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[021] FIG 4 is the X-ray powder diffraction and peak list for FormlV
tigecycline. [022] FIG 5 is the X-ray powder diffraction and peak
list for FormV tigecycline. [23] FIG 6 is an X-ray powder
diffraction overlay of Forns |-V of tigecycline. [24] FIG 7 is an
expanded version of the X-ray powder diffraction overlay of Forms |-V of
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Ti gecy ClyoRieP BAH&HR0 Different crystalline 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 powder patterns, or portions thereof, can be used as an
identitying fingerprint for a crystalline solid form. Thus, one couid take a powder
patiern of an unknown sample and compare that powdér pattern with a reference
powder pattern. A positive match would mean that the unknown sample is of the
same crystalline 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 compounds.

[010] When selecting peaks in a powder pattern to characterize a
crystailine sofid form or when using a reference powder pattern to identify a form,
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one identifies a peak or collection of péaks in one fprm that are not present in the
other solid forms.

[011] The term “characterize” as used herein means to select an
appropriate set of data capable of distinguishing one solid form from another. |
That set of data in X-ray powder diffraction is the position of one or more peaks.
Selecting which tigecycline X-ray powder diffraction peaks define a pa:fzictziar form
is said to characterize that form. ,

[012] The term “identify” as used herein m'eans taking a selection of
characteristic data for a solid form and using those data to determine whether that
form is present in a sample. in X-ray powder diffraction, those data are the x-axis
positions of the one or more peaks characterizing the form in question as |
discussed above. For example, once one determines that a select number of X-
ray-diffraction peaks characterize a particular solid form of tigecycline, one can
use those peaks to determine whether that form is present in a saMple containing
tigecycline.

[013] When characterizing and/or identifying crystalline solid forms of the
same chemical 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
mixiure. Additional data can be added, such as from another analytical technigue
or additional peaks from the powder paitern, to characterize and/or identify the -
form shouid, for instance, additional polymorphs be identified later.

{014]  Due to differences in instruments, samples, and sampie’l
preparation, peak values are reporied 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. Artypicai precision of the 20 x-axis value of a
peak in a powder pattern is on the order of plus or minus 0.2° 26. Thus, a powder
diffraction peak that appears at “about 9.2° 26,” means that the peak could be
between 9.0° 20 and 9.4° 20 when measured on most X-ray diffractometers under

most conditions. Variability in peak intensity is a result of how individual crystals
: 4
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these data, and only considering these two forns of tigecycline, it is
apparent that one could rely on the 6 Iisted Form| peaks to characterize
Form.| because the collection of 6 peaks is not present to 0.2 20 in Form
Il1." However, it is not necessary to rely on all 6 peaks to concl ude that
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crystalline solid forns of tigecycline that are the subject of the present
invention. TEHW7 2Themresendiswrstion istdiwcted ©28ystaliing solid forms of

tigecycline identified as Form |, Form {f, Form i, Form IV, and Form V. The
invention is also directed fo compositions, including pharmaceutical compositions,

containing one or more crystalline solid forms of tigecycline. The invention is

further directed to processes for preparing crystalline sofid 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
I tigecyeline, '

[020]  FIG. 3 is the X-ray powder diffraction pattern and peak list for Form

Il tigecycline.. |

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

[022]  FIG. 5 is the X-ray powder diffraction and peak list for Form V
tigecycline.
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[023] FIG. 6 is an X-ray powder diffraction overlay of Forms I-V of
tigecycline. o :
[024] FIG. 7 is an expanded version of the X-ray powder diffraction
ovetlay of Forms I-V of tigecyciine. | '

[025] FIG. 8 is a thermal gravimetric analysis ("TGA” of Form Il
tigecycline. '

[026] FIG. 9 is a TGA heat-cool cycle of Form Il tigecycline.

DETAILED DESCRIPTION OF THE INVENTION

[027]  Two X-ray diffractometers were used in the work leading to the
present invention. The data in FIG. 1 and FIG. 2 were collected usiﬁg a Rigaku
Minifiex Diffraction Syétem (Rigaku MSC Inc., Tokyo, Japan). The powder
samples were deposited on a zero-background polished silicon sample hoider. 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° 28. 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 coi!ecied*using a Scintag Advanced Diffraction System Mode! X2
(Scintag, Inc. Cupertino, CA) with a quartz sample holder. The coppsr X-ray
generator is operated at 45 kV and 40 mA, and scanning is done from 310 40° 28
at 0.02° per step. Data processing is done using Jade 6.0 software (Molecular
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 acfua[!y
represent different crystalline 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
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subset of peaks in each pattern to characterize each crystalline solid form of
tigecycline. Those selected peaks may then be used to identify the presence of
particular crystalline solid forms of tigecycline in an unknown sample of or
containing tigecycline. _ ‘
[030] Toillustrate, Table 1 'iists the first 8 peaks in the diffractograms of

Form I and Form L.

