WD 2006/ 029393 PCT/ US2005/ 032395 PROCESS FOR PREPARATI ON OF M XTURES OF
POLYPEPTI DES USI NG PURI FI ED HYDROBROM C ACID 5 Throughout this application
various publications are referenced by their full citations. The

di scl osures of these publications in .their entireties are hereby 10

i ncor por MEWIHYRI%f er ence into this appl i cation in ofHEUS20YORPFe fully
describe the state of the art to which this invention pertains. Background
O The Invention 15 A mxture of pol ypeptides which do not all have the
same amno acid sequence referred to as glatiranmer acetate (GA) is

mar ket ed under the tradenan9p§3a@@50ﬁ§xrﬁhggﬁﬁhmﬁagnaflses the acetate salts
0si ne and

of polypepti des, eanhal U Goby 4l aligon

L-lysine at a xctTons—¢ - ‘ S a0, 338,
respectivel®dy. The average nnlecular melght of Cbpaxone(r) IS betmeen 4,700
and 11,000 daltons. ("Copaxone", Physician's Desk Reference, (2000),

Medi Cal Econor@l'ﬁ%uaﬁo@ 1th|1@C ap;(]M?:m:Y@:ll e1va|¥~11)us 3%&0@%50a|alr¥
glatiramer acetatée is aci mnth L- al ani ne,

eg ce% %el [IL. (o] *%aﬁ:mo% Id)_( res of

L- I ysi ne, L-tyrdSFAg céfa SiEs Aty of fructura formila 30 (du,
Al a, Lys, Tyr)W@eeoaepﬁlcf@mwesw&@“cm%mze?l@H|44‘@03)%{@?%402 CAS -
147245-92-19% incorporated by reference into this application in order

to more fully describe the state of the art to which this

e

invention pertains.

Background Of The Invention

15
A mixture of polypeptides which do not all have the same
amino acid sequence referred to as glatiramer acetate
(GR) iz marketed under the tradename Copaxone® and
comprises the acetate salts of polypeptides containing L-
20 glutamic acid, L-alanine, L-tyrosine and L-lysine at
average molar fractions of 0.141, 0.427, 0.095 and 0.338,

respectively. The average molecular weight of Copaxone®

is between 4,700 and 11,000 daltons. (“Copaxone”,
Physician’s Desk Reference, (2000), Medical Economics
25 Co., Inc., (Montvale, NJ), 3115.} Chemically, glatiramer

acetate is designated L-glutamic acid polymer with I-
alanine, L-lysine, L-tyrosine, acetate {salt) . Its

structural formula is:

30 (Glu, Ala, Lys, Tyr}y+*XCH3COOH
(CsHyNOy4* C3HNO, * CgH14N207 * CoH11N03) 4 * XC2H402
CAS - 147245-92-9

{(“Copaxone”, Physician’s Desk Reference, {2000), Medical

35 Economics Co., Inc., (Montvale, NJ), 3115.)

Glatiramer acetate 1is approved for reduction of the
frequency of relapses in patients with relapsing-

remitting multiple sclerosis. Multiple sclerosis has been




(" Copaxone", Physician's Desk Reference, (2000), Medical 35 Economcs Co.,
Inc., (Montvale, NJ), 3115.) G atiraner acetate is approved for reduction
of the frequency of relapses in patients with relapsing- remtting
multiple sclerosis. Miultiple sclerosis has been WO 2006/ 029393

PCT/ US200%) &8999%3 2 | assified as an autoi mune di sE&I&S2E AR aner
acetate has also been disclosed for use in the treatnent of other
aut oi nmune di seases (Publication No. US 2002/ 0055466 Al for R Aharoni et
al.), inflanmatory non-autoi mune 5 di seases (Publication No. US

2005/ 0014694 Al for V. We Yong et al.; and U. S. Patent Application No.
2002/ 0077278 A, published June 20, 2002 (Young et al.)) and to pronote
nerve regeneration and/or to prevent or_inhibit secondary degeneration
whi ch may follow primry nervous 10 sys%enlinjury (Publication No- US

200310004099 Aly [t cMo ELsenbachs:Selnar izeeledl! cioandatds adiabent =
égﬁmartz)). FdFFhéFﬁﬁr%fabF%Ffﬁ%%%f%ggggﬂgéﬂxgégbgé%tmgggc?%ggﬁggsa;
treatnent for sunmimeumeditrsegedi eaRBCat3opeNg:  UP, 800p% 1 toRo216, 514, 938
S1, issued Febrdiary 4, an20@3 (&ad #t.)al . JnfRGFRakoter meni-enaditPybki cat i on
No. WO 01/:560302...publ iisliod AUGYStn3 u200bs(GoLbosd sal k- Jv. smd PCT
et al ) a welTo%s i Ebas bl SoaBi oAt S LA Uomel | At ran (Rey e
| nt ernati onal AlRubbilkkished NmewWPe 1/ @?Q%G,WBHB%ﬁeda]Dédenﬁ‘é‘% 59 2001
promote nerve regeneration and/or to prevent or inhibit
secondary degeneration which may follow primary mnervous
10 system injury (Publication No. US 2003/000409% A1 for M.
Fisenbach-Schwartz et al.; and U.S. Patent Application
No. 2002/0037848 Al, published March 28, 2002 (Eisenbach-
Schwartz}} - Furthermore, glatiramer acetate has Dbeen
disclosed as a treatment for immune mediated diseases
15 {e.g., U.8. Patent No. 6,514,938 Bl, issued February 4,
2003 {(Gad et al.}); PCT International Publication No. WO
01/60392, published August 23, 2001 (Gilbert et al.}); and
pPOT International Publication No. WO 00/27417, published
May 19, 2000 (Aharoni et al.}) as well as diseases
20 associated with demyelination (PCT International

publication No. WO -1/97846, published December 27, 2001

{Moses et al.).

The manufacturing process as detailed in the above patents
25 involves reacting protected polypeptides with 33%
hydrobromic acid in acetic acid. (U.5. Patent HNo.
5,800,808, issued September 1, 19898 to Konfino, et al.)}
This deprotection reaction removes the gamma benzyl
protecting group from the 5-carboxylate of the glutamate
30 residue and cleaves the polymer to smaller polypeptides to
form a trifluoroacetyl polypeptide. {U.8. Patent No.
5,800,808, issued September 1, 1998 to Kenfino, et al.)

The time needed to obtain GA of the proper average




(Mbses et al.). The manufacturing process as detailed in the above patents
25 invol ves reacting protected pol ypeptides with 33% hydrobromc acid in
acetic acid. (U S. Patent No. 5,800,808, issued Septenber 1, 1998 to
Konfino, et al. This deprotection reaction renoves the gamm benzyl

prot ect i AP POHPFrom the 5-carboxyl ate of the gl ut akbT&S 2 PEH due and

cl eaves the polyner to smaller polypeptides to forma trifluoroacetyl

pol ypeptide. (U S. Patent No. 5,800,808, issued Septenber 1, 1998 to
Konfino, et al.) The tine needed to obtain GA of the proper average WO
2006/ 029393 PCT/ US2005/ 032395 3 nol ecul ar wei ght of between 7,0002, 000
dal tons depends on the reaction tenperature and the nol ecul ar wei ght
profile of the protected gl atiraner acetate. (U . S. Patent No. 5,800, 808,
i ssued Septenber 1, 1998 to Konfino, et al.) 5 The deprotection occurs at a

tenperature of ,betwesn OGh: ane (R8Geéd).S.00Pat ardo Na1t 5 BRRp8ASs dnssued
Sept enber 1, %998ﬁt%t§§9fée%§er§£ur%' ahu 6nd GRICERCL AN ke performEd on

every batch at il eriods termne the Treactiaon tine

needed at a gl%%ntﬁ%nﬁéPéfEﬁ%gt%ﬁ%%iﬁ?@?é ifﬁﬁﬁﬁefluﬁ%éacéF?F“ﬁoﬂVbeptldes of
a proper nol echl &, ®eBghtssyprdofiepgemipds S, P#8ntoNdonBig8]1, H8% L i)ssued
Novermber 9,5 1899 45 -Keafing, catudd.dc Theaappuntuef dd mecneederbfoor the

reaction ranges,, fo.e | e n 10,andy50 pggk% sebMembe Pat ent No.
5,800, 808, | ssted eptgggy pa£§%W§§ élS Konfino, et e%%gﬂ:% addltlon

U.S. Patent hb%99q5q98fogégpo, 'et” al. test reactibn 1is pe

every batch at different time periods to determine the
reaction time needed at a given temperature to achieve
10 trifluoroacetyl polypeptides of a proper molecular weight
profile. {(U.S. Patent No. 5,981,589, issued November 9,
1999 to Konfino, et al.) The amount of time needed for the
reaction ranges, for example, between 19 and 50 hours.
(U.S. Patent No. 5,800,808, issued September 1, 1998 to
15 Konfino, =t al.). In additicn, U.S$. Patent Nos. 3,981,589,
6,048,898, 6,054,430, 6,342,476, 6,362,161, and 6,620,847,
also relate to compositions and methods for manufacture of

mixtures of polypeptides, including GA.

20 This invention provides an improved manufacturing process.




6, 048, 898, 6, 054, 430, 6, 342,476, 6,362,161, and 6,620,847, also relate to
conpositions and nethods for manufacture of m xtures of pol ypepti des,
including GA. 20 This invention provides an inproved nanufacturing process.
WO 2006/ 029393 PCT/ US2005/ 032395 Summary OF The I nvention The subject

i nventi oVQRWYPHES a process for obtaining a: m xt uPE&TES2408PF2BFor oacet yl
pol ypepti des which do not all 5 have the sane am no acid sequence, where
each pol ypeptide consists essentially of. al anine, glutam ¢ acid, tyrosine
and trifluoroacetyl lysine, wherein the mixture has a desired average

nol ecul ar wei ght and wherein during the process a batch of a m xture of
pol ypepti des, each of 10 which consists essentially of alanine, y-benzyl
glutamate, tyrosine and trifluoroacetyl; |ysine is deprotected with' a
solution of hydrobrom c acid in acetic acid, the inprovenent conprising
use of a sol ut pymeafy AYdFehfomemticaci d in acetic acid, which solution
conprises less than 15 0.5% of free brom ne. The subject invention also
provi des a progess_far _obtaini.ng a mxture of trifluoroacetyl polypeptides
Which do not MT HAVSFhe" SEiy AnPho” Aiid “squante, Wher b ahtie 2o

pol ypepti de coRsfst® SésdenfiufrepcstylalradivRePtiflagt afieh 2ei ot t34'osi ne and
trifl uoroacetyhatydimme sambereine thed sdgeure, hasra dedi redyavperiage

nol ecul ar wei ghtnands WREESL 1h1dYr IbR] 2t B melT QG aSSmA: RAtiGh @frasifxture of -
pol ypepti des, ggghtggfi/\hdrgg consi sts. essentli al. | ytg]:e 25 _al ani ne. y- benzyl

S1Nneg Wherein mixture ha
glutanate, tyr05|ne andltrlf? or oa é&yr :

desired average molecular” weight and wherein during the

process a batch of a mixture of polypeptides, each- of
10 which consists essentiélly of alénine, Y-benzyl glutamate,
tyrosine and trifluorocacetyl lysine is deprotected with a
solution of hydrobromic acid in acetic acid, the
improvement comprising use of a solution of hydrobromic
acid in acetic acid, which solution comprises less than

15 0.5% of free bromine.

The subject inventiqh also provides a process for:
obtaining a mixture of trifluoroacetyl polypeptides which
do not all have the same amino acid sequence, where each
20 polypeptide consists -essentially of alénine, glutamic
acid, tyrosine and trifluorocacetyl lysine, wherein the
mixture has a desired average molecular weight and
wherein during the process a batch of a mixture of
polypeptides, each of which consists esSenfially lof
25 alanine, y-benzyl glutamate, tyrosine and trifluoroacetyl
lysine is deprotected with a solution of hydrobromic acid
in acetic acid,  the improvement ccmprising ‘use of a
solution of hydrobromic acid in. acetic acid, which
solution comprises less than 1000 ppm of metal ion

30 impurities.

