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Microbiology and Infectious Disease 38:177-179 (2000); P.J. Petersen et al.,
Antimicrob. Agents Chemother. 46:2595-2601 (2002); and P.J. Petersen et al.,
Antimicrob. Agents Chemother. 43:738-744(1999)), and organisms carrying either
of the two major forms of tetracycline resistance: efflux and ribosomal protection
(C. Betriu et al., Antimicrob. Agents Chemother. 48:323-325 (2004); T. Hirata et
al. Antimicrob. Agents Chemother. 48:2179-2184 (2004); and P.J. Petersen et al.,
"Antimicrob. Agents Chemother. 43:738-744(1999)).
[003] Tigecycline has historically been administered intravenously
because it has exhibited generally poor bioavailability when given orally. The
intravenous solution may be prepared by reconstitutution of an amorphous
powder with sterile water, 0.9% Sodium Chloride Injection, USP, or 5% Dextrose
Injection, USP. Tigecycline is typically rendered into the amorphous powder via
lyophilization without excipients for sterilization purposes. Due to the propensity
for tigecycline to degrade, however, these powders are prepared and processed
under low-oxygen and low-temperature conditions. Such processing is expensive
because it requires special equipment and handling. Additionally, amorphous
materials are generally less stable than crystalline forms of the same compound.
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under | ow oxygen and | owtenperature conditions. Such processing is
-expensive because it requires special equipnent and handli ng.

Addi tional Iy, anorphous materials are generally |less stable than
crystalline forns of the same conpound. 1 111111111111111111111 | | I!!

0 5 1 5 1 e I I A R N *000002* (Pol ynmor phi smin Pharnmaceutical Solids,
H G Brittain (ed.), 1999, p.208). It would be advantageous, therefore,
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Toma, P.H; Dorman, D.E.; Greene, J.R.; Byrne, S. R.; "Solid state analysis of
polymorphic, isomorphic and solvated forms of Dirithromycin®, J. Am. Chem. Soc.,
1994, 116, 5766.) '

[005] Based on a chemical structure, which is the chemical connectivity
of atoms to make a molecule, one cannot predict with any degree of certainty
whether a compound will crystallize, under what conditions it will crystallize, how
many crystalline solid forrhs of the compound might exist, or the 'solid-state
structure of any of those forms. The term “solid-state structure” as used herein
means the structure obtained when molecules pack together to form a solid.

[006] Sometimes solvent or water molecules become incorporéted into
the crystal lattice of a crystalline solid. Such a crystalline solid may be referred to
as a solvate or hydrate, respectively. Solvates, hydrates, and polymorphs are
often called crystalline solid forms. Here, as in most of the solid-state chemical
arts, weakly bound solvates and hydrates are also included as crystalline solid
forms where the solvent or water molecules are in channels or not incorporated

into the crystal lattice. Amorphous forms are often referred to as solid forms but
they are not crystalline solid forms.



[006] Soretimes solvent or water nolecul es become incorporated into the
.crystal lattice of a crystalline solid. Such a crystalline solid may be
referred to as a solvate or hydrate, respectively. Solvates, hydrates, and
pol ynorphs are often called crystalline solid fornms. Here, as in nost of
.the solid-state chemcal arts, weakly bound solvates and hydrates are al so
I ncl uded as crystalline solid fornms where the solvent or materAnnleﬁules.
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the x-axis being twice the angle (this is known as the “2¢” angle) between the X-

ray source and the diffracted X-rays and with the y-axis being peak intensity of the
diffracted X-rays. This graph is called an X-ray powder diffraction pattern or
poWder pattern. Different crystaliine solid forms exhibit different powder patterns
because the location of the peaks on the x-axis is a property of the solid-state
structure of the crystal. - |

[009] Such pbwd_er patterns, or portions thereof, can be used .as an
identifying fingerprint for a crystalline solid form. Thus, one could take a powder
pattern of an unknown sample and compare that powder pattern with a reference
powder pattern. A positive match would mean that the unknown sample is of the:
same crystallihe solid form as that of the reference. One could also analyze an
unknown sample containing a mixture of solid forms by adding and subtracting
powder patterns of known corhpounds.

[010] When selecting peaks in a powder pattern to characterize a
crystalline solid form or when using a reference powder pattern to identify a form,



structure of the crystal. [009] Such powder patterns, or portions thereof,
.can be used as an identifying fingerprint for a crystalline solid form
Thus, one could take a powder pattern of an unknown sanple and conpare
that powder pattern with a reference powder pattern. A positive match
-woul d nmean that the unknown sanple is of the sanme crystalline solid form
as that of the reference. One could al so anal yze an unknown sanpl e
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[013] When characterizing and/or identifying crystalline solid forms of the
same chemicél compound with X-ray powder diffraction, it is often not necessary
to use the entire powder pattern. A smaller subset of the entire powder pattern
can often be used to perform the characterization and/or identification. By
selecting a collection of peaks that differentiate the crystalline solid form from
other crystalline solid forms of the compound, one can rely on those peaks to both
characterize the form and to identify the form in, for example, an unknown |
mixture. Additional déta can be added, such as from another analytical technique
or additional peaks from the powder patiern, to characterize and/or identify the -
form should, for instance, additional polymorphs be identified later.

[014] Due to differences in instruments, samples, and sample"
preparation, peak values are reported with the modifier “about” in front of the peak
values. This is common practice in the solid-state chemical arts because of the
variation inherent in peak values. A typical precision of the 20 x-axis value of a
peak in a powder pattern is on the order of plus or minus 0.2° 20. Thus, a powder
diffraction peak that appears at “about 9.2° 20,” means that the peak could be
between 9.0° 26 and 9.4° 26 when measured on most X-ray diffractometers under

most conditions. Variability in peak intensity is a result of how individual crystals



other crystalline solid forns of the conpound, one can rely on those peaks
to both characterize the formand to identify the formin, for exanple,
an. unknown m xture. Additional data can be added, such as from anot her
anal ytical technique or additional peaks fromthe powder pattern, to
.characterize and/or identify the formshould, for instance, additional

pol ynorphs be identified later. [014] Due to differences in instrunents,
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i ndi vi dutgchoioues sueh asdtaenan (iecitdidg inmictoseopia Manear) pinfraigtk Bndisblidr espect to
the exterpal .t a ource, (known as "preferred orientation”). This

ori entat ?@ie %‘ﬁiéige%@é@ﬂ@? g"EfWok’/‘? Heed g chagaciprse apg/ar identitycregialine ¢ he
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X-ray powder diffraction, to characterize and/or identify crystalline solid

forns. [B®IPF The present invention is directed to crystalline solid forns
of [017] The present invention is directed to crystalline solid forms of

tigecycline identified as Form' I, Form I, Form lll, Form IV, and Form V. The
invention is also directed to compositions, including pharmaceutical compositions,
containing one or more crystalline solid forms of tigecycline. The invention is

further directed to processes for preparing crystalline solid forms of tigecycline.

BRIEF DESCRIPTION OF THE DRAWINGS

[018] FIG.1 is the X-ray powder diffraction pattern and peak list for Form -
| tigecycline. -

[019] FIG. 2 is the X-ray powder diffraction pattern and peak list for Form
Il tigecycline. .

[020] FIG. 3 is the X-ray powder diffraction pattern and peak list for Form
1l tigecycline.. _ '

[021] FIG.4is _the X-ray powder diffraction and peak list for Form IV
tigecycline.

[022] FIG. 5 is the X-ray powder diffraction and peak list for Form V
tigecycline.



tigecyclkne identified as Forml, Formll, FormlIll, FormlV, and FormV.
The invention is also directed to conpositions, including pharmceutical
‘conpositions, containing one or nore crystalline solid forns of _
tigecycline. The invention.is further directed to processes for preparing
-crystalline solid forms of tigecycline. BRIEF DESCRI PTION OF THE DRAW NGS
[018] FIG1 is the X-ray powder diffraction pattern and peak list for Form

I ti i 19kIcEl ' | [QF ttern and
peak Tt for e TG e ah X Tny pewdp! SHeRAMSu b RN 7 e

di ffractiti@ecydiffern and peak list for Form 111 tigecycline.. [021] FIG 4

Is the X-ra er gfts | | : rm 1\ tigecycline.
[022] FIG é i's heFQ'rfa{/Saégf)é ernﬁgﬁfvgrsiéé} %)fotﬁga){l%{yp[gowridﬂra?tb& Form V.

ti gecycl iaverlapof B@®is FV 6f tigedysliaem X-r ay powdgr ddl ffracti OP ;)\r/]er IXay .of Falrjms
I N of tigec jhe. 4] FILG 7 is an expanded version_o e X-ray powder
diffracti gn ygéléé’iﬂl agkg'fza E&#’E’fmﬂi Qf}a"m%@%sﬁé‘\yﬂé.(%%})f Fe@llg is a thermal
gravi et rtigecydlipeysi s (' TGA") of Formll tigecycline. [026] FIG 9 is a TGA
heat - cool cycle of Eorm|l| tigecycline. DETAILED DESCRI PTION OF THE

| NVENTI ON [02]5926?\/\0':5@7%&$ af Gfvheaterekeele ofdam it Bgegyslineie work | eadi ng to

the present invention. The data in FIG 1 and FIG 2 were collected using
a Rgaku Mniflex Diffraction System (R gaku MSC Inc., Tokyo,. Japan). The

powder sanpl es wer e pgaMIEEDASE OFlE TIRVE i shed silicon sanple
hol der. A nornal fo ED &Rﬁ’f—lﬁ { N 30kV and 15 mA,

and the inst [Q&&nt TWe Xty ¢iiegtametaraweie wsed inltheworiSeaping ts tani ng i s at
g- 82{5 ;E te\%éééeé?mnv%nﬁgn.t ?hé Qaf%nH6. 13RdFIE22RE T3R8 'ugmg Y Rigary "9 Jade
Miniflex Diffraction System (Rigaku MSC Inc., Tokyo, Japan). The powder
samples were deposited on a zero-background polished silicon sample holder. A
normal focus copper X-ray tube is operated at 30kV and 15 mA, and the’
instrument is equipped with a Ni KO filter. Sample scanning is at 0.02°/step from
3.00 to 40.00° 26." The data processing is done using Jade 6.0 software
(Molecular Data Systems Inc., Livermore, CA). The data in FIG. 3 and FIG. 4,
and FIG. 5 were collected'using- a Scintag Advanced Diffraction System Model X2
(Scintag, Inc. Cupertino, CA) with a quartz sample holder. The coppér X-ray
generator is operated at 45 kV and 40 mA, and scanning is done from 3 to 40° 26
at 0.02° per step. Data processing is done using Jade 6.0 software (Molécular
Data Systems). FIGS. 1-5 each contains two parts: a peak-picked X-ray powder
diffractogram and a peak list. The peak lists were generated usi'ng standard -
parameters and commercial software. ' .

