~-1- PROCESS FOR PRODUCI NG POLYPEPTI DE M XTURES USI NG HYDROGENCOLYSIS 5
Throughout this application various publications are referenced by their
full citations. The disclosures of thgse publications in their entireties
are hereby incorporated by reference into this application in order to 10
nore fully describe the state of the art to which this invention pertains.

BACKGROUND OF THE | NVENTI ON 15 G BRYGESFFOR ERORVET Sm xture of

pol ypepti des whi ch has WEW%MFHH tiple

scl erosi s. AXONE(r), the brand nanme for a pharnmaceuticcal corrp03| tion
whi ch contains gITarPRahest adbiat e?RRIAFALLR he"%&f’l"%e P?‘?@F&Bf%}ﬁ *E8nt ai ns
the acetate salt sedéreymiihatv cthz@rp(ﬂ-qﬁpeplttares’nseont“la'-lenlaﬂgci‘éﬁ]*reﬁatolﬁr ally
occurring am no t@QL-QS photidiashe achd, cheid aném@rekiésy/r ostene, haredby

L-lysine wth an rf on 114 0.,0954e20E
0. 338, respecti velrl %ﬁ‘ﬁ‘% averamiEE de m% 191 5 ;ppﬂﬁgzm o eRde

ecul ar_wel tir r tate is
4,700 - 11,000 d&1°F8n§“lbﬁeﬁ“F% "Pﬁ the 6?3’1‘?@%9%11%@ tgt'éél |s§f§13|%%§t ed
L-gl utam c aci d povemeion ger¥rinsal ani ne, L-1ysine and L-tyrosine, acetate
(salt). Its structural fornmula is: (GQu, Ala, Lys, Tyr)x)(CH3000H 30

( CSHINDAC3H7 N2 CkANRRREH M3 hwmeedi 02  CAS - 147245-92-9

15 @latiramer acetate (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, c¢ontaining four naturally occurring amino
acids: L-glutamic acid, L-alanine, L-tyrosine, and L-lysine
with an average molar fraction of 0.141, 0.427, 0.095, and
0.338, respectively. The average molecular weight of
glatiramer acetate is 4,700 - 11,000 daltons. Chemically,

25 glatiramer acetate is designated L-glutamic acid polymer
with L-alanine, L-lysine and L-tyrosine, acetate {salt).

Itg structural formula is:

(Glu, Ala, Lys, Tyr),»xCHiCOOH
30 (CsHoNC, » CaHyNO2 « CgHy 4NoOg » CoH11NO; ) x* XC2HaO2
CaAS ~ 147245-92-5




- 2 ("Copaxone", Physician's Desk Reference, (2000), Medical Economcs
Co., Inc., (Montvale, NJ), 3115.) Processes of manufacturing pol ypeptides
of this type, 5 including glatiraner acetate, are described in U S. Patent
No. 3,849,550, issued Novenber 19, 1974 to Teitelbaum et al., U S Patent
No. 5,800,808, issued Septenber 1, 1998 to Konfino, et al., and PCT

I nternational Publication No. WO 00/05258,~ published February 3, 2000
(Aharoni, et al. % which 10 are hereby incorporated by reference. For

exanpl e, pol ypeptPREECHT" t EEYSiSAaR felesk, Kefesends, onf3dR8) N Medical
car boxyanhydr i deiscppmisg §oi nefncal atomeyale bdaryl3iglsut anate and
e-N-trifluoro-acetyllysine. The pol yneri zati on vvas carri ed out at anbi ent

Lemperature | n aaBidiaus deoRISAinLs GaILATAe 88 L alot The

debl ocki ng of_the rbo oup o acrd was Saf F'ed b
hydr ogen gr om dg %‘l‘-ﬁ%% gﬁ)‘/‘ T’%?SFEI Q%%té'tt?c éﬁ?ddea"f?&l}"%df’ﬁﬂl‘b\ﬁed%?e’%e d
renoval of. the Nori Bl ﬁé?(fé@et jBsugdo Noverilream 1%he 19741 he Tesiedbesa,byetl M
pi peridine (U.S.alPatent. Neted; 849, 55600, 868UeksNoy eadiftemndds 1, 2@96{971:’13 to
Tei tel baum et adon)smoThee@G‘em ot gkl %qn&Qﬁayfo%%&b%%i QEPLP 2 'v@
glutamc acid r%g égﬁs %, dog d g{e an%(% j7acet| ac| As
resul t, alarevo ume ‘o aC| FE Wast (Bger FHe ?%‘ﬂlépﬁlé’aﬂ ofthls
aci di ¢ wast €% s 3P f PRIFYY adBeRBorRled Ayt eFﬁﬁ‘f’éEWEt hodsFof meweks.i on of
such pol ypepti deslgertidesi rabl ¢hin dvder wexreel prempmated t heonpr ebé ens of
acidic waste predpeiy@nhydrides of tyrosine, alanine, y-benzyl glutamate
and e-N-trifluoro-acetyllysine. The polymerization was
carried out at ambient temperature in anhydrous dioxane with
15 diethylamine as initiator. The deblocking of the v—carboxyl
group of the glutamic acid was affected by hydrogen bromide
(HBr) in glacial acetic acid and is followed by the removal
of the trifluorcacetyl groups from the lysine residues by 1M
piperidine (U.8. Patent No. 3,849,550, issued November 19,
20 1874 to Teitelbaum, et al.).

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

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




- 3 - SUWARY OF THE | NVENTI ON The subject invention provides for a process
for making a mxture of acetate salts of pol ypeptides, each of which
consisting of glutamc acid, alanine, tyrosine and |lysine, 5 wherein the

m xture has a desired peak nol ecul ar weight, conprising: a) polynerizing
N- car boxyanhydri des of tyrosine, alanine, y-benzyl glutamate and
trifluoroacetyllysine with an initiator_izn_an 10 amount of 0.01%to 20% by

weight for a suitable period of tine and at a suitable tenperature to _
forma m xture SNMaRYteRITEE POEYPE@ i des, which nixture of polypeptides in
gnprolt ected forfhe f@\ﬁgeetlgalﬁxyerrﬁ&oﬂ%mégcwxar ;@otglaéds %&yg)aki } S' Bg the
enzyl protectip oup r rotected p

contacting the %‘tI%y e""sm"\‘_?\/lp s‘mtﬁ‘ (ﬁfg B’E%T"s Fat aﬁaﬁé % dr ogen
to produce a m SQUFE b‘Fg ‘?#lﬂ“&é‘i“%@@ﬂ?# @%56%1@@1@ ebvyRsippemnd dlef§ln‘%\h| ch 20
m xture of pbdl ypeprideshen minpret dobec fa@sired apeaky Molechldrstweigbk,

mol ecul ar wei ghsmps ) sELFDVI ng the trifl uoroacetyl protecti ng group from

the trifluoroacetyl _prot peptides (&ngactl n gpept i des
with an organic 25 zse&%]utlon ?qE)FméD Xture o oype’fﬁ
alanine, Y-benzyl glutamate d

