Process For Purifying Crude Terbinafine Base The invention
relates to a purification process for an allylam ne pharmaceuti cal.
It concerns a process for purifying crude terbinafine base.

Terbi nafine, particularly in the formof the hydrochloride acid
addition salt form is knowmn frome.g. EP 24587. It belongs to the
class of allylamne antinycotics. It is commercially avail abl e under
the trademark amsillt. It _is effective upon both topical and oral
admi ni stration, in abip@ss Fadysiing CongdlerthindfoetBasns. Ter bi nafine is
particul arly useful against dernmatophytes, contagious fungi that

i nvade dead tissues of the skin or its appendages such as stratum
cornewn, nail, and hair. Ter bi nafine represents a significant
advance in antifungal therapy based on its potent fungicidal action
invitro arﬁﬁ[api d clinical efficacy in various dernat ophé:tae
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heat is applied, as g.g. on distillation at el evated tenperatures.
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341-346 that submittingcpure penta-1,2-dien-4-yne to sinple .

distillation at its poryal, i - re of 570, already
el g cemeal

results in deconposi , the (ridn-conj ugat ed)

1- al ken-4yne digrer ECHRH CH2-C-C(CH3) (OH)-12, i.e.

6, 7- di net hyl -d 1-dien-4,8-diyn-6, 7-diol (conpound V in H
Di ssel nk6tter and-Px. Kkartz, Ann. Chem [1964] 26-34) undergoes
consi der abl e deconposition upon distillation under reduced

t enper anditecheBfcaDide iahd pressure (0.05 mm Hg), as well as upon

(E)-N-(6,6-dimethyl-2-hepten-4-ynyl)-N-methyl-1-naphthalene methanamine.




- 3- Additionally, overall, remarkably, it appears frome.g. the
above publications that when distillation is effected at all wth
enyne derivatives, this is usually effected at tenperatures bel ow or
slightly above 100C, especially bel ow about 125C, as is to be
expected with highly reactive conpounds suscepti bl e of deconposition
or degradation or polynerisation, or even explosion, upon heating.
This appears al so for nost of the al k&nyne derivatives disclosed in

e.g. Recueil Trav..Chi nj.Pavs-Bas 8 1966), 952-965 and _zZh.Ox.IChim 3
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pher onongspréiatedl feartle Bbe Bak6 fim Ak Edibntion Qiabhdrafdtite-Nsa. 434841 €A 106
[1984] 213632b) _are.purified by distillation under reduced pressure
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tenperature 1ts therma s limted: t W ng
deconposire prgferiedn be observed (upon anal ysis by gas chromat ography,
the area under the peak of one conpound relative to the sum of all
peaks is nanmed area-% in the case of the Z-isoner, area-% should be
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ago (sec e.g. BP 24587, Example 16}, and such conjugated enyne structure was, and still is,
highly unusual in the pharmaceutical field, constituting a novel structural feature in medicinal
chemistry.

Both double and triple bonds are usually highly reactive. While the chernical literature
does not exclude that compounnds with such structure may be stable, some are unstable and
may decompose upon storage or processing, such as when heat is applied, as e.g. upon
distillation at elevated temperatures.

Thus it appears from e.g. ERR.H. Jones et al., J. Chem. Soc. (1960) 341-346 that
submitting pure penta-1,2-dien-4-yne to simple distillation at its normal boeiling teroperature of
57°, already results in decomposition. Similarly, the (non-conjugated) 1-alken~4-yne dimer
[CH=CH-CH,-C=C-C(CH;3}(OH)-)z, i.e. 6,7-dimethyl-dodeca-1,11-dien-4,8-diyn-6,7-diol
(compound V in H. Disselnkatter and P. Kurtz, Ann. Chem, [1964] 26-34) undergoes
considerable decomposition upon distillation under reduced temperature (85-90°C) and
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 o give naphthalene, while the thermolysis of the
corresponding (E,Z} and (B,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;Hj; to the corresponding 1,3,5-iriene 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).



97.6 7 0.57 034 96.6 23 0.92 0.45 94.7 32 1.20 0.52 92.0 By-product
1 = (nmethyl) (naphthal en-I-ylnethyl)amne On the other hand the

product solidifies already bel ow 43C.