[028] When those of ordinary skill in the solid-state chemistry aﬁ analyze
powder patterns to discern whether the seemingly different patterns acfually
represent different cfystalline solid forms, they often overlay the bowder patterns
on, for example, a light box or on a computer screen. An example of just such an
overlay can be found at FIG. 6 which is the overlay representing the five
crystalline solid forms of tigecycline that were characterized and identified. - An
expanded version of the overlay is at FIG. 7.

[029] The entire X-ray powder diffraction may be used to characterize

each crystalline solid form of tigecycline, however, one may select a smaller
‘ 6



(Molrecul ar Data Systens Inc., Livernore, CA). The data in FIG 3 and FIG
4, and FIG 5 were collected using a Scintag Advanced Diffraction System
Model X2 (Scintag, Inc. Cupertino, CA) with a quartz sanple hol der. The
copper X-ray generator is operated at 45 kV and 40 mA, and scanning is
.done.from3 to 40 29 at 0.02 per step. Data processing is done using Jade
6.0 software (Mol ecular Data Systens). FIGS. 1-5 each contains two parts:

a peak- pusuoeeltafpeaysmwpatcbrﬁfwenanegfeatﬁba;adh@nmkné séﬁd foﬁh%fpeak lists
wer e gen rate anl?g %Ffrdd e{ﬁqsramt ers and commercial software. [028]
When tho§5a968¥ 'G?dl 5% seleciqd perksipay Hlendesysaddoddentify theyprasencenall yze
powder paddridulér drsastamﬁ@ 86RY f@ﬂﬁ%*b?ﬁlgé{f&ﬁllﬁ@ﬁ{%ﬁ'ﬂhwqﬂhﬁ g%?%tof%gt terns

actually represent different crys ne sol I or s ften overlay
t he pom&onﬁa@'ﬂemﬁgcycdjne for exanple, a light box or on a conputer screen.

An exanpl e of 6, whi ch s t he
overl ay repregbé@l nga'?l s?r?te %%(r:ér 1%‘ tgﬁtﬁ'el ﬁgtéﬁégg ?%Wﬁsﬁgﬁcﬂg@ﬁ§8 i ne that
wer e charfemdrangdtbramid. i denti fi ed. An expanded version of the overlay is
at FIG 7. [029] The entire X-ray po diffraction nay be used to
characterize each crystalline solid f d‘\bf'ﬁéf tigecycline, however, one may

sel ect a gMigesyclimesubset 29f Pegles | npgach paifher fobg chahget Eﬂrii ze each

crystalline solid formaof tigdecycljne. Those sel gcted peaks y then be
used to i défy the presence|of particul aj crystal ling soli( forms of

tigecycli Nggrf@an unknov an of cont g Tk Hre. [030] To
illustrate,_Table 1 |is s?he TB?srst f)'eaks ﬁ?\ I|t he 1312?f i%?ogr ans of Form

| and FormFormlitabl e 1 'I'iggzle'cy(,lgi.he 0P06020 (28.0201520 P2P.7 Form Form |
5.2 8.3 1041113132413 u.mllf"’“'lle"’)’l“?d‘l7[031]
Based on a conparison of these data, and only considering these two forns

of tigecyclinf31]t Baseppmaadimpdidbn@fthed8latn, o cbhgddting thbes For m |
two forms of tigecycline, it is apparent that one could rely on the 6 listed Form |
peaks to characterize Form | because the collection of 6 peaks is not present to +

0.2° 20 in Form Il. However, it is not necessary to rely on all 6 peaks to conclude
that Form | differs from Form II. In fact, the single peak at about 5.2° 26 in Form |
uniquely characterizes Form | because the nearest Form |l peak to about-5.2° 20
is found at about 9.2° 26, 4 degrees 20 away. This 4° 20 difference is significantly
greater than the 0.4° 26 obtained by combining the variability (0.2° 20) in any tWo
peaks. In other words, so long as a peak in one sample is more than. 0.4° 26
away from any peak in another sample, then those represent different crystalllne '
solid forms because the chance that any glven peak in a crystaliine solid form
would vary by more than 0.4° 26 from sample to sample and/or instrument to
instrument is extremely small. Therefore, in a system that contains only Form |
and Form ll, a tigecycline powder pattern containing a peak at about 5.2° 26
eharacterizes Form | tigecycline and the presence of that peak may be used to
identify Form |. Similarly, when characferizing Form Il, one could use just the
peak at about 9.2° 20 because there is no Form | peak within 0.4° 20 of that peak.
[082] Not all peaks in Table 1 could be used to characterize Form I. For
example, the peak at about 13.2° 26 in Form | could not in and of itself be used to _



peaks to.characterize Form| because the collection of 6 peaks is not
present to + 0.2 20 in FormIl. However, it is not necessary to rely on
all 6 peaks to conclude that Form| differs fromFormll. In fact, the
singl e peak at about 5.2 20 in Form | uniquely characterizes Form |
-because the nearest Form Il peak to about 5.2 26 is found at about 9.2 20,
4 degrees 20 away. This 4 20 difference is significantly greater than the
0.4 20 o FRedti b Adabkdd [ . peaks. In
ot her \/\0?’3? soI ﬁﬁ%@aggifaﬁwﬁdeéggﬁ%ﬁp%k %r%%@al{tﬂgr??é 4‘“%*1 ISf?lway from
any peak only @ndebewayanpl e, then those represent different crystalline
solid forns b seI t he chance '%hh%t .an ﬂipvgn peak in . cr_gstal line solid
form would v by MHaFaRTdaNeh Whths dnyerdipns ’rfﬁYQowge‘s@ﬁﬁcg Rfateor

i nst r umenyerd @ollédisd bH RS five SryseallinetRickydime!fbrms] fF%irﬁ.\%g,f €111 ¥, @angXpt em t hat
contains only Forml and Formi1, a tigecycline powder pattern c¢ontaining
a peak atanﬂﬂ%%PegksszQW arpunc 2624 apreeardn Mablet 2.glt is/determinad dhatipeags esence

f that : i ' | jmlarl '

char act e DIBREP b e iore stSBintle {&iBter g dfudlonengler o » 20

because thugthermerentherueaksllisteeidk Tabten? wede 4eldbiedibyt dunisidesinlf thd pead Not al |
ks iny . I d,t.o. i F . F le, th

ook at U500 FidbrgS 3", IR T o0 1BDRCE M B ipenofing g Swiseisey to 7

char act eipeaks fo¢harhctoA2a@HAe/oFRIeRtify!the @RREARRSsGRBAKs 8f tigdQtiinelthad 20 whi ch
In accordance with the invention, X-ray powder

is only O. 20 . away. [033] I [

di f fract iaé?]%'ﬂa? Je%}(@ecwleﬁ tIBPWRNt he five crystalline tigecycline forns,
Forms I, II, Ill, IV, and V, and theqgepks bel ow around 26 20-" appear in
Table 2. It is determned that peaks of higher intensity were nore

susceptible to prefierred ori ehermsi(peakefistedin26) Furt her nore, the peaks
listed in Table 2 wereyseljectgd by copsTdgriTnyg tife pgak | lists in Figures
1-5. Thus, the data @r_ZTa_ | eg’zznna,' bgzuse_d tfﬁ find-the subsets of peaks to
characterize and/ orlidéntilfy the lcry@tal | ine*Solild ok ns of ti gecycline
that are the subjelct &F tlhe %t eslent 6ionventi 68. Tablésé 2 | For ns ( peaks
listed in 020) | 11 M ThpaTV Viie 8.3 9.2 11.4 |
11.1 13.3 9.3 11.9 2.9
13.2 15.4 10.6 12.6 13.2
137 17.7 118 | 134 14.9
14.7 18.4 13.1 15.0 15.5
15.6 19.8 13.7 15.7 16.2
16.6 20.4 144 16.1 16,6
19.0 21.4 15.0 16.8 17.3
19.3 223 15.5 18.0 18.9
19.9 78 195 19.9
21.2 - 21.4 19.9 20.5
224 24.8 20.4 21.1
23.1 21.2 21.6
24.8 _ 22.0 22.0-
22.9 22,9
23.4 24.1
24.4 25.9
25.3