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 4in unprotected form
having a first peak melecular 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 trifluorocacetyl protecting group
from the trifluorocacetyl 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 aqueous solution of
acetic acid to form the mixture of acetate salts
of polypeptides each of which consisting of




whi ch m xtures of polypeptides in unprotected formhaving the first peak
nol ecul ar weight; d) renoving the free trifluoroacetyl groups and | ow

nol ecul ar weight inpurities by ultrafiltration to 30 obtain the m xture of
pol ypepti des each of which consisting of glutam c acid, alanine, tyrosine
and lysine; and e) contacting the m xture of pol ypeptides each of which
consisting of glutamc acid, alanine, 3% tyrosine and lysine with an
aqueous solution of acetic acid to formthe mxture of acetate salts of
pol ypepti des each of whighteshsi seithg adpnine tyirgsine candi lysiakannde,
tyrosine and |ysi ne and ndidwgnghd @esiea pesk prakcurdeeulgic wei ght . The

subj ect invention also provides for a process for 5 naking a m'xture of

trifluoroacetyl rotecte ol‘gjeptl de es, each, %5 WFI ch consi sti ng

glutanic acid, afani°Ré’°<TyrosTHE"And t7i FFOSI Cacet Y | Fsifie@ Wherefn t he

m xture of Bol PR &eE‘lﬁ‘Wr@nﬁifot:@cftléequém@ﬁrha@%eﬁ:?%tPOfi@BRPWIEécuI ar

wei ght, conpri sieagh XE awhpct ymensistiggN- ear hebapaniy driades oéldnihesi ne,

al anine, y- benzy&r@m&ametﬁrgiuorzaacfeltypiﬁ%et Yiheiadsne enkt Ria-enbEi ator in
an anount of 0 %9:.&9% F_yl\gm 2 Lel@reamSHLd ablee gp(r]elachfm{eculrre and at

a suitable terrper at Ut m xture of pr otl ypept| des,
whi ch t, comprising:
10 a. polymerizing N-carboxyanhydrides of tyrosine,
alanine, Y-benzyl glutamate and

trifluoroacetyllysine 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 hydrogenolysis catalyst
and hydrogen, to cbtain the mixture of
trifluoroacetyl protected polypeptides each of
which consisting of glutamic acid, alanine,
tyrosine and trifluorocacetyllysine and which
25 mixture of polypeptides in unprotected fomm
having the first peak molecular weight.




m xture of polypeptides in unprotected form having a first peak nol ecul ar
wei ght; and b. renoving the benzyl protecting group fromthe m xture of
prot ected pol ypeptides by contacting 20 the pol ypeptides with a

hydr ogenol ysis catal yst and hydrogen, to obtain the m xture of
trifluoroacetyl protected pol ypeptides each of which consisting of
glutam c acid, alanine, tyrosine and trigflLuoroacetyllysine and which 25
m xture of - pol ypeptides in unprotected form having the first peak

nol ecul ar weight. 5 - DETAILED DESCRI PTI ON OF THE | NVENTI ON The subj ect

i nvention provigemted fksPAHGESS &© rativisirdoy M Xture of acetate salts of
' utam c_acj ani ne,

pol ypepti des, . ch__5.consisti. o] I d, a

tyrosine and | slis?lfé.‘nes?jb ce:% et St he M %Dﬁrﬁgglsﬁags"% dESPFEE p H “W%Pé‘%_:uaf ar

wei ght, conpri&PigreaPipsicphets zFRg SN-FarRxpapiriesi deschf ofy wdithe,

al ani ne, y-benzsdnsgkbimraife gdntdamik) acddf | elndacet yWriogshaeand tlysane) niti at or

in an amount of wKkxQ10 the 28%hireVdiaghty faRki Bed UdaADlR 1 BE1d:00,:2Ent | M and
at a suitable tegpesai e to forma m xture of protected pol ypepti des,
which m xture of pofype tides, i,n un%rotected form 15 having a first peak

nol ecul ar wei ght; bj’ r eV ¥R 44189 be Nz §ReRsr¥rRecrideyyr ot f FERstAR

alanine, y-benzyl glutamate and
10 triflucrcacetyllysine 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
15 having a first peak molecular weight;

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

20 trifluoroacetyl protected polypeptides, which
mixture of polypeptides in unprotected form
having the first per:ik molecular weight;

c) removing the triflucroacetyl protecting group
£rom the trifluorcacetyl protected polypeptides

25 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

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 salts




m xture of protected pol ypeptides by contacting the pol ypeptides with a
hydr ogenol ysis catal yst and hydrogen to produce . a m xture of 20
trifluoroacetyl protected pol ypeptides, which mxture of polypeptides in
unprotected form having the first peak nol ecul ar weight; c) renmpving the
trifluoroacetyl protecting group fromthe trifluoroacetyl protected

pol ypeptides 25 by contacting the pol ypept+des wth an organi c base
solution to forma m xture of pol ypeptides, which m xtures of pol ypeptides
in unprotected form havify PR FiteHe&RPp| e urBicheicghsistdngr exfovi ng
the free trifluoroacetyl Fusepsr arnid, owladhenvitgtosiare vaidghlysin@uidd | es by

ultrafiltration to obtaitavihe uHextssieal poal ¥Beatd1desyeagR. of which
consisting of glutam c acid, alanine, tyrosine and |lysine; and e)

contacting th 1 xture of .pol ypeptid each of 35 which consisting of
gl utanic gci d;g g ﬁ;n‘?%nee,u%otdg?‘%éﬁn%%ﬁn%iﬁ"si?F‘é"k\/vi“toﬁe%‘hlaa"qﬁ@éaét s‘éﬁmthgeon of
acetic acid to forif0t ARltAnet P Lb00AcEtidrRs sadt €, 600 afalpohy pepbbdem each of
whi ch consi sti ngdagftongl o:taéfrioooiada'an;onQI asi $&s00t Ya0sdHae oangd, ddt,bsidtg@,é@%qr o
havi ng t he desi res spea ; a nt, [
peak ?ml ecul ar V@ﬁ&ﬁ%&fggﬁ%ﬁggﬁi%ﬁ%ﬁg% g::{l(,go,' g@?ﬁ% tons,” gfoof, 000
dal tons to 20, 000 ' ns  to 13,000
4] ltons 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

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

daltons to 18,000 daltons or 15,000 daltomns 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 daltoms to 8,600 daltens 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 teo 25,000 daltons or 18,000 daltons to 25,000
daltons or 20,000 daltons to 25,000 daitons or 4,700

25 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.

In an embodiment, the hydrogenoclysis catalyst may be
30 Palladium/carbon, Raney Nickel, Pt, Pt/C, Pt0;, PA{0H),,
Rk/C, or RhC1{PPhj3); .

