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TAPENTADOL HYDROBROMIDE AND CRYSTALLINE FORMS THEREOF

CROSS REFERENCE TO RELATED APPLICATION
The present patent application claimsthe benefit of U.S. Provisional Application No.
61/392,308 filed October 12, 2010, the disclosures of which are herein incorporated by

reference.

FIELD OF INVENTION
The present invention concerns the hydrobromide salt of Tapentadol, solid state forms
of Tapentadol hydrobromide, processes for their preparation, and pharmaceutical

compositions comprising Tapentadol hydrobromde or a solid state form thereof.

BACKGROUND OF THE INVENTION
Tapentadol, 3-[(IR,2R)-3-(dimethylami nd)-l -ethyl-2-methylpropyl]phenol, hasthe
formula:
OH

Tapentadol is marketed under the trade name Nucynta® for the treatment of moderate to

severe pan.

Tapentadol hydrochloride, its synthesis, and its use as an analgesic are disclosed in
U.S. patent no. 6,248,737. European patent nos. EP1612203 and EP0693475 disclose
polymorphs of Tapentadol hydrochloride (Forms A and B, respectively). International patent
application publication no. WO2009/071310 discloses three polymorphic forms of
Tapentadol free base. European patent no. EP1390023 discloses pharmaceutical salts of 1-
phenyl-3-dimethylamino-propane compounds and sugar substitutes. International patent
application publication no. WO2008/1 10323 discloses the salts of |-phenyl-3-
dimemylamino-propane and their use in treating neuropathic pain.

Different salts of an active pharmaceutical ingredient may possess different
properties. Such variations in the properties of different salts may provide abasis for
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improving formulation. Different salts of an active pharmaceutical ingredient may also give
riseto avariety of polymorphs or crystalline forms.

Polymorphism, the occurrence of different crystal forms, is aproperty of some
molecules and molecular complexes. A single molecule, like Tapentadol and its salts, may
giveriseto avariety of polymorphs having distinct crystal structures and physical properties
like melting point, thermal behaviours (e.g., measured by capillary melting point,
thermogravimetric analysis (TGA), or differential scanning calorimetry (DSC), aswell as
content of solvent in the polymorphic form), powder x-ray diffraction pattern (PXRD),
infrared absorption and Raman fingerprints, and solid state NMR spectrum. The differences
in physical properties have been used to distinguish polymorphic forms. One or more of
these techniques may be used to distinguish different polymorphic forms of a compound.
These techniques may also be used to quantify the arho_unt of one or more crystalline forms in
amixture.

The differences in the physical properties of different salts and polymorphic forms
results from the orientation and intermolecular interactions of adjacent molecules or
complexes in the bulk solid. Accordingly, polymorphs are distinct solids sharing the same
molecular formula yet having distinct physical properties compared to other polymorphic
forms of the same compound or complex.

The discovery of new salts and polymorphic forms of Tapentadol can provide new
ways to improve the synthesis and the characteristics of Tapentadol as an active

pharmaceutical ingredient.

SUMMARY OF THE INVENTION

The present invention provides a salt of Tapentadol, Tapentadol hydrobromide,
isolated and solid state forms of Tapentadol hydrobromide, and provides pharmaceutical
compositions comprising Tapentadol hydrobromide or a least one solid state form (or solid
state forms) thereof, and at least one pharmaceutically acceptable excipient.

The solid state forms of Tapentadol hydrobromide include the hydrates and solvates
of Tapentadol hydrobromide. |

The invention further provides the use of Tapentadol hydrobromide, and the solid
state forms described below for the manufacture of amedicament for the treatment of
moderate to severe pain, and provides for amethod of treatment of moderate to severe pain
comprising administering atherapeutically effective dose of a least one of the solid state

forms described herein to a person suffering from moderate to severe pain.
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The invention provides amethod for treating moderate to severe pain comprising
administering the pharmaceutical composition comprising Tapentadol hydrobromide or at

least one solid state form thereof and at least one pharmaceutically acceptable excipient.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 shows apowder XRD pattern of Tapentadol hydrobromide.
Figure 2 shows a DSC thermogram of Tapentadol hydrobromide.
Figure 3 shows apowder XRD pattern of Tapentadol free base.