[034] In accordance with the invention, because none of the peaks Iiste'd
for Form | is greater than 0.4° 26 from every other peak of each of Forms Ii, Il 1V,
8



5,29.25.24.6 43 839.76.08.886 10.4 11.6 8.3 9.2 11.4 11.1 13.3
9.3 11.9 12.9 13.2 15.4 10.6 12.6 13.2 13.7 17.7 11.8 13.1 14.9 14.7
18.4 13.1 15.0 15.5 15.6 19.8 13.7 15.7 16.2 16.6 20.4 14.4 16.1 16.6
19.0 21.4 15.0 16.8 17.3 19.3 22.3 15.5 18.0 18.9 19.9 17.8 19.5 19.9
21.2 21.4 19.9 20.5 22.4 24.8 20.4 21.1 23.1 21.2 21.6 24.8 22.0 22.0
22.9 22.9 23.4 24.1 24.4 25.9 25.3 [034] In accordance with the

| vent | orandbiaRusifgle FeamlpdahoreRalzes TRt | i oBBK B Folys A AcheT than 0.4

20 from every other peak of each of Forns , _ , 'no single
Form | petd \bhEPL@Xasmpleewhergamtie peainatatutut 52°mRérindorin, | dould bd Msed and V.

e : - ab .2 20 in, F I | d be used to
i st ngure BB BRckn PERE | B PR, Raforkropnlh eGHRssetobe used to

di st i nguidistingelshdxabwéen Foim dadd ForMIl bbcAREARS 0415 hhs adeaR dfgpea peak at
5.2 20. ver, the subset of Form|l Peaks at about 5.2 20 and about 11.1

20 coul (?Iélg Qneyertihe ubset R fiosm |FR9|ah$ Bt alpeuth 52t 20 ET gbd)ticlt_r%nmﬁazmr me;:(l .
bor b Sl e AR IEdl A BB S WAt et o
di sti nguirshk Bbabout 1. th2e is more than 0.4° 20 from any peak in Form Il. By the

same reasoning, the peak at 5.2° 20 could also be used to distinguish Form | from

- Form IV and Form V. Thus, X-ray diffraction peaks at about 5.2° 26 and about

11.1° 26 are characteristic of Form | and may be used to identify Form I in a

sample. In characterizing and identifying Form |, one may also rely on some or all

of the other peaks from the Form | powder pattern peak list in FIG. 1.

[035] A similar analysis is done for Forms il, Ill, IV, and V to construct
sets of characteristic X-ray powder diffraction peaks that can be used to
characterize and identify the different crystalline solid forms of tigecycline of the
present invention.

[036] In accordance with the invention, with respect to Form Ii, the peak
at about 9.2° 26 distinguishes Form Ii from Form | and Form V. It does not, in and
of itself, however, distinguish Form Il from Form Ill or from Form IV. The peak at
about 9.7° 26 is distinguishable over Form 1V, but is 0.4° 26 from a peak in Form
Ill. The peak at about 20.4° 26 in Fofm Il distinguishes it from Form Iil. -
Therefore, Form Il peaks at about 9.2° 26, about 9.7° 26, and ab.but 20.4° 20
distinguish Form Il over Forms |, IlI, 1V, and V and thus characterize Form Il in a
sample. Further, these peaks make be used to identify Form II. In characterizing
and identifying Form Il, one may also rely on some or all of the other peaks from
the Form Il powder pattern peak list in FIG. 2.

[037] In accordance with the invention, in Form llI, the peak at about 6.0°
26 distinguishes Form Il over Forms |, I, IV, and V and further characterizes
Form Ill. Further, this peak may be u_sed to identify Form Ill in a sample. In
characterizing and identifying Form Ill, one may also rely on some or all of the
other peaks from the Form lll powder pattern peak list in FIG. 3.



Form IV and Form V. Thus, X-ray diffraction peaks at about 5.2 20 and about

11.10 20 are characteristic of FormI| and nay be used to identify Forml in
‘a .sanple. In characterizing and identifying Forml|, one may al so rely on
some or all of the other peaks fromthe Form| powder pattern peak list in
.FIG 1. [035] A simlar analysis is done for Forns IIl, IIll, IV, and V to

construct sets of characteristic X-ray powder diffraction peaks that can
t he di fferent crystalline solid forns

of 11 gecycl i nOBl REoHBEER Wifibe ivestion, ingemiY, Wechakatabou 44°t he h
i nvent i 0pg ditihGuiEREPESIM NP ober (P | ilhﬁnd)ﬁlalénd%e g&’k'%tfa?qcﬁgé% dé@%' ngui shes

Formll fromForml| and FormV. It does not, wever ,
di st i ngumstie Banf.#1 20 from weals ih [RormrV. fTme Ifteeks kat/abdihel erezkamd abgiout 9. 7

[ 20 f k Form [I11.
The peakdzr ASIEDiER O NGB s Toldli argl aneahus chatoperse oML
Ther ef or p/. Fortter] iheﬁ@@@ﬁk@ha@t&l‘&se‘at@|3&1t|f3??8ﬁﬁ |\91r7%%$ﬁuggé‘glﬂab°“t 20.4 20

di sti ngw sh Form || over Forims , aracterize Form
11 in a Q%rﬁﬁﬁeélzmmnﬂH@ﬁnfrfym@f@rrpéﬁk@nermaeam rehean somecceramndrweForm . In

char act egat Bl e Rbirh i him AR (B dbeg rely on sorie or al
RSt Pade &G B

of the ot her peaks from ak list in FIG 2.
[037] In acchaghcdn\ﬁCGwdaheewﬁhdm mvantlom fcﬁoﬁam"d V| thetpeakpgakoat about 6.0

[ |V, d V and further
gﬁagéit 'e?%@@%gpﬁ?% ‘:Oﬁuxﬁﬁ‘émo'{qusg lﬂré’é’!g Wy @&Wﬁbﬁ%ék%ﬂéhﬁ"f y Form
111 in. a2@ﬂn‘tﬂe¢dlshﬁgw§l|‘|‘@s" B6ine M fidm FoRRdy! denki élé(dl{%%t a?apmié‘l’ V\%%ﬂa may al so

rely on some or all of the other peaks fromt pattern
peak | i s2bquj 1I¢l@2931ISfquliJ518ﬂ:orrmVauyeodembmwlt tandhv anmvtaaﬁem'@ in FormlYV,

t uishes Form |V over Forns I, Il, and |11,
bna [ e ClEpABRE Flnf v, B 3% hEakS mak b usésdos @ ViR akor m v,
Thus, pesdmsplat habnaractenamgcamdemug FoPm2/, 2hetthay hl&@%ﬁﬂbfﬁrﬁé bV from
For ns and, V., and thug{ characterize Form ther, these
r

peaks n& l ?J' ‘Bfe‘hfi?h??’tpﬁakﬁ&’ﬂm FormEyrRawagr pattarnspaak list in ﬂG:I‘-iar acterl zi ng and
| dentii fying Hoag | %th@mmaa{e%ﬁnrqalayn%/a%e%e@l In &fajZiy other peaks

fromt hecry'fgtg[pne soPé) }M?ms of%tgteg,;crllmeeaSi:)elztlrgst,copE: tzlc:t%lques such as Raman
(including microscopic Raman), infrared, and solid-state NMR spectroscopies may
be used to characterize and/or identify crystalline solid forms. These techniques
may also be used to quantify the amount of one or more crystalline solid forms in
a mixture. :

[041] Table 3 sets forth data showing melting point onset by hot stage
microscopy of severél samples of Forms |, II, Ill, IV and V of the invention.
Thermal techniques, such as melting point onset by hot stage microscopy, do not
necessarily, in and of themseives, characterize or identify the different crystalline
solid forms of tigecycline based on the data shown in Table 3. For example, Form
I'and Form IV each include a measured melting point onset by hot stage
microscopy of about 170°C and thus cannot be distinguished from one another by
this technique. In contrast, Form il is distinguishable from Form V by using this
technique because Form V has a melting point onset by hot stage at about 174°C
and Form Il at about 167°C. Melting point onsets by hot stage microscopy may
be used together with another analytical method, such as X-ray powder diffraction,
to characterize and/or identify crystalline solid forms of tigecycline.
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[ 039]

20 di stinguishes FormV from Forns |,
20 further distinguishes FormV fromForm V. Thus,
and about 11.4 20 distinguish FormV over
.therefore characterize FormV. Further,

I n.accordance with the invention,

for FormYV,
1, and I11.

t he. peak a
The FormV

peaks at a
Forms I, 11, IIIl, a
t hese peaks may be use

FormVin a sanple. In characteri ZJ5 a a:}nd I dentifying FormYV,
rely on some or all of the other e 3 om Form v powder pat
list in FIG 9 Tigédgdlinet her amaltisﬁg Péint Oisét byUdst edl SO Dbe
analyzing crystalline solid forns of tigecycline. Spectroscof
such as Raman F(qrﬁbl udi ng m (Ml%?ﬁﬁ?léy Raman),. infrared, and

NMR spectrosc Yy be 0 Zze amd/or T dentif
sol i dpf or Is. Tﬁ:}gg@ t'echni quez%ngy1z ddfggeused to quantify th

one or nore c
data show ng

sanpl es of Fo
t echni ques,

necessarily,
crystalline
For exanpl e,
onset by hot
di stingui shed

di stingui shable from FormV by using this
mel ting pointl

B (PR SRR g ebag

Mel ti ng H)&l
anot her

Tabl e 3
1(3 17OC-I:'1'

r

yamglies)ne sol i

dforms |n a mxture. [041] Tabl €

]AAI\+

I
r

:@L; I“J |JUI IIL

A m cor 85cobh\ n'F
\JL Mub mr ol Uou'o P]

U_y IIUL
'T)E\rgognd V of the invention.

