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Pol yet hyl ene gl ycol al dehyde derivatives The pre

i nvention relates to polyethyl ene glycol aldehydég?mmmyzmw

and to related nmethods of making and using such

derivatives, such as in the pegylation of
WOpﬂthHBtldeS and ot her bionol ecul es. Patcaerkoph/ens4

glycol ("PEG') is a linear or branched, neutra

pol yether, available in a variety of nolecul ar

wei ghts. The structure of PEGis HO (CH2- CH2-On-H,

where n indicates the nunber of repeats of the

et hyl ene oxide unit in the PEG PEG and PEG

derivatives have been enployed to nodify a variety

- of - blonDIecuIes Vhen attached to such nol ecul es,

PEG i ncr E2bethyleng gi gh JETIVANNES ncr eases the|r

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 netabolismin
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general approaches have been used for the
functionalization of PEG (1) changing the t er ni nal
hydr oxyl group; through a series of reactions, to a

SRS mUB, el EREBCIRL JRSALS, AR, (B SANERS, of
L e
CHg-Om,twh%?g‘ i S[nd[csa?esethglnur?lf)&p& réBé%ts &ethe ethylene oxide unit in

the PEG.

PEG and PEG derivatives have been employed to modify a variety -of— _‘
biomolecules. When attached-to such ‘molecuies, PEG increases their sg!ubility R
and increaées their size, hut has little effect on desirabte 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, tor example, in U.S. Patent 5,252,714; U.S. -
Patent5,672,6_62;'U.S. Patent 5_,959,7265;0.8. Patent 5,990,237; and U.S. Patent

6,340,742.




conducted to achieve the desired PEG derivatives. The
desired PEG derivatives are often produced in Igg 2007
yields and require a conplicated purification prddd&gary

to isolate. In addition, PEG derivatives may show
nonspecific binding to the bionolecules of interest,

woWiFihesan result in nultiple PEGs attachagkrbmsérBi ngl e
bi onol ecul e and/ or PEG attachnment at the active site.

Mul ti ple PEG attachnments nay cause difficulty in
purification of the pegylated bionol ecule. M téﬁgl e
RiESertidlaphrbhes hawdleon upapipr dtd fonctmnalidatioraeftFRie
site, can also |ead to decreased activity of the

(1) chaRbiRgBleas HhiRal Hytirowpralip, thheigafaoseties bereadianst @gedo® t o
provi de inproved PEG derivatives suitable for

active BRGIOHAYrb @ amd/bh2predetionelf YheOP EG@ uinder crmireltan agsditions
i ncl uding pol ypeptides and other bionolecul es

with diR&loAhINdditboAdS 58 Ml @ng fob it furithenas grcamawa@ctawﬁlew to
provi de PEG derivatives that can be produced in high

PEG pitifbichrinfe Bthek Famaimsndbiivdialn mastoades, semjalglepeauside

~provide bionol ecul es having inproved performance

conducidifibachiié Hid essiredPEG durieatdves. iThe elesireshPEE clede@dives bed
in detail below. 2 24 January 2007 According to a

are oftérl probuckeing Ww Aiblds Bad rayuiee bicomplidaet purificalipndveages a
conmpound of formula (1) o

isolate R tr GHRESR P EaCHBMvHRveS- MaNho@HAYGpERIa: (Hindingnke il n R1

Is selected fromthe group consisting of hal ogen,

biomolERM Sfanterat aimittlean estibpoyulipy| PEEsS aitédhed o acindiat e,
i socyanate, hydrazine hydrate, cyanuric halide, '

biomolbbuid! &/ PEC igetinert at the-ablivelstrel Muitipily PB&ygitachments

1-benzotriazol ykoxy, 1-imdazoly- [oxy, -
may c&C:Hsg diffioRiysn usmdation ik pédyR@RbdroGRkm Builpe FER) P

attachments, andfor pegylation at thé active site, can also lead to decreased

activity of the biomolecule.

suitable for conjugation with a variety of other molecules, including polypeptides
and other biomolecules‘coritair.ling an a-amino group.' There remains a need to
provide PEG derivatives that can be pfoduced in high yield and purity, and that
can be conjugated to provide -biorf_lolecules- having improved performance

characieristics.

The: present invention are described in detail below.




Xis 0O or NH Y is selected fromthe group consisting
of oooOHoO 1T 1L 1L L 1L Il (CH2YmC, -C, :
~(CH2)1-e-CH (CH2) 1,8, C (i~IH CH G ~, s, z z ig*famary2007
side chain of an amno acid, inis froml to 17, nis
from10 to 10,000, and pis from1l to 3. According
to.a second aspect of the invention, there is provided
a conpound of fornula (11 0 R1-(CH2CH20 n .
At&cing @ & GH2 hepdat biHhé Gr2hlorCitire 1d providhé a ebmp&lind of
sel ected fromthe group consisting of hal ogen,
form“""‘e(ﬁoxi de, mal ei mi de, orthopyridyl disulfide, tosylate,
isocyanate, hydrazine hydrate, cyanuric halide,
N-succi niﬂp(dyzbagojjfc@uh}mfmfﬁ(m{;}cmdﬁ dyl oxy,
1- benzotri azol yl oxy, 1-im dazoly- |oxy,
whggeini t r ophenyl oxy, and 2a -- ----- ----- 24 January
R; B @@etted Oom @R GlHRorGisnGh{hpingeG-chibide. GleRinite Cripyrididisbfidé, tasyratd, isocyanate,

hydraging Rydrate, pyamrip batide] O-su@inir@lyQOsulfiaitguccigmidgoxf. rdmamzbitigzo@oxy, 1-imidazoly-
loxy, p-nitrophenyloxy, and

0

I

~CHzCH2-O~(CH2)m-C-NH-{CH,),-CHO.

Xis O or NH,
Y is selected from the group consisting of

O O OH o o

e |
«(CHy)-C-, -C-, -(CHp) g CH-(CH,) . -C—(NH—CH~(I3),_5.

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

nis from 10 to 10,000, and
pisfrom 140 3.

According to.a second aspect of the invention, there is provided a compound of
~ forinula (If)

O
R+-(CH2CH20)0-CH,CH2-0-(CHo)m-C-NH-(CH2)p-CHO (i)
wherein ) : )
R, is selected from the group consisting of halogen, epoxide, maleimide, orthopyridyi disufiide, tosylate, isocyanate,

hydraziﬂehydrate, cyanuric hatide, N-succinimidyloxy, sulfo-N-succinimidyloxy, 1-benzqtriazoly_{6xy. 1-imidazoly-
"loxy, p-nitrophenyloxy, and R R S : S

o




According to a third aspect of the invention, there is
provided a conpound of forrmula (VIIl) OO0 O I!

OHC- ( CH2) p- NH- G- ( CH2) m 24 January 2007
O CH2CH2- ( CH2CH20) n- CH2CH2- O ( CH2) m G- NH- ( CH2) p- CHO
(M11) wherein mis fromlto 17, nis from10 to
10,000, and pis from1l to 3. According to a fourth
aspect of the invention, theregs provided a conpound
of formula (1 X) R -(CH2-CH2-O n CHZ- CHZ- X-Y-NH (CHI ) P
CH (OCH2-CH3)2 (I X) wherein R" is selected fromthe

or thopyndyl i scrFPGbE Qe el ENHEEGRIRGHS. °©
hydrazi ne hydrate. cyanuric halide, N succinimdyloxy,

i kdPr dpucci ni m dyl oxy, 1-benzotriazolyl oxy,

nds ol 10 846000, agOXY, P- ni trophenyl oxy, and 0 _
pisHaG@d23. O (CH2) m G- NH- (CH2) p-CHO.  Xis O or NH, Y is
sel ected fromthe group consisting of 2b 24 January

2@60rding 0 a@hirdadpetd oflthe lnvbhtidd, thdr&1d2priVifed a vbmpound of
-&ﬁrQ)l -0CH (CH2) 1-s, -G (NHCH O 1-5,
formula )

o - o

i | 1
OHC-(CHz)p-NH-C(CHz)a-0-CHzCHz~(CH2CH20)a-CHzCH-0-(CHz)-C-NH-(CHz),-CHO
R (Vi)

wherein

mis from 1 to 17,

nis from 10 to 10,000, and
pisfrom tto 3.

According to a fourth aspect of the invention, there is provided a compound of

formula (IX)

R1—(CHZ—CHz-O)n—CHZ-CHZ-X-Y~NH—(CHz)p-CH.{OCHz-CHs)Z _ {iX) .
wherein _ _ - :
R, is selected from the group consisting of halogen, epoxide, maleimide, orthopyridyl disulfide, tosylate, isocyanate,

hydrazine hydrate, cyanuric halide, N-succinimidyloxy, sutfo-N-succinimidyloxy, 1-benzotriazolyloxy, 1-imidazoly~
foxy, p-nitrophenyloxy, and

O

i

- -CHoCH-O-{CHz)m-C-NH-{CH);-CHO.

X is- O or NH, )
Y is selected from the group consisting of

2b




Z. Zis a side chain of an amno acid, inis from1l
- to 17, nis from1l0 to 10,000, and pis from1l
According to a fifth aspect of the invention, %?@DWZOOP/
provi ded a conmpound of forrmula (X) 0 Il

Rt - (CI—|2CI—|20)"C§IZ -0- (CHZ mC—NH-(CHI)P

CH (OCHZ- CH3) 2 erein Hi s sel ecOed fronhe
group consi sti ng” of ,hal ogen, epOXI de, le eim de

or t hopyr i dyCHg s, £Cde CHO$ I FCHLBEQC RHRC)

hydr azi ne ‘h(gd?ate cya(nur?c.ﬁal |g 2)ﬂl;\ilgsucgl ni H&gl;?'o"’x
sul fo- N-succi ni m dyl oxy, 1- benzotrl azol yl oxyr[I

1-im dazoly- | oxy, p-nitrophenyloxy, and O

CH2CH2- O (CH2) M C-NH- (CHI )P-CHO. in is froml to 17, n
disa side omginkart aminb@cif)00, and pis from|l to 3. According
ntigfregn ©p k4, h aspect of the invention, there is provided
ng e tPdhdododnd fornula (XI) 0 O if N

PisCPB D) 2- CH ( CH2) p- NH C- ( CHZ)

- O CH2. CH2- (CH2- CH2- O) " - CHZCH2- 0- (CH2) m G- NH- (CH2) p-C
ﬁqc@@gjo eHishaspegt|of the invention, there is provided a compound of

formula (X)

O

[

. Ra~(CHzCHz-0)a-CHz-CHx-O-(CHa)uC-NH~(CHa)p-CH-OCH2-CHy)z (X)

wherein

Ry is selected from the group consisting of halogen, epoxide, maleimide, orthopyridyl disuffide, tosylate, isocyanate,
hydrazine hydrate, cyanuric halide, N-succinimidytoxy, sulfo-N-succinjmidyloxy, 1-benzotriazolyloxy, t-imidazoly-

loxy, p—nltrophenyloxy and

o
I

~CH2CH2-O~(CHz)y-C-NH-(CHy),-CHO.

mis from 1 to 17,
‘nis from 10 to 16,000, and
pisfrom 1to 3.

Accordlng to a sixth aspect of the invention, there is prowded a compound of
~ formula (X1} '

0 S 0

i L f
(CH3CHZ0)-CH-{CHz}g-NH-CH{CHy)-0-CHCHo(CHo-CH2-0)a-CHCHy-O-{CH ) C-NH-(CH_},-CHAOCH,-CHs),
(X0

wherein Lo
misfrom 1to 17, :
n is from 10(010000 and E

pis from 1 o3, ‘

- 2c




wherein inis froml to 17, nis from 10 to 10, 000,

and - pisfrom 1to3. 2c 24 January 2007 According a
seventh aspect of the invention, there is provi dé%%émaryzom

process of nmaking a pol yethyl ene gl ycol al dehyde
a conpound of forrmula (IX)

At Splnlocteebyin Rshb B e QDL GhpTpps eRVIURprar Y 21
o O O S
(X)  wherein R is selected fromthe group consisting of .

hal ogen, epoxi de, nal eim de, orthopyridyl disulfide,
© tosyl at e, Rir&sefHn@h-EHCHmF MAC R, FY CHe-EHalc y anur (&)
- halide, N-succinim d}/l oxy, sulfo-N-succinimdyl oxy,
to PRl 2 Y BT PR R ol Aol y- | oxy,
p- ni trophgn f , is selgcted from
the gr oupEE%:héuﬁ}éﬂ"%ggc%k%%%‘@gﬂﬁ%t i I(ﬁl | -(CH2)m
G, -G, (CHz)1l e CH(CH2), e, C(NHCHO1 5 z Z
whereld i de chain of an anmino acid, inis from1 to 17,
s F%e‘ff‘ 5o wporeys cangisingef halagery epoxide, maleimide, orthopyridyl disulfide, tosylate, isocyanate,

hydraz:nfs ydrate, cyanuric halide, N-succinimidyloxy, sulfo-N-succinimidyloxy, 1-benzotriazolyloxy, 1 -imidazoly- -
loxy, p-nitrophenyloxy, and

Xis O or NH,

Y is selected from the group consisting of

0 0 OH 0 o
l

l

-(CH,),.-C-, -C-, “(CHy)y.g-CH-(CH), 4, -(I;,-(NH—CH-(IJ)t_s,

I
z

Z is a side chain of an amino acid,

mis from 110 17,

nis from 10 to 10,000, and

pis from 1.to 3. o |

According to an eighth aspect of the invention, there is provided a process of
making a polyethylene glycol aldehyde comprising hydrolyzing a compound of formula
) o |

O

Ri=(CHz-CHz-0)-CHoCH2-O-(CHp)n-C-NH-(CHz)y-CH-(OCH2-CHa): x)

 to produce a polyethylene glycol aldehyde of formula (JI):

O

- R-(CHCHz0)n-CHeCHz-O-(CH3)er C-NH-CHz)-:CHO ()

wherein - - : : o : : o
R, is selected from the group consisting of halogen, epoxide, maleimide, orthopyridyl disulfide, toSyIate.,i_socyanate,
h_ydra?.ine hydrate, 'cyanuric halide, N-succinimidyloxy; sulfo—N-supcin_i_midyioxy, 1-benzotriazolyloxy, t-imidazoly-




pis froml. to 3. According to an eighth aspect of

the invention, there is provided a process of kin

a pol yet hyl ene gl ycol al dehyde conpri sing hydr or?lzlil’eﬁaaryzom

a compound of forrmula (X) O Il Rt-(CH2-CH2-O)r

CH2CH2- 0- ( CH2) m G- NH- ( CH2) p- cHRocH2-aHB) 2z (X)  to

produce a pol yet hyl ene gl ycol e" dehyde of fornula

(rt): 011 :