Table 1
Tigecycline © 20 °20 |°20 °28 |°26 1°20
Form |
Form | 5.2 8.3 10.4 11.1 13.2 {137
Form i 0.2 9.7 11.6 13.83 |15.4 [17.7 '

[031] Based on a comparison of these data, and only éonsidering these
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° 26 in Form Il. However, it is not necessary to rely on ali 6 peaks to conclude
that Form | differs from Form Il. In fact, the single peak at about 5.2° 26 in Form |
uniquely characterizes Form | because the nearest Form li peak to about 5.2° 26
is found at about 9.2° 20, 4 degrees 20 away. This 4° 20 difference is sighificantly
greater than the 0.4° 26 obtained by combining the variability (0.2° 28) 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 crystalline
solid forms because the chance that any given peak in a crystalline solid form |
would vary by more than 0.4° 26 from sample fo sample and/or instrument to
instrument is extremely small. Therefore, in a system that contains only Form |
and Form i, a tigecycline powder pattern containing a peak at about 5.2° 20
characterizes Form 1 tigecycline and the presence of that peak may be used to
identify Form L. Similarly, when characferizing Form i, one could use just the
peak at about 9.2° 26 bécause there is no Form | peak within 0.4° 26 of that peak.

[032] Not all peaks in Table 1 could be used to characterize Form |. For
example, the peak at about 13.2° 26 in Form | could not in and of itself be used to
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characterize Form [ because Form [l pbssesses a peak at about 13.3° 20 which is
only 0.1° 26 away.

[033] In accordance with the invention, X-ray powder diffraction data
were collected on the five crystalline tigecycline formé, Forms I, I, lil, IV, and V,
and the peaks below around 26° ‘29- appear in Table 2. 1f is determined that peaks
of higher intensity were more susceptible o preferred orientation effécts. |
Furthermore, the peaks listed in Table 2 were selected by considering the peak
fists in Figures 1-5. Thus, the data in Table 2 may be used to find the subsets of
peaks o characterize and/or identify the crystalline solid forms of tigecycline that
are the subject of the present invention.

Table 2
Forms (pealts listed in °26)

] I i W Y
55 g2 55 16 13
8.3 g7 6.0 88 86
10.4 11.6 83 92 14
1.1 13.3 93 118 | 129
132 5.4 105 126 132
137 | 17.7 1.8 | 134 149
147 18.4 13.1 15.0 15.5
156 19.8 137 157 162
16.6 204 | 144 161 16.6
19.0 514 15.0 6.8 17.3
183 | 223 15.5 18.0 18.9
96 178 195 159
512 : 514 19.9 50.5
554 248 204 214
531 210 216
548 ‘ 250 250

52.9 559
53.4 241
544 25.9
5.3

[034] In accordance with the invention, because none of the peaks Hsted
for Form 1 is greater than 0.4° 26 from every other peak of each of Forms Il, {lI, IV,
8
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and V, no single Form ! péak characterizes Form | from each of Forms II, iil, IV,
and V. For example, whereas the peak at about 5.2° 20 in Form | could be used
to distinguish between Form | and Form 11, it alone could not be used to
distinguish between Form | and Form Ill because Form Il also has a peak at 5.2°
26. However, the subset of Forrﬁ | peaks at about 5.2° 20 and about 11.1°26
could be used fo distinguish Form I from both Form Il and Form il bécausé the
peak at about 11.1° 20 is more than 0.4° 26 from any peak in Form I1. By the
same reasoning, the peak at 5.2° 26 could also be used to distinguish Form | from
- Form IV and Form V. Thus, X-ray difiraction peaks at about 5.2° 26 and about
11.1° 26 are characteristic of Form i and may be used to identify Formlina
sample. In characterizing and identifying Form 1, one may aiso 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 I, lit, 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 |, the peak

at about 9.2° 26 distinguishes Form Il from Form | and Form V. 1t does not, in and
of itself, however, distinguish Form Il from Form Ili or from Form IV. The peak at
about 9.7° 20 is distinguishable over Form IV, but is 0.4° 26 from a peak in Form
M. The peak at about 20.4° 26 in Fofm H distingulshes it from Form lil.
Therefore, Form Il peaks at about 9.2° 28, about 9.7° 20, and about 20,4° 20
distinguish Form H over Forms |, 1, IV, and V and thus characterize Form |I ih a
sample. Further, these peaks make be used to identify Form 1. In characterizing
and identifying Form i, one may also rely on some or alf of the other peaks from
the Form Il powder pattern peak list in FIG. 2.

[037]  In accordance with the invention, in Form Iil, the peak at about 6.0°
20 distinguishes Form Il over Forms [, i, IV, and V and further characterizes
Form HHl. Further, this peak may be used to identify Form iil in a sample. In
characterizing and identifying Form i}, one may also rely on some or all of the
other peaks from the Form Ill powder pattern peak list in FIG. 3.
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[038] In accordance with the invention, in Form IV, the peak at about 4.6° .
26 distinguishes Form IV over Forms 1, 1I, and lil, and the peak at about 9.2° 28 is
more than 0.4° 20 from peaks in Form V. Thus, peaks at about 4.6° 26 and about
9.2° 20 distinguish Form IV from Forms I, 1l, Ill, and V and thus charactetize Form
IV. Further, these peaks may be used to identify Form IV in a sanﬁpf_e. In
characterizing and identifying Form IV, one may also rely on some or all of the
other peaks from the Form IV powder pattern peak list in FIG. 4.