The subject invention further ©provides process of

producing a mixture of trifluorocacetyl polypeptides which




| ysine is deprotected with a solution of hydrobromc acid in acetic acid, -
the i nprovenent conprising use of a solution of hydrobromc acid in-
acetic acid, which solution conprises |less than 1000 ppm of nmetal ion 30
inmpurities. - The subject invention further provides process of producing
a m xt ur QPUPPIMPuor oacet yl pol ypepti des whi ch WO 2068/5243633395

PCTI US2005/ 032395 5 do not all - have the sanme am no acid sequence, where
each pol ypeptide consists essentially of alanine, glutamic ~acid, tyrosine
and trifluoroacetyl lysine, wherein the mxture has a desired average

nol ecul ar wei ght conprising 5 deprotecting a m xture of pol ypeptides each
consisting essentially of alanine, y-benzyl glutamate, tyrosine and
trifluoroacetyl lysine with .a solution of hydrobromic acid in acetic acid,
whi ch sol ution conprises less than 0.5% of free brom ne and | ess than 1000
ppm of metal i@ nokO silmpHEYd | @ Fhfe SahjreClaci AvesiicoBe al Wit jar @aicdes a

conposi tion %m 'em@et%%ng{gég uggg@r&qtaxhyproqdugiarﬂ %ducgeﬂn%lény one of

t he-subjectin rocesses, and_a carrier. ect gventlon

furt her prOV|d%§‘h ﬁi %Fr8%0 F“thFFF55F6558Y§H %8Tyﬁept¥ﬁ%§lﬂhl fi do not
all have the marwranhne aciediseduerreege whessudat vpahypeptideiognsi sts
essenti al | y ofu):ankBeingl &t afkeunc df ptyyRpicnesandad tendddmamngacet yl

| ysi ne, mhereln th lglfturg h@s .a_desi.red

essen anine, +Y-benzyl glutamate, tyr051ne and:

trifluorcacetyl lysine -with a solution of hydrobromic
- acid in acetic acid, which solution comﬁrises less than

0.5% of free bromine and less than 1000 ppm of metal ion -

10 impurities.

The subject invention also provideé a. composition
comprising the trifluoroacetyl product produced by any
one of the subject.inventiocn processes, and a carrier.

15 ' o '
The subject. invention further provides a mixture of
trifluoroacetyl polypeptides which do not all have - the
same amino acid sequence, where each polypeptide consists
essentiaily of alaﬁine, glutamic acid, -tyrosine and

20  trifluorcacetyl lysine, wherein the mixture has a desired
average melecular weight, no more than O;i%.brqminatedv
tyrosine and less than 1000 pﬁnl metal 1lon impurities.
The subject inventicn also provides a* composition
comprising the mixture of trifluorcacetyl polypeptides

25 and a carrier.

The subject invention also provides proceSS'for‘obtainiﬁg

a pharmaceutical composition containing a mixture bf.
polypeptides which do not all have the same amino acid

30 seguence, where each polypeptide consists essentially of
" alanine, glutamic acid, tyrosine and lysine, and wherein
the mixture has a desired average molecular weight, which

comprises




aver age nol ecul ar weight, no nore than 0:1% brom nated tyrosine and | ess
than 1000 ppmnetal ion inpurities. The subject invention also provides a
conposition conprising the mxture of trifluoroacetyl -polypeptides 25
and a carrier. The subject invention also provides process for obtaining a
phar mace Y9 28960%¥¥ posi ti on containing a mxture of BOIHSENFPHEE whi ch do
not all have the sanme am no acid 30 sequence., where each pol ypeptide
consists essentially of alanine, glutamc acid, tyrosine and |ysine, and
wherein the mxture has a desired average nol ecul ar wei ght, which
conprises _ i WD 2006/ 029393 PCT/ US2005/ 032395 6 a) pol ynmerizing.

N- car boxyanhydri des of tyrosine, alanine, y-benzyl glutamate and N
trifluoroacetyl lysine to forma mxturg of 5 protected pol ypeptides; b)
deprotecting the protected pol ypeptides with a solution, of hydrobromc
acid in acetic acid, the solution conprises |ess than 0.5% of free 10

brom ne and | ess ttaan 1Q09mppM iely . MRt &d rdoRPaniyRuRES | &F, rtgarcmrnrél a. mxture
of trifluoroacetyl polypeptides; rggﬁtlng the a m xture of

trifluoroacetyl 15 polyp&ptTdes Wﬁ¥ﬁ eous? Pi*pEF it ne 6 for i a
sol ution of aqueous mxtmﬁéu@toqmltypepimseles, to form a mixture of

5 protected polypeptides;

b) deprotecting the protected polypeptides with a
solution of hydrobromic acid in acetic aéid,
the solution comprises less than 0.5% of free.

10 bromine and less than 1000 ppm of metal ion .
impurities, to . form a . mixture of

trifluorocacetyl polypeptides;

c) reacting the a mixture of triflﬁoroacétyl

15 polypeptides with aguecus piperidine to -form a
‘solution of agueous mixture of polyﬁeptides,

each of which consists essentially of alanine,

glutamic acid, tyrosine and lysine; and
20 d) purifying the mixture of polypeptides.

The subjection invention further "provides process of

producing glatiramer acetate comprising the steps of:

25 a) polymerizing N-carboxyanhydrides of tyrosine,

- alanine, v-benzyl glutamate and N- -
trifluorcacetyl lysine to form protected

glatiramer acetate;

30 b} deprotecting protected glatiramer acetate with
' a solution of hydrobromic acild in acetic acid,
the solution comprises less than 0.5% of free

bromine and less than 1000 ppm of metal ion




each of which consists essentially of alanine, glutamc acid, tyrosine and
| ysine; and 20 d) purifying the m xture of pol ypeptides. The subjection

i nvention further provides process of producing glatiramer acetate
conprising the steps of: 25 a) polynerizing N carboxyanhydri des of

tyrosi ne, WOO4M%Y  y-benzyl glutamate and N- trifl udidE8WN032P85si ne to
formprotected glatiraner acetate; 30 b) deprotecting protected gl atiramer
acetate with a solution of hydrobrom c acid in acetic acid, the solution
conprises |less than 0.5% of free bromne andless than 1000 ppm of net al

i on WD 2006/ 029393 PCT/ US2005/032395. 7 inpurities, to formtrifluoroacetyl
glatiranmer acetate; c) reacting trifluoroacetyl glatiraner acetate 5 with
aqueous piperidine to forma solution of glatiramer acetate; and d)
purifying the glatiranmer acetate. 10 The subject invention yet further .
provi des a nmethod of anauyziies.t he pereentragéuofodsroni nated ayeosi ne in -a
sanpl e of glatiramer acgtatecconprising the steps of: a) hydrol yzing
glatiramer acetate to obtain a 15 hydrolyzate; b) eluting- the hydrolyzate

t hrough a chronatographlc col um; .
c) reacting trlfluoroacetyl glatiramer acetate

5 - . with aqueous piperidine to form a solution of

glatiramer acetate; and
d) purifying the glatiramer acetate.
10 The subject invention yet further provides a methed of

analyzing the percentage of brominated tyrosine in - a

sample of glatiramer acetate comprisiﬁg the steps of:

a) - hydrelyzing glatiramer acetate to obtain a
i5 : hydrolyzate;
b)' eluting. - the hydrelyzate through a

chromatogrépﬁic column;

20 <) ,measdring the level of bromofyrogine in the
hydrolyzate; ' '
d) preparing sample solutions of the “amino acid

components of glatiramer  acetate and of

25 ' bromotyrosine;

e) eluting the sample solutiomns through the column

of step'b); and

30 2) calculating - the percentage of brominated -

tyrosine in the glatiramer acetate.

The subject invention also provides a process for




20 ¢c) nmeasuring the level of bronotyrosine in the hydrolyzate; d)
preparing sanple solutions of the amno acid conponents of gl atiraner
acetate and of 25 bronotyrosine; e) eluting the sanple solutions through
the colunmm of step b); and 30 e) cal cul ating the percentage of brom nated
t yr osi ne W2Q0H@9¥Bat i ramer acetate.. The subj ect i nvedCrER2BE3%5r ovi des a
process for WD 2006/ 029393 PCT/ US2005/032395 8 preparing a pharnaceutica
conposition containing a mxture of polypeptides which do not all have the
same am no acid sequence, where each pol ypeptide consists essentially. of
glutamc acid, alanine, tyrosine and 5 |ysine, wherein the mxture has a
predeterm ned percentage of brom nated.tyrosine acceptable for inclusion
in a pharnmaceutical conposition, which 8conprises | obtaining a batch of a
m xture of pol ypeptides having nonuniform am no acid sequences, where each
10 pol ypepti dg,;ceasisd s £55@iirhabéiti0h1gl ubapdsitachd, comdARiiAG, &Yrosine
and [ysine; ”%n%éc%wgo%hﬁgp,%eqo%ggggewﬁdpr@fe&géagc 1t WREI N§0% ke batch

by a process comnpri Sing rolyzing t to obtain a
hydrol yzate; YN8l \iiiny EREHYEr ol SFAke EHTOUGR WPERHAS Mt BGraphi ¢ col um;

essentially of glutamic acid, alanine, tyrosine and :
5 lysine, wherein the ~mixture has a predetermined
percentage of -brominated tyrosine acceptable for
inclusion in a pharmaceutical composition, which
éomprises'obtaining a batch of a mixture of polypeptides
having nonuniform amino acid seguences, where each
10 polypeptide consists essentially of glutamic  acid,
alanine, tyrosine and lysine;: ,
. measuring the percentage of brominated tyrosine of -

the batch by a process comprising
15 a) hydrolyzing the batch to obtain a hjdrolyzate;

b) eluting the hydrolyzate' through - a

chromatographic column;

20 c) measuring the Jlevel of bromotyrosine in the
hydrolyzate;
d) preparing sample solutions of the amino acid

components of'the batch and of bromotyrosine;

25
e) . eluting the sample sclutions through the column
of step b); and
- £f) calculating the percentage of brominated
30 tyrosine in the batch; and

inluding in the pharmaceutical composition
a batch. only if its percentage of brominated

tyrosine so measured is less than 0.3%.




20 ¢c) nmeasuring the level of bronotyrosine in the hydrolyzate; d)
preparing sanple solutions of the amno acid conponents of the batch and
of bronmotyrosine; 25 e) eluting the sanple solutions through the colum

of step b); and f) calculating the percentage of brom nated 30 tyrosine in
t he bat ciWOaW&039%813udi ng i n the pharmaceuti cal conposiRGTR200408B45ch, only if
its percentage of brom nated tyrosine so neasured is less-‘than 0.3% WO
2006/ 029393 PCT/ US2005/ 032395 9. Detail ed Description OF The I nvention The
subj ect invention provides a process for obtaining a mxture of
trifluoroacetyl polypeptides which do not all 5 have the sane ami no acid
sequence, where each pol ypeptide consists essentially of alanine, glutamc
acid, tyrosine and trifluoroacetyl |lysine, wherein the m xture has a
desired average nol ecul ar wei ght and wherein during the process a batch of
a mxture of polikepkislesrifatdh ¥ 2R WhivehtLansi sts essentially of

al ani ne, y-benzyl_grutanmnate, tyrosine and trifluoroacetyl lysine is
deprotected with a solution of hydrobromic acid in acetjc acid, the

i nprovement coHpr iMPAGCUSETETACEoPERYIGRS OR RYRHIGBr SAT cOPEREITd"Pn2acet i ¢
acid, which salistuen eonprisiesrbesscithanlypeptQdes efiidh el byoagmiadé: | n one
enbodi ment .= the J FREOVERENhUI LORS CQIPKESEHNHSE cach polypeptide '

consists essentially of alanine, glutamic~aci&, tyrosine

and trifluorcacetyl lysine, wherein the mixture has a
desired average molecular weight and wherein during the

process a batch of a mixture of polypeptides, each of

10 which consists essentially of alanine, vy-benzyl glutamate,
tyrosine and trifluoroacetyl lysine is deprotected with' a
solution of hydrobromic acid in acetic acid, the
improvement comprising usé of a solution of hydrobromic

acid in acetic acid, which solution comprises less than

15 0.5% cof free bromine.

