Purification process The invention relates to a
purification process for an allylam ne pharnmaceutical.
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concentrations may be toxic to the fungus. The spectrum of activity of terbinafine in vitro
embraces all dermatophytes of the genera Trichophyton, Epidermophyton and Microsporum.
The mean minimum inhibitory concentrations for these dermatophytes range from 0.001 ug/ml
to 0.01 pg/ml (Science 224 [1984] 1239-1241). Terbinafine is also active in vitro against
molds and dimorphic fungi, and against many pathogenic yeasts of the genera Pityrosporum,
Candida and Rhodotorula.

The structure of terbinafine is as shown in formula I

CH,

CH;N— CH;CHé)CH—C =C—C(CH,),

99 !

and its chemical name is 1.a.

(E)-N-(6,6-dimethyl-2-hepten-4-ynyl)-N-methyl-1-naphthalene methanamine.
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npounds, e.g. the ether e
pressure (0.05 mm Hg), as well as upon renewed distillation at 81-85°C and 0.03 mm Hg.

Further, the enediyne (Z,Z)-3,7-decadiene-1,5,9-triyne readily polymerizes when neat, and
solutions thereof thermolyse at 170-190°C to give naphthalene, while the thermolysis of the
corresponding (E,Z) and (E,E) isomers gives other products or a polymer (J.Am.Chem.Soc.
114 [1992] 3120-3121).

Further, isomerization of conjugated enyne compounds, e.g. the ether
CH,CH=CH-C=C-CH,0C,Hs to the corresponding 1,3,5-triene compound may be
accompanied by considerable polymeric residue after distillation, resulting from accompanying

1,6-elimination of ethanol, while replacement of the -OC,Hs group with an amino group

results in aromatization (Van-Dongen, J. et al., Recueil Trav. Chim. Pays-Bas 86 [1967]

1077-1081).
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Heating time By-product 1 Z-isomer Unchanged E-isomer
(h) (area-%) (area-%) (area-%)
0 0.09 0.25 97.6
7 0.57 0.34 96.6
23 0.92 0.45 94.7
32 1.20 0.52 92.0

By-product 1 = (methyl)(naphthalen-1-ylmethyl)amine

On the other hand the product solidifies already below 43°C.

One would therefore normally refrain from effecting operations requiring substantial
application of heat when working-up a chemical compound with such an unusual structure,
particularly when this is associated with limited thermal stability, especially in large-scale

operations, such as in the industrial production of a pharmaceutical. For example, in
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The process of the invention is particularly useful for separating terbinafine from
contaminants, e.g. metal contaminants resulting from its chemical synthesis, e.g. from
catalysts, such as copper and/or, in particular, palladium contaminants, particularly for
reducing or eliminating contaminants resulting from synthesis in accordance with or similarly
to the processes described in e.g. Banyu EP 421302 and/or Dipharma EP 1'236'709,

e.g. by reaction of (E)-N-(3-halo-2-propenyl)-N-methyl-N-(1 -naphthylmethyl)amine
(compound of formula IV of EP 421302 wherein R" is methyl, R?! is 1-naphthylmethy! and
W is halogen, e.g. bromo, preferably chloro), with 3,3-dimethyl-1-butyne (compound of

formula V thereof, wherein R is tert-butyl) in the presence of a paliadium and/or a copper
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Int ure.
intended to purify, as well as cyclical processing, with corresponding improvement in yield of

purified product. Further, thickness of the material on the evaporator wall is reduced, allowing
lower evaporation temperature and shorter residence time. Very efficient separation from
contaminants is achieved thereby, without need for further purification steps such as by
chromatography or recrystallization, or using large amounts of charcoal.

Thus, starting from a raw terbinafine base product containing for example from about
10 ppm to about 200 ppm, e.g. about 50 ppm palladium, and/or from about 10 ppm to
about 100 ppm, e.g. about 30 ppm copper, one-step short path distillation results in a product
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palladium and/or more than 1 ppm copper, and the resultant purified product contains less

than 2 ppm palladium and/or less than 1 ppm copper;

- aprocess as defined above wherein at least 5 kg purified product in free base form is
prepared per distillation batch or run, preferably at least 50 kg, especially at least 200 kg;

- aprocess as defined above wherein the crude terbinafine in free base form is prepared by
reaction of (E)-N-(3 -halo-2-propenyl)-N—methyl—N—(1-naphthyhnethyl)amine with
3 3-dimethyl-1-butyne in the presence of a palladium and/or a copper catalyst;

