WO 2004/ 013205 PCT/ EP2003/ 007734 Pol yet hyl ene gl yco
al dehyde derivatives The present invention relates to
w@oioyeiizys ene gl ycol al dehydes, and to rel at ePCTEPIvVORIG07734
of maki ng and using such derivatives, such as in the
pegyl ati on of pol ypeptides and ot her bi onol ecul es.
Pol yet hyl ene glycol ("PEG') is a |inear or branched,
neutral polyether, available in a variety of
nol ecul ar wei ghts. The structure of PEGis HO (CH2-
CH2- Oy n-H, where n indicates the nunber of repeats of
the ethylene oxide unit in the PEG PEG and PEG
derivative vRSRD vari ety of
bi onpl ecul & % VA 41> Ie att h t¥V es, PEG
i ncreases thelr solubility and increases their si ze,
but has little effect on desirable properties.
Advant ageousl y, PEG conjugat ed bi onol ecul es may
exhibit increased retention and delayed nmetaboljsmin
t hBe by@penia invantienyrelatepeg pelyeiienaglreed aldehydes, and to
devel oped for such applications. Such PEG derivatives
relatedr raethexstsr ofbmekinigoand uaimgl stichi derivafveasunit as jr2 1 pegylation
U S Patent 5,672,662; U S. Patent 5,959, 265; U. S.
of polfpéSidesPariPBind? biobiécWles. Patent 6, 340, 742. WO
004/ 013205 PCT/ EP2003/ 007734 Two general approaches
have been used for the functionalization of PEG (1)
changing the term nal hydroxyl group, through a series
reactions, to a nore active functional group

lnidle 475 GRS B PSR R T o

avallabﬁé? |r]; %n%rllgtgaclﬁ r%o?eu&?arrv%&%h?s.%e sthicture of PEG is HO-(CHz-

CH.-0):-H, where n indicates the number of repeats of the ethylene oxide unit in

the PEG.

PEG and PEG derivatives have been employed to modify a variety of
biomolecules. When attached to such molecules, PEG increases their solubility
and increases their size, but has little effect on desirable properiies.
Advantageously, PEG conjugated biomolecules may exhibit increased retention

and delayed metabolism in the body.

A variety of PEG derivatives has been developed for such applications.
Such PEG derivatives are described, for example, in U.S. Patent 5,252,714; U.S.
Patent 5,672,662; U.S. Patent 5,959,265; U.S. Patent 5,990,237; and U.S. Patent

6,340,742.



PEG pol ymer and the other remains active. In nost

cases, several steps nust be conducted to achieve the
waele@iunetoPEG deri vatives. The desired PEG der i REX/ER®S3/007734

are often produced in low yields and require a

conplicated purification process to isolate. In

addi tion, PEG derivatives may show nonspecific binding

t‘?vaf%enekPél r@aéih@§ hale bebRRSH, fonhe furkaibnakzation JfrPEG:

ti attached to a single bionolecule and/or

1) chgﬁ&g@hﬁmgct?%mal B aldig! Qfgh:p;’?nrépéﬁa MHds B @aBk&hs, to a more

may” cau rculYy in purification of

. the pegyl at ed bi P
oo B e T b B ers
decreased activity of the biqnolecule. It wou
with difueciprale;orppouaia o dhabase b iisr WOH@N?WP&P@J eﬁE@ with the
derivatives suitable for conjugation with a variety
PEG pblydeandmhleecnbbesamamsIa(ntivmgIrpmq‘apepseszj@vegm@teﬁampst be
bi onol ecul es contai ning an a-am no group. There

condli@88 it BchidVeafel desiBHONEGeddTivatides.i Talsi dresireichBE Ceagrivagives
produced in high yield and purity, and that can be

are oﬁQH ‘r‘gﬁﬁceéiii fn%ﬂf ﬁéfl'dgearﬁi RIre GESHplembAHUrBERNE Brocess to

or nmance acteristics. These and ot her objects

e

npounds of th t h d
biomelopy8eI g BiRsesgMia CaREGRH 1 ol SO SRS Byae Vﬁﬁl Single
R1- ( CH2CH2O) n- CH2CH2" X- Y- NH- (CH2) p_CHO (1) wher ei n

blomolﬁcalecm'[rﬁonﬁE@ etipchrmrentaitheraciive S‘ifel sMé'él?J@CPE@ @t,tqghments
the group

may cause difficulty in purification of the pegylated biomolecule. Multiple PEG
attachments, and/or pegylation at thé active site, can also lead to decreased

activity of the biomolecule.

It would, therefore, be advantageous to provide improved PEG derivatives
suitable for conjugation with a variety of other molecules, including polypeptides
and other biomolecules containing an a-amino group. There remains a need to
provide PEG derivatives that can be produced in high yield and purity, and that
can be conjugated to provide biomolecules having improved performance

characteristics.

These and other objects of the present invention are described in greater

detail below.



consistingof 00 OHO O 11 11 1 11 11 -(CH2)mC,

-G, -(CH2)1-8-CH(CH2)1-8, -G (NHCH(;)1-5 Z Zis
W(aztmn/m{izamal n of an amno acid, mis from 1l toPAQIWEP2003/607734

from10 to 10,000, and p is from1l to 3. The pr esent

i nvention al so provides a conmpound of formula (I1): O

11 R1-(CH2CH20O) "-CHCH2- O (CH2) m C-1"' 4H (CH2) p CHO

(fHe) orWBSﬂﬁ $oRlne i rﬁvéhtloﬁrﬁjre%léél@)édb?f:}éﬂ@@ﬂl\@% aibgalgethylene

er preferred enbodi mnent of e present invention

glycol ﬂ%ﬁ%&ﬁ% Gl BIFMLOR S 1T Y o Gy

NH G (CH2) m 0- CH2CH2- CH2CH20 )n CH2CH2- O (CH2) m C

ui (00 mn %MV@@E@*@?@?@M TARRLER

present invention also pr ovi des internedi ate conpounds
whereaf Rioisnal @appimg)group, X is O or NH, Y is selected from the group

consisting of

OH O

o O
. | | i

-(CH,),-C-, -C-, <(CHy);.5-CH-(CHy) .5, -C-(NH-CH-C), 5,

Z

7 is a side chain of an amino acid, m is from 1 to 17, nis from 10 to 10,000, and p

is from 1 to 3.

The present invention also provides a compound of formula (11):

0]

I
Ri-(CH2CHz0)5-CHoCHz-O-(CHz)m-C-NH-(CHz)5-CHO ()

wherein Ry m, n, and p are defined as above.
Another preferred embodiment of the present invention provides a

bifunctional polyethylene glycol aldehyde compound of formula (VIll):

o) 0
OHC-(CHz)y"NH-C-(CHy)m-0-CHoCHz-(CH2CH20)n-CH2CHz-0-(CHz)m-C-
NH-(CHz),-HO



Ri - (CH2- CH2- O) " - CH2- CH2- X- Y- NH- ( CH2) p- CH- ( OCH2- CH3) 2

(I'X) wherein RL, X, Y, Z, m n, and p are defined as
wW@bove1320he present invention further provi desPCT/EP2003/007734

i nt ernedi ate conmpounds of fornula (X): 0 11

R -(CH2-CH2-O) "- CH2-CH2-0- (CH2) m C- NH- (CH2) p

CH (OCH2-CH3)2 (X) wherein RL, m n, and p are defined

as above. Also provided is an intermedi ate conpound of (viir)

formula (XI): Il Il (CH3CH2O 2-CH (CH2)p NH-C (CH2) m

Whereg@%}%gﬂ- %Ié@cgz%%é P%%CHZ- O (CH2) m C N+

OV&herein each m n, and pis
the sane or different and is defined as above. The
present invention further provides a nmethod of making

a pol yethylene glycol aldehyde conprising hydrolyzing
areoprsend inveritionmalsa pnox)des4inwze%axeomm9unds of formula
PCT/ EP2003/ 007734

(IX): R1- ( CH2- CH2- O) n- CH2CH2- X- Y- NH ( CH2) p- CH ( OCH2- CH3) 2
" (IX) to produce a polyethylene glycol aldehyde of
formula (1): RLl-(CH2CH20) n- CH2CH2- X- Y- NH (CH2) p CHO

(B ARE o oMy W CH AT R P aTKgas

regent “1 nvent i'on ates to a "method
of king', a "process of.
wherein RT%(, \P,gZ m, n, gnc?p are de%ned as above.

The present invention further provides intermediate compounds of formula

(X):

0
Ry=(CHa-CHz-0)-CHa-CHy-O-(CHz)m-C-NH-(CHz)p-CH-(OCHz-CHa)z (X)

wherein Ry m, n, and p are defined as above.

Also provided is an intermediate compound of formula (XI):

O

I
(CHgCHgO)z'CH'(CHg)p"NH'C'(CHQ)m"O'CH2CH2'(CHg'CHQ‘O)n"CHECHQ‘O'(CHz)m‘C‘NH'
(CHg)p-CH-(OCHg-Ha)2

(X1)
wherein each m, n, and p is the same or different and is defined as above.
The present invention further provides a method of making a polyethylene

glycol aldehyde comprising hydrolyzing a compound of formula (IX):



maki ng" is neant. The present invention also provides

a method of meking a polyethylene glycol aldehyde
w@owpioirdfg hydrol yzing a conpound of fornul a ¥CI/EPD03/007734

R1- (CH2- CH2- O) n- CH2CH2- O ( CH2) m C- NH- ( CH2) p- CH ( OCH2- C

H3)2 (X) to produce a polyethylene glycol aldehyde of
formula (Il1): O

g@;ﬁﬁ C@.Qdﬁq() (NCEN- CHL-OHSBZAX) |
eient IQZ @? n, 02)6 are g@ %_Gg‘t(lg aboge Th)fe) )
ntio f making a
to pro %PHWP&WE @88{‘% g%c%/gfe%g@% gi ng hyd?ol yzing a
compound of forrrula XVI1): 00
( CH3CH2 R 2{CH:C BeD) p Neﬁ%:%—bﬁi‘y'r&sz)wCHO 0
0- CH2CH2- (CH2- CH2- O) n- CH2CH2-0- (CH2) m I G- NH (CH2) p
whereﬂ‘ﬁ{ RCNR2 ZHB), 2n, (2Ad p are tefipzcbasi@bowe pol yet hyl ene gl ycol
de yde of formula (MII1): 00 OHC(CH2)p

”hoeﬁ%?rgf@ (LHRECIH2 OhethdeH3ERaking'CHR) "process  of
I C—%EI—S 5 WO 2004/ 013205 PCT/ EP2003/ 007734

makln&" is m?aant.
The present invention also provides a method of making a polyethylene

glycol aldehyde comprising hydrolyzing a compound of formula (X):

O
R1-(CHQ-CHQ-O)n-CHzCHg-O-(CHg)m'C'NH'(CHZ)p'CH-(OCHQ-CHe,)Q
to produce a polyethylene glycol aldehyde of formula (11): ®
O
R1-(CH2CH20)-CHzCHy-O-(CHz)m-C-NH-(CHz)p-CHO )

wherein Ry, m, n, and p are defined as above.
The present invention provides a method of making a polyethylene glycol

aldehyde comprising hydrolyzing a compound of formula (XVII):

O O

I o
(CHaCHy0)5-CH-(CHz)p-NH-C-(CHz)-O-CHzCHzr(CHz-CHz-O)n-CHaCH2-0-(CHz)rm-C-NH-
(CHz)p-CH-(OCHz-Ha)e

(XVII)
to produce a polyethylene glycol aldehyde of formula (VIII):

] 1
OHC-(CHa)p-NH-C-(CH2)r=0-CH,CHp-(CH2CHz0)rr CHaCHz-O+(CHg)-G-NH-(CH)-CHO



wherein m n, and p are defined as above. The present
i nvention provides a variety of conpounds and chem ca
WO paoeoneos at es and net hods which may be used iPCT/EP2003/007734
connection with the pegylation of polypeptides and
ot her bionol ecul es. The present invention provides a
new chem cal structure for polyethylene glyco
al dehydes. The conpounds of the invention are aIdehydgV"D
derivatives of polyethylene glycol, having the
general fornmula (1):

R1- (CH2 0O "- -X-Y-NH (CH2) p CHO (I) wherein R1
Wherﬁ'%”& %ﬁ?ﬁzﬂﬁr%gglﬁ%_gﬁsi@oﬁeor NH, Y is selected from
the group consisting of OOCHO OIlI Il 211 11

-(CH2)m G, -C, -(CH2)1-8-CH (CH2)1_8,
-CGC(NHCHQ15, Z Zis a side chain of an am no
acid, mis fromlto 17, nis from10 to 10,000, and p
is from1l to 3. As used herein the RL "cappi ng group"”
is any suitable chem cal group which, dependi ng upon

PTRECPRIERL ihFeBRIE HAblided! T gkt Q)foéorﬁga@rﬁ@é land chemical
reactive 6 WO 2004/013205 PCT/ EP2003/007734 wth

interr@%é]?{gzscmpo&? i\/\ﬁiﬁdherglgy-rﬂbeué&ﬁ s B@hn@étﬁzﬂ%ﬁﬁ 196 PeBylation

e above tormul a mts ready cova
ttachnent to,a chem cal, noi of [ nterest .
of pofipsiives anebSrRe ASTHERWEGT oipé sfeat Boffy Bl pEbvidgs a new
Rl capping group is selected to
chemical structure for polyethylene glycol aldehydes.