One woul d therefore

normal ly refrain fromeffecting operations requiring substanti al
application of heat when working-up a chem cal conpound with such an
unusual structure, particularly when_this is associated with limted
thermal stability, especially in | ar‘aé- scal e operations, such as in
the industrial production of a pharmaceutical. For exanple, in

Additiopally, overall, remarkably, it appears from e.g. the above publications that when
distillation is effected at all with enyne derivatives, this is usually effected at temperatures
below or slightly above 100°C, especially below about 125°C, as is to be expeétcd with highly
reactive compounds susceptible of decomposition or degradation or pelymerisation, or even
explosion, upon heating. This appears also for most of the alkenyne derivatives disclosed in
e.g. Recneil Trav.Chim Pays-Bas 85 (1966) 952-965 and Zh.Org Xhim 3 (1967) 1792-3
(CA 68 [1968] 12370), while the two intermediates for pheromoﬁes disclosed in Czech
Author's Certificate No, 232843 (CA 106 [1984] 213632b) are purified by distillation under
reduced pressure at 102-115°C and 118-125°C, respectively.

Further, terbinafine in free base form is boiling at 140°C at 0.3 mbar pressure, and at that
temperature its thermal stability is limited: thus the following decomposition can be observed

(upon analysis by gas chromatography; the area under the peak of one compound relative to

the sum of all peaks is named area-%; in the case of the Z-isomer, area-% should be

approximately identical with weight-%):

Heating time By-product 1 Z-isomer Unchanged E-isomer
) (area-%) (area-%) (area-%)
0 Q.09 025 97.6
7 0.57 0.34 96.6
23 0.92 0.45 04.7
32 1.20 Q.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 inusual 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



-4- Exanple 13 of Banyu EP 0 421302 Al describing a preparation of
terbinafine, the crude m xture (free base) obtained after reaction is
subjected to purification by silica gel chromatography. However ,
it has been found that, surprisingly and counter-intuitively,

t er bi nafi ne base maybe submitted to distillation with no particularly
unfavourable effect Further, it has heen found that such distillation
maybe effected at el evated tenperature, e.g. even at a tenperature
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Short path distillation is preferred. It allows short heating tinme of
the m xture which it is intended to purify, as well as cyclical
processing, with corresponding inprovenent in yield of purified
product Further, thickness of the material on the evaporator wall is
reduced, allow ng | ower evaporation tenperature and shorter residence
time. Very efficient separation fromscontam nants is achieved

t hereby, wi thout need for further purification steps such as by
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50 ppm thd'geﬁ'- baut o about 100 ppm e.g.
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catalyst; - purified terbinafme in free base or acid addition salt

f orm whenever prepared by a process,_as defined above; and e
Short path distiflation is preferred. It allows short heating time of the mixture which it is

intended to purify, as well as cyclical processing, with corresponding improvement in yleld 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



- terbinafine in free base or acid addition salt formconprising |ess
than 2 ppm pal |l adium and/or | ess than 1 ppm copper, whenever obtai ned
froma crude product in free base formconprising nore than 2 ppm

pal | adi um and/ or nore than 1 ppm copper. -7- Explanation of the
Figure: 1. Qutflow of distillate 2. Connection to vacuum punp 3. Heat
i nflow 4. Condensor -- 5. Space under. reduced pressure 6. Rolling

wi pers (distribute crude product evenly to forma film 7. Heating
e oSN g, o 6 AL Ol (i
| nl et f eenvertismplagalyfinabmethods such as atom absorption spectroscopy.

Other contaminants, if present, in particular organic compounds, such as
(methyl)(naphihalen-1-ylmethyl)amine (by-prodnct 1); 2,2,7,7-tetramethylocta-3,5-diyne
(by-product 2); and the Z-isomer of terbinafine, may be eliminated thereby oply partially or
pot at all, e.g. by-product 1 and the Z-isomer of terbinafine.

The mvention thus includes i.a.:

- aprocess for the purification of terbinafine which comprises snbjecting crude terbinafine in
 free base form to distillation and recovering the resultant product in free base or acid
addition salt form;

- aprocess of the invention which comprises short path distillation;

~ aprocess as defined above wherein distillation is effected at a temperature above 100°C and
under reduced pressure;

- aprocess as defined above wherein the crude terbinafine is prepared using a palladium-
and/or 2 copper-containing catalyst;

- aprocess as defined above wherein the purified product contains less than 2 ppm palladium
and/or less than 1 ppm copper;

- aprocess as defined above wherein the crude terbinafine contains more than 2 ppm
palladium and/or more than 1 ppm copper, and the resultant purified product contains less
than 2 ppine palladivan 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-naphthylmethylDamine 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 patladium and/or more than 1 ppm copper.



