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PROCESS FOR THE PREPARATION OF ACTIVATED POLYETHYLENE GLYCOLS

TITLE OF THE INVENTION

Process for the Rapid Preparation of Activated Polyethylene Glycols [PEG-
(NPC)?].

FIELD OF THE INVENTION

The present invention relates to a process for the rapid preparation -of activated
polyethylene glycols, or PEG(NPC)“s. More épecifically, the present invention is
concerned with a process for the preparation of activated PEGs involving shorter
reaction times, lower reaction temperatures and allowing for the expeditious
recovery of the activated PEGs by a simple extraction procedure. Additionally, the
present invention relates to a process for the preparation of activated PEGs
wherein stoichiometric amounts of reagents are used. The invention further
covers the oactivated PEGs produced by this rapid process and their use in a
variety of pharmaceutical, medical, cosmetical and chemical applications.

BACKGROUND OF THE INVENTION

Polyethylene glycol (PEG) is a polymer having the structure H(O-CH,CH,-),OH. It
IS generally synthesized by the ring opening polymerization of ethylene oxide.
While the polymer usually has a linear structure at molecular weights < 10 kD, the

higher molecular weight PEGs may have some degree of branching.’
Poly"ethylene glycols of different molecular weights have previously been used in
a number of applications, including to increase the sblubility of drug"s. During the
last three decades, polyethylene glycol has been extensively investigated for
delivery of various proteins via parenteral routes. Generally, PEGs have been
most widely used for the delivery of both traditional drugs (small molecules) and
proteins/enzymes in the treatment of cancer.

Several chemical procedures have been developed for the preparation of

activated PEGs, which can then be used to react specifically with free amino
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groups on an enzyme's surface, under mild aqueous conditions. PEGs have been
successfully activated by reaction with 1,1-carbonyl-di-imidazole, cyanuric
chloride, tresyl chloride, 2,4,5-trichlorophenyl chloroformate or 4-nitrophenyl
chloroformate, various N-hydroxy-succinimide derivatives as well as by the
Moffatt-Swern reaction.?® In most cases, the activating agent acts és a linker

between the PEG and the enzyme or protein.

One of the major disadvantages encountered with the processes currently
available involves the reaction temperatures at which the activation reactions are
carried out. The most commonly used solvents are acetonitrile (CH3CN) and
dichloromethane (CH.Cl,), containing small volumes of a co-solvent, usually
triethylamine (TEA). Usually, the activation reactions aré carried out under
refluxing conditions at a temperature of about 84 °C when acetonitrile is used, or
at a temperature of about 40 °C when dichloromethane is chosen as the solvent.

Several crystallization steps are commonly required for the isolation and
purification of the activated PEG product. Such steps can make currently

available processes for the activation of PEGs inconvenient.

The activation of PEGs with 4-nitrophenyl chloroformate, to generate PEG-di-
nitrophenyl carbonates, has been described by Fortier and Laliberté.”® The
reactions were carried out in acetonitrile containing triesthylamine (TEA) over a
period of 5 hours at 60 °C. The long reaction times and the reaction temperatures
required to perform the activation reactions are major disadvantages of this
process. Additionally, in order to keep the system as anhydrous as possible, the
use of a cumbersome soxhlet is required. This imparts a severe limifation on the

activation process, especially when transposed on a larger scale.

There is thus a need for a low-cost process for the activation of PEGs that is time
efficient and that can be performed at room temperature. There is also a need for

a process allowing for the rapid isolation and purification of the activated PEGs.
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Moreover, there is a need for a process for PEG activation that is amenable to

large-scale production.

The present invention seeks to meet these and other needs.

SUMMARY OF THE INVENTION

The present invention relates to a novel process for the activation of PEGs that is

characterized by improved reaction efficiency and improved reaction conditions.

The present invention relates to a novel process for the activation of PEGs that is
characterized by the use of stoichiometric amounts of reagents and that provides.

a very high degree of activation.

The present invention also relates to a novel process for the activation of PEGs
that is further characterized by low manufacturing costs and that is easily

amenable to large scale production.

In addition, the present invention relates to a novel process for the isolation and
purification of the produced activated PEGs, characterized by an efficient
extraction and precipitation procedure.

Acéording to one aspect of the present invention, there is provided a process for
preparing activated polyethylene glycols (PEGs), comprising reacting
polyethylene glycol (PEG) with an activator in the presence of an aromatic
nitrogen-containing heterocyclic base, wherein the activator has the general
structure Y-Q-X and may be selected from, but is not limited to, the group
consisting of CISO.Cl, CICOCH2SO:CI, 4-O,NPhOCOCI, 2-O.NPhOCOCI,

PhOCOC!I CISO,CH,CH,SO,Cl, POCls, PhOPOCI,, PhPOCI;, CClsCOCI,

CBr,COCI, and X,PhOCOCI wherein X and Y may be identical or different and

- represent an electron withdrawing group, and wherein "b" is an integer ranging

from 1 to 3.
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According to another aspect, there is provided a process for preparing a bis-activated
polyethylene glycol having the formula:

Y-Q-O—(CH2—CH2—0)n-Q-Y
wherein
n is an integer between 4 and 800;

Y is selected from the group consisting of a halide group, a mesyl group, a tosyl group, an
imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a substituted

phenoxyl group; and

Q is selected from the group consisting of SO,, CO(CHR,)S0O,;, CO—0O—(CHR,)—0—-S0,,
C(0), SO, (CHR)SO,, SO,~0O—(CHR4)—0—S0,,
CO—0O—(CHR)i—CR;=CR3z—(CHR;)i—0O—CO-, and
SOQ""O_(CH R1 )t—'C R2=CR3—(CH R4)t—O‘—S 02,

wherein
tis1, 2, or3; and

Ri, R,, Rz and R, are independently selected from the group consisting of H, a lower
alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group;

the process consisting essentially of reacting under stoichiometric conditions a polyethylene
glycol having the formula:

H—(O—CH,—CH,—),—OH
wherein

nis an integer between 4 and 800;
with an activator having the formula of Y-Q-X;

wherein

X and Y independently are selected from the group consisting of a halide group, a
mesyl group, a tosyl group, an imidazolyl group, an N-hydroxy-succinimidy!
group, a phenoxyl group, and a substituted phenoxy group; and

Q is selected from the group consisting of SO,, CO(CHR):SO,,
CO—O—(CHR)i—0—S0,, C(0O), SO,(CHR)SO,, SO,~0O0—(CHR;)i—O—S0O,,
CO—O—(CH R1)t—CR2=CR3—(CHR4)t—O—CO' ~and
SOQ—O‘"‘(CH R1 )t—C R2=CR3—(CH R4) t—O"'"802,

wherein

tis1, 2, or3; and
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R;, R,, Rs, and R, are independently selected from the group consisting of H, a lower
alkyl group, a lower panched alkyl group, an aryl group, and an aralkyl group;

in the presence of a solvent and an aromatic nitrogen-containing heterocyclic base having the
formula:

(NRsRG)c

wherein
(NRsRg). is located either in the ortho or para position;

Rs and R are independently selected from the group consisting of a lower straight alkyl
group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis1or2:

to produce said bis-activated polyethylene glycoil.

According to another aspect, there is provided a process for preparing a bis-activated
polyethylene glycol having the formula:

Y-Q-O—(CH,—CH,—0),-Q-Y
wherein

n is an integer between 4 and 800;

Y is selected from the group consisting of a halide group, a mesyl group, a tosyl group, an
imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a substituted
phenoxyl group; and

Q is selected from the group consisting of SO,, CO(CHR)SO,, CO—O—(CHR,)—0—S0,,
C(O), SO, (CHR 1 )SO;, SO,~0O—(CHR¢)i—0—S0,,
CO—O—(CHR1)t—CR2=CR3—(CHR4)t—-O—CO- -and
SO,—0—(CHR{){—CR2=CR;—(CHR;)(—0—S0,,

wherein
tis1, 2, or 3; and

R:, R,, R; and R, are independently selected from the group consisting of H, a lower
alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group;

the process consisting essentially of reacting a polyethylene glycol having the formula:
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H—(O—CH,—CH,—),—0OH
wherein
n is an integer between 4 and 800;

with an activator having the formula of Y-Q-X;

wherein

X and Y are different and independently selected from the group consisting of a
halide group, a mesyl! group, a tosyl group, an imidazolyl group, an N-hydroxy-
succinimidyl group, a phenoxyl group, and a substituted phenoxyl group; and

Q is selected from the group consisting of SO,, CO(CHR);SO,,
CO—0O—(CHR){—0—S0,, C(0), SO,(CHR}SO;, SO,~0—(CHR)—0O—50,,
CO"‘O—(CHRO{"'CRz:CR3"“(CHR4)t—O—'CO' , and
SO,—O0—(CHR)i—CR;=CR;—(CHR4)(—0—50.,

wherein
tis1, 2, or 3; and

R, R,, Ris, and R, are independently selected from the group consisting of H, a
lower alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl

group,

in the presence of a solvent and an aromatic nitrogen-containing heterocyclic base having the
formula:

(NR5R6)C

wherein
(NRsRg). is located either in the ortho or para position;

Rs and Rs are independently selected from the group consisting of a lower straight alkyl
group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis 1or2;

to produce said bis-activated polyethylene glycol.