=

su q#a)rmsmrrel ti ng

P@7AE onset by hot stage m CroSCOf

itn_and of thengelves, characterize or identify th
géiorm IWorm; of |ti7§8Cycline based on the data sho
A G ant—ForiY-each—+hetude—a—reasured—elt
gt z?é m croscgp op about 170C and thus cannot &

Tromone anoth

558604 15 R gBadfoRo, 9B

er ot ast,

by —this technique.

t about 4.3
peak at 11.4
bout 4.3 20
nd IV and
dtoidentify
one may al so
tern peak
useful in
I ¢ techni ques
olid-state
y crystalline
e anmount of
3 sets forth
ever al

Ther mal

y, do not
e different

m in Table 3.

ng poi nt
e

FormlIll is

t echni que because Form V has a
QAR et Insiperhot st@gagalcmscabb measurmMenisthEstagel tempetatateout  167C.

e

char act erStatiorg i) dVIodelér&GOQ/Contyelml Theeaslé Hebtingmait®fs 10°gaakc| THe. 10

s et
apan)

Lr))l%\ Fll_l%T §t08 %yste

Form M croscopy Form
m. Images were

processed with the image-Pro Plus software. Melting point onset values are

reported with the modifier “about,” which is standard terminology in the solid-state

chemical arts and is meant to account for changes in melting point due to the

presence of water, solvent, or chemical impurities, as well as variability introduced

into melting point measurements by the analytical instrument and methodology

employed.

[043]

Thermal measurements by a TA Instruments (New Castle, DE)

thermal gravimetric analysis (“TGA”) indicate that Form Il is a hydrate. In FIG. 7,

Form Il exhibited a weight loss of about 5.3% when a Form Il sample is heated ét

10°C/minute beginning from between approximately 25°C to approximately

100°C. That the majority of this weight loss is likely due to water is further

indicated by a heat-cool cycle TGA experiment in FIG. 8. In such a cycle, the
sample is heated first to about 55°C and then cooled to about 37°C and heated
again, cooled, and heated again. Weight loss of about 4.4% is observed in the

first heat-cool cycle, with little weight loss observed in the subsequent cycles.

This weight loss behavior in a heat-cool cycle, where substantially no further

weight loss is observed after the first cycle, is consistent with the sample being a

11



Formll 169C FormlIll 167C FormlV 170C FormV 174C [042] In the hot
stage m croscopy measurements, the stage tenperature for the hot stage
‘microscope is controlled by a Creative Devices, Inc (Neshanic Station,
NJ), Model 50-600 Controller. The sanple heating rate is 10C/ mn. The

-m croscope used is a Nikon (Tokyo, Japan) DI APHOT 300 system |nages were
processed with the I mage-Pro Pl us softvvare Mel ting p0| nt onset val ues are

, nt onset val ues
Cor - ot A0y TREHEE s oaROl o pd RS RS b A B R LR v 1 g

poi nt due.4%. t he presence of water solvent, or chem cal inpurities, as

' ts by th
T e B YT B s B bl B s e o " e
by a TA chatdrrwmlat/é beblawr@@tbueronpme t.gela?éxmlcrehﬁaaweﬁﬁms %alnbb% (jﬁ.t(" TGA")
indicate that Forml| is a hydrate. In FIG Form 11 exhibited a weight

| oss of ABYELEENPOSS MOQr?@PWPISWﬁW er poprEiesed aay of tewnystaline begi nni ng

from bet r majority of
thi's vel oor [Re: e WeRrystalibe sBid RP e 1Bk Sl SPHYS In/bn g ™
heat - coolPregared by datesryiving tmappropiate.se8of ¢conditionis thatoyolld entible theeenpl eis

heated figg r@ﬁgm& 55C and then cool ed to about 37C and heated again,
cool ed, rﬁﬁs‘heat agai n. Weight |oss of about 4.4%is observed in the

first heat cotﬂ45¢yc1l'be pvéseht invention aleogi‘dwde&ﬁroo@seee\t@dmanmbhe subsequent
n a heat-cool cycle, where

| | h
gﬁgs'?:nt i Q)ﬁt%j“q?os \grfPHﬁg%f ﬁiﬁ%\é ng. oéléSIPéryB‘SsFéFWe'd”é’I’Q%Fc F‘h‘ée'i‘tﬁr@fjebycl e, is
consi st evarymg dfortdit&thsaFthﬁs eV ban Be blepired. aInethe-QMﬁes FFHrm [ ﬁtr‘eﬁtetéel i eved to

be a hydrate with a dratlon | evel of about 4.4 at tigecycline

cryst al | "@LNERINS QBF'PfSé’l‘V@HfS iprsyigh amaunts wberemn ﬂ'@r&ﬁ@d Foowl ldichot have
been pregoféSHpleteNTHisBBIVE ia@BMkbH Ifthe @Nehtbr th??ég%‘f s [enf@%# chrhé have
been possible to predict the structure or properties of any o0 e.
cryst al | ipgéod of time as a slurry. Sometimes, the slurries were heated and on other

occasions the slurries were treated with another solvent. Prior to analysis, the

slurries were filtered to isolate the solid, followed by drying under vacuum. The

resulting solids could then be analyzed by a number of analytical techniques.

[046] Where it has been determined that a solvent can aid in converting

the starting form into another form, that solvent is referred to herein as a “suitable

solvent” for that conversion. For example, it is determined that by slurrying Form |

in dichloromethane, Form | is converted into Form lil. Therefore, dichloromethane

is a suitable solvent for that conversion. Also, Form | can be converted to Form

Il by crystallizing from tet}ahydrofuran (THF) and stirring with dichloromethane.

Form Il can be generated by slurrying Form I in methanol. Accordingly, methanol

is a suitable solvent for that conversion. Optionally, Form Il can be generated by

slurrying Form | in methanol/dichloromethane wherein the methanol cohtent is

greater than 10%. Likewise, Form | is converted into Form 1V by slurrying Form |

in acetonitrile. Thus, acetonitrile is a suitable solvent for that conversion. Further,
sturrying Form | in acetonitrile/n-heptane generates Form IV. Additionally,
slurrying Form | in tetrahydrofuran results in the conversion of Form I into Form V.
As a result, tetrahydrofuran is a suitable solvent for that conversion. Slurrying of
form 1 in the acetone/methanol (1:1 v/v) results in form | as does crystallization
from acetone/methanol.
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solid fornms. The five crystalline solid fornms of tigecycline of the
invention were prepared by determ ning the appropriate set of conditions
that woul d enable those forns to crystallize. [045] The present invention
al so provides processes for making crystalline solid fornms of tigecycline.
-By slurrying Form 1|l in organic solvents under varying conditions, Forns
I1-V can be prepared. In the slurries, Forml is treated wth one or nore

organi ¢ sol veno4y]i nIm&@&tlmﬁhﬁym%tﬁthréﬁﬁ]&% fih 56#4Bié s?fvgn s

conpl etely dissolve and m xed in e solvent or mxtures o so vents for
some perdfoid Hye ganyersien gf ane;farp, to saptharnEer exaraplel tigedysknerEorn Heaned and

Lo anal y e epRIseNy, crpRaliziigiigBeychorout oF fRfankh.. ACHRDSR), RELITE oued by
dryi ng urfsm N aanbenprapased by dioe siompaddifioroef metmadolttbmdmmmﬂ yzed by a

ol vent (5RO S Tatgriaibh S8 roundapdiPRy S ad wi Rudhemay fas sl (nat

sol vent iof arsaftionext tlgecytélnennmn@sereto nmlhéxﬁﬂgﬁlesﬂ’@rmelnbartlﬁl@é wWHigh agoaver si on.
For exa eternm ned that I urr% Form | in dichl oronethane,

Form | {T?Odanvé\ﬂ?%’dﬁw d“ﬁ*}PH?'r meth wafes %Wpﬁmﬁﬁlﬁfﬁrﬁé"tap@ far sui t abl e

sol vent fthe fdriaition @A FOFME | 2 fizin Q{g@b&cli‘h@n be converted to Form |Il by
crystallizing fromtetrah uran nd stirring with dichloronethane.
é@gm cloct

Form |1 can bé04finePatlisle datays eqjlectadiromioptiealimages of tigsoyclifiengl v,

met hanol Form 11
can be ge#gﬁé%e?ﬂgkg%mrry}sﬁ%ﬁagrs I% B?ﬁoﬁﬁgﬁgbgmlgﬁpEF% llﬁé(%e wher ei n
t he net hdnisfoscopg @«'mabl@ of gx il @0x mlagnlflmﬂ%n fittee with @, difital tamera (Nikorer t ed

cui tabl ¢ 2NVRHPF Rt EXelprale] Pldas AR Rt (Erap AT el [0 ¢ 7

acetonit rInh&gets-ahemmsgemlemgtlngBrdrplby|mé§§lptdo@§§ihbxéoftw§+él@né’dlélg FOf m |
iLnto Form V.