In ancther embodiment, the hydrogenolysis catalyst may be
Palladium/carbon.

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




dal t ons
dal t ons
dal t ons
dal t ons
dal t ons
dal t ons
dal t ons

or
or
or
or
or
or
or

wei ght may

dal t ons
dal t ons
dal t ons
dal t ons
dal t ons
dal t ons
dal t ons
may be

or
or
or
or
or
or
or

4,000 daltons to 8,600 daltons or 4,000 daltons to 8,000

6, 250 daltons to 8,400 daltons or 2,000 daltons to 13, 000
4,700 daltons to 13,000 10 daltons or 10,000 daltons to 25, 000
15,000 daltons to 25,000 daltons or 18,000 daltons to 25, 000
20,000 daltons to 25,000 daltons or 4,700 daltons to 11,000
7,000 daltons or 13,000 dalt-ons-to 18,000 daltons or 15, 000
12,500 15 daltons. In an enbodi nent, the desired peak nol ecul ar
be 2,000 daltons to 40,000 daltons or 2,000 daltons to 20, 000
4, 000 aint @abodncBt600hel as i o f0lcot 8K ndalkheNgo B heb®i 000

6, 250Q,:68! @RS HRr8s&i t 2, a , Q00
4,700, dal tongefgl 13, Q ¥ %%th Eallfsc? )" o e PR, 3,200
15, 000 "T4l t OnS 176 25680 45 (%BRYEP 0FO1E H6H9d Akt FREBERPL5, 000
2 OCRFEARP} GRS 1eertrHapeh dal t ons or 4, 700 25 daltons to 11, 000
7,000 daltons or 13,000 daltons to 18,000 daltons or 15, 000

12, 506 adldHe@Nsmbddimdh: £RQJESBALe HA\E HaydLagene! ysis catal yst

30 Pal | adi un carbon, Raney N ckel, Pt, /C, PtQ2, Pd(OH) 21 Rh/C,
or RhC1(PPh3)3 - I n_anot her enbodi ment, the hydrogenolysis catalyst may be
Pal | adi unf car bor™ 38 FPYE™eRhot He @ibdatvediey Ofe aweFimIyr aniee ofa

prot ect ed

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 c) may be an
20 agueous organic base.

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

25 In yet another embodiment, the aqueous organic base 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
compogsition comprising the previous mixture and a
pharmaceutically acceptable carrier.

35
The subject invention still further provides for a process

for preparing a pharmaceutical composition comprising




pol ypeptide to pal |l adi um carbon catal yst may be 10:1. - 7 1In an
enbodi nent, the step of contacting the polypeptides wth the
hydr ogenol ysis catal yst nay be perforned in a solvent selected fromthe

group consisting of methanol, 5 ethanol or isopropanol. |In another

enbodi nent, the solvent may be nethanol..In an enbodi nent, the initiator
may be a primary amne, a 10 dial kyl am ree-or sodi um nmet hoxi de. | n anot her
enbodi nent, the ipitiator may be diethylamne. In yet another enbodi nent,

the armount of inft¥dor ey BEeVipyso. 059%urs 1996by aweigirrmerew:ited o 17% by
wei ght or 0.5% t acdEHnble weairgher.or 1% to 10% by wei ght or 2% to 5% by

wei ght or 2% by weight or 5% by weight. In an enbodi ment, the organic base
in step c) may bgyan Q.ag gani.c bhase. an ther enbodi , the
aqueous or gan%g bases']'ﬂ:;"gcé1 QEQ&&J‘% %ur&er c?ﬁ&g%@esorg erd i A& nﬁ%r or

net hanol i ¢ anfonPaF27289| n ye%j aa’i’i‘l?t’ﬁ‘é"r“@ﬂ‘bo&Pﬁ@‘?ﬁltlpﬁe soRieEsnn®r g3hi ¢ base

may be piperi di #&ectie ndykjrectof meehétonsaltso qfr ulsesptides acatixt off € Of
acetate salts of wipiclhy pepkigemgrade dyckhe: PA&NE, Olhﬁ_an_%ge Prosesses. aﬂ'@e

subj ect inventi ofydiet Nhe PLQYVI GRS f%ulaehar ITB.CEUL?I ca%?ype&)nnp SeISiEl

conprising the I‘e.VI us Xxture an accepta
35rrp 9 p % H‘ improvement c mprising making “the m:.?cture of

carrler

10 acetate salts of polypeptides by any one of the previous
processes.,

The subject invention provides for a process for making a
. mixture of trifluoroacetyl 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
trifluorcacetyllysine with an initiator iﬁ an
amount of ¢.01% to 20% by weight for a suitable
pericd 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 bhenzyl 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 form
35 having the first peak molecular weight.




The subject invention still further provides for a process for preparing a
phar maceuti cal conposition conprising - 8 mxing the previous mxture with
a pharmaceutically acceptable carrier. The subject invention further

provi des for a process for 5 preparing a pharmaceutical conposition
containing an aqueous m xture of acetate salts of polypeptides each of

whi ch consisting of glutamc acid, alan|Q§ tyrosine and |ysine, wherein
the m xture has a desired peak mol ecul af wei ght, the inprovenent

conprising meki rg the BrcbiRnef 1&@6&{,@4 e2Bh s Of ROl yRePthAesLhY any

gpgcgfsst Pgr P evtpoyf dl“ﬁ? ufé’géofRaflﬂ’ l5$%]acepven%{;8£e2%&\él’ d%?i)(/é)@ﬁtl des,

each of 15 Whl Eﬁ %'on§irs¥liq4dp¥’)‘13)gl utam c acid, alanine, tyrosine and
trifluoroacetyllysine, wherein the m xture of polypeptides in unprotected
formhas a firstnpeakenay aeubaindi, Obhe nERBIEhSINGS @Ltm}sserr%yzwg

N- car boxyanhydr i,d ne, 20 al anl ne, y- benzyl gl utamate and
trifluoroacetyl Fyglfar%w%% SOE initiator in an anount of 0.01%to 20% by

wei ght for a suitable perlod of time and at a suitable tenperature to
forma mxture &0 prbt eseEbrpEmppdinendes thehiwvebhgids mwticupé pfoymitgdept i des
i n unprotected borypegtaueng daliddumpestoonntecdlhat Mei gbt10.and

10
In an embodiment, 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 embodiment, 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 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 first peak molecular weight may be
2,000 daltons to 40,000 daltons or 2,000 daltons to 20,000