DETAILED DESCRIPTION OF THE INVENTION

A crystal form may bereferred to herein as being characterized by graphical data "as
shownin," or "as depicted in," or "substantially as depicted in" aFigure. Such datainclude,
for example, powder X-ray diffractograms and solid state NMR spectra. The skilled person
will understand that such graphical representations of data may be subject to small variations,
e.g., in peak relative intensities and peak positions dueto factors such asvariations in
instrument response and variations in sample concentration and purity, which are well known
to the skilled person. Nonetheless, the skilled person would readily be capable of comparing
the graphical datain the Figure disclosed herein with graphical data generated for an
unknown crystal form, and confirm whether the two sets of data are characterizing the same
crystal form or two different crystal forms. The crystal form characterized by the graphical
data"as shownin," or "as depicted in," or "substantially asdepicted in" a Figure disclosed
herein includes a crystal form characterized by graphical datawith small variations, which
are well known to the skilled person, in comparison to the graphical datain the Figure.

A crystal form, crystalline form or polymorph may be referred to herein as pure or
polymorphically pure, or substantially free of any other crystalline or polymorphic forms. As
used herein in this context, the expression "substantially free" will be understood to mean
that the crystalline form contains 20% or less, 10% or less, 5% or less, 2% or less, or 1% or
less of any other crystalline forms of the subject compound as measured, for example, by
PXRD. Thus, crystaline forms of Tapentadol salts described herein as substantially free of
any other crystalline forms would be understood to contain greater than 80% (w/w), greater
than 90% (w/w), greater than 95% (w/w), greater than 98% (w/w), or greater than 99%
(w/w) of the subject crystalline form of Tapentadol salt. Accordingly, in some embodiments

of the invention, the described crystalline form may contain from 1% to 20% (w/w), from 5%
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to 20% (w/w), or from 5% to 10% (w/w) of one or more other crystal forms of the same
compound.

Thé present invention provides Tapentadol hydrobromide. The Tapentadol
hydrobromide of the present invention can be crystalline.

For example, the present invention provides a crystalline form of Tapentadol
hydrobromide characterized by data selected from: apowder XRD pattern with peaks at 9.9,
14.3, 15.3, 19.1 and 20.9 + 0.2° 2Q apowder XRD pattern substantially as depicted in Figure
1, aDSC thermogram substantially as depicted in Figure 2; and any combinations thereof.

A person skilled in the art would be able to characterize the above form by identifying
one or more characteristic peaks in apowder X-ray diffraction analysis of that form. For
example, the skilled person would be able to characterize the above form by selecting one or
more characteristic peaks in the diffractogram provided in Figure 1.

Reaction of Tapentadol free base with an acid does not aways produce a salt which
could beisolated. This was an unexpected and surprising result. One skilled in the art would
expect that reaction of the free base with an acid would produce a salt that could beisolated.
For example, reaction of the free base with phosphoric acid produced the phosphate salt, but
it became liquid afew seconds after separation from the reaction mixture. The sulphuric acid
salt of Tapentadol could not beisolated. Reaction of the free base with other acids, such as
fumaric acid, oxalic acid, maleic acid, succinic acid, methane sulfonic acid, ethane sulfonic
acid, benzenesulfonic acid, benzoic acid, L-tartaric acid, acetic acid, citric acid and L-malic
acid resulted in abitumen. The reaction of Tapentadol free base with hydrobromic acid
produced the hydrobromide salt of Tapentadol.

The Tapentadol hydrobromide salt and its crystalline forms in the present invention
have advantageous properties selected from at least one of: high crystallinity, solubility,
dissolution rate, morphology, thermal and mechanical stability to polymorphic conversion
and/or to dehydration, storage stability, low content of residual solvent, alower degree of
hygroscopicity, flowability, and advantageous processing and handling characteristics such as
compressibility, and bulk density. These properties may provide abasis for improving
formulation, for example, by facilitating better processing or handling characteristics,
improving the dissolution profile, or impering stability and shelf-life. They may also
provide improvements to the final dosage form, for instance, if they serve to improve
bioavailability, or shelf-live or storage etc.

The present invention further encompasses 1) a pharmaceutical composition

comprising Tapentadol hydrobromide salt, or a composition comprising a least one solid



10

15

20

25

30

WO 2012/051246 PCT/US2011/055893

state form of Tapentadol hydrobromide, as described above, and at least one
pharmaceutically acceptable excipient; 2) the use of any one or combination of the above-
described Tapentadol hydrobromide salt and its solid state forms, in the manufacture of a
pharmaceutical composition; and 3) amethod of treating moderate to severe pain comprising
administering an effective amount of any one or combination of the above-described
Tapentadol hydrobromide salt and its solid state formsto a subject in need of the treatment.
The pharmaceutical composition can be useful for preparing amedicament. The present
invention also provides Tapentadol hydrobromide salt or at least one of its solid state forms
as described above for use as a medicament.

