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In acxe@mdeme W th the broadest aspects of “the present in P’Ogon there is
proyi ded a . nmet hod of purifying a / .

(6-chl or o- 2- car bazol yl)methyl -mal onic aciddi (Cferr] -Clerr] alkyl) ester
of Formula (1): [err] 5

(n wherein R err] and Rb nust be the sane and are selected from
the group consisting of CJerr]- : C6 al kyl, preferably CJerr]- Cerr]
al kyl'; conprising phasauSeiss SEPURIFING SARBAZOLE EBTER PREGURSORS 1 I om sai d
ester at |east once V\/nerQ)Frs-cneonolavmmHmmmﬁzaL@z.)Aoemtcmud phase

. separation Is acetic acl . 8 QlN%ﬁ?[ nce wth the present
.. invention there is further prov scri bed net hod of

purifying said ester,_ of Fornul . r obt I ned at
purity of at |east g;&g/e% ! 'O‘S %'Asmg‘% eg{]OfS %Qr%n n?u"kﬁng aﬁ" F?r%pswn
present t he¥ eiincluding b@ORGL llmlted to thdse axgdnic mpghmdsa\mhicrstarel thef finat preducih@ndi n

said acetic ac Lal. ' at,yure
of from about 'g [rgef%rl% %&E‘awé Hage'a,woqué k%}'ﬁh&ﬁzhero&s rlln oga@caﬁas yZih
separation is &ast'cu'abpﬁ‘ﬁ dnetheds ararfer ewifyog aﬂ‘V\beSS‘?'s rﬁSr@QQ"i'%E@“POU"dS which are
Still further catrmme dcRls. plrﬁwb.d.%ﬁt ln%rﬁsﬁﬁéiémeen%ﬁrbvehhﬁhtm% Qﬁﬁfylhg%&e;b’ﬁals

wher i n sai o CEPRRTraNp R criohBeeBiimang SR e ke Shey orarid b

sai d ester1of diethynelstar which u§sorrbt|mes1mbrned tcahqreafuet 3s thé airbdzdaehte@,Qalth&@btbrg
wei ght ,::50 th Qlas ¥ 4 erel S
by wei ght andat%UH;h ; érngl}%WeEe%n ace ?@n%gt(g‘ Ceanggslt%Fngé%?Al’@ tﬁ%
which i3 mai ntlaemedjofmwreeeabhwnmn a tenperature of from about 40 to
about 90[err]C, nore preferably from about 45[err] to about 75[err]C, and _
nost - pr ef er abTRe garkszpiaissier isse starting matesiliok oneppresess imaking pREProliReR ei n

sai d phase sepaghy efitve coxa bﬁébtlve antl-lnﬂél'ﬁmét&Wdr@”lﬁﬁproved by the Food and Drilg

e o 1 R omihedioh ViR Wit (Ao RN e in fes iy ﬁweﬁﬁsf "

-Cerr] al kyl )Stetes.erThefcafbazaielleste $tarting materialhis dhowrs tot potdntiallyLconfaineat least one
present in the S I r. oLls.
Crystal | ine, vpPART o AHGRGISRGE  biey PRSI OCRA WAy coneriee 2,
sol uti on ther etich as 0.9% by weight of tfﬁmarbmle epter sterting matedald. Thearompesitipn of this
| npuri ties maYimpGrit"i® dise@Sed iid 6thA YurEr bEGW, Gift{thy/ plrifichid method of He' Braséhlt @

nmet hod of preparation of salid ester and may conprise any one or nore of
starting 0 . mventnon is contemplated to mclude within its scope not only this impurity but other impurities

as well. In order to obtain carprofen final product in sufficiently pure form for use as an animal
drug, all such impurities must be reduced to a minimum,
BRIEF DESCRIPTION OF THE STATE OF THE ART

Zwahlen US 4264500 discloses a method for making 6-chloro-o-methyl-carbazole-2-

25 acetic acid. The final intermediéie for the final product is (6-chloro-2-carbazolyl)methyl-

malonic acid diethyl ester, which in accordance with the description in Zwahlen is converted

thereto by hydrolysis and decarboxylation. The conversion stebs are said to be alternatively

carried out in situ or following isolation of said penultimate intermediate in a known manner,

for example, by crystallization. However, there is no suggestion in Zwahlen of the method of

30 purifying such an intermediate as that provided by the present invention, or of the surprisingly
high yields produced in accordance with the method of the present invention.

