PROCESS FOR PREPARATI ON OF M XTURES OF POLYPEPTI DES USI NG PURI FI ED
HYDROBROM C ACI D Throughout this application various publications are
r ef er encewlohyodidaeios full citations. The disclosures of woeas2@abbizeati ons
intheir entireties are hereby incorporated by reference into this
application in order to nore fully describe the state of the art to which
this invention pertains. Background OF The Invention A m xture of
pol ypepti des which do not all have the sanme am no acid sequence referred to
as glatiramer acetate (GA) i s PRRFRES ORI REEPARAZION g@®nane Copaxone(r) and
conprises the aggketreS ¢ PoafyrperypEPtusingG ORI A NGYDMIBHOMYCC aAgEbd,
L-al anine, L-tyrosine and L-Tysine at average nolar fractirons of O.7141,
0.427, 0.098 and 0. 338, respectively. The average nol ecul ar wei ght of
Copaxone(r) is between 4,700 and 11, 000 dal tons. ("Copaxone", Physician's
gsk_ Re:‘ ler encle,Th_(r%Q@Qamt Megh cal _aﬁﬁﬂn@ait@anoviriclms : p_(dﬂlﬂl:}é@h@nls Nldxe 3_11ﬁ. )
emcally, glatiramer acetate is designated. L-qgl ut C .aci ol ymer .wit
Lal ani ne, L-1ysith&ZLCe rg itr%gl,el(flcg g?ecé%ﬁ?ng' Itgﬁn%t e g?% “$ordlila is:
(Gu, Ala, Lysthepge) »ublHSEODMN$ C5HINOEESHT NORTEHE$ t NP2 COFL 1 NOBY REKC2HA O

10 incorporated by reference into this application in order

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

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
(GA) 1is 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 L-
alanine, L-1lysine, L-tyrosine, acetate (salt) . Its

structural formula is:

30 (Glu, Ala, Lys, Tyr),*xCH3COCH
(CsHgNO4*C3H7NO; ¢ CgH14N202* CgH11NO3) y * XC2H4O2
CAS - 147245-92-9

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

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

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

remitting multiple sclerosis. Multiple sclerosis has been



CAS - 147245-92-9 (" Copaxone", Physician's Desk Reference, (2000), Medi cal
Econom cs Co., Inc., (Montvale, NJ), 3115.) datiraner acetate is approved
for reducwDanosaf9tode frequency of relapses in patients WwThs2005032395
relapsingremtting multiple sclerosis. Miltiple sclerosis has

beencl assifi ed as an autoi nmune di sease. d atiraner acetate has al so been
di scl osed for use in the treatnent of other autoi nmune di seases
(Publication No. US 2002/0055466 A | for R. Aharoni et al .), inflamatory
non- aut oi mune 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 prosote nerve regeneration and/or to
prevent or inhibit secondary degeneration which may foll ow prinmary nervous

EySteg]iRjng @EHQEEF?&&OQSN%n U@w%ﬁ&&bﬁ@oéﬁggaﬁel tobtMamer acetate
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gl atiraner aceeateimagndedpserset o$BePECcH medhrentsS f BPO?W%ﬁ]at ed

di seases (e. 0. £o¥. Sr. PappatoMND. &, 514,.938 BhflmsrﬁaxﬁﬁryFeb]romawtélmm@ﬁ)é)B (Gad

et al . Ggrbléig%gr%%\gtl an%)lf %B@Ttﬁ on No. ., )th{ %(g%gz,mpt@xl ghedvqébéjgust

23, 2001 ( Tt er natl on |'i cati on
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Al, published June 20, 2002 (Young et al.)) and to
promote nerve regeneration and/or to prevent or inhibit
secondary degeneration which may follow primary nervous
10 system injury (Publication No. US 2003/0004099 Al for M.
Eisenbach-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.S. 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
PCT 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.S. Patent No.
5,800,808, issued September 1, 1998 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 trifluorocacetyl polypeptide. (U.S. Patent No.
5,800,808, issued September 1, 1998 to Konfino, et al.)

The time needed to obtain GA of the proper average



associated wth denmyelination (PCT International Publication No. WO

-1/ 97846, published Decenber 27, 2001 (Mbses et al .). The manufacturing
process asodedsaizb®d i n the above patents invol ves react iPog/yse@snsizes

pol ypeptides with 33% hydrobrom c acid in acetic acid. (U S. Patent No.

5, 800, 808, issued Septenmber 1 , 1998 to Konfino, et al.) This deprotection
reacti on renoves the gamma benzyl protecting group fromthe 5-carboxyl ate
of the glutamate residue and cl eaves the polyner to smaller polypeptides to
forma trif |uoroacetyl polypeptide. (U S. Patent No. 5,800,808, issued
Septenber 1 , 1998 to Konfino, et al.) The tine needed to obtain GA of the
proper averagenol ecul ar wei ght of betweens7, 0002, 000 dal tons depends on the
reaction tenperature and the nol ecul ar wei ght profile of the protected

gl ati ramer acehﬁﬂ%cuﬁhkSweﬂﬁﬁemﬁ Netw&eB0D,BIE,2, 088 uedl Sept etdpendts pn1998

t o Konfi no, 0 r t ehper rg+0 en 20
0C and 28C (U. §q’ PreE*&% %pkg&ggﬂwf asag ggl%enber%éhg%t 55”%%%

Konfino, et al.9f ANEedtro85Eef o i2d 1 paP¢r REGTBRE evely Sbat RHFStt dNPf er ent
time periods to,d®teBOBNE isBeededeptenber nk, nétflddtat Kangiven eenpérature

to achieve irif Oro%cf%ttglct%yegmsd%t of @er%%&rur@mo%cme%ew glgtc
profile, (U S atent 2 nbSS e905k%§% ssued % %emgeKOTflno
et al .) The arbtht?%f tUn§ ngéaﬁa 8Pt
1998 to Konfino, et al.). A test reaction is performed on
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 10 and 50 hours.
(U.S. Patent No. 5,800,808, issued September 1, 1998 to
15 Konfino, et al.). In addition, U.S. Patent Nos. 5,981,589,
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.



reaction ranges, for exanple, between 10 and 50 hours. (U. S. Patent No.

5, 800, 808, issued Septenber 1 , 1998 to Konfino, et al.). In addition, U S.
Pat ent Nowo0.2086/28H3589, 6, 048, 898, 6, 054, 430, 6, 342, 476 pCo;U36@s062895 and

6, 620,847, also relate to conpositions and net hods for manuf act ure of

m xtures of pol ypeptides, including GA. This invention provides.an inproved
manuf act uri ng process. Sunmary Of- The | nvention The subject invention

provi des a process for obtaining a m xture of trifluoroacetyl polypeptides
whi ch do not all have the sanme amino aci d sequence, where each pol ypeptide
consists essentially of alanine, glutamc acid, tyrosine and
trifluoroacetyl |ysine, wherein the mxturde has a desired average nol ecul ar
wei ght and wherein durlng the process a batch of a mxture of polypeptides,
each of which SPy18% al ani ne, g-benzyl glutamate, tyrosine
and trifluoroacetyl lysine is deprotected with a solution of hydrobromc

acid in acetic 13,' G Oy qplrvgﬁ@g?ﬁ ﬁg 4{453';,{1 H3& SQf f%rs%lb‘dgkﬁgaﬁfa_.s% of

hydr obromi c aC| In acetic aci utio corrprl ses less

free bronine. S5 &t ’iWéHPFBﬁC%tI@o RAHoPERELASS piBEE’ sAP oROBbRAL NI ng a
m xture of ori fHaum cacetspimepahypepi ¢ dessathietkedowhete add cthana yiphetsase

am no acid Seqm,st\eh%rs%eﬂeealpyl ypeptLde, £onsi sts:@ssentd aldy b o

al anine, -glutamc
and trifluorocacetyl 1lysine, 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, y-benzyl glutamate,
tyrosine and trifluorocacetyl lysine 1is 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, Wwherein 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
25 alanine, y-benzyl glutamate, tyrosine and trifluoroacetyl
lysine is deprotected with a solution of hydrobromic acid
in acetic acid, .the improvement comprising’luse 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 trifluoroacetyl polypeptides which



acid, tyrosine and trifluoroacetyl |ysine, wherein the mxture has a
desired average nol ecul ar wei ght and wherein during the process a batch of
a m xt ur ewof2omal2ypept i des, each of which consists essenticahisyosfozsbsani ne,
g- benzyl glutamate, tyrosine and . trif |uoroacetyl lysine is deprotected
with a solution of hydrobromc acid in acetic acid, the inprovenment
conprising use of a solution of ‘hydrobromic acid in acetic acid, which

sol ution conprises |ess-than 1000 ppmof netal ion inpurities. The subject
invention further provides process of producing a m xture of
trifluoroacetyl polypeptides whichdo not all have the -same am no acid
sequence, where each pol ypeptide consistssessentially of alanine, glutamc
acid, tyrosine and trifluoroacetyl |ysine, wherein the m xture has a
desired aver ageonwmlogcallar hage ghhe coampe | Tiingp depdosegnienge a wisataurea of

pol ypeptides eagh,cepsisdi npressentialdanhafaiakanbne agmherzyl gohtdnmte,
tyrosine and trif uoroacet%I-I |ne.¥4th a,sglftupn.of hy FO%[OHI acid in
acetic acid, WACEA” sotRISGR cdﬁ%fi%éé EESHRaN" 0. 8% -8F f re€ *6r8ni & and

| ess than 1000mpptmog hesad doFiidevhwvierpes moldeulabjweduhineenpibhirgd so

provi des a gonpReirbiLoBL CAPPLI ShinG rRe &1 i hol upacrisy! e piipdushs psodused by
any one of the Subj ect I nvention processes, and_a carrier. . . o
_ essentially of alanilne, y-benzyl glutamate, tyrosine and

trifluoroacetyl 1lysine -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 -

10 impurities.

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

le . .
The subject invention further provides a mixture of
trifluoroacetyl polypeptides which do not all have - the
same amino acid sequence, where each polypeptide consists
essentially of alaﬁine, glutamic acid, - tyroesine and

20 trifluoroacetyl lysine, wherein the mixture has étdesired_
average molecular Weight, no more than O;i%,brqminated-
tyrosine and less than 1000 ppnl metal ion impurities.
The subject invention also provides a ' ‘composition
comprising the mixture of trifluoroacetyl polypeptides

25 and a carrier.