osult, PRSP oL oot BoLeh; ToERBHERTs, dend s spricast iEieRuRlom
Sl ur ryi ngilgdrithrhas mollatemgbbpcnﬁé@taﬁwm:’ﬁm;fo% tﬂackgﬁéhnaefrglétrés'lfé forml as

does crystf%I |izati on. from acet one/ met hanol itronto
sl ur ryi n@! dgtatalysisigshownsinihe followincahakle do| vent s can afford the

conversion of one formto another. For exanple, tigecycline FormlIl can

Table 4
Sample Particle length
Mean Median 90" percentile
microns microns microns

Addition of
methanol to an _
aqgueous solution of 22.67 18.16 47.87
tigecycline
Addition of an
aqueous solution of
tigecycline to 7.28 3.97 18.1
methanol
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be prepared by crystallizing tigecycline out of nethanol. Additionally,
tigecycline FormlIl can be prepared by the slow addition of methanol to a
‘solution of tigecycline in water which gives Form Il particles > 20 pm
Further, by the addition of a solution of tigecycline in water to nethanol
-gives Form 11 particles which are < 20 pm Accordingly, nethanol,

met hanol / wat er or water/nmethanol are suitable for the formation of Forml|

by crystalli zjoyp t| g:Qﬁmthcaﬂ bd%gﬁeg@g@rﬁg,&lﬁg% mﬁ@ L“s ol lected from

optical images o gecycline particl m-°croscopy analysis is
per f or medlia rﬁgleéham%EﬁrrEéVppa@em@@bycmmn@agmychn@bum to 100x

N DXM 12 d
car 1 br ot eqciure: ahdfiolh Vedh B Bbleed PN Ealing Bhegydiie SRRl G0C 2 ¢

pr ocessedetlmydg)fUraIgePro pl us i mage processing software (Media
ont rast -

b tics, 9 VD sof t ed a
(c:IAi/ f 1? (rap:n!t iCZt i @#0 %c‘pﬂ%ch V{'tgbﬁ-ﬁgtlléqutlgv%gppﬁgo?,%pﬁlggcgghqerfghp% uni form
backgr oumdaniftzs oeﬁu‘nhﬁs canh be adteAerh Forfsi |1V éﬂﬂ}éﬂnﬁéﬁtubhﬁh@' | owi ng Tabl e
4. Table 4 5153' e Particle | ength Mean Medi an percentile mcrons

m crons &P 3Oﬁm?ft‘ﬁecﬁW%P"'H%ﬁﬂ%fﬂrmﬁ@fHﬁe%h%aée glbgwmemhm 252.67 18.16
47.87 tingfRY wal%rﬁﬁdsTﬁeyrhrefall%&peét@H%Bé b?&!@wa?éhtg\ttbtdr%eﬁ&ﬁ Me to 7.28

3:97 18.1 net hanol Form | can be tal ne y cryst [izing
ti gecycline o[Q51&)f Pharémﬂo@uthtd@msntlpos foriparenterd ese lcanialsachdy

ooyt EES R RO o PSR Yo 0gT ¥ oo P ool nec
Pharmaceutical compositions of crystalline tigecycline using one or more of Forms
I-V can also be prepared in accordance with the invention. Such compositio'ns
can be used to deliver pharmaceutically effective afnounts of one or more of
Forms I-V of tigecycline. The composition may comprise the crystalline form of
tigecycline in combination or association with a p.harmaceutically suitable carrier.
[052] The following hon-limiting examples illusirate several methods of
making Forms |-V of tigecycline.

Example 1 — Preparation of Form |

[053] 300 grams of crude 9-chloroacetamidominocycline is added at
room temperature (25-28°C) slowly with efficient stirring to 2000 mL of t-
butylamine in a 5 liter three-necked round-bottom flask fitted with a stirrer and

" thermometer. Forty-eight grams of sodium iodide is added and the reaction
mixture is stirred at 35-40°C for 6 hours. The reactioh is monitored by HPLC and
when <2% starting material remained, it is treated with 500 mL of methanol and
the solvent is stripped off on a rotary evaporator at 40°C. To the residue is added
1100 mL of methanol and 1700 mL of water. The solution is cooled to 0-2°C and
adjusted to pH 7.2 with concentrated HCI (~250 mL). The total volume of the
reaction mixture at this point is 3500 mL. It is diluted to 8.5 liters with water and
the pH adjusted to 4.0-4.2 with concentrated HCI (12 mL). 1.6 kg of washed
Amber-chrom®(CG 161 cd) (NVM 27%) resin is added to the solution and stirred
for 30 minutes adjusting the pH to 4.0-4.2. The resin is filiered off and the spent
aqueous solution is assayed for product and stored at 4-8°C. The resin is slurried
14



[ 050] In.accordance with the invention, fornulations of tigecycline for use
in animal s or humans can be made from Fornms IN of the invention. The
‘solubilities of the five crystalline solid forns of tigecycline are all
greater than 25 ng/m in water, thus they are all expected to be

-bi oequi val ent with one another. [051] Pharnaceutical conpositions for
parenteral use can also be prepared with any of Forms INwith or without a

| yophi | i 25 ioQfer3tdt20% FRRE FHLARR Vet RGP Th 's88SerYiorf foYatitak i f
Eyated ot AR The stEperior "

ti gecycline using one or nore can a pr epar _
accor daninuies ladjuséing theeptitod. 0 812:hThealrastvsiBtalgamsflltewd\oﬁendﬁlﬁaeiflltratelle| i ver

h e ann ne Qr .nore Fornms. | N of
i gecyol THeseyrd (EaBaks TR Ruigolianpt Pedethes tinpafed 2 e Betem B
ti gecycl 2liters of0% méthamlm wasapwnahe Pesinvekitadts BREHE SNt ige@bbls Sui t abl e
The follow ng non-limting ex | es |Ilustrate sever al

(r:rg'[ [11)32 §L|u?ﬂé&rpﬂbal¢aﬁmerqﬁqueq R thecph ﬁglusggw -&.21with B%par at i on of Form
| [053] BfnsiamthRode it salbaic g&&ﬁm%&@amlq SRgpyadged at - room
tenperature (25-28C) slow clent strrrin ft-

but yl ani fethylere shiprige adiug @@Ih%@fﬂéta?foonad:ememmaq@nsf The@goleidt h a

stirrer gidh Iéﬂi@&ﬁiﬁﬂ&é ktradtas fills J@Q?ﬁ@g&ﬁ%ﬁégﬁémg%ﬂ Hidr8%§8’q g@caqded. and

the reaction mxture 18 ofitre : reaction is
nmoni t or egulfate HRIrCeatrdtedwh GO0 @at @obieddo P36 | The pmmwagistallted s treated

h t . t
ovapor at Pl R SNy i B SR a3 HhOS R et aRgl " 1700 L
of wat er wahed wuhlﬂx 50 miLsofcendd méthyl’erﬂa aﬂoﬁdbjan@dheléhﬁdo@mmécﬁu% Wi th
concentr ge éH OTrrL?N volume of the reaction m xture at
this poi ?é g %%6 g weig P %ﬂ'@ooqt@ngd!ﬁﬂq gradnsyi The sRlidgbtaingd t he pH

d d t shed
10, 1 cockand oo uspopairoaBaFLs Finiepi (0PLG RC

stirred & 0307 8RIMEDs adj usting the pH to 4.0-4.2. The resm is filtered
of f and the spent aqueous solution is assayed for product and stored at
4-8C. The resin is slurried 14 in 2.0 liters of 20% net hanol in water

(vol . / voExampie 14s Peeparationof Resin dbrh Exafriple ri nut es adjusting the pHto

4.0-4.2.. The[orsgffi hl'}jlére%gr%PE{e{n%lgrﬁg V\%Is e r;])Cri‘lo;[' 0 use by {a%ng 1 kg of
Amberchrom® (CG 161CD from Toso Haas) and slurrying it in 6-7 liters of 12% 2-
propanol in water (vol./vol.) and stirring for 12-16 hours. It is filtered and stirred in
6-7 liters of 50% acetonitrile-water (vol./vol.) for 30 minutes. The slurry is filtered
and then reslurried in 7 liters of acetonitrile, stirred for 30 minutes, and filtered.
The acetonitrile slurry is repeated twice and filtered. The resin is then slurried in 6
liters of methanol, stirred for 1 hour, and filtered. The resin is then slurried in 7
liters of deionized water, stirred for 16 hours, and filtered. The resin is then
slurried again in 7 liters of water, stirred for 1 hour, and filtered. The water slurry
is repeated 3 more times. The resin is filtered and as much water as possible is
removed on the filter funnel for 10-12 hours. Itis bottled and stored cold (5-8°C).

