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BACKGROUND OF THE INVENTION
(1) Technical Field
The present invention relates to pharmaceutical technologies and specifically to

production of solid dosage formulations of [2-(2-methylimidazole-1-yl)methyl]pyridine

fumarate that exhibit satisfactory stability at ambient room temperature.

(2) Description of Related Art
[2-(2-methylimidazole-1-yl)methyl]pyridine is known, e.g., from U.S. Patent Nos.

5,856,343 and 5,635,521, which are incorporated herein by reference.

SUMMARY OF THE INVENTION
The present invention relates to formulations of imidazolylalkyl-pyridines that are
stable at room temperature and more particularly to such formulations containing [2-(2-
methylimidazol-1-yl)methyl]pyridine fumarate. The invention further provides methods
for the production of such formulations.
In one embodiment, a method according to the invention includes blending a

quantity of [2-(2-methylimidazole-1-yl)methyl]pyridine fumarate and a quantity of at least
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Formula 1

and pharmaceutically acceptable salts thereof,

wherein R is hydrogen, lower alkyl, halogen with an atomic number of 9 to 35 or
amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one
another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy
or halogen with an atomic number of 9 to 35, in free base or acid addition salt form, and
the bridge between the pyridine and the imidazole, illustrated as methylene, is
methylene or ethylene.

As used herein, “lower,” in the context of alkyl and alkoxy groups, denotes a

radical having up to 7 carbon atoms, preferably up to 4 carbon atoms and more
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pyridine. Ry is preferably methyl or ethyl, more preferably methyl. R, and Rs are
preferably each hydrogen. Ry is preferably methyl, ethyl or hydrogen, more preferably
methyl or hydrogen, and in particular hydrogen.

In a particular group of compounds of formula 1, R is lower alkyl, R2 and Rs
independently of one another are hydrogen or lower alkyl, and R4 is hydrogen, lower
alkyl or halogen with an atomic number of 9 to 35.

In a further particular group of compounds of formula 1, Ry is methyl, R, and Rs
independently of one another are hydrogen or methyl, and R4 is hydrogen, methyl, or
halogen with an atomic number of 9 to 35. Halogen with an atomic number of 9 to 35
denotes in particular a fluorine and chlorine residue, preferably a chlorine residue.

The compounds of Formula 1 may be present in free base form or in the form of
their acid addition salts, including, for example, hydrogen fumarate and fumarate salt
forms. Acid addition salts may be produced from the free bases in known manner, and

vice versa.
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acetate and a little hexane. Following filtration, the mother solution is concentrated by
evaporation and the dimethylformamide distilled off, and then shaken out several times
between water and methylene chloride. 10.3 g of the oily title compound are obtained.”

Preparation of the fumarate salt is described as follows:

“0.3g of the obtained base in ethanol are mixed with 12.7g of fumaric acid. The
resulting bis(base)-tris(hydrogen fumarate) crystallizes from ethanol/ethyl acetate and is
recrystallized once from ethanol/ethyl acetate. It is uniform upon thin-layer
chromatography and melts at 109°-110°. The fumarate is obtained analogously and
melts at 120°-121°.”

The inventors have discovered that the fumarate salt of the compound of
Formula 1 is reasonably stable at ambient room temperature in the absence of
moisture. However, when in contact with moisture, it undergoes a chemical reaction

whereby a degradation product, herein referred to as DP-1, shown below, is formed.
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Aqueous film-coated tablets of the fumarate salt of [2-(2-methylimidazol-1-
yl)methyl]pyridine plus excipients were prepared using ethanol wet granulation for use
in clinical studies. Stability data for these tablets showed satisfactory stability under
refrigerated conditions, but degradation to compound DP-1 occurred at ambient
temperature.

During development of the tablet formulation described above, an excipient
compatibility study showed, infer alia, that the fumarate salt of the compound of Formula
1 was stable under dry conditions in the presence of anhydrous lactose, low-moisture
grade microcrystalline cellulose, pre-gelatinized starch, and magnesium stearate.
Accordingly, a solid formulation of the fumarate salt stable at room temperature may be
produced by combining one or more of these excipients with the fumarate salt. Where
low-moisture grade microcrystalline cellulose or anhydrous lactose are used, each
preferably has a moisture content of less than about 1%, more preferably less than

about 0.5%.



When the fumarate salt of other conpounds of Fornula 1

reacts in the presence of noisture, the degradation
w@e@doets23 DP-1 , will form because the chem caPCT/US2007/062034

reaction is independent of the variable substituents,

but the structure of the degradation product wl|

differ, owng to the differences in the variable

éuﬁg{algi gtgnsgan(g e’tge?szbﬁe{n I"Py ?r%f[]]%g taelr;%_hﬁna(f’fcotnrcllﬁions of time and
di ne pl.us excipients were epared usin ,
temperBt R ABP WRIENh S RIbaHGt 55 Prastar B &1 e RMBSEN G o BPIRl: &3 eMploying
~ Stability data for these tablets showed satisfactory
this inventien | thedegrartationgprodyel cancle sepiened termmownts that are within
degradation to conmpound DP-1 occurred at anbi ent
FDA/IQHeﬁ:b&daItQﬂ(@3%)|In@udbe%lmﬁﬁw@rl@f Praekeictsa biIDA/ICH guidance
formul ati on descri bed above, an exci pi ent
issued Novp2008).| Thy astawthy of DB dat 401CEF5%IRH afteh8tmohtds, is less than
fumarate salt of the conmpound of Fornmula 1 was stable

about tdgrefeiapicieaditharpaBout0. 6% nidressaferadly |esew@haisout 0.2%, and
| act ose, | ow npisture grade m crocrystalline

most pF&tbldlPRas tHﬁ’ér?aBSute@ HBYZ eﬂhéﬁrﬁéé‘é‘uﬂcﬁf@oé%%@'démpounds of
steardte. Accordingly, a solid fornulation of th