The subject invention also provides proceSS‘forfobtainiﬁg

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

30 sequence, where each polypeptide consists essentially of
.alanine, glutamic acid, tyrosine and lysiﬁe, and wherein
the mixture has a desired average molecular weight, which

comprises



The subject invention further provides a mxture of trif |uoroacetyl

pol ypepti des which do not all have the sanme am no acid sequence, where each
pol ypept iwe 20@mnep®Es essentially of al anine, glutam c aeca/uskorsosive and
trifluoroacetyl |ysine, wherein the nmixture has a desired average nol ecul ar
wei ght, no nore than 0.1% brom nated tyrosine and | ess than 1000 ppm net al
ion inpurities. The subject invention also provides a conposition
conprising the mxture of trif |uoroacetyl polypeptides and a carrier. The
subj ect invention al so provides process for obtaining a pharnaceuti cal
conposition containing a m xture of polypeptides which do not all have the
sane am no acid sequence, where each pol ypeptide consists essentially of

al anine, glutam c acid, tyrosine and |ysine, and wherein the m xture has a
desired average nol ecul ar wei ght, which conprisesa ) polynerizing

N- car boxyanhydri desapf tysDgidrezialanine rigpRanrylir gdd arsdt e tgRdsine,
Ntrifluoroacetyl lysine to forma m xéure of proi)ect ed pol ypeptides; b )
deprotecting the protect @ 'Hd%pept i"dBE W th a SOFATGT of obrd¥ic acid
in acetic acid, the sol utiofiwarpreses |lgsdintharo 0.f5%mof a f meethrenm i and

| ess than 1900 ppm of nﬁﬁf@tééyéd 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 aqueous piperidine to form a
‘solution of aqueous mixture of polypeptides,

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, y-benzyl glutamate and N-
trifluorocacetyl lysine to form protected

glatiramer acetate;

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

bromine and less than 1000 ppm of metal ion



i mpurities,
the a mxture of trifluoroacetyl

form a sowotesm2efozaqueous m xture of pol ypepti des,
gl utam c acid,

essentially of al anine,

to forma m xture of trifluoroacetyl

pol ypeptides; ¢ ) reacting
pol ypeptides with aqueous piperidine to
eaclrcofusediisobe3oonsi st s
tyrosine and lysine; and d )

purifying the m xture of polypeptides. The subjection invention further

provi des process of producing glatiramer acetate conprising the steps of:
) polynerizing N carboxyanhydri des of tyrosine,

and Ntrifluoroacetyl

|l ysine to formprotected glatiranmer acetate,;

a
gl ut anat e
b )

al ani ne, g-benzyl

deprotecting protected glatiraner acetate with a solution of hydrobromc

acid in acetic acid,
and | ess than 1000 ppm of netal

the solution conprises |ess than 0.5% of free brom ne

ioninmpurities, to formtrifluoroacetyl

glatiramer acetate; c ) ¥eugtitigstritol vmroacetiflugras¢e byder 9 bl @me i t h

aqueous piperidine to foydamtegl

ution of glatiraner acetate; and d )

purifying the glatiramer acetate. The subject invention yet further

provi des a met hod of

c) reacting

trifluorocacetyl glatiramer acetate

5 : with aqueous piperidine to form a solution of

glatiramer acetate;

d)

and

purifying the glatiramer acetate.

The subject invention yet further provides a method of

10
analyzing the percentage of brominated tyrosine in . a
sample of glatiramer acetate comprising the steps of:
a) hydrolyzing glatiramer acetate to obtain a
15 hydrolyzate;
b) eluting. the hydrolyzate through a
chromatogréphic column; '
20 c) vmeasdring the 1level of bromofyro§ine in the
hydrolyzate; '
d) ‘preparing sample 3solutions of the “amino .acid
components of glatiramer acetate and of
25 bromotyrosine;
e) eluting the sample solutions throughgthe column
of step b); and
30 e) calculating - the percentage of brominated -
tyrosine in the glatiramer acetate.
The subject invention also provides a process for



anal yzing the percentage of bromnated tyrosine in a sanple of glatiraner
acetate conprising the steps of: a ) hydrolyzing glatiraner acetate to

obt ai n a wypdoelgmse; b ) eluting the hydrol yzate througbhTaseiwsossbogr aphic
colum; c¢ ) neasuring the level of bronotyrosine in the hydrolyzate; d )
prepari ng sanpl e solutions of the am no acid conponents of gl atiraner
acetate and of bronotyrosine; e ) eluting the sanple solutions through the
colum of step b ) ; and e ) calculating the percentage of brom nated
tyrosine in the glatiraner acetate. The subject i nvention also provides. a
process forpreparing a pharnaceutical conposition containing a m xture of
pol ypepti des which do not all have the sagre am no acid sequence,
pol ypepti de consists essentially of glutam c acid, alanine, tyrosine and
| ysi ne, wherei preherimxt use hasrmaqedeiér mcoegdopet Cemnt agentofirbimgm rat ed
tyrosine accep&@QkGréogf'gﬁhggeseiaasawpb@wn@&eugtC%hlcqgngﬁeﬂéﬂgaﬂguch

conpri ses obtalning a
am no aci d seq8BhB8s, 2Gfer §°@4ERCS, where

essentially of glutamic acid, alanine,

5 lysine, wherein the "mixture has a

ypeptide

t a m xture of pol epti des
- eBenY RSl Ravin

C

Sn

tyrosine

percentage of brominated tyrosine acceptable

inclusion in a pharmaceutical composition,

wher e each

nonuni form
s1sts

and

predetermined

for

which

comprises obtaining a batch of a mixture of polypeptides

having nonuniform amino 'acid segquences,

where

10 polypeptide consists essentially of glutamic’

alanine, tyrosine and lysine;

each

acid,

measuring the percentage of brominated tyrosine of:

the batch by a process comprising

15 a) hydrolyziné the batch to obtain a hjdrolyzate;
b) eluting the hydrolyzate' through- a
chromatographic column;
20 ' c) measuring the level 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 solutions through the column
of step b); and
- £) calculating the * percentage of brominated
30 tyrosine in the batch; and

inluding in the pharmaceutical composition

a batch only if 1its percentage of

tyrosine so measured is less than 0.3%.

brominated’



pol ypepti de consists essentially of glutam c acid, alanine, tyrosine and
| ysi ne; measuring the percentage of brom nated tyrosine of the batch by a
process cwopnicipgy3a ) hydrol yzing the batch to obtain achyseasyzmsve; b )
eluting the hydrolyzate through a chronmat ographic colum; c¢ ) nmeasuring the
| evel of bronotyrosine in the hydrolyzate; d ) preparing sanple solutions
of the am no acid conponents of .the batch and of bronotyrosine; e ) eluting
the sanple solutions through the colum of step b ); and f ) calculating
t he percentage of bromi nated tyrosine in the batch; and inluding in the
pharmaceutical conposition a batch only if its percentage of brom nated
tyrosine so neasured is less than 0.3% Degail ed Description O The
| nventi on The subject invention provides a process for obtaining a m xture
of trif |uoroapetyhiledl ypeptipddéeonwhf cthealdnvenhtabh have t he sane amino acid
sequence, where each pol ypeptide consists essentially of alanine, glutamc
acid, tyrosine and trifluoroacetyl lysine, wherein the mxture has a
desired aver agBhRolSEEUFaF WeY Mt An P EMTeF8P N adBFPRGSE hECr obtaining a
mixture of trifluoroacetyl polypeptides which do not all-

5 have the same amino acid sequence, where each polypeptide
consists essentially of alanine, 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

10 which consists essentially of alanine, y-benzyl glutamate,
tyrosine and trifluoroacetyl lysine 1is déprotected with a
solution of hydrobromic acid in aéetic acid, the
improvement comprising usé of a solution of hydrobromic
acid in acetic acid, which solution comprises less than

15 0.5% of free bromine.

In one embodiment;¥the improvement further comprises-use
of a solution of hydrobromic acid in acetic acid that
comprises less than iOOO ppm of metal‘ion>impﬁrities.

20 |
The subject invention. further provides a 'pr0cess for
obtaining a mixture of trifluoroécetyl polypeptides which
do ﬁdt all have the same amino acid séquenéé/ where-each
polypeptide consists essentially of alaniﬁe} giutamic

25 acid, tyrosine and trifluoroacetyl 1lysine, 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 1is 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 1000 ppm of metal ion



process a batch of a m xture of pol ypeptides, each of which consists
essentially of alanine, g-benzyl glutamate, tyrosine and trifl uoroacetyl

| ysi ne i swoepsesatested with a sol ution of hydrobronic acipdTius2@s@Bizes aci d,
the i nprovenent conprising use of a solution of hydrobronic acid in acetic
acid, which solution conprises less than 0.5% of free bromne. In one
enbodi nent, - the inprovenent further conprises use of a solution of
hydrobrom c acid in acetic acid that conprises |ess than 1000 ppm.of netal
ion inmpurities. The subject invention further provides a process for
obtaining a m xture of trifluoroacetyl polypeptides which .do not all have
the sanme am no acid sequence, where each jmol ypepti de consists essentially
of alanine, glutam c acid, tyrosine and trifluoroacetyl |ysine, wherein the
m xture has a dewirediaverage nol ecul ar wei ght and wherein during the
process a batch of a m xture of pol ypeptides, each of which consists .

essentially of %jaqﬁpebcg-q%gé Fi?Autgga%ek t ros%gga Jgjtrigoéyq!qggetyl
lysine is deprglgcteénmjth a solu i off f Hy broni e aC|dai% acéilp aci d,
the inprovenenrednpingi agnuseurs of solidtlilgnoatehidrsdvorbeldes dvirhchaceti c
aci d, whichssolqdt iRt @GANPHasesthessahd a0k PRMRiqueBtal WRBL&EPEEER | es
The subj ect 'n%ﬁﬂ§bggtY§é n%%gqgksprggégq%jﬁi%rog%ssafgnine, glutamic
acid, tyrosine and trifluoroacetyl 1lysine, wherein the
mixture has a desired average molecular‘weight comprising

deprotecting a mixture of polypeptides each consisting
10 essentially of alanine, vy-benzyl glutamate, tyrosine and
, trifluorcacetyl 1lysine 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% of free bromine.

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

bromine.

In a further embodiment, the solution 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



producing a m xture of trifluoroacetyl polypeptides which do not all have
the sanme am no acid sequence, where each pol ypeptide consists essentially
of al ani nwo 2géau2e3¥3Cc aci d, tyrosine and trifl uoroacetyl pcyaisnes/osdses ei n t he
m xture has a desired average nol-ecul ar wei ght conprising deprotecting a

m xture of pol ypeptides each consisting essentially of alanine, g-benzyl
glutamate, tyrosine and trif |luoroacetyl lysine with a solution of ,
hydrobrom c acid in acetic acid, which solution conprises |ess than 0.5% of
free brom ne and | ess than 1000 ppm of netal ion inpurities ." In one
enbodi nment, the solution of hydrobromic acid in acetic acid conprises |ess
than 0.1% of free brom ne. In another entiadi nent, the sol ution of
hydrobrom c acid in acetic acid conprises |ess than 0.05% of free brom ne.
In a further enbodicaehes-the solution of hydrobronic acid in acetic acid
conprises less than 0.01% of free bromne. In yet another enbodi nent, the

sol ution of hyq%ﬁb;q$hf?ﬁ grngmg@§§A aC|€kco ¥aé§§1Igﬁyg&ggngoQ9496of

free brom ne di ment. "'t he' so i on romc acid in
acetic acid isafifeidf aFREECHRBRY NEOTRYT SRFotlsEF ERBBAPRBNPP™t AE BBFak | on of
hydr obr omi csacii@ni AmpaeitLeaci d conprlses | ess than 1000 ppn1of met al

i oni rrpurl ties
| In one embodiment, the solution of hydrobromic acid in
acetic acid comprises less than 100 ppm of metal ion
impurities. A ‘
10 ,
In -another embodiment, the solution of hydrobromic acid.
in acetic acid comprises less than 30 ppm of. metal ion

impurities.

15 Iin 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 solution of hydfobromic acid
20 in acetic acid comprises less than 10 ppm of metal ion

impurities.

In another embodiment, the solution of hydrobromic. acid
_ in acetic acid is free of metal ion impurities. '
25 .

