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atiramer acetaté (GA) is a mixture of polypeptides which

has been approved for the treatment of multiple sclerosis,
COPAXONE®, the brand name for a pharmaceutical composition
which contains glatiramer acetate (GA) as the active
ingredient, contains the acetate salts of synthetic
20 polypeptides, containing four mnaturally occurring aminag
acids: L-glutamic acid, L-alanine, L-tyrosine, and L-lysine
with an average meolar fraction of 0.141, 0.427, 0.095, and
0.338, respectively. The average molecular welght of
glatiramer acetate is 4,700 - 11,000 daltons. Chemically,
25 glatiramer acetate iz designated L-glutamic acid polymer
with L-alanine, L-iysine and L-tyrosine, acetate (salt).

Its structural formula is:

(Glu, Ala, Lys, Tyr)y+¥CH;COOH
30 {C5HeNOy » C3H;NO, » CgH1 aNz07 » CpH1NO3 ) x* XC2Ha02
CAS - 147245-92-9




(" Copaxone", Physician's Desk Reference, (2000), Medical Economcs Co.,
Inc., (Montvale, NJ), 3115.) Processes of manufacturing pol ypepti des of
this type, 5 including glatiraner acetate, are described in S. Patent
No. 3,849, 5¥® 24648%4 Novenmber 19, 1974 to Teitel bauml’c@i‘]sz“ﬁq’““””b S. Patent
No. 5,800,808, issued Septenber 1, 1998 to Konfino, et al., and PCT

I nternational Publication No. WO 00/05250- published February 3, 2000
(Aharoni, et al. ) whi ch 10 are hereby incorporated by reference. For

exanpl e, pol ypép‘%“?Rfé‘@nﬁf t Bigsicdan’ s\ePesihr Bekarence r o280 \N-Medical

car boxyanhydr i d@sorainityr@si.nénc al dnbiesaly; kenzyBigd ut amate and
e-N-trifluoro-acetyllysine. The polynerization was carri ed out at anbient

tenperature in nhé/edsrsglsjs dé oxane_ wi th, 15 di WI%’ s ipitiator. The
debl ocki ng of t SEST boxy!| “efPHtRyUatRe hé’°§ %s acci &3 af'¥88t ed by
hydr ogen br ofi déncl{uﬁeﬁs s%ﬁﬂra@?rala%eﬁfc e deapwibied fil PofedPapgnt he
renmoval of theNbri3laas: a¢etidsugdonpsnbennid heldpssitie Ted8eThamm, byt | M

pi peridine (U SaiPatert becend. 849.5%00, s@suggsmvggp@énb@ 1, 21@)9139&4 to

Tei t el baum et ﬁgngmo"rhgtdggr otgrg% %&r (Hltemtg fag%g ¥ el oggam %t heAS .,

gl utamc aC|d LeauLLes t he use ge _anoun acet
result, a larg dRe- FuddriRt F\ﬁﬁﬁ‘f%yl p?roﬁau&@?f.ro’Fﬁe s adi spddar of this
aci dic vvastéol Saﬁﬁffl'fet?l?PY airForpstdbed Bt evefarengmt hods'oof pravgdet i on of
such pol ypept i deslygrptidiasi babl eniisn eysier wede elgrbnsde teremprofel egs of
acidic waste peRddalSnnyfirides of tyrosine, alanine, vy-benzyl glutamate
and g~-N-trifluoro-acetyllysine. The polymerization was
carried out at ambient temperature in anhydrous dioxane with
15 diethylamine as initiator. The deblocking of the y-carboxyl
group of the glutamic acid was affected by hydrogen bromide
(HBr) in glacial acetic acid and is followed by the removal
of the trifluocrocacetyl groups from the lysine residues by 1M
piperidine (U.S. Patent No. 3,849,550, issued November 19,
20 1974 to Teitelbaum, et al.).

The deprotection of the y-carboxyl group of the glutamic
acid requires the use of large amounts of HBr/acetic acid.
Az a result, a large volume of acidic waste is produced. The

25 disposal of this acidic waste is difficult and costly.
Alternate methods of production of such polypeptides are
desirable in order to eliminate the problems of acidic
waste products.




WD 2006/ 083608 PCT/ US2006/ 002351 3 SUMMVARY OF THE | NVENTI ON The subj ect

I nvention provides for a process for making a m xture of acetate salts of
pol ypepti des, each of which consisting of glutam c acid, al anine, tyrosine
and | ysine, 8 JHB8EB, the mixture has a desired peak FETESHPUMRL ght
conprising: a) polynerizing N carboxyanhydrides of tyrosine, alanine,
y-benzyl glutamate and trifluoroacetylLlysine with an initiator in an 10
anount of 0.01%to 20% by weight for a suitable period of tinme and at a
sui t abl e t enperszAMWARY OB THED INVENTIONt ure of protected pol ypeptides, which

m xture of pol ipeptigfRst NadBRiRhe g8 dddr For NAVEALRsT EbStnfi@aly Al ecul ar

wei ght; 15 b) regnving the benzyl otectin roup fromthe m xture of
prot ected pol yf)"é"ﬁ T‘lm eso ya%%n tgct,sla%sjt ﬁg BS%@%%‘IQ%FE‘S. evﬁctthh °af{ h“i/%l&_rcggenol ysi s
catal yst and KPaFbiendt EpPlthaca2pidt Frandie: (¥refimer 6atetyFiBr ot ect ed
pol ypepti des, whiecki20thd xtinteref hapol § pdptirdds peak unplregtidgt edefatin  havi ng
the first peak carpberdihg: weight; c) renoving the trifluoroacetyl protecting

group fromthe trif) UO&Q%&E%Eixg%OtﬁgaﬁgoMniﬁ gg';d%ges ofPY Lontagting the

pol ypeptides with an organic se solution rma mxture of
pol ypeptides, which ni IFES of pol YpePtddes in GApFBEEted  and

trifluorcacetyllysine with an initiator in an

10 amount of 0.01% to 20% by weight for a suitable
period of time and at a suitable temperature to
form a mixture of protected polypeptides, which
mixture of polypeptides in unprotected form
having a first peak molecular weight;

15 b} removing the benzyl protecting group from the
mixture of protected polypeptides by contacting
the polypeptides with a hydrogenolysis catalyst
and hydrogen to produce a mixture of
trifluorcacetyl protected polypeptides, which

20 mixture of polypeptides in unprotected form
having the first peak molecular weight;

c} removing the trifluorcacetyl protecting group
from the trifluorcacetyl protected polypeptides
by contacting the polypeptides with an organic

25 base solution to form a mixture of polypeptides,
which mixtures of polypeptides in unprotected
form having the first peak molecular weight:

d) removing the free trifluorcacetyl groups and low
molecular weight impurities by ultrafiltration to

30 obtain the mixture of polypeptides each of which
consisting of glutamic acid, alanine, tyrosine
and lysine; and

e) contacting the mixture of polypeptides each of
which consisting of glutamic acid, alanine,

35 tyrosine and lysine with an agueous soclution of
acetic acid to form the mixture of acetate salts

of polypeptides each of which consisting of




formhaving the first peak nol ecul ar weight; d) renoving the free
trifluoroacetyl groups and |low nolecular weight inpurities by
ultrafiltrag 30 obtain the m xture of polypeptides each of which
consi st i nga‘%f’%gﬁ“}&%%% c acid, alanine, tyrosine and | VSRR
contacting the m xture of polypeptides each of which consisting of

glutam c acid, alanine, 35 tyrosine and4alysine with an aqueous sol ution of
acetic acid to formthe m xture of acetate salts of pol ypeptides each of
whi ch consisting of } WOlROOEL083608 PRENiINS2006yGORs5and . lysipe gindt ani
acid, al anine, tyrosinehanthd thendsAned graki ngldcheaslasiigre. peak nol ecul ar
wei ght. The subject invention also provides for a process for 5 making a
m xture of trif]uoro c.et§l ,%rot ect ed lpoly edpt,i des,. each of whi g