Formul%ma?éﬁege?& r%?ﬁalp%r@& tﬁé%%%%?émg'éﬂ%ese ée%ﬁure for 24 months

ning one or nore o XCl
ormor#th the fumarate salt. Wiere | ow noisture grade
icrocrystalline cellulose or anhydrous | actose are

'fRSS';a (ren%(l:’g stable pharmaceutical dosage unit comprising the fumarate salt or
other compounds of Formula 1 as the active pharmaceutical ingredient can be prepared
by eliminating or reducing the amount of moisture present during processing. For
example, a more stable capsule formulation of the fumarate salt may be produced by
blending together a quantity of the fumarate salt and one or more of anhydrous lactose,
low-moisture grade microcrystalline cellulose, pre-gelatinized starch, and magnesium
stearate and filling a capsule with the blended formulation. Typically, a wet granulation
step or other process employing water is not necessary when manufacturing a capsule
formulation of an active ingredient. However, if a granulation step is needed or desired,
known methods, such as slugging or compaction, followed by grinding, may be used
instead of wet granulation.

More stable tablet formulations of the fumarate salt of the compound of Formula
1 may similarly be produced by blending together a quantity of the fumarate salt and

one or more of anhydrous lactose, microcrystalline cellulose, pre-gelatinized starch, and
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moisture that would normally be present under ambient conditions (e.g., 60% humidity
at 25°C) and even more preferably the process is carried out under dry conditions, e.g.,
by using anhydrous excipients and, optionally, by reducing the relative humidity of the
process environment.

The use of direct compression, slugging, compaction followed by grinding, or
similar dry granulating and tablet-forming methods provides the advantage of
eliminating potential contact of the blended formulation with water that may be present
in a granulating liquid such as ethanol. As will be recognized by one skilled in the art,
the stability of capsules or tablets produced according to the invention may be furthered
by packaging the capsules or tablets with a desiccant capable of substantially removing
any residual moisture present in the excipients or packaging.

The solid formulations of the invention may contain other excipients such as
binding agents, fillers, tableting lubricants, disintegrants, preserving agents, sweetening
agents, flavoring agents, and the like, provided that such excipients do not adversely

affect the stability of the formulation at room temperature.
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Poly(dl r}act/c}e -CO- rlfc%?'ge) P/le cyrospheregs'% 3 m)‘rulf’]harm Sci. (Sept. 1984), which is
incorporated herein by reference. An objective of using a controlled release product is
to obtain a satisfactory drug response while simultaneously reducing the frequency of
the drug’s administration and/or the peak plasma concentrations.

Compositions for the controlled release of drugs are well known in the art.
Generally, such compositions contain medicament particles mixed with or covered by a
coating material that is temporarily resistant to degradation or disintegration in the
stomach and/or in the intestine. Release of the medicament may occur by leaching,
erosion, rupture, diffusion, or similar actions, depending upon, inter alia, the nature and
thickness of the coating material. In some dosages, a medicament is coated onto
spherical particles, such as dicalcium phosphate (DCP), which are in turn enclosed
within gelatin capsules or compressed into tablets. One or more coatings may
optionally be applied to the medicament-coated particles. Generally, such coatings are
used to improve the stability of the dosage and/or enable enteric release of the

medicament.
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differences in the efficacy of treatment. For example, where the medicament has a low
solubility in biological fluids, its rate of absorption, and therefore its efficacy, is largely
dependent upon the dosage dissolution rate. Similarly, where the high bioavailability of
a medicament is capable of producing undesirable effects, a dosage form with a lower
dissolution rate may be used. Accordingly, it is possible to alter the efficacy and/or side
effects of a medicament by altering its dosage form.

The controlled release dosages of the present invention may employ any number
of controlled release technologies for oral delivery. For example, Lalla and Bhat
describe a method of, inter alia, coating DCP granules with the vasodilator isosorbide
dinitrate to slow its release. Using such a method in preparing the dosage forms of the
present invention comprises first spraying DCP granules with a sugar syrup and sorting
the coated granules to select those having diameters between about 500 and about 600
um. Next, a coating of a compound of Formula 1 is sprayed onto the surfaces of the

granules and the granules allowed to dry. Finally, the dried Formula 1-coated granules
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and the duodenum. Similarly, United States Patent No. 6,312,728, also to Beiman, et
al., teaches a multi-layered controlled release dosage capable of delivering a
pharmaceutical to both the duodenum and large intestine or colon or to the stomach,
duodenum, and large intestine or colon. Both references are incorporated herein by
reference.

A number of related controlled-release dosages and methods have been
described by Percel et al. For example, United States Patent No. 6,627,223 describes
a pharmaceutical dosage comprised of timed, sustained-release (TSR) beads having at
least two coated membrane barriers, the composition and thickness of the barriers
determining the lag time and duration of drug release. In one embodiment, a first
membrane barrier is an enteric polymer and a second membrane is a mixture of a
water-insoluble polymer and an enteric polymer. Such a configuration permits one or
more pulses of a therapeutic agent in a plasma concentration-time profile.

