8 AUG 2005 MALI C ACI D ADDI TI ON SALTS OF TERBI NAFI NE The invention relates to
acid addition salts of allylam ne antinycotics. It concerns salts of the
conmpound of forrmula I | with malic acid, i.e. 8 AUG 2005
(E)- N-net hyl - 6, 6-di met hyl - N-(1- naphthylnethyl)hept 2-en-4-inyl-l-amne in
malic acid addition salt form hereinafter briefly naned "the conpounds of
the invention". The conpounds of the invention are novel and inproved
pharmaceutical salts of the known co -ound of fornula | . A conpound of the
invention is in raceMALISAG ' OF TERBR | ate or hydrogen
mal ate, preferably in hydrogen nal ate, aC|d addi tion salt form The malic
acid noiety preferably is in racemc DL-()- or L-(-)-enantioneric,
especially in L-(-)-enantioneric form Particularly preferred are thus the
DL-()- and the L-(-)-, especially the L-(-)-hydrogen nal ate. The conpounds
of the invention exhibit pol ynorphism The invention includes the conpounds
of the invention in any polynorphic form e.g. formA or formB of the

L- () - hydr 0ogfe fRkAidh RRdds GhdREINEI RO il dREREBQN al so incl udes a

process for ¢ preparation of a conmpound o 1on which conprises
reacting thelmmﬁmhlgfofftmmih@dndmfém base formwith an appropriate
malic acid formand recovering fromthe reaction mxture the resultant salt.
8 AUG 2005 -2 The process 0| nvention nay be effected in conventional

manner, e.g. by reaction i Qppropriate inert solvent such as

i sopropanol, acetic acid et gter, isopropyl acetate, cyclopentanone,

n- butanol or ethyl formate. orrpound of fBrrmI al in hydrochloric acid

addition salt formand its an \an C e.g. in the tfeatnent of

nycosi s caused by dermat oph fectidh, is from EP 24687 and

its equivalents. It is available in frele base or oric acid addition

salt formunder the trademark Lamisil, with the generig\hane terbinafine.

Two further salt
with malic acid,

i.e. (E)-N-methyl-6,6-dimethyl-N-(1-naphthylmethyl)hept-2-en-4-inyl- 1-amine

in malic acid addition salt form,

hereinafter briefly named “the compounds of the invention”.

The compounds of the invention are novel and improved pharmaceutical salts of the
known compound of formula I.

A compound of the invention is in racemic or enantiomeric form. It is in malate or
hydrogen malate, preferably in hydrogen malate, acid addition salt form. The malic acid moiety
preferably is in racemic DL-(%)- or L-(-)-enantiomeric, especially in L-(-)-enantiomeﬁc form.
Particularly preferred are thus the DL-(%)- and the L-(-)-, especially the L-(-)-hydrogen malate.

The compounds of the invention exhibit polymorphism. The invention includes the
compounds of the invention in any polymorphic form, e.g. form A or form B of the

L-(-)-hydrogen malate as described hereunder.

The invention also includes a process for the preparation of a compound of the
invention which comprises reacting the compound of formula I in free base form with an

appropriate malic acid form and recovering from the reaction mixture the resultant salt.



forns have al so been nentioned in the literature, e.g. in EP 515310A1, the

| actate and the ascorbate, in relation with pharmaceutical conpositigxﬁ f%g
topi cal application on skin. Terbinafine is an orally and topically 620
effective anti-fungal agent. It is effective in a wide range of fungal

di seases, including i.a. fungal sinusitis infection and onychonycosis. It is
particul arly useful against dernmatophytes, contagious fungi that invade dead
tissues of the skin or its appendage$s®such as stratum corneum nails, and
hair. Such a nail fungus makes its hone in the nail bed, shielded by the
hard outer n&h¢ proTRsssidheimventiononayobe ¢ffectedtimbonvehionalindener he. byfeaction he
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effects of these fungi on the nails may be unsightly, they seriously complicate foot-care, have a
deleterious impact on the patient's overall quality of life and well-being and impair the patient's
ability to work. If left untreated, the fungi can deform toenails permanently and lead to pain on
walking. Additionally the fungi can lead to fissures in the skin encouraging bacterial infections.
Serious complications as a result of these infections may occur in people suffering from
diabetes such as diabetic foot syndrome including primary disease-related complications, e.g.
gangrene that, ultimately, can be life-threatening or require amputation. Other high-risk patient
sub-groups include patients infected with human immunodeficiency virus (HIV), patients with
acquired immunodeficiency syndrome (AIDS), and patients with other types of
immunosuppression (e.g. transplant recipients and patients on long term corticosteroid
therapy). There is an increased prevalence of onychomycosis in the elderly (up to 30% by age
60). Microsporum, Trichophyton such as Trichophyton rubrum or Trichophyton
mentagrophytes, and Epidermophyton such as Epidermophyton floccosum are those fungi
commonly involved. Across medical disciplines, onychomycosis is well recognized as being

arduous both to diagnose and to manage, particularly in the aged.