The Tapentadol hydrobromide and its crystalline forms of the present invention are
useful for preparing different Tapentadol salts or Tapentadol free base. The above described
salt of Tapentadol, Tapentadol hydrobromide, and in particular the above described
crystalline forms of Tapentadol hydrobromide can be used to prepare apharmaceutical
composition. Such pharmaceutical compositions can be useful for treating pain, such as
moderate to severe pain.

Having described the invention with reference to certain preferred embodiments, other
embodiments will become apparent to one skilled in the art from consideration of the
specification. The invention isfurther defined by reference to the following examples
describing in detail the preparation of the composition and processes of use of the invention.
It will be apparent to those skilled in the art that many modifications, both to materials and
methods, may be practiced without departing from the scope of the invention. The present
invention isillustrated by the following examples, which should not be construed as limiting

the scope of the present invention.

EXAMPLES

PXRD method

For PXRD characterisation, the samples were, if necessary, ground in an agate mortar
and properly prepared (flatted surface in zO) on a specimen holder made from PMMA. The
samples were then analyzed on a Bruker-AXS D8 Advance powder X-ray diffractometer
(Bruker-AXS, Karlsruhe, Germany). The specimen holder was rotated in the zoplane a 20
rpm during measurement. The measurement conditions were asfollows: Radiation: Cu Ka of
wavelength 1.54A , Source 40kV / 40 mA, divergence dlit 0.6 mm, detector: Vantec-1 anti-
scattering dlit 5.59 mm, detector dlit 10.28 mm, start angle 3°2Theta, end angle 55°2Theta,
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Step 0.017° 2Theta. Raw data were evaluated using the program EVA (Brulcer-AXS,

Karlsruhe, Germany).

Differential scanning calorimetry (DSC)
A Mettler Toledo 822e DSC instrument was used to record the DSC curves. A
sample amount of approx. 3.6 mg was placed in the calorimeter cell and heated from 30°C to

300°C with arate of 10°C/min and anitrogen flow of 50 ml/min.

Example1: Preparing of Tapentadol Free Base

Methoxy-Tapentadol hydrochloride (1 eq) was set free as Tapentadol base with 8 eq
agueous hydrobromic acid (47%) under reflux and subsequently sodium bicarbonate was
added until pH 8to 9 was reached. The solution was extracted severa times with ethyl
acetate. The combined organic phases were dried over sodium sulphate and distilled under

reduced pressure.

Example 2: Preparation of Tapentadol hydrobromide

Tapentadol base (0.52 g, 2.35 mmol) was dissolved in acetone (5 ml) a room
temperature. To this solution, aqueous hydrobromic acid (47 wt.%, 1.21 g, 7 mmol) was
added and the mixture was thereafter kept in the fumehood for 3 days in an open flask. A
solid precipitate formed and was separated out and filtered. The solid material was washed
with acetone, and dried overnight a 40 mbars and 40°C yielding tapentadol hydrobromide
0.38 g crystals (1.3 mmol, 53.5 %yield).

Example 3: Preparation of Tapentadol free base from Tapentadol hydrobromide

To asolution of Tapentadol hydrobromide dissolved in aminimum amount of water,
ethyl acetate was added. Then sodium bicarbonate was added until pH 8to 9 was reached.
The organic phase was separated. The agueous phase was extracted severa times with ethyl -
acetate. The combined organic phases were washed with water, dried over sodium sulphate
and distilled under reduced pressure. To the oily residue, n-Hexane was added and the white

solid that was formed was then filtered off.

Example 4: Preparation of Tapentadol hydrochloride from Tapentadol

hydrobromide
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Tapentadol hydrobromide was dissolved in acetone. Gaseous hydrogen chloride was

bubbled through this clear solution, and the precipitate that formed was then filtered off.

Example 5: Preparation of crystalline Tapentadol hydrobromide

Tapentadol base (0.3 g, 1.36 mmol) was suspended in 0.5 mL aqueous hydrobromic
acid (47 wt.%). The suspension was warmed for 20 minutes and the warm solution was
filtered. The clear solution was concentrated under reduced pressure to give an oily residue.