United States Patent No. 6,500,454, also to Percel et al., describes a dosage unit

for providing a circadian-like release of propranolol to mimic the time-dependent
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t hi ckness of the coating material. In sonme dosages, a
nmedi canent is coated onto spherical particles, such as
wale@aleisean phosphate (DCP), which are in turn PCDUSRETU062034

within gelatin capsules or conpressed into tablets.
One or nore coatings may optionally be applied to the
nmedi canent -coated particles. Cenerally, such coatings

. are used npr.ove and/

physioh sl 618 thE y‘§368§t?%3 %%éwﬁéﬂeﬁﬁf%%?g 518 Péreel et

dr, dellver for tion e for hat a
al, desiibls Amia" Feralilr i §Toa e HKE FRBPG OhF NRIPGIES HO

| ess predeternined tinme interval s See, for exanple,
antagopisés Eqsh obtheaPercetef al. rﬁgoencpfsea\bovgrlggwcwpcpra&d B?fﬁn by

18(5):433-458 (2001 ) ; Gothoskar et al., "Pulsatile
referendbeug Del i very Systens, A Review," Drug DeI ivery

Technol ogy 4(5): 64-69 (2004); Percel et al., US

P06 Btaie2d8teMalNokd,560,3H!1. to Db 0 a6 02 O4 fastrdisintegrating
Sharma, US 20050244497, each of which is incorporated

tablet doeigHisng¥ dred @F aneaitidartidisteofrildnd 15alind Phprdved Reructural
particular dosage formof a nedicament can

integrit§ i/ %Hll‘ltﬂja"l"h'lé’ retéiePet id bEohesBatalineléiy byl reﬁaren&é‘e
anmount medi canent rel eased fromthe dosSage and

g relREa P bdls RO JTH o SEFR, tbpe of e
presenh@w&eﬁ&%ﬁﬁ&ﬁg% a%c{rﬁqx{aﬁ?ﬂé;c n%enﬁoﬁgpda% cé’g}%rg, pgﬁgrated pan
coating, fluidized-bed coating, top-spray coating, bottom-spray coating, and tangential-
spray coating. See, e.g., Atul M. Mehta & David M. Jones, Coated Pellets Under the
Microscope, PHARM. TECH., June 1985, which is also hereby incorporated by reference.
Various excipients may be incorporated into the controlled-release dosage form of the
invention. Such excipients include, for example, Eudragit®, ethylcellulose, Ethocel®,
triethyl citrate, hydroxypropyl methylcellulose (HPMC), polyvinylpyrrolidone (PVP), and
sugars. Generally, such excipients would comprise the bulk of a controlled-release
dosage.

Compositions according to the present invention are preferably formulated in a
unit dosage form, each dosage containing from about 0.1 to 800 mg of the active
ingredient. The term "unit dosage form" refers to physically discrete units suitable as
unitary dosages for human subjects and other mammals, each unit containing a
predetermined quantity of active material calculated to produce the desired therapeutic
effect, in association with the required pharmaceutical carrier. Each unit dose form may

not alone comprise an effective amount; for example, it may be necessary to administer
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solubility in biological fluids, its rate of

absorption, and therefore its efficacy, is largely
walepengised upon the dosage dissolution rate. SPai/Usaoby062034

where the high bioavailability of a nmedicanent is

capabl e of produci ng undesirable effects, a dosage

formwith a | ower dissolution rate may be used.

Accordin

bt is S|ble rthe ff|

two tatfiS 2 aBRs  tae SaRerime p al SRt is)esp{iel ¢ Prachieve an

, or cont oIIed rel ease dosages of the
eﬁectlv&%én thﬁwsg'ﬁaﬂﬁhg? 2RBIeNE any nunber of control |l ed

rel ease technol ogies for oral delivery. For exanple,

Ao, grefptptlndbe @gélﬂﬂﬁfé@t&ah@%@ﬂﬁ ghRits phiheringgntipn are packaged

coating DCP granules with the vasodil ator isosorbide
and statediundat eonditieh®af lomshumsiditys &l o fagilitaje swbievemmasnt lod this wbject, the

prepari ng the dosage forns of the present invention
dosageconifs ofstee inversionsgaralye pgckigedwiinal dssicganh. a sugar

syrup and sorting the coated granules to sel ect those

ThE idogagé ames of hdpi/ertdh 88® dbnipbide DMe cﬁhﬂdfe 88emm
Next, a coating of a compound of Formula is sprayed

pharmé&émﬁchhﬁg%ﬁ“ iéR€ @R dRlonaN® Glea0HILateAsk 6f*‘tﬁe EoMBIURR of Formula
o dry. Finally, the dried Fornula 1-coated

1 granul esare enclosed within a capsule, preferably a
' gelatin capsule. Alternatively, the dried granul es nay

Eﬁtﬂ% %%Eeﬁqdﬁ%ﬁ ol BabouEEL EPTus BoafiLh 2l ' dhug, twi

| ets. rt Iuton tro ed- .
be nechStaN ¢ e gth@fb@@ﬁ@% aﬁ@ Lﬂm’ﬂ hapoy Tabend Shiain
288-1 291f( 1993) ; K.
regulatory approval from, e.d., the U.S. Food and Drug Administration for sale in the