Ri - ( CH2CH20) n- CHEHEHEQ€(Eblpim-E-NH- gy HH8%0 (11).

wherein R is selected fromthe group consisting of

hal ogen, epoxi de, nal eimde, orthopyridyl disulfide,

rdsfdmatle 17.i socyanate, hydrazi ne hydrate, cyanuric

hia[ree &0 to ARYBEBT ni mi dyl oxy, sul f o- N-succi ni m dyt oxy,

PisERMEBEr i azol yl oxy, 1-imi dazoly- | oxy,

p- ni trophenyl oxy, and 2d 24 January 2007 O

CH2CH2-0- (CH2) M G- NH (CH2) p-CHO. mis from1l to 17, n

A ofdhirR o onih® abBe@@Piheaibntibn,i therkli® frolided adrodessar diaking

to a ninth aspect of the invention, there is pro ﬁd
a polyethylenenglyent algiehyrdesamprising hyrispbang 2 ARMPPYIANT 1Y

conpri sing hydrolyzing a conpound of formula (XVIl) O

O (CH3CH20) z-CH (CH2)o _

NH G (CH2) m O CH2{ CHz- CHz- O, 0O

CH2CH2- 0- (CH2) i C NH (CHz) P- i

(CH;;CHzO)z'CH'(CHg)p‘NH'C‘(CHz)m‘O-CHzCHzf(CHz‘CH2“O)n-CHchz‘0‘(CHz)m-C"NH"(CHz)p -
CH-{OCHzCHa)2 (XVIil)

o produce a polyethylene glycol of formula (Vi)
| 0 O
o 0
OHGC-(CHg)p-NH-C-(CHz)m-0-CH,CH2-(CH>CHz0)q-CH2CHz-O~(CHa)y-C- NH-(CHz2}p-CHO
' | (V)
wherein
mis from 1 to 17,

n is from 10 fo 10,000, and
pisfrom 1to0 3.

0 2e




CH (OCHz-CH3)2 (XVIl) to produce a polyethylene glycol

of formula (Vill) 0 0 OHC (CH )P NHC (CH2) m

O CH2CHz- ( CHZCH20) n CH2CH2- O (CH2) M G- NH- ( CHI ) P Z8Fgmaty 2007
(M11) wherein mis fromlto 17, nis from10 to

10,000, and pis from1l to 3. 2e 24 January 2007 WO

wo 29061494 3205 PCT/ EP2003/ 007734 Di scl oseqcq/ug 0 gd@hy de
derivatives of polyethylene glycol, having the general
formul a (I) Rr (CH2CH20) , CH2CH2- X-Y—NH-(CHI)P CHO (1)
wherein R is a capping group, Xis. Oor NH Yis

SoBfefip A ehie Bt o i Rladi el oo g T

fomu|aZ|%Z|_saS|de chain of an amno acid, mis from1l to
nis from10 to 10,000, and p is from1l to 3.
Di scl osed also is a conmpound of formula (11): O

Ri - ( CH2CH2 @)-(CHEH2OI-OHECHIZY-VHTHAEHH GERRGHO (| |)
wherein R, m n, and p are defined as above.
wherein Ry is a capping group, X is O or NH, Y is selected from the group

consisting of

OH o) o

o 0
I |

-{CHg)yy~C~, -C-, ~(CHy)1.5-CH-(CHg) g, -C- (NH-CH-C), 5,

Z

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

is from 1 to 3.

Disclosed also is a compound of formula (il):

O

- I
 Ap{CHCH;0)oCHZCHz-O~(CHa)-C-NHH(CH2)-CHO (1)

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

bifunctional polyethylené glycol aldehyde compound of formula (VIU): | |

0 - - - 0

N o
OHG{CHz)g-NH-C-(CHg)n-0-CHeCHa~(CHoCHz0)r-CHaCHa-O-(CHgarC-
 NH-CHa)HO )




Anot her preferred enbodi nent of the present invention

provi des a bifunctional polyethylene glycol al d%wa%lemryzom

compound of formula (VII1): 0 0 OHC (CH)P
NH C- (CH2),, ; - O CH2CH2- (CH2CH20O), ; CH2CH2-0- (CH2), I C
NH (CH2) a- HO 3 24 January 2007 WD 2004/013205 PCT/ EP2
woger481el 7 734 (MI1) wherein m n, andppr/erendefisned

as above. Disclosed al so are internedi ate conpounds of
formula (IX): R-(CH-CH2-O n-CH2- CH2- X-Y NH (CH2) P
CH (OCH2-CH3) 2 (IX) wherein R, X, Y, Z, m n, and Ip
are defined as above. Disclosed further are (viiyy
i nt ermedi ate conmpounds of fornmula (X): O II

whereirRin; if, BHE pGH2 d€lingd GBHItOWB- O- (CH2) n G- NH (CH2) P
CH (OCH2-CH3)2 (X) wherein R, m n, and p are
defined as above. Also disclosed is an internedi ate
compound of formula (XI): OO Il Il
Diskid &P @ atfeHn{etieiliBteNt SN AUBHR pEOFIA2 CH2- ( CH2- CH2- O)
CH2CH2- O (CH2) m &G NH (CH2) a- CH (OCH2-H3) 2 ( XI)

({iX):

Ri-(CHz-CHp-0)q-CHa-CHa-X-Y-NH-(CHy)-CH-(OCHz-CHa)z (IX)

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

Disclosed further are intermediate’ compounds of formula

(X):

0
. [
Ry-(CHz-CHz-0)q-CHa-CHo-O~(CHz)-C-NH-(CHz)p-CH-(OCH2-CHg)e (X)

wherein By, m; n, and p are definedasabove.

Also d_isCIosed is an intermediéte compound of formula (Xl):

O | (l'i)

(. :
(CHSCHaO)a'CH-(CHz)p4N H'C'(CHg)m-O'CHchz'(GHQ'CHa'O)n'CHcha'0"(C.Hg)m"Q‘NH'
(CH)CH-(OCHHa)2 _ | |
| - (XD

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

Discloséd further i-s a method of making a polyethylene

| glycol aldehyde comprisi_ng hydrolyzihg a compound of formula (IX):




wherein each m n, and p is the sane or different and
is defined as above. Disclosed further is a neth qjof 2007
maki ng a pol yet hyl ene gl ycol al dehyde conpri si n% anuary
hydrol yzi ng a conpound of formula (IX): .4 24 January -
2007 WD 20041013205 PCT/ EP2003/ 007734 Rr (CH2- CH2-0),

WO Z0EREES X- Y- NH (CHI ) P CH (OCH2- CH3) 2 (| X§CTRR3003pGHdce a
pol yet hyl ene gl ycol al dehyde of formula (I):
Rl - (CH2CH20) , CH2CH2- X- Y- NH (CH2) p- CHO (1) wherein R1,

et mpue o Ny S B P B ™k ng+,

" process of rrakiégéq" is meant. Piscl osed also is a
9y é

ia produce etnolyettylanalalisg! g et iada gy gl ycol al dehyde
conprising hydrolyzing a conpound of formula (X): O
RL- ( G-Br (U006 BGH: 0 (BHS s CHO ()

|G NH (CH2)0-CH (OCH2-CH3) 2 (X) to produce a
whereingRa| X,&f, By e neanyl ty etsl definebas/aleovef fornula (11): 0 11
R -(CH2CH20), ; - CH2CH2- 0- (CH2) m G- N H- (CH2) PCHO (LI)
ifnihe rppesenRiinvention relatael i aaireetaed oh&wking"s ob oRFACESS of
: Di scl osed is a nethod of making a pol yet hyl ene gl ycol
making'ds dehpide conprising hydrolyzing a conpound of fornula
(Xvil): 00
Disclosed also is a method of making a polyethylene

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

]
R-[-(CHg-CHg-O)n"CHQCHZ-‘O"(CHz)m-C"NH"(CHg)p~CH-_(OCH2*CH3)2
to produce a polyethylene glycol aldehyde of formula {I1):
_ . o

' I
Ry-(CHzCHz0)-CH2CH2-0~(CHz)m-C-NH-(CHz)p-CHO

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

Disclosed is a method of making a polyethylene glycol aldehyde comprising

hydrolyzing a compound of formula (XVIi):

0 _ 0

1 ' |
-(CHgCHz0)gCH-(CHy);-NH-C-{GHa)0-CHzGH-{CHa-CH-O)r CHoCHa-O-~(Chz)C-NH-
(CHy)y-CH-(OCHxHa)o ,

XV1I)
" 1o produce a polyethylene glycol aldehyde of formula (VIH):
o | - ?1)"
. ' '
OHG-{GH)yNH-C-{CH)ar O-CH;CHy-{CHCHO}y-CH2CHe-O-(CHa)r G-NH-(CH)yrCHO




(CH3CH20) 2- CH (CH2) rNH- | C- (CH2) m O CH2CH2- ( CH2- CH2- O)n

CH2CH2- O (CH2) m I G NH  (CH2) r CH ( OCH2- H3) 2 (XVII%

produce a pol yet hyl ene gl ycol al dehyde of fornul 4.Tanuary2007

(M11): 00 OHC(CH2)r

NH- | G (CH2) m O CH2CH2- (CH2CH2O), CH2CH2- O (CH2) m

WORIMPSEESH2) r CHO 5 24 January 2007 WO 2004ECAGROG34

PCT/ EP2003/ 007734 (VI11) wherein m n, and p are

defined as above. Disclosed are a variety conpounds

and chem cal internedi ates and nmet hods which

used in connection with the pegylation of pol yp(glﬂﬂl des

and ot her bionol ecules. Disclosed further is a new

chenical structure for polyethylene glycol aldehydes.
whereilnig 1. s8¢ 8 a5 defied epplveder i vat i ves of pol yet hyl ene

gl ycol, having the general formula (1): Rr(CR2ZCH2O n

CH2CH2-X—Y—NH-(CH2)P CHO (1) wherein Rt is a capping

group, Xis O or NH Y is selected fromthe group

consisting of Il 11 I OHII Il (CH2)mC . C,

(CH2)1.CH (CH2)t-8, C(NHCH-QO11.5 z Zis a side

chain of an amino acid, mis from1l to 17, nis from

P@%B@L@f%@@a"%’lﬁGO'BPOW?SfWrﬁhf"T"E?3 As used herein

t he ‘cappi hg.group” is any suitable_chem cal group
lntermedrates and methods which may be used in connection with the pegylat: n

of pqupeptldes and other biomolecules. Disclosed further is a new chemical structure

for polyethylene glycol aldehydes.

Disclosed are aldehyde derivatives of polyethylene

glycol, having the general formula (1):

R4-(CH2CHz0)n-CH2CH2-X-Y-NH-(CHz)s-CHO (1)
wherein Ry is a capping group, X is O or NH, Y is selecied from the group

consisting of

0O 0O OH Q
||l | I ||
«(CH,),,-C-~, -C-, -(CHy)1.5-CH~(CHy) 1.5, -C-(NH-CH-C), ¢,

|

zZ

- Z is a side chain of an amino acid, mis from 1 to 17, n is from 1'0 f0 10,000, and p

is from 1 to 3.

As used herem the Ry "capplng group” is any swtable chemical group

whrch dependmg upon preference is generally unreactlve or generally reactrve




whi ch, dependi ng upon preference, is generally
unreactive or. generally reactive 6 24 January 2007
WD 2004/ 013205 PCT/ EP2003/ 007734 with ot her chem&dpmway 2007
noi eties. The term nal al dehyde group of the above
formula can permt a ready covalent attachnent to a
wochewmxed noi ety of interest, for exanpl ecriEeeoydeesss
a-am no group of a pol ypeptide. The R capping group
can be selected to permt or prevent bifunctionality,
e.g., covalent attachnment to a second chem cal noiety
with otifer chereicelshoietias. (The temyealtaidehydd groop phinegbgre igymiia
generally unreactive with other chemcal noieties R
can péﬁnlf £ tedldly Bl et B@BERM&t tBe dhgricRl ﬁfoie‘(@bﬁ'ﬁnﬂel‘&'ﬁ tfmr é)&ﬁﬂ)le to
the structure of the resulting polyethylene g
the a-ginchgraup pka n@mﬁnyﬁ@t iTbadl: capping Beaugfagnde S@tﬁfs&ﬂcglm ly
bonds with only one chem cal noiety of interest.
permiiSui prateng bijemtioralilyy e.quroraleti attacRnentap@ sapogd chersical
i ncl ude: hydrogen, hydroxyl, |ower alkyl, |ower
moietypbdidoteygst.| ower cycl oal kyl, | ower al kenyl, | ower
cycl oal kenyl, aryl, and heteroaryl. As used herein,
the term"lower alkyl", means a substituted or
Un sthe sagise uhaldthe seapainghgroup d roeeraly amedastivee with otk y |
group containing froml to 7, preferably from1l to 4,
chemiealrpeigtiest B relatliyely iagrt nHthhyis rel@tVﬁIyunerh .ﬂ’tﬁﬂdb? structure
i sopropyl, n- butyl, sec.butyl, tert.butyl, n-pentyl,
of thencqwbtlpg pdveﬁ@bﬂ@flgly@numdnbyda lsemompfunationah amdomrefom
al koxy" nmeans a | ower al kyl -group as defined earlier
covalaptly dends with onkieunevehemicn! axaigh rof dnterest. wotikabis gafrraly of
| oner al koxy groups being nethoxy, ethoxy, n-propoxy,
unrea¢tiyepRoGeRING 9rayRs drgiudes eiwdmge@xjﬂydrml t lowgt ekyyl. lpwer
pentoxy and the |like. The term "l ower cycl oal kyl"
alkoxm@am cyclealitys tawenalsenydrliowersyploaiienyt, eaylapel hedaresl.  gr oup
containing from3 to 7, preferably from4 to 6, carbon
i.e | opr I I I | opent yl
apgmsﬂqu@pre% @Cﬁé}ﬁg FF;{CW rC%ﬁcyIQb%e%ns Cy%ubsp I?Utég or

unsubstituted, straight-chain or branched-chain alky! group containing from 1107,
preferably from 1 to 4, carbon atoms, such as methyl, ethyi, n-propyl, isopropyl, n-

butyl, sec.butyl, tert.butyl, n-pentyl, l'i-hexyl, n-heptyl and the Iike.