consi sting of gt atfe 5t dPVEPENe5% y‘lf’)%é’ilﬂﬁs afd®t A 1 PXRSIEEEc e | ysi ne,
wher ei n t he i XtFiBI 0 MigERypepht tgeEluoroaspndt ecestedr peli@srhidgsr st peak
nol ecul ar wei ghich cofiprylsichg: cdbiarigol Wwrer gzatepild cacihixy aflyidie, des of
_tyr;)_SI {le, ~al aniyeside tbﬁ{aZf xgigi%graae%@%}a Gind," 'v%%ﬂ?frpaﬁﬁt X\!i%d{l%:e‘"'%fw th gn f
initiator in a ) . 0. 0.t o iLght_for a sui period o
time and at a ;buﬁ%?ggﬁgl%dtegrrﬁ%fua 5?%6 tc?gltgo%br fa rﬁlftsﬁr 89%? mﬁ?%‘f"glcafr ed

pol ypepti des, WF-ERT" AFPEFETYF pol ypeptides in unprotected form
10 a. polymerizing N-carboxyanhydrides of  tyrosine,

alanine, y-benzyl glutamate and
triflucroacetyllysine with an initiator in an
amount of 0.01% to 20% by weight for a suitable
period of time and at a suitable temperature to
15 form a mixture of protected polypeptides, which
mixture of polypeptides in unprotected form
having a first peak molecular weight; and
b. removing the benzyl protecting group from the
mixture of protected polypeptides by contacting
20 the polypeptides with a hydrogenclysis catalyst
and hydrogen, to obtain the mixture of
triflucrcacetyl protected polypeptides each of
which consisting of glutamic acid, alanine,
tyrosine and trifluorcacetyllysine and which
25 mixture of polypeptides in unprotected form
having the first peak molecular weight.




having a first peak nol ecular weight; and { b. renoving the benzyl
protecting group fromthe m xture of protected pol ypepti des by contacting
20 the ponRpptldes wi th a hydrogenol ysis catal yst and hydroge to obtain
the nixtur eG4 uor oacetyl protected pol ypept i dedCEHEHY 23 hhlch
consisting of glutamc acid, alanine, tyrosine and trifluoroacetyllysine
and which 25 m xture of polypeptides I n sinprotected form having the first
peak nol ecul ar wei ght. WD 2006/ 083608 PCTI US2006/ 002351 '.. 5 DETAILED
DESCRI PTI ON OF THE | NVENTI ON The subj ect invention provides for a process
for making a mErArney oEscRIetade osatdss IRvEabNpept i des, each of which 5

consi sting of Ghul 8lbfeClithe A ARl BEoy ddz050 a2 0tbdets! 6 §m&5§ymt he

m xture has a desjre ecul ar onpri si ng: r|2|ng
N- car boxyanhy dPi 88 bf gfy?%%'ﬁarifé saéF%nPﬁepc’gzﬂEfé’ﬁi S'gl%ﬂ%ﬁ&fe

trifluoroacet ylcrysisidngi oh ahatianici acit. iadapmeantunesiofe @n@1%$1@920% by

wei ght for a swheabire tipericgusé hidTea adekidieda paalk t adlul @APRERIHLL e t O .
forma m xture R ;Eéyﬂgcted pol ypepti des, which n1xture of polypeptides in
unprotected form 1% havi a.first eak nol ecu A g % removi ng the
benzyl protecting groupp?r r%ﬁjengmxtcﬁfgm&fa V éigfed ol yFERT ﬁn&es by
contacting the pol ypepelaiigewi th a hykhmegénol ysi glekamaltpst

10 trifluorcacetyllysine with an initiator in an
amount of 0.01% to 20% by weight for a suitable
period of time and at a suitable temperature to
form a mixture of protected polypeptides, which
mixture of polypeptides in unprotected form

1s having a first peak molecular weight;

b) removing the benzyl protecting group from the
mixture of protected polypeptides by contacting
the polypeptides with a hydrogenoclysis catalyst
and hydrogen to produce . a mixture of

20 trifluorcacetyl protected polypeptides, which
mixture of polypeptides in unprotected form
having the first peék molecular weight;

c} removing the trifluorcacetyl protecting group
from the trifluorcacetyl protected polypeptides

25 by contacting the polypeptides with an organie
base solution to form a mixture of polypeptides,
which mixtures of polypeptides in unprotected
form having the first peak molecular weight;

d) removing the free trifluorcacetyl groups and low

30 molecular weight impurities by ultrafiltration to
obtain the mixture of polypeptides each of which
consisting of glutamic acid, alanine, tyrosine
and lysine; and

e} contacting the mixture of polypeptides each of

35 which consisting of glutamic acid, alanine,
tyrosine and lysine with an aqueous solution of
acetic acid to form the mixture of acetate galts




and hydrogen to produce . a mxture of 20 trifluoroacetyl protected

pol ypepti des, which mxture of pol ypeptides in unprotected form having
the first peak nol ecul ar weight; c) renmoving the trifluoroacetyl protecting
group front'PR¥PPI®| uor oacetyl protected pol ypepti deECTWO%S?"%ﬂnt acting

t he pol ypeptides with an organic base solution to forma m xture of

pol ypeptides, which m xtures of polypepgides in unprotected form having
the first peak nol ecul ar weight; d) renmoving the free trifluoroacetyl
groups and | ow 30 nol eefll apolwpegtidesnpendit | €€ bshight redrdist g orft o

obtain the m xture of pghypeplk desdpaghhmbeWntgioaigonshst Lyeinaf aghut am c

acid, alanine, tyrosiney, Lysi f&: -804 8) £o-aetlng khe m xture of
g [ g of 1d,

pol ypepti des each of 3 ch consi st glutamc a al ani ne,
tyrosine and |lysine with an aqueous solution of acetic acid to formthe
m xture of atet®t exnsgHmbodiBRO06he8EH0E RERkUSADHBYLEH28810hiG magf be
pol ypepti des eazhoof daltiond €0, 808 NRE106ns glodt 2MoD Ask tonsAkanzmeoot yr osi ne
obod, ment, t e fepeted 1 cBERREnDCRS, SRUE MALAUCLI T 00d MLARs 1 00
dal tons, or 2,0db°% 'II)? gd%gt%s piol go%’ro gglll?‘iﬁ?s t(‘ﬂ)rls’zf;,cﬁoé’a£ o RE %'gb%g, 600
dal tons or 4, 00W1l§ars ort® 1o °8000H14ar% 0985 ot 7§0258r1kane orfe t 8340400
dal tons or 20 00B:ltdadt oms 100003, AB0taied t bms 264 00D, 784Lwhakt ons 1D, 008, 000

daltons to 25,000 daltons or 18,000 daltons to 25,000

daltons or 20,000 daltong to 25,000 daltons or 4,700

daltons to 11,000 daltons or 7,000 daltons or 13,000

daltons to 18,000 daltons or 15,000 daltons or 12,500

15 daltons.

In an embodiment, the desired peak molecular weight may be
2,000 daltons to 40,000 daltons or 2,000 daltons to 20,000
daltons or 4,000 daltons to 8,600 daltons or 4,000 daltons

20 to 8,000 daltons or 6,250 daltons to 8,400 daltons or 2,000
daltons to 13,000 daltons or 4,700 daltons to 13,000
daltons or 10,000 daltons to 25,000 daltons or 15,000
daltons to 25,000 daltons or 18,000 daltons to 25,000
daltons or 20,000 daltons to 25,000 daltons or 4,700

25 daltons to 11,000 daltons or 7,000 daltons or 13,000
daltong to 18,000 daltons or 15,000 daltoms or 12,500
daltons.

In an embodiment, the hydrogenolysis catalyst may be
30 Palladium/carbon, Raney Nickel, Pt, Pt/C, Pt0O;, P4(0H),,
Rh/C, or RhC1(PPhi)s . '

In another embodiment, the hydrogenclysis catalyst may be
Palladium/carbon.