IED SHEET S BEEM ]

9902908~ 4 i \’ﬂeﬁi“d




30 ¢ materials, synt hesi s internediates, react ants, reaction side products,
-degr adati on product S,

-3- sol vents in whi‘ch varl ous reaction steps of l met haod

pr epar ation have been carried out, @. undesired anal laced
rel ated chemical structure to sald ester of Fornula (I). It_ I '
particularly provided that said inpurities may arise indirec

nmet hod of preparation as the result of said method bei ng carri ed out

i nproperly or on a suboptimal basgBMMARY BF THE INVENTION is al so provided

that said inpurities nmay be derived i1 nadvertently Trom sources whi ch

do not include bei nip atceraarick with thel broadestcspgctgofdk present inventign m'rejisrpmvmed aof
preparation of I t n on of
Phe" equi prnt TROG RN 3 Boriep 5 amkicfsthy Ratic sbl Ales 26, Y Bt
from cont ani naFérowmlad): t he starting materials, solvents or synt hesi s

aids used in said nmethod of prgparation, from contam nants in the
enconpassi ng atnmosphere, 10 T.¥_the e ronment surroundi ng said nmet hod
of preparation which becone absorp b.d nethod, or from
contam nation of said ester of FQ GQI%Etored or handl ed
subsequent to preparation thereof. In a particularly
preferred enbodi nent of the purlflcatlﬁl met hod oEOQR, present

i nvention, $he internediate to be puriflied is the carbazole (diethyl) ester
and the inmpurity to be 15 rempved is a dimer of Fornula (1V): )
[err]

(
(1v) Al LED SCR PTI THE | NVE
The above- descV¥8R RecdifRegPist 22 “r BRDBPYT §i7et d%"l?ﬁtecgf%ﬂ?u Cogholy t"é[cf]t}'r‘%
-C6 al kyl ) estejall compfisikgophase segfdrating one or more |mpur|t|es from said ester at leas{ enae]
wherein the solvent used to carry out said phase separation is acetic acid.

10 In accordance with the present invention there is further provided the above-
described method of purifying said ester of Formula (l) wherein said ester is obtained at a
purity of at least 99.80% by weight, so that the amount of impurities present therein is 0.20%
or less by weight; and still further wherein said acetic acid is glacial acetic acid, maintained at
a temperature of from about 30° to abbut 110° C; and further wherein said phase separation is

15  optionally carried out two or more times.

Still further, there is provided in accordance with the present invention the above-
described method of purifying said ester of Formula (I) wherein said ester is the diethyl ester;
and further still wherein said ester of Formula (I) is obtained in a purity of at least 99. 90% by
weight, so that the amount of impurities present therein is 0.10% or less by weight; and further

20 wherein said acetic acid is glacial acetic acid which is maintained preferably at a temperature
of from about 40° to about 90° C, more preferably from about 45° to about 75° C, and most
preferably from about 50° to about 70° C; and further wherein said p_hase separation is carried

out only once.

in accordance with narrower, but no less preferred embodiments of the present

25 invention, said (6-chloro-2-carbazolyl)methyl-malonic acid di(C, -Cg alkyl) ester of Formula (1)

which is to be purified is present in the form of a dispersed solid, whether amorphous or
crystalline, which forms predominantly a slurry in the glacial acetic acid solution thereof.

Further, it is provided that said impurities may be produced directly or indirectly in the
course of a method of preparation of said ester and may comprise any one or more of starting
30 materials, synthesis intermediates, reactants, reaction side products, degradation products,
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(ry-« wherein Rlerr] and Rb nust bethe sane and are se
group consisting of (Jerr] - .C6 alkyl, which is to be purified in
accordance with the nethods of the present invention, is the HhisShestHas Been Replaced

-4- ., final internmediate in the syntdiesis of carpr ofenJ MHI""H{I‘ Il |||
as already described, 'is an approved anti-inflamrmatory
especially useful in the treatnent of pain and inflammuation in dogs.
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ester of Formula (I% separated include m xed esters that may
be produced bySaih@e hﬂ‘br%ff@m °P'Eh'ﬁi"ﬁ'{?"(9f s3id gtenph formula (1) whije beipgsiered o bandied by
sone ot her, uniibesduedtto prebaratisardtestccurrence. Rlerr] and Rlerr] are
preferably - selected from{err] - (Jerr] alkyl which may be straight
chai n or branched, mna particlladie preteriey |embetimght, of the purificafisro method iof dhep prasyt,

n-butyl, sec- bﬂyéﬁklb ntre etdlﬁt? Epunfﬁgis tLQE‘afrEa{oFé &lgtﬁggés?ér'a}{c?thgmﬁgdn b be
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Car pr of en, 18- ctemvesilﬁeidm}ernélfmwla@w car bazol e- 2 acetic acid, which is
prepared fromthe ester precursor of Formulg (1),._may be r epr esent ed
by Formula (I1):

COOH -

(V)

DETAILED DESCRIPTION OF THE INVENTION

_ The above-described (6-chloro-2-carbazolyl)methyl-malonic acid di(C, -C, alkyl) ester
20 of Formula (I):
Cl

CH,
COOR,

N COOR,

)

wherein R, and R, must be the same and are selected from the group consisting of C, -
C, alkyl, which is to be purified in accordance with the methods of the present invention, is the
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[err] It will be noted that the active agent carprofen of Fornmula (I1)
differs fromthe ester precursor . of Formula (1) with regard to having
been hydrol yzed and nono-decarboxylated. In a preferred nmethod of

manuf act uring carprofen, the carbazole ester precursor of Fornmula (1) has
its own internediate, shown further belowin Forrmula (111). The carbazol e
ester precursor of Formula (1), in turn, differs fromthe internedi ate
of Formula (I111) which precedes it by having been aromati zed by the

i ntroduction dfnat interaeliate iioted syhthebis eof bﬁl’pdfferi NtCargrdten, Fﬁbemdadi idBgErib&Y, is an