30 daltons or 4,000 daltons to 8,600 daltons or 4,000 daltons
tc 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 daltoms 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,




b) renoving the benzyl protecting group fromthe mxture of protected

pol ypepti des by contacting the pol ypeptides with a hydrogenol ysis catal yst
30 and hydrogen, to obtain the m xture of trifluoroacetyl protected

pol ypepti des each of which consisting of glutam c acid, alanine, tyrosine
and trifluoroacetyllysine and which mxture of polypeptides in unprotected
form 35 having the first peak nol ecul ar mei-ght. 9 In an enbodi nent, the
hydr ogenol ysi s catal yst nay be Palladi um carbon, 'Raney N ckel, Pt, Pt/C,
PtO21 Pd(OH) 2, Rh/C, or Rhd (PPh3)3. 5 In another enbodi nent, the

hydr ogenol ysi s cEteal yshjevay bheenPhdd adisel eabhides | Boyelh aRpiheE of

enbodi nent, the mlfgm,rda@reltgl of pidrRLeE4 edpolg,%ggpﬁ{gsl de tR pakl %L{ﬂ]car bon
catal yst may be stse @ I nAan elmgodl ment guof contactin
pol ypept i des JD% i}"1y(§’ro enol ot at sy P Ser FYFREHS n E%ild sol vent
sel ect ed frorﬁthterlﬁ?"b‘ﬁﬂﬁ’a(‘PSgEJr%{sllﬁg ofPrRBEGRsnol BY etf@nolener iofoprigeanol . 15
| n anot her enbodinrediatelyeprsaiaddny pmyebs=gret hanol . I n yet anot her
enbodi ment, the initiator may be a primary F amne, a dial kyl am ne or
sodi um rrEthox'd‘%‘hezgubject invention also provides for a process of making
a mixture of acetate 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 organic
base solution,
15 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
20 <) contacting the mixture of polypeptides with an
aquecus 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 aqueous 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
aquecus organic base may be piperidine,

35
EXPERIMENTAIL DETAILS




In an enbodinment, the initiator may be di ethylam ne. In another enbodi nent,
the anobunt of initiator may be 0.05% to 19% by weight or 0.1%to 17% by
wei ght or 0.5%to 15% by 25 weight or 1%to 10% by weight or 2%to 5% by
wei ght or 2% by weight or 5% by weight. In an enbodi nBnt, the first peak
nmol ecul ar wei ght may be 2,000 daltons to 40,000 daltons or 2,000 daltons
to 20,000 30 daltons or 4,000 daltons_jglsiGOQ daltons or 4,000 daltons to
8,000 daltons or 6,250 daltons to 8,400 daltons or 2,000 daltons to 13,000
dal tons or 4700©ekameL®, 00 dal tons or 10,000 daltons to 25,000 dal tons or
15,000 daltons to 25,000 daltons or 18,000 daltons to 25,000 daltons or 35
20, 000 dal tons Lo Qr 4 700 daltons to 11 000 daltons or -
7,000 dal tons ofF3 ' e ' fags?

12,500 dal t ons. Eﬂﬂlo The subject |nvent|on also prOV|des for a nlxture of
trifluor oacebyl 7ptdigeotfel-pabyNepi-debrpaine i adivie sans sbing Af

gl utami ¢ acid, aka&no&aneta&fdogh@em%@@ré Wb fidHAROAS RlpwL! E&l 38 RLRAUced by

any one of the ahdTTE! éats LY @rg ed |n93%r9 esses:E %?QF_E ect I nvention al so
mak &

provi des for a process o a " nixt or e %of®*ac qPgegty L=t

pol ypepti des, ei¥Ha5F NRpEpPXY: ?BI%@E%PS’E’?’F@ ideg| tpafPe ®tiaf aloumrfe,

tyrosi ne and | ystheshenweletivn vesnexitoed das2@2desi fed I5e akknunpdseaud ar

wei ght, codpri saNgehedr) fileadddng2thes pF evd ais)ghxiadine cukbdiyannpigaai c
were added to 395 ml of dicxane and the solution was stirred
at 20-25°C for 15 minutes and was then filtered, 14.83 g of
5-benzyl L-glutamate N-carboxyanhydride were 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 Erlenmeyer 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 =o0lid white-off-white powder was
produced.




base solution, 15 b) renoving the free trifluoroacetyl groups and | ow

nol ecul ar weight inpurities by ultrafiltration to obtain a m xture of

pol ypepti des each of which consisting of glutam c acid, alanine, tyrosine
and lysine, and 20 c) contacting the m xture of polypeptides with an
aqueous solution of acetic acid to formthe m xture of acetate salts of

pol ypepti des, each of which consisting qf glutamc acid, alanine, tyrosine
and |ysine having the desired peak nol ecul ar weight. 25 In an enbodi nent

of the previousEgnmEasg, the organi c base nmay be an aqueous organi ¢ base.

I n anot her embodi nent of the previous process, the aqueous 30 organic base

may be a primary, secondary or tertlar am ne met hanol i ¢c_ammpnia. In
yet anot her enb%a ré%?cg-'n gt o SR gHfT ¢ base
may be plper|d|==A‘ ‘ T APICE? :

Pol y[ 5-benzyl - b-&a NGEEEA L Lys L- Ala L- Tyr] 5 7. 43 g of L-tyrosine

N- car boxyanhydr pgde gvegge %ﬂge@oﬁ.i)dzggotmct synthesized as described in
Example 1 were suspended in 540 ml of methanol. 1.8 g of wet
palladium on charcoal (10% PA on charcoal type B7L Powder,
Johnson Matthey -~ Precious Metals Division) was added.

10 Hydrogenolysis 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 g of white-

15 off-white powder.




of di oxane and the m xture was heated to 60C for 20 m nutes and was then
filtered. 34.61 g of N6-trifluoroacetyl-L- Lysine N-carboxyanhydride were
added to 630 m of dioxane and the solution was stirred at 20-25C for 15
m nutes and 10 was then filtered. 21.25 g of L-al anine N carboxyanhydride
were added to 395 m of dioxane and the solution was stirred at 20-25C for
15 mnutes and was then filtered. 14.83 g of 5-benzyl L-glutamate

N- car boxyanhydri de were added to 260 mi™ df~ di oxane and the sol ution was
stirred at 20-2p&i@r 10 15 minutes and was then filtered. The sol utions
were conbined in a 2L Erlennmeyer flask equipped with a nechanical stirrer.
The solutions were stirred together for 5 mnutes. 3.9 g of diethylamne
was 20 then add8eRevali RE Fhe Griflugroareyl CTReD Hoxifpre Bely [BtGluws o~ for 24
hours at 23-27CLyShé-Réactli-Opxlvi xt ure was then added to 5L deionized water.
The sol i gSrgactboe B?ggh@_tpx\é@ﬁ}:%i%ﬁﬁ?@%zéﬁ%ﬂe%ﬂﬂedﬁhggr%tadﬁﬁ @S’CE;J(RS/ELE
vacuum .69 of,s0 - -White powder . was roduced.. - -

2 Deprotection g%_i; roggﬁmﬂé%rg')_%of IHOI?/{)SEJE?eEﬂ Jrrﬁ_-‘%rﬁ*, ﬁqg-edﬂgﬂ- E@T_ys,
L-Ala, L-Tyr] tB“OFRr PO [Re GFtuRp-"FRASEITSpe at sroomatemperatyne £98 g of
the solid produét bopaeheBie adxtiredwss rilledred anExanyker 1fikeretswdpended in
540 ml of nethaaotellbwBsly tdhtwis apekiad umwearehaeosh «=k0%ePdABq char coal

type 87L Powdlerusing a 5 kilodalton 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 solution 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.