35
In yet another embodiment, the weight ratic of protected
polypeptide to palladium/carbon catalyst may be 10:1,




10 daltons or 10,000 daltons to 25,000 daltons or 15,000 daltons to 25, 000
dal tons or 18,000 daltons to 25,000 daltons or 20,000 daltons to 25, 000
daltons or 4,700 daltons to 11,000 daltons or 7,000 daltons or 13, 000

dal tons to W& 2B6%4% tons or 15 000 daltons or 12, 500 ECTESHPRIE | n an

enbodi ment, the desired peak nol ecul ar weight may be 2,000 daltons to
40, 000 daltons or 2,000 daltons to 20,Q09 _daltons or 4,000 daltons to
8,600 daltons or 4,000 daltons 20 to 8,000 daltons or 6,250 daltons to
8,400 daltons or 2,000 { daltons to 13,000 daltons or 4,700 daltons to

72 000 dal tons B =.ABRALRAONIRE 0o bdp 3D RALLANSGOERd SplliBepfiiasons 10
, a ons I o] Q a ons or , a ons (0]
22 000 dal t ong ‘rer Sty iBlob SRPLRs Z2n Do IO TBe Oheleged 18 W L
13,000 dal t onsSHyers, s6bcHdRdt FFomorthes IFOBP ASPESHELSF P2, I56Pa%t ons. I n

an enbodi nent, ¢tienbydrodermdorensl catal yst may be 30 Pal | adi um car bon,
Raney Nickel, Pt, Pt/C PtO2, Pd(OH)2, Rh/C,  or Rhd (PPh3)3 In another

enbodi ment, t hephydrogenal ¥siSefat %h%s%o{@ﬁtbﬁay Ral hg{ﬁaglggcar bon. 35 In yet
t & polypep

anot her enbodi nent, the weig ratio of protecte tide to
pal | adi um car bon catg%ést_nay be 10:1. WO 2006/ 083608 PCTI US20061002351 7
_In an enbodi MEntar cdirgptof tenitdipher ttRy be a primary amine, a

10 dialkyl amine or sodium methoxide.
In another embodiment, the initiator may be diethylamine.

In yet another embodiment, the amount of initiator may be

15 0.05% to 19% by weight or 0.1% to 17% by weight or 0.5% to
15% by weight or 1% to 10% by weight or 2% to 5% by weight
or 2% by weight or 5% by weight.

In an embodiment, the organic base in step ¢} may bes an

20 aqueous organic base.

In another embodiment, the aqueous organic base may be a
primary, secondary or tertiary amine or methanolic ammonia.

25 1In yet another embodiment, the aqueous organic bhase may be
piperidine.

The subject invention alsc provides for a mixture of
acetate salts of polypeptides made by the previous

30 processes.

The subject invention further provides for a pharmaceutical
composition comprising the previcus mixture and a
pharmaceutically acceptable carrier.

35
The subject invention still further provides for a process
for preparing a pharmaceutical composition comprising




pol ypeptides w th the hydrogenolysis catalyst may be perforned in a

sol vent selected fromthe group consisting of nmethanol, 5 ethanol or

i sopr opanol t her enbodi ment, the solvent may be nethanol. In an
embodi nent , wf)ﬁ[’e]{’ﬁ%%g Siator may be a primary anmine, a YOVERI0PS i ne or
sodi um net hoxi de. In anot her enbodi ment , the initiator nmay be diethyl am ne.
In yet another embodiment, the anpunt of dritiator may be 15 0.05%to 19%
by weight or 0.1%to 17%by wei ght or 0.5%to 15% by weight or 1%to 10%
by weight or 208i%- 06 BifenePgRriousr pisbyrenerght of Sobayaseigierllyn an
enbodi ment, theaocrgeabiebaseien. step ¢c) may be an 20 aqueous organi ¢ base.
I n anot her enbodi nent, the aqueous organic base may be a primary,

secondary or te a ne | ¢ ammoni.a. et _angt her
enbodi ment , the&gé Mbuj r&ggr?{%n ase l:herbe,\‘:"""c’vl‘l%%Sr|%f’ CAERE
i nvention al So BFoRATGee f6r & ﬁ’r‘"ﬂﬁcﬁPE"‘c‘ﬁl a’@é‘Paﬁ’én@aI t§°%’¢al|§é1‘*¥'pe§t| des
made by the prevwieres 3I0xproeesEeacetihe sabjectf ipplgntpidetuetbier oprovi des
for a pharmaceutht@dl caRIBOSK] | OO SRIFAMLS R, heal&h@ﬂéoué"yﬁf@sﬁé”ﬁn@nd a
phar rraceutlcallxy@frreepmmgl&a{ﬁé Hxedfo T2, Sybaee Lhnyelt | on Shill further
provides for a r, preparing a arnaceu |caI conpos Ion-
conpri sing WO 289 Iﬂ'('f‘%fﬂgefﬁ@ lng gaking the mixture of

10 acetate salts of polypeptldes by any one of the previous

processes.

The subject invention provides for a process for making a
mixture of trifluorcacetyl protected polypeptides, each of
15 which consisting of glutamic acid, alanine, tyrosine and
trifluorcacetyllysine, wherein the mixture of polypeptides
in unprotected form has a first peak molecular weight,
comprising: ,
a) polymerizing N-carboxyanhydrides of tyrosine,
20 alanine, Y-benzyl glutamate and
trifluorocacetyllysine with an initiator iﬁ an
amount of 0.01% to 20% by weight for a suitable
period of time and at a suitable temperature to
form a mixture of protected polypeptides, which
25 mixture of polypeptides in unprotected form
having a first peak molecular weight; and
b) removing the benzyl protecting group from the
mixture of protected polypeptides by contacting
the polypeptides with a hydrogenolysis catalyst
30 and  hydrogen, to obtain the mixture of
trifluorcacetyl protected polypeptides each of
which consisting of glutamic acid, alanine,
tyrosine and trifluorcacetyllysine and which
mixture of polypeptides in unprotected Fform
35 having the first peak molecular weight.




m xing the previous mxture with a pharmaceutically acceptable carrier.

The subject invention further provides for a process for 5 preparing a

pharmaceutical conposition containing an aqueous mxture of acetate salts

of pol ypept W&ezg“‘s@égg'f? of which consisting of gl utanicPEEU§R0OZ] ne,

tyrosine and |ysine, wherein the m xture has a desired peak nol ecul ar

wei ght, the inprovenment conprising maeking the mxture of 10 acetate salts

of pol ypeptides by any one of the previous processes. The subject

i nvent i 03 prl()ViI}ESaﬁOFezﬂ)dal&ﬁﬁzﬂ;.S,S tRE MRkEBgerdb1yBi Xt Lerae?p}slctr&nai,uq;eoagetyl
rotecte o] 2] 0 j congi sty o] ut aci d,

gl ani ne, t)F/)r ogﬁgglgﬁg%/ré?ﬁﬁ%r og%%eg(yl ycgtlgrl]é, rb\%herﬂg?%' t ﬁégﬂi x?él]arog)zdf

pol ypeptides i /Snpr%’:t @%Fjeifpf‘éfﬁm has a first peak nol ecul ar wei ght,
conprising: a) polynerizing N carboxyanhydrides of tyrosine, 20 al anine,

y-benzyl gl us anat exrittert enfddinemsceingl hyaogentiliyhiandtalysat My ive an
amount of 0.01%410.39% % Meight for a suitable period of tinme and at a
suitable tenperature to forma mxture of protected pol ypeptides, which 25
m xture of polypeptides in unprotected form having a first peak nol ecul ar

wei ght; and b) frbrﬁﬁ)-'l ritother beradingiot ddts mpighbupaticomt rrotagsadur e of
prot ect ed pol ypepvpdesidey toopridetiiug catbhen palktypet mdeoarMithl a

hydr ogenol ysd s catal yst 30 and hydrogen, to obtain the m xture of

In an ewmbodiment, the step of contacting the polypeptides
with a hydrogenolysis catalyst may be performed in a
solvent selected from the group consisting of methanol,
ethanol or isopropanol.

15
In another embodiment, the solvent may be methanol.
In yet another esmbodiment, the initiator may be a primary
amine, a dialkyl amine or sodium methoxide.

20

In an embodiment, the initiator may be diethylamine.

In another embodiment, the amount of initiator may be 0.05%
to 19% by weight or 0.1% to 17% by weight or 0.5% to 15% by

25 welght or 1% to 10% by weight or 2% to 5% by weight or 2%
by weight or 5% by weight.