14. Qutlet for cooling water The follow ng Exanples illustrate
the invention. Al tenperatures are in degrees Centigrade. 1000 nbar
= 750. 06 nunHg; ppm = part per mllion. Exanple 1: Batch distillation
(l aboratory scal e) 100 g of crude terbinafine base containing
0.3 area-% of Onethyl)(naphthal enl -yl methyl)am ne (by-product 1) are
m xed wth 20 g peanut oil and the mxture is heated to 142 at 0.3
nbar pressure (jacket tenperature 190)". After 2 hours, 96.4 g of

purified [T} asayellovvlsh distillate and 21.4 g of a
dar k bro;I NeryEe c’[al ned. Due to the thernmal inpact during
batch disti our s at 142) the distillate contains about 1
area- % of’ ipr #n- | -yl met hyl ) am ne (by-product 1) as

det erm ngd # chrorrat ography (experinmental conditions: as for
Exampl e 2). scal e production:the distillation tine and
t he ther Sﬂa ‘gprﬁﬁm@onm derably higher. As a consequence a
signific ntllt‘i) ‘ﬁ‘-ﬂ %ﬁﬁ}é‘gﬁ?rﬂﬁq?wcbﬁveﬂyf%@%ﬁ@ﬂm)l can be expect ed
uni ess t fre Kfatinglackst i on tinme is kept short, such as with e.g. "short
pat h" di 8t i $orbingliguid, mtake The crude t er bi nafi ne base used as a starting
mat er i al % SFlfnge frgedingy reaction of

(E) - N- ( 31&HPwdeprodustispéiny 1) - N- net hyl - 1- napht hal enenet hanani ne and-

3, 3- di nelhyQutlet fophephmsedinmn- but yl'ar ni ne and water in the *presence of
cat al yt i t2.d%esudn¢ entiéw copper (1) i odi de and

bi s- (t ai phdnlgt ohaspihg watgpal | adi un{11)-di chloride along the lines as
descri betd,i Qutkekpridotind ¥atef EP 421302 Al, but without submitting the
resul tant product to silicagel chronatography. -8- Exanple 2: Short

path distill (1 borator scal e) In a comercial thin-film
evapor at or (ﬁ'F@?#] ﬁ@e@ﬁmwwnéﬁtemmmm degreeser  of
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The crude terbinafine base used as a starting material is prepared by reaction of
(E)-N-(3-chloro-2-propenyl)-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 BExample 13 of
EP 421302 A2, but without submitting the resultant product to silicagel chromatography.



0.1 0.1 by-product 2 (area-% 0.7 0.2 Z-isoner (area-% 0.3 0.3
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Example 2: Short path distillation (laboratory scale)

In a commercial thin-film evaporator (from Leybold-Heraeus GmbH, Hanau, Germany:
diameter of heated drum 7 em; length 25 cm; cooling finger at 50°; pressure 0.2 mbar;
Teflon® rotor at 450 rpm) 179 g crude terbinafine base (prepared as described in Example 1
above) are mixed with 8.9 g peanut oil and the mixture is heated to 50°, After evacuation of
the whole system to 0.2 mbar, distillation starts by slowly dropping the mixture into the high
temperature zone (jacket temperature 160°) where the terbinafine base is heated to the boiling
point for only a few seconds. After 2 hours, 171 g (95 %) of purified terbinafine base as a
yellowish distillate is obtained, which is contaminated with 1 ppm palladium and less than
1 ppm copper. The chemical parity of the distillate is 98.6 % terbinafine base (i.e. E-isomer)
as determined by gas chromatography (HP-1 column; crosslinked methy! siloxane; length
30 m; film thickness 2.65 pm; column internal diameter 0.53 mm; flame ionization detector
(FID) ternperature 300°; injector temperature 250°; temperature gradient 50° te 270°; heating
rate 20°/min). In addition 10.5 g of distillation residue and 0.4 g of an oily sublimate were
obtained. The sublimate consists mainly of 2,2,7,7-tetramethylocta-3,5-diyne (by-product 2).

The overall purity of terbinafine base as determined by gas chromatography is as

follows:
Before distitlation After distillation
(crude product) (pure product)
By-product 1 (area-%) 0.1 ) 0.1
by-product 2 (area-%) 0.7 0.2
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 distiflation 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 distribufes