Johnson Matthey - Precious Metals Division) was added. 10 Hydrogenol ysis
was achi eved by bubbling H2 at 2 Atm for 7 hours through the m xture. The
m xture was filtered. The reaction mxture was concentrated to 270 m and
was added to 600 ml of water. The m xture was stirred for one hour and
the mxture was filtered and dried to yield 14 g of white- 15 off-white
powder. - 13 - EXAMPLE 3 Renoval of the. Tgifluoroacetyl Group to form
Poly[L-GQu L- Lys, L-Ala, L-Tyr] 5 9 g of the product synthesized in
Exanple 2 were dd8¥eLE d¢ 540 ml of water. 60 m of piperidine were added to
the mxture, and the mxture was stirred at roomtenperature for 24
hours. The m xtyi e was,filigred and.a clear filtrate with a yellow sh tint
was att ai ned. Uﬁm’r@oﬂ—w{slpﬂefforned 10 using a 5 kil odalton
menbrane, to redB¥e "AHOBFET hEe98G- Mol Bl BFoRStghet | Hisereks ed. YAFter 6
cycles of ulft r &PEemiaefiorsipde asofundrone wds & dGél edewnédtianetirtcaci d
until a pH of 4colwes aehigpeadwiiint Sl Masakdeest . amfoddificeS8hetd QN pias
ultrafiltrated ungid.2,04 Qk %émgg%eatphgw_ed. 15 The sol ution was
concentrated and |yophilized for 60 hours. 4.7 g of a white, |yophilized
cake of Poly(L-d L-Lys, L- Ala, L-Tyr] was attained. ill - 14 - EXAMPLE

u,
4 The total retention time of the column was determined using

10 200 pl of acetone 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
After 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 daltomns.

20




Mol ecul ar Wi ght Anal ysis The nol ecul ar wei ght of the product of Exanple 3
was 5 determ ned using a Superose 12 HR Gel Perneation HPLC col um,

equi pped with an Wdetector. Phosphate buffer, pH 1.5 was used as the

nobi | e phase. The total retention time of the colum was determ ned using
10 200 pl of acetone diluted with 1 m of water. The colum was cali brated
using TV nol ecul ar wei ght markers using _ | I enni um cal cul ati ons which were
described in US Patent 6,514,938, issued February 4, 2003 (Gad, et al.)
(see specifical kxavexangpl e 2) hereby incorporated by reference. 15 After
calibration, a solution of 5 ng/m of the product of Exanple 3 was

pr epar ed. The peﬁlk rr?xumm retent| on ti rre vas rreasured and t he peak

mol ecul ar wei ght S#&s i B < €nt 15 - EXAMPLE 5
Hydrol ysis and Dgt @aﬁphﬁtlmi%iommm Apmba@edut ecm:.né\ sahplwy sekuttmn was
prepared using lflygeptidehefroh pabagRPtd dngeeomoE@rTmrglgug:ddﬁgehgﬂan

a7 g1 ni e | nt o naboneCoNt 56hur20h 4N ooHE, SRSt ol 10, U8,V BLyzd
W V

usi ng concent raéO%cerlj;Cl C ntﬂ%l ni ng 1% enol sphere
at 110C for 24 hours  Am no 5& FOLERTH %ol Wivdn®beBabh EfTaiti fg one of
gl utamat e, al ani H&CBEE%S 1 85 &0 °Andfary sPhe Hadts wePBigy epai@d cantrol

hydrol yzed. The sclutions, each containing one of glutamate, alanine,

10 tyrosine, and lysine HCl were prepared and hydrolyzed. The
sample solution and the controls were derivatized with
orthe-phthaldialdehyde.

The samples and controls were analyzed using a Mexrck
15 ©LiChrosorb RP18 7 pum 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 0.099
Lysine 0.343

20




sanpl e solution and the controls were derivatized with

ort ho- pht hal di al dehyde. The sanples and controls were anal yzed using a
Merck 15 Li Chrosorb RP18 7 pm col unmm equi pped with an UV detector. The
nobi | e phase was phosphate buffer pH 2.5/ acetonitirile gradient. The
nolar fractions of the amno acids in the polypeptide sanple were

determ ned based on peak area. Am no acidilblar fraction Qutamc Acid
0.138 Alanine 0.42 Tyrosine 0.099 Lysine 0.343 20 16 - EXAMPLE 6
Formati on of Acetate Salt 5 The product of any one of Exanples 1-3 is
contacted w th amxamgpreeus solution of acetic acid to formthe pol ypeptide
acetate salt. 10 - 17 - DI SCUSSI ON The inventors of the disclosed invention

found that hydrggen Lysisfis effective in renoving the benzyl groups 5
from gl ut amat e res?%ﬁ%@ﬁéi—@ﬁégﬁf%ﬁé%ied pol ypeptides. Specifically, the
i nventors of fhe instant invention found

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

aqueous solution of acetic acid to form the polypeptide
acetate salt.

i0




that the use of hydrogenolysis using a palladiunm carbon catalyst is
effective in renoving the benzyl groups from glutamte residues to forma
trifluoroacetyl polypeptide, 10 which is protected by the trifluoroacetyl
groups on the 1lysine residues. Catalyst, for exanple palladiunfcarbon, can
be recovered and reused thereby elimnating waste. The trifluoroacetyl
groups were subsequently renoved fromtheJ ysine residues by piperidine. ,
15 O her hydrogenol ysis catalysts may al so be used to renove the benzyl
groups fromthe IsguasmEie resi dues. Such known hydrogenol ysis catal ysts
are Raney Nickel, Pt, Pt/C, PtCQ Pd(CH)2 Rh/ C, Rhd (PPh3)3, and ot her

transition metal, ;20 catal st s. dr.oge Si s reagtion_can be erforrred
at a tenperature%betl\r/\lfemé% fﬁC and OCdé%ﬁi] eér eSR{PE ot el *Bftm and