In an embodiment, the first peak molecular weight may be
2,000 daltons to 40,000 daltoms or 2,000 daltons to 20,000

30 daltons or 4,000 daltons to 8,600 daltons or 4,000 daltons
to 8,000 daltons or 6,250 daltons to 8,400 daltons or 2,000
daltons to 13,000 daltons or 4700 to 13,000 daltons or
10,000 daltons to 25,000 daltons or 15,000 daltons to
25,000 daltons or 18,000 daltons to 25,000 daltons or

35 20,000 daltons to 25,000 daltons or 4,700 daltons to 11,000
daltons or 7,000 daltons or 13,000 daltons to 18,000
daltons or 15,000 daltons or 12,500 daltons.




trifluoroacetyl protected polypeptides each of which consisting of
glutam c acid, alanine, tyrosine and trifluoroacetyllysine and which

m xt ure of I tides in unprotected form 35 having the first peak
mol ecul ar vﬁﬁé%’?’&%% 2006/ 083608 PCT/ US20061002351 990T’V$%°‘!§ﬁ°?é?ﬁbod| ment

the hydrogenol ysis catal yst may be Pall adiunm carbon, Raney N ckel, Pt,

Pt/C PtQ2, Pd(OH2, Rh/C or RNCI(PPR3)8.-5 In anot her enbodi nent, the

hydrogenol ysi s catalyst may be Palladiunfcarbon. In yet another

enbodi ment, the weight ratio of protected polypeptide to palladiunfcarbon

catal yst may beTi®: kubiécd n iavemioadi amat ,pﬁdwdségrzoef foagﬁgdﬂeagof hgol vent
ol ypepti des h no i ta per fLor e« .

gel )elgt gd from }tmﬁgb:q?(ggﬁg%%%ql S Glté%t%ﬁne#)ég%%%ﬁhe_ﬁeha%aoﬁh og%l sgp%% anol . 15
In anot her embodi Nent .- ?heogol v/ ‘h‘%‘“ﬁrﬁy BEfret HATBRTS n YerosdAet har

enbodi ment, Phe trhfivicapatetvayypinea ppiadaryd akine anx diadekyl ofani biss or

sodi um et hoxi démmaknlyprenbditigrepbcessie. i nitiator may be di et hyl am ne.

I n anot her enbodi nent, the anount of initiator may be 0.05% to 19% by

wei ght or 0. 1% ke LLYsRY: VRLANL: §F 290,10, 4000 by 25 welght. or, 136 to 10%
by weight or 2% to, 5% by viei ght of 25 By et gH of BRAbF grts:
a mixture of acCetate salts of polypeptides, each of which
10 consisting of glutamic acid, alanine, tyrosine and lysine,
wherein the mixture has a desired peak molecular weight,
comprising: ]
a) treating the previous mixture with an ocrganic
base solution,

15 b) removing the free trifluocroacetyl groups and low
molecular weight impurities by ultrafiltration to
obtain a mixture of polypeptides each of which
consisting of glutamic acid, alanine, tyrosine and
lysine, and

20 c} contacting the mixture of polypeptides with an
agqueous solution of acetic acid to form the mixture of
acetate salts of polypeptides, each of which

consisting of glutamic acid, alanine, tyrosine and
lysine having the desired peak molecular weight.
25
In an embodiment of the previous process, the organic base
may be an agueous organic base,

In another embodiment of the previous process, the agueous
30 organic base may be a primary, secondary or tertiary amine
or methanolic ammonia.

In yet another embodiment of the previous process, the
aqueous organic base may be piperidine.

35
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In an enbodi ment, the first peak nol ecul ar weight nmay be 2,000 daltons to
40, 000 daltons or 2,000 daltons to 20,000 30 daltons or 4,000 daltons to
8, 600 daltogé)gr 3,000 daltons to 8,000 daltons or 6,250 daltons to 8,400
dal tons or YOO8l t ons to 13,000 daltons or 4700 t GCTASHBEOH! t ons or
10, 000 daltons to 25,000 daltons or 15,000 daltons to 25,000 daltons or
18, 000 daltons to 25,000 daltons or 35.203,Q00 daltons to 25,000 daltons or
4,700 daltons to 11,000 daltons or 7,000 daltons or 13,000 daltons to

18, 000 dal t onsE#@MPLB, 1000 dal tons or 12,500 daltons. WO 2006/ 083608

PCTI US2006/ 002351 - 10 - F The subject invention also provides for a

m xture of tridlup queggl_ S, ¢ ‘ICh consi sting
of glutam c acid, —a ARSIm -t y3+re—pr oduced
by any one of &l |nned|ately precedlng processes. The subject i nvention
al so provi des for3agprbdessrafingaiicagboyanhydtide eéracdial eosabd snlof

pol ypept i des, &a&:h:.@iﬁlaﬁa thleomﬁﬁdh%bsﬁédﬁgleaée@tut fducE Faei £b m@h@i@sne

tyr osine and | yéidn%a @ﬂe@l nfélr%%rg%)(t b E\GIL am %%I {:.rﬁqflpl?ﬁoac %f(i.u ar

wei ght , conprlfln%% treatlng r'evi ous anic base
sol ution, 15 b)™F& vpnﬁaﬁbﬁﬁy 8r1495 f“leESr gt y"r" f8upe &hd dllﬁ’ﬁ'nerml ecul ar
wei ght i npur|t|4§§ By uFetuiipn t vam isGAryssl aGbR8rP°g Wext UF eniobteolandept i des
each of whitth wesnshsti Affltefredl uzTEC gack dL-&lanhe en-dapbosiantyariie | YSi ne,

and were added to 395 ml of dioxane and the sclution was stirred
at 20-25°C for 15 minutes and was then filtered. 14.83 g of
S-benzyl L-glutamate N-carboxyanhydride wers added to 260 ml
of dioxane and the solution was stirred at 20-25°C for 10
15 minutes and was then filtered.

The solutions were combined in a 2L FErlenmeyer flask
equipped with a mechanical stirrer. The solutions were
stirred together for 5 minutes. 3.9 g of diethylamine was

20 then added to the reaction mixture. The mixture was stirred
for 24 hours at 23-27°C.

The reaction mixture was then added to 5L deionized water.
The solid reaction product was filtered, washed and dried at

25 60°C under vacuum. 65.6g of =0lid white-off-white powder was
produced.




20 c) contacting the m xture of polypeptides with an aqueous sol ution of
acetic acid to formthe m xture of acetate salts of polypeptides each of
whi ch consj t|n of glutam c acid, alanine, tyrosine and si ne havi ng
the desired %Eﬁ% A% cul ar weight. 25 I'n an enbodlnen?cﬁwswﬂé’ pFevi ous
process, the organic base nay be an aqueous organic base. In another
enbodi ment of the previous process, the ggueous 30 organic base may be a
primary, secondary or tertiary amne or nmethanolic anmonia. |In yet another
enbodi ment of t¥RAMPLEVA Oous process, the aqueous organi c base may be

pi peri dine. 35 EXPERINENTAL DETAI LS pt WD 2006/ 083608 PCT/ US2006/ 002351 -

11 EXAWPLE 1 ) . | L-Ala, L-
Tyr] 5 7.43 g o on _(Hydrodenolygis) of " POl beny: 0= of
di oxane and t he=f#~x &g f 5 =TaYask: 3w L ) Bt L e .t hen
filtered. 34361L-@glef |quoroacetyI L- Ly5|ne N—carboxyanhydrlde wer e

added to 630 miof gdiggxane aadat heoaakut |59ﬂtﬁlé_@§z§c§| age%eeén%ga%& for 15

m nut es and 103@&@9{ ‘jg%;%{]ggnd%lt ﬁS ke me%ﬂé}{]g N; car o§yanhydr| de

were added to utlon was stirre eio 25C for
15 mi nutes and %a?:h‘g‘h P ISPRTERL 1309%3Pq cE’f charcoal type 87L POWder'

Johnson Matthey - Precious Met:als Division) was added.
10 Hydrogeneolysis was achieved by bubbling H; at 2 Atm. for 7
hours through the mixture. The mixture was filtered. The
reaction mixture was concentrated to 270 ml and was added to
600 ml of water. The mixture was stirred for one hour and

the mixture was filtered and dried to yield 14 ¢ of white-
15 off-white powder.