For the oral use in onychonycosis, terbinafine hydrochloride is normally
adm nistered as an imedi ate rel ease tablet form containing 250 ny. 3 AUG2005
terbi nafine once daily. Such a tablet, sold under the trademark Lam Slql:g
rel eases terbinafine to the extent of 80 % over a 30 mnute period as
measured by standard in vitro dissolution studies, e.g. at pH 3 using the
paddl e nethod. Terbinafine treatment gver 12 weeks is required, The
progress of its clinical effectiveness is seen with growh of the healthy
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events are in general mld and transient. Further adverse events include
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hepatitis), Foetheraraloke i emyboinyersissiechinafme Hydsoshloride yvsarmally admimistsred as
neut ropeni a, ,and . t hronbocyt openi a. Yet furfher adver eyent s i pcl ude
Ut sunl it Al elase e ioin Sharis 250 me bt et SA0Y-aStch 2Pk okS wel |

as all i ] i ek udi hs., I ] 4k al gi a,
ryargi S andh SRR Lok KR, IR M UE A MR SYOS M mgb ™ D)
cause abimanatd by shglard incdand disséleiacitudias evhanpHE- e the piaddle dnethddn
substrates of this isoform such as nortriptyline, desipram ne,

per pherieshinafine teeatsman pysir, 1 2akeeks i rgauizade TherRsp@resnofits climsakefingtivenessisy and

Pt 0 LSPGO BB ap M 0° ~¢
hydr ocRbtairitfy ®bfls akd\@Wa-furldtdS Aboui FO HBhihs FRAEE tbr a%ﬁﬂg%%%o&laﬁ&ﬁa

concentrations (hereinafter Chmax) of about 1.3pg/m (with about a 20 %
variatifom. e.g. 0.9 to 1.6 g/nl) appear in human subjects within 1 to 2

hours after m ni stration of a_single 25 t erbi nafi ne,dose, The area
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adverse events recorded, e.g. headaches, gastrointestinal symptoms (including diarrhea,
dyspepsia, abdominal pain, nausea and flatulence), liver test abnormalities, e.g. enzyme
abnormalities, dermatological symptoms such as pruritis, urticaria and rashes, and taste
disturbances, e.g. loss of taste. These adverse events are in general mild and transient. Further
adverse events include symptomatic idiosyncratic hepatobiliary dysfunction (e.g. cholestatic
hepatitis), severe skin reactions such as Stevens-Johnson syndrome, neutropenia, and
thrombocytopenia. Yet further adverse events may include visual disturbances such as changes
in the ocular lens and retina, as well as allergic reactions including anaphylaxis, fatigue,
vomiting, arthralgia, myalgia and hair loss. Terbinafine is a potent inhibitor of CYP2D6 and
may cause clinically significant interactions when co-administered with substrates of this
isoform, such as nortriptyline, desipramine, perphenazine, metoprolol, encainide and

propafenone. Hereinafter any and all these events are referred to briefly as Adverse Events.



(e.g. creatinine clearance ? 50 m/mn) or hepatic cirrhosis, the clearance
of terbinafine is reduced by approximately 50 % In the steady Stat%iAﬁS%NS
when the trough and peaks are constant after several days dosing, in
conparison to the single dose, Chmax is 25 % higher and the AUC increases by
a factor of 2.5. This is consistent with an effective half-life for

- terbinafine of about 36 hours. Pharnmacpkinetic and absorption properties
have been disclosed e.g. in J. Faergemann et al., Acta Derm Venereol.
(Stockh.) 77 (1997). 74-76. . The site of absorption of terhinafine is,
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difficulties encountered in relation to oral dosing with terbinafine
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forms containing terbinafine with improved therapeutic effects.

Despite the very major contribution which terbinafine has made, the reported
occurrence of undesirable Adverse Events has been an impediment to its wider oral use or
application. The particular difficulties encountered in relation to oral dosing with terbinafine
hydrochloride have inevitably led to restrictions in the use of terbinafine therapy for the

treatment of relatively less severe or endangering disease conditions, e.g. Tinea pedis.

It has now been found that, unexpectedly, salts of the compound of formula I with
malic acid possess particularly beneficial pharmacokinetic properties, and have further been
found to possess a unique combination of favourable formulation properties which make them
particularly suitable for the preparation of pharmaceutical compositions of terbinafine adapted

for systemic and topical administration.

Thus the variability of pharmacokinetic parameters is considerably less when a malate
salt of the compound of formula I is employed systemically than with known salts or the free

base, e.g. the hydrochloride.



The inter-animal variability in plasma exposure of terbinafine (as expressed
by the coefficient of variation [hereinafter CV] of the ‘

ar ea- under -t he-curve [ AUC] has been found to be distinctly reduced V\ﬁléHGtZWé
L-(-)-hydrogen nmal ate salt of terbinafine is adm nistered, nanely 30 % as
conpared with 39 %with the hydrochl oride. The nean AUC val ues obt ai ned
thereby were, respectively, 392 and 348 ng. hour/m, show ng even a slight

i ncrease in absolute plasma exposure™with the hydrogen mal ate salt. The
mean Cmax val ues obtained thereby are 134 and 146 ng/m for the

L- (-) - hydr odbis appeass ba.drem aiphanyasokioptiostndiein angaglenyplyiigy’ Beaglahdogs
L v 26 % d 47 % 1] | furth i i ti

o ee o |k ivieg Ahout ks, el ol ABS it of Gratspeaed B ool OT's

use mgﬁgﬁﬁltﬁbgﬁgﬁ)@ﬁ%ﬁ%ﬁﬁﬁé dldahiotife &mr)-@dfusg%ﬁma@, gg%@ﬁ&

reduce ar macoki heti c paraneter obt al ne t hus
even megeivalémipeecaisilet with latoderinatratindf Wil twiw and fillingahtiorepprapriatd harg cot i C

i ndi cations may be envi saged, even at very high dosages, in particular upon
oral adéglatineseapsilesoiparticleysizg distriution similer fepbesaltyf onychonycosis. Furt her,

t he conpoun of the i N I | d pi.cal | v, . on the
nail, as apg‘zlg%C?W%%aﬁﬁﬁé&n?%ﬁlgig%%ﬁfeo%@% %!E%regglaesse\é bﬁh?