The term “lower alkoxy” méans 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.bufoxy, tert.butoxy, n-

| pehtoxy and the like.

The term “lower cycloalkyi" means a substituted or unsubstituted cycloalkyl
group contamlng from '3 to 7, preferably from 4 to 6 carbon atoms, /.e.

 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl.




7 24 January 2007 WO 2004/013205 PCT/ EP2003/ 007734 As

used herein, the term"l ower alkenyl" neans a

substituted or unsubstituted, straight-chain or 2%Jamwary2007

branched- chai n al kenyl group containing from2 to 7,

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

wobekensos, pentenyl, hexenyl and the | i kecT/ERh@3/002T3m

"l ower cycl oal kenyl" neans a substituted or

unsubstituted, cycloal kenyl group containing from4

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

Ay Qlseiekemin| thadterie “lbivére alkBhyg" treeans” ar pubstitudeghsora

phenyl or naphthyl group which is unsubstituted or
unsubstiptddpstedight-chain or banchrd-dhiajl atkenybpoup condalniby froml bigen,

| ower al kyl, |ower al koxy, trifluoronethyl, hydroxyl,
7, prefaraisip tswl 2  Baachoncaomhsxgd.i ethesyt,drutenyl, tpeatenginhiexsgnylor

phenyl, particularly by hal ogen, |ower alkyl, |ower
and thealldgoxy, trifluoromethyl, hydroxyl, nitro, am no and

phenyl. The term "heteroaryl" neans a 5- or 6-nenbered

het eroaromati c group which contains one or nore

Tiwt deron dlowes cyelbalkerytl mears &, sEpstiwell @r msebalitvigg

general ly unreactive R, capping groups include
cycloalkartyhgropp cdmjaimiog yitom dr th@negrberx plomsn @ gpedyFlabytenyl,

preferred R, capping group is nethoxy. Wen R is
cyclopamigriyh xyclotegeryl dehipgdise.and rel at ed conpounds are

sonetines referred to herein as "nPEG' conpounds,

wherein the "nf' stands for nmethoxy. If the R %?&ping

Gholem iyyleaansi Phenvbaiciarbibylareun Weiskis unsdpstiule

noieties, then R is a functional group capggle of -
optionallg aaerion PrvingliiplgsyRstistase by halegen.dauer alfylodyver AlYas an

am ne and/or sulfhydryl in a peptide and/or protein.
trifluorgrpetaylchydepxylgcarhoxylie ggﬁycmyllc ester, nitro, amino, or phenyi,

particularly by haiogen, fower alkyl, lower alkoxy, trifluoromethyl, hydroxyl, nitro,

amino and phenyl.

The term “heteroaryl” means a 5- or 6-membared 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 Ry capping group is methoxy.
When R;j is‘méthoxy the aldehydes and related compounds are sometimes

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

i the F{{capping group is generally reactive with other chemical moieties,
then Ry is a:funbtional group capable of reacting with some other functional

group, such ,as_'_an amihe and/or sulthydryl in a peptide and/or P_IO’cein._ in sqch a




WO 2004/ 013205 PCT/ EP2003/ 007734 case, Rl may be a
. functional group that is capable of reacting rea% |¥1 2007
with electrophilic or nucleophilic groups on ot & january
nol ecul es, in contrast to those groups that require
strong catalysts or highly inpractical reaction
wogomMidiseisons in order to react. If Rl i SP¢EERRBAETY
reacti ve, the polyethylene glycol aldehyde is
bi functional and may therefore covalently bond with
two chem cal noieties. Exanples of suitable generally
case, Reasdyl we Rlurctgal muour thabds cagbledef reating geadlly i de,
mal ei m de, orthopyridyl disulfide, tosylate,
electropBile Ysaaickepphility droaps rom  bielr atcmculeyaﬂru rcpntrﬂrﬁél’f@ deose
. Nesucci ni m dyl oxy, sul fo-Nsuccinim dyl oxy,
groupsbmatz pdquir@ztrbryg oatulystd-dr riighyz hpyaadicsl, regetinng ¢Q§lﬁﬁ@'fff=ylfbxy
and 0 CH2CH2-O-(CH2) -C-NH-(CHI )P CHO. The term
order foh@hegeh R e aaistifdiuezictie, theh payethdend glyas! reidenyde is
iodine. A preferred generally reactive RL capping
 bifunctihalgnd reaydtherefird Chiidbtly EhR) withGwo NhehCe 1 PIeiHB. The use
of this RL group results in a polyethylene glycol
al dehyde with al dehyde groups on both ends of }he
Estmplehydfe neitagley genéralyd seaetiee Fn G2aRIBD rAPYRS JNoUCRe
resul tant pol yethylene glycol al dehyde exhibits
halogeii neiperidepr opaieimides @ﬁhmflwleﬁéfé"ﬁdﬁttowl?-tﬁ plgocyanate,
appreci ated, however, that these bifunctiaonal
hydrazirerydeatel syanmssia halide, Desuseinimidsiaxy, SWirrs¥aiinIdyiognd- ¢ hat
the first m n, and/or p may be the sane or different
benzofiazolylotye 14raidazalylony, p-RitrophaWEXY. 8 n the formula. It i's
preferred, however, that the conpound be 9 24 January
2007 WD 2004/ 013205 PCT/ EP20031007734 synmetri cal ,

nmeani ng t t both depicted ms have the sane val ue,
both n's
-CHzCHz-0-(CHo}-C- NH ~(CHz)p-CHO.

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

O
| -CHgCHg-O-(CHg)m-(u)-NH-(CHz)p-CHO. The use of this Ry group resulis in a
polyethylene glycol aldehyde with aldehyde groups on both ends of the
polyethylene glycol aldehyde. And accordingly, the resultant polyethytene glycol
. aldehyde exhibits binding properties on both ends. [t will be éppreciated,
-.however, that these bifunctional compounds need not be perfectly symmetrical,
and that the first m, n, énd/or P rhay 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 X is 0 or NH _
Preferably, X is 0. Further, Y is selected fron?f fguary2007
group consisting of Il Il ~O4HII OIl (CH2)mC, -C,
-(CH2)1.3-CH (CH2)1-a, (NHCHQ1-5, Z wherein Zis
woacgpid®schai n of an amno acid. In the proagerns/o07734
invention, mis from1l to 17. In a preferred
enmbodinment, m is from1l to 14. Mre preferablymis
from1l to 7, and even nore preferably, mis from1l to
symmetricalyipsaningeliaheth gepiatad my'shave thergamecaiue, bptha'syhayeoup
with the general structure: 0O UIlI -G(NHCHCQO1-5
the sarde vhlee,Yangbothpy'ekdweshe sarae Valwkage to the amino acid
t hrough a peptide bond. Accordingly, this general
structure results in specific structures as sinple as:
OO0OIlI Il -CNHCH2-C 10 24 January 2007 WO
RODé/c0 rBRABISRETHEM2e@ R froemitauX therer Atk Rigfasaly. yekne i s
used as the amno acid. Wien Z is CH3, then the am no
0. Fugiben Yiissadced inen thef graup ¢ongsP@HT t he amino acid is
serine.

OH 0 o
|

o O
| | |

“(CHp)-C-, -C-, -(CH,)1.g-CH-(CHy)1.g, -C-(NH-CH-C)y5,

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:

0 -0

!

~C-(NH-?H-C)1.5

2z
the Y group exhibits a finkage to the amino acid through a peptide bond.
‘Accordingly, this general structure results in specific struciures as simple as:
| 0 0
-C-NH-CH,-C-

10




Govi ously, nore conplex structures are possible when
nore and different amno acids are utilized, ?
be appreciated from an exam nation of the vari o&g amary 2007
amino acid structures shown below Preferably, only
‘one anmino acid is wused. 11 _ 24 January 2007 WO
wo200d138%53205 PCT/ EP2003/ 007734 ~ 11 Cl 02H@021dm3/@034 1

CO2H NH2TH NH2~H | ' IH N92 CNH2 2COH CHS
CH2CH2CH2NHCNH2 2C OH 11 Pl anate Asperagi ne Aspaxdc
Add CO2H COH 11l 11C02H +I NH2TH NH2TH NH2 CH

when agnaig-glyqinpis Gsedas feamino asig.siWhan ZasiEHsothen dhe argipst ei ne

, Ayuine Qutemine Autsntic Acid 1002H NH2-1-H 1102H

acid is plenigpHf £d OPpPH.Ahe aningBgidgefned NH2TH HN CHS'

" CH2CH3 CH2CHCHS CI | HRCH2CH2CH2NH2 " =- N CHS
Hi stidi ne |Iscleucine Leucaie Lysine C 02H | CO2H CO2H
CO2H

Obviously, more complex structures are possible when more and diiferent
amino acids are utilized, as can be appreciated from an examination of the
various amino acid structures shown below. Preferably, only one amino acid is

"~ used.

"o




NH2 H CH H25CH5 NH2 HH /-° NH H NH2 CH Ii  Medil oni ne

Phenyl al ani ne proline Selina CO2H CO2H NH2TH CO

CO2H , ~ NHz+ | 2 Ni ++ NHHCH2 | é@l@“a‘?mm

CH2OH CHa ' CHCHs OH NH Threoni ne Trypl ophan Tyr05| ne

Vatine In the present invention, nis from10 to
woliO0fds In a preferred enbodi ment of theErmesent

invention nis from20 to 5, 000. Preferably, nis from

50 to 2,500, even nore preferably nis. from75 to

1,000. Most preferably, nis from100 to 750. In the

prdggfpnt i nwgption, pis froﬁ‘i’aﬁ to 3. Pcedierably, p IS

7P3 | d a puary 2007 B, /0132161{';“—11-
EP2 3/ 4 I n pcwfernred e @ﬁbments pis
Bem Rl IS NME ’Egzgmwﬂf 1, ndzn is from 400 to 750; or
I's 2 R1 |§rg thoxy m issperine gnd naspagic 42 om 100 to

75% or pis rrethgﬁ(zyt, mis lcognd nis from

is
100% o 750, DF%& osed ar®, oundsnmf rmul a | which
NE, — .
arCH;%on'podﬁ‘a Hlo‘f‘ formul as | tn¥h,cas, folchpugon (A) 0
' 2 o o
Cysleing Clyving Glutamine Glutarnic Acid

CO,H

HH, H COH CO,H CO,H
CH, NH2+H NHz—|—H NH2+H
)ﬁ CHS/GHC H,CH, OH 2?HCH5 CH,CH,CH,CH,NH,
HN\—:—N Cllg
Histiding Isolevring Lencine Lysine
CO.H CO,H COH COH
NHZ‘—‘—H NHz-I—H zHJLH NHQ—I—H
CH,CH,8CH, CH, CH,OH
Methioning Phenylalaning Proline Sering
CO,H
CQ,H WH, —|—H CO,H CO,H
HH2+H - CH, NHz—I—H NH, —1—}1
. CH, OH cH
fricts Y :::: CHy” " “CH,
OH ‘ e
_ NH
Threonins ~ Teyptophan Tyrosine Valing

In the preseht invention, n is from 10 o 10,000. In-a preferred
embodiment of the present invention n is from 20 fo 5,000. Preférably, n is from
50 o 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, pis 3.

12




Il Rr(CH2CH20) " - CH2CH2- O (CH2) m C- NH- (CH2) p CHO (11)
(B) 01l R1-(CH2CH20O), CH2CH2- O- C- NH ( CH2) p- CHO (1.1
(C) 0 11 RL-(CHCH20), CH2CH2- NH- G- NH- ( CH2) P CHO 4 ipary 2007
(D) OH R1-(CH2CH20), CH2CH2-O-CH2- CH CH2-NH (CH2) p
CHO(V) (E) 0O II 11
WORMMECRIBECH20) , CH2CH2- 0- C- NH CH C- NH- ( CH2)PerEbnxoviTys  Z
Preferred RL capping noieties are relatively
unreactive, wth nmethoxy, hydroxyl, and benzyl oxy
preferred. Preferred conpounds of the present
iR pesfeireshembpdimapis Hi s SaRo dpmathespve is 1,406 sy igfragl 190
di scl osed is a conpound of fornula (1IZ): 13 24 January
to 7500 p is (pEaUgthas2wTs PCmMEPRTBNIOP 845G arip is 1, Riis
R1- (CH2CH20) , - CH2CH2- O- (CH2) - C- NH- (CH2) PCHO (11)
methogihenés h ard n igfrom 1084@7§0.ar e defi ned as above.

Disclosed are compounds of formula | which are compounds of formulas li-Vl as

follows:

(A 0

R1-(CHQCH20)n-CHQCH2-O-(CHg)m-"C-NH-(CHa)p—CHO ()]

(B) | O
Fh-(CHgCHgO)n~CHgCH2~O-[(l-3-NH-(CH2}p~CHO (U}

(C) 0
Rt-(CH2CHz0)-CHoCHo-NH-C-NH-(CHz),-CHO (V)

) | OH

- Ri-(CHaCHz0)n-CH,CHo-0-CHy- CH- CHa-NH-(CH),-CHO (V)

(E)

0 0
| Ry-(CH2CH20)y-CHCH2-O-C-NH-CH-C-NH-(CHg),-CHO (V).
Preferred R Capping moieties are felatively unreactive, wi’gh_ methoxy,

hydroxyl, and benzyldxy preferred.

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

'Accc_')rdingly, disclosed i__s- a compound of formula {If):

13




In a preferred enbodinent, R is nethoxy, mis 1, and

nis from100 to 750. Mre preferably, p is 3, R% i S

methoxy, mis 1, and n is from 100 to 750. Anot Kafanuary 2007

preferred enbodi nent of the present invention provides

a bi functional polyethylene glycol al dehyde conpound
WORMBIAla (M 11): 0 0 Il Il OHC (CH2) PPCI/EP2003/007734

NH C- ( CH2) nO- CH2CHz- (CH2CH20) n CH2CH2- O (CH2) m C NH-

(CH2) PCHO (VII1) wherein m n, and p are defined as

above. In a preferred enbodinent Rl is methoxy, mis

1, and nis from100 to Nbre preferably, pis 3,

u’scﬁﬁé?fézy 513?5*&9(@9‘3 h‘f"é&ﬁﬂprﬁ'@? i ths 25 whi ch

maybe converted into the polyethyl ene glycol al dehyde
whereg) @uﬁc%"dcfe%’érdﬁmasﬁi’&/g These internedi ates can
i ncl ude corrpounds of formula (IX):
R, - (CH2- CH2- O) CH2 CH2- X- Y- NH ( CH2) p- CH ( OCH2- CH3) 2
(I X) wherein Y,. Z, n, an re efl as
Thsverelerred Woﬂmr@! sgheonpm il SxBaas o %

750, Wiie o HEORoR ) S mehoBh T 8% 53%3%"%358[0 Beo; of p

is 2, R is methoxy, mis 1, and nis from 100 to 750
oot ortecseBaodHTAY . bsdn, M Prdid 200

bifuhc%na‘ ;%I?e’fll-lﬁeéeﬁlﬁcol gldé!{yde compound of formula (VII):
O O
I

I
OHC~(CHa)p-NH-C~{CHz)m-O-CHzCHy-(CHoCH20)r- CHzCH-O-(CHa)a C-NH-

(CHg)p-CHO
(Vi)

whereiri 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.