5-benzyl L-glutamate N carboxyanhydride were added to 260 ml  of di oxane
and the solution was stirred at 20-25C for 10 15 m nutes and was then

filtered. The solutions were conbined in a 2L Erl enneyer flask equipped
with a mech¥Ri*4P8%% rrer. The solutions were stirredCTEFPHEPS or 5

m nutes. 3.9 g of diethylam ne was 20 then added to the reaction m xture.
The m xture was stirred for 24 hours aty323-27C. The reaction m xture was
t hen added to 5L deionized water. The soI idreaction product was filtered,
washed and dri eskambLE 25 60C under vacuum 65.6g of solid white-off-white
powder was produced. WO 2006/083608 PCTI US2006/002351 - 12 EXAMPLE 2
Deprotection ( d| . enzyl - L- . N6 TFA— L- Lys, L- Al a,
L-Tyr] to for mPOEVFE=X 2 g F i
product synt hest¥Eed-uzyg-2 -eiu in Exarrpl el vvere suspended in 540 m of
met hanol . 1.8 ¢ of o/ﬁetthepakbwtummeshaé&aa:l ExkfhdPt Grerehadd«lcot ype 87L

E;é\?grenoﬁogpzmowgzm %atPl;_.ecg@u&H\/ﬁggal pQfl\élﬁ!&OmeréNaédldaeqpe‘%urtl’lgt hr ough
The it oc TRRRR. A0 LRU s HER LRD G820 2 on il dpaspper OO
concentrated t d%Roun- FHE HatusRded fhitesed and af Cmreﬁlltﬂﬁéerf'f%f’ure was
stirred for one Wedhtowish titte wasxdtiedneds Ulildfiledatang das geérformedel d 14 ¢
of white- 18 ofds=infii he spoMl6dalton membrane, to remove all of the low-
molecular weight impurities. After 6 cycles of
ultrafiltration, the solution was acidified with acetic acid
until a pH of 4.0 was achieved. Water was added and the
solution was ultrafiltrated until a pH of 5.5 was attained.

15 The scolution was concentrated and lyophilized for 60 hours.
4.7 g of a white, lyophilized cake of Poly{L-Glu, L-Lys, L-
Ala, L-Tyr] was attained.




WD 2006/ 083608 PCTI US2006/ 002351 - 13 _ EXAMPLE 3 Renoval of the
Trifluoroacetyl Goup to formPoly[L-Gu, L- Lys, L-Ala, L Tyr] 5 9 g of

t he product_synthesized in Exanple 2 were added to 540 of er. 60 m
of pi peri di Wé’yz\'}\%f“? %dded to the mixture, and the mxt"ﬁ?@sm@o?ﬂ rred at
roomtenperature for 24 hours. The mxture was filtered and a cl ear
filtrate wwth a yellowish tint was attaigned. U trafiltrati on was perforned
10 using a 5 kil odalton nenbrane, to renove all of the | ow nolecular

wei ght inpuritiBMPREter 6 cycles of wultrafiltration, the solution was
acidified with acetic acid until a pH of 4.0 was achi eved. Water was added

and the sol ut| Itﬁ %E IZE ted until a pHof 5.5 vvas attal ned. 15 The
sol uti on was HoL ety st che il‘—:yl'j;'i}fjgrrr'l i zed for 60 hours. g of a white,
| yophi | i zed cak”éheof PRHISRE GHWgiaht LS, tYhe Arpduet T@F) W@P%&t ingf. { { WD
2006/ 083608 PCTA¢iS2006¢D0RSEL a BirefAVPLE HRMfledc ubsmmegight HEFal ysi s

The ol ecul ar wedight, Obqiip@e@r wrliC anobvEdatger 3 Wasphdesledugrgi nagk usi ng a

Superose 12 HR (o)  Bermat Lon,ERkG:160044ma, equipped with an Wdetector.
Phosphate buffer, pH 1.5 was used as the nobile phase.

The total retention time of the column was determined using

10 200 pl of acetdne diluted with 1 ml of water. The column was
calibrated wusing TV molecular weight markers using
Millennium calculations which were described in US Patent
6,514,938, issued February 4, 2003 ({(Gad, et al.} (see
specifically Example 2) hereby incorporated by reference.

15
aAfter calibration, a solution of 5 mg/ml of the product of
Example 3 was prepared. The peak maximum retention time was
measured, and the peak molecular weight was determined to be
12,700 daltons.

20




The total retention tine of the colum was determ ned using 10 200 .| of
acetdne diluted with 1 m of water. The colum was calibrated using TV
nol ecul ar wei ght markers using M| ennium cal cul ati ons which were

descri bed i ﬁv%éoﬁlgﬁ:’tﬁ@nt 6, 514, 938, issued February- 4, PSE6520eUPS1et al .)
(see specifically Exanple 2) hereby incorporated by reference. 15 After
calibration, a solution of 5 ng/m of t_hgsp_roduct of Exanple 3 was
prepared. The peak maximumretention tinme was neasured, and the peak

nmol ecul ar wei ghtexsasy.edet ermined to be 12,700 daltons. 20 WD 2006/ 083608
PCT/ US2006/ 002351 - 15 EXAMPLE 5 Hydrol ysis and Determ nation of Am no
Acid Content A sanpl.e i on was gr,e%ared using .10 the 5

pol ypepti de fr o eI RaT PP hi A RS Acgdlortent control sol uti on.
The sanpl e sol ufi oS hydbwlipredwassi mgepaordicentimt edOHCY corft aithé ng 1%
(W v) phenol 5 updeypepthBe atamsphepeeat L4843 fes 24 HtimSne Aihtnaci d

control soluti a ai R ARA £Of , ]FAJQ i r osi ne,

and | ysine HCl Eggféroqr %Bé{f%q%ﬁng‘hgégrol ezgg;gié%tﬁgmég hle E%Fﬁi%gn%%d t he

controls were déFivVatized with " aﬁB-l?J%t Id?"éﬁ'}deﬁfg’g’.  THB®5nPI &2 and

control s were afaPEPBETRsIdty &M ckor 1941 TS s orAniRP1 SAAdp neardiabm

equi pped with asolitigesecteach dhretaiolbing e gqueasef wagupheshat eldnibhéer pH

2.5/ acet onitbi ritkfosigeadheitiysthe BOI dferkl detha2Ra 8ha tRR-BM. a6h8s in the
sample solution and the controls were derivatized with
ortho-phthaldialdehyde.

The samples and controls were analyzed using a Merck
15 LiChrosorb RP18 7 um column equipped with an UV detector.
The mobile phase was phosphate buffer pH 2.5/ acetonitirile
gradient. The molar fractions of the amino acids in the
polypeptide sample were determined based on peak area.

Amino acid Molar fraction
Glutamic Acid 0.138

Alanine 0.42

Tyrosine 0.09%

Lysine 0.343

20




pol ypepti de sanpl e were determ ned based on peak area. Am no acid Ml ar
fraction Gdutamc Acid 0.138 Alanine 0.42 Tyrosine 0.099 Lysine 0.343
20 WD 2006/ 083608 PCT/ US2006/ 002351 16 EXAMPLE 6 Formation of Acetate
Salt 5 TheVPr8du¥ %y any one of Exanples 1-3 is contfQELENEHOPR! an
aqueous solution of acetic acid to formthe polypeptide acetate salt. 10
WO 2006/ 083608 PCT/ US2006/ 002351 - 17 . BESCUSSION The inventors of the
di scl osed invention found that hydrogenolysis is effective in renoving the
benzyl groups 5 fromglutamate resi dues of the protected pol ypeptides.
Specifically, thesmheegtors of the instant invention found that the use of
hydr ogenol ysi s usihg a palladium carbon catalyst is effective in renoving
t he benzyl groups frcn1 glutanate residues to forma trifluoroacetyl
pol ypeptide, 10 a the trifluoroacetyl groups on the
| ysi ne residaes. Catal yst, for exanple palladium carbon, can {

The product of any one of Examples 1-3 is contacted with an

agqueous solution of acetic acid to form the polypeptide

acetate salt.