In one embodiment;xthe improvement further comprises:use
of a solution of hydrobromic acid in apetic acid that
comprises less than 1000 ppm of metal_ion_impﬁrities.

20 ' . _
The subject invention further provides a .prdcess for
obtaining a mixture of trifluoroécetyl polypeptides which
do not all have the same amino acid sequenéé; where .each
polypeptide consists essentially of alaniﬁe; glutamic

25 acid, tyrosine and trifluorcacetyl lysine, Wherein the
mixture has a desired average molecular weight and
wherein during the process a batch of a mixture of
polypeptides, each of which consists: essentially of
alanine, y-benzyl glutamate, tyrosine and trifluorocacetyl

30 lysine is deprotécted‘with a solution of hydrobromic acid
in acetic acid, the 'improvement .comprising use of a
solution of hydrobromic acid in acetic acid, which

solution comprises less than 1000 ppm of metal ion




of a solution of hydrobronmic acid in acetic acid that conprises |ess than
1000 ppmof netal ion inpurities. 20 The subject invention further provides
a process for obtaining a mixture of trifluoroacetyl polypeptides which
do not all have the same ami no acid sequence, where each ol ypepti de
consi sts WOIMK{PRPI y of al anine, glutanic 25 acid, ty‘i”%ﬁ%@” i‘n’trf)f%
trifluoroacetyl lysine, wherein the mxture has a desired average

nol ecul ar wei ght and _wherein during the process a batch of a m xture of
pol ypepti des, each of which consists essentially of alanine, y-benzyl
glutamate, tyrosine and trifluoroacetyl 30 lysine is deprotected with a
solution of hydrobromc acid in acetic acid, the inprovenent conprising
use of a solution of hydrobromc acid jyn acetic acid, which solution
conprises |ess than 1000 ppm of netal ion WO 2006/029393 PCT/ US2005/ 032395
10 inpuritiesimfihetsubj ect invention yet further provides a process of
produci ng a m xture of trifluoroacetyl polypeptides which 5 do not al

have t he sane no .aci d sequence, re each epti de consi st
bavent ol 1y of CBT aRPRECtg LTSRTET sty frbRe M ARACL F1 PO Tacth y)

| ysi ne, wher éi pre®eing jt UHe-4gs o4 éésﬁlﬂ@aoaweigéomeééaﬁaﬁ Wk ght
conpri si ng 5de@@om@mtimghava1mmynﬁm@famomypﬁﬂhldesu@a@h @base séddrg 10
essentially of ]i;é‘ ﬁﬂép’%@dey &%@Zé’%s 9'e‘é%@£'§££1yt Y£@S'aﬂ§n§£@, " glutamic

rifluor ine w [ r
t uo oacety hxs t§}osﬁ£e %ﬂ%oighjguoroace y£oqyg9%g, wherein the

mixture has a desired average molecular weight comprising
deprotecting a mixture of polypeptides each consisting
10 essentially of zlanine, Y—benzyi glutamate, tyrosine and
trifluorvacetyl lysine with a solution of hydrobromic
.acid in acetic acid, which solution comprises less than-
0.5% of free bromine and less than 1000 ppm of metal ion
impurities! ‘
15
In one embodiment, the solution of hydrobromic acid in

acetic acid comprises'less than 0.1% of free bromine.

In another embodiment, the solution of hydrobromic acid

20 in acetic acid comprises less ‘than 0.05% of free bromine.

In a further embodiment, the solution of hydrobromic acid

in acetic acid comprises less than 0.01% cf free bromine.

25 In vyet another embodiment, the solution of hydrobromic
acid in acetic acid comprises less than 0.001% of free

breomine.

In a further embodiment, the seclution of hydrobromic acid

30 in acetic ‘acid is free of free bromine.

In another embodiment, the solution of hydrobromic acid

in acetic acid comprises less than 1000 ppm of metal ion




acid in acetic acid, which solution conprises less than 0.5% of free

brom ne and | ess than 1000 pprnof netal ion inpurities. 15 In one

enbodi ment, the solution of hydrobromic acid in acetic acid conprises |ess
than 0.1% of free brom ne. In another enbodi nent, the sol ution of

hydr obr oY@ 2460839320 i n acetic acid conprises |ess tP&AU2W50828%5 1 ee

brom ne. In a further enbodi nent, the solution of hydrobronlc acid in
acetic acid conprises less than 0.01% of free bronmne. . 25 In yet another
enbodi ment, the solutioen of hydrobromic { acid in acetic acid conprises

| ess than 0.001% of free bromne. In a further enbodiment, the solution of
hydrobrom c acid 30 in acetic acid is free of free brom ne. |In another
enbodi nent, the solution of hydrobromcacid in acetic acid conprises |ess
than 1000 ppm of netal ion WD 2006/ 029393 PCTNS2005/ 032395 11 inpurities.
I n yet anot herirgnbddieent, the solution of hydrobromc acid in acetic acid
conprises |ess than 500 ppmof nmetal. 5 ion inpurities. In one enbodinent,

t he sol ution q{ hydroggg eﬁr%%%% men_ta.cetlc B 89”9%'%§§r$§§ ;than 100
ppm of et al i'dh 77 ur| I és n aﬁot er e élnent e so utlon of
hydrobronlc vaQfd 1n acetic acid comprises less than 500 ppm of metal

5 ion impurities.

In one embodiment, the solution of hydrobromic acid in
acetic acid comprises less than 100 ppm of metal ion
impurities. ' '

10 .
In -another embodiment, the solution of hydrobromic acid.
in acetic acid comprises less than 30 ppm of metal ion

impurities.

15 In yet another embodiment, the solution of hydrobromic
acid in acetic acid comprises less than 20;ppm of metal

ion impurities.

In a further embodiment, the sclution of hydfobromic acid
20 in acetic acid comprises less than 10 ppm of metal ion

impurities.

in ahother embodiment, the solution of hydrobromic. acid

in acetic acid is free of metal ioh impurities. |
25 :

In yet ancther embodiment, the mixture of trifluorocacetyl

polypeptides is trifluoroacetyl glatiramer acetate (“TFA-

GA™} .

30 In an embodiment, the .hydrobromic acid in acetic acid
solution is from 10% ‘to 36% hydrobromic acid in acetic
acid. In another embodiment, the hydrobromic acid in

acetic acid is from 16% to 33% hydrobromic acid in acetic




in acetic acid conprises |less than 30 ppmofnetal ion inpurities. 15 In
yet anot her enbodi nent, the solution of hydrobromc acid in acetic acid

conprises |less than 20 -ppmof nmetal ion inpurities. - In a further
enbodi ment, the solution of hydrobromc acid 20 in acetic acid conprises
| ess t harVQ@POpPIPBf metal ion inpurities. - I n anotBtdfUSeipBEPent, the
solution of hydrobromc acid - in acetic acid is free of netal ion .

inmpurities. 25 In yet. another enbodinent, the mxture of trifluoroacetyl
pol ypeptides is trifluoroacetyl glatiranmer acetate ("TFA- GA"). 30 In an
enbodi ment, the .hydrobromc acid in acetic acid -solutionis from10%to
36% hydrobronic acid in acetic acid. In another enbodiment, the .
hydrobrom c acid in acetic acid is frg@: 16% to 33% hydrobromc acid in
acetic WD 2006/ 029393 PCT/ US2005/ 03239 i I~ 12 acid; 18%to 33%
hydr obroni ¢ aci¢hid:n 1@eetbc3deididra3borie =378 bydsehrienaeiaci hd roacetic

acid; 20%to 33% t}y);y'rgg oM c aa(‘cllg |Qnac§g‘:é1glcama@m 22%40 3% ydr obromi ¢

acid in acetic aci 24% t o, 33% brom acetic aci.d; 25%to
35% hydr obr Oml?.‘,ycbr(ﬁ d P hE a%%ltq Clnacé]yc tic ac1<§: afif to 335 hydrobromlc
dcid in ‘acetic acid; 24% to 33% hydrobromic acid -in

5 acetic acid; 25% to 35% hydrobromic acid in acetic acid;
26% to 33% hydrcbromic acid -in acetic acid; 28% to 33%
hydrobromic acid in acetic acid; 30% to 34% hydrobromic
écid is acetic acid; 30% to 33% hydrobromic acid in
acetic acid; or 32% to 33% hydrcbromic acid in acetic

10 acid. In a further embodimént, the solution is 33%
hydrobromic acid in acetic acid. In another embodiment,

' the solution is 16% hydrobromic acid in acetic acid.

In another embodiment, the solution is pretreated with a

15  bromine scavenger in corder teo remove free bromine.
In one embodiment, the hromine scavenger is phencl.

In a further embodiment, the solution is produced in a

20 non-metallic reactor.

In another embodiment, the. solution is prepared in a
glass~-lined or Teflon lined reactor.

25 In yet another embodiment, the color of the hydrobromic

acid in acetic acid solution is less than 2000 APHA.

In a further embodiment, the coler o©f the hydrobromic
acid- in acetic acid solution is less than 1000 APHA.

30
In another embodiment, the color of the hydrobromic acid

in acetic acid solution is less than 700 APHA.




26% to 33% hydrobrom c acid in acetic acid; 28%to 33% hydrobromc acid in
acetic acid; 30%to 34% hydrobromic acid is acetic acid; 30%to 33%
hydrobrom c acid in acetic acid; or 32%to 33% hydrobromc acid in acetic
10 acid. In a further enbodinent, the solution is 33% hydrobromic acid in
aceti c acd¥@200p8298%0t her enbodi nent,. .the sol ution i s PIBYERRPIPEBOm c aci d
in acetic acid. In another enbodinent, the solution is pretreated with a

15 brom ne scavenger in order to renove free brom ne. In one enbodinent,
the brom ne scavenger is phenol. In a further enbodinent, the solution is
produced in a 20 non-netallic reactor. In another enbodlnent, the sol ution
is prepared in a glass-lined or Teflon lined reactor. 25 In yet another
enbodi ment, the color of the hydrobrom.g acid in acetic acid solution is

|l ess than 2000 APHA. In a further enbodiment, the color of the hydrobromc
acid inaceti crracygk soldthkednemSodi@®at] haJme 16610 ARHA. £h30 hiyAr anedrier

embodi ment, t he.colgr,of the Ny drahk o ¢ AGLds {H2,26851 goiaci d -sol ution is
| ess t han 700 APHA. WO 2006/ 029393 PCT/C82005/032395 13 In yet another

enbodi ment, the color of the hydrobromic '.. acid in acetic acid solution
is | ess than 50® APHA] ecThelsisitéet iaRventimoNidesoa provildesoacetyl
trifluoroacet yhrodmcpr peitiicepr peucedohy @nyhenei afidshe giselsased processes.
The subj ect invention further provides a conposition
The subject invention further provides 'a composition
éomprising the trifluorcacetyl product produced by any
one of the disclosed processes, and a carrier.
10
The Subject invention yet further provides a mlxture of
‘ trlfluoroacetyl polypeptldes whlch do not all have the.
same amino acid seguence, where esach polypeptide consists
essentially of  alanine, glutamic acid, tyrosine and
15 triflucroacetyl lysine, wherein the mixture has a desired
average molecular weight, no more than Q.l% brominated

tyrosine and less than 1000 ppm metal ion impurities.

In one embodiment, - the mixture of triflucoroacetyl
.20 polypeptides has an average molecular weight from 2000 _
" daltons to 40,000 daltons.

In another embodiment, the mlxture of trifluoroacetVi.
polypeptides has an average molecular weight from 4000
25 daltons to 18,000 daltons.

In a. further embodiment, the mixture of trifluocrocacetyl
polypeptides has an average molecular weight from 4000
daltons to 13,000 daltons.