[039]  In accordance with the invention, for Form V, the peak at about

_ 4.3° 26 distinguishes Form V from Forms |, Il, and I, The Form V peak at 11.4°
20 further distinguishes Form V from Form IV. Thus, peaks at about 4.3° 26 and
about 11.4° 26 distinguish Form V over Forms I, 1}, 1, and IV and therefore
characterize Form V. Further, these peaks may be used to identity FormVina
sample. In characterizing and identifying Form V, one may also rely on some or
all of the other peaks from Form V powder pattern peak list in FIG. 5.

[040] Other analytical fechnigues may also be useful in anaiyzing
crystalline solid forms of tigecycline. Spectroscopic techniques 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 several samples of Forms I, I, 11!, 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 inciude a measured melting point onset by hot stage
microscopy of about 170°C and thus cannot be distinguished from one another by
this technique. [n contrast, Form il is distinguishable from Form V by using this
technigue because Form V has a melting point onset by hot stage at about 174°C
and Form lil 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.

10



23.4 24.1 24.4 25.9 25.3 [034] In accordance with the

I nvention, because none of the peaks listed for Form|l is greater than 0.4
20 fromevery other peak of each of Forms II, IIl, IV, 8 and V, no single
Form.l peak characterizes FormI| fromeach of Fornms II, IIll, 1V, and V. For

exanpl e, whereas the peak at about 5.2 20 in Form| could be used to

di stingui sh between Form | and Fornwhble3t al one could not be used to
di sti ngui sh between-Form-t—and-Form-lll.-because Formlll also has a peak at

5.2 20, Howevarl9pREEBhset gHie efifichPeing Oneet by HebSta9e 2 20 ard about

11. 1020 coul d {lpgesed to di stmngggégpfor ml fromboth FormIl land Form 1|
because the peak at about 1 20 1s nmore than 0.4 20 from any peak in Form

I11. By the sarf®rimdd8oni ng, tWé) PedaR24l, 1522C20 coul d al so be ysed to

di stingui sh Fcrs?mé{)ésﬂm Formi{lV and Form V. Thus, X-ray diffragtion peaks at
about 5.2 20 an out 11.1 |20 are characteristic of Form| and may be used
to identify Forfori lin a sangl#s9°Cn characterizing and identifying Forml,
one may al so nrely—ep-sone-—-of—all—of the other peaks fromithe Form | powder
pattern peak |Fomill Frg 1] 167°C
Form iV 170°C

Form V 174°C

[042] In the hot stage microscopy measurements, the stage temperature
for the hot stage microscope is conirolled by a Creative Devices, Inc (Neshanic
Station, Nd), Model 50-600 Controller. The sampie heating rate is 10°C/min. The
rmicroscope used is a Nikon (Tokyo, Japan) DIAPHOT 300 system. 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 waier, 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 it is a hydrate. In FIG. 7,
Form I exhibited a weight loss of about 5.3% when a Form } sample is heated at
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. Insuch a cycle, the
sarhp[e 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 fittle 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



[35] A simlar analysis is done for Forms IIl, 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 fornms of
tigecycline of the present invention. [36] In accordance with the
invention, with respect to Formll, the peak at about 9.2 20 distinguishes
FormIll fromForml| and FormV. It does not, in and of itself, however,

di sti nguinytiraer whus, faronl dvetieied tobe ahydrdtewithl a/hydrasomekl aitatebput 9.7 20
is disti gzwshable over Form1V, but-is 0.4020 froma peak in FormIll. The
peak at abolt 20.4 20 in Form || distinguishes it fromFormllIl. Therefore,

Form || peaks][cai4] abBlt t@e@y@@re oEallized into2lve @ﬁdre@a@@%taﬂ%eﬂso%@ f6hrsd 1 ngui sh
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t he ot her peaks romthe Form | E ern pea
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char act P LR EBY ool MEEpsT o Re Set b conbifop 8 Wre AR bR RISy Form 11

in a sanﬁir@Sfﬂlﬁr}@Mhmterl zing and identifying FormIll, one may also rely

on some or al t-he ot h romthe Formlll powder pattern peak
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i nvention . erFor mYV from
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V from Egr T and, about 11.4 26_di sti ngui sh
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[47] In addition to slurrying, other treatments with suitable solvents can
afford the conversion of one formto another. For exanple, tigecycline Form