The compounds of the invention are aldehyde derivatives of polyethylene

glycol, having the general formula (I):

R1-(CH2CH20),-CHoCHa-X-Y-NH-(CHz),-CHO (1)
wherein R; is a capping group, X is O or NH, Y is selected from the group

consisting of

O O OH @) 0
|

1 [

|
(CHy)yC-, -Cr, “(CHy)1.5-CH-(CHy) .5, -C-(NH-CH-C)y.5,

z

7 is a side chain of an amino acid, m is from 1 to 17, n is from 10 to 10,000, and p

is from 1 to 3.

As used herein the Ry “capping group” is any suitable chemical group

which, depending upon preference, is generally unreactive or generally reactive



permt or prevent bifunctionality, e.g., covalent
attachnment to a second chemcal noiety of interest.

w0 poothes2etse that the capping group is general PGI/EP2003/007734
unreactive with other chemcal noieties RL is
relatively inert. If RLis relatively inert, then the
structure of the resulting polyethylene glycol

with cﬁhé’ﬁ@ﬁ&ﬁldaﬁ nﬁmmésu nehb Qéﬁﬁlnﬁpgldbh?dﬂ@?%@p of B¥&bBBYd Yormula

bonds wth only one chem cal noie I'nterest.

permtL ] &@g@f@g&n@g A ghgﬁ&% FRBY) HOnfRYPSor exampe,

al koxy, lower c¢yclo I r al kenyl, | ower
to the AREMIRGRGNP g IPORSPHE or Dgr 51 CARBIGS BEPURLIBisRlected 10
the term"| owner alkyl , means a substituted or _
permit e useventupiactienaldy gaig- ceruaterdratinchntend do chapaord khpmical
group containing from1l to 7, preferably from1l to 4,
moietgafhoeregtonms, such as nethyl, ethyl, n-propyl,
I sopropyl, n- butyl, sec.butyl, tert.butyl, n- pentyl ,
n- hexyl, n-heptyl and the like. The term "Il owner

afrkany” ca&amﬁatatHeowappmwgkow Qs yerferdsf iunesh@Rel Weth other
which is bonded via an oxygen atom w'th exanpl es of

Chemjc%‘{"‘?ﬁox@{ KO®, 19 &Hﬁ%lp%é‘:‘i} IR hs°?‘é4at|\?él g?@ﬂ tﬂeﬂrtﬂg%’f%cture

r Opoxy sec. but fert-

nto and the like | over clo
of RS saay?f”htvtﬁ!@dgtymﬂﬁ&?ﬁwet i et @@amd g
containing from3 to 7, preferably f
covalgpihyrponds awith @VB’I epe Wmncg&,m%m% lntqf%q o§éﬁt@§afe generally
cycl ohexyl or cycl oheptyl. 7 WO 2004/013205
unre%ﬁVéaﬁzmmmpsaénds@@: hydesigen, thyerox mowerwetkyl, lower
al kenyl " means a substituted or unsubstituted,

alkoxgt [oaieglat/clohixyl) lowertul ke cidweh aicloalkeaply brydr @ heteroaryl.
containing from2 to

As used herein, the term “lower alkyl”, means a substituted or
unsubstituted, straight-chain or branched-chain alkyl group containing from 1 to 7,
preferably from 1 to 4, carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-

butyl, sec.butyl, tert.butyl, n-pentyl, n-hexyl, n-heptyl and the like.

The term “lower alkoxy” means a lower alkyl group as defined earlier which
is bonded via an oxygen atom, with examples of lower alkoxy groups being
methoxy;. ethoxy, n-propoxy, isopropoxy, n-butoxy, sec.butoxy, tert.butoxy, n-

pentoxy and the like.

The term “lower cycloalkyl” means a substituted or unsubstituted cycloalkyl
group containing from 3 to 7, preferably from 4 to 6, carbon atoms, i.e.

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl.



7, preferably from2 to 5, carbon atons, e.g.

et henyl, butenyl, pentenyl, hexenyl and the like. The
wo eoomizesver cycl oal kenyl " neans a substit ut edPOF/EP2003/007734

unsubstituted, cycloal kenyl group containing from4

to 7 carbon atons, e.g., cyclobutenyl, cyclopentenyl,

cycl ohexenyl and the like. The term"aryl" neans a

%&en%%ﬁol nSRRN e & UqupWé,»thmeﬁ-, Q%ﬁ%t gt %ﬂlb@f’tuted or

y mono- or subst’i t ut hal ogen,

i B S AP i
7, profrsoiiomia fa 'a85%%&%%3’1%Eg%henm“ﬁteﬁ'w%pwlﬁ%emnw

phenyl. The term "heteroaryl" neans a 5- or 6-nenbered
and thiediker oaromati ¢ group which contains one or nore

hetero atons selected fromN, S, and 0. Preferred
general ly unreactive Rl capping groups include

MeRdioieym  “low@r osydloalRenydenmghnxya Sdabsiipieci alrl ynsubstituted,
preferred Rl cappl ng group is nmethoxy. Wwen Rl is

cyclod@ﬁ%ﬁBe@# il e%'ef?orﬁ”@ £ latath &P memadse.gl, ecyclobutenyl,

to herein as "nPEG conpounds

cyclopéqnzIr e'l?@} E@he&egy‘sé;ﬁgiec ;?.C‘T]e”\?vit nggt hle]; EE:ngalcappl ng

noieties, then Rl is a functional group capable of

reacting with sone other functio suc

i anyr e aharv o TS Breud ki SRR A8 or

In such a 8 WD 2004/ 013205 PCT/ EP2003/ 007734 case
optiorrilynmpnbe i MuRipl-substitgiesupy thrlegeR, baRIbREKY bflower "alkoxy,

reacting readily with electrophilic or nucleophilic
trifluogsrneihy!, drydesxyE rcarbbredicl asd, ¢artboxylicrasser, tniire,hameno, or phenyl,
particularly by halogen, lower alkyl, lower alkoxy, trifluoromethyl, hydroxyl, nitro,

amino and phenyl.

The term “heteroaryl” means a 5- or 6-membered heteroaromatic group

which contains one or more hetero atoms selected from N, S, and O.

Preferred generally unreactive Ry capping groups include methoxy,
hydroxyl, or benzyloxy. An especially preferred R¢ capping group is methoxy.
When R; is methoxy the aldehydes and related compounds are sometimes

referred to herein as “mPEG” compounds, wherein the “m” stands for methoxy.

If the Ry capping group is generally reactive with other chemical moieties,
then R; is a functional group capable of reacting with some other functional

group, such as an amine and/or sulfhydryl in a peptide and/or protein. In such a



groups that require strong catalysts or highly
i npractical reaction conditions in order to react. If

wRlou®1Red ati vel y reactive, the pol yethyl ene gPgBP2003/007734
al dehyde is bifunctional and may therefore covalently
bond with two chem cal noieties. Exanples of suitable
generally reactive Rl capping groups include:

L
e RSOl Bt SH LGB T e

and 0 11 -CH2CH2-0- (CH2)mC—NH-(CH2) de{
groups Hahb gequtirarstineg faaialysiseo! Sianby .rrﬁeraoapahfe?ectw&r condifions in
iodine. A preferred generally reactive Rl cap 8 _
order qm@act S I Ry- iSH2GH R0y (Ext2)vay cmd,\lmody(a%nylp@elcglyqtpieal ghyde is
his RL group results in a polyethylene glycol

RerlidRIy\RISRtUBeNPRithalb ckrdsicallmbleties.
b'f““ﬁ’l"ﬁég‘%{ﬁ@w 8 l'ycol al deht%e And accordingly, the

resul tant pol yethyl ene glycol aldehyde exhibits

gQQh@%smogpgﬁﬁékﬂé g@n@ﬁlgt e84tivel 'R1W'c|a|ppl g groups include:

preciate t hese bifunc
nalogbRe. AAPERem TeeTdRor SR Y < HEVEK, fviajeft GdchBhate.
nydraginer BT, CHOWIE ”baluqehaﬁ?%ﬂ’ﬁé’n%g@nﬁ%@a&ggwéo-ﬁgs”wﬁ%'nl’nﬁdw&v, f-

2004/ 013205 PCT/ EP2003/ 007734 syrmet rical, meaning

benzatriazolpluixiy, tépiderzelylanys pHrirepheny!@amandal ue, both n's
have

1
-CH,CH2-0-(CHa)m-C-NH-(CHz),-CHO.

The term “halogen” means fluorine, chlorine, bromine, or iodine.
A preferred generally reactive Ry capping group is

O
-CHCHy-O-(CHy)m-C-NH-(CHz)p-CHO.  The use of this Ry group results in a
polyethylene glycol aldehyde with aldehyde groups on both ends of the
polyethylene glycol aldehyde. And accordingly, the resultant polyethylene glycol
aldehyde exhibits binding properties on both ends. It will be appreciated,
however, that these bifunctional compounds need not be perfectly symmetrical,
and that the first m, n, and/or p may be the same or different from the second m,

n, and/or p in the formula. It is preferred, however, that the compound be



the sane value, and both p's have the sanme value. In

t he conpounds of the present invention Xis 0 or NH
woe@hetrm y, X is 0. Further, Y is sel ected fPONEPING3/007734

group consisting of OOOHO0 0 11 11 1 11 11

-(CH2)m G, -C, -(CH2)1.8 CH(CH2)1-s, -C

(NHHCHC) 1.5 Z wherein Zis a side chain of an am no

sy 816 SIS oG b i, LS U iama

r ef er abl LS fr to. 1 even nore preferably,
the S#)W?é’al’qersl d?qﬂipﬁ R%%e;{hep§aépg?7§&ey’ mis 1. In the d

case of a Y group with the general structure: 0 0 11

11 -G (NHCHC15 Z the Y group exhibits a Iinkage

to the amno acid through a peptide bond. _

Alre tredeorgpoundsiof thye peasant ivensionreis ©sor N&l.j Rreferably, X is

specific structures as sinple as: O0 11 11
0. FughdH\Cl2sdlecta fiifh 2008 4 QBCATsIRIETY &EP2003/ 007734

OH O

O

~(CHy)q-C-, -C-, -(CHp)1.g-CH-(CHy) 1.6, -C-(NH-CH-C),,

z

wherein Z is a side chain of an amino acid.

In the present invention, m is from 1 to 17. In a preferred embodiment, m

is from 1 to 14. More preferably m is from 1 to 7, and even more preferably, m is

from 1 to 4. Most preferably, mis 1.

In the case of a Y group with the general structure:
O @
| I
-C-(NH-(IDH-C)1-5
Z
the Y group exhibits a linkage to the amino acid through a peptide bond.
Accordingly, this general structure results in specific structures as simple as:
O O
| I
-C-NH-CHz-C-

10



when a single glycine is used as the am no acid. Wen

Zis CH3, then the amino acid is alanine. If Zis
W@ERROb320he anmino acid is serine. Cbviously, nRCEEP2003/007734

conpl ex structures are possible when nore and

different amno acids are utilized, as can be

appreci ated from an exam nation of the various am no

when a6 Yliyeiidisasseshayvihdaming afluel\Whahl X is ORly tiisrethe amino
amno acid is wused. 11 WD 2004/ 013205

P EP2 A v 5 lakd: H2TH NH2---H NH

acid isi BB 1P RREOH, hg lins BBl 8 e e Te & oo
-lardne O O e=YGr/Yt] Yte A p6Tdgi ne Azp8r ¢ Acid CO2H
OOH COHCO®H NH2 HH NH2 HH NH2 GH CH CNH. NH' CH
&, COH 1 CH2SH H 2 2 11 11 Cy3teine dycine .
Eabiviarsnemeiv CONRIRX ABHEIUTRSRI REBSIDIR \Weph reeispih Sifferent
CH2 NH2 HH NH2 HH NH2 HH . CH CH2CHGH3

aminoChRIGr2aTe Gtitkadid? as can be appreciated from an examination of the

various amino acid structures shown below. Preferably, only one amino acid is

used.