30
In another embodiment, the mixture of triflucroacetyl
polypeptides has an average molecular weight from 13,000
daltons to 19,000 daltons. 7




conprising the trifluoroacetyl product produced by any one of the

di scl osed processes, and a carrier. 10 The subject invention yet further
provides a m xture of Ill trifluoroacetyl polypeptides which do not al
have the sane ami no acid sequence, where each polypeptide consists

essent i alYQ 2@ O0RP%Bni ne, glutam c acid, tyrosine and PH/USPIPPEE0acet vl

| ysi ne, wherein the m xture has a desired aver age nol ecul ar -wei ght, no nore
than 0. 1% brom nated tyrosine and |ess than 1000 ppm netal ion inpurities.
I n one enbodi ment, the m xture of trifluoroacetyl 20 polypeptides has an
average nol ecul ar wei ght from 2000 daltons to 40,000 daltons. In another
enbodi nent, the mxture of trifluoroacetyl polypeptides has an average

nol ecul ar wei ght from 4000 25 daltons t,0 18,000 daltons. In a further
enbodi ment, the m xture of trifluoroacétyl polypeptldes has an average

nmol ecul ar meight from 4000 daltons to 13,000 daltons. I n- anot her

nmbodi t, t t
ol ecul ar viei gt Yo g0 s e RERE EAY BB B ﬂor‘nl?u%%%f%gg 029353
PCT/ US2005/ 032335 eRU14e5 Ade éﬁo?ﬁ%lfagcsrrﬁﬁén%ﬁé]rﬂr chﬁé Fi %¥0 €

trifluoroacetylaltpobypepis,d68 demsoan. aver age nol ecul ar wei ght fron113 500
daltons toslB, 500 daltons.

In a further embodiment, the mixture of trifluorcacetyl
polypeptides has an average molecular weight of 7,000
+2, 000 daltons. '

10 in yet a further embodiment, the mixture of
trifluoroacetyl polypeptides has an average molecular
weight of 7,000 daltons.

In another embodiment, the mixture of trifluocrocacetyl
15 polypeptides has an average molecular weight of 14,000
daltons.

In yet another embodiment, the mixture of triflucroacetyl
polypeptides has an average molecular weight from 4,700 -
20 11,000 daltons.

In a further embediment, the mixture of trifluorocacetyl.
polypeptides comprises less than 1000 ppra of metal “icn
impurities. '

25 _
In yet another embodiment, the mixture of trifluoroacetyl
polypeptides comprises less than 500 ppm of metal ion

impurities.

30 In a further embodiment, the mixture of trifluorcacetyl
polypeptides comprises less than 100 ppm of metal ion

impurities.




5 1n a further enbodi nent, the m xture of trifluoroacetyl polypeptides has
an average nol ecul ar weight of 7,000 2,000 daltons. 10 In yet a further
enbodi ment, the m xture of trifluoroacetyl polypeptides has an. average
mol ecul ar ht of 7,000 daltons. In another enbodi nent, the m xture of
trlfluordﬂB@W98ﬁB%% pol ypepti des has an average nol edHTAS2HBOPAEL of 14, 000
daltons. In yet another enbodi nent, the m xture of trifluoroacetyl

pol ypepti des has an average nol ecul ar wei.ght from 4,700 - 20 11, 000
daltons. | In a further enbodiment, the mxture of trifluoroacetyl

pol ypepti des conprises |less than 1000 ppmof netal ion inpurities. 25 In
yet anot her enbodi nent, the m xture of trifluoroacetyl polypeptides
conprises less than 500 ppmof netal igg inpurities. 30 In a further

enbodi ment, the m xture of trifluoroacetyl polypeptides conprises |ess

t han 100 ppm af net@lheirorembodpui¢nt i eshe Wi 2006/ 0293331 PGIddd8260p1 032395 15

I n anot her ldetshecdiﬂrp&tlyéﬁ 9bsd richhyoneacshyl o PRLYPEPEELes

conpri ses Iess tkan 0 m of nmet al i on
P 7 purltgés PP

5 In a further embédiment, the mixture of triflucrcacetyl
polypeptides comprises less .than 20 ‘ppm of metal ion

impurities.

In another embodiment, the mixture of trifluorxcacetyl
10 ' polypeptides comprises less than 10 ppm of ~metal ion.

- impurities.

In yet another embodiment, the mixture of trlfluoroacetyl
polypeptides 1s free of metal ion impurities.
15
The subject invention also provides a cdmposition
comprising the mixture of trifluorocacetyl polypeptides

and a carrier.

. 20 The subject invention furthér provides a process for
cbtaining a pharmaceutical composition -containing a.
mixture of polypeptides which do neot all have the same
amino acid sequence, where each polypeptide consisté-
essentially of alanine, glutamic' acid, tyrocsine and

25 lysine, and wherein the mixture has a desired--average
molecular weight, which comprises
a) polymerizing N-carboxyanhydrides of tyrosine,
alanine, vy-benzyl glutamate and N—trifluoroacetyl.
“lysine to form an afgueous mixture of protected

30 polypeptides;

b} deprotecting the protected polypeptides with a

solution of hydrobremic acid in acetic acid, which




inmpurities. 5 In a further enbodi ment, the m xture of trifluoroacetyl
pol ypepti des conprises |less than 20 ppmof netal ion inpurities. In
anot her enbodi nent, the m xture of trifluoroacetyl 10 polypeptides

conprises. less than 10 ppmof netal ion inpurities. In%\éet_ anot her
enbodi mentQ 2448243« t ure of trifluoroacetyl pol ypept ifeLFENTEE of net al
ion inpurities. 15 The subject invention also provides a conposition
conprising the mxture of trifluoroacetyl polypeptides and a carrier. 20
The subject invention further provides a process for obtaining a
phar maceuti cal conposition containing a mxture of polypeptides which do
not all have the sane -amno acid sequence, where .each polypeptide
consists essentially of alanine,. glutanic acid, tyrosine and 25 |l.ysine,
and wherein the m xture has a desired average nol ecular weight, which
conprises a) pol ymepigiing Neprboxyankydriktes ofsyt ydosina bakdnkne,
y-benzyl glutamate_and, Nt riflugreacety! ¢l ysine ;4. Lok, queQus m xture
of protected 30 pSprept% desa;n g% _deg ot_céctI?{ngii1 t he prloP[e;r%:?tgg%boﬁépepti des
with a solution of°Hydr B onPE G4 | AHAEETS ¢ &¢i d, FWHilCR™ Wy d06/ 029393
PCT/ US2005/ 032395 pgbypeptides; ‘
: 5 ' ' ,
c) reacting the an agueous mixture of trifluoroaqetyl'
polypeptides " with .aqueous piperidine to form a
solution of aqueocus mixture of polypéptides, each of
which consists essentially of alanine, glutamic

10 acid, tyrosine and lysine; and
d) purifying the aqueous mixture of polypeptides.

in one embodiment, the average mole fraction in the’

15 mixture is glutamic acid 0.129-0.159; alanine 0.392-
0.462; tyrosine 0.086-0.100; and lysine 0.300-0.374. 1In
a specific embodiment, the average mole fraction in. the
mixture of glutamic acid is 0.141, of alanine is 0.427,
of tyrosine is 0.093, and of lysine is 0.337.

20
The subject’ invention also. provides a 'proéess of
producing glatiramer acetate comprising the steps of:
a) polymerizing ' N-carboxyanhydrides of terSine,
alanirie, y-benzyl glutamate and N-triflucroacetyl
25 lysine to form protected glatiramer acetate;

b) deprotecting protected glatiramer acetate with a
solution of ﬁydrobrbmic acid in acetic¢ acid, the
solution comprisés less than 0.5% of free bromine
and less than 1000 ppm of metal ion impurities, .to .

30 form trifiuoroacetyl glatiramer acetate;




solution conprises |less than 0.5% of free bromne and |ess than 1000 ppm
of nmetal ion inpurities, to forman aqueous m xture of trifluoroacetyl
pol ypeptides; 5 c) reacting the an aqueous m xture of trifluoroacetyl
pol ypeptides with aqueous piperidine to forma solution of aqueous m xture
of pol yp&P? PWe823%Bach of which consists essential |y PST/USRPUAIHES gl utanic
10 acid, tyrosine and lysine; and d) purifying the aqueous m xture of
pol ypeptides. in one enbodi nent, the average nole fraction in the 15
m xture is glutam c acid 0.129-0.159; al anine 0.392-" 0.462; tyrosine
0. 086-0.100; and lysine 0.300-0.374. In a specific enbodinent, the average
nole fraction in . the mxture of glutamic acid is 0.141, of alanine is
0.427, of tyrosine is 0.093, and of lysine is 0.337. 20 The subj ect
invention also provides a process of producing glatiranmer acetate
conprising the stepsa®fingd) cpOtWBbhEENA Ngtat bespanhydetdes eficht yrosine,
alanine, y-benzyl gLUlSIALE 8R! ol 0K 0ACEA M1 of Dok Y51 NE LB Or M
protected gl atiranmer acet tg; % é@protectrng protected glatiranmer, acetate
with a solution ofSRyth*6bPo%i ¢ acid in acetic acid, the solution
conprises less than 0.5% of free bromne - and | ess than 1000 ppm of netal
ion inpurities, &ppudlsfiagmisidlauorannetybiglatiramer acetate;
5 .
In one embodiment, the product of the step d) is further
subjected to ultrafiltration Lo remove polypeptide

species with molecular weight less than 5000 daltons.

10 In an embodiment, the hydrobromiec acid in acetic acid
" solution is from 10% to 36% hydrobromic acid in acetic .
acid. In another embodiment, the hydrobromic acid in
acetic acid is from 16% to 33% hydrobromic acid in acetic
acid; 18% to 33% hydrobromic acid in acetic acid; . 20% to

15 37%  hydrobromic acid in acetic acid; 20% to 33%
hydrobromic acid in acetic acid; 22% to 33% hydrobromic
acid in acetic acid; 24% to 33% hydrobromic acid in
acetic acid; 25% to 35% hydrobroﬁic acid in acetiﬁ acid; .

26% to 33% hydrobromic acid in acetic acid; 28% to 33%

20 hydrobromic acid in acetic acid; 30% to 34% hydrcbromic
acid is acetic acid; 30% to 33% hydrobromic acid in,
acetic écid; or 32% to 33% hydrobromic acid in acetic
acid. In & further embodiment, .the solution‘ is 33%

hydrobremic acid in acetic acid. In another embodiment,

25 the solution is 16% hydrobromic acid in acetic acid.

In another embodiment, the hydrobromic acid in acetic
acid- solution is pretreated with a bromine scavenger in
order to remove free bromine.

- 30
In yet another embodiment, the bromine scavenger 1is

phencl.




WO 2006/ 029393 PCT/ US2005/ 032395 17 c) reacting trifluoroacetyl glatiraner
acetate with aqueous piperidine to forma solution of glatiraner acetate;
and d) purifying the glatiranmer acetate. S In one enbodinment, the product
of the step d) is further subjected to ultrafiltration to renove

pol ypept i@ 2006p¥833es with nol ecul ar wei ght | ess t han P606852WaP2éKs. 10 In an
enbodi nent, the hydrobrom c aci-d in acetic acid solutionis from10%to
36% hydrobromic acid in acetic acid. In another enbodi nent, the
hydrobromc acid in acetic acid is from 16%to 33% hydrobrom c acid in
acetic .acid; 18%to 33% hydrobrom c. acid in acetic acid; 20%to 15 37%
hydrobrom c acid in acetic acid; 20%to 33% hydrobromc acid in acetic
acid; 22%to 33% hydrobromic acid in g-eti c acid; 24%to 33% hydrobrom.c
acid in acetic acid; 25%to 35% hydrobromc acid in acetic acid; 26%to
33% hydrobrom c acid in acetic acid; 28%to 33% 20 hydrobromc acid in
acetic acid; 30%to. 34% hydr.obr.om cid.i j 1.d;. 30% to

33% hydr obr oni-¢ zfcifdlritéera?:% ?C{cl%éé}ga; _91?)? %ﬁ&oggg%%@)%lﬁfo%r ganc(i)etéggci din
acetic acid. acadaseintiner lemiedrinthtin ehBORBIGELSAC i 25896 - hydr obroni ¢
acid in acetic acid. In another enbodinent, 25 the solution is 16%

hydr obromi ¢ agi,d ifh:aeet iGuwaaiskntd,n anot hedrswbadi mesta tihe dwednebronic
acid in acetic _.acidy, 30Lyti;gn 1,3BLekreated Wid . a:premyne seaygnger in

lined reactor.