According to another aspect, there is provided a process for preparing a bis-activated
polyethylene glycol having the formula:
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Y-Q-O—(CH,—CH,—0),-Q-Y
wherein
n is an integer between 4 and 800;

Y is selected from the group consisting of a halide group, a mesyl group, a tosyl group, an
imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a substituted

phenoxyl group; and

Q is selected from the group consisting of SO,, CO(CHR)SO,;, CO—0O—(CHR)—0—S0,,
C(0), SO, (CHR 1 }SO,, SO,—O—(CHR4)—0—S0,,
Co—O—(CHR1)t“"CR2=CR3"'(CHR4)t—O‘—CO- , and
802—0—'(CH R1 )t—C R2=CR3'—(CH R4)t—O—S Oz,

wherein
tis1, 2, or3; and

Rs, R,, R; and R, are independently selected from the group consisting of H, a lower
alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group;

the process consisting essentially of reacting a polyethylene glycol having the formula:
H—(O—CH;—CH,—),—0OH
wherein

n is an integer between 4 and 800;

with an activator having the formula of Y-Q-X;

wherein

X and Y independently are selected from the group consisting of a halide group, a mesyil
group, a tosyl group, an imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxy!
group, and a substituted phenoxyl group, provided that at least one of X and Y is a
halide group; and

Q is selected from the group consisting of SO,, CO(CHR)SO,, CO—0O—(CHR,)—0—S50,,
C(0O), SO,(CHR)SO;, SO,~O0—(CHR)i—0O—S0,,
CO—0O—(CHR)i~CR;=CR3—(CHR4)—0O—CO- , and
SOz"‘""O—(CH R1 )t—'C Rz'—'C R3—(CH R4)t_o_802,

wherein
tis1, 2, or3; and

Ri, Rz, R3, and R, are independently selected from the group consisting of H, a lower
alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group;
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in the presence of a solvent and an aromatic nitrogen-containing heterocyclic base having the
formula:

(NR5R6)C

wherein
(NRsRGg). is located either in the ortho or para position,;

Rs and Rg are independently selected from the group consisting of a lower straight alkyl
group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis1or2;

to produce said bis-activated polyethylene glycol.

According to another aspect, there is provided a process for preparing a bis-activated
polyethylene glycol having the formula:

Y-Q-O—(CH,—CH,—0),-Q-Y

wherein

n is an integer between 4 and 800;

Y is selected from the group consisting of a halide group, a mesyl group, a tosyl group, an
imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a substituted
phenoxyl group; and

Q is selected from the group consisting of SO,, CO(CHR SO, CO—O—(CHR1)t—O"“802,
C(0), SO,(CHR)SO,, SO —O—(CHR;)i—0—S0O,,
CO—O—(CHR1)t“CR2=CR3—(CHR4)t""O""CO- , and SOz—O—(CHR1)t—CR2=CR3—(CHR4)t
—0—350,,
wherein

tis1, 2, or 3; and

R4, R, Rz and R4 are independently selected from the group consisting of H, a lower
alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group;

the process consisting essentially of reacting a polyethylene glycol having the formula:
H—(O—-CH,—CH,—),—OH

wherein
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n is an integer between 4 and 800;
with an activator having the formula of Y-Q-X;

wherein

X and Y independently are selected from the group consisting of a halide group, a mesy!
group, a tosyl group, an imidazolyl group, an N-hydroxy-succinimidyl group, a
phenoxyl group, and a substituted phenoxyl group; and

Q is selected from the group consisting of SO,, CO(CHR);SO,,
CO—O—(CHR)i—0—S0,, C(0O), SO(CHR);SO;, SO,~O0—(CHR;)i—O0—50,,
CO—O_(CH R1)t—CR2=C R3"""(CHR4)1—O—CO' , and
SOQ"‘O—(CH R1)t—C R2=C R3—(CHR4)t —O—SOZ,

wherein
tis1, 2, or3; and

R4, Ry, R3, and R, are independently selected from the group consisting of H, a
lower alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl

group,

at a temperature range between about 20° C. and about 30° C., and in the presence of a
solvent and an aromatic nitrogen-containing heterocyclic base having the formula:

N
~d

A

(NRSRG)O

wherein

(NRsRs). is located either in the ortho or para position;

Rs and Rg are independently selected from the group consisting of a lower straight alkyl
group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis1or2;

to produce said bis-activated polyethylene glycol.
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Unless defined otherwise, the scientific and technological terms and
nomenclature used herein have the same meaning as commonly understood by a
person of ordinary skill. Generally, procedures such as extraction, precipitation
and recrystallization are common methods used Iin the art. Such standard
techniques can be found In reference manuals such as for example Gordon and

- Ford (The Chemist's Companion: A handbook of Practical Data, Techniques and

References, John Wiley & Sons, New York, NY, 1972).

The present description‘ refers to a number or routinely used chemical terms.
Nevertheless, definitions of selected terms are provided for clarity and

consistency.

As used herein, the expression "aprotic solvent”, refers to a solvent that does not

POSSess an acidic proton.

As used herein, the expression "electron withdrawing group”, refers to a
substituent on an aromatic ring that withdraws electrons from the aromatic ring by

inductive effects and/or by resonance effects.

As used herein, the term "about" refers to a +/- 5% variation from the nominal

value.

As used herein, the formula PEG(NPC)°, refers to a polyethyleneglycol, bis
activated with a 4-Nitro-Phenyl Carbonate group.

