.5 - 17.0 A,b=155-17.0Aandc = 17.5 -
19.5 A, and

angles between the crystal axes of =7y =90° and § =106° -1 12°

in combination with a pharmaceutically acceptable carrier.

26. The pharmaceutical composition of claim 25 wherein the substantially pure
isostructural pseudopolymorph having Formula I is selected from the group of
pseudopolymorphs (Ia)-(Im) set forth below, wherein x, y and S in Formula I, and

the average unit cell parameters, i.e., crystal axis lengths a, b and ¢ and angles ¢, B
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61 WO 03/077830 PCT/1B03/00987 (li) x=1, y =0.5 (S=1.3-propanediol) and,
at 22C. a =16.001(6) A b=16.21(2)A c=18.497(11)A ay=90, and (3 =
109. 20( 6)wWOlopp7m836= 1, y=0.5 (S=glycerol) and, at 22C. a RCEFIBGHYSTA b =
16.253(13) A ¢=18.613(10)A a =y =90, and ,6 = 109.30(5) (Ec) x = 1.5,
y = 0.5 (S=glycerol) and, at 22 a= 16.303(6) A b = 16.304(4) A c =
18. 725(13) #nd pbetwgertli@@rysialdxes ofthe@aystld srugyres|a§: x = 1.5, y=0.5
(S=acetone) and, at 22C;, a= 16.370(6) A b = 16.235(7) A ¢ = 18.538(7) A
a=7=90, and ,13 = 109.09(3) (In) x =1, y=0.5 (S=DMSO) and, at 22 C
(Ila) x=1, y=0and, at 22°C:
a=16.368(5) A,
b=16.301(3) A,
¢ = 18.408(5) A,
o=y=90°% and
B = 110.04(2)".
(Ib) x=1.25, y=1(S=MeOH) and, at 22°C:
a=16,546(3) A
b=16,185(6) A
c=18,511(7) A
o =vy=90° and
B = 110.53(3)°
(Ic) x=1,y=0.5(S=EtOH) and, at - 173°C:
a=16.1400(10) A
b=16.1530(10) A
c=18.2640(10) A
o =y=90° and
B = 109.590(10)°
dd) x =1,y = 0.5 (S=n-PrOH) and, at 22°C:
a=16.32(2) A
b=16.344(16) A
c=18.610(18) A

o =1v=90° and
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62 WO 03/077830 PCT/1B03/00987 a = 16.349(3) A b =16.304(3) A c =
18.401(3) a =y =90, and (3 = 108.948(12). 27. The pharnaceuti cal

conposi t iwp 0007B@i m 25, wherein the substantially pure PSFABO®YET al
pseudopol ynor ph possesses the structural paraneters: x =1, y =0, and is
characterized by nonoclinic space group P21 and unit cell paraneters, i.e.,
crystal axis |en@gt=hs0&ag8®)and c and angles a, 3 and 'y between the crystal
axes, at a tenperature of 22 C, of a = 16.368(5) A b = 16.301(3) A ¢

=18. 408(5) le) Ax= ys- ,Oga.(gilliﬁ)ﬁ;%ﬂdmzt 28. A nmethod for the
treat ment of lgact erial ‘and protozoan infections, and inflammation- rel ated

di seases in huna ns IOERJ gg\subj ect thereto, corrpri sing admnistration to
a human or an anl mal’ |n 3 of such treatnent the pharnmaceuti cal

conposition contai 3698 é@ﬁ i bstanti ally pure isostructural

pseudopol ynor ph 83418k %52a- 9a- net hyl - 9a- honoer yt hronyci n A havi ng
Forrmula | as set forth in claim25. 29. The nethod of claim 28, wherein the
substantially pur®™i §§9§9Q@9h{3‘al pseudopol ynmorph having Formula | is

selected fromthe group of pseudopol ynorphs 63 WO 03/077830 PCT/1B03/ 00987
o =1v=90° and

f=108.5701(3) °
(I) x=1.5y=0,5(S=n-BuOH) and, at -173°C:
a=16.1580(10) A
b=16.0190(10) A
c=18.4570(10) A
a=1vy=90° and
B =108.866(10)°
(Ig) x=1.25y=0.5) (S=i-BuOH) and, at 22°C:
a=16.166(8) A
b=16.123(4) A
¢=18.591(14) A
a=y=90° and
B =107.68(14)°
(h)y x=1,y=0.5(S=1,2-ethanediol) and, at 22°C:
a=16.232(15) A
b=16.213(10) A
c=18.531(9) A
o=7=90° and
B =109.63(3)°
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(la)-(Im set forth below, wherein x, y and Sin Fornmula I, and the average
unit cell paraneters, i.e., crystal axis lengths a, b and ¢ and angles a,
(3 and T wetowersdt he crystal axes, of the crystal struct @CEAB03ZN0LS7 (Ia)
x 1, y= =0 and, at 22C. a = 16.368(5) A b = 16.301(3) A, c= 18.408(5) A