In one embodiment, the color of the hydrobromic acid in

10 acetic acid solution is less than 2000 APHA.

In another embodiment, the color of the hydrobromic acid

in acetic acid solution is less than 1000 APHA.

15 In yet another embodiment, the color of the hydrobromic
acid in acetic acid solution is less than 700 APHA.

In a further embodiment, the color of: the . hydrobromic

acid in acetic acid solution is less than 500° APHA.

20 ) ‘ - .
The subject invention flrther provides method = of.
analyzing the percentage of brominated tyrosine ip a
sample of glatiramer acetate comprising the steps of:
a) hydrolyzing glatiramerx acetate to  obtain a
25 hydrolyzate;

b) eluting the.'hydrolyzate through a chromatographic

column;

c) measuring the level of bromotyrosine in the

hydrolyzate;




order to renove free bromne. 30 In yet another enbodi nent, the brom ne
scavenger is phenol. WD 2006/ 029393 PCT/ US2005/032395 18 In a further
enbodi ment, the hydrobromic acid in acetic acid solution is produced in a
non-netallic reactor. 5 In another enbodi nent, the hydrobromc acid in
acetic. YHRI¥4¥PMtion is prepared in a glass-Iined ﬁ’FT"F@??“Hﬂ?’”’?ﬁ ned
reactor. In one enbodi nent, the color of the hydrobromc acid in -10 acetic
acid solution is less than 2000 APHA. | n anot her enbodi nent,, the col or of
the hydrobromc acid in acetic acid solution is |less than 1000 APHA. 15 In
yet anot her enbodi nent, the color of the-hydrobromc ‘acid in acetic acid
solution is less than 700 APHA. In a further enbodi nent, the col or of
-the.-hydrobromic acid in acetic acid. golution is |ess than 500 APHA. 20
The subject’' invention further provides ' nethod of. analyzing the

per cent age of brenbpapedrgyr eainpe: i Nsdlutsanpl ecof ghat i anéiner acetate
conprising the steps 0f;..8k hydrolyzng: ghadd r ankler@cet at g 40 Obtkain a 25
hydrol yzate) b) elutin the.hgﬂrolyzate t hrough a chromat ographic col um,;
c) measuring the | &8 of “BF 8ot yrosine in the

e} eluting the sample solutions through the column of
5 step b),; and

f) calculating the percentage of brominated tyrosine in

the glatiramer acetate.

The subject invention also - provideé a process for
10 'preparing a pharmaceutical composition c¢ontaining a.
mixture of polypeptides which do not all have the same

amine acid sequence, where each polypeptide consists

essentially of glutamic acid, alanine, tyrosine and
lysine, wherein the mixture has a predetermined
15 percentage cf  brominated  tyrosine = acceptable . for
inclusion in a pharmaceutical composition, which

comprises obtaining a batch of a mixture of polypeptides
having nonuniform amino acid sequences, where each
polypeptide consists essentially of giutamic acid, .

20 alanine, tyrosine and lysine;
measuring the percentage of brominated tyrosine of the

batch by a process comprising
é}hydrplyzing the batch to obtain a hydrolyzate;

b) eluting the hydrolyzate through a chromatographic

25 -column;

‘¢c) measuring the level of Dbromotyrosine in the

hydrolyzate;




hydr ol yzate; WD 2006/ 029393 - - - PCT/US2005/032395 19 d) preparing sanple
solutions of the amno acid conponents of glatiraner acetate and of
bronotyrosine; e) eluting the sanple solutions through the colum of 5
step b); and f) calculating the percentage of brom nated tyrosine in the
gl ati ramefO 2WePEEL. The subject invention al so provi cﬁ?émé?”}ﬁl’ﬁ@@é%% for 10
preparing a pharnmaceutical conposition containing a mxture of
pol ypepti des which do not all have the sane ami no acid sequence, where
each pol ypepti de consists essentially of glutam c acid, alanine, tyrosine
and |ysine, wherein the m xture has. a predetermi ned is percentage of
brom nated tyrosi ne acceptable. for inclusion in a pharmaceutical
conposition, which conprises obtafningﬁa batch of a m xture of
pol ypepti des having nonuni form am no aci d sequences, where each ,
pol ypepti de consdspsegssant i abhylof glutashe acf d, the20 aliaBi n@cillyr osi ne
and |ysine; neasuring.Jne-pescentage:of Bront nabedebyiasine of the batch
by a process conprising a) hydrolyzing the batch to- obtain a hydrol yzate;
b) eluting the hydrolyzate through a chromatographic 25 columm; c)
measuri ng the | eveblefidgr gist prosinesettiges through the column of

step b); and ) . '

5 f) calculating the percentage of brominated tyrosine in
the batch; and
"including in the pharmaceutical composition a
batch only if its percentage of brominated tyroSine s0
measured is less than 0.3%.

10
In one embodiment,-the batch 1s acceptable for inclusion
in the phérmaceutical composition only if its percentage:
of brominated tyrosine so measured is less than 0.2%.

15 In another ' embodiment, the ©batch is acceptablé-'for

inclusion in the pharmaceutical composition only if its
percentage of brominated tyrosine so measured is less than

0.1%.

20 In a further embodiment, the mixture of polypeptides is

glatiramer acetater(“GA”).
TERMS

The term “average molecular weight” as used 1in this
25 application means -the molecular weight of the species of
polypeptides present in the mixture 1in the highest-
relative proportion (i.e. the peak maximum) Qhen the-
mixture is subjected fq separation by molecular weight on
an  HPLC gel _perméation column. This value can be
30 obtained in‘several ways, e.g. from the retention time on

a calibrated column; or from a correlation between the




hydr ol yzate; WO 2006/ 029393 PCT/ US2005/ 032395 20 d) preparing sanple
solutions of the amno acid conponents of the batch and of bronotyrosine;
e) eluting the sanple solutions through the colum of step b); and 5 f)
calculating the ercentage of brom nated tyrosine in_ the batch; and

i ncl udi ndv‘??fmf’??é Phar maceut i cal conposition a batch PGR{US2005/032p45 per cent age
of brom nated tyrosine so neasured is less than 0.3% 10 1n one.

enbodi ment, the batch is acceptable for .inclusion in the pharmaceutical
conposition only if its percentage of brom nated tyr03|ne so neasured is
| ess than 0.2% 15 In another enbodinent., the batch is acceptable for
inclusion in the pharmaceutical conposition only if its percentage of
brom nated tyrosine so neasured Ls'res%lthan 0.1% 20 In a further

enbodi ment, the mixture of polypeptides’is glatiramer acetate ("GA").
TERMS . The t erisc: a\ieﬁaglermltﬂ@ul Peael ghld" asmeUserbdaribhi sof25 tappl ication

means the nol eoltgl : Aomideb Gtk %Bso%q %ﬁferpoloyp%@mgé Qé&‘&@e in the

m xture in the hest relatlve pro tloqﬁé % %ﬁgea maxi mum when
the- mxture (F%SUBEE 4™t 8558Far at oy OgﬁuP Foht"'6f “En. HPLC gel
permeat i on colaymragfhingleellge @apdiye such as by light scattering may

5 be employed and will correspond substantially to the

value cbtained from the peak maximum.

A polypeptide mixture according to this invention as
exemplified is the agetate salt of synthetic polypeptides
10 prepared by chemically reacting four activated aminc acid
derivatives (two of them L-Glutamic acid and L-lysine
protected) : _L—Glutabic acid (L-Glu), L-alanine (L-
Ala), L-tyrosine (L-Tyr) and L-iysine (L-Lys) (two of
them protected i.e. 5Bz-Glutamate derivative and 6N-TFA-
15 Lysine derivative)in a specified ratic.  The  term
' “mixture” as used in this document generally refers.to in
the “mixture of polypeptides of the inventidn” comprising
L-glutamic acid, L~alaniﬁe, L-tyrosine, and L-lysine,. and
both terms are meant to include residual impurities from

20 the manufacturing prdcess-

The molar fraction raﬁge of each amino acid residue is:
L-Gld 0.129-0.153, L~Ala ©.392-0.462, L-Tyr 0.086-0.100
and L-Lys 0.300-0.374. I

25 Because no reaction goes to completion 100% and although
practically all impurities are eliminated, small amounts
can remain. Such impurities may be of the following

three types:

¢ Structure-related substances, which are protected
30 amino acid residues such as 5-BZ-L-glutamyl and/or

Ng-TFA-L-Lysyl residues, originating from




30 obtained in several ways, e.g. fromthe retention tinme on a calibrated
colum; or froma correl ation between the WO 2006/ 029393 PCT/ US2005/ 032395
21 location of the peak and the | ocation of the cochronatographed

copol ymer markers of defined sequence and nol ecul ar wei Q her net hods
of det er WARNWEORA3 average nol ecul ar wei ght such as B’&“TfL%@WP’“%zég&tterl ng may
5 be enployed and will correspond substantially to the value obtained from
t he peak maxi mum A pol ypeptide m xture according to this invention as
exenplified is the acetate salt of synthetic polypeptides 10 prepared by
chemcally reacting four activated am no acid.derivatives (two of them
L-Jutamc acid and L-lysine protected): L-Gutamc acid (L-dAu),
L-al,anine .(L- Ala), L-tyrosine (L-Tyryz and L-lysine (L-Lys) (two of them
protected i.e. 5BZ-G utamate derivative. and 6N-TFA 15 Lysine derivative)in
a specified ratio. 'inﬂihlep%?éﬁem remfveture Bge useetdavirki grdeesnentingeneral |y
refers to in the "asaudxtide ofhepalojpepbt des wifxthhe blventi GRveSOI{ N i Si ng

L-glutam ¢ acid, LyghBBlNe nby{ YOASINCor BRthdecal YSEAR A0 DOILS terms are
nmeant to incl ude reS| dugl ur|t| s from gﬁmanuf acturi Egrﬁprocess

The nol ar fraction *Pafy %‘frlé‘gcﬁr% %&OQCFHG rte%l ePTLience. ef ©129- 0. 153,
L-Ala 0.392 0..462pPreniys i@ 0BE-HRrY60etBhdcid ys2q®n300- 0. 374. 25 Because no
reaction goes to conpl eti on 100% and al though practically all inpurities

are elimnated, Srn%hg anﬁ%ﬂg&ﬁlar structures of the identified
' structure-related impurities can be derived from the
participating monomers i.e. starting materials.
10
These identified impurities are quantified (after
chemical conversicn) by compariscon to the specific.
Reference Standards, which are either derivatives or

part of the impurities themselves:

15 - Residual trifluorocacetyl compounds ({(expressed as

fluoride)

- Residual benzylated glutamyl residues (expressed
as benzyl bromide)

~ Residual brominated tyrosyl residues (expressed-
20 as bromotyrosine)

* Unidentified related substances (determined by RP-

HPL.C): these are small molecular size polypeptides

' .of the same origin with similar structures. These
substances probably have similar response factors

25 -and the concentration (%) of each impurity can be
calculated as % peak area relative to "~the the

polypeptide mixture of the invention peak area.

The characterization of the impurities is based on




can remain. Such inpurities may be of the followng three types:
Structure-rel ated substances, which are protected 30 am no acid residues
such as S-BZ-L-glutamyl and/or N6-TFA-L-Lysyl residues, originating from
WD 2006/ 029393 PCT/ US2005/ 032395 22 inconplete renoval of the SP_r ot ecting
groups. MO 208¢0a%%30n, the pol ypeptide mi xture of the BCAFEMBH* ol ecul es
may contain brom nated L-tyrosyl residues, fornmed during production due to
the presence of free 5 bromnein the HBr/acetic acid reagent. The

nol ecul ar structures of the identified structure-related inpurities can be
derived fromthe participating nononers i.e. starting materials. 10 These
identified inpurities are quantified (after chem cal conversion) by
conparison to the specific -Reference $fandards, which-are either
derivatives or part of the inpurities thenselves: 15 - Residual _
trifluoroacetyl compaunds:ieEexpsessethaasgripiiorrdentioResideal(RERENZY| at ed

gl utanyl residues (expressed 1,as;bERZYbREANE @8N zq Resi-dual broni nat ed
tyrosyl residues (expressed- 20 as bronptyrosine) Unidentified related
subst ances (determ ned by RP- HPLC) : these are small nol ecul ar size

- pol ypepti des e Residual solvents and inorganic impurities covered

in the specification such as the residual solvent

5 1,4 dioxane, residual piperidine and heavy metals.