United States, or similar agencies in other jurisdictions for sale in those jurisdictions.
Among the information that must be submitted to such regulatory agencies in the
application process is information on how the drug product is manufactured. Thus, it is
an aspect of this invention to include in such manufacturing information a process
description in which water is not used in the process or, more preferably, in which the
formulation of the drug is carried out under dry conditions, e.g., employing the use of
anhydrous excipients in the manufacturing and formulation process and/or controlling
the relative humidity during the manufacturing and formulation process. It is also an
aspect of this invention to set a specification for the maximum amount of DP-1 in the
drug product, i.e., in the formulated drug in unit dosage form. The specification should
be set at a maximum limit not to exceed the maximum limit set by or acceptable to the

regulatory agency in the jurisdiction in which approval is sought, e.g., such as are

12



Shruti U. Bhat, Controll ed-Rel ease | sosorbide

Dinitrate Pellets. Part Il: In Vivo Studies, J. PHARM
W®EE07/0982 1 2):1 292-1 295 ( 1993), both of whPCHUS2087/062034

hereby incorporated by reference. United States Patent

No. 5,968,554 to Beiman, et al. teaches a

multi-layered controlled rel ease dosage capable of

.del. i phar ma [ t 0. bot.h esto
descriteuh ST ERARTR Lo bl Dl diea  Neb¥ pRod S Frapvion
., 2,728, also .t % gel man, et ai, teaches a rrultl -l ayered
guidange jsugdiNQy- 20084se dosage capabl e of deliveri ng a
[Ia_har maceutical to both the duodenum and | arg
Rees? Mesher otBlepHfantuting intrRCoordrraenwitly dua@?mtloammprlses
| arge intestine or colon. Both references are
controllimg: prquesatceddhiensisnchyhatdhe memaunt oA DRiitsmesofot excae@guch
control |l ed-rel ease dosages and net hods have been
limits. dids atgdoan abyedtaf tieib irtendibon tbuseddRitpdea stimdaed &t @dtesting and
Patent No. 6,627,223 describes a pharnmaceutical dosage

measufifiitié 8ebudt of DFeYlin & 4hien freduttdreBaeh( TER)als®adaispect of this
having at | east two coated nenbrane barriers, the

mventu&r@'ﬁ@@éél% FJUIRBE, AphrolBeERs a(?ﬁmtahé’teQ%'Itrdf%f éorﬂ?b@rﬁd‘bf‘izaﬂnula 1
lag ti'me and duration of drug rel ease n one

compn@ﬂ@%@tl’@é gp@cfflbét%n 1R EP.aN% &Qéués%rd ét%‘ov%” §L¥Er1e§bé:c|ﬂcatlon can

econd nenbrane
pertain to the bulk drug substance, i.e., prior to formulating with excipients, or it can

pertain to the drug product, i.e., the fumarate salt mixed with excipients. It is also an
aspect of this invention to submit a monograph for a fumarate salt of a compound of
Formula 1, e.g., a monograph for submission to the U.S. Pharmacopeia or the
European Pharmacopeia, which mongraph specifies a maximum amount of DP-1.
lllustrative examples of stable formulations according to the invention are shown
below in Tables 1-6. The components in each example may be dry blended and then

transferred to hard gelatin capsules.

Table 1 — Stable Formulation 1

Ingredient % w/iw mg/capsule Qty. (g9)
Fumarate salt of Formula 1 12.0 20.0 180
Lactose Anhydrous 83.5 139 1252.5
Sodium Starch Glycolate 4.00 6.68 60.0
Magnesium Stearate 0.50 0.84 7.5
Hard Gelatin Capsule Size 3 X X X
Total 100 167 1500
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wat er - i nsol ubl e pol ymer and an enteric pol yner.

configuration permts o
WO b@rageses | ¢ agent
profile.
Percel et al
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ral i rity
nrnrnnratpd
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erein hvy

gRiTity.

60.0

r dlagreasiem Sdearate cont r o

| ed- PAlease

ret hod$4known

in 7.50

M e Casfle S e

ynnhl

scope the
conventi onal

preseni, i nven
pan coating,

t

IOH,X

per f or atTébBIpan coati ng,

f 1 ui di0Ped- be

d coaflbng,

1500

top-spray coating,

tangenti al spray coati ng.

David M Jones,

Table ?HWMJ

bottom spray coati ng,

See, e.g.,

and
At ul

M Mhta &
Coated Pell ets Under the M croscope,
f-;1985 which is also hereby
eren

I ncor por at ed y re ce. V.a.“ gus Iex0| pi Ent S ma¥ be
o Drgradient " O LN Cont TG T S masespade | Ry, (@)
Fumarate salt of Formula 1 12.0 20.0 180
Lactose Anhydrous 53.5 139.0 802.5
Avicel PH112 (microcrystalline
cellulose) 30.0 50.1 450
Sodium Starch Glycolate 4.00 6.68 60.0
Magnesium Stearate 0.50 0.84 7.5
Hard Gelatin Capsule Size 3 X X X
Total 100 167 1500
Table 4 — Stable Formulation 4
Ingredient % w/iw mg/capsule Qty. (g9)
Fumarate salt of Formula 1 25.0 41.75 375
Lactose Anhydrous, NF 70.5 117.7 1058
Sodium Starch Glycolate 4.00 6.68 60.0
Magnesium Stearate 5712 0.50 0.835 7.50
Hard Gelatin Capsule Size 3 X X X
Total 100 167 1500
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I nvention. Such excipients include, for exanple,
Eudragit(r), ethylcellul ose, Ethocel(r), triethyl
W@ paora9a23 hydr oxypropyl net hyl cel | ul ose ( HPMC) PCT/US2007/062034

pol yvi nyl pyrrol i done (PVP), and sugars. Generally,

such exci pients would conprise the bulk of a

control | ed-rel ease dosage. Conpositions according to

h sent invention are preferably forrmulated in a

Table%ﬁﬁt%ﬁ%gﬁém%?th?" éach dosage contai ni ng from about
[ [ lept. The term"unit