penet r abéMeERYTIBRALIGIThaeTiARer EVTRI tHeasleM Sidef theOQurt@ [ ABCRh&s BEeffound t8 Franz
cell (Figure 1) nodified to accept cadaveric human toenails by having a

pai r obe tistimitlyl reduded yehemalkeL «f)-hydso gengualase ealtef torhemafing ROMB)inistaredn gargelyd
seal an operties ta uat el unt hard_pails, Lng liquid
scint i |I3P%iaaﬁowaﬁfffimglaff%qwtﬁﬁ%@ﬁr%ﬁ#%%ﬁi Al AL PEHgS Qaiped Yt he

i ncrea | ' y Vi ' : rg)sq]? nt is
effecte rai’ Eeslp %?}g’:e%g?éeﬁ%%ﬂr %ﬁ%ﬁ{@fgﬁ%&e‘@ gﬁﬂnal é@%ag}%@%@g@ﬁ???ﬁ'@g‘? hour s
to a sekpdsuenwiei theQydtogeh nikdke babel | ed terbinafine hydrochl oride or
terbinafine L-(-)-hydrogen nmalate (formA) solution [25 |iBg/mM; 1 %active
product; 5 %hé pRapCapyvaues alitsine therzbymueck3drand r1é§ag/mldoothe( pol yoxyet hyl ene-
gl ycol - 1000- nonoacet yl et her); 25 %ethanol, 94 % 67 % distilled water]

(w w) . Leakhydipesn malag andithehysisochdorides respgotivelyywisl gorrespppding &Vnyalegsi on has a
9 mm di b ' . | (chamber
ol osed 0o o 4 Baatinstit sl h uRiR ol B RANEEd o PG i ceBlnte 1

r adi ol gﬁqﬁ}e@@ls Wh&al ialatSsatteit @sddabl e in the buffer-filled receptor chanber
from about

It can be expected therefrom that in human subjects, a similarly reduced variability of
pharmacokinetic parameters is obtained, and thus even more stable efficacy of treatment with
terbinafine in antimycotic indications may be envisaged, even at very high dosages, in particular

upon oral administration, e.g. in the oral treatment of onychomycosis.

Further, the compounds of the invention may also be employed topically, e.g. on the
nail, as appears for example from the following in vitro penetration/permeation assay:

Human cadaveric toe nails are used in a Franz cell (Figure 1) modified to accept
cadaveric human toenails by having a pair of flexible rings made of a silicone elastomer
(PDMS) having good sealant properties to adequately mount hard nails, using liquid
scintillation counting (LSC) (picogram limit of detection) to measure the increase in
radioactivity in the acceptor compartment. Each measurement is effected in triplicate.

90 randomly selected nails are exposed for 72 hours to a solution of 100 pl of *C-labelled
terbinafine hydrochloride or terbinafine L-(-)-hydrogen malate (form A) solution [25 uBq/ml;
1 % active product; 5 % 1,2-propylene glycol; 2 % Cetomacrogol-1000® (polyoxyethylene-
glycol-1000-monoacetylether); 25 % ethanol 94 %; 67 % distilled water] (w/w). Each area of



8 hours of incubation. Its concentration in the receptor chanber as neasured
by LSC increases wth incubation tinme and concentration of applied. 8 A 5
formul ation. A total of 24 penetration chanbers are used in parallel: E%&W
formulation is neasured in triplicate. The result is as appears from Fi gure
2: under both occlusive (black dots) and non-occlusive (black squares)
conditions, at 72 hours substantial pegneation is observed (about 63 ng and
41 ng, respectively). Further, it has been found that the conpounds of the

i nvention surprisingly possess favourable fornulation properties. They thus
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of the invention are therefore better processable for e,g. large scale
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pr oper be formulated into topical forns, such as
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: or gani c solvents, a prerequisite for good bioavailability: thus at 25C, the

L-(-)-hydrogen mal ate is sol ubl e up to about 12-15 ng/m in water and > 30
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in solid form, such as tablets or suspensions, and they influence bioavailability. The surprising
presence of polymorphism is therefore advantageous in terms of improved processability, such
as with polymorph particularly stable thermodynamically, in formulations with compound in
solid form, e.g. tablets or suspensions, or with polymorph having a particularly high dissolution
rate or solubility, in formulations with dissolved compound, e.g. nail lacquers. The compounds
of the invention are therefore better processable for e.g. large scale tablet formulation; they also
have favourable penetration/permeation properties and can thus readily be formulated into
topical forms, such as nail lacquers. Additionally, they possess good solubility in water and
many organic solvents, a prerequisite for good bioavailability: thus at 25°C, the L-(-)-hydrogen
malate is soluble up to about 12-15 mg/ml in water and > 30 mg/ml in ethyl acetate, as
compared with 6.7 mg/ml in water and 0.7 mg/ml in ethyl acetate for the hydrochloride.
Further, they are non-hygroscopic, thus providing stable formulations while minimizing the risk
of intrinsic chemical breakdown.

They therefore show a unique combination of good processability, good solubility and

non-hygroscopicity which makes them remarkably suitable for the preparation of

pharmaceutical compositions of terbinafine.



- a pharmaceutical conposition conprising a conpound of the invention
together with at |east one pharnmaceutically acceptable carrier or dig N@“EUUS
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- a pharmaceutical conposition conprising the conmpound of forrmula | in
formor pharmaceutically acceptable salt formother than a malic acid
addition salt form whenever prepared froma conpound of the invention; - a
conpound of the invention for use as aypharnaceutical; - a conpound of the
invention for use in the preparation of a nedicanment; - a conpound of the

i nventi on whenever prepared by a process as defined above; - a conpound of
formula | in free base formor salt formother than a malic acid addition

salt form whahevwelenfitiefathetidch@es:a conpound of the invention; - the use of
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the conpositions are adm nistered once-a-day. 8 AUG 2005 -8 The ampunt of
conpouRd thefuselod aicompoundof the invenfiorcimuthe prepamtion.of 2 metieamdemgfoothet 0 what

tent oth t . t,. th d f. adm ni strati .th
? )r(e:'? neﬁltregt;ne%?, rgpg(? gl%l y;s ofa Jlgea.gerses%gc%phble 0 thrcrs?ap% velth t engo%p%urrl 0}' ﬁ)rllm?lﬁq in ©

free base form or salt form, such as fungal diseases;

- aprocess for the preparation of a pharmaceutical composition which comprises mixing a
compound of the invention together with at least one pharmaceutically acceptable carrier or
diluent; and

- amethod for the prophylactic or curative treatment of fungal diseases such as fungal
sinusitis infection or onychomycosis, comprising administration of a therapeutically

effective amount of a compound of the invention to a subject in need of such treatment.