Il can be prepared by crystallizing tigecycline out of methanol.
Addi tionally, tigecycline FormIl can be prepared by the sl ow addition of

met hanol to a solution of tigecycline in water which gives Form |
the addition of a solution of tigecycline in

ticl > 2 m FEurther, by
512'[ elr Ct gsmet h&?‘f&] g|F@€§WES?WPIOb&%{P@¢ ey erysigizing tgecyelimmoping? Accor di ngl y,
met hanol ﬁud%r@%@ﬂdn@aﬁsﬁm oy cﬁ\@b@%%é}ﬁ&%ry@faﬂlﬁ[ﬂ %{?@@gghr{ Phyitdie formation

of Form Il by crystallizing i1 cle’length data
i s col | eece@nitilenapFoeal qameb‘reﬁ'ieﬂll’:gmrwalimegpilget:ycdiheswt Ght i cal

m crosco is perforned using a Ni kon Eclipse E600 m croscope
capabl e @%ﬁ“’%&awé‘@OX magni fication, fitted with a digital canmera (N kon

DXM 1200) and[(ﬁOg‘:al intEcabeidnteads Ft)ia@qbreaizcﬁn , OOrrsylatier® (ﬁfl‘tlg@@ybilﬁﬁforlusé (2 I\/ég)

I al e ed usi n err.o rocessin SO war e I a
Oy bar net el Rttt G bhRae oot Ebrme i B iBe fvan e Tast

di ffer entsol@bu;@és @ﬂ 1o fivé I@Wsté?hdesédlﬁtf@rrﬁé @ﬁf@%ybm Rardl gﬁb%rirf ik eﬁgum form

background. The results of data analysis is Shown int Tabl e 4.
Tabl e 4 Sl 8 it itiyssthek A All expasiediadbabiogguivalest wishone @nolfiesr ons

i crons. m Crops A RcalicaPLAABGLINMR BPPANERPUSPLA hRB LBl tigecycline
' brepared with any of Forms I-V with or without a lyophilization step.

Pharmaceutical compositions of crystalline tigecycline using one or more of Forms
I-V can also be prepared in accordance with the invention. Such composi’tio-ns
can be used fo deliver pharmaceutically effective arhounts of one or more of
Forms [-V of tigecycline. The composition may comprise the crystalline form of
tigecycline in combination or association with a pharmaceuiically suitable carrier.
[052]  The following non-limiting examples illustrate several methods of

making Forms -V of tigecycline.

Example 1 — Preparation of Form |
[053] 300 grams of crude 9-chioroacetamidominocycling is added at
room temperature (25-28°C) slowly with efficient stirring to 2000 mL of -
butylamine in a 5 liter three-necked round-bottom flask fitted with a stirrer and
thermomaeter. Forty-eight grams of sodium iodide is added and the reaction
mixiure is stirred at 35-40°C for 6 hours. The reaction 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 HC (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 filtered off and the spent
aqueous solution is assayed for product and stored at 4-8°C. The resin is slurried
14



47.87 Addition of an aqueous solution of tigecycline to nethanol 7.28 3.97
18.1 [49] Form 11l can be obtained by crystallizing tigecycline out
of dichl oromethane. Form |V can be obtained by crystallizing tigecycline
out of acetonitrile, and FormV can be obtained by crystallizing

ti gecycline out of tetrahydrofuran. [50] In accordance with the
invention, formulations of tigecycline for use in animls or humans can be
made fr offy Brliiersiof 2084 metiwmniohinemaieo (vol. fok) $he sbspendiesisaftirebdof 15 e

e or o MGuERbflehBE Tk BL BURPLA RGethTe Auar O RE oA B her

[51] Pharsmyedmprommoé' ihiei axtracticr ofﬂﬁé%ﬁl@ﬁ@iepé&ﬁacp@mo@é SMmeReyif epar ed

wi th any g{}l For V\ﬁ] or wt hg\llﬂt a |lyophilization step. Pharnmaceuti cal
conposi t FEheEo %fréﬂ el I ygesy Alithr rasdn %@rﬂ%aﬂﬁ thiesRebRARERWS | -V can

al so be  pelenar agn AbdeaRedaRE R hidisH bS] 1817 Sugih s@Posi ti ons can be

used to deliver phar maceutically effective anounts of one or nore of Forns
f-V of tAFSRSBUNAYdronide. C_B'ﬂ%@gﬁlf%ql@rﬁ@llﬁgﬂﬂd%ﬁﬁﬁrﬁ@édw@ @38 iiters$ phe f orm of

tigecycl e tabl e
carr ar MetVIEhEAIRHERRAARRL P b2 b P RRRNERE b BBble " Sever
rret hods mfethmaa@l@dﬁmxtraOV!saﬂiltem@é’n’wgha@}g@rm?:rpi mhydfolférmratl on of Form