. tive ingredient.
dosagingredigntr ef ers to physiZesl/Wy di scng/eapsiles Qty. (g9)

FOHda ieg P As Y dosages bgio hunman subjegss and 575

AViqab%Hﬂﬂ?(@Mcra’@WBtﬁdiiﬂeateri al calculated to produce the
desi r extllitiloeeppeut i c ef fect, VB.8associatidi7with the 1058

one’ comrise an effective amun for

64 S%FPH@I%&[& Ical| carrigy, Each uni ¢ ggose flormgn
ey not al D - :
Magnesium Steanaty 5SB&2necessar y0ta adni ni st &83® tabl et s7.50

H&d éé‘l%ﬁHkﬁﬁ)S%Gé&% §ame tine % at d TTereRt tines of X
the day 0 'ac

/ t nieve an effective doselin the

bl oodst detah of a patient. Al 4600 preferabl §67t he 1500

phar nmaceuti cal dosage units of the Invention are
packaged and stored under conditions of |low humdity.

Table §2 é@ﬂ# Fbﬂltn‘ﬁlm gvenent of this object, the dosage
its of t

uni 1 e invention can be‘ paEkaged with a
conpr MEoGlRMor mor o active wiw'® | mglapsile | ty. (g)
Fumarate salt of Formula 1 25.0 41.75 375
Lactose Anhydrous, NF 45.5 76.0 682.5
Avicel PH112 (microcrystalline
cellulose) 25.0 41.75 375
Sodium Starch Glycolate 4.00 6.68 60.0
Magnesium Stearate 5712 0.50 0.835 7.50
Hard Gelatin Capsule Size 3 X X X
Total 100 167 1500

Stable formulations 4-6, shown above in Tables 4-6 were found to be stable over
six months under both normal and accelerated conditions. Such stability, as well as the
stabilities of other formulations, may be further improved by the use of a desiccant (e.g.,
silica gel canisters) in the packages in which the dosages are stored.

While this invention has been described in conjunction with the specific
embodiments outlined above, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art. Accordingly, the embodiments of

the invention as set forth above are intended to be illustrative, not limiting. Various
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phar maceutical ingredients additional to the fumarate
salt of the conpound of Fornmula 1. Before a funarate
wa@2a00v/0e8528 conpound of Formula 1 can be sol d aBCHUS007062034
it will be necessary to conduct non-clinical and
clinical studies and apply for and obtain regul atory
approval from e.g., the U S. Food and Drug
Adm nistration for sale in the United States, .or . ,
changd ey 58 Tagehanioett ASGetien o fuaret T 8RS sEaee bae yention as
, (thge %ﬁrisdi tions. Anong the information that nust
defineq, |0 WEHAIQWIBE A&MSuch regul atory agencies in the
application process is information on how the drug
product is manufactured. Thus, it is an aspect of this
invention to include in such manufacturing information
a process description in which water is not used in
the process or, nore preferably, in which the
formul ation of the drug is carried out under dry
conditions, e.g., enploying the use of anhydrous
excipients in the manufacturing and fornul ation
process and/or controlling the relative humdity
during the manufacturing and fornul ati on process. It
is also an aspect of this invention to set a
specification for the maxi num anount of DP-1 in the
drug product, i.e., in the fornmulated drug in unit
dosage form The specification should be set at a
maximumlimt not to exceed the maximumlimt set by
or acceptable to the
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regul atory agency in the jurisdiction in which
approval is sought, e.g., such as aredescribed in
wWOo-DW @25 dance (@BB(R) Inpurities in New DrPRQI/US2007/062034
Products, FDA/ICH gui dance issued Nov. 2003). Thus, a
met hod of manufacturing in accordance with this
i nvention conprises controlling process conditions
such that the anount of ngﬁwg?es not exceed such
limts. It is also an as this invention to use
DP-1 ag_q standard for detecting and neasuring the
What ig,g8ifR8d&¥ DP-1 in a gi ven production batch. It is also
an aspect of this invention to seek regul atory .
1. dppradved of ereparingreaslidedesage fermulatiersentainiog ek anlity of the
1 conprising setting a specification for DP-1 as
fumarati saltiof @ coatmwend dduiimere didomperisingt can pertain to the
bul k drug substance, i.e., prior to formulating with
edaibpng atguantity oft thedompaeateagatt dfavitrhet ldasigone exicipient without
i.e., the fumarate salt mxed with excipients. It is
contacBh@ Saidfuaspget saf withiwaitémvention to submit a nonograph
for a fumarate salt of a compound of Forrmula 1, e.g.,
a monograph for submi ssion to the % S. Pharmacopei a or
t he European Pharrraco‘ﬁi&?, whi ch nmongr aph specifies a
maxi mum anount of DPsd .\ |l-ustratiwe exanples of
stable fornul ati ons{..x‘féccor*{éf}_i ng t® the~knvention are
shown bel ow in Tables 1-6/ The conpong¢nts in each
exanpl e may be dfy-bkended and then transferred to
hard gel ati n capsul es.