DISCUSSION

10 - Free Bromine

In the manufacturing process for mixtures of polypeptide;,
such as GA, 33% hydrobromic acid in acetic acid is used to
deprotect protected GA. For example,  during the
development of the‘production process for GA- it was found

15 . that some of the tyrosine residues in trifluoroacetyl GA
| (TFA GA} and in GAR were brominated. This impurity was
isolated and identified using an analytical prpéedure that

is described in detail in the examples.: Thé_'tyrosine
residue was found to react with bromine  to form a mono-

2¢ bromotyrosine melety comprising gither 2-brombtyrosine or

3-bromotyrosine.

After much investigation the inventors discovered that the
brominated tyrosine impurity was introduced ‘into the GA
25 through free bromine in HBr/acetic acid. The‘ffee bromine
was present in 33% HBr/acetic acid bought from a supplier

and used in the production process.

Measures were taken in order to decrease the level of free
30 bromine in 33% HBr/acetic acid. For example, pre-treatment
of HBr/acetié acid with a bromine scavenger was effective
in removing some of the free bromine from the HBr/acetic

acid solution.




of the same origin with simlar structures. These substances probably have
simlar response factors 25 and the concentration (% of each inpurity can
be calculated as % peak area relative to the the polypeptide m xture of
the invention peak area. The characterization of the inpurities is based on
WO 2006/ 0¥0 20803/ US2005/ 032395 23 their rel ati ve AWIG#a068H2a5hy
retention tine (RRT) relative to the L-Tryptophan standard. Resi dual
solvents and inorganic inmpurities covered in the. specification such as
the residual solvent 5 1,4 dioxane, residual piperidine and heavy netal s.

DI SCUSSI ON 10 Free Bronlne In the manufacturing process for m xtures of

pol ypeptides, such as GA 33% hydrobromc acid in acetic acid is used to
deprotect protected GA. For exanple, during the devel opnent of the
production process for CAit was found 15 that some of the tyrosi ne :
residues in trifluoroacetyl GA (TFA GA) and in GA were brom nated. This
inpurity was isol d i dentLfied us I re that

is described Oﬁ]ede aekr ortruhne scavel?ge % ]f%&i 81@1 %HQ lthJ.J %ﬁ.lcl c%%\%gél found to
react with br@ﬁpﬁés¥owﬁbﬁﬁ$89%nh%lEﬁdb¥ﬁﬁbﬁﬁr8§??ﬂ9lnﬁtéﬁﬁ ESSETEi ng ei t her
2- br onot yr osi reedrs, Jsiphorst yodisineisAftiere, meh bawesti giltérend whe-i nventors

ng scover ed st hal, JLhe bromRaied douneside HorpuEs ty: Was iR ragieedni nto the

product with bromine {(bromophenols} are both essentially
non-reactive with piotected polypeptides, such as
ﬁrotected' GR, TFA polypeptides, such as TFA 'GA and
polypeptides, such as GA, and they are easy to remove from
10 the solution of GA during the purification process.
Similarly, any bromine scavenging agent may be used
Aprovided that it, and its reaction product with bromine, . -
are not reactive with protected polypeptides, such as
protected GA, TFA polypeptides, such as TFA GA and
15 polypeptides, such as GA, and it 1is easily removable

during the final purification process.

Metal Impurities

G is marketed in +two pharmaceutical dosage forms,

.20 lyophilized powder and pre-filled syringes. The syringes,
marketed under the trade name Copaxone® | Injection, .
generally contained clear solution. The storage
instructions were to keep the "~ syringes refrigerated.
However, red color in agueous solutions of Copaxone® pre-

25 filled solutions was detécted. The source of the -color in

the seolutions was unknown.

The color appeared when the solutions were kept at room
temperature for 12 to 24 hours.

30 .
It was determined that production of HBr in metal
apparatus led to trace metallic ion impurities in the HBr. .
When HBr was later mixed with protected GA, the metallic




25 through free bromne in HBr/acetic acid. The free brom ne was present in
33% HBr/ acetic acid bought froma supplier and used in the production
process. Measures were taken in order to decrease the level of free 30
brom ne in 33% HBr/acetic acid. For exanple, pre-treatnment of HBr/acetic
acid wit WWa268PHe scavenger was effective in remoBGESSYRESSIS the free
brom ne fromthe HBr/acetic acid solution. WO 2006/ 029393 -

PCT/ US20051 032395 24 One of the brom ne scavengers used in the HBr
purification process was phenol. In addition to phenol, other reducing
agents, such as sodiumbisulfite, may be used. Phenol was S chosen as a
brom ne scavenger because it and its reaction product with brom ne
(bronophenol s) are both essentially ' ner-reactive with protected _
pol ypepti des, such as protected GA, TFA pol ypeptides, such as TFA GA and
pol ypepti des, isuChmpsridAesand tHwe\HBar eeeasyhet otedkiverhr 6 4@ tdde sol uti on

of GA during the_ puridhi Gation R0GEss: caidlekas! XondMpbulE@Ni-Be heavengi ng
agent may be used rovided that it, and its reaction product with brom ne,
are not reactiSe Wt brot ect ed pol ypeptides, such as protected .GA, TFA
pol ypepti des, such as TFA GA and 15 pol ypeptides, such as' GA, and it is
easily renpvabise = dusing tzRetidmnaleapurd fdakab i ton epsocegsiribpl ad.d.npurities
Gais marketed,] iyLug, PHAIRREEUL £alnod0sa0s: f0hER-ne2 luaphid ied powder
and pre-flIleatégyrkggﬁﬁ%tigge gyrlgggeSHBr/acetic acid solution. The
reactor used for the production of HBr/acetic- acid
solution was glasé lined in order to prevent the formation
10 of impurities which could later affect the purity of,
e.g-. ., tﬁe GA. In order to prevent contact of HBr solution
with metal, parts.of-the piping used Were_Tefloﬁ—linedf
Similarly, other types of non-reactive, acid resistant
non-metal apparatus can be used to prevent the £formation
15 of trace metal ions in the HBr/acetic acid. solution. The
use of a non-metal apparatus for the productioﬁ of
HBr/acefic acid solution was successful in eiiminating the
red coclor from the GA: When the non-metal apparatusiwas
used for the production of the HBr/acetic acid solution,
20 the result was that the solution wasiesséntiﬁily free of

metal ions and the red GA was not formed.

In addiﬁion, the‘color of eﬁery batch of HBr/acetic acid
is measufed to determine level of‘impurities_befhre being
25 used to deprotect protected GA. It was.found‘thatrlevels
of metal ion impurity in HBr solution could be.detérmined
by visual analysis. HBr solution with a color below 2000
APHA was shown tb‘produce glatiramer acetate without red
color. ' '
30 _
The invention will be -exemplified but not limited by the

following examples.




mar ket ed under the trade nanme Copaxone(r) Injection, generally contained
clear solution. The storage instructions were to keep the syringes
refrigerated. However, red color in aqueous sol utions of Copaxone(r) pre
25 filled solutions was detected. The source of the color in the solutions
was unknd¥ih200¢pE3%o| or appear ed when the sol uti ons weitdUeWHORS oom
tenperature for 12 to 24 hours. 30 It- was determ ned that production of
HBr in netal apparatus led to trace netallic ion inpurities in the HBr.
When HBr was |later mxed with protected GA, the netallic W 2006/ 029393
PCT/ US2005/ 032395 25 ion inpurities in the HBr were chelated by TFA GA and
GA. These TFA GA and GA/ netal conplexes contributed to the <coloration. 5
As a result, another neasure taken to epsure purity, e.g., in the GA
product, was the use of a non-netal reactor for the production of 33%

HBr/ aceti c acigkms@iMtion, pEteiLs eactor used for the production of
HBr/acetic acid solution mas glass lined in order to prevent'the formation
10 of |npur|t|es which could |ater affect t . the GA. In
order to prevem®dfit act OF “RBY % QFutFOH A ?ﬂ(?#‘@t%‘l&ég Par't s of the pi ping
used were Tef | FRIACRBES AEIPNPN BHGMOMANNEFD TYREIINGT YMRERTY At fFdetP aci d

resi stant Honapetal capparatus can be used to prevent the formation 15 of
trace netal ions in the HBr/acetic acid. solution. The wuse of a non-netal

apparatus for the production of . . . . .
In order to determine the effect of £free bromine in

hydrobromic acid/ acetic acid on the level of brominéted
tyresine moiety impurity in TFA-GA and GA, hydrobromic
i0 acid in acetic acid was contaminated with various amocunts
of bromine. In the experiment, HBr which was not
'pretreated with ~bromine scavenger was used 1n the
‘manufacturing procéss. Various levels of bromine impurity
(measured as percentage of HBr/Acetic acid solution) were
15 added. The level of brominated tyrosine meoliety impurity
in TFA GA and in GA was measured by hydrolyzing TEA GA
and GA to its amino acid components,rand then using HPLC
"to determine the amount of bromotyrosine in relation to
the TFA GA and GA.
20
PROCEDURE

Preparaticn of standard solutions

Standard solutions containing 2 ug/mL Bromotyrosine wgre'”
prepared using distilled water. Amino acid standard stock

25 solution was prepared -using the following amino acids:

L-Glu 2bout 100 mg
L-Ala About 130 mg
L-Tyr [About 75 mg
L- Lys HCL About 200 mg

The aminc acids were dissolved in water. A few drops of 5

N NaOE were added and water was added to a final wvolume




HBr/ acetic acid solution was successful in elimnating the red color from
the GA, When the non-netal apparatus was used for the production of the
HBr/acetic acid solution, 20 the result was that the solution was
essentially free of netal ions and the red GA was not forned. In

addi ti on, W@ pWSBYEBr of every batch of HBr/acetic aci #CT{USZWEEEEYed to
determ ne level of inpurities before being 25 used to deprotect protected
GA. It was found that levels of metal ion inpurity in HBr solution could
be.determ ned by visual analysis. HBr solution with a color bel ow 2000
APHA was. shown to produce glatiramer. acetate without red color. 30 The
invention will be exenplified but not [imted by the follow ng exanples.
WD 2006/ 029393 PCT/ US2005/ 032395 . 26 EXPERI MENTAL DETAILS EXAMPLE 1 -

| NFLUENCE OF BROM NE CONCENTRATI ON | N 44BR/ ACETI C ACI D ON BROMOM NATED
TYROSI NE IVDIE‘I'OYEH}’I JFA GA 5 AND IN GA In order to determ ne the effect of
free bromne in hydr obroni ¢ acid/ acetic acid on the level of broninated
tyrosine moiety inpurity in-TFA-GA and GA, hydrobromc 10 acid in acetic
acid was cont amdratigdisv th vari ous anmounts of brom ne. In the experinent,

HBr whi ch was Mptng PEE§TLANGRe W ddethrentne 1SCayeagerravgs wWeesl daent he
manuf act uring PIOEERSen M | QB aV el SO or Qi RELEPWIL Yyials. &
negative control vial was prepared by adding 0.5 mL of
the amino acid standard stock solution to a 5 mnl
hydrolysis vial. 0.5 mL of water and 0.5 mL of
concentrated HCl containing 1% of phenol were added to
10 each of -the wvials. The vials were heated to 110°C for 24
hours, under N, atmosphere. The sanples were then cooled
to room temperature. Each of the ﬁydrblyzates were
transferred to 5 ml .volumetric £flasks and filled to
volume with distilled water.