-5- | b
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(111) as fol | clegs. The above nmenti oned nodifications of the

car bazol e ester precursor of For mul a g and its precedi ng
i ntermedi ate of Forlfisirgayire that Ra red Bb Be ehei same goel dhat theycbenseletsted fom the group

f act A Caerel
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to 8 hour periaod of tine. manner of carrying

step, toluene¥! aﬂ?@%"‘l’ﬁ@%ﬁ‘ﬂ%éﬂt Bic erdandicervivess carried out 15 at
[ELrr G Eor MO S B TRk AT 40 Hogh s o Wit o
moieties which they represent must both be the same. The purpose of this differing
identification is to emphasize that potential impurities from which the ester of Formula (I) must
15 be separated include mixed esters that may be produced by the improper running of a method
of preparation or by some other, unknown or unforeseen occurrence. R, and R, are selected
from C4 -C, alkyl which may be straight chain or branched, and include methyl, ethyl, n-propyl,
iso-propyl, n-butyl, sec-butyl, and tert-butyl. Of thiese representative species, methyl and
ethyl, and particularly ethyl, are preferred. | '

20 Carprofen, 6-chlor¢-a-methyl-9H-carbazole-?—acetic acid, which is prepared from the
ester precursor of Formula (), may be represented by Formuta (11):

) ) oo

N CH,

(i

It will be noted that the active agent carbrofen of Formula (1) differs from the ester precursor
25 of Formula (I) with regard to having been hydrolyzed and mono-decarboxylated. In a
preferred method of manufacturing carprofen, the carbazole ester precursor of Formula (I) has
its own intermediate, shown further below in Formuia (lll). The carbazole ester precursor of
Formula (l), in turn, differs from the intermediate of Formula (Ill) which precedes it by having
been aromatized by the introduction of two additional double bonds into the phenyl ring to
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[err] :

(n Aromati zation of the ester of Formula (I11) produces the
carbazol e ester internediate 20 represented by Fornmula (1) above, which is
t hen subj ected to hydrol ysis and decar boxydsati on in order to produce
the carprofen final product In a preferred manner of carrying out this

| ast - mentioned synthesis step, the internediate of Formula (I) is
hydrol yzed and decarboxylated in accordance with known net hods

i nvol vi ng tr eattidthe wrhdihyiatetis acie nipiety B attacted.n This ovill e regdiily Gipprieciated fromdke i C

franst or mat | ofEPREy SLETLEmedBR L BoTuadh el Mo e CCaCT dance it h-t he
follow ng reaction schene Cl [err] I t

is broadly contenplated in accor
I mpurity or inpurities whic
Formula (1) may vary

lqsent i nvention that the

r%b&i ester precursor of

()

5 The above-mentioned modifications of the carbazole ester precursor of Formula (I) and its
preceding intermediate of Formula (llI) take place in a preferred method of manufacturing
carprofen which is carried out in accordance with the synthesis steps described in the above-
mentioned Zwahlen US 4264500.

The first step in the Zwahlen synthesis is to aromatize the intermediate of Formula
10  (lll) by treating it with chlorine. This step is preferably carried out in an aprotic solvent such as
toluene, methylene chloride or ethylene chloride at an elevated temperature such as the reflux
temperature of the reaction mixture, while chlorine is slowly added to said mixture. The
addition of the chlorine preferably takes place over a 2 to 8 hour period of time. In a typical
manner of carrying out this step, toluene is used as the solvent and the reaction is carried out
16 at 75° C for 4 hours. The aromatized compound which results is the carbazole ester

precursor represented by Formule (1):

Cl

CH,
COOR,

N COOR,

M

Aromatization of the ester of Formula (lll) produces the carbazole ester intermediate

20 represented by Formula (1) above, which is then subjected to hydrolysis and-decarboxylation

in order to produce the carprofen final product. In a preferred manner of carrying out this last-

mentioned synthesis step, the intermediate of Formula (1) is hydrolyzed and decarboxylated in

accordance with known methods involving treatment with acids, e.g.,-a combination of glacial
acetic acid and hydrochloric acid. '

25 The above-described synthetic transformations may be represented together in

accordance with the following reaction scheme:



sig'n'ificantly in character and may originate fromdifferent sources.
| nherently, the purification 5 .which is tarried out in the present

invention relies on the basic nature of purification processes
generally, .which as a preferred enbodi nentg-i s a phase separation

procedure. Such known processes can achieve very high |evels of
separation, even of conpounds that are very closely related in

structure, as is explained in nore detail further below The

par anmet ers of (t:pe purification process of the pregent invention have been
chosen in such™a 10 way. t hat said process will not=swe i pegppi ity
and superior sel g ' t r uct ur@: oeflihe S wF‘ti[&GRare
bei ng separ at ed. AIRRed, [ hher : | en a
invention is |imted\N ' Qéthe character of sucwrpuriti@goRb