Pharmaceutical compositions incorporating a compound of the invention are
preferably compounded in unit dosage form, e.g. by filling into capsule shells, e.g. soft or hard
gelatine capsule shells, or by tabletting or some other moulding process. Thus unit dosage
forms suitable for administration once or twice daily, e.g. depending on the particular purpose
of therapy, the phase of therapy, etc., will appropriately comprise half or the total daily dose
contemplated. Such compositions may be administered twice or three times a week.

Preferably the compositions are administered once-a-day.



desired. In general, however, it wll be present in an anmount within the
range of fromabout 0.1 %to about 35 % by wei ght based on the total weight
of the conposition. The total daily dosage of active conpound (expregaggjn
free base equivalent) is, for exanple, from about 50 ng to about 500 ng
daily, e.g. 250 ng daily, or 400 ng, 600 ng or 700 ng daily, conveniently
given, for exanple, in divided doses up to 4 tines a day. Unit dosage forns
conprise e.g. fromabout 12.5 ng to abgut 800 ng of conpound of the
invention (expressed in free base equivalent) in adm xture with at | east

one solid or Iliguid ar.maceut | .ac ta arrier or ,diluent. The
conpounds of t ?‘BS tolf gﬁmﬁﬁémgg% té% M :ﬁ{é?%‘rv@gg{ S a!r%(re'%r&ﬁ%e e own
st andawHat dx®nt BBRr ténpotfehits! 426 pLREMOMS modRe alfini BieatRAMnY @6k thédtment
conventional, chenotherapeutically acceptable carriers or diluents and

opt i ondésirgdf Ur gemeral,chonieper ritwill kerpreseahimarsareound vathen theramgeyof frony. i n t he
formof, faqrmylatjon h as tablets and capsul e A preferred tabl et

f or mul él?quéﬁ'lir%é? aﬁ%@é%@ﬁﬁ”&ﬁm%am‘i %@e?ﬂele‘ﬁ?ﬁa@"tge %cgﬂ?)?sé%‘g‘i' g-he gil%‘bl such as
m croc i RSKm Iy QY bl et such
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st ar chatgluy 60 e te,abamds 08 rhg Baily; @, 250 alg dslypegttd®angidtmaoa?@0 ma dailef er r ed

capsul e formul ation _includes a. (;o%{)ound of the inventjon, an inert diluent,
a dri esrryenicAtgvamtfonexample, ip diider doges upitost Hinsea dapol/ait dasagedems vel y,

they %@gﬁeﬁe? ﬁQ)'n? 5]%&?2%2{?% ?og%ﬂc)ﬁt 860 grg Jf@oﬁ?&rﬁ@&{ﬂh%g&%ﬁé&l eﬁbf-grgﬂeﬁ’in €.g.

| oti ons, ons, ol ntne creans,” such'as na

par ent ge@bdsy eqiiivalent) iieNdEixtgt YvithlitdeROMCLH i@k 1iquidpthapidevticAlyastapishie W | |
of course vary, e.g. depending on the conpound of the invention enployed,
t he treuripeontdilyent red and the nature of the formor fornulation used. In

general, satisfactory results.are..obtained. n.e g...topical fornmul.ations at
concentrations ?CW%W(Q%SH}’%{I VEngop glag&%fmﬂ)‘ S@%ddggﬁ?@%lnéw tf’ﬂ%l&wgbout
0.5 % §iandb@Uor dseith suEiSRAfchbhy about 1 % by weight. Wth the present
invention there are thus al so provided novel terbinafine conpositions

cont ai ni ng t heThoynpaubriadniked math qpnzentional, whemotherapeutisally agssptableicatrieys r educe
E Egyd%iﬁ%h{s%?xa olg{lj%béry . fri_eggiptler}x sr, ahd agrimtnri]s err% e.%f‘%r%ﬂ?,t ee."é.eirq "(heI irgng%rt:t Feular
formulations such as tablets and capsules. A preferred tablet formulation includes a compound
of the invention, a compression aid such as microcrystalline cellulose, an additive to provide
sheen to the tablet such as anhydrous dibasic calcium phosphate, a disintegrant such as sodium
starch glycolate, and a lubricant such as magnesium stearate. A preferred capsule formulation
includes a compound of the invention, an inert diluent, a dried disintegrant and a lubricant as
described above.
Alternatively, they may be administered topically, e.g. in the form of formulations,
e.g. lotions, solutions, ointments or creams, such as nail lacquers, or parenterally or
intravenously. The concentration of active substance will of course vary, e.g. depending on the
compound of the invention employed, the treatment desired and the nature of the form or
formulation used. In general, satisfactory results are obtained in e.g. topical formulations at

concentrations of from about 0.1 % to about 10 %, particularly from about 0.5 % to about 2 %,

especially about 1 % by weight.