10




be recovered and reused thereby elimnating waste. The trifluoroacetyl
groups were subsequently renoved fromthe |ysine residues by piperidine.
15 O her hydrogenol ysis catalysts may al so be used to renove the benzyl
groups fromthEPE8mat e resi dues. Such known hydr of&RGISy95/02358¢ al yst s
are Raney Nickel, Pt, Pt/C, Pt02, Pd(OH)2, Rh/C, R11CI (PPh3) 3, and other
transition netal 20 catal ysts. The hydrogenol ysis reaction can be perforned
at a tenperature between 20C and 100C and a pressure between 1 atm and
100 atm Using bygeuspensl ysis instead of HBr/acetic acid to renove 25 the
benzyl groups, however, posed a further conplication. Wen HBr/acetic acid
Is used, it ser t al_functipon of, bhoth, renoving the benzyl groups
fromthe glut arrg‘tﬁéé riggfie gcérss ,éjr%d (t::ﬁ%a,v%lnsﬁgf’ﬁ%d pﬂﬁ%tplt%lndeff"bmgcﬁihé e a
desired aver age YHs9ERal s swdisg RELBFivive 1R rempeElnoHFdeodeRaYl syrPuPH OV e
30 does not €&l edvent sdupwiarpeptesidued herfef tiiee, piroventtar Spalfypeptigedi scl osed
process f urlt her Sﬁaﬁlﬁﬁbgmyt,h%er QeGitoen oPrgi@fi%sE%i?ﬁmv%KE%$&1t:efoqﬁ§} rfﬂ

peak nol ecul ar y si_ng | ¢.amunts o e tiator o e
pol yneri zati on \rélg%tgt }tgn._uig Ioﬁi tl,—lﬁzgtg%é%smgﬁséﬁ cAr e hsBALH é‘“‘ﬁ???e{’%’i’ﬁ am ne
and other pri nﬁ?‘iﬁ%iﬁ\tnéi SEERTHYPartPn & BAERSt H&e SeREYL dFeguepl faffnes, WO

2006/ 083608 PCTEUSZ06E: 0g2g8Blues. tpg fogr sodirdflumbhoxtivie miypsptidenbi nati on
of initiatons. whsh Ratpnitelited 5b80@n808xiiHines-39nt &¥Beps Llon 1908
(Konfino, et lysine residues. Catalyst, for example palladium/carbon, can
be recovered and reused thereby eliminating waste. The
trifluorcacetyl groups were subsequently removed from the
lysine residues by piperidine.
15
Other hydrogenolysis catalysts may also be used to remove
the benzyl groups from the glutamate residues. Such known
hydrogenolysis catalysts are Raney Nickel, Pt, Pt/C, PtO;,
Pd(OH}2, Rh/C, RhC1l(PPh;);, and cther transition metal
20 catalysts. The hydrogenolysis reaction can be performed at a
temperature between 20°C and 100°C and a pressure between 1
atm and 100 atm.

Using hydrogenclysis instead of HBr/acetic acid to remove

25 the benzyl groups, however, posed a further complication.
When HBr/acetic acid is used, it serves the dual function of
both removing the benzyl groups from the glutamate residues
and cleaving the polypeptide to achieve a desired average
molecular weight of the mixture. Hydrogenolysis, however,

30 does not cleave the polypeptide. Therefore, inventors of
the disclosed process further modified the production
process to achieve the desired peak molecular weight by
using specific amounts of the initiator of the
polymerization reaction.

35
Initiators that can be used are n-hexylamine and other
primary amines, diethylamine and other other dialkyl amines,




al.) discloses the use of 0.1-0.2%diethylamne as an initiator in a
process conducted at roomtenperature for 24 5 hours that also uses HBr to
achi eve poI )(Epe tides with a nolecular weight in the range of 5000-9000

dal t ons. %@ AP in their exanpl es applicants haRFA§IWE00335Y g of

di et hyl am ne as an |n|tiator with 7.43 g of L-tyrosine N carboxyanhydride,
34.61 g of Ne-trifluoroacetyl-L-Lysine_N,dQ carboxyanhydride, 21.25 g of

L- al ani ne N-carboxyanhydride and 14.83 g of 5-benzyl L-glutanate

N- car boxyanhydr btlesédiva mptigoes coONhycicetbiiat23€ 0 RIGidwrrs24uhpurs to

3c|h| eve aThm xt p&@r@f Ngol ¥ Rt g@[ﬁts l\g%\g%h %egg&?)eqohe%gg My fgggt odt 12, 700
al t ons. e pe | 0 peptides is

al so affected b%kt he (f%%&coésggvfteg et at ucr’lg grr%j_xo :ﬂ% c%eﬁéyjtag‘r‘@g PRty

enbodi ment of th’éltslﬁ‘ﬁfﬁc’cn |amPéﬂTGfS§n CopBICELR Hattioon t@fperh@x]seékrrﬁﬂ ecul ar
wei ght of theé nhoumsr echofc pdsypepes deBr 260 scinidbe poDgheptedbAfdidh a

pol yneri zation méldcheapokipppitt | e bud Refgy eof e@@tf@bo@ﬁ %iﬂﬁ{s the, benzyl

protecting group he,tr or I atest rou tern ively,
in any enbodi rrg?wr{)c %ZE lﬁ h%llgct é%tlg lcfa'f“"ne nlg"ak F%c 1%r9 C(%l ght ~ of

the m xture of ‘fﬂ”’l‘?fe?%ﬁ? b’é”i:}é‘f:%? g 7243 a‘-I‘Jt%ﬁ‘E Feseaino Nt he
benzyl protecti fFHeFYapfdider cifobal g of Nehberiflubkomretat eli-ilyspanotiect i ng
group. 'Stild asoidheyaniaktrénent 2VES ny asy m&eﬂm@nmdafrbémrﬁymf‘&t
i n?/ent i ?ndi S tgldjqueggri@eoft tge% t Aol ReUhate W9 0. 0h r#%ﬁ Lx Are of
ol ypepti des af ecld e

Bol ggegt i de. %ré:te%reﬁgﬁf“ ? Q: B %Jcn% ge?'gﬁtwﬁ? £4 RERHTSE dr e of
pol ypept i des c IxERER| 2F| W%ﬁp%lfi%? rﬁ!ﬂt}hta FRaT meekdcyher weighs off t he
process by knowke {788 hAskheas . sTheh peak molecular weight of the mixture of

15 polypeptides is also affected by the process temperature and

reaction time.

In any embodiment of the subject invention, determination
of the peak molecular weight of the mixture of polypeptides
20 can be conducted after polymerizaticn of the polypeptide
but before removal of either the benzyl protecting group or
the trifluoroacetyl protecting group. Alternatively, in any
embodiment of the subject invention, the peak molecular
weight of the mixture of polypeptides may be determined
25 after removal of the benzyl protecting but before removal
of the trifluorcacetyl protecting group. “Still another
alternative in any embodiment of the subject invention is
to determine the peak molecular weight of the mixture of
polypeptides after removal of both protecting groups from
30 the polypeptide. Adjustment of the peak molecular weight of
the mixture of polypeptides can similarly be performed at
the mentioned steps of the process by known techniques such
ag chromatographic fractionation, filtration,
ultrafiltration dialysis, enzymatic hydrolysis or
35 sedimentation.

The subject invention provides a process for making a




as chromat ographic fractionation, filtration, wultrafiltration dialysis,
enzymati c hydrolysis or 35 sedinentation. The subject invention provides a
process for_nmaki ng a WD 2006/ 083608 PCT1US2006/ 002351 - 19 m xture of
acetate sal f’vé’zg'}ﬁmg’é?aypepti des each of which consistid§TEF24YEeRN ¢ aci d,

al anine, tyrosine and |ysine which provides reduced production of aqueous
waste and inproved control of the peak f®lecul ar weight of the 5 mxture
of acetate salts of polypeptides. WD 2006/ 083608 PCTI US2006/ 002351 - 20
What is clai nedmisture. € pacoess fsaltsrakEngodypepitides ehclmcefatkidal ts of
pol ypeptides, eadedki®fhinhi 68 §ONSSEI RO ALHEM Gyracith Al@niyaene tyrosine
and | ysi ne, whe[vgj[&t govirg'eét urre%uhgé ardusit&ed %%ak rrg‘lagculwggté/vei t,
conprising: a) rTEo%lyma I ZI n%FN- car pboxyan y§r| d&s °6f E'tqil'lros_ ne, “al ant ne,
y-benzyl gl ut amePFFRE TIFPLorFackty | PHF n@ohPEH &N YHighEatdt FRe an
amount of 0. 81%deYebyaassaghtsaflos of pulymddtéddeperiod of tine and at a
suitable tenperature to forma mxture of protected pol ypeptides, which

m xture of pol ypeptides in unprotected form having a first peak nol ecul ar
wei ght; b) removing the benzyl protecting group fromthe mxture of
protected pol ypeptides by contacting




t he pol ypeptides with a hydrogenol ysis catalyst and hydrogen to produce a
m xture of trifluoroacetyl protected pol ypeptides, which mxture of

pol ypeptides in unprotected form having the first peak nol ecul ar wei ght;
c) removi ng tHEY%PS uor oacetyl protecting group frofTHE2®or oacet v
protected pol ypeptides by contacting the pol ypeptides with an organic
base solution to forma m xture of pol ypgptides, which m xtures of

pol ypeptides in unprotected formhaving the first peak nol ecul ar wei ght;
d) renoving the free trifluoroacetyl groups and |l ow nolecul ar wei ght