An investigation has Ien gnpler? Bn of one of the nore ®rouidesone

I mpurities encountered with respect to the carbazol e ester precursor
of Formula (1). This inpurity 15 appears over tinme as aysprecipitate in
sol utions of said est® precursor, as wel | aglatigl apsticia¢idys of the
carprofen final product y \ (11 e inpurity s been identified
by E)(-ray crystall a@ ) bog-rEQI ytical darahgdoehlaisiacl oxi ndol e
di mer form of the carbaXet® I ch is produced during

C
ngecu

the aromati zation step i nvoINi ng (ﬁﬁl ofFHaation of the i nt er medi ate of

Formula (I11) as above- depicted'i’n the synthesis schenme. The structure of

the 20 spiro X ir pf@'b%aqv&%ﬁteinmaféa i} YocBRYUndASWiliGRE BrREGH: if¥éndoR o bR itnblty

(1V) or impyfities gwhigly arengeparated ﬁg@s@\gseqf,er;plygqrgm ofzBermuila () onwr Yangs
whi ch pose a cilicaagh dnlracter and-REYV @ YinkaRTdm dHrért s6@bdsO InHerNaE We Rifificaibh Ch
may be negat ed b%lf 'CO%I;T?CI gl tatjon. Injtial 5 attenpts to achieve the
required | &vel¥id SeAred; oyt i dhe BresaticBYenton relles (0 thei Rasici eaturReRf HRywification
t he present | rprasessesgeneralyy whith\eand pefeiled Sobadimients 1554 Phase\'separatiol procedure.
successful . A ' e ROAN| r ol . but anal . .ethyl
acetate, NN df%ﬁ Eﬁ?“fnoprrror%e%é%e, R%Qt"éve \?e'ry @%ﬂr]n%p %/ Pfageg? %ﬁ?"d&’e tcﬁ(}‘Poqng?)Eﬂ%yl
ket one, and cE®iveritdlesely refatedhin structuriey entis explainadsin more detail further below. The
parameters of the purification process of the present invention have been chosen in such a

10  way that said process will not owe its operability and superior selectivity to the structure of the
impurities which are being separated. It is not contemplated, therefore, that the present
invention is limited in any way by the character of such impurities.

An investigation has been undertaken of one of the more troublesome impurities
encountered with respect to the carbazole ester precursor of Formula (l). This impurity
15 appears over time as a precipitate in solutions of said ester precursor, as well as in solutions
of the carprofen final product of Formula (ll). The impurity has been identified by X-ray
crystallography and other analytical data as a spiro oxindole dimer form of the carbazole ester
precursor which is produced during the aromatization step involving chlorination of the
intermediate of Formula (lil) as above- depicted in the synthesis scheme. The structure of the

20  spiro oxindole dimer impurity may be represent by Formula (IV):



resdlted in increased diner Impurity levels due to the above-nentioned

~kinetic crystallization 10 effects of thesé solvent systens. Mre

acceptabl e results were achi eved using t ol uene/ net hanesul f oni ¢ aci d,
and tol uene/ butanol solvent systens. The y+elds (75-85% and ‘product
quality (<0.1%dinmer inpurity) obtained with the toluenel net hanesul fonic

acid system were satisfactory, while the yields fromthe
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recrystallization which gave high yield and good removal of impurities. When this purification

20 system was subjected to stress experiments using extended granulation times, however, the
production results were unacceptable. The crystallization was kinetic in nature with the
product crystallizing out first followed by the dimer impurity within 1 hr. This time interval
within which the dimer impurity also crysmllized out is too short for production on a
commercial scale.

25 The solvent system which was successful, and on which the present invention is
based, was that involving warm acetic acid. The warm acetic acid system repulp, i.e., phase
separation slurry, held up under stress experiments which consisted of extended granulation
time (>36 hrs.), extended heating time (>12 hrs.), and excessive heating (>70°C). The acetic
acid solvent system was subsequently scaled up for production of 40 kg quantities, which



However, it is frequently the case that a nethod of preparation is

i rrproperl y desi gned as to its basic chem cal engineering, utilizing
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carried out, from contamination of the starting materials, solvents or synthesis aids used in the
method of preparation, from contaminants in the encompassing atmosphere, ie., the
environment surrounding the method of preparation. Impurities from these sources may
30 become absorbed into the procedures of the preparation method. After the preparation
- method is completed, it is necessary to separate the final product and then handie it or store it
in some fashion preparative to its formulation into a pharmaceutical composition in
accordance with known procedures. Thus, impurities can arise as the result of contamination
of said ester of Formula (I) while it is being stored or handled subsequent to preparation
35 thereof, by contact with the source of said impurities.