In yet another embodiment, the mixture of trifluorocacetyl

polypeptides 1is 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 yet another enbodi nent, the solution of hydrobromc acid in acetic acid
conprises less than 500 ppmof netal ion inpurities. In one enbodi nent, the
sol uti on wO 2byerineddsomi ¢ acid in acetic acid conprises | esg/ushes0if3ds ppm of
metal ion inpurities . In another enbodinment, the solution of hydrobromc
acid in acetic acid conprises less than 30 ppmof netal ion inpurities . In
yet anot her enbodi nent, the solution of hydrobromc acid in acetic acid
conprises |ess than 20 ppmof netal ion inpurities. In a further

enbodi ment, the solution of hydrobromic acid in acetic acid conprises Iess
than 10 ppm of netal ion inpurities . In another enbodi nent, the solution
of hydrobromic acid in acetic acid is free of netal ion i rrpuriti es. In yet
anot her enbodi nent, the mxture of trif |uoroacetyl polypeptides is trif

| uoroacetyl gl adidamdsatet 868 LYTFAOIALC) adin an ersodrmentd; thes to

hydr obrom c acizgsi n r@ta%b@foa@td selation iscéeom 190%d40 315(% hygs obg o c

d t d th g0) d t d b t
o0 15 From SeSSkeesR R ar bbby eoable P dbeePlat s TofuRoospRi o e

hydr obr oni ¢ aciegiidn Bcetretaci dcig0w tod®s to 33% hydrobromlc acid in
5 acetic acid; 25% to 35% hydrobromic acid in acetic acid;

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

hydrobromic acid in acetic acid; 30% to 34% hydrobromic

acid is acetic acid; 30% to 33% hydrobromic acid in

acetic acid; or 32% to 33% hydrobromic acid in acetic

10 acid. In a further embodiment, 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 order to remove free bromine.
In one embodiment, the bromine scavenger is phenol.

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 color of 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.



37% hydrobrom c acid in acetic acid; 20%to 33% hydrobrom c acid in acetic
acid; 22%to 33% hydrobrom c acid in acetic acid; 24%to 33% hydrobrom c
acid i n asetne/meisd; 25%to 35% hydrobronic acid i n acerce/mesnd3R690to 33%
hydrobrom c acid in acetic acid; 28%to 33% hydrobrom c acid in acetic
acid; 30%to 34% hydrobromc acid is acetic acid; 30%to 33% hydrobrom ¢
acid in acetic acid; or 32%to 33@6hydrobrohic acid in acetic acid. In a
further enbodinment, the solution is 33% hydrobrom c acid.in acetic acid. In
anot her enbodi nent, the solution is 16% hydrobronmic acid in acetic acid. In
anot her enbodi ment, the solution is pretreated with a bronine scavenger in
order to renove free brom ne. In one enbddi nent, the brom ne scavenger is
phenol. In a further enbodi nent, the solution is produced in a non-netallic
reactor. I n andfhete terbedinrEnEerbpRaneDt ut Fom FelpF ephr éHei hydrghnesi¢i ned
or Teflon linedcheaghoscedit yetidapel hefoenizodiedenthat hsoE ol of the

hydr obrom ¢ acid in acetic acid solution is less than 2000 APHA. In a
further embodi nent, the color of the hydrobronmic acid in acetic acid
solution is | ed§et hawhl000 APHROtIaN aRésRerPkBogsment tikduesPasebfl t he

hydr obr om csacis@odicacgtoducde bysahyt b 45 dr@saltshaasa@OpMéé.sleB .yet
anot her enbodi nent, the color of the hydrobronmc
The subject invention further provides 'a composition
éomprising the trifluoroacetyl product produced by any
one of the disclosed processes, and a carrier.
10 .
The subject invention yet further provides a mixture of
' trifluoroaéetyl polypeptides Which do not all‘ have the.
same amino acid sequence, where each polypeptide consists
essentially of . alanine, glutamic acid, tyrosine and
15 trifluorocacetyl lysine, wherein the mixture has a desired
average molecular weight, no more than 0.1% brominated

tyrosine and less than 1000 ppm metal ion impurities.

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

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

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

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



acid in acetic acid solution is | ess than 500 APHA. The subject invention
al so provides a trif luoroacetyl product produced by any one of the

di scl osedwpnroerrs®s. The subject invention further provipdeas200608339sition
conprising the trif |uoroacetyl product produced by any one of the

di scl osed processes, and a carrier. The subject invention yet further
provides a mixture of trifluoroacetyl polypeptides which do not all have
t he same ani no acid sequence, where each pol ypepti de consists essentially
of alanine, glutamic acid, tyrosine and trifluoroacetyl |ysine, wherein the
m xture has a desired average nol ecul ar weight, no nore than 0. 1%

brom nated tyrosine and | ess than 1000 ppm netal ion inpurities. In one
enbodi ment, the m xture of trif luoroacetyl polypeptides has an average

nol ecul ar wei ght from 2000 daltons to 40,000 daltons . In another
enbodi ment, th%ﬂy&ugﬁo@ﬁeﬁ réﬁb&dqaggécewé rpﬂlt){ﬂeepto'fdQ%l@Qﬁo@@a@é‘teJlage
nol ecul ar melght rom 4000 daltons to 18,0 daltons. In-a further

enbodi ment, thBOMRERFHGT B3 131 (OFT266t WOlﬁSPﬂrﬁ’épV?ﬂ%Et h&5ent 3vitlage
nmol ecul ar melghhltomm1uﬂ@@,¢@wtdastoms13 000 daltons. In another

enbodi ment, g the mxture of trif luoroacetyl polypeptides has an average

nol ecul ar melght from 13,000 _ _
In a further embodiment, the mixture of trifluorocacetyl

polypeptides has an average molecular weight of 7,000
+2,000 daltons.

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

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

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

In a further embodiment, the mixture of trifluoroacetyl.
polypeptides comprises less than -1000 ppm of metal ion
impurities. ' '

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

impurities.

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

impurities.



daltons to 19,000 daltons.In yet another enbodi nent, the m xture of
trifluoroacetyl polypeptides has an average nol ecul ar wei ght from 13, 500
dal t ons twok8¢caRz9dal tons . In a further enbodi nent, thecwmvscmsesmbstrif

| uor oacetyl polypeptides has an average nol ecul ar wei ght of 7,000 2, 000
daltons . In yet a further enbodinent, the mxture of trif |uoroacetyl

pol ypepti des has an average nol ecul ar wei ght of 7,000 daltons. In another
enbodi nent, the m xture of trifluoroacetyl polypeptides has an average

mol ecul ar melght of 14,000 daltons . In yet another enbodinment, the m xture
of trifluoroacetyl polypeptldes has an average nol ecul ar wei ght from 4, 700
- 11, 000 daltons. In a further embodi ment, the nmixture of trifluoroacetyl
pol ypepti des conprises | ess than 1000 ppm of netal ion inpurities . In yet
anot her enbodi hentanatherm stkadimehty r i fhauoméateryl qfol ypepticesasdmpri ses

less than 500 ppmy@dpimical E@RdiUritées thbR a&ad UppheroenediNENbn t he
m xture of tri Iuoroacetyl pol ypepti des conprises |ess than 100 ppm of
metal ion inputfePest lﬁ|1 anot her embodiment, the mixture of trif

| uor oacet vyl '

5 In a further embodiment, the mixture of trifluorocacetyl
polypeptides comprises 1less .than 20 ‘ppm of metal ion

impurities.

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

- impurities.

In yet another embodiment, the mixture of trlfluoroacetyl
polypeptides is free of metal ion impurities.
15
The subject invention also provides a composition
. comprising the mixture of trifluoroacetyl polypeptides

and a carrier.

20 The subject invention furthér provides a process for
obtaining - a .pharmaceutical composition ‘containing a.
mixture of polypeptides which do not all have the same
amino acid sequence, where each polypeptide consisté-
essentially of alanine, glutamic' acid, tyrosine and

25 lysine, and wherein thé mixture has a desired-‘average
molecular weight, which comprises
a) polymerizing N-carboxyanhydrides of tyrosine, -
alanine, y-benzyl glutamate and N—trifluoroacetyl
"lysine to form an agueous mixture of protected

30 polypeptides;

b) deprotecting the protected polypeptides with a

solution of hydrobromic acid in acetic acid, which



pol ypepti des conprises |less than 30 ppmof netal ion inpurities . In a
further enbodinent, the mxture of trif l|uoroacetyl polypeptides conprises

| ess t harw@Qo@pm38 netal ion inpurities . |In another erbodiso®siz2bhe
m xture of trif luoroacetyl polypeptides conprises |ess than 10 ppm of
metal ion inpurities . In yet another enbodinent, the mxture of trif

| uoroacetyl polypeptides is free of nmetal ion inpurities. The subject
invention al so provides-a conposition conprising the mxture of trif

| uor oacetyl pol ypeptides and a carrier. The subject invention further

provi des a process for obtaining a pharnmaceutical conposition containing a
m xture of pol ypeptides which do not all jgave the same am no acid sequence,
where each pol ypepti de consists essentially of alanine, glutamc acid,
tyrosine and | ysi nesohndi avhecehpr ides mMedsur ehdras oasdesifr efireay e Ageine

mol ecul ar wei ght, MQ£%2%§§$DE%§§51§0@ B dyﬁf:%g#ygug$gaggﬁ%%§¢ﬂ%grhggs of

tyrosine, alanine, g- utamate a oacejy ysi'ne to form
an aqueous m xture 6PXProtFet ePPHOYPFept PYgsure  of  trifluordacetyl
polypeptides;
5 .
c) reacting the an aqueous mixture of trifluoroaqetyl‘
polypeptides with aqueous piperidine to form a
solution of agqueous 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 0.337J5

20 : . .
The subject invention also. provides a process of
producing glatiramer acetate comprising the steps of:
a) polymerizing ‘ N-carboxyanhydrides of .. terSiﬁe,
alanine, 1y-benzyl glutamate and N-trifluoroacetyl
25 lysine to form protected glatiramer acetate;

b) deprotecting protected glatiramer. acetate with a
solution of hydrobrbmic acid in acetic ‘acid, the
solution comprises less than 0.5% of free bromine
and lessvthan'1000 ppm of metal ion impurities, to .

30 form trifluoroacetyl glatiramer acetate;



b ) deprotecting the protected pol ypeptides with a solution of hydrobromc
acid in acetic acid, whichsolution conprises less than 0.5% of free brom ne
and | ess wbanocl20B3ppm of nmetal ion inpurities, to formpamsgusosss9s Xt ure
of trif luoroacetyl polypeptides ; ¢ ) reacting the an aqueous mi xture of
trif luoroacetyl polypeptides with aqueous piperidine to forma solution of
aqueous m xture of pol ypeptides, each of which consists essentially of

al anine, glutamc acid, tyrosine and |lysine; and d ) purifying the aqueous
m xture of polypeptides. In one enbodi ment, the-average nole fraction in
the m xture is glutamc acid 0.129-0.159; al ani ne 0.392- 0.462; tyrosine
0.086-0.100; and lysine 0.300-0.374. In a7yspecific enbodi nent, the average
nole fraction in the mxture of glutamc acid is 0.141, of alanine is-
0.427, of tyrosing tsadki@3, tandlobrbysemnd | Fl@t33@meTheasetgteet vwinrenti on

al so provides a proggéégﬁ Predueing ghatbLANer <aegtatge 6oNpiisi fghdhe
steps of: a ) polynerizing N carboxyanhydri des of tyrosine, "al ani ne,

g- benzyl gl utamate aReFRESr P9 uoroacetyl |ysine to form protected ‘
glatiramer acetate; b ) deprotecting protected glatiranmer acetate with a

sol ution of hydrofyr ot £e G chR §E&L{ Farte deekhee.
] . A .
In one embodiment, the product of the step d) is further
5ubjected to ultrafiltration to remove polypeptide

species with molecular weight less than 5000 daltons.