&

Ay Ry
Formula 1
wherein R is hydrogen, lower alkyl, halogen with an atomic number of 9 to 35 or
amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one
another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy
or halogen with an atomic number of 9 to 35, and the bridge between the pyridine and

the imidazole, illustrated as methylene, is methylene or ethylene.

2. The method of claim 1, wherein Ry is lower alkyl, R2, Rs and R4 are —H, and the

methyl imidazolylmethyl group is substituted in the 2-position of the pyridine.
3. The method of claim 1, wherein R1 is methyl and Rz, Rs and R4 are —H.

4. The method of claim 1, wherein the compound administered is [2-(2-

methylimidazol-1-yl)methyl]pyridine fumarate.
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7.

Table 1 - Stable Formul ation 1Table 2 - Stable
Fornmul ation 2 Table 3 - Stable Fornmul ati on 3Table 5 -

w@t@blogssEbr mul ation 5 Stabl e fornul ati ons 4- 6, PEGHUSRV07/062034

above in Tables 4-6 were found to be stable over siXx
nont hs under both normal and accel erated conditions.
Such stability, as well as the stabilities of other

B e & 2oy el b BRERes 81 ity 35 Bnglions

in which the dosages are stored. Wiile this invention
has been described in conjunction with the specific
enbodi ments outlined above, it is evident that many

ahe anethed wé slaimoyiwheran toaatierpt wae] exCiRieR! igianhy@wus.
apparent to those skilled in the art. Accordingly, the
enbodi nents of the invention as set forth above are
intended to be illustrative, not limting.

Vhe inoethod afi gesmng ywHereimettie atilédst winedeqeipientng skleated frem a
spirit and scope of the invention as defined in the

group désHdisinignss: lewamistGte’yldde\Wirtodrgstalliderulose, dnhylirous lactose,

nmet hod of preparing a solid dosage fornul ation

and pré-9elainicdcstarcpuant ity of the fumarate salt of a

cOonmpound of Formula 1 conprising: adm xing a quantity
of the fumarate salt of with at | east one excipient
wi t hout contacting said funarate salt with water,

The method of claim 1, further comprising:

filling a capsule with the admixed material, wherein the dosage formulation is

substantially stable at room temperature.

9.

The method of claim 1, further comprising:

forming the admixed compound into a tablet, wherein the dosage formulation is

substantially stable at room temperature.

10.

11.

The method of claim 1, further comprising:

adding to the admixed material a quantity of magnesium stearate.

The method of claim 1, further comprising:

granulating the admixed material.
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Formula 1 wherein R is hydrogen, |ower alkyl, hal ogen
with an atom c nunber of 9 to 35 or am no optionally
wOorRwo9se3 di substituted by | ower al kyl, R2 andP@BUS2007/062034
i ndependent|y of one another are hydrogen or | ower
al kyl, R4 is hydrogen, hydroxy, |ower alkyl, |ower
alkoxy or halogen with an atom c nunber of 9 to 35,
ri.dge between the i.dine and the im
12, 17 aidabich SHimaft Mieeb) SaBUehfh Jraiies b 'S?ﬁwé%gtepfe'ected
. The nethod of claiml, wherein R is | ower
from a grouRRRONiRf N0 aPEethor&Pﬁ?S?% ﬁ‘é’QE&ﬂg AR &Qﬂlﬂ%ﬂt'oﬁé?'iﬁ)’l’ed by
group is substituted in the 2-position of the
grindingyri dine. 3 . The nethod of claim1, wherein R is
methyl and R2, R3 and R4 are -H 4 . The nethod of
claim1l, wherein the conpound adm nistered is [2-(2-
nmet hyl i m dazol -1 -yl)nmethyl ] pyridine fumarate.5 . The
13. e moetholl of ckdinm 11, further eomprgingxi ng is carried out
under dry conditions. 6 . The nmethod of claimb5,
e rsaratitd) eheahdiBa@sit mareia® itd B @htroll8d-28iRwkEe Gvtenultion.
The nmethod of claim1, wherein the at | east one
excipient is selected froma group consisting of:
| ow noi sture grade m crocrystalline cellul ose,

14, ?H? JﬂU? %Féﬁrﬂsﬁa \A?Hl—ﬁi?ﬁrtﬁe%h%lléw ?&ga% Wriduiaton is Yafected

claim1l er co
from a group consisting of: a fast-disintegrating formulatlon, a delayed-release

formulation, a sustained-release formulation, a pulsatile-release formulation, and a

circadian-like release formulation.

15.  The method of claim 13, wherein Ry is lower alkyl, Rz, Rs and R4 are —H, and the

methyl imidazolylmethyl group is substituted in the 2-position of the pyridine.
16.  The method of claim 13, wherein R¢ is methyl and Ry, Rz and R4 are —H.