With the present invention there are thus also provided novel terbinafine
compositions containing the compounds of the invention which meet or substantially reduce

the difficulties in terbinafine therapy hitherto encountered. In particular they may contain



terbinafine in sufficiently high and constant concentrations to permt
conveni ent oral once-a- day administration, while at the same tinme aghhgviird
i nproved safety and tolerability in ternms of fewer Adverse Events. Thus the
present invention enables reduction of terbinafine treatnment tinmes required
to achieve effective therapy, reducing the exposure tine to terbinafine and
improving the global safety profile. ¢.n addition it allows closer

standardi zation as well as optim zation of on- going daily dosage

requir nts f.or bj e i ne_thera as wel |
as forteeaggﬁsf% 18?“@?{6“ IXSH Wt erdg(glgaﬁscoélggr:ﬁ{/ag ghie f‘?‘11%%tac 0y B enté’lr%}s?g’ c-a-

st andagfi #alihidfRatidn, whildia¥ tHésaimeRhé SdieviReindiewdd @fé@%m&ablﬂwgém
paraneters for particular patient groups as well as monitoring requirenments

may beoffeweradyershbiverdubst anti al 'y reduci ng the cost of therapy. Further
phar macoki net i roperties of har ceuti ns _coptai ning the
conpounds of tﬁé‘P' ﬁggﬁ?’ﬁﬂnm Bén%?seﬁﬁﬂ?‘ﬁ@&ﬁ&g h &ﬁa%f‘ﬁwe%nd hunan
phar @lveaRirhp{, Yeddcidths exfdlre AR £ L

phar% ngil%?m{e?%gﬁy ; reb}t(’:gr(%l ec?a{jh ex}Fn heal t hy %ﬁﬁ%@rﬁ?gﬁg&gmg
non- s mhkighabal/sifetp pecile. hgatﬂlthxm ivatows 8loser stdndyrlaration hawiell gs wptiizatidf % of

t he i deal body wei ght. The trial y .be_a singl e-dpose crossover

appl i cof-BYRE drhedesisg @eapgealﬁgtsé Ml@aﬂ Fuppesureseiiing, tei%vr@éaeélmye@ are
taken ”;@ i a

phar maceu? %{:oééroui)s oogatfei]ngsn co lbﬁ%ﬁh np‘gc?E d)a g@ %}ﬁgaﬁjiii%{c/ﬁz%p ?Igéfand

t est edlnﬁbzﬁddae’phlidm&fhei’@euﬂ'efdghxﬁaﬁs ﬂesalglngqﬂmneta’sa‘smmﬂmqﬁﬂbm@rom&smy be
determ ned in conventional nmanner, e. HPLC WV or LC- M5 angﬁ_ytl cal

t echni vqalégs mgaftering jequireraes| H@dd?@ﬁé‘iﬂ?@d:ttbuﬁas@ﬁt&ﬁ@fdlr}’deéwﬂie§95t sed on
Advers Event synptons after 1 week. Preferably the dose of terbinafine
salt 8%, 600 or 700- 800 ng of base equival ent per day. The safety of
terbi nafl ne atFgieP pRarfRSEkiAVRS propertish of phaamh@dutiodl coffpokifiead mlmhg

remar kabl e. The oraF conpositions of the invention preferably exhibit a C
of 1006(261@11%15 ef tbe imEotias maybesicteringneddn siandasg apsanl and hnmenh at e rel ease

terbln i ne c.hl or. adm |s Ie dose
bl oS asel OB e S Gitabiich AR T Exdinmfighe apdest By B PnBicRHEIREC:
drug sid &rﬁ&ﬁoﬂ% he12558AE bAtnMle ﬁwdfneﬁmg%hﬁweeﬁsadgreu%n@eh 18@& a95eiRg to
the sane principles aS set out for the above-nentioned standard

phar meleaylinggwithin 20t%iod ke, idFalbody aveighé. dhe triahimylbetarsingle-duse dyessefdrect ed wit h

daily gp% 1|cz?tg)n0fTh%%u %gtlstalre dSmiciled for 24 hours. Blood samples are taken for 1, 2, 4, 8,

16, 32 and 72 hours after administration of a pharmaceutical composition containing a
compound of the invention and tested for terbinafine. Terbinafine blood or plasma
concentrations may be determined in conventional manner, e.g. by HPLC/UV or LC-MS
analytical techniques. Safety is judged according to a standard checklist based on Adverse
Event symptoms after 1 week. Preferably the dose of terbinafine salt is 400, 600 or 700-800
mg of base equivalent per day. The safety of terbinafine at such a dose over the short duration
of treatment is remarkable. The oral compositions of the invention preferably exhibit a Cp,ax
0f 100-250 %, e.g. 100-150 %, of that shown by 250 mg immediate release terbinafine
hydrochloride tablets, e.g. administered as a single dose and/or in the steady state, e.g. once a
day for 7 days.

Pharmacokinetic drug skin and nail concentration studies may be carried out
according to the same principles as set out for the above-mentioned standard pharmacological
trials. For example a clinical trial may be effected with daily dosing of compositions

containing a compound of the invention over a 3-week treatment period.



contai ning a conpound of the invention over a 3-week treatnment period. 8 AUG
2005 -10 Tabl ets contai ning the conpounds of the invention are usefuI8E862%5
the sane indications as for known inmedi ate rel ease terbinafine
hydrochl ori de tablets. The utility of conmpounds of the invention nay be
observed in standard clinical tests or standard animal nodels. For exanpl e,
one can ascertai n dosages of conpositheps contai ni ng a conpound of the

i nvention giving AUC plasma | evel s of 'terbinafine equivalent to AUC pl asma

| evel s giving t her apeut i%Feffect on _admi ni stration_of known terbinafine

hydrochl ori de i?@?tsﬁ%t&ﬁ’é‘%‘ rempeungs of theigygntion ars.usefill éanthe éare conposi ti ons
cont ai gj A C L L On: J I a DI leSi ngl y
el | -t B e i B R e e S ey

pr ovok eothpyviids Adurrinentive iiay balobsereal indmndasltctinRal rasts br SRR@IP8 afiaiist r at es
such as nortriptyline, desipramne, perphenazine, netoprolol, encainide and
pr opaf Bedele. Far examplarione qanjasgpitan gpsagas pbedrmposisions aentainingd epmpound of the