Disclosed is a variety of chemical intermediates

~ which may-be converted into the polyethylene glycol aldehyde compounds descnbed

. above. These intermediates can mclude compounds of formula (1X)::

R¢-(CHz-CHg-0),-CHz-CHz-X-Y-NH-(CHz)-CH-(OCH2-CHa)z (IX)

B whe'r_ein Ri. X Y, 2, m, :l:l, and pare define_d'a_s_ above.

14




R -(CH2-CH2-O), CHCH O (CH2) m C- NH (CH2) P
CH (OCH2-CH3)2 (X) wherein RL, m n, and p are
defined as above. In a preferred enbodi ment, p |524§ uary 2007
R is nmethoxy, mis 1, and nis from100 to 750; or p
is 2, R is nmethoxy, mis 1, and nis from 100 to 750;.
wogeodpistes 1, R is nmethoxy, mis 1, and scierboont00
to 750. Also disclosed are internedi ate conpounds of-
formula (XI): OO Il Il (CH3CH20)2-CH (CH2)p
NH C- (CHZ) m O CH2CHr ( CH2- CH2-0),; CH2CHr O (CH2) m C- NH
(CH2)v CH (OCH2-CH3)2 (XI) wherein each m n, and p
is the sane or different and is defined as above. In
pr pefared centlodidiant mtis 3, B4 issnd@hoxiy miis 1 natdhoisyffonmi0& 1,
and nis from100 to 750; or pis 2, R is nethoxy; m
to 750i o plis 2afg ismethoty; anis1i0@nd o i¥ H6m @0 tp 768; dr,p Ri1,iM is
met hoxy, mis 1, and nis from100 to 750. 15 24
methoxyamian yarR0ig frod0 645013205 PCT/ EP2003/ 007734 The
conmpounds of the present invention may be produced by
any suitable nethod, using known reagents and
M}% Y rovides a
2%'%@?@ fuhﬁ nt? |%§8§BE6% c{/éec?t%r ene 1 ycol
al dehyde conpr|3|ng hydrol yzi ng a conpound of fornmula
(1X): Rl-(CH2-CH2-O)" CI—|2CH2-X—Y-NI—|-(CHI)P
CH (OCH2-CHs) 2 (I X) groduce a pol yet hyl ene gl ycol
al dehyde of fornula(l) R - (CH2CH0O), ;
CH2CH2- X- Y- NH ( CH2) PCHO | ) wherein R
RarffeHaClr- )ncfelfir ASasy (ﬁr@s&wmﬂz—@wz r{gﬁarm yS| s

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

" In a preferred embodiment, p is 3, Ry is methoxy, mis 1, and n s from 100
to 750; or p is 2, Ry is methoxy, mis 1, and n is from 100 fo 750; or pis 1, Ry is

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

‘Also disclosed are intermediate compdunds of formula (X1):

|§ '
(CH3CH20)5-CH-(CHz),-NH-C- (CHg}m-O-CHgCHg (CHZ-CHE 0)y-CHzCHz-O- (CHZ)m C-NH-
) (CHz)p"CH (OCHz CHs)g
XD

- wherein each m, n, and p is the same or different and is defmed as above.
In preferred embo:diments, p is 3, Ry is methoxy, mis '1, and nis from 100

10 750; 0r p is 2, Ry is methoxy, m-is 1, and n is from 100 fo 750; or pis 1, Ry is

methoxy, mis 1, and n_'i's'from 100 to 750.

5 o




is acid catal yzed. Suitable catalytic acids include:
“trifluoroacetic acid, hydrochloric acid, phospharic
acid, sulfuric acid, and nitric acid. Preferably2*{fsay
acid is trifluoroacetic acid. In preferred
enbodi nents, pis 3, R is nethoxy, mis 1, and n is
woReym3280 to 750; or p is 2, R 1S nethexygrows3734,
and nis from100 to 750; or pis 1, R is methoxy, m
is 1, and nis from 100 to 750. The pol yet hyl ene
gl ycol al dehyde conpounds of forrmula (I1) may al so be
TPhechmpulindy obihy psasenbibventior rayde Byducas bpanestdiaplee,
however, polyethylene glycol aldehydes of fornula
method lusingnfenowimerepg@tdsi aed reethddsl | Howeveri thetpresank invention
pol yet hyl ene glycol is dried. Second, the pol yethylene
* providegl &y spcificameteed biadaking b palyethgleng glyatledidaihgdd vernprisingof
acetic acid. Hydrolyzing the resulting reaction
hydrolyaing taltoenpourds ol fosnula (IX): PEG car boxyl i ¢ aci d.
Al ternatively, the product PEG carboxylic acid may
al so be derived fromdirect oxidation of the PEG
af Be(CHARHARHOMC - -NNdRH)o-CH(QOHFGIMka(lX) 2007 WO
2004/ 013205 PCT/ EP2003/ 007734 the PEG carboxylic acid
to produse & belyethylead gligcohaldbhyaie chifdrmeladBr i vat i ve of di et hyl
acetal to produce a PEG acetal amne, which is
r eact ed?wiCHaCHO)aobigeHaK&ENEdCHexZHC(l) aci d to produce
a pol yethyl ene glycol al dehyde of formula. The
whereip®l; yetyh ¥l ene, argl iy a@ defihetbhy disovier dtefetabiys thertedrolysis
coll ected and purified. The pol yet hyl ene gl ycol
is acid ahidybad] eSylabd wataiytia ycibeinclatid:edfluethaaait snid, ihnfdrechléric  any
sui tabl e manner. By way of exanple, the polyethyl ene
acid, rogsiaricahals hydferic priddwat niey doid. eX@retaedbdd the taoid is
di chl oronet hane. The organic |ayer is dried over
trifluor@ediicmigul fate, filtered, concentrated, and
precipitated with diethyl ether. The product, PEG
al dehyde, is collected by filtration and dried under
vacuum Disclosed is a nethod of making a pol yet hyl ene
H prefeiredleghbbylidenizo py 8,98 g methoxy, m is 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; orp is 1, R{igm

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

The poly_ethylene glycol aldehyde compounds of formula (li} may also be
produced by any‘_.suita.ble .method. By way of example, however, polyethylene
glycol aldehydes of formula () may be_ produced as followé:_ First, the
- polyethylene glycol is dried. Second, the polyethylene glycol. i_s' reacted with a

halogenated derivative §f acetic acid. Hydrolyzing the resuiting reaction mixiure
- results in .a PEG Cafboxylic acid. Alternatively, the pro_dUbt PEG carboxylic acid

may" also be derived fronﬁ_direct oxidatidn of the PEG, afier the d:rying step. Next,
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hydrol yzi ng a conpound of formula (X): 0 Il
Rr (CH2-CH2-0O), ; CH2CH2- O (CH2) m C- NH (CH2) p
CH (OCHr CH3)2 (X). to produce a pol yet hyl ene gl ycgifamary 2007
al dehyde of formula (I1): 0 R -(CH2CH20O, ;
CH2CH2- O (CH2) nC-NH- (CH2) p CHO (I'1) wherein R, m n,
WHeVH28F e defi ned as above. The conpoundcofiricosevmrisa
(X) may be produced by reacting a conpound of formula
(XI'1): Rl-(CHZ-CH2- O n- CH2CH2- O (CH2) nDOOH (XI'1) 17
24 January 2007 WD 2004/013205 PCT/ EP2003/ 007734 with
the PRGrampsuwliscrcist is flmnritdaded with B ami@Nd¢rgatiprf diethyl acetal
CH (OCH2-CH3)2 (XII1). Another nethod to make PEG acid
to ProgrcPEd k@ epaRlydnine, adiich issredited otith coldlagenated. caroxyliv s
case, oxidizers such as CrG3 or K2Cr 207/ H2SO4, HNGB in
“acid ﬂoh@rodmeegamb@thyfenam @idehyda dh famola. I@ﬁepféyetm&g'@nt_
(Cr03 and H2SO4), nay be used. The conpound of
glycolfagstamytiepropuat js th@yCQi%C’tpd@ad@Gdfleﬁy hydrol yzing a
conpound of forrrul a (XIV)
O (CH2)m COORS (XI'V)  wherein
%ﬂq eohaeﬂweéﬁcg'v@a! %ﬁlef\yﬁe PEGHKEaLhe callegferyand purified in

any suitable manner. By way of example, the polyethylene glycol aldehyde
product may be extracted with dichloromethane. The organic layer is dried over '
sodium sulfate, filtered, concentrated, and precipitated with diethyl ether. The

product, PEG aldehyde, is coliected by filtration and dried under vacuum.

Disclosed is a method of making a polyethylene glycol aldehyde comprising

+hydrolyzing a compound of formula (X):

O
R1-(CHz-CHz-O)n~CHQCHg-O-(CHa)m-I(I;-NH_(CHZ)D,CH_(OCHZ_CHS)z S
~ to produce a polyethylehe glycol éldehyde of formula () ®
_ 0]
R1-(CHQCHgo)ﬁ-CHaC_Hz-O-(CHz)m-g-NH-(CHz)p_CHO ": "

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

~The comp'ound'of' formula (X) may be produced by reacting a compound of

- formula (XIi):

Ry~(CHz-CHa-0)a-CH3CH,-O-(CHa)n-COOH (XH)

4 :




The conpound of fornmula (XIV) may be produced by
reacting a conpound- of formula (XV):
R - (CH2-CH2- O), CH2- CH2- OH (XV) with a conpound 4f January 2007
formula (XVI): R2-(CH2) mOOOR3 (XVI) wherein R2 is
hal ogen. Preferably R2 is brom ne or chlorine.
wo3miatse conpounds of formula (XVI) i nednmenos/eobss vl
bronpacet ate, nethyl bronpacetate, ethyl
bronpacetate, t-butyl chioroacetate, nethyl
chl oroacetate, and ethyl chioroacetate. O her
with a cenagrent of folratla €8l):be used for this reaction step, Le.,
substitutes for fornmula (XVl) are, e.g., t-butyl
br onpacet at dgN-(GHhyCH-(Q8H2EHIa XMy 2007 WO
2004/ 013205 PCT/ EP2003/ 007734 br onpacet ate, et hyl
bronpacetate, t-butyl chloroacetate, nethyl
chl oroacetate, or ethyl chloroacetate in the presence
dhothet amtiodmict male OREE egcichor #BG darbvedligl acithyisirdidet such
as sodi um hydri de or potassium naphtalide. Preferably,
- oxidatibine In thisngesandxidifers auchuha CrOQ/bn KiG+/Hu30y) HNO; in the
bronpacetate. In preferred enbodinents, pis 3, RLis
presence tofi axynoniuim vanatiateasrdlone’s Sedgeat(Cr0Q antl ¢1.366); may ke i s
_ 2, R is nethoxy, mis 1, and nis from 100 to 750; or
used. p is 1, R.is nmethoxy, mis 1, and nis from 100 to
750. Conpounds of formulas (111) - (VI) (also
identified as G oups B-E, respectively) may |ikew se
Bke nawolyd anfyfoguila ailp maare. pRyusesly bpf hysikelyringe a
however, the follow ng reaction schenes may be used to
compopnad difoenudofpdinds of fornulas (111) - (VI) (G oups
B-E). 1g 24 January 2007 -

Ry-0~{CHz-CHz-0)-CH2CHz-O-(CHz)m-COOR; (XIV)

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

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

of formula (XV):

R1~(CHz-CHz-0)-CHz-CHz-OH (XV)
with a compound of formula (XV1):
Rz-(CHz)m-COORs (XVI)
wherein Rs is halogen. Preferably Hz ié bromine or chlorine. Suitable compounds
| -rof formula (XVI) inclﬁdé It-butyl ‘bromoacetate, methyl bromoacetate, ethyl
bromoacetate, t-butyl ch!oroa_ceta’te',. ‘methyl chloroacetate, and  ethyl
~ chioroacetate. Other. reagents that can be used for this reaction step, ie.,

__substitutes for formula (XVl) are, eg., tbutyl bromoacetate, methyl -
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WD 2004/ 013205 PCT/ EP2003/ 007734 As with the
pol yet hyl ene gl ycol al dehydes di scussed above,
bi functional pol yet hyl ene gl ycol al dehydes may B&7amuary 2007
produced by any suitable neans. The present invention
provi des a nethod of making a pol yet hyl ene gl ycol
woaddietiside conpri sing hydrol yzi ng a conpptmEP2osedroe mul a
(XVIl): 001l U (CHCHRO2-CH (CH )P NHC (CH2) m
O CH2CH2- (CH2- CH2-O), ; CH2CHZ- 0- (CH2) m C- NH
(CH2) PCH (OCHZ-CH3) 2 (XVIl) to produce a pol yethyl ene
bromoggejate)| ety beimyabsetate, t-buiyldhiorgagetats, :mahy chlordacetats, or
, OHGC- (CH2) P- NH- G- (CH2) n; 0- CH2CHZ- ( CH2CH20) w
ethyl chlR@idetal® (ICHEY presendé--of (pOBBIIMCHIUtEXIHE, an alfediroeial m
n, and p are defined as above. The conpound of fornula
hydridg \suph resy sbdiupr bytlide dorb potession | maphéalidenp Gueferablgs the
formula (XVI11): HOOC-(CH2)n;
compoQrdbi QR4 QKT GHEbu) hroGlda@e0- (CH2) n; COOH (XVI 1 1)
w th a compound of fornula (Xl X): HZN- (CH2) a
CH (OCHz-CH3)2 (XIX). 15.4.2033 FS/jc 20 24 January
ometerrpiepbodine B2 0% BEY/ iEPRI®3Y.00 77 B4and n is from 100