11



HN CHs CH2CHs hT CHs Histidine Isol eucine Leucine

Lysine CO2H Cl 02H CO2H 1 CO. , H NH2H-H NH2+H NH j _H
WAabNat3205 H CH2OH2SCH3 CH2-~ CI I H2OH  Met | i or BCTI/EP2003/007734

Phenyl el anine Praline Serine Cl11 O2H CO2H NH2TH

CO2H C42H NH2HH I'1 GH2 NH2+H NH2TH GHCH GH2- OH r,

CHs CH CHs OH~, NH Threonine TryTtophan Ty7asine

VeI Ig In the _present invention,cogais from 1@0}10
B0. In ajpréferred enbogi trenIH of the __éTé
NIiI i ofHha s H rom 24t o 5,000} Pref er abl- g n i g from

50 & 2, 500, CﬁmcwﬁeNmeferablcy in |s from?9
fronf 100 to 750 Oln t he
15704, Prefé“r‘éJfJcl y, pis
In fréferred

10, Most pr@jg@ﬁ@bly, nis
present invention, pis from1
3. Colg VD 2004/ Q43205 PCT/ EP2003{887734

Ng Edﬂiments IPIS}? Rl is ngil H mis HH: nis
T 00 CH,CH,CNH, CH,CH,COH
o} 0
Crystaing Clacing Glutamine Ghatarnic Acid
COH
MH, H CO,H CO,H CO,H
CH, NH; H NH, H NH, H
S CHy” CH CH,CH, 0H2<]3HCH3 CH,CH,CH,CH,NH,
HN\H—;JI CH,
Histidine Izolzusing Leucing Lysine
Co.H CO,H CO.H Co.H
HH, H NH, H BH Ly MH, H
CH,CH, SCH, CH, & CH,OH
Methicnine Phercylalaning Proling Sering
COH
CO.H NH, H CO.H Co,H
MH, H CH, NH, H Fan\ NH, H
; CH, CH CH
rcHa Y — CHy” “CH,
OH P
NH
Threonine Tryptophan Tyvrosing Valine

In the present invention, n is from 10 to 10,000. In a preferred
embodiment of the present invention n is from 20 to 5,000. Preferably, n is from
50 to 2,500, even more preferably n is from 75 to 1,000. Most preferably, n is

from 100 to 750.

In the present invention, p is from 1 to 3. Preferably, p is 3.

12



to 750; or pis 2, RLis nmethoxy, mis 1, and n is

from100 to 750; or pis 1, RLis nethoxy, mis 1, and
wm2008/0f203m 100 to 750. The present invention iPCI/BP®E3/007734

but is not limted to, conpounds of formula | which

are conpounds of fornmulas Il-VI as follows: (A) I1 O

R1l- (CH2CH20) n- CH2CH2- O- (CH2) m G- NH- (CH2) p CHO (I'1)

(Rp ﬂéfeﬂe%rﬁ%@@ié?@g@'@ isGmetidsty( §HR) 1 - £dOn (i$ Flom 100
(Q 0 11 Ri-(GHR2GEQ n- GG NH-C—NH-(CH2)p CHO

to 75§:H§?RI QFC@) %@Hﬁ?&) errp‘l'BO t&#50; or pis 1, Ryis
oS BRSO 30, 90 O 7

unreactive wi t h net hoxy, hydroxyl and benzyl oxy

d. Pref d d
P Reraeent iaveniien ok aesnanl s andiraitsd i Sorthangy of fpanula

present invention provides a conmpound of formula (11):
| whigrgare compounds of formulas lI-V! as follows:

(A) o)
R1-(CH2CH20)-CHoCHz-O-(CHz)m-C-NH-(CHa),-CHO (i)
(B) | 0
R1-(CHgCHgO)n-CHQCHg-O-ll)-NH-(CHg)p-CHO (1)
(9) o)
R1-(CHgCHgO)n-CHgCHg-NH-”C-NH-(CHg)p-CHO (Iv)
(D) OH
R1~(CH2CH20)r-CHoCHa-O-CHy- CH- CHa-NH-(CHa),-CHO (V)
(E)
o) o)
F{1-(CHgCHgO)n-CHgCHg-O-Il)-NH-CH-l(ID-NH-(CHg)p-CHO (VI).
!

Preferred Ry capping moieties are relatively unreactive, with methoxy,

hydroxyl, and benzyloxy preferred.

Preferred compounds of the present invention fall within Group A above.

Accordingly, the present invention provides a compound of formula (ll):

13



WD 2004/ 013205 PCT/ EP2003/ 007734 0 11

R1l- (CH2CH20) n- CH2CH2- O- (CH2) m G- NH- (CH2) p CHO (1I'1)
wob@reinoRl, m n, and p are defined as above.PCTER2003/007734

preferred enbodinent, RL is nethoxy, mis 1, and nis

from100 to 750. More preferably, pis 3, RLis

met hoxy, mis 1, and n is from 100 to 750. Another

preferred enbodi nent of the pregent invention provides

a bi functional polyethyl ene glyﬁol al dehyde conpound

of fo ) Aty _eoNb- .

o ( BErpERi S (RO NGy S 9ol 0.

H2) m G- NH  ( CH2) p- VI wherein m n, and p are
wherei 1d’€d”a§”‘gl5?oﬂf)§.dq%ﬁg9(aﬁraé¥&er ed embodiment, Rl is

met hoxy, mis 1, and nis from100 to 750. Mire

preferably, pis 3, RLis nethoxy, mis 1, and nis

from 100 to 750. The present invention also provides a

VRY hgirefatfed kembatiinenttRy isedicdh@sy, mitisch arey nbie from 100 to
converted into the pol yethyl ene gl ycol al dehyde

750. MUTRMHBLFal, pie3. RNkembitvxydasier, ked miovem iteners50.
i nt ernedi at s’ i ncl ude conpounds of formula (IX):

RL- (CH2- OH2- O) n- OHR2- CHR- X- Y- NH+ ( OHR) p- CH ( OCH2- CHB) 2
gbﬁéghe"r‘h%?&’eﬂegl embodimeft & tRe PékdhtaiRchBbhNBtbvides a

bifunctional polyethylene glycol aldehyde compound of formula (VIII):
O O
|
OHC-(CHg)p-NH-C-(CHp)m-O-CH2CHa2-(CH2CH20)n-CHoCHp-O-(CHz)m-C-NH-
(CH2)p-CHO
(Vi

wherein m, n, and p are defined as above.

In a preferred embodiment, Ry is methoxy, m is 1, and n is from 100 to

750. More preferably, p is 3, Ry is methoxy, mis 1, and n is from 100 to 750.

The present invention also provides a variety of chemical intermediates
which may be converted into the polyethylene glycol aldehyde compounds of the
invention described above. These intermediates include compounds of formula

(1X):

R1-(CHz-CHgz-0)p-CHg-CHa-X-Y-NH-(CHz),-CH-(OCH2-CHa)2 (IX)

wherein Ry, X, Y, Z, m, n, and p are defined as above.

14



14 WD 2004/ 013205 PCT/ EP2003/ 007734 1In a preferred
enbodinent, pis 3, RLis nethoxy, mis 1, and nis

WO e@a01l20st o 750; or p is 2, R is nethoxy, mPGI/LP20a5e)7734
nis from100 to 750; or pis 1, RLis nmethoxy, mis
1, and nis from 100 to 750. The present invention
further provides internedi ate conpounds of fornula

(X): 0 11
R1- ( CH2- CH2- O) n- CH2- CH2- O ( CH2) m C- NH- ( CH2) p- CH- ( OCH2-
2 erein Rl yya [ ;

s ererelrelf rBelrebn KlndRaBirS i, Els REdfi i from 100

met hoxy mlsl and nis fr m,lOO to 750, _or .S ,2, -
to 75GR10 B 1972t Hosty MEHDS: 11 Ishaanamsisr pem sbTa 859t Pas TpF s

is 1l RLis nmethoxy, mis 1, and nis from100 to
methdbﬁomi@tmmﬂow treh H¥®td hd@r nedi at e conpounds of

formula (XI): 0O Il Il (CH3CH2O 2-CH (CH2)p

NH C- (CH2) m O CH2CH2- ( CH2- CH2- O) n

Cirgetite SerfiGhizg mics: Nrthet PrHR)ige Chité O EattHEYRPEXNYs of formula

wherein each m n, and p is the sane or different and
(X): is defined as above. In preferred enbodi nents, p is 3,

RL is methoxy, mis 1, and nis from100 to 750; or p

iIs 2, RLis nmethoxy, mis 1, and nis from 100 to 750;
or pis 1l Rlis o

R1-(CHz-CH2-0)p-CHa-CHa-O-(CHaz)m-C-NH-(CHz)p-CH-(OCH2-CHa)2 (X)

wherein Ry m, n, and p are defined as above.

In a preferred embodiment, p is 3, Ry is methoxy, mis 1, and n is from 100
to 750; or p is 2, Ry is methoxy, m is 1, and n is from 100 to 750; or p is 1, Ryis

methoxy, mis 1, and n is from 100 to 750.

Also provided are intermediate compounds of formula (XI):

0 O

| I

(CHaCHgO)g'CH'(CHg)p'NH'C"(CHZ)m'O‘CHQCHg'(CHQ'CHQ'O)n'CHgCHg‘O'(CHZ)m'C'NH"

(CH,),-CH-(OCH2-CHa), .
‘ (X1)

wherein each m, n, and p is the same or different and is defined as above.

In preferred embodiments, p is 3, Ry is methoxy, mis 1, and n is from 100

to 750; or p is 2, Ry is methoxy, m is 1, and n is from 100 to 750; or p is 1, R1 is

methoxy, mis 1, and n is from 100 to 750.

15



met hoxy, mis 1, and nis from 100 to 750. 15 WD

2004/ 013205 PCT/ EP2003/ 007734 The conpounds of the
w@e@gen205 nventi on may be produced by any sui tB@I/EP2003/007734

nmet hod, using known reagents and net hods. However, the

present invention provides a specific nethod of

maki ng a pol yet hyl ene gl ycol al dehyde conpri si ng

P BB BBl B pf i by vl
ey ind A BB S A e
(1) wherein R1l, X are defined as
providesc speeifisfraetipryof mﬁlémly@lp@hg%hxéien@ givgel aldehyde comprising

Sui tabl e catal ytic acids include: trifluoroacetic

hydroeind, a byshpouht @f fermwai(tX): phosphoric acid, sulfuric
acid, and nitric acid. Preferably, the acidis
trlfluoroacetlc acid. In preferred enbodi nents, pis

3 r%l @ﬂiim%@wwgm@ LY -RAYCGHJ)$CH- ((DCHQQDHJ)Q(IXW

i's methoxy, mis 1, and is from100 to
75 and n is from
to progagetaoxgo)g%’fh?%#g %dl%%%%%g&é _(/r@qo'kﬂs(a?r dehyde conpounds
of formul a sui tabl e
net hod. mcd'ﬁ%xmqg ‘Kbmgkéﬁﬁbr(é}ééh@) ene
gl ycol aldehydes of formula may be produced as
wherdinlRi0XsY, B mstn, andep apeldeéng |e@r@bcg46yc8refe@bw|tba hydrolysis

Second, the polyethylene glycol is reacted with a

is acn@abtwm eSuitié vatalytie adidarelude: adfiubroatyeticohgid meroblaloric
resulting reaction mxture results in a PEG

acid, @c%%@ﬁrbcaé@' dulidfié eAdiat iaval Witrid Neiddr opusterdtii(z the acid is

Ic acid
trifluoroacetic acid.

In preferred embodiments, p is 3, Rq is methoxy, mis 1, and n is from 100
to 750; or p is 2, Ry is methoxy, m is 1, and n is from 100 to 750; or pis 1, Ry is

methoxy, mis 1, and n is from 100 to 750.