pl acebg-contraolle u e..g. . be.ef fected w bj ect s ;havin
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hundred patients to ascertain the freedom from Adverse Events. However,

t her apetabia. hhinteeyticaheympsitind gonteingigavwonipound ofithe invenhioR Brepprrtieiarty aged
over 12 years. Safety is evaluated, by an , Adverse Event report of clinical
aspect Sndapeinely ngl-gswgr.at?ér Fith Skgpeq © thE SR Baely mentoResadgye. el ¢ ur e
proced i } 1 aSH: i j S seen in
B B R e o - N
Tr i chopdyitistpline désigrampiey perpharndine Fpéetd prodal pdrychinidefand peeysafenonPat i ent's i ncl ude
those with predi sposing factors such as inpaired blood circulation,

peri pheral neuropathy, diabetes nellitus, damage fromrepeated m nor

trauma, and |ig i efect \ 1 ve (1) distal
| ateral cubungtr s AHIELEH oo tEhlrols P PicebELb RO By g
proxi nalgl ye éffectdiiewitiabdbjdreshamtt ¢rBthdnfycosis of )hetbenailrhfishddbiomRroscopy
onychonycosis, wherein the fungus infects the cuticle and eponychium to
reach ambculre. i Kreahmeant is qartigscotwyerehbwesksd Glinicel trials mayi be ¢ffested iz adysraince,
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eval uahg airfadyR%BHWh HNRals RN ES pienfSagdBDvEr RgkaRer Rifty iCONRRMI Bidons of

terbinafine in the nail may be evaluated fromnail clipping followed by
anal ysAdverse Event report of clinical aspects and vital signs. Efficacy is determined by microscopy,

culture procedures and visually looking at signs and symptoms. Efficacy is seen in patients with
the fungi described above, especially Trichophyton rubrum, Trichophyton mentagrophytes and
Epidermophyton floccosum. Patients include those with predisposing factors such as impaired
blood circulation, peripheral neuropathy, diabetes mellitus, damage from repeated minor
trauma, and limited immune defects as well as AIDS. Patients have (i) distal lateral subungual
onychomycosis, starting at the hyponychium spreading proximally to the nail bed and matrix,
(ii) proximal subungual onychomycosis, wherein the fungus infects the cuticle and eponychium
to reach the matrix where it becomes enclosed into the nail plate substance, (iii) total dystrophic
onychomycosis, and (iv) superficial white onychomycosis. If desired plasma concentrations of
terbinafine may be evaluated in conventional manner or as described herein. Concentrations of

terbinafine in the nail may be evaluated from nail clipping followed by analysis.



8 AUG 2005 -11 Explanation of the Figures: Figure 1: Schematic
representation of a Franz cell. Figure 2: Penetration/perneation assa%:h Bg 05
anount recovered in receptor chanber (in ng) vs. tinme (in hours) w't l_{ /U
terbinafine-(L)-(-)-hydrogen malate solution: black squares: no occlusion
conditions; black dots: occlusion conditions. Figure 3: X-ray powder
dlffractlon pattern with terbinafine Ly{-)-hydrogen nalate polynorph formA
(Exanples 1 and 3). Figure 4: X-ray powder diffraction pattern with
terbi naf i dr.ogen mal ate pol ynorph form B (Exanple 2). Figure 5:
e alla LTy ¢ HgHSattern with terbinafine D-(+)-hydrogen nal ate
(Exarrple 4) Fi gure 6: X-ray powder diffraction pattern with terbinafine
DL-()-hydrogen nalate (Exanple 5). In Figures 3 to 6: cps = signal
i nt ensiFiguteburSchemeatic epessantptioDefn Franaegl. e of diffraction (degrees). The -
follow ng Exanples illustrate the invention. Al tenperatures are in degrees
Cel si usFignre2: Penglrationgpesmeation %ﬁ%ﬁpﬂf@um reveyesedh B feeeptor ¢haynbay Gp 8gkn mmal at e

I h f 1 5 b d 6.79 50 65
ol £0) e (- - i e S e TR L S g et siient; &t 6
The sol ution i &RAGRske$:Ond oddlskis QMdiowst al I i sation takes place. Aft er 2

days standing at 4 only a few crystals have precipitated. The nixture is
then stirred atbl@®k dats eoccBislomposditivng.ri ng the thick suspen5| on is diluted

with 50 . m o hyl acetate. . The m xtu Filtration is very
o ow. ek Xenhls Grarioppmer it farbatne i Adsdmeen ke or i ed At 20 |
10 nbar for 20 Al (g OAH&j?InfOI’mAIS obtained (fine white
powder; m p. é%%&P g&ﬁty( gam?g‘{mi ne )hanol , ethane/water 2:8 v/v, and
ethyl auighpd® X-38 pawder diffractie witternl Ritherbihdfined-AYGydfiden malate

polymorph form B (Example 2).

Figure 5: X-ray powder diffraction pattern with terbinafine D-(+)-hydrogen malate
(Example 4).
Figure 6: X-ray powder diffraction pattern with terbinafine DL-(+)-hydrogen malate
(Example 5).
In Figures 3 to 6: cps = signal intensity (counts per second); Deg. = angle of

diffraction (degrees).

The following Examples illustrate the invention. All temperatures are in degrees

Celsius. m.p. = melting point.