Further scope of applicability will become apparent from the detailed description
given hereinafter. It should be understood, however, that this detailed description,
while indicating preferred embodiments of the invention, is given by way of
illustration only, since various changes and modifications will become apparent to

those skilled in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 represents a block diagram depicting the degree of PEG activation in

processes using DMAP and TEA respectively, with 4-nitrophenyl chloroformate as
the activator, and using stoichiometric amounts of all reagents. The activation

reactions were carried out in CH»Cl, at room temperature.

Figure 2 represents a block diagram depicting the yields of activated PEG
produced by both the DMAP and the TEA processes using 4-nitrophenyl
chloroformate as the activator and using stoichiometric amounts of all reagents.
The activation reactions were carried out in CH,Cl, at room temperature.

Figure 3 represents a block diagram depicting the degree of gelification of the
activated PEGs produced by both the DMAP and TEA procedures using 4-
nitrophenyl chloroformate as the activator and using stoichiometric amounts of all
the reagents. The activation reactions were carried out in CH.Cl, at room

temperature.
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DETAILED DESCRIPTION OF THE INVENTION

In a broad sense, the present invention provides a novel process for the activation
of PEGs that is characterized by improved reaction times and reaction conditions,
and that is easily amenable to large scale production while maintaining low

manufacturing cosis.

The activation of PEG using various activating agents while in the presence of an
aromatic  nitrogen  containing  heterocyclic base, more  specifically
dimethylaminopyridine (DMAP), was investigated. The activation reactions were
carried out in an aprotic solvent system, preferably composed of methylene
chloride (CH.Cl,). The activation reactions were carried out using stoichiometric
amounts of PEG, an activating agent such as 4-nitrophenyl chloroformate, and 4-
DMAP, and were performed at temperatures ranging from about 20 1o about'30
°C and more preferably at room temperature. |

The aprotic solvent used in the present invention is selected from the group
consisting of DMSO, DMF, acetonitrile, nitromethane, HMPA, acetone, acetic
anhydride, pyridine, o-dichlorobenzene, chlorobenzene, benzene, toluene,
xylene, methylene chloride, carbon tetrachloride, THF, dioxane, ethyl acetate,
DME, and carbon disulfide. These aprotic solvents have a boiling point ranging
from about 35 °C to about 230 °C.

The only significant side product generated in the activation process, is the

hydrochloric acid salt of DMAP. This salt can be efficiently removed from the
reaction mixture by simple extraction and filtration procedures. This
straightforward purification procedure allows for the isolation of a very pure
activated PEG product. Note that while the reaction is carried out under
stoichiometric conditions, any unreacted reagent can also removed from the

reaction mixture by the above mentioned purification procedures.
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The PEG activation process of the present invention can be adequately described
by the following general reaction sequence:

M-(O-CHo-CHp-)p-OM + 2Y-Q-X + aW-T —  Y-Q-O-(CHz-CH2-0)y-Q-Y + aW-T.MX

PEG entity Activator Base Activated PEG

- Equation 1

wherein M represents a hydrogen atom or an atom selected from the group
consisting of Li, Na, K, Rb, and Cs and wherein “a” is an integer preferably
ranging from 0 to 6 and more preferably ranging from 0 to 2.

The activator Y-Q-X is capable of the in situ generation of ions including, but not
limited to, acylium, sulfonium, sulfurylium and phosphonium; X and Y can be H,
Cl, Br, | or other leaving groups including but not limited to mesylates, tosylates
and phenoxides; both X and Y can be identical or different and "n" is an integer
ranging from 4 to 800 and more preferably from 65 to 800 i.e. a PEG molecular
weight ranging from 3 000 to 35 000 Da.; and Q can be part of, but is not limited
to, the group consisti’ng of -S0,-, -CO(CHR){SO2-, -CO-, -SO-(CHR;);SO»~, -
S02-0-(CHR)-O-80, >PO, -CO-O-(CHR1)-CR;=CR3~(CHR¢)-0-CO-, and -
S0O,-0O-(CHR1)-CR2=CR3-(CHR;)-O-S0O,-, wherein “t” is an integer ranging from 1
to 3 and wheréin R4, Ro, Rz and R4 are either identical or different and are
selected from the group consisting of hydrogen, lower alkyl, lower branched alkyl,
aryl and aralkyl. More preferably, Ry, Rz, Rs and R, are selected from the group
consisting of hydrogen, methyl, ethyl, iéopropyl and propyl. More prefe'rably, Q
can be part of, but is not limited to, the group consisting of —SO,-, -CO-O-CH,-
CH=CH-CH,-O-CO-, COCH,SO,-, -CO-, and —=SO,CH,CH>SO5-.
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In one particular embodiment, the process for preparing a bis-activated polyethylene glycol comprises

reacting polyethylene glycol with an activator under stoichiometric conditions in the
presence of dimethylaminopyridine {4 - DMAP) as illustrated by equation 1A below:

H(O~CHy~CH,)=OH + 2Y—Q-X + 2W-T = Y-Q-O(CH,—CH,-0)—Q-Y + 2W-T-HX
Equation 1A

wherein

polyethylene glycol has the formula H (O-CH~CH;),—0OH

the activator has the formula Y—-Q-X,

wherein

X and Y independently are selected from the group consisting of Cl, Br, |, mesylates,

tosylates and phenoxides, and

Q is selected from the group consisting of —-SO,~, ~C(O)—, ~C(O)}{CHR SO,
~S02(CHR 1 SO, -SO,0{CHR{){0OS0O,-, -C(0)}-O—+{CHR4)CR;=CR3{CHR)~0O-
C(0O)-, and —SO;~0—(CHR)~CR=CR3{CHR4 )OS0 ;

~ wherein ' |
R1, Rz, Ra, and R, are independently selected from the group consisting of H, a
lower alkyl group, a Iowér branched alkyl group, an aryl group, and an aralkyl
group; and

t is an integer ranging from 1 to 3; and
dimethylaminopyridine (4 - DMAP) has the formula W - T

the bis-activated polyethylene glycol has the formula Y-Q-O—-(CH,-CH~0),—Q-Y,

wherein
Y and Q are as defined above, and

n is an integer ranging from 4 to 800.

Selected examples of preferred activators (Y-Q-X) include, but are not limited to

the following:

EXAMPLE 1:
CI-CO-0-Ph-NO,

wherein, based on Formula1 (Ng=1;ny=n2=N3=Ng=0;p=1,m=0=0),Q =
Uy = -CO- and wherein X = Cl and Y = -OPh-NO, (4-nitrophenoxy).
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EXAMPLE 2:
C1-50,-0-CH,-CH,-0-S0,-Cl

wherein, based on Formula1 (no=ny=ng=ng=1;m=2;p=1,m=q9=0; Up —
Uy = SOo; Qo = Q4 = O (oxygen); Ry = H), Q = ‘Soz‘O'CHQ"CHZ'O'SOQ‘ and
wherein X =Y = Cl.

EXAMPLE 3:
CI-S0,-0-CH,-CH>-0-CO-Cl

wherein, based on Formula1 (np=n1=Ne=Ng=Nz=Ng=1,N3=0; p=Q = 1:m
= (; Uo = SOQ; U1 = -CO-; Qo = Qa =0 (oxygen); Ry = R4 = H), Q= "SOQ"O"CHQ"
CH.-O-CO- and wherein X =Y = Cl.

EXAMPLE 4:
CI-C0O-0O-CH,-CH=CH-CH,-O-CO-ClI

wherein, based on Formula1 (np=n1=N2=Ny=Ng =Nz =Ng =1, N3 =Ns = O;p=
m=q=1;Uo=U1 =-CO-;OO=QS=O(oxygen); R =R2=R3=R4=H),Q='
CO'O-CHQ-CH=CH-CH2“O"CO' and wherein X=Y = Cl.

Other examples of activators include but are not limited to the following: CISO2CI,
CICOCH,S0.Cl, 2-O,NPhOCOCI, PhOCOCI POCl;, PhOPOCl, PhPOCI,
CCl.COCI, CBrsCOCI, and Z,PhOCOCI! wherein Z is selected from the group

consisting of Cl, Br, 1, and —CN, and wherein "b" is an integer ranging from 1 {0 3.

The activation process can be carried out in the presence of an aromatic nitrogen
containing heterocyclic base having the general structure shown below In

Formula 2:

W-T = ——(NRsRs)c
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The NRsR; substituent can be either in the ortho or para position (2¥ or 4-position)
and Rs and Rg are identical or different and are selected from the group consisting
of a lower straight alkyl chain, a lower branched alkyl chain, an aryl group and an
aralky! group, and wherein "¢" is an integer equal to either 0, 1 or 2. Rs or Bs can
also constitute a solid support similar to those used in peptide synthesis. More
specifically, Rs or Rg is a solid support selected from the group consisting of
amino methyl resin, p-alkoxybenzyl alcohol resin, benzhydrylamine resin,
hydroxymethyl resin, 4-hydroxymethyl-benzoyloxymethyl resin, Merrifield resin,
Sasrin resin, 4-methyl-benzhydrylamine resin. Additionally Rs or Rs can also be a
solid support composéd of polystyrene-divinylbenzene. Preferably, Rs and Re are
selected from the group consisting of methyl, ethyl, propyl, isopropyl and benzyl.

The aromatic nitrogen-containing heterocyclic base, as defined above in Formula
2, is not used (a = 0), when M in the PEG entity is an atom selected from the

group consisting of Li, Na, K, Rb, and Cs. It can also be used as a catalyst (0.01 <

a < 1.5) at reaction temperatures ranging from about 20 to about 30 °C, more
preferably at room temperature, in mixtures comprising stoichiometric quantities
of a tertiary amine base, selected from the group consisting of TEA, TIA, DIEA
and 4‘-methyl morpholine.