I OAGE dom clin added at
room terr&f)% %urggfl%réﬂgg&? %g%n gﬁ’(ﬂe‘gf‘? 6%1 ént *‘?{WPBP?%’W%NM nL of
t but yl anowte The siuby I snerredtfbr eienoaemk&‘—d"& eHathd ebldy Wéleafterdd Ahgd W th a
stirrer ang??cﬂw rrgg? L For ht grans of sodiumi (gdl de is added and
t he react? i 4 mLgfice *eﬁ‘ﬁ chestide gndaiifsl Ai40°GHBa vasTi on i s
moni t or qeoycHRE H)d m%;§ﬁt"/@f%bﬁa bbRheThE G!r‘i'()a%’aﬁﬁmaf'fh;é id o‘btdaﬁeé reated
with 500 nL of nethanol and the solvent 1s stri onaro
evapor at@n kg idgptifiedry Kﬁéyrp@mdéndlffr@ch@d@éformmgﬂgydfnenéﬁmia@caureamd 1700 mL
of wat ergy dhessgly P;@@g is cooled to 0-2C and adjusted to pH 7.2 with

concentrated HCl The total volune of the reaction m xture at
this point is 3500 ni. It is diluted to 8.5 liters with water and the pH

adj uste t 1 ). 1.6 kg of washed
Anber - c%%%&ﬁgélé%é%t W@%gﬁ f’%‘;j{%‘ﬁ'épéd ed to the solution and
stirred for 3W541i nThesesidjoi Exampld Nes WikHed Hid)1d ude bYEkiAGSIKY dis il tered

of f and the spent S |ution is assayed for product and stored at
2-8C THMbENPME TSRLT61 G fom Foso apsk i@wmg%:w@rmm ofl 1R%&t er

(vol . /v i i e n ; j e pHto
370 4, o PO SRS, A0 o Sige 1 216 Yo P B S8 T 5 o
pr oduct - ?h’@r%saft$%état:§tomiﬂlet-weterém! mqufmawammbsz 'ﬁms!utry iefiitargdh 2. 0

it | L t
hqueous DS FRIGHABE I, 7 8 EEReorohle, kAT Eal i ass cartlifierat® 00 wi ¢
30% amihiacetoriritedidey xsTm@eamdemm v fillerad  Tse edin mh@ﬁl shirfidy 6. 0 liters

o T AR AL L Pt DR M Tudidad BB g Lo T

anhydr otiers otidielonized fats, smm@ﬁt-reaio@@b taﬂdffmeré& 'ﬁf@re%ﬁpils%bﬁo 0-3C. The
product clrr%qualllzed out. The sluqd)r/f is stirred for 1 hour at 0-3C and the
0

sol i ds WY R981RINBG “Eﬁﬁa%ﬁ%oﬁtw pXhgur, @ndditteas. dTheewalgr sherychl or i de
and dri gde d obt ai ned
and dr Ssr aﬁ%at@@@ ﬂng(r)é/f?:gﬁlégr?g@ﬁ% can 8{9 aﬁgnt Ing \)O%feggrs IpBEs:Bf?—:

di f f r actaneevessorrherfitier funyet fos 1 10nk hc@unm@ mbeﬁﬂe%a@m eﬂorea c&tc%EeﬁﬂOyer ).

Exanple | A - Preparation of Resin from Exanple 1 [ 054] The resin of
Exanple 1 is washed prior to use by taking 1 kg of AnberchronD (CG 161 CD
f r om ToEpaphs2- Paaﬂa&itmgfﬁg‘mtl in 6-7 liters of 12% 2- propanol in water

(vol . /vol. stir 2-16 hours. It is filtered and stirred in 6-7
liters of 5({5/35\36&1@ (M 9% “BinQrNosxaine ys ?‘iﬁ’edsﬁo'?f?'h‘ﬁi'@@@ 69Wel slurry is
filtereshwatgr /8 “Ces1 0108 igast tibinylgl i(mh@ééld%;cﬁ%t@afrédmdrﬁj §lbpegd for 30

m nut es, and filtered. The acetoni slurr epeate tw ce and
filter iPriapudse keppingdhe ImPeRlire B8-S 7. 6A1t$it$tf@ﬂ®f0rr'ﬁ@t@ihmmu’[e&| rred for 1
hour , f (T e dei oni zed

wat er, GQS'{?/IO ra 'ﬁﬂe@&?’gg‘ q@ﬁ%ﬁ?? Qddegj #r@ﬁ?ns% tg tﬁél_ﬁe%clrttégl nih:uge %%@ Slurried again
in7 liters of water, stirred for 11hour, and filtered. The water slurry is
repeated 3 nore times. The resin is filtered and as much water as possi bl e
is renmoved on the filter funnel for 10-12 hours. It is bottled and stored
cold (5-820).