100 atm Usi ng HYGFrod@imorsss sis naffessivt Brremseing tlks dosgyiewowers 25 t he
benzyl groupss Homeveglutposed aefimteserofonpki catdtested Wpenyhdpriaaat i c acid
}S US?ﬂ I][ tsel’\@éciﬂﬁ:agmﬁl frenGilghaR: s OQOtther @M@?lh@&lﬁ%ﬂzxéuﬂr oups
rom e ut a r | e | l.eve a
desired ageraQQQ%%% §%h|§%§Me Fﬁhpg%ﬁ ﬁﬁ?tuf%n e grogéﬁ%Fﬁﬁ Ce o vwever
30 does not cl ed7&® LF%': pbi y FHee FheFarsies thve SFouphefEms | 0sed
process further Sbtafated rasédprodict fom roceisctemcatil epelyhetidsi r ed
peak nol eculdr weight iby praséqigaspeci dieC eFaabsoRbryhegiaigs adoremef the
pol ynmeri zati on ngagtd Mbsidues. Catalyst, for example palladium/carbon, can

be recovered and reused thersby eliminating waste. The

trifluorocacetyl 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, Pt0g,

PAd(OH)z, Rh/C, RhCL(PPh3);, and other transitiom 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 hydrogenolysis 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
melecular 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,




35 Initiators that can be used are n-hexylam ne and other primary am nes,
di et hyl am ne and ot her other dial kyl am nes, - 18 or sodi um net hoxi de or
of initiators. U S. Patent No. 5,800,808, issued Septenber

any conbi nation

1, 1998 (Konfino, et
initiator in a process conducted at roomtenperature for 24 5 hours that
al so uses HEr to achieve polypeptides withh a nolecular weight in the range

of 5000-9000 dal t ons.

al .) discloses the use of 0.1-0.2%diethyl am ne as an

In contrast, in their exanpl es applicants have used

3. 9bg of hdij et QWrarsioﬁeu:asménhokmd it @by Webibihabihrd 2 ihitidress ney Y,
car boxyanhydri dega34 90 Brofgr | o] -1-Lysi 1Q.
at3te o 9 9500 iééﬁ% %%%egn%yg??ge&oggan?4.e§3 g of

car boxyanhydri d
5-benzyl L-glut

(S]

1.25 f L-al
aﬁ%ﬁ?e %Sccgfj%%&yﬁﬁﬁsgﬂﬁ?gé’ i n® T}‘Op? c 838t ABiRG e85 a?23C t o

27C for 24 hour SPEBLHH dfte 2aPrafers uradsttesblagpopen desperdthra feand
nol ecul ar weigghthoots tBa¥0@lslal toss. HEEheoperki vl essllypepiRicghtyieh the

m xture of 15 paloypeptd:deseightalis0 afd ecdRd tg%ugggg@saa%&gggrikurg and
| 2 Y5 1€ TR dltrl’ggn;g of _the subject 1nvention, determnation
ecu?%gr/ Ve g'ht 5t tHETR S LR LAT NS é’ﬁgﬁt PERss 2-309:8h be

reaction tine.
of the peak nol
conducted after

POFPHE

198t PHNTDfinikdatns yRERt 7 o8 utofhdi-tveosimeptal of

ei t her the benzyerbeatandyiinidgr Gdpébrg ofhwé+ydiffl wereae ey L-preimc ti-ng
group. Alterisat icdebasryarihyanyde,eriQds MeNto£0f,-high S1bjeehrbdaRhy Bl get he peak
mol ecul ar  wei gha0f4 13 JTo¥t sn2fn ROl RERLIde R JBY, 8. d8 ket J1 ned

15

20

25

30

35

process conducted at 23°C to 27°C for 24 hours to achieve a
mixture of polypeptides with a mean molecular weight of
12,700 daltons. The peak molecular weight of the mixture of
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
can be conducted after polymerization of the polypeptide
but before removal of either the benzyl protecting group or
the trifluorcacetyl protecting group. Alternatively, in any
embodiment of the subject invention, the peak molecular
weight of the mixture of polypeptides may be determined
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
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

as chromatographic fractionation, filtration,
ultrafiltration dialysis, enzymatic hydrolysis or
sedimentation.

The subject invention provides a process for making a




25 after renoval of the benzyl protecting but before renoval of the
trifluoroacetyl protecting group. "Still another alternative in any
enbodi ment of the subject invention is to determ ne the peak nol ecul ar
wei ght of the m xture of polypeptides after renoval of both protecting
groups from 30 the pol ypeptide. Adjustnment of the peak nol ecul ar wei ght of
the m xture of pol ypeptides can S|n1IarIy be perfornmed at the nentioned
steps of the process by known techni ques Yuch as chr omat ogr aphi c

fractionation, fridkttadi @R, acdbifal bdivsatdOn,dideysides SOz 4 ermeitf ol ysis

or 35 sedlnentq; eeldnvention r.ovi d s a .process f naklng a
- 19 nmixture of oggg%%%% lL’)(Jl E?m 1A pept FHEE EachY ]'\%ﬁ 3 °sting of

gl utani c acid, e’(‘1héﬁ]ilné’r°f’§7‘fl%ss| ﬁ%d%?& I%@idﬁ%tl%hl% ﬁﬁ‘éﬁﬂ”&esw%séﬁu@é’é
production of aduevesedastrtinid of nhevaskagotelzicubdr t weigieak offiol weul ar
wei ght of the miRtxisllcE abefrtel sdBsSaktSo19bepeidacpt i des. What is clained
is: 1. Aprocess for making a m xture of acetate salts of pol ypeptides,
each of which consisting of glutamc acid, alanine, tyrosine and |ysine,
conprising: a) polynerizing N carboxyanhydrides of tyrosine, alanine, y-
benzyl glutamate and trifluoroacetyllysine wwth an initiator in an anmount
of 0.01%to 20% by weight for a suitable period of tinme and at a suitable
tenperature to forma mxture of protected pol ypeptides, which m xture




of pol ypeptides in unprotected formhaving a first peak nolecul ar weight;
b) renoving the benzyl protecting group fromthe m xture of protected

pol ypeptides by contacting the polypeptides wth a hydrogenol ysis catal yst
and hydrogen to produce a mxture of trifluoroacetyl protected

pol ypepti des, which mxture of polypegtides I n unprotected form having the
first peak nmol ecul ar weight, c). remoVEfg the trifluoroacetyl protecting
group fromthe trifluoroacetyl protected polypeptides by contacting the

pol ypepty i\g;ﬂkﬁaﬁﬂegrggni c base solution to forma mxture of
pol ypept 1 des, ich m xtures of polypeptides in unprotected form having

the first. pedk wobeeakar foneimpitingd) ar emdyknge - ohe dasdater i SRbbFoacst yl
groups and 'g,}e(lgg%esz&ée! WeEGhb el NRMICH | &5 4l aé-f'&ig{:&ﬁb?&d?@? ain

the m xture pepti des each of I ch consisting of utam c acid,

al ani ne, tyradppénandtyyesting anddleyinontePraginge ni xture of pol ypepti des
each of which consisting-of glutamc acid, alanine, tyrosine and |ysine

wi th an aquesdPslymeriigangf Noerxhexyaahydrddesr af t Herosine, 2laRiRer evof
acetate salts _cge,ﬁgllype#gd&%tgacgngf WG woeBRek st Pk e 9lwiiam cagci d,

al ani ne, tyrosine and ysine. 2. The process of claim1, wherein the first
peak mol ecul ar inddiigteri dm ago@Empantowf (& 046, 0T0 RA tlnsweight 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 berizyl 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,

c) 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,

d) removing- - -the free trifluoroacetyl groups and Ilow
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 aqueous solution of acetic acid to form the