The polyethylene glycol aldehyde compounds of formula (1) may also be
produced by any suitable method. By way of example, however, polyethylene
glycol aldehydes of formula (lI) may beA produced as follows: First, the
polyethylene glycol is dried. Second, the polyethylene glycol is reacted with a
halogenated derivative of acetic acid. Hydrolyzing the resulting reaction mixture
results in a PEG carboxylic acid. Alternatively, the product PEG carboxylic acid

may also be derived from direct oxidation of the PEG, after the drying step. Next,

16



may al so be derived fromdirect oxidation of the PEG

after the drying step. Next, 16 WO 2004/013205
wWEOARRR2003/ 007734 the PEG carboxylic acid i SPCTEP2003/007734

treated with an am ne derivative of diethyl acetal to

produce a PEG acetal amne, which is reacted with a

hal ogenat ed carboxylic acid to produce a pol yet hyl ene

the P%}@’Sﬁ b Zdlﬁjc,egé‘ Wer ‘Prre%@wnﬁect eﬁhﬂﬁgﬂ@}’{/% oﬂbbé;?_rﬂ}é acetal

i's then col purified
o i R il B i
s R SRSl S50 e

is dried over sodiumsulfate, f| I ter ed concent rat ed,
glycobaldepy@e ppodust isdthwhtd@llecwldr@nd p tiféad. The product, PEG

al dehyde, is collected by filtration and dried under

vacuum The present invention thus provides a nethod

ofTheaddiyethalepel gheddh vl dateydegbrpdatt alagdiey dellenbep andimygified in
hydr ol yzi ng a conpound of forrmula (X): O

any ﬂifa(b%%ro) MBS @{dahe Mike %I*ﬁ&h@%ﬁecg}yé@cb!&}éﬁyde
to produc€ a pol yethyl ene glycol al déhyde of

prod\%_n?%p@&%acte%&%dn@?%?thaegm Qw%qlwe(ruf dried over
soundg el e finEhfodd § 8o o Pl Bgra e

ound of
product, PEG aldehyde, is collected by filtration and dried under vacuum.

The present invention thus provides a method of making a polyethylene

glycol aldehyde comprising hydrolyzing a compound of formula (X):

o)
R-(CH2-CHg-0O)n-CH2CHgo-O-(CHz)m-C-NH-(CHy)p-CH-(OCHz-CHa)z y
to produce a polyethylene glycol aldehyde of formula (11): ®
o
R1-(CHgCHgO)n-CHgCHg-O-(CHg)m-g-NH-(CHz)p'CHO "

wherein Ry, m, n, and p are defined as above.

The compound of formula (X) may be produced by reacting a compound of

formula (XII):

R;-(CH2-CH2-0),-CH2CH»-O-(CH2),-COOH  (XH)

17



formula (XI'l): Rl-(CH2-CH2-O n- CH2CH2- O ( CH2) m O00H
(XI'1) 17 WO 2004/ 013205 PCT/ EP2003/007734 with a

w@oospowos of fornula (X111): H2N- (CH2) p CH ( OOr2FEPBPR007734
(X111). Another nethod to make PEG acid or PEG
carboxylic acid is direct oxidation. In this case,
oxi di zers such as Cr03 or K2Cr207/ H2SO4i HNOB in the

: [ vanadate or Jone's reagent (Cr03

with a{ggégﬁgg@@d)ef TR ) gent (

sed. The conpound of formula

(XI'l) may be conpound of
formul a (X|WWE€@§€%'@§%%@B@@ O ( CH2) m COOR3
(XI'V) wherein R3 is a branched or unbranched Cl-C4

al kyl . The compound of formula (XI'V) may be produced

by reacting a conpound of formula (XV):

RANOCHZ - MA@ "toCHIBKEHPHETGH goiy) or WHG earbowplauragicfis direct
formula (XVI): R2-(CH2) m COOR3 (XVI) wherein R2 is

oxidafiah 0danhisPegde rabdive2such Bs @ARE0OK,CHOHHIBD,, HNO; in the
Sui t abl e conpounds of formula (XVI) include t-butyl

I {
preseﬁc%macet at e, r@{)ut i]té) oﬁ{]l%?%?cgagtegﬂ(@b@%apd HzS04), may be

chl oroacetate, and ethyl chloroacetate. (lher
Teagents that can be used for this reaction step,
i.e.,

used

The compound of formula (XII) may be produced by hydrolyzing a

compound of formula (XIV):

R1-O-(CH2-CH2-0),-CH2CH3-O-(CH2)m-COOR3 (X1V)

wherein Rz is a branched or unbranched C4-C4 alkyl.

The compound of formula (XIV) may be produced by reacting a compound

of formula (XV):

R1-(CH2-CH2-0)p-CH2-CH»-OH  (XV)
with a compound of formula (XVI1):
R2-(CH2)m-COOR3 (XVI)
wherein R; is halogen. Preferably R; is bromine or chlorine. Suitable compounds
of formula (XVI) includé t-butyl bromoacetate, methyl bromoacetate, ethyl
bromoacetate, t-butyl chloroacetate, methyl chloroacetate, and ethyl
chloroacetate. Other reagents that can be used for this reaction step, ie

substitutes for formula (XVI) are, e.g, t-butyl bromoacetate, methyl

18



substitutes for fornmula (XVl) are, e.g., t-butyl
bronpacetate, nethyl 18 WO 2004/013205

weFansaR2003/ 007734 bronpacet ate, ethyl bronoaper/apmp3/007734
t-butyl chloroacetate, nmethyl chloroacetate, or ethyl
chl oroacetate in the presence of potassiumt-butoxide,
an al kali netal hydride such as sodi um hydri de or

brom@%&re?n%ﬁ%é@ %?%ebbé‘fgate thﬁL?Irc?ﬁ’érbacéﬁ% ﬁl@fPS@‘épferécetate or

Ist uty onoacet at e erred

e SSRGS i o B T, Bt 30 By et

and n is from 100 to, 750; or, p s Xy,, m
hydride;s stichaag Sofligim rwﬂr@@ootropqt@éswébrﬁﬁﬂmﬁeofn?’ ?ﬁﬁ%@g, the

(111) - (M) (also identified as G oups B-E,
compoaspet formallg ) (XY is! tiikdwi weneacetede. by any suitable

neans. By way of exanple, however, the follow ng

reacti on schenmes may be used to produce conpounds of

f o1 prefi@sed lehbodimeMts, o ierRURsisBn&hox§Iniie R0 AIS2M 100
PCT/ EP2003/ 007734 As with the pol yethyl ene gl ycol

to 75@\J sehydlos rdiis ehsthsgy, apqy 9, aHUfrWéCﬁd)rﬂn?d)O pol7pet Bybase, R, is
ycol al dehydes ney be produced by any suitable

mefh%ﬁ% b BT RORLARO KT 7507 ”J’&SK;SZS cormpr .“:?ngf

hydrol yzi ng a conpound of formula (Xvil): 0 0 11 11

Cﬁ;?’@%g)z%‘?dfsgqi)fﬂ lﬁiww) %) ?&Is%%%e& as 8qupgn8 E,

respectively) may likewise be made by any suitable means. By way of example,
however, the following reaction schemes may be used to produce compounds of

formulas (1) — (V1) (Groups B-E).
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(CH2) p-CH (OCH2-CH3) 2 (XVI1) to produce a

pol yet hyl ene gl ycol al dehyde of forrmula (VIIl): 0 O
WORAG40 ) p- NH- G- (CH2) m O CH2CH2- (CH2CH2O) n PCT/EP2003/007734

CHZCH2- O (CH2) m C-NH (CH2)p CHO (VII1) wherein m n,

and p are defined as above. The conpound of fornula

(VI) may be produced by reacting a conpound of

formula (XVII11):

RS oy Sgie SiGEH stienfAdk Gieeised i) Binal
polveifhlsingyssh AOHERS Y58y 00 PIACUCHL DK Th SHERIP PR a7

(XVI11) may be produced by hydrolyzing a nd
presenbmﬁgrégop)gq)owde% a method gf myakmg % pol?/ethylenenglycol aldehyde

R3000- ( CH2) m CH2CH2- O ( CH2- CH2- O) n- CH2CH2- O ( CH2) m 000

compRSingXXdrolyhiegea comBolind af foranda @IVB). unbr anched C1- C4
al kyl . The compound of formula (XX) may be produced by
reacting a conmpound of fornula (XXI):

@ )

| I
(CH3CH;0),-CH-(CHz),-NH-C-(CHz)m-0-CHzCHa-(CHz-CH,-0)-CH2CH3-0O-(CHz)m-C-NH-
(CHg)p-CH-(OCH,-CHg),

(Xvi)
to produce a polyethylene glycol aldehyde of formula (VIIl):
O O
OHC-(CH3)p-NH-C-(CH2)m-0-CH2CH2-(CH2CH20),-CH2CH3-0-(CHz2)m-C-NH-
(CH),-CHO |

(Vi)

wherein m, n, and p are defined as above.

The compound of formula (V1) may be produced by reacting a compound

of formula (XVIII):

HOOC-(CHz)m-0O-CH2CHa-(CH,-CH,-0),-CH2CH2-0-(CHg) -COOH
(XVIiI)
with a compound of formula (XIX):

HoN-(CH2)p-CH-(OCHz-CHg)a (XIX).

15.4.2033 FS/jc 20



HO CH2CH2- (CH2- CH2- O) " - CH2CH2- OH (XXI) with a
conpound of formula (XVI): R2-(CH2) m COOR3 (XVI)
wob@reinoR2 i s hal ogen. The pol yet hyl ene gl ycoPCT/EP2003/007734
al dehyde conpositions of the present invention
di scussed above may be used to derivatize a variety of
nol ecul es, including bionolecules, using any suitable
¥ nsts fbdtib&d A5eHHBkolyzing a
Pﬁ%%n?&nﬁggﬁg ﬁtherm nu@lgf{@&gpem@l c for yew yzing
on of ptides and ot her bi onol ecul es. The PEG
Compgvﬁ%ﬁg%ﬂg‘%? Q(gg present invention forma conjugate
with the N-term nus a-amno group of the bionol ecule
or protein formng a stable secondar
RS SRS T eblL St eyt TR S R Ml ci
2004/ 013205 PCT/ EP2003/ 007734 Bi onol ecul es pegyl at ed
wi th PEG al dehydes of the present invention show
reproduci bility in the nunber and | ocation of PEG

where’vhﬁmqgmnchééwrhhbmncnea CPGj bfiykation strategy that
'ess conplicated. This site-specific pegylation can

result in a conjugate where the pegylation site is far
fromthe site where the bionolecule or the peptide

bzgds to the Cﬁtﬂ g@% tor Rgoqcugle\@p@p{qaa&gggaocompound

retain rruch or all of the|r b| oI ogi cal activity. The

of forpEta X¥Bhydes of the present invention can react with
any bi onol ecul es that contain an al pha (a) am no
group. Dependi ng on the pol yethyl ene gl ycol al dehyde
sel ect ed tHE-QdiGldi-l@HeRdH-0),-CHCH2-OH  (XXI)

with a compound of formula (XVI):
Rz-(CH2)m-COOR3 (XVI)

wherein R; is halogen.

The polyethylene glycol aldehyde compositions of the present invention
discussed above may be used to derivatize a variety of molecules, including

biomolecules, using any suitable methods.

The PEG aldehyde compounds of the present invention are N-terminus
site-specific for the pegylation of peptides and other biomolecules. The PEG
aldehydes of the present invention form a conjugate with the N-terminus a-amino

group of the biomolecule or protein forming a stable secondary amine linkage

between the PEG and the biomolecule or protein.
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gl ycol may be covalently bonded to a bionol ecul e at

one end (nonofunctional polyethylene glycol al dehyde)
worooamiizes h ends (bifunctional polyethyl ene gl BCDEP2003/007734

al dehyde). As stated, the polyethylene glyco

al dehydes of the present invention may be used for

N-term nus site-specific pegylation. The site-specific

% ﬁi&é&%% p'e;bg ?&fwftﬁ?iﬁé%ldééhﬁ@%f%@%r@é&%ﬁ%dﬂ@ﬁsshow

avol nking an tiple

atizatiaons of r
o1, FETLL S o PEnfoP RTREEL gt Eiimo i o
reaction condltl ons may be used.__General | of
purifiopfien steategy dhatis(ess Larapiate C.Ehmﬁeaép%q ific tQ?d?’I—'at'%n can
activate the a-amno acid of the polypeptide to be
resultpagy| eirgdgateywhew the pebwlapeniiteaisoiar E’OBW the siteuwhere the

7.4, preferably about 6.5. Accordingly, a nethod for

biomadédiae o ige Peptitly elndigltenike gbir's abcapioes; ulidich avilhallow pegylated
pol ypepti de conprising: 22 W 2004/ 013205

[ b1 talPBetHRR BiBeRidadBctivit
blomcﬁ%&%l ﬁ%’r@%?@ Jr:ﬁfeptxf:{@@ & r@l@nﬁhdo&ac?rhalg pcr)]}@gebtdhylgédr?e ctivity.