15
Chromoctography .
The bromotyrosine standard, and each of the hydrolyzates,
were independently- eluted. through an HPLC qolumﬁ using an
eluent of acetonitrile : water : acetic acid'in a ratio’

20 of ¢ : 55 : 1. The column was équippedj'wifh an UV
detecter and data recording system. The amino acid
standard is used as a negative éontrol to determine which
peak in the glatiramer acetate hydrolyzate COrfesponds‘to'
bromotyrosine. ' '

25

Data BAnalysis

The percentage of brominated tyrosine moiety in each TFA
GA and GA sample was calculated as follows:—' ‘
P = purity of bromdtyrosine standard {(in percent)

30 As = Area of bromotyrosine standard peak l
Ap
Cs = Concentration of bromotyrosine standard (ug/mL)

p

I

Area of bromotyrosine peak in each sample

Concentration of glatiramer acetate {(or of TFA GA)




(measured as percentage of HBr/Acetic acid solution) were 15 added. The

| evel of brom nated tyrosine noiety inpurity in TFA GA and in GA was
nmeasured by hydrolyzing TFA GA and GAto its am no acid conponents, and
then using HPLC to determ ne the anmpbunt of bronotyrosine in relation to
the TFA 0 aNE08¥A3 20 PROCEDURE Preparation of stand&F&#53¥p0iZBHns St andard
solutions containing 2 pg/nL Bronbtyrosine were prepared using distilled
wat er. Am.no acid standard stock 25 solution was preparedusing the
following am no acids: L-Gu About 100 ng L-Ala About 130 ng L-Tyr About
75 nmy L- Lys HCl About 200 ng The am no acids were dissolved in water. A
few drops of 5 N NaOH were added and water was added to a final volume WO
2006/ 029393 PCT/ US2005/ 032395 27 of 25 nlL. Hydrolysis 10 ng of
glatiramer acetate and 10 ng of TFA GA2fere each 5 i ndependent |y wei ghed
into 5 nL hydrolysis vials. A negative control vial was prepared by adding
0.5 nL of the amno acid standard stock solution to a 5 nL hydrolysis
vial. 0.5 nL foﬁgkggagﬂptgréﬁgk of ,.encentrated HCL containing 1% of
phenol were addéed to ' “Ads Cp :

Table 1 shows the effect of free Bromine on the level of
brominated tyrosine moiety in TFA Glatiramer Acetate and

5 in Glatiramer Acetate




10 each of the vials. The vials were heated to 110C for 24 hours, under N2
at nosphere. The sanples were then cooled to roomtenperature. Each of the
hydrol yzates were transferred to 5 nmL volunetric flasks and filled to
volunme with distilled water. 15 Chronot ography The bronotyrosi ne standard,
and each Vo 200p@29883dr ol yzat es, were i ndependent| yel utt&€d’/USHIOEEASan HPLC
colum using an eluent of acetonitrile : water : acetic acid in a ratio 20
of 4 95 1. The colum was equipped . with an UV detector, and data
recording system The amno acid standard is used as a negative control to
determ ne which peak in the glatiranmer acetatehydrol yzate corresponds to
bronotyrosine. 25 Data Anal ysis The percentage of brom nated tyrosine

moi ety in each TFA GA and GA sanple was calculated as follows: P = purity
of bronotyrosine standard (in percent)2930 As = Area of bronotyrosine

standard peak Ap ga of ronDt |ne eak in each sanple Cs =
Concentration of b?ﬁb yr05|ﬁ%C%tan ard Wﬁﬁ? 8 @h dbﬁggntratlon of
gl atiramer acetate (or of T@@I@%&“VET?%GEFG?Q@Q@OPEHYU82005/032395 28 @6
Br om nat ed tyrEﬁhnﬁﬁe_(ﬁf Ap * As CpBrominated tyrosine (%)
TFA Glatiramer Glatiramer Acetate

o added Bromine 0.1 0.2

of5 . 07 1.2

1 1.2 2.2

3 4 No Data

5 Results
From the above example it can be seen that qdntamination
of HBr with bromine leads to higher levels of brominated
tyrosine moiety in TFA GA and in GA, relative to the
standard reaction in which no bromine was added. When no

10 bromine was added, since the HBr was not treated with a
bromine scaﬁenger, some free bromine was still awvailable
and brominated tyrosine moiety contamination of GA and
TFA GA was still evident. ‘

15 In order to produce GA with brominated tyrosine moiety
impurity at a level of less than 0.2%, the level of free
Bromine in HBr must be lowered by the addition of a

bromine scavenger.




Table 1 shows the effect of free Bromne on the | evel of brom nated
tyrosine noiety in TFA Qatiranmer Acetate and 5 in d atiraner Acetate WO
2006/ 029393 PCT/ US2005/ 032395 29 Table 1. Effect O Free Brom ne On The
Level O Bromi nated Tyrosine Miety Bromne Brom nated tyrosine (%9 TFA
d atirane¥O&e0%BBrer Acetate No added Bromine 0.1 RCI/@P285032951. 2 1 1.2
2.2 59 No Data 5 Results Fromthe above exanple it can be seen that
contam nation of HBr with brom ne | eads to higher |evels of brom nated
tyrosine nmoiety in TFA GA and in GA relative to the standard reaction in
whi ch no. brom ne was added. Wien no 10 brom ne was added, since the HBr was
not treated with a brom ne scavenger, sone free bronmne was still

avai l abl e and bronmi nated tyrosine noiety contam nation of GA and TFA GA
was still evident. 15 In order to produte GA with brominated tyrosine
noiety. inpuri | e ss..than Br om ne
in HBr nust b é)%/%%t%?:% b\é%BHI%T c?gl ?o%goflgR 21{%79 g%&née%\séggvg%’é}eﬁ&@

2006/ 029393 PCT/ US2005/ 032395 30

The "glass—-lined reactor is rinsed with acetic acid, then
emptied. 101-3 kg of acetic acid is added into the reactor.

5  The acetic acid is maintained at a temperature of 10-20°C.
522 kg of HBr gas is introduced into the reactor whiler
mixing the solution. After the gas 1s introduced, the
solution 'is mixed for an additiocnal 30 minutes. The
solution is tested to determine if HBr content is 33%. .

10




EXAMPLE 2 - PRODUCTI ON OF 33% HBR I N ACETI C ACI D SOLUTI ON Thegl ass- | i ned
reactor is rinsed with acetic acid, then enptied. 1013 kg of acetic acid
is added into the reactor. S The acetic acid is nmaintained at a tenperature
of 10-20C. 522 kg of HBr gas is introduced into the reactor while mxing
t he sol utW@aWeAIBBr the gas is introduced, the sol uth@FYSIRBREI for an
additional 30 mnutes. The solution is tested to determne if HBr content
is 33% 10 WD 2006/ 029393 PCT/ US2005/ 032395 31 EXAWMPLE 3 - PURI FI CATI ON OF
HBR/ ACETI C ACI D SCLUTI ON USI NG PHENOL AS A BROM NE SCAVENGER A sol ution
of  33% HBr in acetic acid was poured into a 5 glass-Iined reactor. Phenol
was wei ghed and added to the HBr solution in a weight ratio of- 1 to 100.
The solution was then stirred for 12 to 24 hours. The purified HBr ‘
solution is then added to protected gl &tliraner acetate. The reaction of

the HBr with protected GA : h i | Wwith

pi peridine to EF(&MI}#%SAQ WO %%@6%5?@?%%%08%’;[%@2%@&3%%%&LE 4 -
LEVELS OF BROMSNINFEPHEMNIRORENE FREMVRRI TISEVBAYCHES The | evel of Broni nat ed
tyrosine noiety in various batches 5 of glatiraner acetate was neasured

~using the nethod.,deschi hedssp gxanpl ecer:Metbod 0fs BabhaNumber -Broni nat ed
t yrosine gl’ Odgli%tslsgﬂ?iz%cd, CIS'Ae\agBCI)re.t yPh%%gEeagg avEel*J;.%r]]led and added to the

HBr solution in a weight ratioc of 1 to 100. The sclution

was then stirred for 12 to 24 hours. The purified HBr

solution is then added to protected glatiramer acetate.

The reaction of the HBr wiﬁh protected GA forms TFA GA.

10 The TFA GA is reacted with piperidine to form GA.




O.D METHOD A 0.15 B 0.19 CO0.14 DO0.15 E 0.32 NEWMETHOD - X None
detectabl e Y None detectable Z None detectable Results 10 The HBr
produced using the. new nmethod, as described in exanple 2 and treated with
phenol as in exanple 3, was free of Bromne and netallic inpurities.

Ther ef or &Q 1802939t i r amer acet at e whi ch was -pr oduced PRALSENHERMAt i al |y
free of bromnated tyrosine noiety. 15 The HBr whi ch was bought from
external suppliers (old nethod)- had inpurities, and therefore the
glatiramer acetate produced using it also had bronminated tyrosine nviety
inmpurities, even though phenol was used as a 20 tyrosine scavenger. WO
2006/ 029393 PCT/ US2005/ 032395 { 33 EXAMPLE 5 - COLOR DETERM NATI ON The
color of the HBr/acetic acid solution was determ ned using standard vi sual
col or deternination techniques. 5 The Aderican Public Health Association

(APFV»' color IEQ%S%LE 4 - LEVELS OF BROMINATED TYROSINE IN VARIOQUS

BATCHES

The level of Brominated tyrosine moiety in various batches
5 of glétiramer acetate was measured wusing the method

described in example 1.

Method ' of Eatch Number | Brominated tyrosine -
Production of -GA moiety-concentration
OLD METHOD 0.15
0.19
0.14
0
0

.15

.32 _
None detectable
None detectable

NEW METHOCD

M| x| o] 0| m o

None detectable

Resﬁlts _

10 The HBr produced using the new methed, "as dgscribed in
example 2 and treated with phenol as in example .3, was
free of Bromine .and metallic impurities. _Therefore the-
glatiramer acetate- which was produced was sﬁbstantially
free of brominated tyrosine moiety. '

15

" The HBr which was bought from external suppliers‘ (old

method} had impurities, and therefore the glatiramer

acetate produced using it also had brominated “tyrosine

moiety impurities, even though phenol was used as a

20 tyrcsine scavenger.




is a single nunber yell owness index where each APHA unit is based on a
dilution of the 500 ppm stock solution of platinumcobalt (PtCo).
(Hunt er Lab, APHA Background, 10 Applications Note, Insight on Col or
Novenber 16-30, 1996, Vol. B, No. 16. avail able at ) )
htt p: / / WwX¥® MePE3ab. cont appnot es/ anl | 96br 2. pdf ;) THEVURBHAOFERsur enent i s
determ ned by visual conparison of the | solution wth PtCo standards that
contain controll ed 15 anounts of potassium chl oropl ati nate and cobal t ous
chloride. Each nunber unit is the equivalent of 1 ng of platinumper liter
of -solution (ppm.. The standards and correspondi-ng reasurenents are
desi ghated according to their ppm neasurenent, i.e. the No. 20 APHA
standard 20 contains 20 ppm of platinum_ American Chem cal Society,
General Directions and Procedures: Measiir ement of Physical Properties:-
avail abl e at. RkEE’%pU??L&Q%mﬁgﬂﬁﬂﬁﬁﬁéﬁt deno/ sec b002.htnl.), distille
wat er has an val ue of 0, an e stock solution has 25 an. APHA val ue
of 500 ppm (HunterlLab, APHA Background, Applications Not, Insight on
Col or, Novenbethel@=c3Qr ©998he NRy/acBtifNoacids scdvaidrablas determined
ht t p: 71 W, huniamlbabt somrappiates tan d96brR2npdic) tERaniARHA neasur enent
may be nadg by various instrunents well 30 known in the art. APHA col or

0

standard 0" and APHA col or standard_"1000" . were prepared., K APHA col or
standard " 500" TN F EEHT dVh) W D006 026305 PET IR0 5P 032 3

is a single number yellowness index where each APHA unit
is based on a dilution of the 500 ppm stock solhtioﬁ of
platinum-cobalt {PtCo} . {HunterLab, APHA  Background,
10 Applications Note, Insight on Colox November "16-30, 1996, .
vol. B, Ne. - 1lg. = available at
lhttp://www.hunterléb.com/appnotes/anli 96br2.pdf.) The -

APHA measurement 1s determined by visual comparison of the
selution with PtCo standards that <contain controlled
15 amounts of potassium chloroplatinate and cobaltous
chloride. Each number unit is the eguivalent of 1 mg of
platiﬁum per liter of solution (ppm).. The standards and
corresponding measurements are designated according to
their ppm measurement, i.e. the No. 20 APHA Standard
- 20 contains 20 ppm of platinunnr American Chemical Society,
General Directions and Procedures: Measurement of Physical-

Froperties available '7 at.

http://pubs.acs.org/reagent demo/sec o002.html.), disfilie'
water has an APHA valué‘of 0, and the stock solution has
25 an APHA wvalue of 300 ppm. (HunterLab, APHA Background,
Applications Not, Insight on Coclor, November 16-30, 1996, .
Vol, - 8, No. 16. available at
http://www.hunterlab.com/appnotes/anll 96br2. pdf.) The ~

APHA measurement may be made by various instruments well

30 known in the art.