10 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
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 1in acetic acid} 24% to 33% hydrobromic acid in
acetic acid; 25% to 35% hydrobromic acid in acetié acid; .
26% to 33% hydrobromic acid in acetic acid; 28% to 33%
20 hydrobromic acid in acetic acid; 30% to 34% hydrobromic.
acid is acetic acid; 30% to 33% hydrobromic acid in,
acetic acid; or 32% to 33% hydrobromic acid in acetic
acid. In a further embodiment, 'the solution 1is 33%
hydrobromic acid in acetic acid. In another embbdiment,

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 is

phenol.



solution conprises |less than 0.5% of free bromne and | ess than 1000 ppm of
nmetal ion inpurities, to formtrif luoroacetyl glatiraner acetate;c )

reacti ng woi2bodozesseacet yl gl atiramer acetate with aqueorsTpisp@siosisae t o
forma solution of glatiraner acetate; and d ) purifying the glatiraner
acetate. In one enbodi nent, the product of the step d ) is further
subjected to ultrafiltration to renove polypeptide species with nolecul ar
wei ght | ess than 5000 daltons. In an enbodi nent, the hydrobromic acid in
acetic acid solutioen is from10%to 36% hydrobromc acid in acetic acid. In
anot her enbodi nent, the hydrobromic acid in acetic acid is from16%to 33%
hydrobrom c acid in acetic acid; 18%to 338% hydrobrom c acid in acetic
acid; 20%to 37% hydrobronmic acid in acetic acid; 20%to 33% hydrobronic
acid in acetic acid; 22%to 33% hydrobrom c acid in acetic acid; 24%to 33%

hydr obrori ¢ acid i, df%()%’é? 2bilai R0 L 0O IysAsahgon Gag dJ masetd o
0

acid; 26%to 3 brom ¢ acid i n acetic acid; 28%to 33% hydrobromc
acid in aceti caééiidsojgﬂ’%q”o 15496 AU Bhridinioc "B B S W tiS@ CAEFd; 30%to 33%
hydrobrom c acid in acetic acid; or 32%to 33% hydrobromic acid in acetic

acid. 1n a dst ur ¢ her, emhadi n&modﬁr@%tsolwé ORyhSo33% Y dgebg omie acddid n
acetic aci I n anot her enbod] nent . .
acid solution is prepared in a glass-lined or Teflon

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.

The subject invention further provides method of.
analyzing the percentage of brominated tyrosine in a
sample of glatiramer acetate comprising'the steps or:.
a) hydrolyzing glatiramer acetate to ‘bbtain a
25 hydrolyzate;

b) eluting the' hydrolyzate through a chromatographic

column;

c) measuring the level of bromotersine' in the

hydrolyzate;



the solution is 16% hydrobrom c acid in acetic acid. In another enbodinent,
the hydrobromc acid in acetic acid solution is pretreated with a brom ne
scavengerwonoawoiesost o renove free bromine. |In yet anothecTasbadiossns, the
brom ne scavenger is phenol .In a further enbodi nent, the hydrobrom c acid
in acetic acid solution is produced in a non-netallic reactor. |In another
enbodi nent, the hydrobromc acid in acetic acid solution is prepared in a
gl ass-lined or Teflon lined reactor. In one enbodi nent, the color of the -
hydrobrom c acid in acetic acid solution is |ess than 2000 APHA. | n anot her
enbodi nent, the color of the hydrobromc acid in acetic acid solution is

| ess than 1000 APHA. "I n yet another enbodighent, the color of the
hydrobrom ¢ acid in acetic acid solution is |less than 700 APHA. In a
further enbodi ment), ptéeaxciclor smdllee yadnaboosi ¢ odci dchien ameitricc ad il
solution is less thag,00ARHA. Jhe sybhectahdwent heacfust hepprovidges

met hod of anal yzing the percentage of brom nated tyrosine in a sanple of
glatiramer acetate BOWPPI%id"fhe steps of: a ) hydrolyzing glatiramer
acetate to obtain a hydrolyzate; b ) eluting the hydrolyzate through a

chromat ographi ¢ ¢) 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 containing a.

mixture of polypeptides which do not all have the same

amino acid sequence, where each polypeptide consists

essentially of glutamic acid, alanine, tyrosine and

lysine, wherein the mixture has a predetermined
15 percehtage of 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;



colum; c¢ ) neasuring the |level of bronotyrosine in the hydrolyzate;d )
preparing sanple solutions of the am no acid conponents of glatiraner

acet ate awmo 20d66/pmEOtyrosine ; e ) eluting the sanpl e setwisens/ osizpough t he
colum of step b ) ; and f ) calculating the percentage of brom nated
tyrosine in the glatiramer acetate. The subject invention also provides a
process for preparing a pharmaceutical conposition containing a mxture of
pol ypepti des which do not all have the sane anino acid sequence, where each
pol ypepti de consists essentially of glutam c acid, alanine, tyrosine and

| ysine, wherein the m xture has a predeterm ned percentage of brom nated
tyrosi ne acceptable for inclusion in a pharmaceutical conposition, which
conprises obtaining a batch of a m xture of polypeptides having nonuniform.
am no aci d sequendestepdidng easrodsl ypegtitdensongifst $hessemtingl | yaaifd
glutanic acid, al ané&fpordeHt@sbRetROthd sl Red BBASHEMAG 138 nper cent age of
bromi nated tyrosi ne of the batch by a process conprising a ) hydrolyzing

the batch to obtain a hydrol yzate;
e) eluting the sample solutions through the column of

step b) and
5 f) calculating the percentage of brominated tyrosine in

the batch; and

“including in the pharmaceutlcal comp051tlon a
batch only if its percentage of brominated tyr051ne so

measured is less than 0.3%.

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

15 In another 'embodiment the batch is acceptable-'for

inclusion in the pharmaceutlcal comp051tlon. only 1if its
percentage of bromlnated tyrosine so measured 1s less than
0.1%. ‘ o

20 In a further embodiment, the mixture of polypeptides is
glatiramer acetate (“GA") . ’ '

TERMS

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

a calibrated column; or from a correlation between the



b ) eluting the hydrol yzate through a chromat ographic colum; ¢ ) measuring
the I evel of bronotyrosine in the hydrolyzate;d ) preparing sanple

sol uti onswof2oddneomai no aci d conponents of the batch andpofr/useasnsysposi ne; e
) eluting the sanple solutions through the colum of step b ) ; and f )
calculating the percentage of brom nated tyrosine in the batch; and’
including in the pharmaceutical conposition a batch only if its percentage
of broninated tyrosine so neasured is less than 0.3% |n one enbodi nent,
the batch is acceptable for inclusion in the pharmaceutical conposition
only if its percentage of brom nated tyrosine so neasured is |ess than
0.2% I n another enbodi nent, the batch i gjacceptable for inclusion in the
pharmaceuti-cal conposition only if its percentage of brom nated tyrosine so.
measured i s | edscbhann0. ¥h | bha f pebker anbodinment locheéinnxt wie ofthe

pol ypepti des i s ghabhhabBra@eal atspdl\FRY ma S Jhedber ied aueKad8ce:
nol ecul ar wei ght” as used in this application ans tpe nol ecul ar wei ght of
t he speci es Ofand molecular welght. Other methods orf determining an

average molecular weight such as by light scattering may
5 be employed and will correspond substantially to the

value obtained from the peak maximum.

A polypeptide mixture according to this inventibn as
exemplified is the acetate salt of synthetic polypeptides
10 prepared by chemically reacting four activated amino acid
derivatives (two of them L-Glutamic acid and L-lysine
protected) : L-Glutamic acid (L-Glu), L-alanine (L-
Ala), L-tyrosine (L-Tyr) and L-lysine (L-Lys) (two of
them protected i.e. 5Bz-Glutamate derivative and 6N-TFA-
15 Lysine derivative)in a specified ratio.: The:  term
", “mixture” as_used in this document generally refers to in
the “mixture of polypeptides of the inventién” comprising
L-glutamic acid, L—alaniﬁe, L-tyrosine, and Lflysine,;and'
both terms are meant to include residual impurities from 4

20 the manufacturing prdcess.

The molar fraction raﬁge of each amino acid residue 1is:
L-Glu 0.129-0.153, L-Ala 0.392-0.462, L-Tyr 0.086—0,100
and L-Lys 0.300-0.374. ' ‘

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:

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

N6-TFA-L-Lysyl residues, originating from



pol ypeptides present in the mxture in the highest relative proportion
(i.e. the peak maxi num) when the m xture is subjected to separation by

nmol ecul arweebghizeda an HPLC gel perneation col um. Thi spealuseoosasesbe
obtained in several ways, e.g. fromthe retention tinme on a calibrated
colum; or froma correl ation between thelocation of the peak and the

| ocati on of the cochromatographed copol yner markers of defined sequence and
nol ecul ar wei ght. O her nmethods of determ ning an average nol ecul ar WEIght
such as by light scattering may be enployed and will correspond
substantially to the val ue obtained fromthe peak maxi rum A polypeptlde

m xture according to this invention as exghplified is the acetate salt of

synt heti c pol ypepti des gre ared by chem cally reacting four. activated am no
aci d derivatives (tWHC8FPtREM ESBPURAMYE ath8 &FGTESFYRY ndLpHBEect ed}
L-Jutamc acid (L- éhd)t;omrataﬂlpelypéwtﬁqelﬁaytmsanef(th@ynbvandlhnlysine

(L-Lys) (two of thepg,peotesd %}J c%-nté@% Fuh et & q_.ert'.'%ts'y\ieréggdues,

6N- TFALysi ne derlvatlve% in a specified ratio. The term"m xture”™ as used -
in this document ger@r3 9yd?Eﬁ¥asPEQ?Wq¥HPﬁe dugj 4P utRe ATTENSepEi dB&Sof t he
i nvention" eonprisi kbgohige uiramie #@Brdacétad aadinke rekgeytosi ne, and L-1ysine,
and both terns are neant to include residual inpurities fromthe

manuf act uri n roces
9P % molecular 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 conversion) by comparison 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)

e Unidentified related substances (determined by RP-

HPLC): these are small molecular size polypeptides

.0f 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



The nol ar fraction range of each amno acid residue is: L-Gu 0.129-0. 153,
L-Ala 0.392-0.462, L-Tyr 0.086-0.100 and L-Lys 0.300-0.374. Because no
reacti on woesodiemenpl eti on 100% and al t hough practi cal lpgTalskoosmpaswsti es
are elimnated, small amounts can remain. Such inpurities may be of the
following three types : Structure-rel ated substances, which are protected
am no acid residues such as 5-BZ-L-gl utanyl and/or N6-TFA-L-Lysyl residues,
originating fromi nconplete renoval of the protecting groups. In addition,

t he pol ypeptide m xture of the invention nolecules may contain brom nated
L-tyrosyl residues, fornmed during production due to the presence of free
brom ne in the HBr/acetic acid reagent. Ihe nol ecul ar structures of the
identified structure-related inpurities can be derived fromthe :
partici pating nononeres i . eslaftignet i ¢ghporategirably Thésetidentifited RRFpuriti es
are quantified (aftengheai eal tl@@nyarrg,ipeeighg)y SeHdason to the specific
Ref erence Standards, which are either derivatives or part of the inpurities
t hensel ves: - Residual trif |uoroacetyl conmpounds (expressed as fluoride) -
Resi dual benzyl abedkadithanylsoleshdsesnd expressdd 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 mixtuies of polypeptides,
such as GA, 33% hydrobromic acid in acetic acid is used fo
deprotect protected .GA. For example, ‘during the
development of the.production'process for GA it was found
15 - that some of the tyrosiné residues 1in trifluoroacetyl GA
(TFA GA) and in GA were brominated. This Aimpurity was
isolated and identified using an analytical procedure that
is described in Adetail in the examples. Thé_ tyrosine
residue was ‘found to react with promine to fOrm-a mono-
20 bromotyrosine moiety comprising either 2-broﬁbtyrosiné or

3-bromotyrosine.