I mpurities by ukkdmfikl &1aHQNid.0 obtain the m xture of pol ypeptides each
of which <consisting of glutamc acid, alanine, tyrosine and |ysine; and
e) contacting the m_xture of polypeptides each of which consisting of
glutam c acid, al anPn@TOCEsH oS henily| PsitHEt WS Plarreefateusakiet 118 on of 9
WD 2006/ 083608 PCT| gSXO8/t08@851each 2¢f abéth c cassidtiog f eEmdglheanickt ur e of
acetate salts of patypeptdidasn&achy@bsi Chin@ongsshieNg Wlereghut g c acid,

al ani ne, tyrosine apgd,{ysi ng,.and _ ha he ired, peak nol ecul ar wei ght.
2. The process of clajm i, \%er ein t#é ie%st L%gak "5 ceugﬁfar wﬁéghg t is

2,000 daltons to 40°000 ‘@df'fbns. 3. The process of claim2, wherein the
first peak a) polymerizing N-carboxyanhydrides of tyrosine,

alanine, Y-benzyl glutamate and
trifluorcacetyllysine with an initiator in an
amount of 0.01% to 20% by weight for a suitable
period of time and at a suitable temperature to
form a mixture of protected polypeptides, which
mixture of polypeptides in unprotected form
having a first peak molecular weight;

b} removing the benzyl protecting group from the
mixture of protected polypeptides by contacting
the polypeptides with a hydrogenolysis catalyst
and hydrogen to produce a mixture of
trifluorocacetyl protected polypeptides, which
mixture of polypeptides in unprotected form
having the first peak molecular weight;

<} removing the trifluorcacetyl protecting group
from the trifluoroacetyl protected polypeptides
by contacting the polypeptides with an organic
base solution to form a mixture of polypeptides,
which mixtures of polypeptides in unprotected
form having the first peak molecular weight;

da} removing the free trifluorocacetyl groups and low
molecular weight impurities by ultrafiltration to
obtain the mixture of polypeptides each of which
consisting of glutamic acid, alanine, tyrosine
and lysine; and

e) contacting the mixture of polypeptides each of
which consisting of glutamic acid, alanine,
tyrosine and lysine with an aqueocus solution of




nmol ecul ar weight is 4,700 daltons to 11,000 daltons. 4. The process of
claim2, wherein the first peak nolecular weight is 12,500 daltons. 5. The
process of claim1, wherein the desired peak nolecular weight is 2,6 000
daltons to ¥8¥80*E% tons. 6. The process of claimb5, Pﬁﬁ’é’?@?ﬁﬁ"“mb desi r ed
peak nol ecular weight is 4,700 daltons to 11,000 daltons. 7. The process
of claim5, wherein the desired peak nohgcular weight is 12,500 daltons.

8. The process of claim1, wherein the hydrogenolysis catalyst is

Pal | adi unf car bon, Raney &tetdel acfd ,toPtEbGn tHY Gdxtidy Q) Acetit/Csabts

Rha (PPh3)3 9. The process Qbightiuds Whehel &t t ha; by drgedolvgi Sor cat al yst
i s Palladium carbon. 10. irtl%mgrocgis of. .cl ai mE9, V\:hereldp 1the V\BllgAl’]t ratio
of protected pol ypepti d& 18 pal Fadi uf-*84*Hon EIEHIY ST s V5171511, The
process of claim1l, wher@Hnghehsdepinid penk melpegiart el@l-ypeptides with

t he hydrogenol ysis catalyst is fi W 2006/ 083608 PCTI US2006/ 002351 - 22
perforned in a sol veme sgiaesad & oenhiie Or OUphereQRSidld Ngipfe Mpthanol ,

et hanol or isopropang| T f aimJa1, n_the solvent is
%lazl}l?ar wgf."%}'l&rm9§e§%08 dacll.tcpﬁ £ 4.0WE|§(§ (;ecflgltons.

met hanol . 13. The process of ¢ wher er'n e1niti 'STa primry

am ne, a dial kyl am ne or sodi um et hoxi de.
3 The process of claim 2, wherein the first peak

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

4, The process of claim 2, wherein the first peak
molecular weight is 12,500 daltons.

5. The process of claim 1, wherein the desired peak
molecular weight is 2,000 daltons to 40,000 daltoms,

5. The process of claim 5, wherein the desired peak
molecular weight is 4,700 daltons to 11,000 daltons.

7. The process of claim 5, wherein the desired peak
molecular weight is 12,500 daltons.

8. The process of claim 1, wherein the hydrogenolysis
catalyst is Palladium/carbon, Raney Nickel, Pt, Pt/C,
Pto;, Pd(OH);_r, Rh/C, or RhC1l (Pph3)3 .

9. The process of claim 8, wherein the hydrogenclysis
catalyst is Palladium/carbon.

10. The process of claim 9%, wherein the weight ratioc of
protected polypeptide to palladium/carbon catalyst is
10:1.

11l. The process of claim 1, wherein the step of contacting
the polypeptides with the hydrogenolysis catalyst is




14. The process of claim 13, wherein the initiator is diethylamne. 15.
The process of claim1, wherein the anmount of initiator is 1%to 10% by

wei ght. 16. ss of claim 15, wherein the amount of initiator is 2%
to 5% by mei%@ﬁ’?d[?{g?%gﬁe process of claim 16, wherein THEVSaEAHS0f

initiator is 2% by weight. 18. The process of claim 16, wherein the anount
of initiator is 5% by weight. 19. The-pgpcess of claiml, wherein the
organic base in step c) is an aqueous organi c base. 20. The process of
claim 19, wherein t rerfapredusinr ganiselvirse sedectasy | fmey, Smcogdeury or
tertiary amne or pehdanahyCommRbRmRL, 2dthalde ®F QGBESonot!l ai m 20, wherein
t he aqueous organic base is piperidine. 22. A mxture of acetate salts of
pol ypepti des b)f-ht he roces% of . any one of clains 1-21, WD 2006/ 083608
PCTI US2006/ 002351 23 P¥23°5%\ SharfécButiral "RGwiBsi Bioonsebibti sihg t he

m xture of clai m 22e&arcd- phar maceutical |y acceptable carrier. 24. A
process for preparing a pharnmaceutical conposition conprising mXxing the

m xture of claimg.22oikt PrécedBN@eMRagihi ¢2l Ll ARGERLADG; ERL¢d,LT1s 20 1N @
process for prepari ng; aatrgrhariql%cegtdigﬁk %%mgoa tion cont |n|.$§ an aqueous
m xture of acetate "SAITS OF pol ypeptihes 4R Frof “ WA TERefEt i ng of
14. The process of claim 13, wherein the initiator is
diethylamine.

15. The process of claim 1, wherein the amount of
initiator is 1% to 10% by weight.

16. The process of claim 15, wherein the amount of
initiator is 2% to 5% by weight.

17. The process of c¢laim 16, wherein the amount of
initiator is 2% by weight.

18, The process of claim 16, wherein the amount of
initiator is 5% by weight,

1%, The process of claim 1, wherein the organic base in
step c} is an aqueous organic base,

20. The process of claim 19, wherein the aqueous organic
base is a primary, secondary or tertiary amine or
methanclic ammonia.

21. The process of claim 20, wherein the agueous organic

base is piperidine.