- purified terbinafine in free base or acid addition salt form whenever prepared by a process
as defined above; and '

- terbinafine in free base or acid addition salt form comprising less than 2 ppm palladium
and/or less than 1 ppm copper, whenever obtained from a crude product in free base form

comprising more than 2 ppm palladium and/or more than 1 ppm copper.
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Example 1: Batch distillation (laboratory scale)

100 g of crude terbinafine base containing 0.3 area-% of (methyl)(naphthalen-
1-ylmethyl)amine (by-product 1) are mixed with 20 g peanut oil and the mixture is heated to
142° at 0.3 mbar pressure (jacket temperature 190°). After 2 hours, 96.4 g of purified
terbinafine base as a yellowish distillate and 21.4 g of a dark brown residue are obtained. Due
to the thermal impact during batch distillation (2 hours at 142°) the distillate contains
about 1 area-% of (methyl)(naphthalen—l-y]methyl)amine (by-product 1) as determined by
gas chromatography (experimental conditions: as for Example 2).

For large scale production the distillation time and the thermal impact would be
considerably higher. As a consequence a significantly higher concentration of by-product 1

_can be expected unless the distillation time is kept short, such as with e.g. "short path"

distillation.

The crude terbinafine base used as a starting material is prepared by reaction of
(E)-N—(3-chloro-2-propeny1)-N-methyl—1—naphthalenemethanamine and 3,3-dimethyl-1-butyne
in n-butylamine and water in the presence of catalytic amounts of copper(Diodide and
bis-(triphenylphosphine)palladium(Il)-dichloride along the lines as described in Example 13 of
EP 421302 A2, but without submitting the resultant product to silicagel chromatography.
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(met hyl) (napht hal enl - yl net hyl ) am ne (by-product 1)
are mxed with 20 g peanut oil and the m xture is
heated to 142 at 0.3 nbar pressure (jacket tenperature
Examplt29)Shot path distillation gaﬁoﬁtmaﬁa@pri fied terbinafme
_"_p_ﬁ'se as a yellomsh distillate and_.4 g of a dark
Injgregwmmereie] thile-fidineveansraiohtpm bgbaldy Homeus fanbiy Hanapdermany:

. duri ng bat ch, di stilt ati . .
damereSEABRARLETL S Ehb A SOl s plesli 02 mba
Teflon® &8t By490(panht/bal @idd tepbiiing bhje(Prdparddus-desibed in Example 1

det er m ned b%ggas chr omat ogr.ag]r}y_ (ex%(‘eiri ment al )
above) aro miked with 8.%g peaswt gt anghths TEikturgirheatedda SQc gt fer evacuation of

roduct i the dj.stil.lation ti . .
e o AP 30 5 b By HGAEoh G L1 s i i
temperafurs z8f% (jAdkaniehpehit@Babogantesthearbiafiaé bing-iphemetto the boiling
can be éxpected unless the distillation time is kept

point fos hulyta, fewsebondls. Viften 2dwogrs, 15he (25 Paphpurfied terinafinghase as a
yellowi&cﬁﬁtﬁiagg}%ec&)?%glecp g‘;&)dn% ig%ggtﬁxlﬁf'n%geda With'1 Sp&)?lrl b%ﬂgdlﬂﬁ'} £d18¥s than
1 ppm éﬁpﬂ\* {Re ERLRICAT Rty QTR didrIbhETRIgRY6 P/ ebih b et eTileh Brisomer)

ne and 3, 3-dinethyl -1 -butyne in n-butyl am ne and
as determabeskbyi gastcheomategreplne(tHT-1 calvainy ciosslinksd methyd siloxane; length

o SR b 8 ARSIV P
(FID) te%’;lpoegﬁgrt%})geiipﬁ%mr *i’éiflpéi\ﬁthfb%mﬁ%%ﬂahhe grddi@it 56541 370 theating

cagel” chromat ogr aphy. Exanpl e 2; Short
rate 20%min). @i sdditibml 0.61g dfldidtiblativroregidec ah@d .4 mo%mumf@bbmte were

obtaineqtiiglrﬁg«‘;ﬂ gﬁl&g% ggx?sri%sg %{q@g}fé{;fo g}h étgfrl d éﬁf{ﬂ%ﬁ#ﬁé%@éﬁﬁwoduct 2).
ThE 0 Fhll ?fﬁj{oy' dﬁeﬁa;rﬁgﬁébﬂe as QeteRhfied By Sadetdomoraphe id /0
rotor a O rpm g crude terbinafine base

followsf pr epared as described in Exanple 1 above) are m xed

with 8.9 g peanut oil and the mxture is heated to 50.