Exanpl e 2-Preparation of Form1 [ 055] 10.00 grans of

9-am nom nocycline is added portionwise to 60 mMl of water at 0-5 C. 10.98 ¢
of t-butylglycine acid chloride hydrochloride is added porti onw se keepi ng
the tenperature at 0-5 C. After stirring for 40-60 m nutes, 30% amoni um
hydroxi de i s added dropwi se to the reaction mxture keeping 15

tenperature at 0-5 Cto adjust the pHto 7.2. To the solution is added 83
n of rrett@fﬁﬁ%‘latbfrﬁlaltgv%ﬁw agiysttheopH i@ ¥ 1R/ | Enthecenldlidroie adaet &3 rekafrri ng f or

15 m nut q ase .i.S ex racted with
47X 40 AR (QRATELYE B SERRITAER o RR N R R 87 gernillesac
extracti §m® ph&setsh@m@ﬁﬁalfm& oT@aaqusou&pMdesl ek@aﬂbd@xﬁth@b(hwml ofand t he

| ut th filt d. T | ut
concent r AT ShBHE ORI R A Mok A Eh &1 1508 o 1 hour and
t hen fil tembihed Engardcd ischddedwashedr rWleiHanaf éﬁcﬁ@te’ﬁel&fon%'cnﬁe%ﬂ/@b’ | ene
chloride_and then dri % 3g|ve,§] of product. (Yield 76.8%; Purity by
HPLC ar oS0dh@tiats apdingn e therss! mﬁmpcemtegsa h@lWH)'fanSSS (M)
Exanpl e guddepb@hadé s@redht 590" for 1 hour aﬁémenoﬁlérad Ofrhg %é@:,s \k@s tdur ried in

8 nL of nethanol at 22C. The slurry is warned ain a

clear soWiib2oh1Qmilesl Gald medndene shigdde and thes @“IEbe’ro F0e Bidug of to yield a
thick re W f nder v um at 25C
over ni gh}tgmalfﬁre '%'ﬁr’?. %IA F‘%%B}’yﬁa{“trg yze@% Q?hgg;ngle%?%v@ ric analysis
("TGA") MRdFABWIwE SKGI(MyrHj; 585 édt).on. The TGA plot (FIG 8) shows a wei ght

| oss of 5.3% at 87C and a standard ranp rate of 10C per mnute is used in

t he experinent. [ 57] A heat-cool cycle is run on a fresh sanple in a
ni trogerﬁmampmp:mmepmm dffforhtlk furnace (FIG 9). In the first

heat - cycl e, ﬁ 4% wei ght | oss is observed which is not observed in the
second and t h9%% cPd @97’ FaEm & i $iRgiedre Svisk ghmetthano! ab22iGkeThe slatrgr . Af t er

the thir r I a C le 4-

Pr epar atllgl(\)r\flGIY @% SEO EB&I‘—‘; He'b 0%?%%9’\’@%&%?“*@%%@&% §$°§Z%@& f‘%g ﬁ"l‘mc)il ssol ved
in 500 pieldfor@sinnuimsdowiien thick46Csang. (e sSokyls Rrdédasd Hrs@dngdr 23C. To
this solution anol is added in 100 pL increnents over 15

, pL of
min. Afté‘P“‘é’Br%ég?% Oé(am'qflqehjp‘eareﬁ‘é&?g solidigiamaivized dyithermp! gsavimBbist 10 ni n.
and t heraisRd“TEAStHA S
i sol at ed byyr fglotl tr af)l or?E F?dr?wg??@gdrwﬁfﬁégﬁoﬁr Fggh?rﬂégt \(/ggﬁgﬁﬁﬁ('élgc for 8
hours t MG}@'@I*QﬁSﬁ 3Vt §7 °Eanch 4 staagdadieremmiatedf by Opeapinut\Earsed
di ffracti Eﬁ e 5- Preparation of Formll| [59] 30 nmg of crude
ti gecycl | ne |g |ssol ved in 500 pL of deionized water at 40 C and the
sol ution stl W@I ah heatcodltyslessuri boa freshadgesle ia $@bgek Met hanol and

stlrred C ove ystalline preC|p|tate|s

obt ai neff rﬁ%“r‘ﬁ 51%%8%5‘#@’”%? &Lf&alg Ak‘ §(§'I"5‘étr€ét“§\}0|‘ﬁmﬁi4a@ weightn air and

t hen driced :ynﬁwwy@mw [Qhoﬂﬁbéérflékﬂ :rﬁth@%‘ébén& Qnd 'ﬂﬁ*djcﬁ GinGBafiigforml1l as
reparati o of FormllI

determ% a diffraction

[60] O ‘GG’SFT ’Pﬁﬁ%'|keiysw%ﬂeﬁrﬁftéﬁfh9ﬁhﬂd ﬁzci@,fthawemltu*ngmwﬂane red i22C to form
a suspepghédtant:.01 g of FormV is added as a seed. The suspension is
stirred for 96 hours at 22C. The slurry is subsequently filtered and dried

under vacuum at 22C. The resulting solid FormlIll is analyzed by hot stage
m cr oscopy, a HPLC (99.98% pure), and opti cal
m croscopy. %(érﬁ%‘ gHt{ & E&Eﬁ' liFor mlV [61] 0.15 g of Forml

i s added to [0581 difOrag@if omdertigeeyamezae|ssélv@l:a¢@50§$lﬁtttfidlgibdiz%dobt ?i lned ng ch
e slurry 1s Iltere