Once & room temperature, crystals of Tapentadol hydrobromide appeared.

Example 6: Preparation of Tapentadol Hydrobromide

Tapentadol base (1 eq) was dissolved in 2-butanone at room temperature. To this
solution, 1 eq of trimethylsilyl bromide and leq of water were added. Tapentadol
hydrobromide crystallized overnight in an open flask resultmg in a solid form, which did not

undergo polymorphic conversion.

Compar ative Example 7: Preparation of Tapentadol Hydrochloride

Tapentadol base (1 eq) was dissolved in 2-butanone a room temperature. Tothis
solution, 1 eq of trimethylsilyl chloride and leq of water were added, whereupon Tapentadol
hydrochloride crystallized. Depending on ambient conditions, either polymorphic Form A or

Form B or mixtures thereof were obtained.

Example 8: Preparation of Tapentadol Salts

Tapentadol base (1 eq) was dissolved in an organic solvent selected from acetone,
hexane, 2-butanone, diethylether, and butanol. An acid (1 eq) selected from the table below
was dissolved in the same solvent. The two solutions were combined and heated to about
60°C for about 15 minutes. The reaction was then allowed to cool to room temperature. The
solvent was slowly evaporated.

The reaction of Tapentadol free base and hydrobromic acid produced the’
hydrobromide salt of Tapentadol. The reaction of Tapentadol free base with phosphoric acid
produced the phosphate salt of Tapentadol. The phosphate salt was filtered as a solid, but
became liquid afew seconds later. The sulphuric salt of Tapentadol could not be isolated.

The reaction of Tapentadol free base with the other acids resulted in a bitumen.

Acids used for making Tapentadol salts
fumaric acid oxalic acid maleic acid
succinic acid methansulfonic acid | ethansulfonic acid

7
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benzenesulfonic acid | benzoic acid L-tartaric acid
acetic acid citric acid L-malic acid
sulphuric acid phosphoric acid hydrobromic acid
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What isClaimed is:

1.

10.

Tapentadol hydrobromide.

The Tapentadol hydrobromide according to claim 1, wherein the Tapentadol
hydrobromide iscrystalline.

The crystalline Tapentadol hydrobromide according to claim 2, characterized by data
selected from: apowder XRD partem with peaks at 9.9, 14.3, 15.3, 19.1and 20.9 +
0.2° 20; apowder XRD pattern as depicted in Figure 1; aDSC thermogram depicted in
Figure 2; and any combination thereof.

A pharmaceutical composition comprising Tapentadol hydrobromide according to any
of claims 1to 3, and at least one pharmaceutically acceptable excipient.

A method for treating moderate to severe pain, comprising administering the
pharmaceutical composition according to claim 4 to a subject suffering from the

moderate to severe pain.

Use of Tapentadol hydrobromide according to any of claims 1to 3 for the preparation

of apharmaceutical composition.

Use of Tapentadol hydrobromide according to any one of claims 1to 3 for the
treatment of moderate to severe pain.

Use of Tapentadol hydrobromide according to any one of claims 1to 3 for the

manufacture of amedicament for the treatment of moderate to severe pain.

Use of Tapentadol hydrobromide or a least one crystalline form thereof according to
any one of claims 1to 3 for the preparation of Tapentadol free base or a salt of the free
base, wherein said salt of the free base is not Tapentadol hydrobromide.

Use of Tapentadol hydrobromide, or & least one crystalline form thereof, according to
any one of claims 1to 3 for the preparation of Tapentadol hydrochloride.



PCT/US2011/055893

WO 2012/051246

1/3

0 pdmimoendn
4 ~JBH ICFETRERs SPEEAYIS :

S

,'~'1  ' T 'l‘k'l:“lk, -

| 1) L) l L) l*l:'l‘lulyl

. {sWnog) ury

o Leme

T

[ am3rg



PCT/US2011/055893

WO 2012/051246

2/3

i [ 2 = Bl Bl # o a 3 ¥ z 6
£ i j 2 ] E 3 i ¥ Ed [] k) (] ) §i [ 3 3 ;| ® & 1 E | E) E 1 i
1 4 E L | * i ® * E 4 L i & 3 = ¥ 4 ¥ ¥ 1 L i [} ¥ ¥ L
& (3 g b4 G e ik L0 i 118 fif4) ELLN i} a5 i
mm.
R EFERE Rspg
OS8R A
O P ETE s
ER A Lh - S 410 e T
prgi'ere (Elimy
FEARRE
"