17.  The method of claim 13, wherein the compound administered is [2-(2-

methylimidazol-1-yl)methyl]pyridine fumarate.
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filling a capsule with the adm xed material, wherein

the dosage fornmulation is substantially stable at room
wo eovpesEere. 9 . The nmethod of claiml, furthRCT/US2007/062034

conprising: formng the adm xed conpound into a

tabl et, wherein the dosage fornmulation is

substantially stable at roomtenperature. 10 . The

h of f h ddi h
18 TheGnBial s o vrliihiths 0B Shedrshieindd pbfeliom 2
group qq{be,lsg@mtg]hg%g@ov\hg{o&f o %rg érfglfeurmplﬁ(gémétgﬁgrglcalﬂ %a}iydrgbls Pagctose,

wherei n granul ating includes at | east one st_ ep .
pre-gelgan@@ﬂ@@arﬁhomlan@rmcaiw pelymereof meathagrylic acid, copolymers of
conpr essi on, slugging, and conpaction foll owed by
acrylatgs andinmethacylateghethpteetiddseftriethyl aitrate, fhydrdeoropy!
conprising: incorporating the adm xed naterial into a
methylcelioss (HRMCY) pelgenyipymoliddneo(PVRY andiseigaes.hod of
claim 13, wherein the controlled-rel ease formul ati on
is selected froma group consisting of: a
fast-disintegrating formul ation, a del ayed-rel ease
fornul ati on, a sustained-rel ease fornmul ation, a
pul satil e-rel ease formulation, and a
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circadian-like release fornmulation. 15 . The net hod of

claim 13, wherein R is lower alkyl, R2, R3 and R4 are
WO Bjo7mss23 he nmet hyl i m dazolyl methyl group i SPCT/US2007/062034

substituted in the 2-position of the pyridine. 16 .

The nethod of claim 13, wherein R is nmethyl and R,

R3 and R4 are -H. 17 . The method of claim 13, vvherein

he ,.qoppo ad istered is [2-(2- nethylimdazol -

10, WIRASERSHRfoM Rt b shd: 1 “he et hod of ol aim
13, whereip the at st one exc selected
?P&ﬁﬁﬁ%‘?ﬁﬁ% f%ﬁ@tgtsﬁﬁg? @fcomwrﬁég?@?w@ar ade
m crocrystalline cellulose, anhydrous |actose,
pre-gel atini zed starch, anionic arfdl cationic pol ymers
of nmethacrylic acid, ree&olyners of @crylates and
nmet hacryl at es, ethyhpelludosé\\trlethxl citrate,
hydr oxypr opyl nethylceIIdPose ﬁHPNCD,,
ponV|nyIpyrroI|done:(PVPﬁ and ‘sugars. 19 . A solid
dosage fornul at irgri cbﬁﬁef3|ng alqeamtlty of the
fumarate salt of a conpound OfHFOfﬁU|&ﬁ1 R1 Formula 1
wherein R is hydrogen, lower alkyl, halogen with an
atom c nunber of 9 to 35 or qnlno optionally nono- or
di substituted by | ower al%yl 4f2 and R3 independently
of one anot her are hydrogen or |ower alk

Wereig &, is hydrage), Iawster Ky iRgipgen mrarheegggdg Aumber of 9 to 35 or

amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one
another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy
or halogen with an atomic number of 9 to 35, and the bridge between the pyridine and
the imidazole, illustrated as methylene, is methylene or ethylene; and

at least one of the following: low-moisture grade microcrystalline cellulose,
anhydrous lactose, pre-gelatinized starch, and magnesium stearate,

wherein the solid dosage formulation is substantially stable at room temperature.
20. The formulation of claim 19 in capsule form.

21. The formulation of claim 19 in tablet form.
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or hal ogen with an atom c nunber of 9 to 35, and the
bri dge between the pyridine and the i m dazol e,
w0 kdoamessas ed as net hyl ene, is nethyl ene or et hpdEO82007/062034
and at | east one of the follow ng: |ow noisture grade
m crocrystal line cellul ose, anhydrous | actose,
pre-gel atinized starch, and nmagnesi um st ear at e,

erein the sol.id dosage fornulation is substantiall
2. KiEMed b Pafibe enably aBbayer i &l o Tultae 37 o bmpound
claim19 in capsule form 2 1. The fornul ation of
of FOrmpylgitm 19 in tablet form 22. A nethod for obtaining
regul atory approval to sell a fumarate salt of a
conpound of Formula 1 R 1 Fornmula ™ wherein R is
hydr ogen, |ower alkyl-—hal ogen w g__h\an atom ¢ nunber
of 9 to 35 or anino /@ptigaal 'y JNo>n0or di substitut ed
by | ower alkyl, R2 @nd R3}i ndependentt?y of one anot her
are hydrogen or lower alkyl, R4lis hydrogen, hydroxy,

lower al kyl, | ower” alMkexy or hal genriwith an atonic
nunber of 9 to 35, and the bridge betwsen the pyridine

and the imdazole, illustrated as nethylene, is
hyl en r hyl en rising:
met hyl ene or ethylene, t grmnlﬁgqod conpri si ng

wherein R is hydrogen, lower alkyl, halogen with an atomic number of 9 to 35 or
amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one
another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy
or halogen with an atomic number of 9 to 35, and the bridge between the pyridine and
the imidazole, illustrated as methylene, is methylene or ethylene, the method
comprising:

setting a specification for a maximum amount of compound DP-1 in the bulk drug

substance or in the formulated drug product
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23.