3. The process of claim?2, wherein the first peak nolecular weight is
4,700 daltons to 11,000 daltons. 4. The process of claim?2, wherein the
first peak nolecular weight is 12,500 daltons. 5. The process of claiml,
wherein the m xture of acetate salts of polypeptides has a peak nol ecul ar
weight is 2,000 daltons to 40,000 dal toxi-s. 6. The process of claimb5,
wherein the m xture of acetate salts of polypeptides has a peak nol ecul ar
weight is 4,700 daltons to 11,000 daltons. 7. The process of claimb5,
wherei n the mi xmigxbuoe @@eﬁ@ﬁ@atsawagtafq&ﬂgqiﬂyﬂpaééehasaahpeﬁkwﬂﬁb@cular

wei ght is 12,50 S . es cl
hydr ogenol ysi s gg?g%{é?ﬁgi sng %dﬂy“& car cgtr?’ Rggg%/l}ﬁla ckef}eﬁ%{ tl-Elﬁtlattjd Pt 02,
Pd(OH) 2, Rh/C, 1M$1FMC1(PPh3)3 9. The process of claim8, wherein the

hydr ogengl ys'ﬁu&ﬁ%@é&’é&s b BaLLadiu dﬁ%&%‘iﬂ £H f'”}%tp;ﬁaﬁﬁsm fecddd %&m9

wherein the weig ratio o protected polypeptide to p car
catal yst is Meight i 2THEOC piathwss ¢ épapﬁﬂldalwﬂnam n the step of

contacting the pol ypeptides with the hydrogenol ysis catalyst is perforned
in a sol%em:?ﬁﬁeﬁ%@%ﬁ#ﬁoﬁftﬁéagmo@p cesesni ddieoffinadt fRavd |, neldmisl or

| sopropanol, vdikmelds TN908 GEAIROCLE) Bbd laa il n the sol vent s

nmet hanol . e process of mﬁereln the initiator is a primary
4. The process of claim 2, whereln the first peak molecular

weight is 12,500 daltons.

5. The process of claim 1, wherein the mixture of acetate
salts of polypeptides has a peak molecular weight is 2,000
daltons to 40,000 daltons.

6. The process of claim 5, wherein the mixture of acetate
salts of polypeptides has a peak molecular weight is 4,700
daltons to 11,000 daltons.

7. The procesgs of claim 5, wherein the mixture of acetate
salts of polypeptides has a 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, Pt0O,, Pd(OH),,
Rh/C, or RhC1l({PPhs},,

5. The process of claim 8, wherein the hydrogenol?sis catalyst
is Palladium/carbon.

10. The process of claim 9, wherein the weight ratio of

protected polypeptide to palladium/carbon catalyst is 10:1.

11. The process of claim 1, wherein the step of contacting the
polypeptides with the hydrogenolysis catalyst is performed
in a solvent selected from the group consisting of

methanol, ethanol or isopropancl.



am ne, a dialkyl am ne or sodium nethoxide. 14. The process of claim 13,
wherein the initiator is diethylamne. 15. The process of claim1l, wherein
the amount of initiator is 1%to 10% by weight. 16. The process of claim
15, wherein the amobunt of initiator is 2%to 5% by weight. 17. The process
of claim 16, wherein the anmount of initRa&tor is 2% by weight. 18. The
process of claim 16, wherein the anount of initiator is 5% by weight. 19.
The process of claim1l, wherein the organic base in step ¢c) 1is an aqueous
organi ¢ base. T88. PTRReTF Rfesdadn ¢l ai vharinwtbeesnlyart atpiemibhanpgani ¢ base
is a primary, secondary or _tertiary amne or nethanolic anmmoni-a. 21. The
process ‘clgﬁﬁ1§6?cﬁﬁ%rﬁfnc%?¥m etharedmgdhisc ipdsdatps pieper paimary 22. A

m xture of acehghe, s@ldinidy1pahyRENs: dessitRdReRlokge, Process of anyone of -
clainms 1-21. 23. A pharnaceutical conposition conprising the m xture of

claim221and sh@haprbeess i cat! YcaseRPt 8h) © GRELLEN . 2Ae AiRELESSS fOfg

preparing a pharmaceutical conposition conprising mxing the mxture of
claim22 with %Fgg%kﬁmﬁk%utically acceptable carrier. -23- 25. In a process

for pre i ng..a pharmaceutjcal .conposition
P pgg. gTheF%rocess of gﬁalmlgq 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 claim 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.

19. The process of claim 1, wherein the organic base in step c¢)
is an aqueous organic base.

20. The process of c¢laim 12, wherein the aquecus organic base
is a primary, secondary or tertiary amine or methanolic
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 anyone of claims 1-21,

23. A pharmaceutical composition comprising the mixture of

claim 22 and a pharmaceutically acceptable carrier.

24. A process for preparing a pharmaceutical composition
comprising mixing the mixture of claim 22 with a

pharmaceutically acceptable carrier.




contai ning an aqueous mxture of acetate salts of polypeptides each of
whi ch consisting of glutamc acid, alanine, tyrosine and |lysine, the

i mprovenent conprising naking the mixture of acetate salts of pol ypept i des
by the process of anyone of clains 1-21. 26. A process for nmaking a

m xture of trifluoroacetyl protected-2pol ypeptides, each of which
consisting of glutamc acid, alanine, tyrosine and trifl uoroacetyllysine,
wherein the mxture of polypeptides in unprotected formhas a first peak
rml ecul a#> weilght 2 RHANESS nECT aPrEBRYHRY | A nphareagehiradhygeieies tdpn
tyrosine, al aimin¥ngbensy| Ml GuBRdld | 407 gacehye] Y3hRes Vi bl an
initiator in an anoun 01%to 201 by weight for a suitable period of
time and at &°IYPERBEAST efFEhat OF e vRdChf graRsd Shiirguref oglptaniet egid,

pol ypepti des 514k &B, mt’S&‘Hs%.neOfarQPl X?E%éde%hb” HRF RfRfded EQhgRiRANLNg a
first peak nolecular weight; and renovi ng the ‘benzyl protecting group
from the m xtgkangf thﬁr@ﬂEétléﬁ pbI %éﬁwe%aldgﬁ cHht RRATRRPRIVESp Sy 58St i des

with a hydrogepalysise catalstorapg,bydrpgen, to obtain the mixture of
trifluor oace? pr ot ect ecfgo | ypept ftdes each of which consisting of