In accordance with the present invention, there is therefore provided an activated
PEG having the general structure as depicted in Formula 3:

Y-Q-0O-(CHo-CHo-0)n-Q-Y

Formula 3

wherein Q is selected from, but not limited to, the group consisting of -SO.-, -

- COCH2S05-, -SO,CH,CH,S0,-; -CO-0O-CH2-CH=CH-CH,-O-CO- and -CO-; Y is

selected from, but not limited to, the group consisting.of Ci and 4-O.NPhO-; and
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wherein "n" is an integer ranging from 4 to 800 i.e. a PEG having a molecular
weight from 200 to 35 000 Da.

In one preferred embodiment of the present invention, there is provided an
activated PEG as described by Formula 4, wherein Y is Cl, Q is -SO.- and "n" is
an integer ranging from 4 to 800 i.e. a PEG having a molecular weight from 200 to
35 000 Da. Preferably, at least one embodiment is represented by the structure in

Formula 4:

| . O
o (|)| 0 g
~O Do
[ S
O

Formula 4

In another preferred embodiment of the present invention, there is provided an
activated PEG as described by Formula 5, wherein Y is Cl, Q is -COCH250,- and
"n" is an integer ranging from 4 to 800 i.e. a PEG having a molecular weight from
200 to 35 000 Da. Preferably, at least one embodiment Is represented by the

structure in Formula 5:

O
Cl ﬁ 0 g
ﬁ(\s% ~ o] ol
| I
0 O

Formula b

In yet another preferred embodiment of the present invention, there is provided an
activated PEG as described by Formula 6, wherein Y is Cl, Q is -SO,CH2CH>SO,-
and "n" is an integer ranging from 4 to 800 i.e. a PEG having a molecular weight
from 200 to 35 000 Da. Preferably, at least one embodiment is represented by the

structure in Formula 6:
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0O O
5 | Formula 6

In still another preferred embodiment of the present invention, there is provided
an activated PEG as described by Formula 7, wherein Y is 4-O,NPhO-, Q is -CO-
and "n" is an integer ranging from 4 to 800 i.e. a PEG having a molecular weight

from 200 to 35 000 Da. Preferably, at least one embodiment is represented by the
10  structure in Formula 7:

: NO,
| O
O O /u\/‘/
D/ \n’e \/3\0 0
N
O
15 NO»

Formula 7

The activated polyethylene glycols are susceptible of reacting with functional
groups selected from the group consisting of hydroxyl groups, amine groups and
20 thiol groups, resulting in the formation of bio-polymers. The functional groups are
derived from peptides, proteins, saccharides, polysaccharides, and
oligonucleotides. The bio-polymers are used in chemical, food, cosmetical,

cosmeceutical, pharmaceutical and dermopharmaceutical applications.
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One preferred activation process using 4-DMAP and 4-nitrophenylchloroformate
is adequately described by the reaction sequence shown below'in Scheme 1:

O Cl- N
H-(O-CH5-CHo-),-OH + 2 + 2
O N
PEG NO,
AN
4-nitrophenylchloroformate HaC CHg
4-DMAP
CH,Cls
R.T.
NO»
O
o [0 PR
O O
n
O
NO5
4
2 4-DMAP.HCI
Scheme 1

The role of 4-nitropheny! chloroformate is to readily react with the PEG substrate,
resulting in an activated PEG that can be further employed, for example, In

reactions with enzyme surfaces. It was selected as the activating agent mainly

because of its propensity to minimize side reactions.

The primary function of 4-DMAP is to aid in the activation process. It is assumed
that it rapidly provides for a more reactive intermediate, believed o be an acylium

jion, by reacting with 4-nitropheny! chloroformate. This fleeting acylium




10

15

20

CA 02457876 2004-02-17

WO 03/0186635 PCT/CA02/01306

14

Intermediate then readily reacts with PEG in the course of an activation reaction
taking place at room temperature under stoichiometric conditions, to produce the
activated PEG in only 2 hours of reaction time. The secondary function of 4-
DMAP is to act as an acid scavenger, that is, to form a salt by complexing with
the hydrochloric acid (HCl) produced in the activation reaction. The scavenging of
HCI by 4-DMAP is an important step in the reaction sequence, since the presence
of HCI could lead to a great number of unwanted side reactions which, in turn, will
have a detrimental effect on the overall efficiency of the activation reaction.

The activation of PEG using a tertiary amine base such as triethylamine (TEA)
was also investigated under identical reaction conditions as those employed in
the DMAP process i.e. at room temperature over a period of 2 hours, and
compared with the DMAP activation process. It was observed that even though 4-
nitrophenyl chloroformate was again chosen as the activating reagent, the
activation process required the use of a 3-fold excess of TEA and could no longer
be performed at room temperature. Activation of PEG was achieved by refluxing

the reaction mixture in acetonitrile (80 °C) over a period of 8 hours.