:aﬁdsfjlrir\g%%ﬂﬁg%{?%g@&% %&u i3 Obﬁ%’ Qﬂégay‘fp éiﬁgfgﬂmpﬂ&%ﬁ-ﬁf FormIVis

anal yzedetiianbob a8itied h MG [IRSK@BMherts S 1BAMACT A bR e%tb%@idmﬁﬁ (93.39%
pure), and OP'[I cal mcroscopy. Exanple 8-Preparation
hazy solution is 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 |l as determined by X-ray powder -

diffraction.
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[62] 0.167 g of Form | is slurried in acetonitrile at 22C. The slurry is
warnmed to 30C to obtain a clear solution. 2 nL of n-heptane is added to the
sol ution over the course of 5 mnutes. A suspension is forned which is
cooled to 22C and held at that tenperature for 30 m nutes. 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 anal yzed by X-ray
powder diffraction, HPLC (96.39% pure), and optical mcroscopy. Exanple 9-

Preparation oG Y - pre ar&ﬁgﬁbfgggrfnl of Form| is added to 2nL of

tetrahydrofuran at 22C and stirred m nutes. A clear solution is
obtai ned to wWifEh 23ngeispdatigedysiiredetissoRier N300 1l obdsibnipsy is stirred

at 22C f ' rr.y. is.filteced and. drjed under. yacuum at
22C. The%aé‘gﬂ?t{%dr}lgﬁ 4 th%é‘ﬂ%%vg‘%( ‘?dﬁgby‘;'eﬁbﬁﬁﬂ%ﬂ” @t%’é@gg@ 8Paopy. X-ray
powder dinfdthardliand,stiHet Gt wsciﬁz% AU 15 mw@té% A‘é@%st?!}h% BRLPtte zsa/CSLLP
Caims 1 . Forml ti cline having X-ray powder diffraction peaks at
about 5. ?b%’%ﬂ]@”ﬁ‘%%ﬁ% : 1%]"‘29(1.1""“?”3%{%‘?9‘@%@’@’eféf%iiﬂi’rh@ aif arq diemdrietur t her
havi ng apnder vacubmnatero € o batdurow perked : inEQTHML.
tigecycline of claiml further havi ﬁg an Xﬁ%&rﬁdg?gg??ﬁpgc?iggn* peak at
about ~ 2478y peyvder diffige§an. ti gecycline of any one of clains 1-3 having an
X-ray powder diffraction pattern substantially as in Figure 1.- 5. Form|
tigecycline of claim1l having a hot stage nelting point onset tenperature
of about 170CExampiott Preéparation of Form il

[060] 0.25 g of Form 1 is slurried in 2 mL of dichloromeihane at 22°C to
form a suspension. 0.01 g of Form V is added as a seed. The suspension is
stirred for 96 hours at 22°C. The slurry is subsequently filtered and dried under
vacuum at 22°C. The resulting solid Form 1l is analyzed by hot stage microscopy,
X-ray powder diffraction, HPLC (99.98% pure), and optical microscoby.

Example 7 — Preparation of Form IV

10611 0.15¢gof Form | is added to 2 mL of acetonitrile at 22°C. A clear
solution is obtained which is stirred for 30 minutes to obtain a suspension, 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, HF’LC :
(93.39% pure), and optical microscopy.

Example 8—Preparation of Form IV

1062] 0.167 g of Form 1 is slurried in acetonitrile at 22°C. The sfurry 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 temperature for 30 minutes. The slurry Is filtered and the
resulting solid is washed with 5 mL. of n-heptane and dried under vacuum at 92°C.
The resulting sofid Form 1V is analyzed by X-ray powder diffraction, HPLC
(96.39% pure), and optical microscopy.
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6. Form 1 tigecycline of claim3 having a hot stage nelting point onset
tenperature of about 170C to about 172C. 7. Form 1l tigecycline having
X-ray powder diffraction peaks at about 9.2 20, about 9.7 20, and about
20.4.20. 8. Formll tigecycline of claim7 further having an X-ray powder
diffraction peak at about 18.4 20. 9. Form Il tigecycline of claim?7
further having an X-ray powder diffraction peak at about 17.7 20. 10. Form
|1 tigecyclin&xampley -oRepsraiéompiEomnd havi ng an X-ray powder diffraction

pattern subst L al i i Qur 11. Form Il ti.gecygl] of claim7
havi ng a hot e h’é?taqs ?fdy %E’i Iﬂ%’agﬁ%%go %’E‘H&i#%‘(%ﬂyé’f@gf%{yba&ﬁzm @699’@ 12. Form
|1 tigecydlrédeord mplaédn AQidanvbingoridshitapeads whrdH 2 Ml Rebptananset
tenperature of _about 169C. 13. Form Il tigecycline having an- X-ray powder

di f f r act REACHeaRe sesulibrigiusy [ Jiyed Bt 228G fon 30 minutgecbe sheryds fikeredm 13
furth ] : s ~di i 5.2.20. .15, F
1 O geR e Rt f R AR AR o el RSUIRY SBRE EoPh B RuRe it on pea

at _stage microscopy, X-ray powder diffraction, HPLC (93.57% pure), and optical
.microscopy. '
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about 9.3 20. 16. Formlll tigecycline of any one of clainms 13-15 having an
X-ray powder diffraction pattern substantially as in Figure 3. MC SLLP