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

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

Compounds of formultas () — (VI) (also identified as Groups B-E,
respectively) may likewise be made by any suitable means. By way of example,
however, the following reaction schemes may be used io produce compounds of

formulas (1) — (V1) (Groups B-E).
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The conpound of formula (XVII1) may be produced by
hydrol yzing a conpound of fornula (XX):

R3000- ( CH2) nCH2CH2- O ( CHr CH2- O), CH2CH2- 0- ( CH2) mAéesRagy 2007

wherein R3 is a branched or unbranched Cl1-C4
al kyl . The compound of formula (XX) may be produced by
worzesotseesg a conpound of formula (XXI): PCI/EP2003/667734
HO CH2CH2- (CH2- CH2- O), CH2CH2-OH (XXI) wth a
conpound of forrmula (XVl): R2-(CH2) nDOOR3 (XVI) -
wherein R2 is hal ogen. The pol yethyl ene gl ycol
al dehyde conpositions of the present invention
s swiths thecpayedivienerglydoe aldsieviies alistessadarbiove, bifunglionet y of
nol ecul es, including bionolecules, using any suitable
polyethpignieogigeol 'ElvbhFlEfs mbylbh m@weummssmble Heegne e sBMH
invention are N-termnus site-specific for the
presenpényphtion provioks pepethde of salingtahpolydthylend giyedl eklehiitee PEG
al dehydes of the present invention forma conjugate
compriaing linyt by ziNg taenomipowsd o deramdan@VIyr oup of the bi onol ecul e
or protein formng a stable secondary am ne |inkage
bet ween the PEG and the bionol ecule or protein. 21 24
January 2007 WD 2004/013205 PCT/ EP2003/ 007734
Bi orml ecul ei pegyl ated with PEG al dehydes@dl scl osed
- n i_ the 4L tion of
§8ﬁg§i %He) EQ l{ltEHEP"Yd Sy (EH a-?dg urlcﬁqu'fl gﬁ strat egy
| ess conpl i cat ed This site-specific

pegyl ation can result in a conjugate where ¢ HEVID

_ CP ylation site is far fromthe site where the
to produce a polyethylene glycol aldehyde of formula (VHI):

1 ]
OHG-(CHa)y-NH-C-(CHz)m-0-CHoCH-{CHaCH20) - CHaCH,-O-(CHz) - C-NH-
(CHg)p-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 (XVIl):

* HOOGHCHg)n-O-CHZCHz-(CH-CHa-O)-GHaGHz-O-(CHe)- COOH
| | (XVII)

- with a compound of formula (XIX):

- H3N-(CHz)-CH-(OCHz-CHa)z (an)

 1542033FSfic 20




bi onol ecul e or the peptide binds to the cell's
receptors, which will allow pegylated bionolecu
proteins, or peptides to retain nmuch or all of tﬁgjﬁmmyzmn
bi ol ogi cal activity. The PEG al dehydes of the present
i nvention can react with any bi onol ecul es that
woetERes an al pha (a) am no group. Depenivepzosowie

pol yet hyl ene gl ycol al dehyde sel ected the pol yet hyl ene
gl ycol may be covalently bonded to a bionol ecul e at
one end (nonofunctional polyethylene glycol al dehyde)
dhe aompotind ehdernfuld {XWIb} inmayabe pwogused \ve hedrglyzion|a
al dehyde). As stated, the polyethylene glyco

compoghd ehfpaeida (fX)t he present invention ma Y-- be used
for NNterm nus site- speC|f|c pegyl ation. The
site-specific N-termnal Iinkage results in pegylated
PePOpdpiblaelaHapirlodh(Cediide-Cr Hk{Gry)a@QORal t i pl e
“derivatizations of a single polypeptide. To produce
this site-specific covalent |inkage, any suit &Xke
reaction conditions may be used. Generally, the pH of

wherein s is & brochasiorwniaoehediG-Gulfv.ci ent |y acidic to
activate the a-am no acid of the polypeptide to be
pegyl ated. Typically, the pHis about 5.5 to about
7.4, preferably about 6.5. Accordingly, disclosed is
ahereotpelinidar fermuadKiXh may begirgdbichy by reactityys cbmpelnsicul e
to a polypeptide conprising: 22 24 January 2007 WO

of formRBOXKX)13205 PCT/ EP2003/ 007734 reacting at | east one
pol ypeptide of formula (XXI1): NH2B (XXI1); with a
pol yet hyl ene gl ycol al dehyde nol ecul e of fornula (1):

R1- ( CH2 &H-OH GHRCHZ-OHAONGHCH2DP QKD (1)
with a compound of formula (XVI):
Re~(CHo)m-COORs (XVI)
wherein Rs is halogen.
The polyethylene glycol aldehyde compositions of the present invention
_discussed above may be used fo Herivatize 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.pegylatio'n of peptides and other biomolecules.  The PEG
aldehydes of the_ preséht invention form a conjugate with the Nnterminué oc-_amino
~group of the-biomolecule or protein fofming a stable secondary amine Iinkége

between the PEG and the biomolecule or protein.
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wherein R1, X, Y, Z, m n, and p are defined as above;
to produce a conpound of formula (XXI11):
R1- (CH2CH20) " - CH2CH2- X- Y- NH- (CH2) p- NHB (XXI 1 1) 24 January 2007
wherei n the pol yet hyl ene gl ycol al dehyde nol ecule is
bonded to the N-term nal am no group of the
wopakypepeti de is provided. In preferred epbochemmirss p
is 3, RLis nmethoxy, mis 1, and nis from100 to
750; or pis 2, RLis methoxy, mis 1, and nis from
100 to 750; or pis 1, RLis nethoxy, mis 1, and n
BionfalenwesQegyaterboith FRE aldehydemdisclosed ol a ( XXI 1)
may be any pol ypeptide, including interferon-alpha,
reproducittiity fire tiean noaber, and eoatisu ©f | FEE rattactonenterestiting goizet i n
(EPO), granulocyte colony stimulating factor (GCSF),
purificafjioastrefegy tiedt rim ase mloapdicated.orMhis sita-spebifit ipegylatint can
(GMWCSF), interleukins (including IL-2, IL-10, and
result ihLa t2hjpgate dvheoo thengegtation|site i im darf fiarh dhe sTaavhesfeunds
of formula (XXII) may al so be i munogl obul i ns, such
biomolasile orlth&peptyle bindg ki thiegrajl's Irgrdptoss) avhiohbydll alksepegylagadeof |
and fragnents thereof. The term "antibody" or "
biomolenuldshprieirfs; agpaptides' torrefaér much prodllyaf lteirdhiolagichl molivitgl onal
anti bodi es, an entire inmunogl obulin or antibody or
- The PEghgldénies iobthalprdseagmeantion fameacgitttahyigroaesuldpzt WO
2004/ 013205 PCT/ EP2003/ 007734 i nmmunogl obi n nol ecul e
containvdm alphabjohdminb@rdupe t arget anti gen. Exanpl es of such
anti body fragnents include Fv (fragnment variable),
single chain Fv, conplenentary determ ning regions
PemRding oviLthé Ipolyethyleha glycalaldahplie seleged i)e, polfethyldreavy
- chain variable region), Fab (fragnment antigen
glycol oy te mgyalertlyadmnged tandianylecde mbionateind (rohofuhdiveabor
' any other functional group of an i nmunogl obin peptide
polyethglapalgheolodldéliydel ogat both arals gbifurational @olyethylene 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
'Iinkagg results in pegylated _po!ypepﬁdes which avoid cross-linking and multiple
deriVaﬁzatiéns of a single polypeptide.. | To produce this site-specific covalent

_ 'llinkage, any suitable reaction conditions may be used. Generally, the pH of 'the
reaction mixiure is sufﬁéiently_ acidic to activate the a-amino éc_:id of the
~ polypeptide to be pegylated. Typically, the pH is about 5.5 to about 7.4,

. preferably about 6.5.

Accordingly, disclosed is a method for attaching a polyethylene glycol mol_ecu[e to

. a polypeptide com_prisjng:'-_ '
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As stated, the pegylated conmpound may be prepared in

.any desired nmanner. Conditions, e.g., pH, shoul% he

sel ected which favor the site-specific pegyl ati gfJgpary 2007

a-am no groups. Generally, polypeptides nmay be

pegyl ated with pol yet hyl ene gl ycol conpounds of the
woizeieenstison by addi ng the conpound of f or pany@r2éexedzisk,

and the PEG reagent in a nolar ratio range of 1:1 to

1:100. The reaction concentration nmay then placed in

a borate, phosphate, or tri buffer at roomtenperature

reacting at4eastiege pelgpePidsoifsmiu (admput .5 to 24 hours at a pH
range of 5.5 to 9.0. The nolar ratio of PEG reagent

to peptide/proteins,i rally from1:1 to 100: 1.
The concentration 'Elff'jspég@[ﬁde/ proteins is generally

froml to 10 ng/mM . The concentration of buffer is

with a polyathlylend glyca ali@Bydeivholddise pfeayhias @9 conpound may be
isolated or purified in any desired mnmanner. By way of

i an cqaCBRRob e A PEC P 7. 5) and
wherefHE K A b R e R A3 XL ur e i o appl i ed on
to proqy88 aomeod Wi b3 Ry - "l vt ed. 24 24 January
 ReO; el ut BECPERAD Y T AN b B 008 th 1
o R bl e S il PR S
amino @%‘?’3’ | naéompggﬁc%ggg%@égse!or gggﬁt cglr Iog]c?ége[)r oduct can

then be confirmed by Matrix Assisted Laser
Desorption/lonization-Tinme of Flight Mass Spectronetry

MALDI - TOF) . | ‘eferred enbodi ment of th
b5 Rerrbagrites. B erts  muian s b anden pem 1t of

f or nmul XXl 1) : .
to 750; orpis Z?F{(1 is mei%oxy, mis 1, and n is from 100 to 750; orpis 1, Ry is

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

The compounds of formula (XXI) méy be any polypeptide, including
interferon-alpha, interferpn—beta, consensus interferon, erythropoietin (EPQ),
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 (XXII)_. may also be immunoglobuling, such as,
1gG, IgE, 1gM, 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 ahy functional fragment of an - .
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NH2B (XXI1); is reacted with a pol yethyl ene gl ycol

al dehyde nol ecule of formula (11): R1l-(CH2CH20,;
CH2CH2- O (CH2) m CO- NH- (CH2) p CHO (I1) wherei n RE* Jaguary 2007
n, and p are defined as above; to produce a conpound

of formula (XXI.V):

WO BRl4/(1G12 CH20O) , CH2CH2- O ( CH2) nCO- NH- ( CH2) irethiieBbog00d3y)
wherei n the pol yet hyl ene gl ycol al dehyde nol ecule is
bonded to the N-term nal am no group of 'the
pol ypeptide. In preferred enbodinents, pis 3, R 1is

immunogibbiaxyiclecalé svhich iwmds to the targamadfi®n, t Bxatifles of spchi s 2,
R, is nethoxy, mis 1, and nis from100 to 750; or p

antibodys ftagridntd s incluele hdvy , (freginentl, veaiable)) isingler oohali®0 Fvp
750. Additional illustrations of the use of the

complemamany Riderahingregipne GRs), Vb\iight chein earabii regibo)s & i n
the concurrently filed U S. Patent Applications

(heavyedHairt Varidble"rBgion), Faie dirdgterPanyigepbindieg), F(4B)SearidaényNo.
60/ 398,195 filed July 24, 2002, and 25 24 January

- combir@6r of Wos& @0 4np HBi20 funelidnaEBRlp @8 /a6 dmmhunddloBifegplidet ed
T1249 Pol ypeptide,” US Serial No 60/398,190 filed July

capabl24f bir0iog o atget Bligéari al No 60/ 439, 213 filed January
10, 2003are incorporated by reference as if recited
in full. Further disclosed, is a method for attaching
As paitipdit thel pegyladdd) compatide maly eba grepargsbiny pey tdegieed
conprising: reacting a polypeptide of formula (XXI1I):

manneNHIB MY, Je.g.mpihstieusbbg selegied hichl faven tha sifetsperific

' nmol ecul e of formula (M11): OO0

pegylation of g-amino groups.

Generally, polypeptides may be pegylated with polyethylene glycol
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 concentiration
may then placed in a boraie, phosphate, or tri _buffér 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/prdteins is generally from 1:1 to 100:1. The
_.concentration of peptide/proteins is generally from 1 to 10 mg/ml. 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 buifer (20mM Tris, pH 7.5) and the resulting mixture is then
_.applied on a Q-Sepharpse 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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OHC- (CH2) PNH- C- (CH2) m O CH2CH2- ( CH2CH20) a
CH2CH2- O (CH2) nC-NH- (CHI ) P CHO  (VII1) wherein each
m n, and pis the same or different and is deflr?rééan&?yzom
above to produce a conpound of fornula (XXV): OO0
V-HN- (CHI )P NH C (CHZ) m O CH2CH2 ( CH2CH20O), ; CH2CH2
WO@aHAFM C-NH- (CHI )P CH . NHB  ( XXV) whereimoos/hue734
pol yet hyl ene gl ycol al dehyde nolecule is bonded to the
N-term nal amino group of the polypeptides. In
preferred enbodi nents, pis 3, mis 1, and nis from
with 20000M NaGlsguted with 118 Nag}; andiregeneraiartivith il M HOAG40W t o
750; orpis 1, mis 1, and nis from 100 to 750. 26 24
NaCl and liaNgORO By usiny 20&5e00820 $1ARCT itHP 20880 07 Pepardatke
pegyl at ed pol ypepti des may be used in any desired
and isolalariks N-tguiinakonhgnopegpaiedqroduchisgm ather iypebduds jir tear e
pharmaceuti cal conpositions, by adm xture wth a
mixturey heaatecotadtddcprbtiyct se dpndis eondresddiveMalrix Hgeibted Laser
pharmaceutical conpositions nmay be in unit dosage
Desorpion/tanizFtany Time\of Bight M ase Sakttenmsby (MADNSTOF). suspensi ons,
transdernmal delivery devices, or any other desired
form The follow ng exanpl es are tprow ded to further
In @@é&f?féﬁdeemh%d"ﬁ%fs‘éfnme Regyiationi mathod1pé dke dwanioned are
illustrative only and are not intended to limt the
polypeglidssé fasnula k¥Xihvent i on in any way. EXAMPLES Exanple 1
Preparation of PEG Al dehyde Conpounds Five grans of
PEG (nol ecul ar wei %lht of 1,000 to 60,000 daltons) in
50 to HB (XXII);

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

R1-(CH»CH50)n-CH.CHa-0-(CHz)m-CO-NH-(CHz),-CHO  {Il}
wherein Rq, m, n, and p are defined as above; |
to produce a compdund of formula (XXIV).
R1-(CH20H20),,-CHQCHg-O-(CHz}m-CO-NH-(CHg)p-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, m is 1 and n is from 100 to 750; or p is1, Ryis

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

Additional illusirations of the use of the compounds of the present
'|nvent|on are dlsclosed in the concurrently filed U.S. Patent Apphcatlons entitled

. _ “Pegylated T20 Polypeptlde " US Serial No. 60/398, 195 filed Juiy 24, 2002 and
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100 m of toluene is azeotropically dried by refluxing
for 1 to 3 hours, followed by - the renoval of 20 to
30nL of toluene. The resulting solution is cool e gmary 2007
room tenperature then potassiumtert-butoxide (1 to
10 nol ar excess) in 20-50 m of absolute tert-butanol
- WOoR0@HP00s50 M of toluene is added to the geEEeseiddtAapn.