Forrmula (I) is the diethyl ester and said carbazole ester precursor is
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achi eved from @e carbazole ester precursor of Formula (l) in the hot acetic acid solvent is on the order of
about 85% by weight, i.e., only about 15% of the carbazole ester precursor will be dissolved in
the hot acetic acid. The remaining carbazole ester precursor is present as a solid which is
30 dispersed in the hot acetic acid solvent and may therefore be accurately described as a slurry -
or pulp. After as much of the carbazole ester precursor has been precipitated from the hot
acetic acid solven't as possible, it and the already dispersed carbazole ester precursor which
has not dissolved in the solvent are separated from the solvent. This separation constitutes a
phase separation in which the solid phase carbazole ester precursor is separated from the
35 liquid phase in which the impurities are dissolved. '



10 ‘single phase separation. Carrying out the phase separation process
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heal t h drug. It is further ggntenpl ated that the
purification process of the present invention nmay be carried out in a
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previously clear ution si cal or chem cal hanges. t herein.
This is to2Be mﬂ%{hp ﬁg{ﬂcgpfeqfld gtﬁgq]seppqa sojyent of the process of the present invention. In a

less preferred embodiment, said solid intermediate carbazole ester precursor may first be
dissolved in some non-aqueous solvent which is compatible with the acetic acid to be
subsequently added.

The purification process of the present invention is to be carried out not only in

30 accordance with the disclosure herein, but also in accordance with principles of purification
procedures, especially phase separation procedures, which are well known in the art. These
principles are briefly described hereinbelow in order to summarize those considerations which
‘would most frequently play a role in modifications of the purification process of thé present
invention by the artisan skilled in this art. The summary of these principles also serves to



presence of the ester precursor in a dispersed state fromthe outset of the
purification process 10 of the present invention. One of the nost

I mpertant uses.of phase separation is in the purification of solids,
where it may be referred to in general as precipitation. I n
Its nost sinple aspect, phase separation involves an inpure solid which is
di ssolved in a suitable solvent at el evated tenperatures, and upon cooling,
the bul k of the impurities remain solubilized while the precipitated
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-12- handl |lyg, stability, good flow properties and an attractive
Ge

appear ance. phase separ ation or crystallization is carried
out in jacketed or ted vessel s ndi.ti.ons nece sary to
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take place in three ction’ SUpersarura
of of a number of dlfferent shapes and sizes, and these amorphous partlcles may also be

agglomerated or flocculated together to form larger masses. If crystalline in form, the solid
25 final product may comprise more than one crystalline form, and these may aiso appear in
combination. The size of the crystalline particles may vary over a wide range of sizes.

in more specific terms, phase separation or crystallization refers to the production of a
solid, single-component, amorphous or crystalline phase from a multicomponent fluid phase,
and in the case of the present invention, said fluid phase is an acetic acid .solution in which the

30 undesired impurities are dissolved. Where the object of the phase separation or
crystallization is to prepare a pure dry solid, which is the case with some of the embodiments
of the present invention, it will be necessary to separate the solid from said fluid phase, and
this is usually accomplished by centrifugation or filtration, followed by drying. The
advantageous properties of sug:h a dry solid amorphous or crystalline product include ease of



nucl-ei and crystal growh. At a given tenperature and concentration, a

sol ution may be saturated by either cooling or by renoving sol vent.
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sol vent in which the resulting product has a low solubility. Wth further
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nucl eus b bonted i Bounfla o e neloaERe Tegiah PP Sca. he atecd Aupgation
t enper at ur e dr cpily inveases, cand divecergpsfallization provese bedoees aneonpolied.c Conseqderitipet isat e

o T 3L, e R Y RO v AL s v

and

formation of t
troubl esone i narcaundsr hescunte of e matastablerzone israffestec mostdmpantaptly(by)thesagitation, the

above- deschpbegholing rate, the presence of soluble additives, the solvent, and the thermal history of the
-13- 'The formation of crystal nuclei or nucleation is also

a process whi cPF"EFé'!aéP?WtWBs t he size of the product crystal s and
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25 range. Nucleation is dependent on the degree of supercooling, with low degrees of

supercooling resulting in little or no nucleation. However, the rate of nucleation rises to a
maximum and then falls, so that excessive cooling may depress the rate of crystallization by
limiting the number of nuclel formed. Spontaneous nucleation occurs when sufficient
molecules of low kinetic energy come together in a context where their mutual attraction is
30 sufficient to overcome their individual momenturﬁ. Once a certain size is reached, the nucleus
becomes stable in the prevailing conditions, and as the temperature drops, more low energy
molecules are present and the rate of nucleation rises. These circumstances partially
characterize the formation of 'the above-theorized dimer impurity which is especially
troublesome in solutions of the ester precursor of Formuia (l) as above-described.



and-the growh rate increases. Utimtely, however, diffusion to and
orientation at the crystal surface becones depressed at still | ower
tenperatures. DPeposition on t‘he faces of the crystal causes depl etion
of the nolecules in the inmediate vicinity43Thus, the driving force of
crystal growm h is provided by the concentration gradient franmework,
fromsupersaturation in the 10 solution to | ower concentrations at the
crystal face. Accordingly, a high |level of supersat uration pronotes
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of crystal gro
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used. Further, the neasurenen ates a
kinetics is acHPehe@veals additenali itics! Jagtorsp g1 ransrort tyrughfthe bulk solutiprde ans -
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solid phas

dlffusron of the precursors from the site of impingement to a growth site, and incorporation into
the crystal lattice after desolvation during which it is also possible for solvent to be adsorbed
before escaping into the solution. All of these processes depend on the morphology of the
interfacial region.