gl utam gegci ﬂ F%é@éﬁet‘ortﬁ{él@ﬁh@ea aitk thiriel |o‘f°ﬁ:9é§§h¥%¥ééﬂ@1 %%ﬁ%t‘éﬁ
m xt ure of ypeptides'in unprotected formhaving the first

mol ecul ar V\BPQP\?PEE‘?ldEﬁve prekess dfhighi arusishing erh ﬂ%@tﬁ?ﬂﬁog”&%élrym s
catalyst is Bakhadi ,umt%&ro@lﬂe RaneY i ek BbroftetyiTyoidd, Pyherein the

mixture of polypeptides in unprotected form has a first

peak molecular weight, comprising:

a) polymerizing N-carboxyanhydrides of tyrosine, alanine, vy-
benzyl glutamate and trifluorocacetyllysine 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 hydrogenolysis catalyst and hydrogen, to obtain
the mixture of trifluorocacetyl protected polypeptides
each of which consisting of glutamic acid, alanine,
tyrosine and trifluoroacetyllysine and which mixture of
polypeptides in unprotected form having the first peak

molecular weight.

27. The process of c¢laim 26, wherein the hydrogenclysis
catalyst is Palladium/carbon, Raney Nickel, Pt, Pt/C, PtOg,
Pd(OH)z, Rh/C, or R.hCl(PPh'_:;)a.




Pd(OH) 2, Rh/C, or Rhd (PPh3)3. 28. The process of claim 27, wherein the
hydr ogenol ysis catalyst is Palladiunfcarbon. 29. The process of claim 28,
wherein the weight ratio of protected pol ypeptide to pall adi um carbon
catalyst is 10:1. 30. The process of-mgj-aim 26, wherein the step of
contacting the polypeptides with a hydrogenolysis catalyst is perfornmed in
a solvent selected fromthe group consisting of nethanol, ethanol or

i sopropanol . 31. The process of claim 30, wherein the solvent is nethanol .
32. The %ﬁocé% oPTEF8Ffh 265 wReRémn BRe | WheFednr Fhe a Brivpgepolyfise, a

di al kyl am neaek1$8€i 1dn Pl #Q cadBon The process of claim 32, wherein the
initiator is diethylamne. 34. The process of claim 26, V\/nerel n the anount

of initigtor the pdleddssl0Wrbycrgightag 35thb€1@rQQﬁSSwe&gﬁ’calfat% wherein
the armount of initiator is. 2%to 5%b ght. 36. The {)rocess of claim

35, wherei n PRETSFBEMHIPINYRSRLEAS 5P PR 1@%%%?’@% ca%ﬁ’ YothesHidcdss of
claim 35, wherein the anount_ of initiator is _ 5% by weight. 38. The process

of clai m%26, THRcPEPTEEhT | FLtinh &8 H’@Fé'EEtFtheV\%?%toﬁ sc%lt@@@l&al th8s to

40, 000 dal toﬁﬁlﬂﬁgptzﬁﬁ PFAILSS Hfardge ggls whateivsd hies fddrForhReakin
nmol ecul ar weight 1s 4,700 daltaons to 11 00 dal tons. ,40. The process of

clai m 39, whdr SCAVERE FPRLECCEEAKTRBI &bg Grouwp consisting of methanol,

ethancl or isopropanol.

31. The process of c¢laim 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 procese of c¢claim 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.

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

38. The process of claim 26, wherein the first peak molecular

weight is 2,000 .daltons to 40,000 daltons.

39. The process of claim 38, wherein the £first peak molecular

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

40. The process of claim 3%, wherein the first peak molecular

weight is 12,500 daltons.




weight is 12,500 daltons. -25- 41. A mxture of trifluoroacetyl protected
pol ypepti des each of which consisting of glutam c acid, alanine, tyrosine
and trifluoroacetyllysine produced by _the process of anyone of clains
26-40. 42. A process of making a mi xt uré“of acetate salts of pol ypepti des,
each of which consisting of glutamc acid, alanine, tyrosine and |ysine,
conprising: a) treating the mxture of claim4l wth an organi c base

sol utiogy.b) ol RIRVLAS Pect]Ludddddetho PR S egyl ar

wei ght inpurities by ul.trtéfi I'trat iaor?%?% ggtgglglr:ltg% Xtu el(#\gp(ﬁ%%e%?i des
each of whi cHEt@RsiCORFRFEERT @futdtamds cackd.antheningr osvresane Bpdi ne,
and c) cont agii AfadtdBeihuLe:aE RRLYDERE! S chkt ugeu upEon of
acetic acid to formthet)rgn)'tx uﬁ'ego aégtggéeg?sg%sngesggy%gp%ﬁargg% %gch of
which consi sE1#®f26-#H0ut ami ¢ aci d, al anine, tyrosine and |lysine. 43. The

process of claim42, wherein the organic base is an aqueous organic base.
44. The4Pr ocRssPHPcetai 3, walkiar®ei rd t Heldtrsousior gasitetisasgalics gof

primary, secQRfldlaniQlaeker tdady 881 N Q. SEgA 45.
process of gﬁgai méé’,to4, V\eher eﬁn thg aquég{ﬁisnﬁlg%ﬁgbgase ighgﬁgjé?i (#Eg' 46. A
m xture of aRtanEne.sdlyrosdnepangpbptinkes cswprisinghi ch

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

solution,

b} removing the free trifluorcacetyl dgroups and low
molecular weight impurities by ultrafiltration to obtain
a mixture of polypeptides each of which consisting of

glutamic acid, alanine, tyrogine and lysine, and

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.

43. The process of c¢laim 42, wherein the organic base is an
agueous organic base.

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

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

46. A mixture of acetate salts of polypeptides each of which

consisting of glutamic acid, alanine, tyrosine and lysine,

produced by the process of anyone of claims 42-45.

47. A pharmaceutical composition comprising the mixture of

claim 41 or 46 and a pharmaceutical acceptable carrier.




consisting of glutamc acid, alanine, tyrosine and |ysine, produced by the
process of anyone of clains 42-45. 47. A pharmaceutical conposition
conprising the mxture of claim4l or 46 and a pharnmaceutical acceptable
carrier. -a6- 48. A process as cl ai netRén anyone of clains 1 or 24-26
substantially as herein described with reference to any exanple thereof.
49. A mxture as clainmed in anyone of clainms 22, 41 and 46 substantially

as_hereigy de Crt’gggeg\ét%‘sr °LIbinse '8 a%gpexar% a&E‘SOLﬁbs‘i’énéﬁéFFy as

phar maceut’i cal CORPOST ti 0N 8§55 nec
her ei n descr isibdtant iallef emenceted mangesextsg ewl bier eefference to any

example thereof.

49. A mixture as claimed in anyone of claims 22, 41 and 46
substantially as herein described with reference to any

example thereof.

50. A pharmaceutical composition as claimed in claim 23 or 42
substantially as herein described with reference to any

example thereof.