The resulting mxture is then stirred for two hours
at room tenperature under argon. Tert-butyl
bronpacetate (1 to 10 nolar excess) is added to the

‘PegylatethTta48rPalineptidyt U8 Ferialrth 60898, taw filed dulyiant 2002, sid r r ed

- overni ght- at roomtenperature under argon gas.

US Serigd ﬁ@rﬁ@?%@ R fildte)ahesiyri@d 2603zee ticotpoeatédrby estaupcedad | ned
in formula (XVl), tert-butyl bronpacetate can be

it recitelépiuiced wi th anot her hal ogenated derivative of
acetic acid, e.g., propionic acid, butyric acid, eta
27 24 January 2007 WD 2004/013205 PCT/ EP2003/ 007734

Furier diselesedhis & Blethaddar atiachingra palyribyiseeiglbgol notieaue to a

3 .0n. and the residue precipitated by the
po}ype@gg?teﬁghé@?' di et hyl ether. The precipitated product,

PEG t - butyl carboxy ester, is filtered off and dried
vacu PEG t | carboxy ester (4 g) is then
reactlngoq g@mepﬁge Pwowl?b(%@'o mM of 1N sodi um hydroxi de and

the solution stirred at roomtenperature overnight.

The pH of the m'XNHﬁ?)G)@ adJ usted to 2.5 to 3.0 by
addition of 1 to 6N hydrochloric acid, and the :
Xt raFt ed wth dichl oronet hane The organic

with & pﬁﬁ%}é\l‘iéﬁ?esgelﬁ’%ﬁ dghydeqnolgeps oidaamyla{\dil):f at e, filtered,

_ concentrated, and precipitated into diethyl ether.
- The pr?yduct PEG car boxylic acid, is Il ected by
OHC- (cﬁ,gFi g

A A g

- di chl or onet hane (20-30 m) followed by the ad é{ﬁ" on of
4- am nobut yl r al dehyde di et hyI acet al (1 5 nol )

wherein gﬁ@‘? ﬁl,sl)h’aﬂ]d_ Fh %Qﬂ}eo &‘Z i f%eren d is ((ie]hned asa Bveexcess)

to produce a compound of formula (XXV):

V-HNH(CHg)yNH-G-{(GH)yw0-CH,CH-(CH,CH,0),- CH,CHy0-(GHy)-C-NH-(CHy),-CH,-NHB
(xXXv)

wherein the polyethylene glycoi aIdehyde molecule is bonded to the N-terminal

amino group of the polypeptldes

In preferred embodiments p is 3, mis 1, and n is from 100 fo 750; orpis |

2,mis1, and n is from 100t0750 orpisi,mis 1, andmsfrom100t0750
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di cycl ohexyl carbodiimde (1-5 nol ar excess). Dependi ng

on the desired size of the "p" group defined in

formula (XI11), 4-aninobutyral dehyde diethyl acet#4fanuary2007

can be replaced with another am ne derivative of

di ethyl acetal, e.g., 3- am nopropi onal dehyde di et hyl
woamgbmdlosor 2- ami noacet al al dehyde di et hylpcarmetoadioor7dhe

resulting mxture is stirred overnight at room

tenperature under argon gas. The reaction mxture is

filtered, concentrated, and precipitated with a

Tﬁe’ﬁéﬂ;?lﬁte@fpo@pﬁﬁtﬁﬁaﬁ% pan@edircidyydeskédmantet. Shitabihe PEG
-acetal product is dried in vacuo overnight. 28 24

h of 2l laYe 208 to 20 sHathhac ) tic AP ChnipBaiGierd, B9 adadkidrae PEG
owey acetgl productmi@g tﬁg{n di ssolved in 10 - 200 M of 1 -

with a pHa¥adendédiPaccapiabld S@ipkpt. USUETpHhmatdutica dompoditenm
tenperature overnight. The pH of the mxture is

may beAi] Wi RBagd 1m0 me{aﬁeqﬂ bd Pbceiblel sdlLitéaetdr sodpehsions, and
sodium chloride (10 wt % is then added and the pH of

- transdeb gl RRVSH UBVicdsSordly eilepdediRd forth. DY addition of 1 N
NaOH. The mixture is then extracted with
di chl oronet hane. The organic layer is dried over
Hedifslowing bednapled iald @reitiedctn dethier dfustiateathe present
precipitated wth diethyl ether. The product, PEG

-~ inventionl. dEfesd exaimples alrd dottativdoynlf iaht rmag natninndeddiol liedt thander
vacuum Exanple 2 Preparation of

scope dfeGn@ationireagyadajehvde The fol | owi ng represents a
general reaction schene for preparing
NMPEGLCk- but anoal dehyde of the invention: 29 24 January

2007 WO 2004/ 013205 PCT/ EP2003/ 007734 ' ..
EXAMPLES

Example 1
Preparation of PEG Aldehyde Compounds

Five grams of PEG {molecular weight of 1,000 to 60,000 daltons) in 50 to

100 mi of toluene is azeotropicé!ly dried by refluxing for 1 to 8 hours, followed by
~ the removal of 20 to 30mL of tolueqe. The reéulting solution is cooled to room
“temperature then potassium teri-butoxide (1 to 10 molar excess) in 20-50 ml of
absolute tert-butano! and 20-50 ml of toluene is added to the PEG solution. The

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

Teri-butyl bromoacetaie (‘f to 10 molar excess) is added to the reaction via
syringe énd the-reactioh mixiure stifred overnight at room temperature under '
: _a'rgon gas. Depending on the desifed size of the “m” group defined in fofmuia
(Xv1), tert-butyl bromoabetate can be replaced with another ha!ogehated

: 'déri'vat]ve of acetic acid, e.g., propionic acid, butyric acid, efc.
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Reacti on Schenme for nPEGLok-but anoal dehyde (1)iyr/~~~

Potassiumt-butoxide \V \ / OH tButyl brmpacetate g

\ (C* Hydnlys 4-ani nobutyral dehyde ~diethyl acet*4padvary2007

(3) wc~o I-hydroxybenzotriazole/ v /n CH

di cycl oheayl car bodii m de U v~ CF3000H (5) o,~ " OH
woRi@isesCar boxynmet hyl PEG (nPEG of nol egesgrhoospiresat

10, 000 daltons---- (30.0 g, 3 mmol) in 300 nmL of

tol uene was azeotropically dried by refluxing for 2

hours, followed by the renoval of 100 ml of tol uene.

¥E ré@c‘ithtéoﬂﬁoﬁ‘PsJ meh%n%ﬁsedcwk&ayt@awﬁmﬁ SR Bt Ur e

en potassiumtert-butoxide nmmol) in 20 m
b @gﬁr@i dt ﬁﬁfata*dfﬁaﬁam t @tr?e@ hﬁh diglauan grosae,
res1du<9 t 5 tﬁye PEG sol uti (t)enﬁw . Th goérgéﬂl ti ng m xt ur e

PEG t\f‘yﬁgl é&rb %@tefr‘?éhlie\‘&i &P&Hasdr%ﬂ :ﬁ Q&L enper at ur e under
January 2007 WO 2004/013205

PCT/ EP2003/ 007734 Tert-butyl bronpacetate (1. 00 m.,

PECH-HITR darvig caldel ¢4l g & thae dialbd aN50 o a08 Yl afge and
the reaction was stirred overnight at roomtenperature

sodiunt RB6xidaEPRe sditkon Aiget abroftkempeRirsegerhigen Themtensed
by rotary evaporation. The residue was precipitated

of the Pixta@db tidpBtedfto diselohld btdaarion the 1o BRCHyAIdoAloed apiipduct
was filtered off and dried in vacuo. Yield: 28 g. NWR

and thb GRxIMSEMiacibd 4fth RIBMdrdmethane. The organic layer is then dried

over sodium sulfate, filtered, concenirated, and precipitated into diethyl ether.

The product, PEG-carboxylic acid, is collected by filtration and dried under

vacuum.

The PEG-carboxylic acid (3 ¢) is 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 (xiil), 4-aminohutyraldehyde diethyl acetal can
be replaced with another amine derivative of diethyl acetal, .e.g., 3-

aminopropionaldehyde disthy! 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-propancl and diethyl etherr(1:1). The PEG acetal product is dried in

vacuo overnight.
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9H, -CH3); 3.21 ppm (s, -0OCH3); 3.50 ppm (s,
-OCHRCHZ-0); 3.96 ppm (s, 2H, - O CH2-COO ). Next,
NPEG ok t-butyl carboxynethyl ester (20 g) was 24January 2007
di ssolved in 200 nL of 1 N sodium hydroxide and the
solution was stirred at roomtenperature overnight
woQ@peisdise pH of the m xture was adj ust edptDEE2005/0d7334
addition of 6 N hydrochloric acid, and the m xture
was extracted with dichloronmethane (50 nL, 40 nl, and
30 nL). The organic |ayer was dried over sodium
e fREG acétel product,is teamdissalvest ind10 an2Dpmé ek Pi + £08d
with diethyl ether. The product, m PEG ok-
CF5CQeH. mythe shigtiorsis istirredhaisroonl termperatiird pvérnighi: atheopt! ahd
dried under vacuum Yield: 18 g. NWR (ds-DVMSO: 3.21
the miglpra {ssadjusBEHB) 6.03by6 aglition( of 1 -NONSECERuDN), ;ang. @giurrppm
(s, 2H, -0-CH2-COOH). The nPEG sk-carboxynet hyl acid
chloride 31@wt B) 3s theo lajidevhandiihe pbl afdble Befuticanibydijustes io 7.0 by
di chl oronet hane (2Q nL) followed by the addition of 4-
additioardf i db WeOHal Tdehyideredis dhdnyéxiracied alith didlargmeibard:. nhis ) |
1- hydr oxybenzotri azole (40 ng, 0.3 mol), and
organidlaygicik olriest pvar srdioni Suifkigefiliedsl, egnceniraednansi pregigijatedThe -
m xture was stirred overnight at roomtenperature
with diethdleathetr Jbm proriuet, PEGcalilehyde,ris sellectedridilifatipe ene dried
concentrated, and precipitated with a m xture of
under gaggumpanol and di ethyl ether (1:1). The product,
nMPEG sk- but anoacetal, was dried in vacuo 31 24
January 2007 WO 2004/ 013205 PCT/ EP2003/ 007734
overni ght. Yield: 2Example@\R (d5-DVSO): 1.07-1.12 ppm
(t, 6H (-O CH2- CH3)2) 1.46 ppm (m 4H,
- NHCH2CH2CH2- CH- ) ; 2H, - NHCH2CH2CH2-
CH ) 3. Zrepasalienof p-butanoaldebvde | 0 cH2CH2- O ) -
3. 85 ppm (s, 2H, O CHo- CONH-) 4.44 ppm (t, 1 H,
TNIP-IdQﬂ@‘!Q@:I—@PG-‘-P’)tB 2. e9g5ny QHCNPJP )SChﬁ'inﬁalchfy PrepRENg

nPEGLok- but anoacetal (5 g, 0.5 nmol) was dissolved in
mPEGHpk-kytanoaldehyde of the invention:
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of 10% CF3COOH and the solution was stirred at room
tenperature overnight (4). The pH of the m xtur

adjusted to 6.0 by addition of 1 N NaCH sol uti on34£%am2007

sodiumchloride (10 wt % was added and then the pH of
the solution was adjusted to 7.0 by addition of 1 N

WORN@K3205he m xture was extracted with decldremseeishane.
The or@ganic | ayer was dried over sodium sul fate,
filtered, concentrated, and precipitated into diethyl
ether. The product, nPEGlok- butanoal dehyde (5), was
col | ect ed BssrimiSterederimBiCiamiasldid® under vacuum Vi el d:
4.1 g (82% . NWR (da-DMSO): 3.21 ppm (s, -OCH3); 3.5
ppm (s, -0-CH2CH2-0); 3.85 ppm (s, 2H,