Example 1: Terbinafine L-(-)-hydrogen malate (polymorph form A)
15.54 g (53.32 mmoles) terbinafine base and 6.79 g (50.65 mmoles) L-(-)-malic acid are

dissolved in 125 ml of ethyl acetate at 60°. The solution is cooled to 0° and slow crystallisation
takes place. After 2 days standing at 4° only a few crystals have precipitated. The mixture is
then stirred at 0°. After 8 hours stirring the thick suspension is diluted with 50 ml of ethyl
acetate. The mixture is filtered. Filtration is very slow. The cake is washed with 60 ml of ethyl
acetate at 0° and dried at 50° / 10 mbar for 20 hours. The title compound in form A is
obtained (fine white powder; m.p. ~96°; solubility at 25°: in ethanol, ethane/water 2:8 v/v,
and ethyl acetate > 30 mg/ml; in water ~12 mg/ml):



-12- Elenentary analysis: H 3.29 %\, 18.80 % Cale.: 70.57 % C, 7.34 %
Found: 70.35 % C, 7.39 %1 3.13 %\, 18.94 %% X-ray powder diffraction
pattern: see Figure 3. Exanple 2: Terbinaline L-(-)-hydrogen nal ate 8 AUG 7005
(pol ynorph form B) 200.0 g terbinafine base (686.2 nmoles) and 92.02 ¢ ‘
L-(-)-malic acid are dissolved in 1500 ml of ethyl acetate at 60. The clear
solution is then allowed to slowy cool down. 29.2 g terbinafine
L-(-)-hydrogen nalate form B seed crygtal s (obtai ned as descri bed
hereunder) S added at 32 and the suspension stirred at room tenperature

(20- 25 W.s. The mxture is then cooled to 3 over 2 hours and
stirre gg Ql 9'-3 he resultant precipitate is
filter E} %g{g %"rgé’@% g 10 rrbar for 20 hours. The title
conpou 8‘"?41 ? i tl -96; solubility at 25

in wat ef Jp%“mg( ac[tﬁ]]égtéjg. §§%gf%%3 +7 2 in rret hanol) (as a control of

t he p05| PiRe ro I on Salt obtained is dissolved in 2 nil of
nmet hyl ene chlorlde 3 nil NaOH 0.2 Nis added, and the rotation val ue of
the aqueous phase containing free L-(-)- nallc acid is neasured: a20 = -

0. 134 m ; v - 34 %1 3.29% N
18. 800/%‘—%@2%% 4 ay powder

diffraction ZQQOtgetléfbm:ﬁ'ﬁe bEseqase 24nm($e§)cbnammag B,—(O)f mhliy #0iBarrdsselbdimed as
follows: 19.57 g terbi nafi ne base and 8.55 g L-(-)-malic acid are dissol ved

in 16015@06110@@ Ylacetateet §02 Fhe gloar sohuionds men@Howgd thdewbowokdown 25 over a
peri od f our, ded w r bi (-)s gen nal ate
(form 31? “é“lﬂé’eiﬁﬁj‘%\ﬁ 8%&"’6@@ I?’f’gg}dsee Eiﬁi) ifainedtzﬁ %@g& tant m xture
is all %‘f%dnde?) R hade S0P &ﬁ@dxe%\d?deﬂb@ﬁ%tufr@d at]rgoﬂﬂk!ﬂa?eraid}é'@zﬁbsw)‘f& stirred at
roomtenperature; the resultant gelatinous mxture is warned to 50 and the

r esul t 2@thoutsedihe namﬂum1scbh1entdmeteddodl°e>de1tZ)h@frsarxdismmatfmlrét}mﬂrsmjahat with 10 ng
terbi nafine-L-(-)-hy dro en nm| at e rystals; the mxture is allowto
rest f&MPEIHIFs T)a‘xer tteﬁeeateﬁ eﬁfét ﬁmcrﬁt?lmﬁr@w at 50° and 10 mbar

for 20 hours. The title compound in form B is obtained (white powder; m.p.: ~96°,

solubility at 25° in water: 15 mg/ml; [0]® at 365 nm = +7.2° in methanol) (as a control of the
positive rotation value, 100 mg salt obtained is dissolved in 2 ml of methylene chloride, 3 ml
NaOH 0.2 N is added, and the rotation value of the aqueous phase containing free L-(-)-malic
acid is measured: o = - 0.134° at 546 nm):

Elementary analysis:
Calc.: 70.57 % C; 7.34 % H; 3.29 % N; 18.80 % O
Found: 70.54 % C; 7.37 % H; 3.26 % N; 1875 % O

X-ray powder diffraction pattern: see Figure 4.

Seed crystals of form B are obtained as follows:

19.57 g terbinafine base and 8.55 g L-(-)-malic acid are dissolved in 160 ml of ethyl
acetate at 50°, the solution is then cooled to 25° over a period of 1 hour, and seeded with 5 mg
terbinafine L-(-)-hydrogen malate (form A) crystals obtained as described in Example 1; the
resultant mixture is allowed to stay unstirred overnight for 18 hours, then slowly stirred at
room temperature; the resultant gelatinous mixture is warmed to 50° and the resultant clear
solution then cooled to 25° and inoculated again, with 10 mg terbinafine-L-(-)-hydrogen malate
form A crystals; the mixture is allow to rest for 3 days at room temperature without stirring.
The resultant mixture is then gently stirred again and crystallization slowly sets in. After
24 hours further stirring at room temperature, the mixture is stirred for 3 hours at 3°, filtered

and dried. Crystalline terbinafine-L-(-)-hydrogen malate form B is obtained.