The F%é %%%g]ﬁgﬁ&%%@wﬁﬁlgw %ﬁé}l th)anyv%omolecull:?ls that

.. are defined as above; to produce
Contati\ %@ﬁﬁ&%@)@mﬂe Rr (XXII1):
Ri - (CH2CH20) " - CH2CH2- X- Y- NH- (CH2) p- NHB (XXI I 1)
wherei n the pol yethyl ene gl ycol al dehyde nol ecule is
bBegedding oméhepplyethiviene glycol aldehyde selected the polyethylene
glycol may be covalently bonded to a biomolecule at one end (monofunctional
polyethylene glycol aldehyde) or at both ends (bifunctional polyethylene glycol

aldehyde).

As stated, the polyethylene glycol aldehydes of the present invention may
be used for N-terminus site-specific pegylation. The site-specific N-terminal
linkage results in pegylated polypeptides which avoid cross-linking and multiple
derivatizations of a single polypeptide. To produce this site-specific covalent
linkage, any suitable reaction conditions may be used. Generally, the pH of the
reaction mixture is sufficiently acidic to activate the a-amino acid of the
polypeptide to be pegylated. Typically, the pH is about 5.5 to about 7.4,

preferably about 6.5.

Accordingly, a method for attaching a polyethylene glycol molecule to a

polypeptide comprising:
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am no group of the polypeptide is provided. In
preferred enbodinents, pis 3, RL is nethoxy, mis 1,
w@pa4/013285 f rom 100 to 750; or p is 2, Rl is netCTiBR3003/007734
is 1l and nis from100 to 750; or pis 1, RLis
met hoxy, mis 1, and nis from100 to 750. The
conpounds of fornula (XXII) nmay be any pol ypepti de,
' | | ~ | .feron-bet a,
oo PP RO e DX | ° ().
granul ocyte colony stimulating factor (GCSF),
gr anul ocyt e/ macr ophageNeRBaxXIf)st i mul ating factor
(GMWCSF), interleukins (including IL-2, IL-10, and
. IL- 12%, and colony stinmulating factor. The conpounds
with polystnlene glysel gldakydemateaide ohfarmoda Obul i ns, such
as, 19gG IgE I1gM IgA 1gD and subclasses thereof,
and fragments th . e~ termy antib N y
anti body fr agrﬁﬁﬁﬁ&t‘@?éﬂ"?@%&’%?gﬂ%(&%&'ﬁmQD onal
antibgdies, an entire inmunoglobulin or antibody or
Wher%ﬂf“f, %ngt %oﬂhl“: and ghaia d@fn%ﬁas akove 2004/ 013205
PCT/ EP2003/ 007734 i mmunogl obi n nol ecul e whi ch bi nds
to pradyicerrecompgend afiforguda (KXHHpl es of such anti body
fragnents include Fv (fragnent variable), single chain

Fv, conpl emgpt OHYOM),- [ %
(l'ight chain oé%gﬁg@ggr&g@ )\(/ﬁgN?ﬁ a@@pc al%)(’klll)

wher i 8% 518 o 3 R RATRY Ok ALY By pytorina
- ' I f . i | obi tid bl
aming BR31s & s R BB raliiehen. As stated. the
pegyl at ed conpound may be prepared in any desired

manner. Conditions, e.g., pH, should be sel ected which

favor the site-specific
In preferred embodiments, p is 3, Ry is methoxy, m is 1, and n is from 100

10 750; or p is 2, Ry is methoxy, mis 1, and n is from 100 to 750; or p is 1, Ry is

methoxy, mis 1, and n is from 100 to 750.

The compounds of formula (XXIl) may be any polypeptide, including
interferon-alpha, interferon-beta, consensus interferon, erythropoietin (EPO),
granulocyte colony stimulating factor (GCSF), granulocyte/macrophage colony
stimulating factor (GM-CSF), interleukins (including IL-2, IL-10, and IL-12), and

colony stimulating factor.

The compounds of formula (XXI1) may also be immunoglobulins, such as,
1gG, IgE, IgM, IgA, IgD, and subclasses thereof, and fragments thereof. The
term “antibody” or “ antibody fragments” refer to polyclonal and monoclonal

antibodies, an entire immunoglobulin or antibody or any functional fragment of an
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pegyl ati on of a-am no groups. GCenerally, polypeptides

may be pegyl ated with pol yethyl ene glycol conpounds
w@boothe20hvent i on by addi ng the conpound of f oOPEIIER2003/007734

(XXI'l'), and the PEG reagent in a nolar ratio range of

1:1 to 1:100. The reaction concentration may then

pl aced in a borate, phosphate, or tri buffer at room

GRS, o0 OSSP Spuad eyt puch

range o ratio o

. ... PEG reagent tao peptide/proteins,i ral | 0 ’

antibg 18@9%?9 e'n@Uﬁ%en Yat(ﬁéﬁm itpéﬁgggge/)’pr ghél srelhia"} Fv,
enerally from1l to 10 ng/m . The, concentration of.

compAmariary Jelpsmning 186ons 80 shi/LTHENboGgM AR IR Fdaml VH
may be isolated or purified in any desired nanner. B

(heaweghaif vexiabjel esgiom)e Fabs (fragmnentr aaitgeinobinging) u Féalmay any
diluted with an equilibration buffer (20mM Tris, pH

combihatibnadttose dresmy by fiinstionzd droup lgran anplunedlalin peptide
Q Sepharose columm. After the mxture is applied on -
: ok o shed with the equilibration
Capa@%f%ffe@ﬁ]dé gkdégq%dteﬁayggél\ﬁl\lad ; eluted 24 WO
2004/ 013205 PCT/ EP2003/ 007734 with 200 mM NadCl ;

el ut , t ; t | :

1A% St ey BlEe, Pb FRTIRRF L AEbarets th i cbired

it ssible to separa and i.sol at.e t.he . o
manngre S ARAEPISEsbpBdy PAPAH B QSISH HEFedHdpr the site-specifi

byproducts in the mxture. Each collected product can
pegylatien of &-ayvio greeESby Matri x Assi sted Laser

Desorption/lonization-Tinme of Flight Mass Spectrometry

(MALDI -TOF). In a preferred enbodi ment of the
p&priation pobipeptides tiay | bey epegydateda wighol pelypthiytrneof glycol

formula (XXI1):
compounds of the invention by adding the compound of formula (XXII), and the
PEG reagent in a molar ratio range of 1:1 to 1:100. The reaction concentration
may then placed in a borate, phosphate, or tri buffer at room temperature or 4
degrees Celsius for about .5 to 24 hours at a pH range of 5.5 to 9.0. The molar
ratio of PEG reagent to peptide/proteins is generally from 1:1 to 100:1. The

concentration of peptide/proteins is generally from 1 to 10 mg/mi. The

concentration of buffer is usually 10 to 500 mM.

The pegylated compound may be isolated or purified in any desired
manner. By way of example, the resultant reaction mixture may be diluted with
an equilibration buffer (20mM Tris, pH 7.5) and the resulting mixture is then
applied on a Q-Sepharose column. After the mixture is applied on the QA

column, it is washed with the equilibration buffer eluted with 75 M NaCl; eluted
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NH2B (XXI1); is reacted with a pol yethyl ene gl ycol
al dehyde nol ecule of formula (11):
WORL04AH2EGH20) n- CH2CH2- O ( CH2) m CO- NH- ( CH2) p- CHEZ{/EP2003/007734
wherein RL, m n, and p are defined as above; to
produce a conpound of forrmula (XX V):
R1- (CH2CH20) n- CH2CH2- O- (CH2) m CO- NH- (CH2) p NHB ( XXI V)
with 2%%1% Rathesiafdy fitAve wr@a@u vl re@bﬂ@l’é}té@ va erHHOAG + 1M
bonded to the N-term nal am no group of

NaCl ﬁﬁ{jhd%ﬂlé@ﬁ by L&In?éi%vl S IRAS Iggﬂts’lt %SBéss?ibleFﬂa éé%arate
and isobate i S el ipdgobedbidled pfgﬂﬁctﬂéo&htsﬁwbifggj%‘i in the

750. Additional illustrations of the use of th
mixtureenpachhaellasted peogial sant thenreeeenfismeask by Majek o°§@dﬁt$¢1 Laser

the concurrently filed U S. Patent Applications
DesorptionfidrézaticrFEiyé af EtigMtAdase Sppeipomety' (MILBEFTOR). No.

60/ 398, 195 fil ed JuI y 24, 2002, and 25 WD 2004/013205

PCT/ EP2003/ 007734 "Pegyl ated T1249 Pol ypeptide," US

Ser adrefdrrdiPeadbdient iof ade ndgylaZién 2@820d ahdhe UBvention, a
Serial No 60/439,213 filed January 10, 2003are

pOIyp%\‘—‘Sl}Fcﬁ]mb%ﬁg Qéxclf)eference as if recited in full.

provi is a nmethod for attaching a
pol yet hyl ene glycol nolecule to a polypeptide

Klglzngri(iwgs;reacting %Q%Yﬁﬁ)t;ide of formula (XXII):

is reacted with a polyethylene glycol aldehyde molecule of formula (1I):

R1-(CH2CH20),-CH,CH2-O-(CHy)m-CO-NH-(CH3),-CHO  (1I)
wherein Ry m, n, and p are defined as above,
to produce a compdund of formula (XXIV):
R1-(CH2CH20),-CH,CH2-0O-(CHg)m-CO-NH-(CH3),-NHB  (XXIV)
wherein the polyethylene glycol aldehyde molecule is bonded to the N-terminal

amino group of the polypeptide.

In preferred embodiments, p is 3, Ry is methoxy, m is 1, and n is from 100
to 750; or p is 2, Ry is methoxy, mis 1, and n is from 100 tQ 750; orpis 1, Ry is

methoxy, mis 1, and nis from 100 to 750.

Additional illustrations of the use of the compounds of the present
invention are disclosed in the concurrently filed U.S. Patent Applications entitled

“Pegylated T20 Polypeptide,” US Serial No. 60/398,195 filed July 24, 2002, and
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with a pol yethyl ene glycol al dehyde nol ecul e of
formula (VMIII): OO0 11 11

WORIG40 ) PNH- C- ( CH2) m O CH2CH2- ( CH2CH20) n PCT/EP2003/007734
CH2CH2- O (CH2) m C-NH- (CHI )P CHO (M11) wherein each
m n, and p is the sane or different and is defined as
above; to produce a conpound of fornmula (XXV): 11 11
“Pegyl¥tddr {544 PBWéFﬁdé@*@s N @39 EHBEHREY BulfAHb02, and
egy(}e?c:Hz)mc- HEPERD) P oD NHB - (XXV) h

wherei n t'he

s S| KA G RO T B e o

) .preferred enbodi nents, pis 3, mis 1, and nis from

if recitq@y ¥ 750: or p is 2, mis 1, and n is from 100 to
750; or pis 1, mis 1, and nis from100 to 750. 26
WD 2004/ 013205 PCT/ EP2003/ 007734 The pegyl at ed
Forihseproddad iy petoedion Aasmnaiasqiinyigngelycol molecule
Sui tably, however, they are used to prepare

to a pgiyepteleccdmpiddingonposi ti ons, by adm xture wth a
phar maceutical ly acceptabl e excipient. Such
pharmaceuti cal conpositions nay be in unit dosage

reactirfgP4 polypBpHdawy fdrendlaj(XXIpbl e sol utions or suspensi ons,
transdermal delivery devices, or any other desired

form The follow ng examéldes are provided to further
illustrate the presenNH28%dDi on. These exanples are
illustrative only and are not intended to limt the

with a polyethylene glycol aldehyde molecule of formula (VIll):
o) O
OHC-(CHg)p-NH-C"-(CHg)m-O-CH2CH2-(CHgCHgO)n-CHgCHg-O-(CHz)m-lcl)-NH-(CHg)p-CHO
(v
wherein each m, n, and p is the same or different and is defined as above;

to produce a compound of formula (XXV):
O

V-HN-(CHj),-NH-C~(CHy) ;-0-CH,CH,~(CH,CH,0)-CH,CH,-0~(CHy)-C-NH-(CH,),-CH,-NHB
(XXV)

wherein the polyethylene glycol aldehyde molecule is bonded to the N-terminal

amino group of the polypeptides.