Example 2-Preparation of Form 1
[055] 10.00 grams of 9-aminominocycline is added portionwise to 60 ml
of water at 0-5 °C. 10.98 g of t-butylglycine acid chloride hydrochloride is added
portionwise keeping the temperature at 0-5 °C. After stirring for 40-60 minutes,
30% ammonium hydroxide is added dropwise fo the reaction mixture keeping
15



I s assayed for product. The extraction of the resin is repeated 2 nore
times wwth 2.0 liters of 20% nethanol in water. Al the resin extracts and
t he spent aqueous solution from above were pooled and the pH adjusted to
7-7.2 with 30% anmoni um hydr oxi de. The aqueous solution is extracted with
-6X3.0 liters of . methylene chloride adjusting the pHto 7.0-7.2 between
extractions. The pooled nethylene chloride extract is filtered through 250

91T o SRR SR B S BhBhsiE o Lo

0-3C. The product crysta fhour at
0- 3C and nﬂetba@qi|folls>yvavebse6@ ml o methylene chiardes dAfMet stirdng B0 16imiatitesp! d

wei ght o€ BnRes iR eadi4Ee  The AARA REISiESeu iR Yol ee |
i dent i f i enkthylede chiprideadpisting fHe pig té w12 wgouléogamhlemagﬁ@ryctbm@e (HPLC area %
97.9, 03°/e é)rh?of Resin - from Exanple 1

[ 054] Th&oph %‘F"%s?ﬂ%%aﬁ,@ep 1]05"0\/8%%'8 iggischiRAoyes kg of
Amber chr @atiium §éHatd BAd ther fi I%J Oﬂ?e E@ﬁﬁén Pﬁﬂ)n%ber %Ung'{ff rigﬁﬂhﬁ%7 i t er S of

12% 2- propanol in water (vaol ) and stirring,
filteredSHARENHAN is&lTed atg:-10 ‘ICF f%ﬂsm.w apddher Biteratls Thesolidiswaghad . /voI )

for 30 tfﬁwTrhEo? IHrrH%tB@IeEé' P%rrﬁga g'}ﬂeﬁ pﬁ@ B?ﬁlbéﬁ%récfgg n 7 liters of

acetonitri stlrred m nu onltrlle
slurry i sprﬁ’di{ﬁaat (¥ield 6.88)aRurityiblytdPle@ argehes 9B diamdi G-4tdpimesOurs;i ed in 6

liters ofy %g'@ﬁmﬂ hour, and filtered. The resin is then
slurried 1n kze5r8;ég¥m§)g|5§§ (yé'gi vvater, stirred for 16 hours, and
filtered. The resin is then slurried again in 7 liters of water, stirred

for 1 ho'l'i';)(p algd flétered Th tg‘: slurry is repeated 3 nore tinmes. The
resin i s POMRIS ST 'Fﬁ?aég'%e as possible is removed on the filter

funnel for 105058) h0®“5~°g of Forfnsl l?%’idﬂhé‘&'lﬂa@%@éf%&ﬂaﬁ&'ﬁ 205C85hs slfRAP! €

2-Preparation of Form< [055] 0 granms of 9-am nomi nocycline I’s added
por t i onwiswarmeed® apout S6°Gaa ebtaataﬁl&ﬁr éolution aBiah isttodledud pPeC wadne aci d

chl ori de |l oride.is. or t.ion R erature at 0-5
& At v or MOHTOP PR PlIES o i & ek BRI SB0of i sl in il reR o enand@tco
dr opwi se vta@umhet embvgmlgm XTHE eeé&me? mdléahslvﬂ&i BY tHePmal gfdvindtrit © adj ust
the pHto 7. 2. To the solution is added 83

analysis (‘TGA ) and powder X-ray diffraction. The TGA plot (FIG. 8) shows a

weight loss of 5.3% at 87°C and a standard ramp rate of 10°C per minute is used

in the experiment. ,

[057] A heat-cool cycle is run on a fresh sample in a nitrogen

atmosphere inside the TGA furnace (FIG. 9). In the first heat-cycle, a 4.4% weight

loss is observed which is not observed in the second and third cycles indicating

the weight loss is likely water. After the third cycle, the resulting powder is red in

appearance.

Example 4 — Preparation of Form Il

[058] 30 mg of crude tigecycline is dissolved in 500 pL of deionized
water at 40°C and the solution is stirred at 23°C. To this solution, 500 pL of
methanol is added in 100 plL increments over 15 min. After complete addition, a
hazy solution ié stirred for about 10 min. and then a red crystalline precipitate is
obtained. The material is isolated by filtration in air and then dried under vacuum
at 40°C for 8 hours to yield 21.4 mg of Form 1l as determined by X-ray powder -

diffraction.
16



met hanol . fol |l owed by 60 ml of nethylene chloride. After stirring for 15
‘mnutes, the phases were separated. The aqueous phase is extracted with 4
X 40 m of" nmethylene chloride adjusting the pHto 7.2 before each
extraction. To the conbined organics is added 10 ml of methanol and the
-solution is dried over sodiumsulfate and then filtered. The solution is
concentrated. The resulting suspension is stirred at 5-10 C for 1 hour and
then filtered. The solid is washed with 2 X 10 nL of cold nethyl ene
chloride and then dried to give 8.80 g of product. (Yield 76.8%; Purity
by HPLC area EFxemple §rdPreparatiomof Form Iy  MS(FAB): nfz 586 (MrH); 585

M+ Ex | | ied i
80 of ot haloa) ot 2 S i8NG s dskBlvert if SBodly FFodldiee b i 1 5
cl ear sowatdrat 4\6)tﬁCcand thecznbutim stmreﬂzﬁ:zsf‘ﬂ 'I'hezl sblifiton lg@dniedltﬁi eoopb yield a
t hi ck t -d d t 25C
ovle(r:nl éﬁﬁweﬁ%ol%gg tlﬁpﬁ&?ééxpoovega erﬁ PRS- '[ Sivsia) erﬁﬁ\éﬁ?ggﬁ%a anal ysi s

("TGA") abmlnw@ﬁfn%dcﬂbbrdl'fﬁe MatdriaP & isdl BtédT@%IﬁthSn szlpan@%eﬁfh??é@ a
wei ght | os 3% Bgf%and a standard ranp rate of C per mnute is

used in Pﬁ%‘ ‘@QHHP"I SAIOUS fRWeldHR nag/ei formdl @%ﬁeféﬁn@eﬂlb&s?h sanpl e
in a nitposswdatdmpapti@ie | nside the TGA furnace (FIG 9). In the first
heat-cycle, a 4.4% weight |loss is observed which is not observed in the
second and third cycles indicating the weight loss is likely water. After

the third cyc Em&;@ o ggﬂp red in appearance. Exanple 4 -
Preparati on OFQ orm PI eﬁ,%lg%i. BWS crude tigecycline is dissolved in 500
pL of dei oni zkE60] wed.85 gadf REOE Iaﬂdlmﬂmj inc mli of lidhforstricttiat #t2228G To this

sol ution, 500 L of ded jn 100 pL increments over 15 mn.
After colffimeq 8 %R?d\siqnorﬁgig q{fﬁm(ﬁgqugﬁ 35 §¢¢4./ld@ suspeasivonis 10 min. and

then a r efiréd 367198 Adun€ aPs |95§e"31 I i sol at ed
by filtrat |ron in air aﬁd %}?eﬁng?l&@(rjwﬁsn%er vggu it dggé%bb& ugbﬁours to
yi el d 21vacuwn et 22%.nThe reaultingt salidiFiosn 1Bys a(naly»;eqow\uetrstagb ficrosedpypn. 16

X-ray powder diffraction, HPLC (99.98% pure), and optical microscopy.

Example 7 — Preparation of Form IV

[061] 0.15gof Form | is added to 2 mL of acetonitrile at22°C. A clear
solution is obtained which is stirred for 30 minutes to obtain a suspenéion. The
slurry is filtered and dried under vacuum at 22°C. The resulting off-white solid
Form IV is analyzed by hot stage microscopy, X-ray powder diffraction, HPLG
(98.39% pure), and optical microscopy. '

Example 8—Preparation of Form IV _

[062] 0.167 g of Form | is slurried in acetonitrile at 22°C. The slhrry is
warmed to 30°C to obtain a clear solution. 2 mL of n-heptane is‘added- to the
solution over the course of 5 minutes. A suspension is formed which is cooled to
22°C and held at that temperafure for 30 minutes. The slurry is filtered and the
resulting solid is washed with 5 mL of n-heptane and dried under vacuum at 22°C.

The resulting solid Form IV is analyzed by X-ray powder diffraction, HPLC
(96.39% pure), and optical microscopy.

17



Exanple 5 - Preparation of Formll [059] 30 ng of crude tigecycline is

di ssolved in 500 pL of deionized water at 40 C and the solution stirred at
"23C. This solution is added to 800 'PL nethanol and stirred at 10 C over
about 15 mnutes. A crystalline precipitate is obtained during addition.
-The material is isolated by filtration in air and then dried wunder vacuum
at 40 Cfor 8 hours to yield 20.2 ng of formll as determ ned by X- ray
powder diffrag fyion of FormIll-[060] 0.25 g of
Forml is sl ur?‘?gﬁ)llegxgﬁ%ﬁar&%?ch oronet hane at 22C to form a suspension.
0.01 g of For [A63]i sOX&draf Feymal is @dded Th2miwof peinatiyainofusan attd2°Cethdf or 96

h 2C. . T b ly. fil d der.
ot 2ac S S mieE o TR SPTON 1 phbinesiy e, 3 Mo hebEng B cr oscopy.
X-ray powdged drl'fwérr@ﬂlilﬁﬁ‘slu}?@sfst(r% &%@%P@O nﬁﬁ\%FQPtl'hE%iurW i€ i ét‘é Py

Exanple 7 - Preparation of Form |V [061] Form1l 1I's a to 2 nm
of acet onndrdriled wndep gatuum at 22AC. Fle t&auﬂmglsnlldlﬂoamned; analyZediby hn:n rred for

vacuum abtessan @By RSt S G dabion ppf PR by hot

st age n1¢mo&soogy X-ray pomder di ffraction, HPLC (93. 3996pure) and
optical mcroscopy. Exanple 8-Preparation of FormIV [062] 0.167 g of Form
| is slurried in acetonitrile at 22C. The slurry is warnmed to 30Cto
obtain a clear solution. 2 nL of n-heptane is added to the solution over
the course of 5 mnutes. A suspension is fornmed which is cooled to 22C and
held at that tenperature for 30 mnutes. The - slurry is filtered and the
resulting solid is washed with 5 nL of -n-heptane and dried under vacuum at
22C. The resulting solid FormIV'is analyzed by X-ray powder diffraction,
HPLC (96.39% pure), and optical microscopy. 17 Exanple 9 - Preparation of
FormV [063] 0.22 g of Form| is added to 2nL of tetrahydrofuran at 22C and
stirred for 5 mnutes. A clear solution is.obtained to which 2 nL n-heptane
i's :
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added. The resulting slurry is stirred at 22C for 30 mnutes. The slurry is
filtered and dried under vacuum at 22C. The resulting solid FormV is

anal yzed by hot .stage mcroscopy, X-ray powder diffraction, HPLC (93.57%
pure), and optical mcroscopy. 18 We claim 1. Form| tigecycline having
:X-ray powder diffraction peaks. at about 5.2 20 and about 11.1 20. 2.
Form 1 tigecycline of claiml1 further- having an X-ray powder diffraction
peak at .3 20. 3. Form1 tigecycline of claim1 further having an
X-ray p WB%‘a: *ffracti on peak at about 24.8-20. 4. Form | tigecycline

havi ng an X-rdy poﬁdﬁnltﬂgédytc{ine having X+iag powdea biftractiongddaks as abautFi gure 1.