The activation of PEGs using TEA is less attractive than the process using DMAP
because of the requirement for refluxing, which necessitates constant
supervision. Additionally, refluxing procedures inherently require additional
materials, such as reflux condensers or a soxhlet set-up. When the activation
reactions are carried out on a larger scale, this additional glassware can rapidly
become uhwieldy and very expensive. The additional energy requirement is also
a factor that cannot be ignored.
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Another preferred activation process utilizing sodium PEGylate and 4-
nitrophenylchloroformate is adequately described by the reaction sequence
shown below in Scheme 2:

| O ClI
. Na-(O-CH5-CHs-)-ONa  + 2 U \[‘(
O
| PEGylate NO

2

4-nitrophenylchloroformate

CH»Clo
10 .. R.T.

NO
O 2
O o\/\)\ )J\
D/ O O
, N
0
NO,

.
Scheme 2

15

2 NaCl

The activation process is easily carried out by first preparing the sodium
20 PEGylate, and then reacting the PEGylate with 4-nitrophenylchloroformaie.

The use of excess reagents has repercussions on the isolation and purification
steps of the activation process, since these reagents will have to be removed
from the activated PEG product. The reaction mixture, upon completion of the
TEA-induced activation process, is mainly composed of activated PEG, unreacted
o5 TEA and 4-nitrophenyl chloroformate, as well as the hydrochloric acid (HCI) salt
of TEA. In previously described processes, the isolation of the activated PEG

product required several precipitation or crystallization steps before a relatively
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pure product was obtained. A direct comparison between the DMAP, the TEA and
the sodium PEGylate activation procedures is shown in Table 1.

Table 1: Direct comparison of the DMAP, the TEA, and the PEGylate induced
activation process. |

,,,,,  Comparative Brocedure [ TERprocedurs I PEGylte procedure
Cteements s n et ratdh
N!p‘ogen base DMAP 4-DMAP TEA No nltroen base

Structure Pyridine family Tertiary amine ' NA
Reaction set-up Beaker with stirrer Reflux or soxhlet set-up Beaker with stirrer
Activator 4-Nitrophenyl - 4-Nitrophenyl 4-Nitrophenyl
chloroformate chloroformate chloroformate
Amount of reagents Stoichiometric 3-fold excess (both base ~ Stoichiometric
_ ~_____and activator) '
Solvent CHoClo CHsCN CH-Cl>
Heaction time 2 hours 8 hours 2 hours
Reaction 21°C 80 °C 29 °C
femperature
Purification Extraction and Several precipitation / Extraction and
precipitation recrystallization steps orecipitation
Side products 4-DMAP.HCI TEA.HCI NaCl
_ Excess TEA and activator
Yield 95% 99% (including excess 97%
reagents

The crude yield of the activation reaction was calculated using Equation 2, as

shown below:

Amount of Crude Product (g)

% Crude Yield= ————————————————— X X 100%
Theoretical amount of Activated PEG (g)

Equation 2

Note that the amount of crude product theoretically includes traces of non-
activated PEG, mono-activated PEG and di-activated PEG (desired product). In
the case of the TEA promoted activation reactions, the crude product Is
additionally mixed with non-negligible amounts of TEA.HCI as well as unreacted
4-nitrophenyl chloroformate, which could not be completely removed during the

recrystallization / precipitation steps.
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The degree of activation was calculated using Equation 3, as shown below:

~ Amount of p-nitrophenol generated by hydrolysis (g)
% Activaton="——————""—"—"—"7"—¥+——T""__ . . X 100%
Theoretical amount of p-nitrophenol (g)

Equation 3

Note that the amount of p-nitrophenol generated stems from the hydrolysis of the
crude reaction product. The theoretical amount oi p-nitrophenol expected Is
calculated based on the assumption that a 100% conversion of PEG into di-
activated PEG has taken place.

Activation levels in excess of 100%, as are observed in the TEA-prompted
activation reactions, can be explained by the persistent presence of unreacted
excess 4-nitrophenyl chloroformate in the crude reaction product. This unreacted
starting material will also produce 4-nitrophenol upon hydrolysis, and hence will
add to the amount of 4-nitrophenol produced from the hydrolysis of the crude
reaction product composed of unreacted PEG, mono-activated PEG and the
desired di-activated PEG. Note that the presence of 4-nitrophenol, being a
relatively strong organic acid, will result in aqueous solutions having ‘low pH

values.

The very high yields observed for the TEA activation reactions are due 1o
difficulties incurred in the purification process. TEA.HCI, as well as excess p-
nitrophenyl chloroformate, are difficult to remove entirely from the reaction
mixtures. Even though an extensive precipitation / recrystallization was performea
to remove these impurities from the crude reaction product, non-negligible
amounts persist. Moreover this extensive precipitation / recrystailization process

usually results in a significant decrease in the yield of activated PEG

Some physical and chemical properties of the activated PEGs produced by the
DMAP and TEA processes respectively, are provided in Table 2 below:
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Table 2: Comparison of some physical and chemical properties of the PEGs
produced by the DMAP and TEA procedure.