30 Various models of crystal growth have been used in the art in order to identify the
growth mechanisms of a crystal face and consequently the interfacial processes as well. For
example, volume diffusion and surface diffusion models are used, as well as two dimensional
nucleation and spiral growth models. Also, overall growth rates are measured in accordance
with different methods in the art, but from the point of view of the theory of crystal growth, the



5 -studied. The induction period is considered to be inversely _
proportional to the rate of . nucleation. In a crystallizer, both the
nuckeation and.the crystal growh conpete for the supersat urati on,
and both contribute to the final product sijze distribution.

In order to obtain crystals of high conp05|t|onal uniformty, and therefore
of high purity, it is inportant the linear growh rate be kept
constant aver the whole advancing 10 interface, i.e., that the crystal

shape remains H{é%peﬂaqrf?\dra@éf'é"&réﬁlcb%g is most frequently used. Fithes (H*eulmafsurement of
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grows from an |rrpure sol ution, II gener al rej ect urit

this is | ess s&VEBfem Pysfa t'@r%f?ﬁtea?e ¢ ﬁ'ﬁ‘ie |"'PP”['P@ @SI"B'E“P?J?'?“"RH"F elid; Rﬁ?"é‘?"?@ce

noves, t he 16 uiffers froftiat of the cobestnhg:ﬂ@@ Hﬁd'nglof\}sféll'titﬁnsQ’hidtphmrHEﬁdSrﬁlsrré\‘BtréU %
thanlt can be carrie '

on. the inpurity
concentration PhSPEIAEY aag\}& Fl'm?fétaate e?rYﬁtﬂegﬂo"BQQOrh%V H’eﬁsons the central
concentrati on Questidrein@ach case tieing ofwhat extent thpg erystahcbnpositidnyrefidets thatahthe nutrient
concentration \‘r@mmﬁhﬁg wsSOl ution. Accordingly, segregation perforned in a

control | ed manner can be advant ageously enpl oyed for purification of
materials. Depending luborl fheif\Bdnltribbiihéo B dittR ﬁ%@tenér?ﬂ)f thé‘&g@tal |mpur|t|es
di fferences in the maxi num attai nabl e supersaturafion and nucl eati on

rates of crfst aleseitnstParly fRigctad; o Rreferentialiy faken Upohy: theAdvarpingdipterface.  Thus, a

sol ute Elyst em sengeg"atids}edsoefﬁbibmrsademﬁal s@dor the Mbdrfaclalitiafsfenst e mnmrwﬂqrméd igm
att ai nabl e

sol vent changegnq"?"omabé'f‘%ﬂmytsc?ﬁ’ﬁ E??%fﬁé"a%h‘g dPWh fl"ga??l’é leads "to %b‘i?F‘BLF?ted
correl ati on beteunsentratiql) depehdennel ofstbe ségrégatign coblffieient. (Segregativn is elso imgortant, withhe
| over the respect to crystal growth kinetics itself, since impurities can strongly influence the growth
"25  kinetics. When a crystal grows from an impure solution, it will generally reject the impurity if
this is less soluble in the crystal than in the solution. As the interface moves, the impurity may
be rejected into the solution more rapidly than it can be carried away by diffusion.
Consequently, the impurity concentration in the solid will be determined by the impurify
concentration in the enriched diffusion layer and not by the mean concentration in the
30 solution. Accordingly, segregation performed in a controlled manner can be advantageously

employed for purification of materials.

It is well known in the art that large differences in the maximum attainable
supersaturation and nucleation rates of crystals can result from the proper choice of solvent-
solute system. Further, there are significant differences in the maximum attainable



supersaturation at whi'ch nucl eation occurs; thus, nucleation is easier when
the solution is nore concentrated. The choice of solvent also has a.
significant inpact on crystal’ growth. 5 The growm h kinetics of crystals
growing fromsolution are determned by twosfactors related to t he
nature of the growing interface: the degree of nol ecul ar roughness and the
nat ure of the adsorption of the solvent on the surface.
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liquors follo t
LA LR A it AL M e el
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and cooling ta ace s utilize

shoul d pr oguce Eﬂ’%;éqeeﬂagur%ﬁhe 'mpu'¥“838rﬁs fég r\ﬁ#@'ﬁel"g\éyvgﬁ??'b?egg"eﬁhe removal

of the nother Ii quofhe%?kr??e%@r%%ogjtesle kr%rp‘?&egéj@ﬂﬁ Lllegé:i]t gﬁtlentlon is lar?;g'ls msbl Hg r

are occluded in the nass uct
unaccept abl e iip thechatgcelic acidesolyprtdeom the memqfdhe prppersur mwpveﬁ,dbenstageremssqrhat

crystals ofp eV\ﬂ'ﬁchQs dissdivel &'tRis! fsge Wil kiﬁér¥askos®§i§ﬁnéw withCih@8&sed temperature,
Batch production of large, uniformcrystals can be achieved using hg%ltated

reaction s”?%@?&aﬁm] and the Q?P°§‘me9 lzrgs prpprtiengef die spivts is ysyplly E’PH$ @BeHti ng
t akes pl ace. As aGuitsdleatrystaiider paratus by dodlihg s Hut aGrtentidied SUREGIE ETIUS, the mother