5. FormI_ tjgec Llaim1l having a hot stage nelting point onset

t enper at &r% i‘%ﬁh?&l bé@ about 172C. 6. Form |l tigecycline of claim3

having a hot st ageFBﬁh‘l'tlQQcy%ﬁhé‘bf aam fur&tfémﬁnlﬁﬁgtarﬁx% pBfebr 170C Lo about
172C. 7. Form | prepared g crystallizing tlgecyc I ne out of a solution. 8.

Form | ofdiffpelion pealhrirationt 8138 2001 uti on contai ns nmet hyl ene chloride. 9.

Form 11l tigecyclin f {i eaks t about 9.2 20,
about 9.7 20, )é'and g @ﬁ!*l@%@@%& @8"0‘?@5‘)‘#@4 hrateﬁg aﬁi}éﬁ?)ﬁgo Tlaimo further
havi ng anliffatiion peamistrabotit P4)8agbi on peak at about 18.4 20. 11. Form ||
tigecycline of claim9 further having an X-ray powder diffraction peak at

about  17.7 20% 12. Fegp higecycling Baving 4B X1EaYi RRYVARS 03@’?@1"}0%@%%%?1 diffraction

pattern spuB@hfidly & yFigdrel Figure 2. 13. Form Il tigecycline of claim9
having a hot stage nelting point onset tenperature of about 169C. 14. Form

Il tigecyclin& of EP&Nifigecysling abclaimbhayinggehotsitagegefiingrointranset
temperature of about 170°C to about 172°C.
6. Form | tigecycline of claim 3 having a hot stage melting point onset
temperature of about 170°C to about 172°C. '

7. Form | prepared by crystallizing tigecycline out of a solution.
8. Form | of claim 7 wherein the solution contains methylene chloride.
9. Form Il tigecycline having X-ray powder diffraction peaks at about

9.2° 26, about 9.7° 26, and about 20.4° 26.

10.  Form Il tigecycline of ciaim 9 further having an X-ray powder
diffraction peak at about 18.4° 20. _

11. ~ Form Il tigecycline of claim 9 further having an X-ray powder
diffraction peak at about 17.7°20."

12.  Form Il tigecycline having an X-ray powder diffraction pattern
substantially as in Figure 2. _ ' .

13.  Formlli tigecyclihe of claim 9 having a hot stage melting point onset
temperature of about 169°C.

14.  Form Il tigecycline of claim 12 having a hot stage melting point onset
temperature of about 169°C. '

15.  Form Il tigecycline prepared by slurrying Form | tigecycline in one or
more suitable solvents.

16.  Form Il tigecycline of claim 15 wherein one suitable solvent is
methanol.
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tenperatwure of about 169C. 15. Form Il tigecycline prepared by slurrying
Form 1 tigecycline in one or nore suitable solvents. 16. Forml|
‘tigecycline of claim15 wherein one suitable solvent is et hanol . 19 17.
Form 1l of claim 15 wherein the slurry contains nore than one suitable
.solvent. 18. Form 11 of claim 15 wherein the suitable solvents are

nmet hanol / net hyl ene chloride 19. Form |l prepared 'by crystallizing

Li gecycline oy, of Ferri il 15 flereliPfi® dilmp hofbThd HhFRAL D the
r{@ OI]J rg al mﬂ{f

sol ution contai ns nethanol orm wherein The sol ution
cont ai ns swiablgrselvenbt hy| ene chI oride. 22. FormlIll ti gecycline having an

X-ray powder ffr fa%/ 3. FormIll tigecycline of
claim 22 furtﬂlesr g\%dﬂg{b&{%@% wﬁg(%(%}he %‘l'tﬁ%%%q YegHs ﬁ@ak at about 5.2 20.
24. For mmémanolgaemmenae:hm‘ndel aim 22 further haV| ng an X-ray powder

diffraction ka ut 9. 0. 25. Formll]l gec cllne havi ng an X-ray
powder di ffrgggr on eqrﬁpa@géyt%t%!?m? t@@‘;}’ﬂ'“ﬁl%%ﬁ@ utien. Form 111

tigecycline ofocl amel df%vaummgawh@ﬁeﬁir@%mfﬁiﬁdd?ﬁalﬁé)h{&harﬁi‘set tenperature
of about- 167C._..27._ Form 1| éec cline of clalm?25 ving a hot stage

mel ti ng poi nt 2lons P i laimtewhprein gt solgiro, copaingor m 1 11 ti gecycl i ne

pr epar ed nbé/thghéqy,ﬁé(ﬂhpgnggh ,Het i gecycline in one or nore suitable solvents.
29. Form | tlgecxéc I ne o{ cl aim 25 wherein one suitable solvent is

di chl or onret haﬂé 3borrrdil tigeaycling haviag an28rayeoveder diffractioni pedX &t abouvent s are
met hyl eng.oe 2p.
23.  Form lll tigecycline of claim 22 further having an X-ray powder
diffraction peak at about 5.2° 20. _ '
24.  Form |ll tigecycline of claim 22 further having an X-ray powder
diffraction peak at about 9.3° 20.
25.  Form lll tigecycline having an X-ray powder diffraction pattern
substantially as in Figure 3.

26.  Form lll tigecycline of claim 22 having a hot stage melting point
onset temperature of about 167°C.

27.  Form Il tigecycline of claim 25 having a hot stage melting point
onset temperature of about 167°C.

28.  Form lll tigecycline prepared by slurrying Form | tigecycline in one or
more suitable solvents.

29.  Form [lI tigecycline of claim 25 wherein one suitabie solvent is
dichloromethane.

30.  Form Ill of claim 28 wherein the suitable solvents are methylene
chloride/tetrahydrofuran.

31. Form IV tigecycline having X-ray powder diffraction peaks at about
4.6° 26 and about 9.2° 20.

32.  Form IV tigecycline of claim 31 further having an X-ray powder -
diffraction peak at about-8.8° 26.

33.  Form IV tigecycline of claim 31 further having an X-ray powder
diffraction peak at about 16.8° 26.
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chlo ride/tetrahydrof u ran. 31. Form 1V tigecycline having X-ray powder
diffraction peaks at about 4.6 20 and about 9.2 20. 32. FormIV
‘tigecycline of claim31 further having an X-ray powder diffraction peak at
about-8.8 20. 33. Form IV tigecycline of claim31 further having an X-ray
.powder diffraction peak at about 16.8 20. 20 34. Form IV tigecycline of
claim 33 further having an X-ray powder diffraction peak at about 18.00

20. 35.. FormghV tFBﬁﬁW‘nb@ﬁfchﬁé/bf‘%aﬁﬁ‘B?ﬁuﬁi’er% o art'klr, {;&@p&her‘ pattern

substantlally as in ure 4. ormIV tigecyclFine o arm 31 having a
hot st agéliffraCidmpeaicatraboub h8.6f 29errperature of about 170C. 37. Form IV
tigecycline o cI ak 3 havi n e nelti oipt  onset tenperature

of about 170C3°23 figeeyC gB%P@W"Q ??@WWW’#B‘?@FT'WHW%@ of nore

sui t abl esubgfammtysas BSiguFeam | V of claim 38 wherein the solvent-is .
acetonitrile. éo. orm |\ of aﬁPSB wherein the suitable sol vents are
acetonitrilel/R heg?%é V tiggeyc ‘F'@'”ﬂ)?é[ﬁ‘é‘?"@ﬂ Photstaaa ﬁlet!nﬂln&!f\tt i gecycline

out of acgpgbtehfPperatuflof atfutmrde@f claim 36 wherein the sol ution contains
acetonitrile. H?é Form V tigecycline having X-ray powder diffraction peaks

at about 4.33%20 ahermabétigeqyrlia®obgainids havingavheti shagsytieiting pofintc| ai m 43
further %gémrﬁ%@{uf@gfwjg oecdi ffraction peak at about 8.6 20. 45.

Form V tigecyc claim further having an X-ray powder - diffraction
peak at about 387. 3F@n 1M preparedrbyshinyirgyfdrimiin@ineadranone/uithblet her havi ng an

X-ray po‘égﬁ/ent (_1I| ffraction peak at about 25.9 20.