=y 90, and =110. 04( 2 (I'b) x =1.25, =1 (S = MOH and, at 22C. a=
16 546(3) A(lﬁ# 181886 —1é=prmr$4m@)7a)1d,oat23—@ 90, and (3 =110.53(3) (lc)
x =1, vy 0.5 (S =EO) and, at - 173C. a= 16.1400(1 0) A b =16.1530(10)
A c =18. 2640( 10)a Al6a0TEDR and (3 =109.590(10) (Id) x =1, y =0.5
(S=n-PrOH) and, at 22C. a = 16.32(2) A b = 16.344(16) A 64 WD 03/077830
PCT/ 1 B03/ 00987 ¢ =1481@3% 18) A

c=18497(11D) A
o =7y =90° and
B8 =109.20(6)°
@) x=1,y=0.5 (S=glycerol) and, at 22°C:
a=16.20(4) A
b=16:253(13) A
c=18.613(10) A
o =7y =90° and
B =109.30(5)°
(k) x=1.5y=0.5(S=glycerol) and, at 22°
a=16.303(6) A
b=16.304(4) A
c=18.725(13) A
o =7=90° and
B =108.968(15)°
) x=1.5,y=0.5 (S=acetone) and, at 22°C;
a=16.370(6) A
b=16.235(7) A
c=18.538(7) A
o=7=90° and
B =109.09(3)°

(Im) x=1,y=0.5 (S=DMSO) and, at 22° C:
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a=y=90, and p = 108.88(9) (le) x =1.5 =y =0.5 (S=i-PrOH) and at 22C
a= 16.29410(10) A b =16.24440( 0) A ¢ =18.80600(10) A a=y=90, and p

=108. 5701¢®B)03/0(188) x =1.5 y = 0,5 (S=n-BuOH) and, at -173ECT/IR3#MBS71580( 10)
A b=16.0190(10)A c =18.4570( 10) A a=y=90,and p =108.866(10) (lg) x =1.25
y =0.5) (S=i-BuOH) and, at 22C. a =16.166(8) A b=16.123(4)A c=18.591(14)A
ay=90, and 0 =1a#®RPY)Alh) x =1, y =0.5 (S=1, 2-ethanediol) and, at 22C
a =16.232(15) A b=16.213(10)A c =18.531(9) A 65 WO 03/077830

PCT/ 1 B0O3/ 00987 g -=1¢/3G4(9PA and

¢ = 18.401(3)
=y=90°, and

B =108.948(12)°.

27. The pharmaceutical composition of claim 25, wherein the substantially pure

isostructural pseudopolymorph possesses the structural parameters:

x=1,y=0,

and is characterized by monoclinic space group P2, and unit cell parameters, i.e.,
crystal axis lengths a, b and ¢ and angles ¢, 8 and y between the crystal axes, at a
temperature of 22 °C, of

a=16.368(5) A,

b=16.301(3) A,

¢ =18.408(5) A,

o=1vy=90°and

B =110.04(2)".

28. A method for the treatment of bacterial and protozoan infections, and inflammation-
related diseases in humans or animals subject thereto, comprising administration to a
human or an animal in need of such treatment the pharmaceutical composition
containing the substantially pure isostructural pseudopolymorph of 9-deoxo-9a-aza-

9a-methyl-9a-homoerythromycin A having Formula I as set forth in claim 25.