22. A mixture of acetate salts of polypeptides made by the
process of any one of claims 1-21.




glutamc acid, alanine, tyrosine and |ysine, wherein the m xture has a
desired peak nol ecul ar weight, the inprovenent conprising making the

m xture of acetate salts of pol ypeptides by the process of a@é one of
claims 1- 21 WOBUORME ocess for nmaking a mixture of trifGrFSPE4WESy

protected pol ypeptides, each of which consisting of glutamc acid,

al anine, tyrosine and trifluoroacetyll.ysgine, wherein the m xture of

pol ypeptides in unprotected formhas a first peak nolecular weight,
conprising: a) pdlyrerhairmareNttealborypetiyrdrn desnpofising b neixtuak agii ne,
y-benzyl glutamate andimtad bhaof @acehidduyséam WatfeptAni didarai &, i n an
anmount of 0.01%to 20% by weight for a suitable period of tinme and at a
sui tabl e tenpera%ure to forma mxture of protected polypeptides, which
m xture of pol ypept Pdé& FR%HinhT ot FEPEE 1D rin PHETPRGEE R r SP™RRSARTMI ecul ar
wei ght; and b) renpwosgrisiagbewizyhg prideectintyregr odp dladm t2d3e wirkhxtaur e of
protected pol ypepti geardycamitally AgcedtaBlpatappept) des With a

hydr ogenol ysi s catal yst and hydrogen, to obtain the m xture of

trifluoroacetyl ,protected pol ypeptides each of . which cgnsistin f
glutamc acid, & an%rrfe, atyPSé‘Tpe 8 and™t ri FIT6FoR et 7 | fgﬁaﬁ’@a‘éﬁ‘&g‘v\% ch WO

2006/ 083608 PCTI US2(FOBPORELISR containipg x pgyr adefoYFo s dis dcstatmr ot ect ed
form salts of polypeptides each of which consisting of

glutamic acid, alanine, tyrosine and lysine, wherein
the mixture has a desired peak molecular weight, the
improvement comprising making the mixture of acetate
salts of polypeptides by the process of any one of
claims 1-21,

26. A process for making a mixture of trifluorocacetyl
protected polypeptides, each of which consisting of
glutamic -+ acid, . alanine, tyrosine and
trifluorcacetyllysine, wherein the mixture of
polypeptides in unprotected form has a first peak
molecular weight, comprising:

a) polymerizing N-carboxyanhydrides of tyrosine,
alanine, Y-benzyl glutamate and
trifluorcacetyllysine with an initiator in an
amount of 0.01% to 20% by weight for a suitable
period of time and at a suitable temperature to
form a mixture of protected polypeptides, which
mixture of polypeptides in unprotected form
having a first peak molecular weight; and

b) removing the benzyl protecting group from the
mixture of protected polypeptides by contacting
the polypeptides with a hydrogenclysis catalyst
and hydrogen, to obtain the mixture of
trifluorcacetyl protected polypeptides each of
which consgisting of glutamic acid, alanine,
tyrosine and triflucrocacetyllysine and which




having the first peak nol ecul ar weight. 27. The process of claim 26,
wherei n the hydrogenol ysis catalyst is Palladiunfcarbon, Raney N ckel, Pt,

Pt/C, Pt02 Rh/ C, or Rhd (PPh3)3. 28. The process of claim 27,
wher ei n the%@%ﬁﬁggé%ﬁ%l ysis catalyst is Palladiun car JSA/USP0%EL process

of claim 28, wherein the weight ratio of protected pol ypeptide to

pal | adi um carbon catalyst is 10:1. 30.24lhe process of claim 26, wherein
the step of contacting the polypeptides with a hydrogenolysis' catalyst
is perfornmed in a sol veri**§Bfectdd Préywantddeyr oup cORSPERALeg ofowet hanol ,
et hanol or isopropanol . B¥indhsepfbeaspeat rellatm=a30weidtar.ei n t he sol vent is
nmet hanol . 32. The process of claim26, wherein the initiator is a primry
am ne, a dialkyl,amnpe or._sodiu t hoxi,de. 33. .Th rocess_of .claim 32,
wherein the ini %?'a?]gg'ei EEOH et h‘@ gc?'ﬁ?rll%. l2§’4. e B gggssy LTI HE B,
wherein the amount GRt21¥t 14t Srlladivyyd ¢arbrgy, BiRakeitgrkel 3t TRE/Br ocess of
cl aim 34, wherein t BeCanBdMH)ef Rhi/Qi t icat BuCli(8PRY% 10 5% by weight. 36. The
process of claim 35, wherein the amount of initiator is 2% by weight. WO

2006/ 083608 PCTA4 JS3006002351 o 231537, THERIACESS Uyalbii/Bi3tss Wherein
t he amount of nitiafor 1S,5% wei ght .
catalyst is Palladium/carbon.

29. The process of claim 28, wherein the weight ratio of
protected polypeptide to palladium/carbon catalyst is
10:1.

30, The process of claim 26, wherein the step of
contacting the polypeptides with a hydrogenclysis-
catalyst is performed in a solvent selected from the
group consisting of methanol, ethanol or isopropanol.

31. The process of claim 30, wherein the solvent is
methanol.

32. The process of claim 26, wherein the initiator is a
primary amine, a dialkyl amine or sodium methoxide.

33. The process of c¢laim 32, wherein the initiator is
diethylamine. ’

34. The process of claim 26, wherein the amount of
initiator is 1% to 10% by weight.

35. The process of claim 34, wherein the amount of
initiator is 2% to 5% by weight.

36. The process of claim 35, wherein the amount of
initiator is 2% by weight.




38. The process of claim26, wherein the first peak nolecular weight is g
2,000 daltons to 40,000 daltons. 39. The process of claim 38, wherein the ;
first peak nol ecul ar weight is 4,700 daltons to 11,000 daltons. 40. The
process of NOA'PHU8E herein the first peak nol ecul arPGIBISHNEOR2H112 500
daltons. 41. A mixture of trifluoroacetyl protected pol ypeptides each of
whi ch consisting of glutamc acid, alanigeg,_  tyrosine and
trifluoroacetyllysine produced by the process of any one of clains 26-40.
42. A process oB7makibeg predesisuref ofclacet aise Sahdreiafl tHeol ypepid des, each
of which consisting ;ofi + 9htd20kCsy 36 Jeifleani ne, tyrosine and |ysine,
wherein the mxture has a desired peak nol ecul ar weight, conprising: a)
treating the mxture of claim41 with an organic base solution, b)

renovi ng the frd&-t GHe uBFereEEt \IE gEtaiss ahd ["omredrol skel dirakei gaek
impurities by ultrafidleratdromeight dbt 2 000adalbdndr eo ofo, pod wraRbhgdes each of
which consisting of glutamc acid, alanine, tyrosine and |ysine, and c)
contacting the gixt o] l.ypept i des. wi an, agueo sql.ution of acetic
acid to formt hgb' m'l‘k&lt%ur%r oc?esége at,gf%léri tégl'of wﬁlgfglpnep#ﬁ%eg,”?écﬁe% whi ch
consi sting of gl utaMotegetar, “sfah na, 4/ 190 6%1'?%‘5%6 Ty 8Ph &S50y t he
desired peak nolecular weight. W 2006/ 083608 PCTI US2006/ 002351

40. The process of c¢laim 39, wherein the first peak

molecular weight is 12,500 daltons.

41. A mixture of trifluorocacetyl protected polypeptides
each of which consisting of glutamic acid, alanine,
tyrosine and triflucrcacetyllysine produced by the
process of any one of claims 26-40.

42. A process of making a mixture of acetate salts of
polypeptides, each of which consisting of glutamic
acid, alanine, tyrosine and lysine, wherein the
mixture has a desired peak molecular weight,
comprising:

a) treating the mixture of claim 41 with an organic
base solution,

b) removing the free trifluorcacetyl groups and low
molecular weight impurities by ultrafiltration to
obtain a mixture of polypeptides each of which
consisting of glutamic acid, alanine, tyrosine
and lysine, and

) contacting the mixture of polypeptides with an
agqueous solution of acetic acid to form the
mixture of acetate salts of polypeptides, each of
which consisting o©f glutamic acid, alanine,
tyrosine and 1lysine having the desired peak
molecular weight.




-26 43. The process of claim42, wherein the organic base is an aqueous
organi c base. 44. The process of claim43, wherein the aqueous organic

base is a pri mar%/ secondary or tertiary am ne or nethanolic amonia. 45.
The process 6¢ 2MB®F 44, wherein the aqueous organic BEEESPEORBHeri di ne. {

- 26 -

43. The process of claim 42, wherein the organic base is an

aquecus organic base.

44. The process of claim 43, wherein the aqueous organic
base is a primary, secondary or tertiary amine or
methanolic ammonia.

45. The process of claim 44, wherein the agquecus organic
base is piperidine.