39. Form IV of claim 38 wherein the solvent is acetonitrile.

40.  Form IV of claim 38 wherein the suitable solvents are acetonitrile/n-
héptane. |

41.  Form IV prepared by crystallizing tigecycline out of a solution.

- 42.  Form IV of claim 36 wherein the solution contains acetonitrile

43. Form V tigecycline having X-ray powder diffraction peaks at about
4. 3° 20 and about 11.4° 26.

44, FormV tlgecycllne of claim 43 further having an X-ray powder
diffraction peak at about 8.6° 20. v

45. . Form V tigecycline of claim 43 further having an X-ray powder
diffraction peak at about 17.3° 26. |

46.  Form V tigecycline of claim 45 further having an X-ray powder
diffraction peak at about 25.9° 20.

47.  Form V tigecycline having an X-ray powder diffraction pattern
substantially as in Figure 5. .

48.  Form V tigecycline of claim 43 having a hot stage melting point
onset temperature of about 174°C. |

49.  Form V tigecycline of claim 47 having a hot stage melting point
onset temperature of about 174°C. '

50. Form V tigecycline prepared by slurrying Form I in one or more
suitable solvents.

51. Form V of claim 50 wherein the suitable solvent ié tetrahydrofuran.

52. FormV prepared by crystallizing tigecycline out of a solution.
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47. \Form V tigecycline having an X-ray powder diffraction pattern
substantially as in Figure 5. 48. FormV tigecycline of claim43 having a
"hot stage nelting point onset tenperature of about 174C. 49. FormV
tigecycline of claim47 having a hot stage nelting point onset tenperature
.of about 174C. 50. FormV tigecycline prepared by slurrying Form1 in one
or nore suitable solvents. 51. FormV of claimb50 wherein the suitable

i gecycl i ne oft of e a2 yhash e g S hiehdel?, o

sol ution cont &#ns Ferm dgfdlaimbGwherefiutherzuitablé seiveritsiara 50 wherein t he
sui tabl e e ahydr of uran/ n-heptane. 55. A conposition
conpri si ﬁgt?%ﬁ@%@awﬁn%épgﬁ%t alline solid formof tigecycline. 56. The
conposi tion ob5¢c! aArodpipasitioprdotipigingQitiedst ongetysthling seitfforaon | |

tigecycline. 57. The conposition of claimb55 conprising Form | tigecycline
and For mU9PFYCliPRgecycline. 58. The conposition of claim55 conprising Form

| tigecyclineggFor thé konfpogitied o b se%enrp%mg' #dmtnitg@egygﬁe%d ﬁ@rg] iA S form

phar maceutical conposition conprising at l'east one c i ne
of tigecytligas¥clirgd. The pharmaceutical conposition of claim59 wherein at

| east one sokjd f?ﬁg‘cbﬁ]tpﬁeﬁia?m b 8@%5@8@@[@6@%}@@&%@% EAAD of

claim59 wherein at Teast one s orms
phar maceull tige¢yctioerposi ti on of claim59 . wherein at least one solid formis

Form | 1. 63. gEhe pRalBRESHLS B ciERMBE R ohiptRind Fétht theucimCESin it | east

tigecycline, and Form Il tigecycline.

59. A pharmaceutical composition comprising at least one crysfallihe
solid form of tigecycline.

60. The pharmaceutical composition of claim 59 wherein at least one
solid form is Form I. |

61. The pharmaceutical composition of claim 59 wherein at least one
solid form is Form |l

62. The pharmaceutical composition of claim 59 wherein at least one
solid form is Form lIL. '

63.  The pharmaceutical composition of claim 59 wherein at least one
solid form is Form IV.

64.  The pharmaceutical composition of claim 59 wherein at least one
solid form is Form V. '

65. A composition comprising a pharmaceuitically effective amount of
Form | tigecycline.

66. A composition comprising a pharmaceutically effective amount of
Form 1l tigecycline. |

67. A composition comprising a pharmaceutically effective amount of
Form Il tigecycline

68. A composition cbmprising a pharmaceutically effective amount of
Form IV tigecycline

69. A composition comprising a pharmaceutically effective amount of
Form V tigecycline.
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soli-d formis FormIV. .64. The pharnmaceutical conposition of claim59
wherein at |east one solid formis FormV. 65. A conposition conprising a
‘pharnmaceutically effective anount of Form| tigecycline. 66. A conposition
conprising a pharmaceutically effective amount of FormlIl tigecycline. 67.
-A conposition conprising a pharmaceutically effective amount of Form Il
tigecycline 68. A conposition conprising a pharnmaceutically effective

phar maceut i cal Ty e Pt peoLepaing PoRMERLh R SHHT SBsng 4 o1 ocess
for prep&prmd tigeeyeline in pg@@qureaeuita:bigiﬁlyemg. sl urryic ngI F%r;n Iv\;]i ?g?%cl)inge
cui tabl o solvalt | SRBRs FrOkls 76 et edd igbiecroent igmamahel n -t he

sui t abl e sol véat s Theprovess afichim 0 wHeraie th?%@ité&@sol?/laznts/hr?f?PESS f|0_r _

[ Form )11 tigecycl.ine conprising slurrying orm I gecycline in
gﬁgpg' ggr}eéﬁgrllﬁl@qjmge %F%@Hgg'. 74.rrpThe process of claim 73 wherei nv\gne .
sui tabl e sol veg! iA preteiifer SrEphiiig Porml M tigltSchi@EsmBrisihg SluiyMg?3 -wher ei n
t he suitabl e sol ven_tpsr.are rre'tgﬁel eﬁ% orchI or'gd /ct _eét)_rahérro urugjxmgm. A
process FSFmM'_SE@W"H@ IFBRePY MOre guitanle BalentSnpri sing slurrying Forml in
one or nore syhtabjge §FHC\'§§§5§C|F£\773}A@wﬁﬂgn%%ﬁtﬁb%fsoﬂeﬁt@ 76 wherein one

suitabl e solvent is acetonitri € process o aim 76 wherein the
sui t abl edighbloremethanee acetonitrile/n-heptane. 79. A process for preparing

Form V tigecyghi nerGoRRdegs BRciglt 75 Y sin the suitable solvents are methylene
chioride/tetrahydrofuran. :

76. A process for prepariﬁg Form IV tigecycline comprising slurrying
. Form | in one or more suitable solvents.

77.  The process of claim 76 wherein one suitable solvent is acetonitrile.

78.  The process-of claim 76 wherein the suitable solvents are
acetonitrile/n-heptane.

79. A process for preparing Form V tigecycline comprising slurrying
Form |l in one olr more suitable solvents.

80. The process of claim 79 wherein one suitable solvent is
tetrahydrofuran. '

81. A process for preparing Form Il comprising crystallizing tigecycline
out of a solution to make Form II.

82. The process of claim 81 wherein the solution contains methanol. -

83. A process for preparing Form IV comprising crystallizing tigecycline
out of a solution to make Form IV. |

84. The process of claim 83 wherein the soluﬁon contains acetonitrile.

85. A process for preparing Form V comprising crystallizing tigecycline
out of a solution to make Form V. -

86. The process of claim 85 wherein the solution contains
tetrahydrofuran. '

87. A process for preparing Form | comprising crystallizing tigecycline
out of a solution to make Form |.
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Form 1l in one or nore suitable solvents. 80. The process of claim79
‘Wwherein one suitable solvent is tetrahydrofuran. 81. A process for

preparing Form 1l conprising crystallizing tigecycline out of a solution
to make Form1l1. 82. The process of claim8l wherein the solution contains
-met hanol . 83. A process for preparing Form |V conprising crystallizing

tigecycline out of a solution to make FormIV. 84. The process of claim83

wherein the sghutipRe pRIteaS chlﬁﬁﬁb?%ﬁér?ih%e séfétior?‘]geﬁt%ﬁﬁsrﬁefhgfen@r eparing
FormV CO[TPI‘I sing crystallizing tigecycline out of a solution to make Form

V. 86. TKBlopdecess of claim 85 wherein the solution contains

t et rahydrof urgg. 84. el rm.l L sl

crystalli zi nggtgi geéféﬁénges%g@t%p%ﬁﬁ%Pé@ﬁﬁtt!dé%y{l@e%okm %@'HQS 88. The
process oietbaroldo 8 Boltienaif tiged¢yeliseinwaten to makeiFmmntkt hyl ene  chl or.i de. 89.
A process for_ preparing Form |l |l.tigecycl.ine conprising_addi met hanol to
a sol ution of 961 ge %Pﬁ?&sﬁﬁ}&'&%?gt %Qghﬁtﬁgﬁrﬁ?ﬁmeg FOFﬁhhr}%ﬁ@cess of

cl ai m 89 nwmy particle lsizet ofg@0yohi ne of Form 11 has a nean particle size of

>20 pm 91. A _process for g{,ﬁf)ari,n Form |1 tigecycline conprising adding a
sol uti on of t?’gecy IAreRessiovRieRrrinG Faun Hilgsryelipe forprisingadding 2. The

process ghluBibAofigdcysiies i Wath® ﬁmbmpidrﬂsk§#oFrﬁrnlm" has a rmean particle
size of <20 pm 93. "Use of a formof tigecycline as clained in any one of

claims 1 to 592. t olhe proess af plaim fdovhereindhe tgeqystine obRofmil haareent er al  use.
24 mean particle size of <20 ym.

93. Use of a form of tigecycline as claimed in any one of ¢laims 1 to 54
to prepare a pharmaceutical composition for parenteral use.
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