(OHC: O - ) ~T. 67 pphers{iuiNbuyxide 9. 66 ppm (
I par atol9n ebupbbthekracet al o%ﬁyde

nPEQ ok- acet al al dehyde was prepared by d| ssol vi ng
nPEGLok- di et hyl acetalp(1l g, MI. W. 10,000), which

was prepared according o the proced e in Exanple 1,
C/’W\OW lu et ] Cﬂcid%ﬁi.i_ahbﬁa%%.
HCThe \feact | SOl ut i stirred overnight at room

n wa

t enperature under argon_gas. 1 N NaOH  was then added

dropwi se to the reactiof sol utifg tn debile nH of 6.0

(10 o the

heri-lpdigyieizendhzold? 24

PAFyERxpedsdinns34 to 6. 95

OH. The solution was then

@ met hy ene chl oride. The ogganic Iayer

s n ul f ;o fil tcgagcﬁbu

HC cqnCentr tate Wi t i CleRiy r. The

product, nPEG ok- acetal al dehyde, was coI I ect ed by

filtration and dried uRder vacuum Yield: 0.85 ¢
) (85% Exarrple 4
me” ™S

H
First, Carboxyrhethyl PEG (mPEG) of molecular weight 10,000 daltons——

y VO 2004/ 013
0.05 by adding 0.1 N
extracted VVI th

(30.0 g; 3 mmol) in 300 mL of toluene was azeotropically dried by refiuxing for 2
: hours_, fol[oWed by the removal of 160 ml of toluene. The resuliing 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 mixiure was stirred for two h-ours at room temperature under

argon.
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Preparation of nPEQ orpropi onal dehyde
NPEG ok- pr opi onal dehyde was prepared by dissol vi ng
nPEGLok- propi onacetal (2 g, Mbl. W. 10, 000), wHidgpuary2007
was prepared according to the procedure in exanpl e 1,
in 20 M of 80%trifluoacetic acid (Al drich, 99+%.
woERg/13e@act i on sol ution was stirred over pigdt0034h075520M
tenperature under argon gas. 1 N NaCH was then added
dropwi se to the reaction solution until a pH of 6.0
was obtained. Next, NaC (10 wt% was added to the
?@ﬂbjﬁgl&ﬂbmbadéﬁhte T’neo i, \BTEE miriol) 'weaddddist! @l tHeoreGotin
0.05 by adding 1 N NaOH. The sol uti on was then
via syrk rsaatthsl reddibn eishtireaeovelight i eoor tempegmné antieryer
was then dried over sodium sulfate, filtered,
argon. CPRE @daktici Sluticantlad tiRel gontiised by rbfan,deeapimydnoat Hie. The
product, nmPEGLok- propi onal dehyde, was col | ected by
residud Whé pRicipRateansy atfditee efndlgthyl\eliediuThe Meshittited pldget
(90% . 33 24 January 2007 WD 2004/013205
was filtekell/ dHRHA0RA O V3dudoxvisml e85y, RiMR ¢d:adMS0):01.40 ppm {t,
PEQ2ok- di - but anoal dehvde PEQ®2ok- di - but anoal dehyde was
9H, -ClR8)eB2N egmiy, -DCHERI3E nl?EﬁROJCHéCHz- po8l deH, -
|)et hy?gaggt aI@{(%g 10;‘,gj Mol . . 200692)0) p\?h%h was
‘ O-CH 2R \red according to the procedure in exanple 1, in
20 of 80%trifluoacetic acid (Al drich, 99+% . The
reaction sol ution was stirred overnight at room
NextpePBG b, ebutyincderoxgmgibml epday (20 gNvadadetohes it Beéhmbdded
dropwi se to the reaction solution wuntil a pH of 6.0
of 1N wegivobtpdrodde dNexthe beldion( B8s vatitrd vad sroaohd kinpepattiiee
above solution. The pH was then adjusted to 6.95
overnight @8. byheadHi afgih® .riixiNreNavekl.adjlibied te &.%itbiy catldikies of HeN
extracted with nethylene chloride. The organic |ayer
hydrochlasc &dikmnd thid mikiuoe ers sricictad withl dicttaeombihboe (50dmL., 40
concentrated, and precipitated with diethyl
mL, and 30 mL). The organic layer was dried over sodium sulfate, filtered,

concentrated, and precipitated with diethyl ether. The product, m-PEGio-
carboxymethy! acid, was collected by filiration and dried under vacuum. Yield:
18 g. NMR (ds-DMSOQ): 8.21 ppm (s, -OCHg); 3.5 ppm (s, -O-CH2CH»-O-); 3..99
ppm (s, 2H, -0-CH,-COOH). -

The mPEGiccarboxymethyl acid (3 g, 0.3 mmol) was dissolved in
anhydrous dichloromethane (20 mL.) foliowed by the addiﬁon of 4-
aminobutyraldehyde diethyt acetal (50 mg, 0.3 mmol), 1-hydroxybenzotriazole (40
mg, 0.3 mmol), and diéyciohexylcarbodiimide (80 mg, 0.39 mmol) (3). The
mixture was stirred _overnight at room temperature under argon. The reaction
mixture was filtere.d, corié_entra’sed, and precipitated with a mixture of 2-propanol

and ‘die’ihyl ether (1_:1)_:. 'fifhe' prOdUct,_mPEG10k_~buténoacetél, was dried in yacuo -
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et her. The product, PEGo0k-di-butanoal dehyde, was
collected by filtration and dried under vacuum
Yield: 2.5 g (81%. Exanple 6 Preparation of 24 January 2007
nPEQ20k- but anoal dehvde nPEQok- but anoal dehyde was
prepared by dissol ving nPEQok- butyral dehyde di et hyl
woamabmtes (3.0 g, Mol. W. 20,000), which pasemdemeared
according to the procedure in Exanple 1, in 30 nl of
80%trifluoacetic acid (Aldrich, 99+% . The reaction
solution was stirred overnight at roomtenperature
overnightl AEEIdARGOH NRIR (dd-DMSTHH 1\g7s1. 1 hppm &d 8HA(-OCHIVEHR)t 0
the reaction solution wuntil a pH of 6.0 was obtai ned.
" 1.46 phiRxh, 4R AHAHLBHYCRE-CHas3.884ad fpm {d) @HANEH,C3UCR4
January 2007 WD 2004/013205 PCT/ EP2003/ 007734
- CH-); 330l pinh @D-0GHS; BH st -0eCHAHAG; &85 oprb (9 BH, @-0H2-by
) adﬁ%@; N l\gm pyl_}ﬁ;g sol ution ?Nas tlﬂ)en extracted with
- CO-NHYe i lay e Re(,CiH, ONHOR,CHID$ . OHIAMIeT ppayeNHYas then dried
over sodiumsulfate, filtered, concentrated, and
precipitated with diethyl ether. The product,
FIREIGR the-rhREGppalidebycdta) (S/g 9.5 oimadovasddisgoved|in $@tilon
and dried under vacuum Yield: 2.5 g (83.3%. Exanple
of 10%CIRCOMH and the sofutioPEER elirrddat sovomteduteyatere overnight (4).
NMPEQ20k- but anoal dehyde was prepared by di ssol ving
The pH&iERZ aldutewras: adjeidtyid 6. @b addifonad dt M NaDHIsoltig, a8l .
W . 20,000), which was prepared according to the
sodiunpclouiu(® wh 9Bxwaplagdddd and tROOthel pldf of 1180 salutibh wescet i ¢
acid (Aldrich, 99+% . The reaction solution was
adjustest tor 7 @dby \additiogof fatN NeOh t #hpeniaiute evas uerdiected vgitin
gas. 1N NaOH was then added dropwi se to the reaction
- dichlorsmbihthe@n Thenbigania Jayérovas doedvayero bodium eslilfaiee fiterefia Cl
(10 wt% was added to the above
concentrated, and precipitated into diethyl ether. The product, mPEGia-

butanoaldehyde (5), was collected by filtration and dried under vacuum. Yield:
4.1 g (82%). NMR (dg-DMSO): 3.21 ppm (s, -OCHa); 3.5 ppm (s, -0-CH2CH,-O);

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

Example 3

Preparation of mPEGm;_(-acetal aldehyde

mPEGg-acetal aldehyde was prepared by dissolving mPEGmk-diethy!
acetal (1 g, Mol. Wt. 10,000), which was prepared according to the p.rocedure in
Example 1, in 10 ml of 80% triflucacetic acid (Aldrich, 99+%). The reaction
~ solution was stirred ove.might at :room tempe.rature under argon gas. 1N NaOH
wa.s ‘then added dropwis’é to-the reaction solution until pH of 6.0 was obtained.

.N_e>"<t, NaCl (10 wi%) was added to the above solution. The pH was then adjusted -
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solution. The pH was then adjusted. to 6.95 0.05 by
adding 0.1 N NaCH The solution was then extracted

with nmethyl ene chloride. The organic |ayer was t HRafauary 2007

dried over sodiumsulfate, filtered, concentrated, and
precipitated with diethyl ether. The product,
WoRPEEBYK- but anoal dehyde, was col | ect ed bsa/EPRdosw03# ON
and dried under vacuum Yield: 13.1 g (89%. . 35 24
January 2007 dains 1. A conpound of fornula (1)
Rt - (CH2CH20) " - CH2CH2- X- Y-NH (CH2) P CHO (1) wherein R
to 6.951 5 098! B téding 100NNt MeOkyr Glne sodutioh swasnipen fexhadted wiih
_ epoxi de, nal ei m de, orthopyridyl disulfide, tosylate,
methyldr@oehieritiel € Thehyrgarae ilayer hydriabe, drizvacuer isodoml suliate,
: - N-succi ni m dyl oxy, sulfo-Nsuccinim dyl oxy,
filtered, lecohedrn@tdd, azd biekipkated With diethgrethye. Thaxqroduct, mPEG ok
p- ni trophenyl oxy, and O it
acetal ald3tR@EAvde dolbtedbyGiliNittoh Gh2 idedCitdler vadua@or Yibkd: 085 g
selected fromthe group consisting of OOCHO O Il it
85%).1 Il Il -(C)mC, -G, -(CH2)1-8-CH (CH)1l-e' -C(NH
CHOt 5 Z Zis a side chain of an amno acid, mis
froml to 17, nis from10 to 10,000, and
Example 4

Preparation of mPEGin-propionaldehyde

mPEGa-propionaldehyde was prepared by dissolving mPEGiok-
propionacetal (2 g, Mol.” Wt. 10,000), which was prepared according to the
procedure in example 1, in 20 mi of 80% 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, NaCi (10 M%) was added to the' above solution. The pH was
“then adjusted to 6.95 + 0.05 by adding 1 N NaOH. The solution was then
“extracted with methylene chloride. The organic Iayef was then dried over sodium
sulfate, filtered, concentrated, -and precipitated with diethyl ether. The product,
mPEGaok'prOpionaidehyde, was collected by ﬁlt_ratign and dried under vacuum.

' Yield: 1.8 g (90%).
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pis froml to 3. 2. A conpound according to claim1l
having the formula (I111) 36 24 January 2007 0 5 _
Ri - (CH2CH2O) n CH2CH2- O- G- NH (CH2) P CHO (111) 3. *AJanuary 2007
conpound according to claim 1 having the fornula (1V)
To Oit 15 Rr(CH2CHO), ; CH2CH2- NH- C- NH (CH2) p CHO

WOQRpp13206. A conpound accordi ng to cl ai m PCIEPZIOHOPTIME
formula (V) 20 OH 25 R1-(CH2CH20O n CH2CH2- O CH2- CH
CH2-NH (CH2) p-CHO (V) 5. A conpound according to
claim1 having the formula (VI) 30 00 Il 1l 35 :
R1- ( CH2CH20) n- CH2CHgatfle BH CH- C- NH- (CH2) p-CHO (V1) Z
40 6. A conpound of fornmula (11)

Preparation of PEG-di-butanoaldehyde

PEGgo-di-butancaldehyde was prepared by dissolving PEGao-di-
butyraidehyde diethyl acetal (3.1 g, Mol. Wt. 20,000), which was prepared
according to the procedure in example 1, in 20 ml of 80% 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 adjusted fo 6.95 + 0.05 by adding 0.1 N NaOH. The
solution was then exiracted with methylene chloride. The organic layer was then
dried over sodium sulfate, ﬁltered, concentrated, and precipitated with diethyl
ether. The product, PEGax-di-butanoaldehyde, was collected by filtration and

dried under vacuum. Yield:25¢g(81%).

Example 6

Preparation of mPEGq-butanoaldehyde

'mPEGmrbutanoaldehyde ~was prepared by dissolving mMPEGaok-
butyraldehyde diethyl acetal (3.0 g, Mol. Wi. 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 temperamre
.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 abbve_
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45 0 Il R -(CH2CH20) nCH2CH2- O ( CH2) r n- C- NH- ( CH2) p- CHO
(I'1) 50 wherein Rl is selected fromthe group
consi sting of hal ogen, epoxide, maleinde, 24 January 2007
ort hopyridyl disulfide, tosylate, isocyanate,
hydr azi ne hydrate, cyanuric halide, N succinimdyloxy,
WOg/PIg208- succi ni m dyi oxy, 1-benzotri azol BITEPE03/007734
1-im dazoly- |oxy, p-nitrophenyloxy, and 55 37 -----
------- -- --- EP 1 539 857 Bl 24 January 2007 0 5
CH2CH2- O (CH2) m C-NH (CH2) p-CHO. in is from1l to 17,
solutiod: 0 TRe ip8i W&P MeA QdjutteliGo (L + A byPadding! T FMNAOHO The 7. A
compound according to claim®6, wherein pis 3. 15 8.
solutiof\wa IRpUEa&Ed (vith MtifidnYi dnlolid®): $heBrghhicldyePies tHan2) P
NH G (CH2) m O CHzCHZ-"( CHZCHZO) n
dried dvER SERR duifek) MisrobiHcdfebk e HAd Hrébibldted Zathwigthgl N

ether. The product, mPEGux-butanoaldehyde, was collected by filtration and

dried under vacuum. Yield: 2.5 g (83.3%).

Example 7

Preparation of mPEGu-butanoaldehyde

mMPEGau-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 m! of 10% 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 adjuéted. to 6.95 + 0.05 by adding 0.1 N NaOH. The
- solution was then ext_facted'with methylene chiloride. 'I"he organic layer was then
dried over sodium sulfate, filtered, concentrated,_ahd precipitated with diethyl
~ ether. The product, mPEGZOk- butanoaldehyde, was céllected by filtration and

dried under vacuum. Yield: 13.1 g (89%).
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mis froml to 17, nis from1l0 to 10,000, and p is
. fromlIto 3. 30 9. A conpound of formula (IX)
Rt - (CH2- CH2- O), CH2- CH2- X- Y- NH- (CH2) p CH- ( OCH2- CH3) ganuary 2007
(I'X) 35 wherein Rt is selected fromthe group
consi sting of hal ogen, epoxi de, mal ei m de,
ort hopyridyl disulfide, tosylate, isocyanate,
hydrazi ne hydrate, cyanuric halide, N succinimdyloxy,
Claims sut f o- N- succi ni m dyl oxy, 1-benzotri azol yl oxy,
1-im dazol y- | oxy, p-nitrophenyloxy, and 40 O Il 45
1. Acompoundbidéaigm @y (CH2) m G- NH (CH2) p-CHO. X'is Oor NH Yis
- selected fromthe group consisting of 50 55 38 24

Janugr y mdC CH2)1-a C1 11
H(%@T‘@B’%@ﬁﬂf@‘{%%% 10 Z i ﬁ)g Si 23Ie chain
wherein Of an am no acid,

Ryis s?lecled from the groyp consisting of halogen, epoxide, maleimide, orthopyridyl disulfide, tosyiate, isocyanate,
hydrazm'e hydrate, cyanuric halide, N-succinimidyloxy, sulfo-N-succinimidyloxy, 1-benzotriazolyloxy, 1-imidazoly-
loxy, p-nitrophenyloxy, and

0

~CHzCHz-O~(CHz)m-C-NH-(CH2),-CHO.