In preferred embodiments, p is 3, mis 1, and n is from 100 to 750; or p is

2, mis 1, and nis from 100 to 750; or pis 1, mis 1, and n is from 100 to 750.
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scope of the invention in any way. EXAMPLES Exanple 1

Preparati on of PEG Al dehyde Conpounds Fi ve grans of
weRB4mbeCcul ar wei ght of 1,000 to 60, 000 dal t BCIEEP1003/007734

50 to 100 m of toluene is azeotropically dried by

refluxing for 1 to 3 hours, followd by the renoval

of 20 to 30nL of toluene. The resulting solution is

ol r r i .
e 5ol S 0BNme ARSIAR S BRI TSI g Pty
: absol ute tert-butanol and 20-50 m  of toluene is
howevep they pisGUssH Ui Brﬁ.paﬁ%&%ar@%@ﬁ% i B R
stirred for two hours at roomtenperature under argon.,
with a Phermageyticalyoarseptalie exgipians. fchdpharmacesdisgl Gynpositions
added to the reaction via syringe and the reaction
may besi ixt umie debhge €drmy eFmeyg hitayabe rinjeniabéensetdibns eorusipensions,
argon gas. Depending on the desired size of the "nf

transd%h%lpdglﬁfé'r\? edvices! 6r amy} ethet Y¥bired f@i.- but yl
bronpacetate can be replaced w th another hal ogenated

derivative of acetic acid, e.g., propionic acid,

?ﬁﬁé’ "o ex@ tIe§7ar P 1320 THIEREER3 /1RO 7BRent

e reaction so ron 1s then condensed by rotary

. evapqration_an he_ resi LPit o
rventRa" Thgne dxediiden gire JERlATa RORpRY b i BB to, imit the
PEG t - butyl carboxy ester, is filtered off and dried

scopejqf thadnentipBANAWWSEY- car boxy ester (4 g) is then
di ssolved in 50 to 100 mM of 1 N sodium hydroxide and
the solution stirred at roomtenperature overnight.
The pH of the mxture is adjusted to 2.5 to 3.0 by
addition of 1 to 6N hyEXAMBLES c aci d,

Example 1

Preparation of PEG Aldehyde Compounds

Five grams of PEG (molecular weight of 1,000 to 60,000 daltons) in 50 to
100 ml of toluene is azeotropically dried by refluxing for 1 to 3 hours, followed by
the removal of 20 to 30mL of toluene. The resulting solution is cooled to room
temperature then potassium tert-butoxide (1 to 10 molar excess) in 20-50 ml of
absolute tert-butanol and 20-50 m! of toluene is added to the PEG solution. The

resulting mixture is then stirred for two hours at room temperature under argon.

Tert-butyl bromoacetate (1 to 10 molar excess) is added to the reaction via
syringe and the reaction mixture stirred overnight at room temperature under
argon gas. Depending on the desired size of the “m” group defined in formula
(XV1), tert-butyl bromoacetate can be replaced with another halogenated

derivative of acetic acid, e.g., propionic acid, butyric acid, efc.
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and the m xture extracted with dichloronethane. The
organic layer is then dried over sodiumsulfate,

w0 pdoet1roy concentrated, and precipitated intorPdi/Erivg$/007734
ether. The product, PEG carboxylic acid, is collected
by filtration and dried under vacuum The
PEG car boxyl ic, acid (3 is then d| ssolved in

S LALLM 5 e g v

nol ar _.excess), . 1-hydroxyb triazole (,1-5 mo
residUb BEAK I SIBACEY I FORRROSH Eze?fwdﬁafﬁﬁf-da‘qelpsew?%ﬁd product,
excess). Depending on the desired size of the "p"
PEG ’gbotybc@r@qumwtérnlsffdﬁem aff(axd drjed in w@RUbut yr al dehyde
di ethyl acetal can be replaced with another am ne
derivative of diethyl acetal, e.g., 3-

aRE pbupj| ccabdeh pdier dideg)isl thanediskolved in 50 to 100 ml of 1N
2- am noacet al al dehyde di ethyl acetal. The resulting

sodiuff Pi)t/d’rbﬁldesaﬁd tHé Sslutesivraitt Adorh Q@ﬂpbﬁim% averhiyhendere pH
argon gas. he reaction m xture is |Itered

o R B it o8, o i
s By T oSS el Cipeg g i

is then dissolved in 10 - 200 m of 1, - cg
over gadiumeuiatet filkerds cansanteaied: angorreriiEe ﬂreFPe lethyl ether.
overnight. The pH of the mxture is adjusted to 6.0
The pyocamtii tAEG-cafbaxyhc N $wlaglieoied bydfidiedionrmandhdided dender
(10 Wt % is then added and the pH of the solution is
vacu@d] usted to 7.0 by addition of 1 N NaOH. The mixture
Is then extracted with dichl oronmethane. The organic
|l ayer is dried over sodiumsulfate, filtered,
capeenpEal-e8ihoRPst PAGAI RiBt 8g)edis then dissolved in  anhydrous
dichloromethane (20-30 ml) followed by the addition of 4-aminobutylraldehyde
diethyl acetal (1-5 molar excess), 1-hydroxybenzotriazole (1-5 molar excess), and
dicyclohexylcarbodiimide (1-5 molar excess). Depending on the desired size of
the “p” group defined in formula (Xill), 4-aminobutyraldehyde diethyl acetal can
be replaced with another amine derivative of diethyl acetal, eg., 3-

aminopropionaldehyde diethyl acetal or 2-aminoacetalaldehyde diethyl acetal.

The resulting mixture is stirred overnight at room temperature under argon
gas. The reaction mixture is filtered, concentrated, and precipitated with a
mixture of 2-propanol and diethyl ether (1:1). The PEG acetal product is dried in

vacuo overnight.
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with diethyl ether. The product, PEG al dehyde, is
collected by filtration and dried under vacuum

wEx@apieo®2 Preparati on of nPEG o, (- but anoal dehpdBEI1ve3/007734
followi ng represents a general reaction scheme for
preparing nPEGLCk- but anoal dehyde of the invention: 29
WD 2004/ 013205 PCT/ EP2003/ 007734 Reacti on Scheme for

Wﬂlfé?llﬁteba é‘tﬁ ng&ﬁmqg tﬁéh d‘§scﬁ9é@$ﬁ' mﬂ-t obut exigler -090%

t - Butyl acetate ro yS| S

o e VAT
e e g T i Gk s

daltons (30.0 ¢ ) in 300 nmL of toluene
chloride b9 vdpiot i trgenoﬁtqi@ﬂ apd itlee [pikphier splution is adJusted to 7.0 by

addition of 1 N NaOH. The mixture is then extracted with dichloromethane. The
organic layer is dried over sodium sulfate, filtered, concentrated, and precipitated
with diethyl ether. The product, PEG aldehyde, is collected by filtration and dried

under vacuum.

Example 2

Preparation of mPEGok-butanoaldehyde

The following represents a general reaction scheme for preparing

mPEG10k-butanoaldehyde of the invention:
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hours, followed by the renoval of 100 ml of tol uene.

The resulting solution was cooled to roomtenperature
W@ benopoassi um tert-but oxi de (0.68 g, 6 mmol ) PCTIERD03/007734

m of absolute tert-butanol and 20 m of toluene was

added to the PEG solution (1). The resulting m xture

was stirred for two hours at room tenperature under

argon. 30 WRQ80Q450¢32R0mPXT/ FHR2RARLGE 734 Tert - but yl

bronpacetate (1.00 nL, 6.75 mvol) was added to the

reaction via syringe and the reaction was stirred

overni ght at room tenperat %re.und r .argon. The

(1)%@\@2:%{:?@%%% t
ev ration. 1he resDdue wastylbreapagiateat ed by addition
of diethyl ether. The precipitated product was

filtered off and dried in v@cuo. Yield: 28 g. NWR
(d6-DVBO): 1.40 ppm (t, 9 -CH3); 3.21 ppm (s,
S

@ - . 3.50 (s, 60 -0
Fb@%ﬁ%%@(%}g%gME y

CHp. -
t- gi/lI éﬁrboxyrret hyl ester
(20 g) was dissolved in 200 nL of 1 N sodium
hydr oxi de and the sol ution S sti rredniatbutyabishyde
tenperature overnight (2).[The pH odietiyh&et xt ure was
(3) adjgsted to 2. 5by adgitioplof 6 N 1
n@nd the m X extratt ed>piH h df °}§Y§‘i’%§§1ﬁ?gﬁe(5o
m., 40 ni, and 30 nl). The organic Ty RELOGH
over sodiumsulfate, filt@red, concentrated, and
precipitated with diethyl|jether. The product, 10%

@ GLOk<_C X
y I d, cQ cted by CF,COOH
Hac/fu% nd ied U deW:(OQBHg. R

|
(d6-DVMBO): 321 ppm (s, - ); 3.5 ppm (s,

-OCHR2CH2-0); 3.99 HZH’ - O CH2- COOH) .
(5) 0]
H

First, Carboxymethyl PEG (mPEG) of molecular weight 10,000 daltons
(30.0 g, 3 mmol) in 300 mL of toluene was azeotropically dried by refluxing for 2
hours, followed by the removal of 100 ml of toluene. The resulting solution was
cooled to room temperature then potassium tert-butoxide (0.68 g, 6 mmol) in 20
ml of absolute tert-butanol and 20 ml of toluene was added to the PEG solution
(1). The resulting mixture was stirred for two hours at room temperature under

argon.
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The nPEGLOkK- car boxynet hyl acid (3 g, 0.3 nmol) was
di ssolved in anhydrous dichl oronet hane (20 nl)
wo edokoveds by the addition of 4- am nobutyral dePgTEP2003/007734
di et hyl acetal (50 ng, 0.3 nmol),
1- hydr oxybenzotri azole (40 ng, 0.3 mmol), and
di cycl ohexyl carbodiimde (80 ng, 0.39 mmol) (3). The

Teﬁéﬁﬁtgl B’?osmé%%ét%?éj P\’SSWHL%W?HWE&&B s}??ﬁ@éd’%‘ﬁﬁe reaction

rgon ere Cthﬂ m Xt ure tered

i oSSR ) TPl o gl

nMPEGlok- but anoacetal, was dried in vacuo
argon 20t measips soviiemyees toey zandensadt Pb’gfﬁ’ffafyw\@r-&)fat@“? The
g. NWVR (d6-DMSO): 1.07-1.12 ppm (t,

residué-aSRecpBatR); by Rdtiitiqrpof @mthyqll—etheNl-ld'-ﬁZ@CIﬁZ@*Qliade)product
3.08-3.11 ppm (g, 2H, -NHCH2CH2CH2- CH); 3.21 ppm (s,

was fmé?GHSaﬁ aadEdrmnn( Sacud) YSIEH2E0y) NVR $G:-PMBOR, 1248 ppm (t,
- NH-) 4.44 ppm (t, 1 H, -NHCH2CH2CH2-CH)

o ST B oo g RS prommg o -

O-CH @2} he sol utlon was stirred at roomtenperature
~YH ght (4). The pH of the m xture was adjusted to
6.0 by addition of 1 N NaOH solution, and sodium

chloride. (10 % s added and en the pH of the
e M Gins ity pat BroRasBYSgr (G0 1 Bjealved KSego mL
The m xture was extracted with dichloronethane. The
of 1Norsgdivire hydrexidaaendr theal splidions yeasusiigart at §0oM |te@peFature
concentrated, and precipitated into diethyl ether. The
overnighodgyt Th@ﬁ&ﬁk-th@uhmtwal wabyatjugte)l, tond$ byl adeitierd abye N
filtration and dried under vacuum Yield: 4.1 g

hydro&ﬁ%oﬁ@ acH'VBnGGlﬁe lﬁﬁ@@)re was2dxtrted with-d%i8)amathane B0 (L., 40
85 ppm (s, 2H, - O CH2-CO NH-): 7.67

mL, a‘HE{TBb HH)) TRe%rd&NE (afdiQuds dried over sodium sulfate, filtered,

concentrated, and precipitated with diethyl ether. The product, m-PEGiox-
carboxymethy! acid, was collected by filtration and dried under vacuum. Yield:
18 g. NMR (ds-DMSO): 3.21 ppm (s, -OCHs); 3.5 ppm (s, -O-CHxCH,-0O-); 34.99
ppm (s, 2H, -O-CH,-COOH).