After evacuation of the whole systemto-0-—2 fabar——

distillation starts by sl owB§om &pilatignt he Mtsidistdlation

into the high tenperature znulefroductt t enp@repipduct)

160) --wher-e-the-terbi-nafi-ne-base-+s--heat-ed-+o--t-he----—-----—--—------
By-pro@iRk hi(ax@agy nt for only a few seconds. After 2 hoods,

by_prod]uzglzgarga‘i%)% of purified terbinapimne base as a 02

Z-isomer (area-%) 0.3 0.3
E-isomer (weight-%) 95.6 98.6
Pd (ppm) 177 1
Cu (ppm) 19 <1

Example 3: Short path distillation (industrial scale)

Distillation of crude terbinafine base is carried out in a fine vacuum distillation apparatus
(UIC GmbH KD 150) using short-path distillation with two serial evaporators. Hereby the
material is constantly fed and distributed to the inner surface of a vertically oriented

evaporator. As the liquid flows downward, an axially arranged roller wiper system distributes



yell ow sh distillate is obtained, which is

contamnated with 1 ppm palladiumand |less than 1 ppm
w@oppme148The chemcal purity of the distill at ePCHEBRBNE009587

% terbinafine base (i.e. E-isoner) as determ ned by

gas chromat ography (HP-1 cglum; crosslinked nethyl

siloxane; length 30 m filmthickness 2.65 m; colum

i.nt er, di a
oo LA PR B 0P 2o
method ﬁl@% gbdlices Bsthdhembxifint evapotitioneanpagturaiel tA6 tesidence time

In addition 10.5 g of distillation residue and 0.4 ¢
athlght@hpemtuml y sublimate were obtained. The sublinmate

consj.st i nl 2.2,.7 - - di
TGRS et i€ aG s AR C B Safi e base

_intemaﬁﬁ]ﬂ[eafqggﬁlﬂ gm[gy7g<as chr omat ography is as follows:

- internaPRAAQ & c%I%J LR a%ketdirﬁﬁ br{e@idu@wrsude product)
- upper l'ire gefrn Q’oneo/g 00,0. 1 0. 1
_jacket -| sorrer (area-% 0.3

: 956986Pd(pprr) 177 1 Qu
A.? gapof:thé \n@éﬁer?bﬁraﬁ}s feh@hptimas Andélsidlinkat thomaximum vacuum

ustrial scal Distillation of crude terbinafine
of both mperams sdiichi o beutached by therdiffusion pwngs israheeked; on

at us | C 11 usi ng short-path
-before@pgfl%tpq %‘iapé*‘i‘t%ltef‘??ﬁge 5'?%1 evaporators. Hereby the
- before gy eRATAtEr 2i s consté )9 mabfrand distributed to the

- after evaposatosir f ace of "a7vé|0t |n@'%ﬁrly ori ented evaporator. As

S B S R RN B0 i ben

Exampl\Mi' a‘BBvé)Sanﬁqaﬂ@ﬂehﬁm 611>i§ﬂleﬁ$1&ﬁsf€rrgdl tethe fadding tgnint Tlaae peanut oil
distill'ation method therefore reduces both the max
will ensexedipatr izt ¢rosts Me}hbéﬂétlpl sidgribe eyapoFatensd gﬁé goQlingdrap1s ﬁﬁ%ﬁ?wﬂh a

i RS i R AR TR s

adjusted AU6110%S;

- jacket of the residue receiver: 40°;

-

- jacket of evaporator 1: 120°;
- condenser of evaporator 1: ~ 50°;
- jacket of evaporator 2: 155°;
- condenser of evaporator 2:  45°.

The internal temperature of the main receiver is set to 50° as the melting point of the
product is around 42°.

When all temperatures are reached the crude product is fed to evaporator 1 with a flow of
about 1.5 /min. The distillate (rest of solvents) of evaporator 1 can be collected in the gauge
as its volume is small. The residue of evaporator 1 is transferred to evaporator 2 to distill the
crude base, which is collected in the heated main receiver (1.4 I/min) as a yellow liquid.