After much investigation the inventors discovéred'that the
brominated tyrosine impurity was introduced :into the GA
25 through free bromine in HBr/acetic acid. The free bromine
was present in 33% HBr/acetic acid bought from.a_supplier

and used in the production process.

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

acid solution.



as benzyl brom de) - Residual brom nated tyrosyl residues (expressed as
bronotyrosi ne) Unidentified related substances (determ ned by RPHPLC)

t hese ar ewermaddiozpsecul ar size pol ypeptides of the - sanmepomiugkovswsisbs siml ar
structures. These substances probably have simlar response factors and the
concentration (% of each inpurity can be cal cul ated as % peak area '
relative to the the pol ypeptide m xture of the invention peak area. The
characterization of the inpurities is based ontheir relative chronatography
retention time (RRT] relative to the L-Tryptophan standard. Resi dual

sol vents and inorganic inpurities covered in the specification such as the
resi dual solvent 1,4 dioxane, residual ppperidine and heavy netals.

Dl SCUSSI ON Free Bromine In the manufacturing process for m xtures of

pol ypepti des, such as GA, 33% hydrobrom c acid in acetic acid is used to

deprotect protggteds GAe Eﬁromg?@-npégve isngsthe; devgl %@EBErJ@EléJ@.on

production process for CGA i found that sone of E r05|ne resi dues
intrif IuoranE?9$S?¥V?SH3Q93R} afl PAYEA fer® BYEHC at88 eﬁhf%@??ﬁ%ﬁlty
was i sol at ed aagendentsifdredsusiodguanbamal fittecamapr beedue@. t Alagnol was

5 chosen as a bromine scavenger because it and its reaction
product with bromine (bromophencls) are both essentially
non-reactive with ptotected polypeptides, such as
brotected " GA, 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
'provided 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 is easily removable

during the final purification process.

Metal Impurities

GA. 1is 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 aqueous solutions of Copaxone® pre-

25 filled sclutions was detected. The source of the-éolor in

the solutions 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



is described in detail in the exanples. The tyrosine residue was found to
react with bromne to forma nonobronotyrosine noiety conprising either
2- br onot ywo200w208933- br onot yrosine . After much investi gatriuspodshs2spnvent or s
di scovered that the brom nated tyrosine inpurity was introduced into the GA
t hrough 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 brom ne
in 33% HBr/acetic acid. For exanple, pre-treatnment of HBr/acetic acid with
a brom ne scavenger was effective in renoving sone of the free brom ne from
the HBr/acetic acid solution.One of the bheom ne scavengers used in the HBr
purification process was phenol. In addition to phenol, other reducing
agents, such asosotmnibiisgl fint shenBfr beeus ethelPREAoPY WBER chsErf 4t a
broni ne scavenggssbegausesa tamdch fifet£aCt bl dXe@dUtdn tMiblit 88 Offionethe
(bronmophenol s) a&e both essentially non-reactive with protected :
pol ypepti des, St %r%%“ﬁyotected GA, TFA pol ypepti des, such as TFA GA and
pol ypepti des, such as GA, and they are easy to renove fromthe sol ution of
GA during the pYrifiealion HoREESSmeNild aklkin BHYedy 8 RPRrsEQYe8gsNg agent
may be used pr?X'gﬁg &Qaéréédcéan%agt%héeggé'8¥'é”ﬁ%%ﬂﬂéfgﬁtgegégg}nfbr'
the production of 33% HBr/acetic acid solutionf The
reactor used for the production of HBr/acetic: agid
solution was glasé lined in order to prevent the formation
10 of impurities which could later affect the purity of,
e.g., the GA. In order to prevent contact of HBr solution
with metal, parts of the piping used were Teflon-lined.:
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 production of
HBr/acetic acid solution was successful in eliminating the
red color from the GA:. When' the non-metal apparatus - was
used for the production of the HBr/acetic acid,solution;'
20 the result was that the solution wastessentially free of

metal ions and the red GA was not formed.

In addition, the.color of eVery batch of HBr/acetic acid
is measured to determine level of'impurities,beere being
25 used to deprotect protected GA. It was'foundwthat‘levels
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.



are not reactive with protected pol ypeptides, such as protected GA, TFA

pol ypepti des, such as TFA GA and pol ypeptides, such as GA, and it is easily
removabl ewduneengodsBe final purification process. Metal Papuws2ais®s238A is
marketed in two pharnmaceutical dosage fornms, |yophilized powder and
pre-filled syringes. The syringes, marketed under the trade nane
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) prefilled solutions was detected The
source of the color in the solutions was unknown. The col or appeared when
the solutions were kept at roomtenperatyge for 12 to 24 hours. It was
determ ned that production of HBr in netal apparatus led to trace nmetallic
ion inpuritiesEXRERAEEMBYL, DEAGALEBr was |ater m xed with protected GA, the
metallicion inpurities in the HBr were chel ated by TFA GA and GA." These TFA

GA and GA/ net al exes t As result,

anot her neasur@xﬁgggh éﬁ@ﬂ#@kgg 5? R%ﬁ{ﬁﬁ(aﬁﬁgﬁﬂEhggg% daﬁc was t he
use of a non- nﬁB@VAﬁéaé@okcﬁﬂnONtBBOM@BQM@TEQNT&ﬂosgﬁﬁbMﬁﬁﬂﬁteﬂidﬁécﬁé

sol ution. The @@@p&grgysed for the production of HBr/acetic acid

In order to determine the effect of free Dbromine in-
hydrobromic acid/ acetic acid on the level of brominated
tyrosine moiety impurity in TFA-GA and GA, hydrobromic
10 acid in acetic acid was contaminated with various amounts
of bromine. In the experiment, HBr which was not
‘ pretreated with ‘bromiﬁe scavenger was ueed in the.
'manufacturing process. Various levels of bromine impurity
(measured as percentage of HBr/Acetic acid solution) were
15 added. The level of brominated tyrosine moiety impurity
in TFA GA and in GA was measured by hydrolyzing TFA GA
and GA to its amino acid components,_and then using HPLC
"to determine the amount of bromotyrosine in relation to
the TFA GA and GA.
20
PROCEDURE

Preparation of standard solutions

Standard solutions containing 2 pg/mL Bromotyrosine were
prepared using distilled water. Amino acid standard stock

25 solution was prepared ‘using the following amino acids:

L-Glu About 100 mg
L-Ala About 130 mg
L-Tyr "About 75 mg
L- Lys HC1 BAbout 200 mg

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

N NaOH were added and water was added to a final volume



solution was glass lined in order to prevent the formation of inpurities
which could later affect the purity of, e.g., the GA In order to prevent
cont act oWoHMBic/@edoati on with netal, parts of the pipi ngprosas2008082395
Teflon-lined. Simlarly, other types of non-reactive, acid resistant

non- net al apparatus can be used to prevent the formation of trace netal
ions in the HBr/acetic acid solution. The use of a non-netal apparatus for
t he production of HBr/acetic acid solution was successful in elimnating
the red color fromthe GA. Wen the non-netal apparatus was used for the
production of the HBr/acetic acid solution, the result was that the
solution was essentially free of netal qﬂf and the red GA was not forned.
In addition, the color of every batch of HBr/acetic acid is neasured to
determ ne | evelbrobsimpurities before being used to deprotect protected GA
It was found that |evels of netal ion inpurity in HBr solution could be
determ ned by visual analysis. HBr solution with a col or bel ow 2000 APHA
was- shown to pHodueévgliatiranmer acetate w thout red color . The invention
will be exenpl hbi ad but gnoti+dmEt edeb¥tthend old av ne @mmheae%PgﬂwENTAL

G s B LMD, SO0 Sl ) Fel T 6,40 0

negative control vial was prepared by addlng 0.5 mL of

the amino acid standard stock solution to a .5 mL

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 vials. The vials were heated to 110°C for 24

hours, under N, atmosphere. The samples were then cooled

to room temperature. Each of’ the hydrdlyzates were

transferred to 5 mlL .volumetric flasks and filled to

volume with distilled water.

15
Chromotography '
The bromotyrosine standard, and each of the hydrolyzates,
were independently eluted. through an HPLC golumn usiné an
eluent of acetonitrilé : water : acetic acidvin a ratio’

20 of 4 : 95 : 1. The column was équippedﬂ’with an UV
detector and data recording system. Thé amino acid'
standard is used as a negative éontrol to determine which
peak'in the glatiramer acetate hydiolyzate COrreSponds_to'
bromotyrosine. '

25

Data Analysis

The percentage of brominated tyrosine moiety in each TEA
GA and GA sample was calculated as follows: -
P = purity of bromdtyrosine standard (in percent)’

30 As = Area of bromotyrosine standard peak

Ap = Area of bromotyrosine peak in each sample
Cs = Concentration of bromotyrosine standard (ng/mL)
Cp = Concentration of glatiramer acetate (or of TFA GA)



AND IN GA In order to determne the effect of free bromne in hydrobromc
acid/ acetic acid on the level of bromnated tyrosine noiety inpurity in
TFA- GA anwl0oGge/drysdsobromic acid in acetic acid was cont agirnasted/ 0sasbh
various anmounts of brom ne. In the experinment, HBr which was not pretreated
wi th brom ne scavenger was used in the manufacturing process. Various

| evel s of bromne inpurity (nmeasured as percentage of HBr/Acetic acid

sol ution) were added. The |level of brom nated tyrosine noiety inpurity in
TFA GA and in GA was neasured by hydrolyzing TFA GA and GAto its am no
acid conmponents, and then using HPLC to determ ne the anount of
bronotyrosine in relation to the TFA GA gnd GA. PROCEDURE Preparation of
standard sol utions Standard sol uti ons containing 2 ng/nL Br.onotyrosine were
prepared using distilled water. Am no acid standard stock sol ution was
prepared using the follow ng am no acids; The am no acids were dissolved in
wat er. A feM/d%og§ogin§%4g_Nggﬁsmgge=agdéﬂhaﬁﬁ wat er was added to a fi nal
volumeo f 2 5 piL . Hydrolysis 10 ng of 4l a€#ranmer acetate and 10 ng of TFA

GA vere each i?QBES”QeQBBMSWPﬂthkaJE‘%55fPeehﬁqeﬂkMéiéndﬁésleéél of
brominated tyrosine moiéty in TFA Glatiramer Acetate and

5 in Glatiramer Acetate



negative control vial was prepared by adding 0.5 nL of the am no acid
standard stock solution to a 5 nL hydrolysis vial. 0.5 nL of water and 0.5
nmL of corwenvecakes3HC cont ai ni ng 1% of phenol were addedtirs2@aobe3ef t he
vials. The vials were heated to 110 OC for 2 4 hours, under N2 atnosphere.
The sanples were then cooled to roomtenperature. Each of the hydrolyzates
were transferred to 5 nL volunetric flasks and filled to volunme with .
distilled water. Chronotography The bronotyrosi ne standard, and each of the
hydr ol yzates, were independently eluted through -an HPLC col um usi ng an.
eluent of acetonitrile : water : acetic acid in aratio of 4 : 95 : 1 . The
col um was equi pped with an UV detector ggd data recording system The

am no acid standard is used as a negative control to deternine which peak
in the glatiraner aggint e hyHrloyzate reetr gspRNESs drp tHOMREXN0Si ne . Data
Anal ysi s The percentage of bramnated t ine.moiety in each TFA GA and GA
sanpl e was cal cul ated as foIF%&EFQ$*%?%%{ﬁ@?ogﬁnﬁr@k%%SWOSine standard (in
percent) As =|Areaiof b*bnotyrosing standérahipedkedApyrofima Of) , ~
bronot yrosi ne|peak in each sanple

TFA Glatiramer |[Glatiramer Acetate
No added Bromine 0.1 0.2
0!5 . 0.7 | 1.2
1 1.2 2.2
5 4 No Data

5 Results
From the above example it can be seen that Cdntamination
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 scavenger, some free bromine was still available
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.