The resultant m xture is then gently stirred again and crystallization
slowy sets in. After 24 hours further stirring at roomtenperature, gﬂﬁﬁ?ﬂ%
m xture is stirred for 3 hours at 3, filtered and dried. Crystalline

terbi nafine-L-(-)-hydrogen nmalate formB is obtained. 8 AUG 2005 -13 Exanpl e
3: Terbinafine L-(-)-hydrogen mal ate (pol ynorph formA) 400.0 g terbinafine
base (1.3725 noles) and 180.34 g L(-):-mmalic acid (1.3450 noles) are

di ssolved in 3200 m of isopropanol at 35. The solution is cooled to 25 over
45 mnutes and seeded with 5.72 g terbinafine-L-(-)-hydrogen malate formA
(obt ai ned as described in Exanple 1). After 27 hours stirring at room

t enper dxansple Be Terlsikafine do(9ihydrogenf mhlate dpolynferph fesma) i s sl ow. The
crystals are washed with 500 m of isopropanol and dried at 50 / 15 nbar

for 24 hour ﬁooﬂfﬁe}ﬂiﬁéﬁe%ﬁﬁﬁmsirﬁbléﬁlraﬁﬂ4\8034%%@-&1@1&% 4didl (344U ﬁ]@leEbOn‘é"?%rf

mp. --96; solubility at 25: in ethanol >50 nyg , ethylacetate >30
i n wat ere dissbPvedur 8200 ml &f isopnopamo) abdFHl yiesoluliofdd croledn®. 257 oMertS whirBuesdo H;
3.29 % N; 18.80,% Found: 70,47 %%7.12 %H 3.4 8.60 99 X-ray

r

powder 3l siedad tith . a8 tabialineele-(Prliydroges matate fo z(g%t%ﬁéiaﬁéfscrf d
ol es ) B ERAl s s HigRgal SR Fper B e BICRRIRRAET el 80 “The

cl ear SltratioOR siow. alheooi®stalk aresivashed wihA00daMST isopépaablaritidried at 50° /

terbi naf i me-D-(+)-hydrogen nal ate seed crystals (obtained as described
her eundérmpbar ifer . afheptitle epropound in formt Ads pltained kiene whiteeoveded; t he ni xture

is stirred or te rature Q-2 far 63 ho . e. thi.ck suspension
5 711 cePedi oy AR 3 bt 630 e SRRl i e R g\ L 20 i
of ethyl2agHite and dried at 50 / 10 nmbar for 20 hours. The title conpound
is obtained (mp. -96; solubility in water at 25: -7 ng/m, supersaturation;
[ a] 20atElemddbargmnalysisi. 0 i n net hanol ) (as a control of the negative rotation
val ue, Ca): MY.5596tC;003400HI3.29 HING8/80e O N 2 nl of nethylene chloride, 3 m

NaOH O.-Fguhl:i7®.A08& 7. 8% 11409 & 18%0vBl0ie of
X-ray powder diffraction pattern: see Figure 3.

Example 4: Terbinafine D-(+)-hydrogen malate
8.70 g (29.8 mmoles) terbinafine base and 4.00 g (29.8 mmoles) D(+)-malic acid are

dissolved in 100 ml of ethyl acetate at 50°. The clear solution is allowed to slowly cool down
and 254 mg terbinafine-D-(+)-hydrogen malate seed crystals (obtained as described hereunder)
is added at 25°. Slow crystallization takes place and the mixture is stirred at room temperature
(20-25°) for 63 hours. The thick suspension is filtered. Filtration is very slow. The filter cake
is washed with 20 ml of ethyl acetate and dried at 50°/ 10 mbar for 20 hours. The title
compound is obtained (m.p. ~96°; solubility in water at 25°: ~7 mg/ml, supersaturation; [a}* at
365 nm = -7.0° in methanol) (as a control of the negative rotation value, 100 mg salt obtained
is dissolved in 2 ml of methylene chloride, 3 ml NaOH 0.2 N is added, and the rotation value of
the aqueous phase containing free D-(+)-malic acid is measured: a* = +0.137° at 546 nm):

Elementary analysis:
Calc.: 70.57 % C; 7.34 % H; 3.29 % N; 18.80 % O
Found: 70.42 % C; 7.45 % H; 3.20 % N; 18.92 % O

X-ray powder diffraction pattern: see Figure 5.
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A suspension of 8.70 g terbinafine base (29.8 mmoles) and 4.00 g DL-malic acid

(29.8 mmoles) in about 70 ml of isopropanol is heated to 80° and a clear solution is obtained.
The solution is allowed to slowly cool down. 10 mg terbinafine-L-(-)-hydrogen malate
(polymorph form A, obtained as described in Example 1) are added at 25°. The mixture is
stirred for 7 hours at room temperature. The resultant precipitate is filtered and the filter cake
is washed with 30 mi of isopropanol. The crystals are dried at 50° / 10 mbar for 20 hours.
The title compound is obtained (white powder; m.p. ~107°; solubility at 25°: in ethanol
>50 mg/ml; in ethyl acetate ~17 mg/mi; in water ~7 mg/ml):

Elementary analysis:
Calc.: 70.57 % C;7.34 % H; 3.29 % N; 18.80 % O
Found: 70.49 % C; 7.36 % H; 3.16 % N; 18.82 % O

X-ray powder diffraction pattern: see Figure 6.
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with malic acid.

2. A compound according to claim I in the form of the L-(-)-hydrogen malate.

3. A process for the preparation of a compound according to claim 1 which comprises
reacting the compound of formula I in free base form with an appropriate malic acid form

and recovering from the reaction mixture the resultant salt.

4. A pharmaceutical composition comprising a compound according to claim 1 together
with at least one pharmaceutically acceptable carrier or diluent.

5. A pharmaceutical composition according to claim 4 which is a formulation in the form
of a solution.

6. A pharmaceutical composition according to claims 4-5 which is a formulation in the
form of a nail lacquer.

7. A pharmaceutical composition comprising the compound of formula I in free base
form or pharmaceutically acceptable salt form other than a malic acid addition salt form,
whenever prepared from a compound according to claim 1.

8. A compound according to claim 1 for use as a pharmaceutical.

9. A compound according to claim 1 for use in the preparation of a medicament.

10. The compound of formula I in free base form or a salt form other than a malic acid
addition salt form, whenever prepared from a compound according to claim 1.

11. The use of a compound according to claim 1 in the preparation of a medicament for
the treatment of diseases susceptible of therapy with the compound of formula I in free
base form or salt form.