When all the crude mixture is distilled (around 11 h) the residue of evaporator 2 is
transferred to the feeding tank and distilled again. Thereby the jacket temperature of
evaporator 1 is reduced to 110° and the jacket temperature of evaporator 2 is reduced to 140°.

After the distillation of the residue is completed (around 2 h) the new residue will be
cycled through the evaporators until the flow of the product has reached around 0.2 I/h. Before
the cycling can be started the jacket temperature of evaporator 1 is reduced to 100° and the



- internal limt of product receiver: 80; jacket limt

of residue tank: 80; - upper and lower internal limts
wo@booswapss ators 1 and 2: 100; -jacket |imt of PCI/EP2004/009587

evaporators 1 and 2: 160. After control of the whole

apparatus for enptiness ang_cleanliness the nmaximum

vacuum of both evaporators which can be reached by the

diffusi ' 3 : e
contns 0 B ol 45 1, g s

distillateoeRothed Qarkerbar ; - after evaporator 2: 4.7 x 3 nbar. A

m xture of 872.5 kg crude terbinafine base, (prepayed
Atghepedyolide ;ilsaélam@fvm@&&bpw Beahpihe appapwHs & reéﬁ%ae({ﬂﬁt}h

. k t.oil is th / f ' t .
sivosenRGER g ok ISR ) 39 e
taken anamtlér:] Bintierrt BRI MEAP TRt tSical irityadithefied baap is 97 ¥4 bi Righer

W

a mxture of 20 to 30 kg dry ice and about 3 of
(here it wah9$16 o) B4letgymined byteesphiomaiogsaphyt Jds vigld wagBoed &g- dde

ot o€ RRARF oa0/abBpin G oo EE B EEN st £ po
T}%%ﬁaiﬂiﬁgl‘e@fduesarsmppwk cadut dibTiere it B d2RREY), t10f distillate of

evaporator 2: 45. The internal tenperature of the main
evaporatoe deindehe condsedatasof BE eoling érapeareicambitsidand dpcipgrated. After five

. . product is around 42. \We | ], tenperatures are
to SIqut%lﬁéﬁége@thQfﬁﬂ‘H@pﬁfmte&egte ed to evaporator 1 with
a flow of about 1.5 1/mn. The distillate (rest of

sol vents) of evaporator 1 can be collected in the
CompagatigeE eamples Cloiroos treatment (Iabditaonyesealéde of

AR g TSl Sr ARk bR ARl Guled Albusty
as descﬁ&%igh‘ﬁ%nigﬂe 1 HdVeHAS 160 ggﬁ}-w(3L¢1ﬂMbdz-¥1\Absﬁy1ﬁNme91-
crude mxture 1s distilled (around h) the resi due of

1-naphtBalapetetinnaminicy istadded 1 @ gractivated ehaecoab@ioriidupes) Ahemixture

is stirreg Ifg’rt 1|7I Illo%(ljrs zgc %I-ZI’]S'o a-II;H %ﬂe%bgltgrg(i A?t(e:lk ee\EapgreagBr? of lérsglv%t at reduced

pressure 110.5 g (89 %) terbinafine base is obtained, which is contaminated with 14 ppm
palladium. The chemical purity of the oily residue is 95 % as determined by gas

chromatography (experimental conditions: as for Example 2).



evaporator 1 is reduced to 110 and the jacket
tenperature of evaporator 2 is reduced to 140. After
wo b@so2es3 | | ati on of the residue is conpl eted Per/@puds/@9587
h) the new residue will be cycled through the
evaporators until the floy of the product has reached
around 0.2 1/h. Before the cycling can be started the
j acket tenperature of evaporator 1 is reduced to 100
and thecondenser tenperature of evaporator 2 is
i ncreased to 60. During the cycling the received
distillate becones darker. At the end of . the .
1. A progésstfor thaphaficatione frbinafae which cgmprises bigHag sruds terhinafine
. released.wi.th nitn . T ' :
infree bgsg 65 Gy i Ulafof b P g pro ARl B BBL Br
addition k#it €N and the.drunms are wei ghed. The cheni cal
purity of the free base is 97 % or higher (here it was
98.4 % as determ ned by gas chromat ography. The yield
was 856..1 .1.1h nt_of. - | adi um
2. A profEseqgdingdy §aUta T gt coRBaant o PaR(f aleBB o Do
The remai ni ng residue (around 120 kg peanut oil; here