Cs = Concentration of bronotyrosine standard (nmg/nL) Cp = Concentration of
glatiramer acetate (or of TFA GA)Ap %Bronmated t yros ne = p*-t-* -Cs As Cp
Tabl e 1 sWwowsogidzesesf f ect of free Bromine on the |evel ofrchrmspisassds
tyrosine moiety i n TFA datiramer Acetate and i n d atiraner -Acet ateTabl e
1. Effect O Free Bromine On The Level O Broni nated Tyrosi ne Miety
Results Fromthe above exanple it can be seen that contam nation of HBr
with bronmine | eads to higher levels of bromnated tyrosine moiety in TFA GA
and in GA relative to the standard reaction in which no brom ne was added.
When no brom ne was added, since the HBr was not treated with a brom ne
scavenger, sone free brom ne was still avajlable and brom nated tyrosine
noi ety contam nation of GA and TFA GA was still evident. In order to .
produce GA wit Byhpefli NAt edbHopHesOE JPIBkY HERPHN iddcTat acisvedrirdvess than
0.2% the level of free Bronmine in HBr nust be lowered by the addition of a
brom ne scavenger. EXAMPLE 2 - PRODUCTI ON OF 33% HBR I N ACETI C ACI D SOLUTI ON
The gl ass-1i ne@heeadbers-1%ne¢d nsexLtwirt hisacetnsedacii¢h tlenienptied. thél3 kg
of acetic acidqjpgraddedior ad g LeaciOracithasacalits Acid dre MRLBE8LNed at
a tenper ature of 10-20.0C .. p22 kg.of HBr gas is introduced into, tbg

react or whi The acetic acid is m ined mperature o _
522 kg of HBr gas is introduced into the reactor while
mixing the solution. After the gas 1is introduced, the
solution 'is mixed for an additional 30 minutes. The
solution is tested to detefmine if HBr content is 33%.

10



m xi ng the solution. After the gas is introduced, the solution is m xed for
an additional 30 mnutes. The solution is tested to determne if HBr
content iwo288&E¥AYPLE 3 - PURI FI CATI ON OF HBR/ ACETI C ACrsS0s103136N USI NG
PHENOL AS A BROM NE SCAVENGER A solution of 33% HBr in acetic acid was
poured into a glass-lined 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
glatiramer acetate. The reaction of the HBr with protected GA forms TFA GA
The TFA GA is reacted with piperidine to form GA. EXAMPLE 4 - LEVELS OF
BROM NATED TYROSI NE | N VARI QUS BATCHES ng | evel of Brom nated tyrosine

noi ety in various batches of glatiramer etate was neasured using the

et hod descr i bed B examnl epdr MR Ofc Babeh Mushor By %(Sﬁﬂrfdﬁf osine

Producti on of noi ety concentrati on 14 D

0.15 E 0.32 NEWW&Gr “b@lNéﬁe dé?%{%l%AVENSHB det ect abl e

A solution of 33% HBr in acetic aCJ.d was poured into a -
5 glass-lined reactor. Phenol was weighed 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 glatiramer acetate.

The reaction of the HBr wiﬁh protected GA forms TFA GA.
10 The TFA GA is reacted with piperidine to form GA.



Z None detectable Results The HBr produced using the new nethod, as
described in exanple 2 and treated with phenol as in exanple 3, was free
of Brom neoanes/iomisal | ic inpurities. Therefore the gl ati pems2a@sesmbe whi ch
was produced was substantially free of brom nated tyrosine noiety. The HBr
whi ch was bought from external suppliers (old nethod) had inpurities, and
therefore the glatiranmer acetate produced using it also had brom nated
tyrosine noiety inpurities, even though phenol was used as a tyrosine
scavenger . EXAMPLE 5 - COLOR DETERM NATI ON The col or of the HBr/acetic acid
sol ution was determ ned using standard visual color determ nation
techni ques. The Anerican Public Health Aﬁiociation (APHA) color index is a
si ngl e nunber yel | owness index where each”APHA unit is based on a dilution
of the 500 ppm.sLaeks Sol ull oibairsPl GF | RBNGERAEY @RRGEIN: (HLNRELGR: APHA
Background, Applications Note, Insight on Color Novenber 16-30, 1996, Vol.
8, No. 16. avBPT&BFe a t http: //ww .hunter |ab. coniappnotes/anl| 96br2
.pdf .) The APHA neasurenent is determ ned by visual conparison of the

sol ution with E’ﬁ&‘o dcffGlasfoﬂnfiagtggmt_}%@,lggn;nwéwdlrawqto%sogaeeﬁ@ésI um

chloroplatinate. an t ous
5 of glatlramer acetate was 'measured wusing the method

described in example 1.

Method ' of Batch Number | Brominated tyrosine .
Production of ‘GA moiety'concentration
OLD METHOD A 0.15
B 0.19
Ic 0.14
D 0.15
E 0.32 » _
NEW METHOD X None detectable
' Y None detectable
“Z None detectable
L , .
Resﬁlts

10 The HBr produced using the. new method, 'as described in
example 2 and treated with phenol as in exéﬁple_3,'was
free of Bromine and metallic impurities. Therefore the:
glatiramer acetate: which was produced was Sﬁbstanﬁially
free of brominated tyrosine mqiety. ' '

15

' The HBr which was bought from external suppliersA (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 tyrosine scavenger.



chl oride. Each nunber unit is the equivalent of 1 ng of platinumper liter
of solution (ppm . The standards and correspondi ng neasurenents are
desi gnat esloaoeanaioag to their ppm neasurenent, i.e. thepSwUS2@5ABPES
standard contains 20 ppm of platinum Anerican Chem cal Society, Ceneral
Directions and Procedures: Measurenent of Physical Properties available a t
http://pubs. acs. org/ reagent deno/sec 0002.htm .), distille water has an
APHA val ue of 0 , and the stock solution has an APHA val ue of 500 ppm
(Hunt er Lab, APHA Background, Applications Not, Insight on Col or, Novenber
16-30, 1996, Vol. 8 , No. 16. available at http / [ wwy. hunt er | ab.
conl appnotes/anl| 96br2 .pdf .) The APHA peasurenent may be made by vari ous
instruments well known in the art. APHA col or standard "500" and APHA col or
st andard " 1000:xWePEE Ps epacedr APTHRE@Ir@rogt andard "500" was prepared
bydi ssol ving 1.246 g Potassium Chloroplatinate, K2PtCd 6 (equivalent to 50
ng netallic Platinum and 1.00 g crystallized Cobal tous Chloride,
COCl 2- 6H20 ( eqlihealcerrrt efalbbet HB30angt et 2tid cs@oldlon) viag dieseirinieeld wat er
with 100 m coneenyr atatiddd vandanasodd dbedrhmhakAQh Rbcwhidudistilled
wat er. APHA_ col or standard "1000" was prepared by dlssoIV|ng 2.4 92 ¢
Pot assi um Chl oropl atinate K2PtC 6 and 2.00 g

The American Public Health Association (APHA) color index

is a single number yellowness index where each APHA unit

is based on a dilution of the 500 ppm stock solution of

platinum-cobalt (PtCo) . {HunterLab, APHA  Background,

10 Applications Note, Insight on Color November 16-30, 1996,
Vol. 8, No. . i6. - available at

http://www.hunterléb.com/appnotes/anli 96br2.pdf.) The ~

APHA measurement is determined by visual compafison of the
solution with PtCo standards that contain controlled

i5 amounts of potassium chloroplatinate and cobaltous
_chloride.'Each number unit is the equivalent 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 platinunn' American. Chemical Society,
General Directions and Procedures: Measurement of Physical-
Properties ‘available ati

http://pubs.acs.org/reagent demo/sec b002.html.), dlstllle’

water has an APHA value of 0, and the stock solution has
25 an APHA wvalue of 500 ppm. (HunterLab, APHA BaCkground,
Applications Not, Insight.on Color, November 16-30, 199¢,
vol. - 8, No. 16. avallable 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 preparedAby'



crystallized Cobaltous Chloride CoC 2-6H20 in distilled water with 200 nL
concentrated HC and was diluted to 1000 nL with distilled water. The
f ol | owi ngwbabesnassoser e produced usi ng non-netal apparat reTaS20658130Hed
previ ously. These sanples were color-tested visually against the col or
standards by view ng 1001L Nessler tubes vertically against a white
background. The col or of these batches of HBr/acetic acid indicated that
they were essentially free of bromne and netal ion inpurities. Because the
color was | ess than 2000 APHA, these batches were considered essentially
free of netal ion inpurities.Wat is clained is: 1 . I'n a process for
obtaining a mxture of trifluoroacetyl polypeptides which do not all have
the sane ami no aci d sequence, where each pol ypepti de consists essentially
of al anine, gl ytiarbevagdd, 1tz/zreps'g1e B stk ok ucﬁp@&@wtlhﬁéne kyhenei n the
m xture has a desired. aver Iecular ¥f?f1c %tmhereln durln% t he

eac

process a bat cHe§F ¥ hFNY ur o poly¥pePrit 8¢ Thhi HcontsiP8t s9
essentially ofcaWamﬁhélZ%Ftﬁﬁbﬂﬂtqybu@aﬁaredeiy@%%hnéﬁz&uiqquIWbéénbaGetyl

lysine is deprqigciedsoi h Aesol1id avwefthydnobr ol acivhder agehi goaci d,
the i nprovegent ,conprising use gf, a sl utlion gh, QXQrObrO%BoaCALd Wen

distilled water.

APHA color standard "1000" was prepared by dissolving
2.492 g Potassium Chloroplatinate K;PtClg and 2.00 g

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

The following batches were produced using non-metal’
15 apparatus as -described previouély. These"sampleS' were

color-tested. visually against the color standards by.

viewing 100mL Nessler tubes vertically agaihst a white

background.