setting a specification for a maxi num anount of
conpound DP-1 in the bulk drug substance or in the
wo ooomodsmeed drug product DP-1 .23. A nethod of PCT/US2007/062034
manufacturing a fumarate salt of a conmpound of Formula
1 Formula 1 wherein R is hydrogen, |ower alKkyl,
hal ogen vvith an atom c nunber of 9 to 35 or am no

| no ubst t ut b ower al kyl
Afhe @3 o edinaen ey G dRe S S AL CarR e Syl
| ower al kyl, R4 is hydrogen, hydroxy, |ower alkyl,
| oner alkoxy or hal ogen with an aﬁ8n1c nunber of 9 to
35, and the bridge be%m@en t he pyr&Q]ne and the
I m dazol e, |IIustraved aé\nethylene =i;s methyl ene or
et hyl ene, the nethog conpri si ngy contpolllng process
condi tions such thatthe annunt\of caonmpound DP-1
resul ting from $ai'd brat@ss i's w}fh+ﬂ accept abl e
limits for regul atory approval RDP-1 . 2% A nethod of
manufacturing a fumarate salt of a conpound of Formul a
1 Formula 1 wherein Ri gen, lower alkyl,
hal ogen with an atomc nﬁ%@mﬁggf 9 to 35 or am no

gﬁtgr% 1,1%@38?9%@,51?[@/\9%? lflgaterlwélgéeerq Wi an %mlc nu¥’nberR% 9to 350r

amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one

another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy

or halogen with an atomic number of 9 to 35, and the bridge between the pyridine and

the imidazole, illustrated as methylene, is methylene or ethylene, the method

comprising:

controlling process conditions such that the amount of compound DP-1 resulting

from said process is within acceptable limits for regulatory approval
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24.

anot her are hydrogen or |ower alkyl, R4 is hydrogen,

hydr oxy, |ower al kyl, |ower al koxy or halogen with an
war@moegsseinber of 9 to 35, and the bridge betvwenusive7/062034

pyridine and the imdazole, illustrated as nethyl ene,

I's methyl ene or ethylene, the nethod conpri sing:

rmnitori ng the anmount of conpound DP-1 in the bulk

subtanc in the formulated dru

AR arpelr hfi D S B S Rl Rp Y Fombla 1
conpr|3| ng: a quantity of the fumarate salt of a
conpound of Fornmula 1 R 1 FormJIaPiE wherein R is
hydr ogen, | ower al kyl—h«al ogen Wi th .an atom ¢ nunber
of 9 to 35 or am no @pptlénal Iy msno\« r disubstituted
by | ower al kyl, {and R3" i ndependent Fy of one anot her
are hydrogen or Iowe:r al Igyl R4 Y s hydrogen hydr oxy,
| oner al kyl, | oRer al‘-k“ovq'/ or haI&gewvmth an atomc
nunber of 9 to 35, and the bri&ge betv@en t he pyridine
and the imdazole, illustrated as nethylene, is
nmet hyl ene or et hyl ene. 2|§ormTLn§ 1f ornmul ati on of claim25
in capsule form

wherein R is hydrogen, lower alkyl, halogen with an atomic number of 9 to 35 or

amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one

another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy

or halogen with an atomic number of 9 to 35, and the bridge between the pyridine and

the imidazole, illustrated as methylene, is methylene or ethylene, the method

comprising:

monitoring the amount of compound DP-1 in the bulk drug substance or in the

formulated drug product
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27. The formulation of claim25 in tablet form 28.
The formul ation of claim25, wherein the
weonroedsked-rel ease fornul ation is one sel ect eRCT/DRIBNH062034
group consisting of: a fast-disintegrating
formul ation, a del ayed-rel ease formul ation, a
sustai ned-rel ease fornul ation, a pulsatile-rel ease

formul ation, and circadi r.el ease

25, palolepaRessS Gofabe iR ARt m 25, fur ¢ her
conpri.sin east one _exci |ent S ect d froma
@r"é@ﬁt'@o?fghgtﬂt”ﬁﬁr%ﬁ Saﬁ&han% PeyRd § a%fénua
m crocrystalline cellulose, anhydrous |actose,
pre-gel atinized starch, anionic arfd cationic polymers
of nmethacrylic acid, rc—ep‘ol ymers of i @cryl ates and
nmet hacryl ates, et hylzpel I ulosé N ethxl citrate,
hydr oxypropyl net hy{‘cel | uliose (FF;-IPI\/C), {
pol yvi nyl pyrrol i don,& (PVPj and \sugarls 30. The
fornul ati on of @&l m25~ wher ei n%\
control | ed-rel ease dosage fornmjation m§ substantially
stabl e at room tenperature.

Formula 1
wherein R is hydrogen, lower alkyl, halogen with an atomic number of 9 to 35 or
amino optionally mono- or disubstituted by lower alkyl, R2 and Rs independently of one
another are hydrogen or lower alkyl, R4 is hydrogen, hydroxy, lower alkyl, lower alkoxy
or halogen with an atomic number of 9 to 35, and the bridge between the pyridine and

the imidazole, illustrated as methylene, is methylene or ethylene.

26. The formulation of claim 25 in capsule form.

27.  The formulation of claim 25 in tablet form.

28.  The formulation of claim 25, wherein the controlled-release formulation is one
selected from a group consisting of: a fast-disintegrating formulation, a delayed-release

formulation, a sustained-release formulation, a pulsatile-release formulation, and a

circadian-like release formulation.
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29. The formulation of claim 25, further comprising at least one excipient selected
from a group consisting of: low-moisture grade microcrystalline cellulose, anhydrous
lactose, pre-gelatinized starch, anionic and cationic polymers of methacrylic acid,
copolymers of acrylates and methacrylates, ethylcellulose, triethyl citrate, hydroxypropyl

methylcellulose (HPMC), polyvinylpyrrolidone (PVP), and sugars.

30. The formulation of claim 25, wherein the controlled-release dosage

formulation is substantially stable at room temperature.
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