29. The method of claim 28, wherein the substantially pure isostructural

pseudopolymorph having Formula I is selected from the group of pseudopolymorphs
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9 = 109.63(3) (li) x=1, y =0.5 (S=1. 3-propanediol) and, at 22C. a =
16.001(6) A b = 16.21(2) A c =18.497(11) A a=y=90, and ,6 = 109.20(6)
(Ij) x =wpogmwiss (S=gl ycerol) and, at 22C. a = 16. 20(4) PATHBOS/(IDSS7253( 13)

'(A\S cI 18. 61|3§10),§\ a=7=90, and f3 = 109.30(5) (1k) x = 0.5
=gl ycero an at 22 a = 16.303(6) A b A = 18
a=7=90, and (a)r@nlseiéw%@ewwh?rmx W)an df g F Oyﬂeﬁ‘% % éi’%ﬁ%%“‘&hqsgtl 3)22?:;

a= 16.370(6) A b = 16.235(7) A c = 18.538(7) A @=7=90, and 66 WD
03/ 077830 PGHraB&arsODO Sctystallids E@g’tﬁ$ a, b and ¢ and angles ¢, 8 and v between the

crystal axes, of the crystal structures, are:

(Ta) x=1, y=0 and, at 22°C:
a=16.368(5) A,
b=16.301(3) A,
c = 18.408(5) A,
o=7=90° and
B =110.04(2)°.
(Ib) x=1.25, y=1 (S=MeOH) and, at 22°C:
a=16,546(3) A
b=16,185(6) A
c=18,511(N A
o =v=90° and
B =110.53(3)°
(Ie) x=1,y=0.5(S=EtOH) and, at - 173°C:
a=16.1400(10) A
b=16.1530(10) A
¢ =18.2640(10) A
o =7=90° and
B =109.590(10)°
dd) x =1,y = 0.5(S=n-PrOH) and, at 22°C:
a=16.32(2) A

b =16.344(16) A
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(Im x =1, y=0.5 (S=DvsO) and, at 22 C
= 18.401(3) a=y=90, and ,6 = 108.948(12). 30. The nethod of claim 29
wher ei n twe osubssanti al |y pure isostructural
structural paraneters: x=1,y=0, and is characterized by nonoclinic space
group P21 and unit cell paraneters, i.e.
and angl es a, (3cantlB.glB@8Wlen the crystal axes, at a
of a= 16.368(5) A b = 16.301(3) A, ¢ = 18.408(5) A

=110. 04(2). 67

(Ie)

(If)

(Ig)

(Ih)

o=y =90° and

B =108.88(9) °
x=1.5=y=0.5 (S=i-PrOH) and at 22°C:
a=16.29410(10) A

b =16.24440(10) A

¢ =18.80600(10) A

o =7=90° and

B =108.5701(3) °
x =1.5 y=0,5 (S=n-BuOH) and, at -173°C:
a=16.1580(10) A

b=16.0190(10) A

¢ =18.4570(10) A

o=1v=290°and

B = 108.866(10)°

x = 1.25 y =0.5) (S=i-BuOH) and, at 22°C:
a=16.166(8) A

b=16.1234) A

c=18.591(14) A

o=y=90° and

B=107.68(14)°

x =1, y=0.5 (S=1,2-ethanediol) and, at 22°C:
a=16.232(15) A

b=16.213(10) A

c=18.531(9) A
65

a= 16.349(3) A b = 16.304(3) A c
pseudopol ympCphBpo®esssses t he

, crystal axis lengths a, b and c
tenperature of 22 C

a=y=90, and
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(B)

i)

(Ik)

)

o=7v=90° and

B=109.63(3)°

x=1, y =0.5 (S8=1.3-propanediol) and, at 22°C:

a=16.001(6) A

b=16.21(2) A

c=18.497(1D) A

o =7v=90° and

B =109.20(6)°

x=1,y=0.5 (S=g1yceroi) and, at 22°C:
a=16.20(4) A

b=16.253(13) A

c=18.613(10) A

a=v=90°% and

B =109.30(5)°

x = 1.5, y = 0.5 (S=glycerol) and, at 22°
a=16.303(6) A

b=16.304(4) A

c=18.725(13) A

o =7=90° and

8 =108.968(15)°

x = 1.5, y=0.5 (S=acetone) and, at 22°C;
a=16.370(6) A

b=16.235(7) A

c=18.538(7) A

o =7v=290° and
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B=109.09(3)°
(Im) x=1,y=0.5 (S<DMSO) and, at 22° C:
a=16.349(3) A
b=16.304(3) A
¢ = 18.401(3)
a=1v=90° and

B=108.948(12)°.

30. The method of claim 29 wherein the substantially pure isostructural
pseudopolymorph possesses the structural parameters:
x=1,y=0,
and is characterized by monoclinic space group P2, and unit cell parameters, i.e.,
crystal axis lengths a, b and ¢ and angles «, 8 and y between the crystal axes, at a
temperature of 22 °C, of
a=16.368(5) A,
b=16.301(3) &,
c=18.408(5) A,
a=1v=90° and

B =110.04(2)".
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