Batch Number | Coloxr (APHA)

M <500
N 2500
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.



acetic acid, which solution conprises less than 0.5% of free bromne. 2

The process of claiml1 , wherein the inprovenent further conprises use of a
sol uti on wbd 2hgsdneddsom ¢ acid in acetic acid that conpri ees/usems/osizan 1000
ppm of nmetal ion inpurities . 3 . In a process for obtaining a m xture of
trifluoroacetyl polypeptides which do not all have the sane am no acid
sequence, where each pol ypeptide consists essentially of alanine, glutamc
acid, tyrosine and trifluoroacetyl |ysine, wherein the m xture has a
desired average nol ecul ar wei ght and wherein during the process a batch of
a m xture of polypeptides, each of which consists essentially of alanine,
g-benzyl glutamate, tyrosine and triflgeroacetyl lysine is deprotected with
a solution of hydrobromic acid in acetic acid, the inprovenent conprising
use of a giblawt iencoéimgdirichrom c acid in acetic acid, vvhi ch sol ution

conprises | ess than 1000 ppnof netal ion inpurities. . A process of.
produci ng .a mxture of trif luorqacetyl pon ept | des ich do not al| have
the same am no'&cid %re?ﬁfesr?cego %)rt@lél&(? de %\A(; fs]tu§r8§§‘éFIYJr ally

of al ani ne, gl ppaypeprhtdes vyidside and tarlllf Hayer dé@et%\md y&hieg ahedein

the mixture hagegdudgsi|efhaver agen "pbBRILEAN Jeei @il 1608 kS LAY SEDf Ob£Cti Ng

a mxture of alanine, glutamic ac;d, tyrosine and trifluorocacetyl
lysine, wherein the mixture has a dééired average
molecular weight and wherein during the process a bétch

of a mixture of polypeptides, each of which consists
essentially of alanine, 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 0.5% of

free bromine.

2. The process of claim 1, whereinvthe improvement further
comprises use of a solution of hydrobromic acid in acetic’
acid that comprises less than 1000 ppm of metal ion

impurities.

3L In a process for obtaining a mixture of trifluoroacetyl
polypeptides which do not all h&ve the same amino acid
sequence, where each polypéptide consists essentially of
alanine, 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
essehtially of alanine, y—bénzyl glutamate, tyrosine and
trifluoroacetyl 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 1000 ppm



pol ypepti des each consisting essentially of alanine, g- benzyl glutamate,
tyrosine and trifluoroacetyl lysine with a solution of hydrobromc acid in
aceti c acwo,2o0dni2g3v3sol uti on conprises | ess than 0.5% of pCras2@s05i3pe and
| ess than 1000 ppmof netal ion inpurities. 5 . The process of any one of
claims 1-4, wherein the solution of hydrobromc acid in acetic acid
conprises less than 0.1% of free bromne. 6 . The process of any one of
clains 1-4, wherein the solution of hydrobromic acid in acetic acid
conprises less than 0.05% of free bromne. 7 . The process of any one of
clainms 1-4, wherein the solution of'hydrobronic acid.irn acetic acid
conprises less than 0.01% of free bronl 8 . The process of any one of
claims 1-4, wherein the solution of hy&robronlc acid in acetic acid

conprises | ess frhartQ100d% GipfdieeeBromne. 9 . The process of any one of
clainms 1-4, wherein the solution of hydrobromc acid in acetic acid is free
of free bronlne 10. The process of any one of clainms 1-4, wherein the

sol uti on df- hydrolpreseesace inrcdsetine aei dricdmre ses Iéssfkdﬂﬂwar©®@lppn1of

metal ion inpug o‘l'y@@pti—é-es-rhﬂl@lﬁoagsslo@f ANy e oinél 3bf® Imfmowhergin the

SO|Ut|0n of hy rOb%%gE9 agere ea9§6t'fy§§§éﬂé’ Jﬁé%%%s essentially of
alanine, glutamic acid, tyrosine and ‘trifluoroacetyl
lysine, wherein the mixture has a desired average

molecular- weight comprising deprotecting a mixture . of
polypeptides each consisting essentially of alanine;. y-
benzyl ¢glutamate, tyrosine and trifluorocacetyl 1lysine
with a solution of hydrobromic acid ih acetic acid, which
solution comprises less than 0;5% of free bromine and

less than 1000 ppm of metal ion impurities.

5. The process of any one of claims 1-4, wherein the
solution of hydrobromic acid in acetic acid compriSes

less. than 0.1% of free bromine.

6. The process of any one of claims 1—4,‘7wherein the
solution of hydrobromic acid in acetic acid comprises

less than 0.05% of freevbrominé.

7 The process of any one of claims 1-4, awherein  the
solution of hydrobromic acid in acetic acid comprises .

less than 0.01% of free bromine.

8. The process of .any one of <c¢laims 1-4, wherein the
solution of hydrobromic acid in acetic acid comprises

less than 0.001% of free bromine.

9. ‘The process - of any one of claims. 1-4, wherein the
solution of hydrobromic acid in acetic acid is free of

free bromine.



| ess than 500 ppm of nmetal ion inpurities. 12. The process of any one of
clains 1-4, wherein the solution of hydrobromic acid in acetic acid

conpri seswbesa/b@a 100 ppm of netal ion inpurities. 13pCcThs2@508885 of any
one of clainms 1-4, wherein the solution of hydrobromc acid in acetic acid
conprises |ess than 10 ppmof netal ion inpurities. 14. The process of any
one of clainms 1-4, wherein the solution of hydrobromc acid in acetic acid
is free of netal ion inpurities. 15. The process of any one of clains 1-14,
wherein the mxture of trif |luoroacetyl polypeptides is TFA GA. 16. The .
process of any one of clains 1-15, wherein the solution is 10-36%
hydrobrom c acid in acetic acid. 17. The;process of claim 16, wherein the
solution is 33% hydrobromc acid in acetic acid. 18. The process of any one
of clains 1-16, wherein the solution is pretreated with a brom ne scavenger

in order tegrempyg f fron,pe. prace cliai,m 18, wherein the
br oni ne scaeeng IHﬁ(ﬁ:eno "bE é%% ¥E%roggsséf?£ﬁs boré of P&F et hs %&

wherein the solﬁ?}%ﬁl BFOdU@H@bFﬁmécnﬁﬁlﬁet§Fl@éeFéécﬁﬁﬁiiZQOmﬁmE%ﬁroceSS‘
of any one of clew$n¢hbleOOWhgpml@ftﬂuxaiohuhlmmpuslmmapared in a
gl ass-1lined or Teflon | i ned
11. The process of any one of -«claims 1-4, wherein the
solution of hydrobromic acid in acetic acid comprises

less than 500 ppm of metal ion impurities.

12. The process of any one of claims 1-4, wherein the
. solution of hydrobromic - acid- in acetic acid comprises:

less than 100 ppm of metal ion impurities.

13. The process of any one of claims 1-4, wherein the
solution of hydrobromic acid in acetic acid comprises

less than'lO ppm of metal ion impurities.

14. The process of any one of claims 1-4, wherein the
solution of hydrobromic acid in acetic acid is free of

metal ion impurities.

15. The process of any one of claims 1-14, wherein thé

mixture of trifluorocacetyl polypeptides is TFA GA.

16. The process of any one of claims 1-15, wherein the

solution is 10-36% hydrobromic acid in acetic acid.

17. The process of claim 16, wherein the solution is 33%

hydrobromic acid in acetic acid.

18. The process of any one of claims 1-16, wherein the
solution is pretreated with a bromine scavenger in order

to remove free bromine.



reactor . 22. The process of any one of clains 1-21, wherein the color of
the hydrobromc acid in acetic acid solution is |less than 2000 APHA. 23.

The procewe 2066/2bma3m 22, wherein the col or of the hydrolpceniseoaoszos n

acetic acid solution is less than 1000 APHA. 24. The process of claim 23,
wherein the color of the hydrobromc acid in acetic acid solution is |ess
than 700 APHA. 25. The process of claim 24, wherein the color of the
hydrobromc acid in acetic acid solution is |ess than 500 APHA. 26. A trif

| uor oacet yl

A conposition conprising the trifluoroacetyl product produced by the
process of any of clainms 1-25, and a cggrier .28. A mxture of ,
trifluoroacetyl polypeptides which do not all have the sane.am no acid

desired av?rage "o

product produced by the process of any one of clainms 1-25. 27

sequence, where each pol ypeptide consists essentially of alanine, glutamc
acid, tyraosjine_and trifluoroacet.yl .l.ysi wher ej 1 xture has a :
I3 e d RO PERLF A LSRR 1Y g e HOPEEL TRl o XeHEEndE? B o ana

| ess than 1000PppRrietal ion inpurities.

20.

21.

22.

23.

-24.

25.

26.

27.

The process of any one of claims 1-19, wherein the

solution is produced in a non-metallic reactor.

The process of any one of claims 1-19, wherein the
solution 1is prepared in a glass-lined or Teflon lined

reactor.

The process of any one of claims 1-21, wherein the color:

of the hydrobromic acid in acetic acid solution is less
than 2000 APHA.

The process of claim 22, wherein the color of the'

hydrobromic acid in acetic acid solution 'is less' than

1000 APHA.
The process of claim 23, ‘wherein the color of the
APHA.

The process of claim 24, wherein the color of the

-hydrobromic acid in acetic acid solution is less than 700

hydrobromic acid in acetic acid solution is less ‘than 500

APHA.

A trifluorocacetyl product produced by the process of any

one o6f claims 1-25.

A composition comprising the trifluoroacetyl product

produced by the process of any of claims 1-25, and a

carrier.



29. The m xture of claim 28, having an average nol ecul ar wei ght from 2000
daltons to 40,000 daltons. 30. The m xture of claim?29, having an average
nmol ecul arwoeb@intefosom 4000 daltons to 19, 000 dal t ons. 3bCT/USL005I031395 € Of
cl aim 29, having an average nol ecul ar wei ght of 7,000 2,000 daltons. 32.
The m xture of claim31, having an average nol ecul ar wei ght of 7,000
daltons. 33. The m xture of clai'm 30, having an average nol ecul ar wei ght of
4,700 daltons to 11,000 daltons. 34. The m xture of any one of clains
29-33, wherein the m xture conprises |ess than 1000 ppm of netal ion
inmpurities . 35. The m xture of claim34, wherein the m xture conprises
| ess than 500 ppm of metal ion inpuritigs. 36. The mi xture of claim 35,
wherein the m xture conprises | ess than 100 ppm of nmetal ion inpurities.37
The m xture of claim 36, wherein the m xture conprises |ess than 10 ppm

6f metal i,gn ippurities. 38.. The m xtur f _clai /. Wherein the mxture
is free oggﬁetg}) nlll(%(ﬁw?%pu?f?t Fééslﬁoagegﬁﬁpggg‘?kgggk%erf’pr' ?Vé%ﬁ}é tdﬁe Mt ure
of any of cl ai #1282y afltP a @@er i eémingQ. aAhr EERSIESF obhardi mepad

phar maceut i cal p60yPOStidON LOBEBERI Ngssenfiisiuye of palarpepti dgsuwdnich do
not all acid, ‘tyrosine and trifluoroacetyl 1lysine, wherein the
mixture has a desired average molecular weight, no more -
than 0.1% brominated tyrosine and less than 1000 ppm

metal ion impurities.

29. The mixture of c¢laim 28, having an average molecular
weight from 2000 daltons to 40,000 daltons.

30. The mixture of claim 29, having an average molecular
weight from 4000 daltons to 19,000 daltons.

31. The mixture  of claim 29, having an average molecular
weight of 7,000 2,000 daltons.

32. The mixture of c¢laim 31, having an average molecular
weight of 7,000 daltons.

33. The mixture of claim 30, havihg an average molecular
weight of 4,700 daltons to 11,000 daltons.

34. The mixture of any one of claims 29-33, wherein the
mixture comprises less than 1000 ppm of metal ion

impurities.