17. FormIll tigecycline of claim13 having a hot stage nelting point onset
tenperature of about 167C. 18. Form |V tigecycline having X-ray powder
diffraction peaks at about 4.6 20 and about 9.2 20. 19. A corpo8LLK on
conprising at |east one crystalline solid formof tigecycline of any one of
the precedimignscl ai 5. 20. A pharmaceutical conposition conprising at |east
one crystalline solid formof tigecycline according to any one of clains
1-18. 214, Po@oMmasiytirermavbrpt-iayi mogdeadifitrationpeaksiat abbyt Set f28cidvadodiount  of
Form | t!ﬂec¥cllne, a pharmaceutically effective anount of Form |
tigecycliné,” #%harmaceutically effecti ve anount of Form Il tigecycline, a

phar maceubi £ginh Vg8l o elaiaunithedhatiag am Kvayimgedycdiffreetioropeak at about
pharnaceu%ugihly effective anount of Form V tigecycline.

3. Form | tigecycline of claim 1 further having an X-ray powder diffraction peak at about
24.8° 26.
4. Form 1 tigecycline of any one of claims 1-3 having an X-ray powder diffraction

pattern substantially as in Figure 1.
5. Form | tigecycline of claim 1 having a hot stage melting point onset temperature of

about 170°C to about 172°C.
6. Form 1 tigecycline of claim 3 having a hot stage melting point onset temperature of

about 170°C to about 172°C.
7. Form i tigecycline having X-ray powder diffraction peaks at about 9.2° 20, about 9.7°

26, and about 20.4° 20,
8. Form i tigecycline of claim 7 further having an X-ray powder diffraction peak at

about 18.4° 20.
9. Form 1t tigecycline of claim 7 further having an X-ray powder diffraction peak at

about 17.7° 26,
10. Form |l tigecycline of any one of claims 7-9 having an X-ray powder diffraction

pattern substantially as in Figure 2.
11. Form 1l tigecycline of claim 7 having a hot stage melting point onset temperature of

about 169°C.
12. Form |l tigecycline of claim 10 having a hot stage melting point onset temperature

of about 169°C.
13. Form H! tigecycline having an X-ray powder difiraction peak at about 6.0° 26.

14. Form Ill tigecycline of claim 13 further having an X-ray powder diffraction peak at

about 5.2° 20.
15. Form il tigecycline of claim 13 further having an X-ray powder diffraction peak at

about 9.3° 20.
16. Form Il tigecycline of any one of claims 13-15 having an X-ray powder diffraction

pattern substantially as in Figure 3.
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22. A process for preparing Formll tigecycline, FormlIll tigecycline, Form
IV tigecycline or FormV tigecycline, conprising slurrying Forml
tigecycline in one or nore suitable solvents. 23. A process fg@rcspreparing
Form 11l conprising crystallizing tigecycline out of a solution to nake Form
I'l; for preparing Form IV conprising crystallizing tigecycline out of a
solution to nake FormIV; for preparing FormV conprising crystallizing
ti gecycl i né7.disrmdf tigeayolingt ¢fefaim § rhakisgRofiehstageonelfiog PRINEPRRE! IENASGR IS
conpri si ng chyst ?éﬂo'b_zi ng tigecycline out of a solution to make Form 24. A
process for preparing Formll tigecycline conprising adding methanol to a
sol ut i oln of 8.tFogedy dibecyelinanhavinteX-raopovedas dftiaehionl peake 5t aws 48F 28 ehgr m of
tigecycline as _claimed in any one of clains 1 to 18 to prepare a '
phar rraceuti"‘[?;%i%gczo osition for parenteral use. PrEp

19. A composition comprising at least one crystalline solid form of tigecycline of any

one of the preceding claims. _

20. A pharmaceutical composition comprising at least one crystalline solid form of
tigecycline according to any one of claims 1-18.

21. A composition comprising: a pharmaceutically effective amount of Form |
tigecycline,

a pharmaceutically effective amount of Form Il tigecycline,

a pharmaceutically effective amount of Form il tigecycline,

a pharmaceutically effective amount of Form IV tigecycline, or

a pharmaceutically effective amount of Form V tigecycline.

22. A process for preparing Form I tigecycline, Form il tigecyciine, Form IV tigecycline
or Form V tigecycline, comprising slurrying Form [ tigecycline in one or more suitable
solvents.

23. A process for preparing Form Il comprising crystallizing tigecycline out of a solution
to make Form [f;

for preparing Form IV comprising crystallizing tigecycline out of a solution to make
Form IV,

for preparing Form V comprising crystallizing tigecycline out of a solution to make Form
V; or

for preparing Form | comprising crystallizing tigecycline out of a solution to make Form
R

24. A process for preparing Form Il tigecycline comprising adding methanol to a
solution of tigecycline in water to make Form Il

25. Use of a form of tigecycline as claimed in any one of claims 1 to 18 to prepare a

pharmaceutical composition for parenteral use.
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