The mMPEGq-carboxymethyl acid (3 g, 0.3 mmol) was dissolved in
anhydrous dichloromethane (20 mL) followed by the additon of 4-
aminobutyraldehyde diethyl acetal (50 mg, 0.3 mmol), 1-hydroxybenzotriazole (40
mg, 0.3 mmol), and dicyclohexylcarbodiimide (80 mg, 0.39 mmol) (3). The
mixture was stirred overnight at room temperature under argon. The reaction
mixture was filtered, concentrated, and precipitated with a mixture of 2-propanol

and diethyl ether (1:1). The product, mPEGq-butanoacetal, was dried in vacuo
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Exanpl e 3 Preparati on of nPEGlok-acetal al dehyde

NMPEGLOk- acet al al dehyde was prepared by dissol ving
wOorREGLexli et hyl acetal (1 g, Mol. W. 10, 000pCT/vP20031007734

was prepared according to the procedure in Exanple 1,

in 10 mM of 80%trifluoacetic acid (Al drich, 99+%.

The reaction solution was stirred overnight at room

oA N S
o i R e TR 4,0 AU A B

2004/ 013205 PCT/ EP2003/ 007734 to 6.95 ?%/ aﬁldl ng
CH-); 8.21 ppme©HOCTHie); S6b wpITbo (6, nRClrel: ch,r%éﬁéw 13 He-
met hyl ene chloride. The organic |ayer was then dried

CO-Neme . spdpamit st f NICH,CHLCelp@Hl-) co8Tgmmdthd;). and
precipitated with diethyl ether. The product, nPEG ok-
acetal al dehyde, was collected by filtration and dried

Upgally MAs UHPECYLebGtanB8a8stad (5 (869 mnfu{pmalseadidsolved in 50 mL
Preparati on of nPEG, ok- propi onal dehyde

o 0 TSEIOM e SN PR o 0

S ared ac
e ST RS 8D AR Rl
. The r,eactl on solution s, stir ver t, at
sodiupBlareurio (Hdth) WP§oRGREs and Fene I fbt G ves
dropwi se to the reaction solution until a pH of
adjusteas to 6b0 aby eatiditigrxtof Nt Na@bi. wt Dhye viaxtiagd wast QXW@ed with
above sol ution. The pH was
dichloromethane. The organic layer was dried over sodium sulfate, filtered,
concentrated, and precipitated into diethyl ether. The product, mPEGoc
butanoaldehyde (5), was collected by filtration and dried under vacuum. Yield:
4.1 g (82%). NMR (de-DMSO): 3.21 ppm (s, -OCHg); 3.5 ppm (s, -0-CHo.CH2-0);

3.85 ppm (s, 2H, -O-CHy-CO-NH-); 7.67 ppm (-NH-); 9.66 ppm (-CHO-).
Example 3

Preparation of mPEG g-acetal aldehyde

mPEGq-acetal aldehyde was prepared by dissolving mMPEG-diethyl
acetal (1 g, Mol. Wt. 10,000), which was prepared according to the procedure in
Example 1, in 10 ml of 80% trifluoacetic acid (Aldrich, 99+%). The reaction
solution was stirred overnight at room temperature under argon gas. 1N NaOH
was then added dropwise to the reaction solution until a pH of 6.0 was obtained.

Next, NaCl (10 wi%) was added to the above solution. The pH was then adjusted
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then adjusted to 6.95 0.05 by adding 1 N NaCH The

solution was then extracted with nethylene chloride.
wabh@4o1geni c | ayer was then dried over sodi umPCGUEPBEDF(07734

filtered, concentrated, and precipitated with diethyl

et her. The product, nPEGLCK-propional dehyde, was

collected by filtration and dried under vacuum

ield:- 1.8 g.(90%,. 3 2 . ;
to 6.9k P BNardansat T R ° s BQRAUR, was pen extracted with
. PE&0k- di - but anoal dehvde PEG20k- di &i)ut noal dehyde nas
methylenepahledidey diles GIrgamg Ipee dasgithery fgﬁrﬁpéf@hf&é%m sultate,

di et hyl acetal (3.1 g, Mdl. W. 20,000), which was
filteredyrompae pttateat anddiragipitetednsitip disdleyiateer. n TBg avprlects MRG0k

20 m of 80%trifluoacetic acid (Al drich, 99+% . The
acetal @SR W etilietediay fisiation eehdorachugtiér \ecuvommyield: 0.85 g

tenperature under argon gas. 1 N NaCH was then added
(85%)dropvvi se to the reaction solution wuntil a pH of 6.0

was obtai ned. Next, NaC (10 wt% was added to the

above solution. The pH was then adjusted to 6.95

0.05 by adding 0.1 N sol ution was then

extracted wth nethyl glé T@ﬂi de. The organic |ayer

was then dried over sodiumsulfate, filtered,

concentrated, an reci pitated w.th ieﬁh | ether.

The pr oduoﬂ-ﬁé@&%ﬁ——gre {mn E@E&é@@@ﬂ?@&,’—e—v&@g col | ect ed

by filtration and dried under vacuum Yield: 2.5 g

(81 %9 . Exanple 6 Preparation of ) _

nPEm/I%!EGmum@mn@Mﬂmae YasCoRIEPsiRGnbY I @3RN SPEC1oc
prepared by dissol vi ng nPEG0k- '

propionacetal (2 g, Mol. Wt. 10,000), which was prepared according to the

procedure in example 1, in 20 ml of 80% trifluoacetic acid (Aldrich, 99+%). The
reaction solution was stirred overnight at room temperature under argon gas. 1N
NaOH was then added dropwise to the reaction solution until a pH of 6.0 was
obtained. Next, NaCl (10 wt%) was added to the' above solution. The pH was
then adjusted to 6.95 + 0.05 by adding 1 N NaOH. Th.e solution was then
extracted with methylene chloride. The organic layer was then dried over sodium
sulfate, filtered, concentrated, and precipitated with diethyl ether. The product,
mPEG;oc-propionaldehyde, was collected by filtratiqn and dried under vacuum.

Yield: 1.8 g (90%).
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but yr al dehyde di ethyl acetal (3.0 g, Mdl. W. 20, 000),
whi ch was prepared according to the procedure in
weEx@apleod, in 30 nl of 80%trifluoacetic aci dPCT/EP2003/007734
(Aldrich, 99+% . The reaction solution was stirred
overni ght at roomtenperature under argon gas. 1 N
NaOH was t hen added dropwi se to the reaction solution
until a pH of 6.0 was Next, Nadl (10 wt %
was added to the aboveé)l?é@b—\v%-ZOOM 013205
PCT/ EP2003/ 007734 solution. The pH was then adjusted
to 6.95 0.05 by .addi ng ) so| ution was
then extr =:.'.L=...’. .llJan'lc- ‘Wls E h ASATS or ganl Cc
| ayer was then dried over SOdI um suI fate, filtered,
concentrated, and precipitated with diethyl ether.
TPEGRatitntanomdeatie buasnoprapstigde, bvagligsiviedt REGpocdi-
filtration and dried under vacuum Yield: 2.5 ¢
butyra(d?e"hg% didixpimaketal Brem@r Mdlowbf 20,000), which was prepared
k- but anoal dehyde nPEGQ0k- but anoal dehyde was

X 0 tl & dedredeifilioatbid acid
accord%gt al ﬁ?el Ogé‘fﬁ% i BgamBZ%OGaOlSB)@@I\A% ch was plrepar ed 2

wodE %)P?E%%gé%ﬁo%&?@% S FEEBlfopre 98 Eheafaue
o 5 SO A g T

the reaction solution wuntil .0 was, obt ai ne
until aNpkt of Reowas1obiaingd. whiexhdiag! (fp t\ﬁﬁ‘é’o)a\ﬁa%@dd%*l h?nabove
The pH was then adjusted to 6.95 0.05 by adding 0.1 N
solutié‘ﬂﬂdﬁhe'gblﬂ waothen atjusies tbhga5 ex010acth e dddingh0.fel iya@he The
chlori The organic |layer was then dried over

soluhé@Wa‘é%%H'é rta‘acte({]l/\ﬁ&ﬁ ‘?ﬁ@ﬂyleﬁ%@rﬁ@ﬁcﬂ@t qhe @adnic layer was then

tate

dried over sodlum sulfate, filtered, concentrated, and precipitated with diethyl
ether. The product, PEGag-di-butanoaldehyde, was collected by filtration and

dried under vacuum. Yield: 2.5 g (81%).

Example 6

Preparation of mPEGae-butanoaldehyde

mPEGog-butanoaldehyde was prepared by dissolving mMPEGzok-
butyraldehyde diethyl acetal (3.0 g, Mol. Wt. 20,000), which was prepared
according to the procedure in Example 1, in 30 ml of 80% trifluoacetic acid
(Aldrich, 99+%). The reaction solution was stirred overnight at room temperature
under argon gas. 1N NaOH was then added dropwise to the reaction solution

until a pH of 6.0 was obtained. Next, NaCl (10 wt%) was added to the above
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et her. The product, nPE&O0k- butanoal dehyde, was

collected by filtration and dried under vacuum
wore@ka13208. 1 g (89% . 35 WD 2004/ 013205 PCT/EP2003/007734

PCT/ EP2003/ 007734 dCains: 1. A conpound of fornula

(1): Rl-(CI—IZCI—|20)"-C|—|ZCI—I2-X-Y-NI—|-(CI—|2)p CHO (1)

vvherein Rl is a capping group, X is or NH Y'

solu’qul 1%%‘153}312\/5%” ({I%‘qg)aﬁi oyéod &?:%Sé&is %@‘g?cg gﬁnm i{laéﬂﬁz The
Zis a side chain of an anino acid, mis from1l to 17,

solution wasfthemextractedieitioomsthyiene ghleridd.r dhe organig. lager was then
compound according to claim1, wherein Rl is sel ected

dried fovemdoatumgswise c fisriest icomeehtramdogem pegomitated with diethyl
mal ei m de, orthopyridyl disulfide, tosylate,

ether.i SPRY 688¢t hrﬁE%bk%taﬁgé@bﬁydéyW&wb&le‘&?éd ¥ filtration and
N- suc n| m dyl oxy, sul fo-N succi ni m dyl oxy,

dried Bnﬁ?ﬂf%cwéﬁyl é{xégl%grgd(lgg ge/siazol yl oxy,
Example 7

Preparation of mPEGso«-butanoaldehyde

MPEGg-butanoaldehyde was prepared by dissolving mMPEGzok-
butyraldehyde diethyl acetal (14.7 g, Mol. Wt. 20,000), which was prepared
according to the procedure in Example 1, in 200 ml of 10% triflucacetic acid
(Aldrich, 99+%). The reaction solution was stirred overnight at room temperature
under argon gas. 1N NaOH was then added dropwise to the reaction solution
until a pH of 6.0 was obtained. Next, NaCl (10 wt%) was added to the above
solution. The pH was then adjuéted to 6.95 + 0.05 by adding 0.1 N NaOH. The
solution was then extracted with methylene chloride. The organic layer was then
dried over sodium sulfate, filtered, concentrated, and precipitated with diethyl
ether. The product, mPEGgx- butanoaldehyde, was collected by filtration and

dried under vacuum. Yield: 13.1 g (89%).
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0 11 -CH2CH2-0-(CH2) m G NH (CH2) p-CHO. 36 WO

2004/ 013205 PCT/ EP2003/007734 3. A conpound accordi ng
W 20080820 1 having the formula (I11): 0 1) PCT/EP2003/007734

R1- (CH2CH20) " - CH2CH2- O- C-NH- (CH2) p-CHO (I11). 4. A

conpound according to claim1 having the formula (IV):

0 11 R1-(CH2CH20 n- CH2CH2-NH- C-NH (CH2)p CHO (1V). 5.

A conpound according to claim1l having the fornmul a

(V): OH RL-(CH2CH20 " - @1ifgh&- O CH2- CH-

CH2- NH (CH2) p-CHO (V). 6. A conpound according to

clalml having the formula (VI): 0 0 11 11

RN b e A M S
R1-(CH2CH20)r-CHCHo-X-Y-NH-(CHz),-CHO (1)
wherein
R, is a capping group,
Xis O or NH,

Y is selected from the group consisting of

O O OH O e

-(CH)y-C-, -C-, ~(CHp)1.5-CH-(CH,) 1.5, -C-(NH-CH-C), ,

z
Z is a side chain of an amino acid,
m is from 1 to 17,
nis from 10 to 10,000, and
p is from 110 3.
2. A compound according to claim 1, wherein R; is selected from the

group consisting of halogen, epoxide, maleimide, orthopyridy! disulfide, tosylate,
isocyanate, hydrazine hydrate, cyanuric halide, N-succinimidyloxy, sulfo-N-

succinimidyloxy, 1-benzotriazolyloxy, 1-imidazolyloxy, p-nitrophenyloxy, and

O

-CH2CH2-0-~(CHz)m-C-NH-(CH,),-CHO.
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11 Ri-(CH2CH20O) "-CH2CH2- O (CH2) m C- NH- ( CH2) p- CHO (I'1)

wherein RL is a capping group, 37 WO 2004/ 013205
weEansaR2003/ 007734 mis from1l to 17, n is freca/LB200p007734

10,000, and pis from1l to 3. 8. A compound according

to claim7, wherein pis 3. 9. A conpound according to

claim7, wherein pis 3, RLis nethoxy, mis 1, and n

is from 100 to 750. 10 A compound of forrmula (VIIl1): O

Eé'cni Rl el L P A

nlsfromloto 10, 000, and plsfromlto 3. 11.
Aconpound of forrula (IX):

R1- ( CH2- CH2- O) " - Cli2- CH2- X- Y- NH- (CH2) p CH- ( OCH2- CH3) 2
Ri~(CHYEH20)n-CH2CH2-0-C-NH-(CHy),-CHO ().