it was 128 kg), the distillate of evaporator 1 and the
3. A prazesscenerdinggo claimHeordowhemin distiljstion ieciicstas  ademperature above
o i(ﬂci er%tngd After five to six batches a cleaning of
100°C ap ‘é“‘%‘ﬁﬂi PLRrePWI%s f ect ed. Conparative Exanpl e:
Charcoal treatnent (laboratory scale) To 404 g of a
solution of crude terbinafine base in cycl ohexane |
4. A praopsseracmingznalaigdus 3 wheretiethe cfude derbinafie preparchping?2
. fro 00 E) - N-(3-chl or o- 2- propenyl ) - N- et hyl -
Panmhuﬁtﬁg%%¥ﬁ5$ EooRip %#ﬁ%%‘is added 1 acti vated
charcoal (Norit Supra ). The mxture is stirred for 17
hours at 20-25 and then filtered. After evaporation of
5. A pradess sobndéng toafaimetiwbemimpthe purified podactgopRinsolpss than 2 ppm

_terbinafine base is obtained, which is contam nated
palladiugy and/ordess shAtLPPREPPRAT- The chemical purity of the oily

residue is 95 % as determ ned by gas chromat ography
(experinental conditions: as for Exanple 2).Cains: 1.
6. A prdceps aesting torcldilned pheiefn thatciwie terbina@nd contfing g108k thap 2 ppm

. conprises subjecting crude, terbipafne.i.n,free base.
palciog Ry e S o4 B oL P B fns s
2 ppm p%ﬁgﬂ%tan%rflgsgﬁlagq IHF%@%Ld addition salt form 2. A

rocess according to c 1 which conprises short
path distillation. 3. A process according to claim1l

7. A prtgcgygsz, @cvc\:'gsdrir?é t% c?a!ursr} i loxl' 3 tv&h%?eila gt lgeflsft (f(tg%%n 1ted %rgd%@ﬂpi%r@ete%rage form
is prepared per distillation batch or run, preferably at least 50 kg, especially at least 200 kg.

Claims:

8. A process according to claim 1 or 2 wherein the crude terbinafine in free base form is
prepared by reaction of (E)-N-(3-halo-2-propenyl)-N-methyl-N-(1 -naphthylmethyl)amine with
3,3-dimethyl-1-butyne in the presence of a palladium and/or a copper catalyst.

9. Purified terbinafine in free base or acid addition salt form whenever prepared by a process

according to any one of claims 1 to 8.



100 C and under reduced pressure. 4. A process
according to claiml1l or 2 wherein the crude
wo eoobionaBs ne i s prepared using a palladi um anedDEPR04/009587

copper-containing catalyst. 5. A process according to

claim4 wherein the purifigd product contains |ess

than 2 ppm pal | adi um and/ or | ess than 1 ppm copper. 6.
10. Terlfﬁ'nﬁg ?xsee PG el daRid ﬁﬂt%ﬁn \@Gxﬁbﬁélﬁg 138 e WShm palladium

ne contalns nore than 2 ppm pal | adi um'and/ or

and/or 1689 ﬂﬁnﬂhﬁﬂn dopipemwimnpesr, obeainkd: frem pesedetandugb i fre¢ bake form

product. contai ns Iess th n2p al | adi um and/ or | ess
compristngapore thagni prsp patladiym an M&E’é@ %%@MFMGFO claim1

or 2 wherein at least 5 kg purified product in free

base formis prepared per distillation batch or run,

preferably at |east 50 kg, especially at |east 200 kg.

8. A process according to claim1l or 2 wherein the

crude terbinafine in free base formis prepared by

reaction of

(E)-N-(3- haIo-2-propeny|)-N—nethyI-N-(J-naphthylnethyl

)Jamne with 3, 3-dinmethyl-1-butyne in the presence of a

pal | adi um and/ or a copper catalyst. 9. Purified

terbinafine in free base or acid addition salt form

whenever prepared by a process according to any one of

clains 1 to 8.10. Terbinafine in free base or acid

addition salt formconprising | ess than 2 ppm

pal | adi um and/ or | ess than 1 ppm copper, whenever

obtai ned froma crude product in free base form

conprising nore than 2 ppm pal | adi um and/ or nore than

1 ppm copper