Xis Oor NH,
'Y is selected from the group consisting of

0O o OH o o

I l
-(CHpm-C-, -C-, -(CH,),.5-CH-(CH,) . *C'(NH'CH‘(!)@.'___.-__.

Z

Z is a side chain of an amino acid,
m s from 1 to 17,
n is from 10 to 104,000, and

- pisfrom 1o 3.

2. A compound according to claim 1 haviﬁg the formula (Hl)

36
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mis froml1lto 17, nis from10 to 10,000, and

-pi sfrom 1to3. 15 10. A conpound of formula (X) O 0

R1- (CH2- CH2- O) n- CH2- CH2- O ( CH2) m C- NH- ( CHa) p- CH- ( ary 2007
CH3)2 (X) 25 wherein Rl is selected fromthe group

consisting of halogen, epoxide, #uleimde,
orthopyridyl disulfide, tosylat e i socyanat e,
hydrazi ne hydrate, cyanuric hal | e, N- succi ni m dyl oxy,

i i anzol TR HRON CHEERE oM (G- SR o 35

CH2CH2-O (CH2) m G- NH (CH2) p-CHO. mis from1l to 17,

40 nis from10 to 10,000, and plsfrom1t03 11.
3. AgornsvAd gerading o cRisy rhatieg the fxmyla (W5 0 O | |

(CH3CH20) z- CH- (CHz) eNH C- (CH2) . OCH2CH2(CHZCHrO)

CHZCHz- 0{ CH2) C- NH- (CH2) CI—I-(OC(I—)IZ CH3) 2

I

R1~(CHzCH,0)r-CHzCH-NH- C-NH-(CH)-CHO (IV)
4. A compoqnd according to claim 1 having the formula (V)

OH

R1-(CH2CHz0),-CHzCHz-O-CHy- CH- CHo-NH-(CHz),-CHO (V)

5. A compound according to claim 1 having the formuta (V1)

0] 0

R1-(CH2CH0)a-CHaCHo-O-C-NH-CH-C-NH-(CHy),-CHO )

- Z
6. A compound of formula (1)

o

' Rr-(CHzCHgO)n-CHzcHg-O-(CHz)mC-NH-(CHz)p-CHO )

wherein :
R, is selected from the group consisting of halogen, epoxide, maleum:de orthopyridyl disulfide, tosylaie isocyanate,
hydrazine hydrate, eyanuric halide, N-succinimidyloxy, sulfo-N-succinimidyloxy, 1~benzotr|azolyloxy 1-imnidazoly- .
loxy, p—nltrophehyloxy, and
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50 (XI) wherein mis from1l to 17, 55 Gs from10 to
10,000, and pisfrom1lto3. 12. A process of nmaking.a
pol yet hyl ene gl ycol al defy483%&3Bi si ng hydr ol yziZ%d‘“‘é‘t“"““’2007
conmpound of formula (IX) 39 24 January 2007 R1
- (CH2- CH2-0), CH2CH2- X- Y- NH- ( )P CH (OCH2- CH3) 2 (I X)
to produce a pol yethyl ene gl ycol al dehyde of fornul a
(1) 5 R1-(CH2CH20O) , CH2CH2- X- Y§ NH- (CH2) P CHO (1)
‘wherein RL is selected fromth roup consisting of
hal ogen, epoxi d&HZﬁHEQﬂ%)m@M?'ZHﬁH@-SM fide,
tosyl ate, isocyanate, 10 hydrazine hydrate, cyanuric
hal i de, N-succi ni m dyl oxy, sul fo-N-succi ni n dyl oxy,
misfig@Aot’r i azol yl oxy, 1-inidazoly- |oxy,
n 5o 14 PP xy, and X is 0 or NH, Y is selected from
(N

PERE" YPSup consisting of 150 OOCHO O Il Il I 11 11
20 (CH=-m C- . -G, -(CHZ,-e-CH (CHZ)t e, C (NH CH
7 Aﬁ)"ip‘gufgc,’acc‘fgndztg"'?miesw'?re&pd%'chai n of an anmino acid, mis

8. A LdrB5hdortPmekl ovimy

O O

_, I | I
OHC~(CHz)p-NH-C-(CHa)-O-CH;CHo-({CHzCH;0)n-CHzCHz-0-(CHz)m-C-NH-(CH2),-CHO
(vin)

wherein

mis from 1 to 17,

nis from 10 to 10,000, and
pis from 1 t0 3.

9. A compound of formula {iX)

R{-(CHZ-CH,-0),"CH,-CHyp-X-Y-NH~(CH,),-CH{OCH,-CHj), (1X)

wherein : e
R, is selected from the group consisting of halogen, epoxide, maleimide, orthopyridyi disulfide, tosylate, isocyanate,

hydrazine hydrate, cyanuric halide, N-succinimidyloxy, sutfo-N-succinimidyloxy, 1-benzotriazotyloxy, 1-imidazoly-
loxy, p-nitrophenyloxy, and

o

~CH2CHy-O-(CHz)m-C-NH-(CHo),-CHO.

Xis O orNH,
Y is selected from the group consisting of

38
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nis from10 to 10,000, and pis from1l to 3. 30 13.

‘A process of making a pol yethylene glycol al dehyde

conpri sing hydrolyzing a conpound of fornula ()():24de_2007
35 '

R1- ( CHZ- CHZ- O) n- CH2CH2- O ( CHZ) m C- NH- ( CH2) p- CH- ( OCHz- C
Ha)2 (X) to prqgucg a pol yetgypl ene gl y&ol al deB/de of

formula (11): 4 OCi-Bl 45

Ri (cmcmpa@c%t -O-éCHz) ok & Nt ( orellp- cHo (i
wher ei n RIGRdedte o d{Gignatid-(GHalip. eCrNHCHEG) of,
hal ogen, epoxi de, nulei m de, orthopyridyl di s'ul fide,
tosylate, isocyanate, 50 hydrazine hydrate, Jcyanuric
hal i de, N-succi ni m dyl oxy, sul fo-N-succini m &yl oxy,
Z:ILS-ab%nzot riazol yl oxy, 1-im dazoly- I oxy,

ZP231¢ PERTEIMATYRGS@and 40 fi 24 January 2007 0 I

Netieh 4GBy C N (G2)p-CHO. in 1's Trom 1 to 17,
pi 0,91[053_?’r0h1 0O to 10,000, and pis fromt to 3. 14.

A process according to claim 13 wherein the conpound
10_Aafmpf,@.am,ﬂ,,a,u|g& i s produced by reacting a conpound of
formula (X11)

0
!

R1~(CHz-CHz-O)-CHz-CHy-O~(CHz)m-C-NH-(CHz)p-CH-(OCHz-CHg) (X)

wherein ‘

Ryis sc?lected from_the group consisting of halogen, epoxide, maleimide, orthopyridyl disulfide, tosylate, isocyanate,
hydrazine hydrate, cyanuric halide, N-succinimidyloxy, sulfo-N-succinimidyloxy, 1-benzotriazolyioxy, 1-imidazoly-
loxy, p-nitrophenyloxy, and

0
I

-CHzCH;-0-(CHp)m-C-NH-(CHz),-CHO.

m is from 110 17,
nis from 10 to 10,000, and
pisfrom1to 3,

11. A compound of formula, (XI) -
o 0

I -
(CH;,CH;O):-CH-(CH;),-NH-C-(Cl-lg),.ro-CHzCHz-(CHz—CHz-O}.,-CHzCHz-O-(CHa)m-C-NH-(CH;),-.GH~(OCH2-CH3)2
(X1)
wh.erein'
m is from 1 to 17,
nis from 10 tq 10,000, and
pisfrom1403.

12. A process of _‘ma.ki_r_:g a pq_lyetﬁyleneglycol aldehyde comprising hydrolyzing a cotnpound of f:or_murla (IX)

39 e LT 2
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15 R1- (CH2- CH2-0) 6- CH2CH2-0- (CH2) m COON (XI'1) with a
conmpound of formula (X111) 20 H2N- (CH2) P 243 2007
CH- (OCH2- CH3) 2 (X111) 15. A process according to &R

14 wherein the conmpound of formula (XII) is produced

by hydr ol ﬁéﬁzﬂg—cﬁ 45)0 51- C H(&E@ﬂ%ﬂ%@% 25 ©)

R1- O ( CH2-
tdmfrcem@larpo|m1ylesega/ccbmaﬁﬁm%ﬁkozﬁuaupbranched Cl- C4 aI kyl .
16. A process according to claim15 wherein the

compound Bf(mmuL-&H;(@QzV)YNHS(CBQQdHEEd by (neacting a
corrpound of 30 formula (XV) R1l-(CH2-CH2-O), CH2CH2-(H

WI th a conmpound of formula (XVlI) 35
Wg)of halphesy eppyide Rialsinsidel uthapgrisil disydie, 19ylatA isocyanate,

O EFECPREBCO
: 6' "e@’ aﬁfcy?i’a'm Mlfe & -gerirtvion. sufe-Nghapieitidyiew deitegagiiazalyloxy, 1-imidazoly-
'° Q%hjg ‘T"H'ﬂf‘y’rﬁ'?ﬁrol y2| ng a conpound of fornula (XVIl1) O
2 CH(CH2)o
rf : “ﬁg’%%ﬂ‘s CH2(CH2)O)6 CH2CHz- O (CH2) m G- NH

- (CHz) o- CH-(OCH2 CH3)2 (XVI1) 50 to produce a
pol yet hyl ene glycol of formula (VIII1) 55 41 24
January 2007 0D O OH 0O o)

l
“(CHy)y-C-, -G, -(CHo)y -CH-(CH,), 5, -C-(NH-CH-C),

zZ

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

nis from 1¢ to 10,000, and

pis from 110 3.

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

o

Ri-(CH2-CHz-0)-CHzCHz-O-(CHz)in-C-NH~(CHa),-CH-(OCH2-CHa)» x)

to produce a polyethylene glycol aldehyde of formula (I):

o

Ri~(CHzCH;0)-CH,CH-O~(CH)m-C-NH-(CHy),-CHO )

wherein
R, is selected from the group consisting of halogen, epoxide, maleimide, orthopyridyl disulfide, tosyfate isocyanate,

hydrazine hydrate, cyanuric halide, N-succinimidylfoxy, sulfo—N—succm:mldy!oxy 1-benzotr|azolyfoxy 1-imidazoty-
loxy, p-nitrophenyloxy, and '
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(I '

OHC- (CH2) p- NH- G (CH2) m O CH2CH2- ( CH2CH20) 0- CH2CH2-,0- ( C
H2) m G- NH- (CH2)p-CHO (VIT1) wherein 10 mis%&ﬂﬁmzom
to 17, nis from10 to 10,000, and pisfromlto3. 18.

A process according to claim14 wherein the conmpound

of formula (M11) is produced reacting a conpound

of 15 fornul a (XVIII) HOOCA

- O CH2CH2- ( CH2- XVI
with a con‘éound O_é'&’%%hz)p O( )

H2N- ( CH2) p- CH-(CI:HZ CI—I3)2 (XIX) 19. A process
accordl ng to claim18 wherein the conpound of fornula

§1 s produced by hydrolyzing a conpound of
98 @95 R3000- ( CH2) . - CH2CH2- O4CH2- CHR2- 0) | :

(CH2) O00OR3 (XX) wherein R3 is a branched or
A _process accordi ng

. A&%@%&@ﬁ%‘%’é‘%ﬁ"3%*‘9%'&3%%@%“% 5 ] & POSkRSS i 2 compound o
pro uced by reacti ng a conmpound of fornula (XXI)
HO- CH2CH2R ((Hi2c CH%E @I? XXI') with a
conpound of forrrul 2 ( "(%3’3 CwigB(XVI)
winaebpoindS2ioinmlalpalnogen. 40 42

HyN-(CH,),-CH-(OCH,-CHj), (i)

15. A process according to claim 14 wherein the compound of formula (XH) is produced by hydrolyzing a compound of
formula (XEV)

R4-0~(CHy-CH,-0},-CH,yCH,-0-(CH,),,-COOR, {(av)
wherein R; is a branched or unbranched C,-C, alkyl.

16. A process according to claim 15 wherein the compound of formuia (XIV) is produced by reacting a compound of
formula (XV})

R4-(CH5-CH,-0),-CH,CH,-OH {xv)
with a compound of formula (XVI) '

Ro-(CH2)m-COOR,4 (Xvi )

wherein R, is halogen.

~17. A process of making a polyethylene glycol aldehyde comprising hydrolyzing a compound of formula (XVII)

o | | o

. I ' ' I
(CHsCH:O):- CH-(CHa),-NH-C-(CHz)m-O-CHzCHa-(CHa-CHg-O),,-CHzCHZ-O-(CH2),..-0 NH-(CHz)p -
CH-(OCH2-CHs), (XVII) |

to produce a polyethylene glycol of formula (VIIt)
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20.

24 January 2007
O O

I - | Il
OHC~(CHz)gNH-C~(CHa)n-0-CHzCH2-(CHCHo0)- CHoCHz-O-(CH)-C- NH-(CHz)p-CHO
(vt

wherein
mis from 1 to 17,
n is from 10 to 10,000, and

pisfrom1to3.

A process according to claim 17 wherein the compound of formuta (VIlI) is produced by reacting a compound of

formula (XVii)

HOOCH{CH,)gy0-CH,CH,~(CH,-CHy-0),-CH,CH,-0-(GH,),-COOH xvii)

with a compound of formula (XIX)
HoN-(CH,),-CH-(OCH,-CHy), (X1X)

A process according to claim 18 wherein the compound of formula (XVIII) is produced by hydrolyzing a compound
of formula (XX}

R300C+(CH,);,-CH,CHy-0-(CHy-CH,-0),-CH,CH,-0-(CHy),,-COORg (X%)
wherein R3 is a branched or unbranched C;-C, alkyl.

A process acoording to claim 19 wherein the compound of formula (XX) is produced by reacting a compound of
formula (XXI)

HO-CH,CHy-(CH,-CHy-0),-CH,CH,-OH (XX1)

with a compound of formula (XVI)
Ry-(CHa)xCOORy xvi)

‘wherein Ry is halogen.
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