APHA color standard "500" and APHA color standard "1000"
were prepared. APHA color standard "500" was prepared by




34 dissolving 1.246 g Potassium Chl oropl ati nate, K2PtCl6 (equivalent to 50
ng netallic Platinum and 1.00 g crystallized Cobal tous Chloride,

CoCl12- 6H20 (equivalent to about 250 ng netallic Cobalt) in distilled water
with 100 5 ml concentrated HCl and was diluted to 1000 nL with distilled
wat er . AFHA2W6PIB93st andard " 1000" was, -prepared by diP§$S8IS¢10§323%. 492 ¢

Pot assi um Chl oropl ati nate K2Pt C16 and 2.00 g 10 crystallized Cobaltous

Chl ori de CoCl2-6H20 in distilled water with 200 nL concentrated HCl and was
diluted to 1000 nL with distilled water. The foll owi ng batches were
produced using non-netal - 15 apparatus as descri bed previously. These
sanpl es were color-tested. visually against the color standards by

vi ewi ng 100nL Hessl er tubes vertically against a white .background. Batch
Nunmber Color (APHA) M <500 N <500 P 300 Q350 R <300 20 The color of

t hese batchesdg%hngég%eyﬂg %CI? |gg2%%ted (&ﬂ%&oﬁﬂﬁ¥JM%re g?§%85|ally free
I n tie ecau

of brom ne an inpur S se the t han 2000
APHA, 25 theseldsatidhésnwer® cohsi™er BEt&ssent PEILpURt ec2E Aeb@l 9

crystalllzed Cobaltous Chloride, CoCl;-6H,0 (equlvalent to
about 250 mg metalllc Cobalt) in distilled water with 100

5 ml <concentrated HCI1 and was diluted to 1000 mL with
distilled water. '

APHA color standard "1000" was, prepared by dissolving
2.492 ¢ Potassium Chloroplatinate KpPtClg and 2.00 g

10 crystallized Cocbaltous Chloride CoCl;-6H;0 in distilled
water with 200 mL concentrated HCl and was diluted to 1000
mL with distilled water. ' '

The following batches were produced using nen-metal’
15 apparatus as - described previously. These"sémpleé' Were

color-tested. visually against the ceolor ‘standards by.

viewing 100mL Nessler tubes vertically agaiﬁst a white

backgreound.

Batch Number Color (BPHA)

M “T<500
N 25350
P [ 700
0 350
R <300"

20

The color of these batches of HBr/acetic acid indicated

that they were essentlally free of bromine and metal ion

impurities. Because the color was less than 2000 APHA .
25 these batches were considered essentially free of metal .

ion impurities.




ion inmpurities. 35 What is clained is: 1. In a process for obtaining
trifluoroacetyl glatiraner acetate, wherein during the process a batch of
a mxture of polypeptides, each of which consists essentially of alanine,
y-benzyl glutamate, tyrosine and trifluoroacetyl |ysine is deprotected
with a solution of hydrobromc acid ,in acetic acid, the inprovenent
conprising a step of pretreatnent of the solution of hydrobromc acid with
a brom ne scavenger in order to renove free bromne. 2. A process for

obt ai ning g phar, i:cal conposition containing glatiraner acetate,
whi ch conﬁﬁises a§ ﬁ%%f%érizing N- car boxyanhydri des of tyrosine, alanine,

y-benzyl glutamate and trifluoroacetyl lysine to form protected

glatiraner acgfate;..) pretecting; the p {r - te wth
a solution ofﬁty%ré%réﬁgg aé%d %%B%%egﬁ% Egéfﬁ%ﬁaﬁ?%ﬁggo%ﬁ??é%gﬁgg been
pretreated wiadetagehr ghehelsciivemngeithenroedets tao hadmbyv o If re@ixbiddri ne, to

formtrifluorgacetyl,ghatibtamer »acet a8 nClodn83ets NYstbg- 114 ) ugs oacetyl
~glatiramer acetate wth aqueous piperidine to forma solution of aqueous

gl atiramer acetd@tas, andoen)zypurdliypigte hewglostneafed Beltlarogoacetyl

lysine is deprotected with a sclution of hydrobromic acid
in acetic acid, the improvement comprising
a step of 9pretreatment of the solution of
hydrcbromic acid with a bromine scavenger in order

to remove free bromine.

2. A process for obtaining a pharmaceutical compositicn
containing glatiramer acetate, which comprises

a) polymerizing N-carboxyanhydrides c¢f tyrosine,
alanine, y-benzyl glutamate and
triflucroacetyl lysine to form protected
glatiramer acetate;

) deprotecting the protected glatiramer acetate
with a soluticon of hydrobromic acid in acetic
acid, which solution has been pretreated with
a bromine scavenger in order to remove free
bromine, to form trifluorcacetyl glatiramer
acetate;

) reacting the trifluorocacetyl glatiramer
acetate with aqueous piperidine to form a
solution of aqueous glatiramer acetate; and

d) purifying the glatiramer acetate.

3. The process c¢f claim 2, further comprising subjecting the
product of the step d} tc ultrafiltraticn to remcve
polypeptide species with molecular weight less than 5000

daltons.




3. The process of claim2, further conprising subjecting the product of
the step d) to ultrafiltration to renove pol ypeptide species with

nol ecul ar wei ght | ess than 5000 daltons. 36 4. The process of any of
clainms 1-3, wherein the hydrobromc acid in acetic acid solution is 10% 36%
hydrobrom c acid in acetic acid. 5. The process of claim4, wherein the
hydrobrom c acid in acetic acid sol% ion is 33% hydrobromic acid in acetic
acid. 6. The process of any of clainms 1-5 wherein the brom ne scavenger

i s phenol. 7. .The process._ of cl ai 1- mher olor of the
hydr obr ori ¢ &cicd o C%%%t?%iﬁﬁﬁ ¥58ﬁ |onlrrBj ngge%%a gﬁo fﬁﬂ% 8. A
process for pEparinngcatphasabteutliwdlncorpdsiti©@n hwonbabni ngagldti ranmer
acetate, wherein tE glaﬁiraner acetate has a predeterm ned percentage of
brominated ty &S ne“atceptabl e for inclusion in a pharmaceuti cal
conposition whi ch conprises obtaining a batch of glatiranmer acetate;

neasurl gﬂﬁerceggggeogf 9 £1Qat ge%%%?%hﬂ@kﬁkg Fgmp tgggpng process

conpr|5|ng a y&?ol yzing 't pat ¢h ain a yza el uting
the hydrol yzatettihr cegh @odht@nmt@gréﬁﬁl@ydcgbuwmc(ﬁcmmasmraﬂ@che | eve
of bromotyrosjne in the

6. The process of any of claims 1-5, wherein the bromine

scavenger 1s phenol.

7. The process of any of claims 1-6, wherein the color of
the hydrobromic acid in acetic acid solution is less than

2000 APHA.

8. A process for preparing a pharmaceutical composition
containing glatiramer acetate, wherein the glatiramer
acetate has a predetermined percentage of Dbrominated
tyrosine acceptable for inclusion in a pharmaceutical
composition, which comprises

obtaining & batch of glatiramer acetate;
measuring the percentage of brominated tyrosine of

the batch by a process comprising

a) hydrolyzing the batch to obtain a hydrolyzate;

b) eluting the hydrolyzate through a chromatograpghic
column;

c) measuring the level of bromotyrosine in the
hydrolyzate;

d) preparing sample solutions of the amino acid

components of the batch and of bromotyrosine;

e) eluting the sample sclutions through the column cf
step b); and

f) calculating the percentage of brominated tyrosine

in the batch; and




hydrol yzate; d) preparing sanple solutions of the amno acid conponents of
the batch and of bronotyrosine; e) eluting the sanple solutions through the
colum of step b); and f) cal culating the percentage of brom nated
tyrosine in the batch; and 37 including in the pharmaceutical conposition
a batch only if its percentage of g§pninated tyrosine so neasured is |ess
than 0.3% 9. The process of claim8; wherein the batch is acceptable for

i nclusion in the pharmaceutical conposition only if its percentage of

brom nated tyrosine SO neasurgg is less %ha? 0.2@&t10. Tge rocess of
claim9, wherein tH& BatEh s %:@gfﬁ%ﬂSFE IBY STREraETSh & R ERe oMY

phar maceuti cal conpositki per@enkygd fofi bsomiperedntyageiaf sbr opasatedig yrosi ne
so neasured is Iesﬁﬁghgﬁgn .%@6 11. datiraner acetate having no nore than
0. 1% bromi nated tyrosine and 1ess than 1000 ppmnetal ion inpurities. 12.
The gl atiramer acetate of claim 11, having an average nol ecul ar wei ght of

4,700 dagltons,to 11,000 daltons., 1 . a_.pro of_ pr W] tiramer
acet at eaéc'onpfrlhsei r%o%%ses o%t é:%g%) 8de%?8{(%lcnt |t?11§ %%Zénprlost gig?%éjllgt ?Jr)gmar
acetate with iaclsglant i om dhehyehegheomtdcaki dopesicetn c cadid,1ft hets

| mprovement ,coMRR{$lGr RLSLIARLLNG, S n80lHt L0s e nydr aREOMLfa@ci d i n

acetic
0.2%.

10. The process of claim 9, wherein the batch i1s acceptable for
inclusion in the pharmaceutical composition only if its
percentage of brominated tyrosine so measured is less than

0.1%.

11. Glatiramer acetate having no more than ¢.1% brominated

tyrosine and less than 1000 ppm metal ion impurities.

12. The glatiramer acetate of ¢iaim 11, having an average

molecular weight of 4,700 daltons to 11,000 daltons.

13. In & process of producing glatiramer acetate comprising the
step of deprotecting the protected glatiramer acetate with a
solution of hydrcbromic acid in acetic acid, the improvement
comprising:

pretreating the soluticon of hydrobromic acid in acetic
acid with a bromine scavenger prior to use o©of the
solution for deprotecting the protected glatiramer

acetate.

14. The process of claim 13, wherein the hydrobremic acid in
acetic acid solution is from 19% to 36% hydrobromic acid in

acetic acid.

15. The process of c¢laim 13, wherein the hydrobromic acid 1in

acetic acid solution is 33% hydrcbromic acid in acetic acid.




acid with a brom ne scavenger prior to use of the solution for
deprotecting the protected glatiraner acetate. 14. The process of claim
13, wherein the hydrobromc acid in acetic acid solution is from10%to
36% hydrobromic acid in acetic acid. 15. The process of claim 13, wherein
t he hydrobromic acid in acetic aci d38sol ution is 33% hydrobromic acid in
acetic acid. 38 16. Trifluoroacetyl gl atiraner acetate having no nore than
0.1% brom nated tyrosine and | ess than 1000 ppm netal ion inpurities. 17.
The trif] uoraoac | _glatiranmer . acetate of, claim16. havin n .ayerage
nol ecul alré{weiqlg%t% E%?rc%,c 7 AT ONS 't oacf%lbeooh “TAPY ohe. RS o2
brominated tyrecsine and less than 1000 ppm metal ion

impurities.

17. The trifluorcacetyl glatiramer acetate of claim 16, having an

average molecular weight of 4,7000 daltons to 11,000 daltons.