¢ am31yg



WO 2012/051246 PCT/US2011/055893
3/3

Figure 3

~
@
o
8
a

|

12000

11000

10000

8000

800C

Lin (Counts)

b=
Q
Q
o

5000

4000

3000

2000

1000

P S

0 LA I M s e L MLt L LI B R LN N B L LS R ALY B AL ad

10 20 30 40 50

2-Theta - Scale

R REERE SRNEE AR N RN RNER A SNERE RS ERR SR ERRNE FRNNA ARNNE SNRNE ARNNY SNERE FRREE ARENA ARNNE SRR RENNE SRS RNRRE ANANE ARERE ARENE RNRR

N



INTERNATIONAL SEARCH REPORT

International

PCT/US2011/055893

application No

A. CLASSIFICATION OF SUBJECT MATTER
INV.  A61K31/137 C07C215/54

ADD.

A61P29/00

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

A61K CO07C

Minimum documentation searched (classification system followed by classification symbols")

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal , BIOSIS, CcHEM ABS Data,

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X wo 2010/096Q45 Al (NECTID INC [US]; SESHA 1,4-8
RAMESH [US]) 26 August 2010 (2010-08-26)
Y abstract 1-10
page 20, paragraph 98
X Us 2010/190752 Al (SCHI ENE KLAUS |[DE] ET 1,4-8
AL) 29 July 2010 (2010-07-29)
page 1, paragraphs 2,3
page 2, paragraphs 31, 32
Y EP 1 612 203 Al (GRUENENTHAL GMBH [DE]) 1-10
4 January 2006 (2006-01-04)
cited in the appl icati on
abstract
page 2, paragraph 5
page 3, paragraphs 16, 24-26
page 4, paragraph 29
- -

Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents :

“A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle ortheory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

18 November 2011

Date of mailing of the international search report

29/11/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Dami ani , Federi ca

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/055893

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category” Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y WADE W E ET AL: "Tapentado
hydrochloride: A central |y acting oral
analgesi c¢",

CLINICAL THERAPEUTICS, EXCERPTA MEDICA,
PRINCETON, NJ, US

vol . 31, no. 12,

1 December 2009 (2009-12-01) , pages
2804-2818, XP026872214,

ISSN : 0149-2918

[retri eved on 2010-01-12]

abstract

page 2804

page 2815, left-hand col umn

Y,P us 2011/071120 Al (KHUNT MAYUR DEVJIBHAI
[[N] ET AL) 24 March 2011 (2011-03-24)
abstract

page 1 - page 2

1-10

1-10

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/055893
Patent document Publication Patent family Publication

cited in search report date member(s) date

wo 2010096045 Al 26-08-2010 AU 2009340504 Al 26-08-2010
CA 2741984 Al 26-08-2010
EC SP11011016 A 31-05-2011
EP 2352494 Al 10-08-2011
PE 03902011 Al 09-07-2011
us 2011281855 Al 17-11-2011
Wo 2010096045 Al 26-08-2010

us 2010190752 Al 29-07-2010 NONE

EP 1612203 Al 04-01-2006 AR 049949 Al 20--09--2006
AT 368639 T 15--08--2007
AT 496021 T 15--02--2011
AU 2005256512 Al 05--01--2006
BR PI0512792 A 08--04--2008
CA 2572147 Al 05--01--2006
CN 1997621 A 11--07--2007
DE 602004007905 T2 08-05--2008
DK 1612203 T3 03-12--2007
DK 1799633 T3 28--03--2011
EP 1612203 Al 04--01--2006
EP 1799633 A2 27--06--2007
ES 2291780 T3 01--03--2008
ES 2359504 T3 24--05--2011
JP 2008504326 A 14--02--2008
KR 20070039929 A 13--04--2007
NZ 551605 A 29--01--2010
PE 03722006 Al 08-05--2006
PT 1612203 E 20--08--2007
PT 1799633 E 07--03--2011
Sl 1612203 TI 31--12--2007
Sl 1799633 TI 31--05--2011
us 2007213405 Al 13--09--2007
us 2009186947 Al 23--07--2009
us 2010160447 Al 24--06--2010
wo 2006000441 A2 05--01--2006
ZA 200700774 A 25--09--2008

us 2011071120 Al 24-03-2011 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	abstract
	description
	claims
	drawings
	wo-search-report