Fenchi ng = satGPaRTRV R SRttt At alalin tor hel Relfde Bl e LS i o
may be obt ai netiteftivelyhya crystallizet aprarajusswhich amploysefiash myapanation avighl beoksed dm i n
the absencgs of syaRbihsHardtiC b Bakisofion is passed into a vacuum chamber in which both evaporation
and cooling take place. Optimally, the crystallizer which is utilized should produce crystals of
even size, which facilitates the removal of the mother liquor and washing. If large quantities of
the liquor aré occluded in the mass of crystals, drying will yield an impure product
unacceptable in terms of the present invention. A further advantage is that crystals of even
30 size are less likely to cake on storage.

Batch production of large, uniform crystals can be achieved using agitated reaction
vessels in which slowly controlled or wholly natural cooling takes place. As crystallization
ta_kes place, the degree of supersaturation and the concentration of the solute fall, ultimately
reaching a saturation where growth ceases. Closer control of this process may be obtained

35 by artificially seeding the supersaturated solution in the absence of natural nucleation.
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this zone allows the 5 w t hdr awal of suff|C|entIy | arge crystals from
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Evaporative crystallizers can be simple pan-like arrangements or stirred reaction

vessels. For larger production levels, calandria are employed for heating and the downcomer,

30  which must be large enough to accommodate the flow of the suspension, commonly houses
an impeller, with forced circulation increasing the heat transfer to the boiling liquid. A
continuous process in which close control of the crystél product size is important may be
carried out using an Oslo crystallizer, which saturates the solution by evaporation. In a
vacuum crystallizer, typically a hot concentrated solution is fed to an agitated crystallization

35 chamber maintained at low pressure. The solution boils and cools adiabatically to the boiling



poi nt correspondi ng to the operating pressure of the crystallizer.

Crystallization foll ows concentr at lon and the product I's renoved from
t he bottom of the vessel. BRI EF DESCRI PTI ON OF A
PREFERRED EMBCDI MENT | mredi at e|7y bel ow there is set out a
wor ki ng exanpl e of an enbodi nents of the present ‘invention for the
purpose of further illustrating the sane, but W t hout any intention of

thereby limting the scope of the present invention, to which the cI ai s
herein are directe 1
Purification of o"&a 015"33 qngm% ?é’?e P’?e&tﬁ'ﬁ;s%?ssure of the crystalhz?nhe s\%' a%4q8 Eovtso a
reaction vessetor@e‘lt@tlgtarfdtbe prpaict is iremqved fforo thedhottbro of thé vesselbazol e 10  ester

brecur sor, - (6-chl or o- 2- cogha edoIBHAN P Rb ek EnnetfEinobiuEy| €St T
preV|oust deter ndol e di nmer

i mpurity having t helrﬁrﬁédlé?e\!l& Blow there% 5&tCdut! 'aCworking exarL;ﬁé 5} an embodimentd r&? the
car bazol e est er precursor nmaterial was conbi ned W of gl aci al

acetic aci d°anbregent invention &y the pusppss sf frtheriluziratipg é’!q ?qmeneut witheytiany inteption, of
devel oped whi cinersds liriting the Scopd bf tag preserit Rértiby, to which the laliisshereit ark ARécted.

tenperature. The slurry was then slowy to 20-25[err]C, stirred for
an additional 2 hrs., and then filgg&%igﬁd dried. The yield of

carbazol e ester final product Purficatidrn cfiCadazqieEst@rFrach r(77%, whi ch

cont ai ned 0.028% by wei ght of the spiro oxindole diner Il mpurity.
-18- There was added to a reaction vessel 30.0 g of\g|apedific praductigniptjofcarbazole

é A pragesgste dheturdol,i NEcRoroR-allalbiimietiyRmBRAIE! kit Malethyl - 488drONirevidifsiyd
(qerr] - determined to have 0.6% by weight of a spiro oxindole dimer impurity having the following
structure:

The carbazole ester precursor material was combined with 90 mL of glacial acetic acid and

15  heated to 50-55°C with stirring. A thin slurry developed which was' stirred for approximately
2.5 hrs. at that temperature. The slurry was then slowly cooled to 20-25°C, stirred for an
additional 2 hrs., and then filtered and dried. The yield of carbazole ester final product
obtained was 23.14 g (77%), which contained 0.028% by weight of the spiro oxindole dimer
impurity.