Exanpl e 3: Short path distillation (industrial scale) 3
Distillation of crude terbinafnme base is carried out in a fine vacuum
distillation apparatus (U C GrbH I Cl) 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 dowward, an axially
arranged roller w per systemdistribuytes -9- this liquid as a thin
filmwhich is constantly m xed (see Figure). This gentle distillation
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t ank: 7Q€)mghtempbﬁnﬂal limt of product receiver: 80; jacket limt of
residue tank; 80'; - upper and lower internal limts of evaporators 1

and 2: 1000111““}1%%1@31136!3@&9? ush arg fypisellnses psfollowmd 21 160. After
control %teﬁﬁlmf@edﬁ%ﬁ@tﬁs for enptiness and cl eanliness the

maxi Mum_Vaesi Bnaf dhcd Pl Se afbed by the
di f f usi on ““qﬁflo{w%r ’ ggtfﬁe{ evaporat or 1: 1.6 x 10-1
- ‘af.ter evaporator 2:4.7

nbar ; be3.ah F&‘?%Q .
x 10-3 nf)a'r I %O?%‘ure or™'8 5 kg crude terbinafine base
(prepared aAdenmouel of tesvitbbsappirtesifor Bmﬁn&mﬂna cleatinessae BaEmbRGadifim
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A mixture of 872.5 kg crude terbinafine base (prepared analogously as described in

Example 1 above) and 120 kg peanut ol is then transferred to the feeding tank. The peanut oil

H

will ensure that no erusts will build up inside the evaporators. The cooling trap is filled with a
mixture of 20 to 30 kg dry ice and about 30 1 of ethanol (94 %), and temperature values are

adjusted as follows:

- 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 areund 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 I 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 V/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 distiltation of the residue is completed (around 2 h) the new residue wiil be
cycled through the evaporators until the flow of the product has reached around 0.2 Vh. Before
the cycling can be started the jacket temperature of evaporator 1 is reduced to 100° and the
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-11- Cainms: 1. A process for the purification of terbinafine which
conprises subjecting crude terbinafnme in free base formto
distillation at a tenperature from about 100C. to about 170C. , and
under a correspondingly reduced pressujyg. and recovering the
resultant purified product in free base or acid addition salt form

2. A process according to claim1 which conprises short path
distillation. 3. A process according to claim1l wherein the

resul t afdalBsr i fj ed product contains | ess than 2 ppm pal | adi um and/ or

| ess than 1 ppm copper. grocess according to claim3 wherein

t he resdl Admecessden tﬁ‘i Ié‘dﬁﬁﬁtledaﬁ?f inafincathivh cproprises fabinctiRg puds toreinkfiti in free base

and/ or k&sSo bib@Rtidn £ B BofeRRE from mout10BFOGE %u@ﬁ@@ G GndeLa &h@épﬁﬁd’%ngly

wherein t he crude terbi nafi ne contains nore ppm pal | adi um

and/ or FSPeedPrEsTIFe A RRORIE Lie resylimt pysitied %‘g‘éHct larﬁree Pﬁi‘r’ praoid @ddifiengralé form.
contains | ess than 2 ppm pal | adi um and/ or | ess than 1 ppm copper. 6.
A pr ocedsAaeworsdrartiinedo cligi hwhichwoapeises skort fathalstillBiokg of the resul tant
purified product in free base formis prepared per distillation batch
or run. 3. Lprdkessramﬁﬁ@ taclaiat wigeik the Gdsaltaf PRriBEET6iut: BhtainCldsithaaQ peg Of

t he resu&}gﬂnuggbﬂe ?@ Eroduct is prepared per distillation batch or
run. 8P*A process §- et 8PH§W¥%fc|arn11 wherein the crude terbinafine
in free base formis prepared by reaction of

(E) - N (3- A2reses 26eBinedy d7imng whariy the resyltenipapfedyoduattcrytripslessiteanizipm

3, 3- di npiifayiumlandreit 1ys8 ah M phogpe£sence of a pal | adi um and/ or a copper
catalyst. 9. Purified terbinafnme in free base or acid addition salt

formthat 4 @o@ﬂﬁn%q Bl¥ins W PhOGE RS cﬁﬁg@rgﬂran& Raif %&bﬂgh%anz 1,,?;9 -ga@dium

process ac or ing to c aim1l erern cru Inatine 1n
f orm i san¥sjmoss thean k Rprtgopedr and the seyultant purifiehpeduat aenteing lessrthaaiapmn pallGiom

t 0 aboulinglof Yss than 1 ppm copper.

6. A process according to claim 1 wherein at least 5 kg of the resultant purified product in free base form

is prepared per distillation batch or run.

7. A process according to claim 6 wherein at least 50 kg of the resultant purified product is prepared per

distillation baich or run.

8. A process according to claim 1 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 that was prepared by a process according to

claim 1.

10. A process according to claim 1 wherein crude terbinafine in free base form is subjected to distillation
at a temperature from about 110°C. to about 170°C.