35. The mixture of claim 34, wherein the mixture comprises

less than 500 ppm of metal ion impurities.

36. The mixture of claim 35, wherein the mixture comprises

less than 100 ppm of metal ion impurities.



have the sane am no aci d sequence, where each pol ypepti de consists
essentially of alanine, glutamc acid, tyrosine and |ysine, and wherein the
m xt ure hwe 2e06d28398ed average nol ecul ar wei ght, which ceaowpriss@s/03e3ps

pol ymeri zi ng N-carboxyanhydri des of tyrosine, alanine, g-benzyl glutamate
and N-trif luoroacetyl lysine to forma m xture of protected pol ypepti des;
b ) deprotecting the protected pol ypeptides with a solution of hydrobronic
acid in acetic acid, which solution conprises |ess than 0.5% of free

brom ne and | ess than 1000 ppm of netal ion inpurities, to forma mxture
of trifluoroacetyl polypeptides; ¢ ) reacting the a mxture of trif

| uor oacetyl pol ypeptides wi th aqueous g'peridine to forma solution of
aqueous m xture of pol ypeptides, each of which consists essentially of

al anine, glutamc acid, tyrosine and lysine; and d ) purifying the m xture

of polypeptides. 41. The pracess.of claim40,. rein.in the mxture the
nol ar fra %i‘onﬁaﬁ Irghthe © (?.512'1’21?‘, 304’ g"l'rﬂﬁréeﬁn\ém%cﬁ PS4 S ne i s
0.337 and of tye®siren d00pe930f 4t goocessubitioduci ng gl atiramer
acetate conprising the steps of: a ) polynerizing N carboxyanhydrides of

terSIne’3g[an%Qg’m X Sﬂgyéfgéi%fﬁmﬁfiE%KLJ&JJ'Jhé %%&%%%%t%g free of

39.

40.

41.

metal ion impurities.

A composition comprising the mixture of any of claims 28-

39 and a carrier.

A process for obtaining a pharmaceutical composition

containing a Inixture of polypeptides which do not all-
have the same amino acid sequence, where each polypeptide

consists essentially of alanine, glutamic acid/ tyrosihe

and lysine, and wherein the mixture has a desired average.
molecular weight, which comprises .

a) bolymerizing N—carboxyanhydrides . of tyrosine,
alanine, 7y-benzyl glutamate and N-trifluorocacetyl
lysine to form a mixture of protected polypeptides;

b)deprotecting the protected polypeptides 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 métél ion impurities, to
form a mixture of trifluorocacetyl polypeptides;

c) reacting the ‘a mixture df trifluorocacetyl
polypeptides with aqueous piperidine to form a
solution of aqueous mixture of polypeptides, each of
which consists essentially of alanine, - glutamic
‘acid, tyrosine and lysine; and

d)purifying the mixture of polypeptides.

The process of claim 40, wherein in the mixture the molar

fraction of alanine is 0.427, of glutamic acid is 0.141,



lysine to formprotected glatiraner acetate; b ) deprotecting protected
glatiranmer acetate with a solution of hydrobromc acid in acetic acid, the
sol uti on worzpes/re®3l ess than 0.5% of free brom ne and | ess/ushas0ifo) ppm of
metal ion inpurities, to formtrifluoroacetyl glatiramer acetate; c )
reacting trif luoroacetyl glatiramer acetate with aqueous piperidine to
forma solution of glatiraner acetate; and d ) purifying the glatiraner
acetate. 43. The process of any of clainms 40-42, further conprising

subj ecting the product of the step d ) to uItraflltratlon to renove :
pol ypeptide species with nol ecul ar wei ght ‘| ess than 5000 daltons . 44. The
process of any of clains 40-43, whereis the hydrobromc acid in acetic acid
solution is 10% 36% hydrobromi c acid in acetic acid. 45. The process of

cl ai m 44, wheret nldhienehyidr ObBdM endcifd tiymoadeei ts ati®® 3ol ution is 33%
hydrobrom c acid in acetic acid. 46. The process of any of clains 40-45,

wherein the hydrobromc acid in acetic acid solution is pretreated with a
bromi ne sé éve%gé?r‘?cr?sﬁro%fr PP EIOWe Fide TBIMGHi AESEFtE Tﬁgm%?ﬁdé@’s B -claim:

46, wherein thkeebsonfne scavenger is phenol

a) polymerizing N-carboxyanhydrides of tyrosine, -
alanine, y-benzyl glutamate and N-trifluoroacetyl
lysine to form protected glatiramer acetate;

b) deprotecting protected glatiramer acetate with‘ a
solution of hydrobromic acid in acetic acid, the
solﬁtion comprises less than 0.5% of free bromine
and less than 1000 ppm of metal ion impurities, to
form trifluorbacetyl,glatiramer acetate;

c) reacting trifluorocacetyl . glatiramer acetéte with
aqueous piperidine to form a solution of'glatiramér
acetate; and

d) purifying the glatiramer acetate.

43. The process of any of claims 40-42, further comprising
' subjecting the product of the step d) to ultrafiltration-
to remove polypeptide species with molecular weight less
than 5000 daltons. .

44. The process of any of claims 40-43, wherein the
hydrobromic acid in acetic acid solution is 10%-36%

hydrobromic acid in acetic acid.

45. The process of claim 44, wherein the hydrobromic acid in
acetic acid solution 1is 33% hydrobromic acid in acetic

acid.

46. The process of any of claims 40-45, wherein the
hydrobromic acid in acetic acid solution 1is pretreated

with a bromine scavenger in order to remove free bromine.



48. The process of any of clains 40-47, wherein the hydrobromc acid in
acetic acid solution is produced in a non-netallic reactor. 49. The process
of any ofwol2aienme93dB3- 47, wherein the hydrobroni c acid i npretatscesasizds
solution is prepared in a glass-lined or Teflon lined reactor. 50. The
process of any of clainms 40-49, wherein the color of the hydrobrom c acid
in acetic acid solution is less than 2000 APHA. 51. The process of claim
50, wherein the color of the hydrobromic acid in acetic acid solution is

| ess than 1000 APHA. 52. The process of claim51, wherein the color of the
hydrobronic acid in acetic acid solution is |less than 700 APHA. 53. The
process of claimb52, wherein the colorgpf the hydrobromc-acid in acetic
acid solution is less than 500 APHA. 54 . A nmethod of analyzing the
percentage of bromi nated tyrosine in a sanple of glatiranmer acetate

conpri singythergtepsoss &9 Nudrohyzi e 8l Al I frAMrasatateatOn bt &l a

hydrol yzate; b %hSAg{ing the hydrolyzate through a chronmatographi c col um,;

48. The process of any of «claims 40-47, wherein the
hydrobromic acid in acetic acid solution is produced in a

non-metallic reactor.

49. The process 'of any. of <c¢laims 40-47, wherein _the'
hydrobromic acid in acetic acid solution is prepared in a

glass-lined or Teflon lined reactor.

50. The prbcess of any of claims 40-49, wherein the color of
the hydrobromic acid in acetic acid solution is less than
2000 APHA. ‘ '

51. The process of claim 50, wherein the color of the
hydrobromic acid in acetic acid solution is. less than
1000 APHA.

52. The process of .claim 51, wherein the .Coioﬁ’-ofu the
hydrobromic acid in acetic acid solution is less*than'700
APHA. ‘ :

53. The process of claim 52, wherein the color of the
hydrobromic acid in acetic acid solution is less than 500
APHA. '

54. A method of analyzing the percentage of  brominated
tyrosine in a sample of .glatiramer acetate comprising the
steps of: _ _

a) hydrolyzing glatiramer acetate to obtain a

hydrolyzate;



c ) neasuring the level of bronmpbtyrosine in the hydrolyzate; d ) preparing
sanpl e solutions of the am no acid conponents of glatiraner acetate and of
br onot yr osonegs/29desel uting the sanpl e sol utions throughrthaseaswszoof step
b); and f ) calculating the percentage of broninated tyrosine.in the
glatiramer acetate. 55. A process for preparing a pharmaceuti cal
conposition containing a m xture of polypeptides which do not all have the
same am no acid sequence, where each pol ypeptide consists essentially of
glutam c acid, alanine, tyrosine and |ysine, wherein the m xture has a
predet ermi ned percentage of brom nated tyrosine acceptable for inclusion in
a pharmaceutical conposition, which cogprises obtaining a batch of a

m xture of pol ypeptides having nonuni form am no aci d sequences, where each
pol ypepti de cobnsi stslwsigant the¢l yhyofroglyatbei ¢chaoiudh ad aghmepatygosiiiie and

| ysi ne; measuring t&@a&ﬁgcentage of brom nated tyrosine of  the batch by a
process conpr|5|ng a Su]_ydroly g EevePatC? tq)obt i gdrolyzate.

romo yr031n

hydrolyzate;

dy preparing sample solutions of the amino acid
components of glatiramer acetate and of
bromotyrosine;

e) eluting the sample solutions through the columﬁﬁof

step b); and S
£) calculating the percentage of brominated tyrosine in

the glatiramer acetate.

55. A process for preparing a pharmaceutical composition
containirig a mixture of polypeptides which.do not' all
have the same amino acid sequencé, where each polypeptide
consists essentially of glutamlc ac1d alanine, ty:osine
and lysine, wherein the mixture has a _prédetefmihed
percéntage of brominated = tyrosine —-acceptable ;for
inclusion in a- pharmaceutical - composition, which
comprises _ » | ... . |
obtaining a batch of a mixture of polypeptldes ha&ing
nonuniform amino acid sequences, where -each’ polypeﬁtide
consists essentially of glutamic acid, alanine, tyrosine
and lysiﬁe; ‘ - .._\ ) '
measuring the percentage of brominated tyrosihe ’Qf the

batch by a process comprlslng

a) hydrolyzing the batch to obtain a hydrolyzate,_‘

b) eluting the hydrolyzate through a chromatographic .
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;



b ) eluting the hydrol yzate through a chromat ographic colum; ¢ ) measuring
the I evel of bronotyrosine in the hydrolyzate; d ) preparing sanple
sol ut i onswofodenemai no aci d conmponents of the batch andpofi/use@smssposi ne; e
) eluting the sanple solutions through the colum of step b ) ; and f )
cal cul ating the percentage of brom nated tyrosine in the batch; and
including in the pharnmaceutical conposition a batch only if its percentage
of brom nated tyrosine so neasured is |less than 0.3% 56. The process of
cl aim55, wherein the batch is acceptable for inclusion in the
pharmaceutical conposition only if its percentage of brom nated tyr05|ne SO
measured is less than 0.2% 57. The prpgess of claim56, wherein the batch
is acceptable for inclusion in the pharmaceutical conposition only if-its
percentage of dromdaiteegt yhesisupie neAstiiedsi shkesght has @ol%Un5&£ The
process of any of Céégaﬂ%)§5é§g, wherein the m xture of polypeptldes is GA

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 so measured is

less than 0.3%.

56. The process of claim 55, wherein the batch is acceptable
for inclusion in the pharmaceutical composition only if
its percentage of brominated tyrosine so measured is less

than 0.2%.

57. The process of claim 56, wherein the batch is acceptable,
for inclusion in the pharmaceutical composition only if
its percentage of brominated tyrosine so measured is less -

-than d.l%. '

58. The process of any of claims 55-57, wherein the mixture

of polypeptides is GA.