C6 al kyl) ester of Formula (1): wherein R err] and
Rb nmust be the same and are selected fromthe group consi sting of

Cerr] -Cerr] . alkyl: ‘conpri si ng phase separating one or nore

i mpurities, from sai d carbazol e ester at | eggt once wherein the

sol vent used to carry out said phase separa fon is acetic acid. 10

2. A process in accordance with Claim1l wherein said acetic acid is

gl aci al acetic acid which is maintained at a tenperature of from
about 30[err] to about 110[err] C. 3. A process in

accordance with daim2 wherein sai ATISCLAIMED 1S. from about 50 to

about 70 C, and sai ¢ pha r ad o die.

4, A process in gccor gpﬁ‘?:%gs\noﬁh r@had - (ﬁéﬁmge?gﬁaﬁd%%{?g*éfgp@g@grea c'gs?'(ec‘ of
15  Formul a (¥32lkd esigeofidiosnyg (1) est er . A process in
accordance with Caim4 whereig|said carbazole ester i s obtained in a
purity of at |east 99. 95% by we the anount of inpurities
present therein is 0.05% oy CH, 6. A
process in accordance with d ai CRORe ester of 20
Formula (1) which is to be purifie wesent in the formof an isol ated
crystalline solid. 7. A processCQﬁ)%pcordance with Cdaim
1 wherein said one or nore inmpurities are produced directly or
indirectly n the course of a process of preparation of said ester and |
conprise oné or nore of starting materials, synthesis internediates, M
reactants, reaction,, C n
whi ch various reactl ﬁgﬁrgigtRé agd gf’ msug &IéS%rgggﬁﬁgézgg%&eg%ﬂgﬁgg?ﬁ%t&%\%ﬁﬂ Oﬂ en
carried out, or und§s1Qs@H$Y'anal ogs of cI osely rel ated chem cal structure

to said car bazol e ester of Forpula (1).
comprising phase separating one or more impurities from said carbazole ester at least once

wherein the solvent used to carry out said phase separation is acetic acid.

10 2. A process in accordance with Claim 1 wherein said acetic acid is glacial
acetic acid which is maintained at a temperature of from about 30° to about 110° C.

3. A process in accordance with Claim 2 wherein said temperature is from about
50° to about 70° C, and said phase separation is carried out only once.

4, A process in accordance with Claim 1 wherein said carbazole ester of
156  Formula (1) is the diethyl ester.

5. A process in accordance with Claim 4 wherein said carbazole ester is
obtained in a purity of at least 99. 95% by weight, so that the amount of impurities present
therein is 0.05% or less by weight.

6. A process in accordance with Claim § wherein said carbazole ester of
20  Formula (I) which is to be purified is present in the form of an isclated crystalline solid.

7. A process in accordance with Claim 1 wherein said one or more impurities
are produced directly or indirectly in the course of a process$ of preparation of said ester and
comprise one or more of starting materials, synthesis intermediates, reactants, reaction side
products, degradation products, solvents in which various reaction steps of said process of

25 preparation have been carried out, or undesired analogs of closely related chemical structure _
to said carbazole ester of Formﬁlé (1).
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8. - A process in accordance with Caim7 wherein said one or nore

| mpurities arise indirectly fromsaid process of preparation as the
result of said, method being carried out i mproperly or on a subopti nal
basi s. . 9. A process in accof, dance with Caim21 wherein said
one or nore inpurities 5 are derived inéc?\'/ertently from contam nati on of
equi pnent in which a process of preparation of said carbazol e ester of
Formula (I) is carried out, fromcontam nation of starting naterials,

sol vents or synthesigs ai 1 ' rocess of preparation, from ..
cont ani nant s ?/n the & %e?nrl\é?er%gr'lArnga?\ct%%IsaﬁcreP“é'ﬁ‘ng%r%Qé"glgﬁ'"gs%b@é%es" drere impurities
prepar at i on whiatse inditcstiveirannsait proekss af riepasdtian as the reguli obsaid method being carried out
contam nati on @fprSgdy of 64 PaiRbtnBaey of Formula (1) while being stored or
10 handl ed subsequent to preparation thereof by said process of

preparati on. 9, A BrBcess inf\adtbfIBRSESWItNCIRAE PWharRmesal érie ¢l dr8Nimpurities
wherein said one S Jpr e i ri.ti es . .cor}pri,ses a spiro oxindal e diner
of Formul a Fl foe erive madveF%ifly ]from contamination of equipment in which a process of preparation
(rv) 15 of said carbazole ester of Formula (I} is carried out, from contamination of starting materials,

" solvents or synthesis aids used in said process of preparation, from contaminants in the
environment surrounding said process of preparation which become absorbed into said
process, or from contamination of said carbazole ester of Formula (I) while being stored or

10 handled subsequent to preparation thereof by said process of preparation. '

10. A process in accordance with Claim 1 wherein said one or more impurities
comprises a spiro oxindole dimer of Formula (IV):

(V)
15
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