4, A compound according to claim 1 having the formula (1V):

o)
I

R1-(CH2CH20)a-CH2CH2-NH-C-NH-(CHy),-CHO (V).

5. A compound according to claim 1 having the formula (V):
OH

R1-(CH2CH0)y-CH2CH2-O-CHa- CH- CHo-NH-(CHz),-CHO (V).

6. A compound according to claim 1 having the formula ( VI):

o 0
I I

R1-(CH2CH20),-CH;CH2-O-C-NH-CH-C-NH-(CH,),-CHO

Z (V).

7. A compound of formula (ll):
O

Ri-(CH2CH20)n-CHoCH2-O-(CHz)m-C-NH-(CH2)p,-CHO (1)

wherein

R is a capping group,
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wherein R1 is a capping group, X is 0 or NH 38 WO

2004/ 013205 PCT/ EP2003/007734 Y is selected fromthe
w@e@ypirensi sting of OO OCH 0 0 11 11 G, -CPCVHEEH0IN07734

NHCHC -(CH2)m 2)1 8 CH(CH2)1 8, ( )1-5z Zis a

side chain of an amno acid, mis froml to 17, nis

from1l0 to 10,000, and pis from1l to 3. 12. A

campzoiuovh pfo ipymula (X): 0
RL- ( CH2- CH2- O) n- CH2- CH2- 0- ( CH2) m C- NH- ( CH2) p

Cﬁ-,gqgﬁﬁ@l-{@)@ 609, artherein Rl is a capping group, m

froml 7, nis from10 to 10,000, and p is
f'bqglh%rﬁths.ls A conpound of fornmula (XI):

8. A compound according to claim 7, wherein p is 3.

9. A compound according to claim 7, wherein p is 3, Ry is methoxy, m is 1,

and n is from 100 to 750.

10 A compound of formula (VIII):

O O
OHC-(CHg)p-NH-C-(CHz)m—O-CHgCHg-(CHgCHgO)n-CHgCHz—O-(CHg)m—y)—
NH-(CHz),-CHO (Vi)

wherein
m is from 1 to 17,

n is from 10 to 10,000, and

p is from 1 to 3.

11. A compound of formula (IX):
R1-(CH2-CH2-0),-CH,-CHz-X-Y-NH-(CH2),-CH-(OCH,-CHs). (1X)
wherein
R+ is a capping group,

Xis O or NH,
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12.

001l Il (CH3CH20) 2- CH ( CH2) p- NH- C- (CH2) m
0- CH2CH2- ( CH2- CH2- 0) n CH2CH2- O (CH2) m G- NH ( CH2) p

WERHg@As CH3) 2 (XI) 39 WD 2004/ 013205 PCT/EP2003/007734

PCT/ EP2003/ 007734 wherein mis froml1l to 17, nis
from10 to 10,000, and pis from1l to 3. 14. A
process of making a polyethylene glycol aldehyde
Cmrée?éd’déd fME%%&@swm%nd of formula (1X):
R1- (CH2 X-Y-NH(CH2) p CH ( OCH2- CH3) 2
(IX) to produce a pol yet hyI ene gl ycol al dehyde of

formula §l)p RL- (CHgGHI2O) " - - X-Y- (CH2) p CHO
(1) V\he('(r)el Rl is a cappl ng gr up, Xi W or NH Y
IS selectledfromthe roup consj|sting oﬂIOOO—|OO

11(QHR)A-G4 -C4, -(CHEHYM-(CH NG -C-(NBHDH-C3. CH (CH2) 1_8,
|

Z

Z is a side chain of an amino acid,
m is from 1 to 17,
nis from 10 to 10,000, and

- pis from 1 to 3.

A compound of formula (X):

o)
|

R1-(CHz-CHz-0)-CH2-CHp-O-(CHz)m-C-NH-(CHz) p-CH-(OCH2-CHa)z2 (X)

wherein

13.

R, is a capping group,
m is from 1 to 17,
nis from 10 to 10,000, and

p is from 1 to 3.

A compound of formula (XI):

O 0

I |
(CH3CH20)2-CH-(CH2)5-NH-C-(CHy) ;-O-CH2CH2-(CH3-CH,-0) -CH,CHp-O-(CHp) m-C-NH-
(CHa)p-CH-(OCH2-CH3)

(X1)
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Z Zis a side chain of an amno acid, mis from1l to
17, nis from10 to 10,000, and p is from1l to 3. 40
wODd0200820013205 PCT/ EP2003/ 007734 15. A pr oceBRGI/BP2003/007734

maki ng a pol yet hyl ene gl ycol al dehyde conpri sing
hydrol yzi ng a conpound of formula (X): O
R1l- (CH2=CH2- O) n- CH2CH2- O- (CH2) m G- NH- (CH2) p

wher&ir (OCH2-CH3) 2 (X) to produce a pol yet hyl ene gl ycol
al dehyde of formula (11): O
mfsr 9517CI—|ZCI—|2-O(CH2)mC-NI—|-(CI—|2)p-CI—|O(II)

el IS 'a capping group, mis from1l to 17, n

is . from tg 10,000, and p is froml to 3. 16. A
pPde &om igéer@vqgf’la&dcl aim 15 wherein the conpound of

formula (X) is produced by reacting a conpound of
f erigiftom (1 Xp13:

14. A process of making a polyethylene glycol aldehyde comprising
hydrolyzing a compound of formula (IX):
R1-(CH2-CH2-0),-CH2CHo-X-Y-NH-(CHa),-CH-(OCH2-CHag)2 (1X)
to produce a polyethylene glycol aldehyde of formula (1):
R1-(CH2CH20)n-CH2CHa-X-Y-NH-(CH,),-CHO (1)
wherein
R is a capping group,
Xis O or NH,

Y is selected from the group consisting of

o o OH 0 0
I

! |

-(CHy)y-C-, -C-, -(CHy)15-CH-(CHy) 1.6, -C-(NH-CH-C), 4,

Z
Z is a side chain of an amino acid,
mis from 1 to 17,

nis from 10 to 10,000, and

p is from 1 to 3.
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R1- (CH2-CH2-O) "- CH2CH2- O- (CH2) m COON (XI'l) with a
conpound of formula (X111): H2N-(CH2) -CH (OCH2- CH3) 2
W@ 200440)3201L7. A process according to claim 16 WEr/EP1003/007734
the conpound of fornmula (XIl) is produced by
hydrol yzing a conpound of formula (XIV):
R1l- O (CH2- CH2- O) n- CH2CH2- O (CH2) m COOR3 ( XI'V) wherein

| SroBebs aBe hathKig uRbr Aflefd- Glycdikidehytle V€
15 5%‘04@013205 PCT/ EP2003/ Oﬁ'g&ﬂew Qj’ypr oces% )gd(]?cor rlnﬁgsmg

e ompound of formula (XIV) is
hydrob&&&%&%%a@?bﬁaugmhpound of formula (XV):
R1- (CH2- CH2- O) " - CH2CH2- CH ( with a conmpound of
fornula(XVI) R2- (CH2) m (XVI) wherein R2 is
hal o process of nakilng a pol yet hyl ene %ﬁycol

al Be%@ble-@dm@bd-@kh@Hzfg-dGbizyzCr{@HdCﬁm%prh6()6H2f Hul a
(XVI1): 00 Il Il (CH3CH20) 2- CH ( CH2) p- NH G- ( CHR) ; (X)

to prdaue2hBlyé €l &R @20 Pofritid) (M):C- NH- (CH2) p
P -CH-((I)HZ CH3) 2 (¥(VI to produce amz)ol yet hyl ene
gl ycol of formJIa(VIII) 0

R1-(CH2CH20)r-CHzCHz2-0-(CHz)m-C-NH-(CHz),-CHO
(i)

wherein
R; is a capping group,
m is from 1 to 17,
n is from 10 to 10,000, and

p is from 1 to 3.

16. A process according to claim 15 wherein the compound of formula (X) is
produced by reacting a compound of formula (XII):
R1-(CH2-CH3-0)p-CH2CH2-O-(CH2)m-COOH  (XII)

with a compound of formula (X1):

HaN-(CHy)p-CH-(OCH,-CHag)z (XIIN).

17. A process according to claim 16 wherein the compound of formula (XII) is
produced by hydrolyzing a compound of formula (XIV):
R1-O-(CH2-CH2-0)n-CH2CH,-O-(CH2)n-COORs (XIV)

wherein Rs is a branched or unbranched C4-C;4 alkyl.
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OO0 Il Il

OHC- (CH2) p- NH- C- (CH2) m O CH2CH2- ( CH2CH20) n- CH2CH2- O- (C
WoR200a0B200NH (CH2) p CHO (VI11) wherein mis frpea/LP1003/007734

17, nis from10 to 10,000, and pis from1l to 3. 42

WO 2004/ 013205 PCT/ EP2003/ 007734 20. A process

according to claim 19 wherein the conpound of fornula

(Vi) is produced by reacting a conpound of fornmula
(XVI11)

%%@@@e@&dﬁmﬁﬁ&%@m SERGR B

H2N- ( CH2) CH3 Xl 21. A process
PVOdLE?@@oWer@ﬁP%a&OJPWW ﬁ%é’é\%xz XV:compound of formul a
(XVII1) is produced by hydrolyzing a conpound of

formul a (XX): Ry-(CHz-CH2-0),-CHoCH2-OH (XV)
R3000- ( CH2) m CH2CH2- O ( CH2- CH2- 0) n- CH2CH2- 0- ( CH2) m COO

with eﬁgomnd\yﬂ%,ﬁmamwp a branched or unbranched O -C4
22. process according to claim21 wherein the

corrpound of for rrul%_(@ﬁ%mléooﬁs (XVI1)

wherein Rg is halogen.

19. A process of making a polyethylene glycol aldehyde comprising
hydrolyzing a compound of formula (XVII):

O @)

I
(CH3CH;0)2-CH-(CHg)p-NH-C~(CHp)-0-CHyCHy(CHy=CHy-0)-CHoCH,-0-(CHz)-C-NH-(CH),
-CH-(OCH,-CHy)s

(XVII)
to produce a polyethylene glycol of formula (VII):

O O
OHC'(CHg)p'NH'C'(CH2)m'O—CHQCHg'(CHQCHQO)n-CHQCHQ'O'(CHz)m'g-
NH-(CHz)p,-CHO

(Vill)

wherein
m is from 1 to 17,
nis from 10 to 10,000, and

p is from 1 to 3.
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produced by reacting a conpound of fornula (XXI):

HO CH2CH2- ( CH2- CH2- O) n- CH2CH2- OH (XXI') with a conpound
wotookotizod a (XVI): R2-(CH2) m COOR3 (XVI) wherPCTERDO3/607734

hal ogen. 43

20. A process according to claim 19 wherein the compound of formula (VIII) is
produced by reacting a compound of formula (XVIII):
HOOC-(CHz)m-O-CH2CHa-(CH2-CH2-0)h-CH2CHe-O-(CHy)n-COOH

(xvi)
with a compound of formula (XIX):

HoN-(CHz),-CH-(OCH2-CHa)a (XIX).

21. A process according to claim 20 wherein the compound of formula (XVII)
is produced by hydrolyzing a compound of formula (XX):
R300C-(CHy)m-CH2CHy-0-(CHa,-CHp-0),-CHCH2-O-(CH2)-COOR3
(XX)

wherein Rs is a branched or unbranched C4-C4 alkyl.

22. process according to claim 21 wherein the compound of formula (XX) is
produced by reacting a compound of formula (XXI):
HO-CHCHa-(CH,-CH2-0),-CH2CH2-OH  (XXI)
with a compound of formula (XVI):
R2-(CH2)m-COOR3 (XVI)

wherein Rg is halogen.
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