Solubmty > 800 mg / ml Whatever the concentratnon
B B B 3 a precipitate is usually observed™
‘Melting point - 53-55°C - 54-55°C
Coloration White solid “White solid
L Yellow solution (deionized water) | Limpid solution (deionized water
pH (220 mg/ml H20) Solution takes the pH of Acidic pH = 2-3
deionized water (pH=5.5 in deionized water,

*The precipitate is composed mainly of unreacted 4-nitrophenyl chloroformate.

The activated PEGs produced by the DMAP procedure exhibit very good water
solubility, with values exceeding 800 mg/mi.

The solubility in deionized water of the PEGs activated by the TEA process, could
not be determined accurately because of the -appearance of a precipitate during
the dissolution of the crude product. The precipitate is composed mainly of
unreacted 4-nitrophenyl* chloroformate which could not be entirely removed from
the crude reaction product during the precipitation / recrystallization steps.
Additionally, the presence of TEA.HCI in the crude reaction mixture will cause a
phenomenon described as "salting out". This phenomenen causes a portion of
the product itself to become’ insoluble in deionized water and results in it
precipitating out of the solution.

The crude product generated from the TEA-promoted activation process, isolated
following repeated precipitation / recrystallization steps, is essentially composed
of activated PEG but contains small amounts of the hydrochloric acid salt of TEA
(TEA.HCI) and unreacted p-nitrophenyl chloroformate. It is assumed that a non-
negligible amount of the hydrochloric acid salt of TEA and unreacted p-
nitrophenyl chioroformate remains trapped within the extensive network that

constitutes activated PEG, and is consequently co-dissolved within this network.
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Activated PEGs produced by the DMAP process generate aqueous solutions that
adopt the pH of the solvent and that have no discernible precipitate formation.
This is a direct indication of the high purity of the activated PEGs and confirms the
absence of any DMAP hydrochloric acid salt (DMAP.HCI) which, in turn,‘ IS
reflective of the efficiency of the purification and isolation steps of the process.

Crude activated PEGs produced by the TEA process generate substantially acidic
aqueous solutions with pH values ranging between 2 and 3. This was to be
expected in light of the possibility that thé crude activated PEG product remains in
the presence of 4-nitrophenyl chloroformate, which could not be entirely removed
by the precipitation / recrystallization steps. When the crude activated PEG
product produced by the TEA procedure °is dissolved in water, a portion of the
persistent 4-nitrophenyl chloroformate is hydrolyzed into the strong organic acid
A-nitrophenol with the concomitant formation of HCI, which brings forth the
observed acidic pH values.

A comparative study of the efficiency of the DMAP and TEA processes was
carried out at room temperature in CH.Cly, using stoichiometric conditions. As is
shown in Table 3, the DMAP activation process results in considerably higher
activation levels over identical time intervals.

Table 3: Activation levels of crude PEG resulting from the DMAP and TEA
processes as a function of time.
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*Both the DMAP and TEA reagents were used at room temperature in CHzClz under stoichiometric
conditions, using 4-nitrophenyl chloroformate as the activator.

As becomes readily apparent from the results depicted in Table 3, the DMAP

mediated activation process is considerably more efficient than the TEA mediated
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process. Essentially, the entire PEG is activated within 2 hours of starting the
activation reactions, whereas approximately only 30% of the PEG is activated
using the TEA mediated process.

The use of stoichiometric quantities of reagents greatly simplifies the purification
step. Additionally, the use of a stoichiometric amount of 4-nitrophenyl
chloroformate assures that essentially all of the remaining non-reacted reagent is
hydrolyzed during the extraction and precipitation steps, and will therefore not
influence the quality of the final product.

The activation reactions were carried out for a given time and then stopped. The
crude reaction mixtures were purified by repeated extraction and precipitation
steps, and the product so-obtained was analyzed. To do this, a series of reactions
were run over a 30, 60, 90 and a 120 minute period, using in one case DMAP and
in another case TEA. The resulting products were subsequently analyzed for their

degree of activation.

The results of another efficiency study, comparing the yields of activated PEG
obtained using the DMAP and TEA processes, are shown in Table 4.

Table 4: Yield of crude activated PEG obtained with the DMAP and TEA
processes as a function of time.

*Both the DMAP and TEA reagents were used at room temperature in CHz2Cl> under stoichiometric
conditions, using 4-nitropheny! chloroformate as the activator.

As can be observed from Table 4, relatively similar yields are obtained for both
activation procedures. The lower yield observed for the DMAP procedure, as a

result of a 30 minute reaction, is due to a loss of crude product incurred during the
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extraction / precipitation steps. However, the isolated yields obtained for the TEA
process are misleading, due to the previously mentioned difficulties in effectively
removing all of the unreacted 4-nitrophenyl chioroformate from the crude
activated PEG product. The amount of crude activated PEG isolated from the
TEA activation process contains persistent, non-negligible amounts of unreacted
4-nitrophenyl chloroformate, thus resulting in the observed higher yields. The
presence of unreacted 4-nitrophenyl chloroformate is a reflection of a less
efficient activation process when TEA is used. The activation procéss using
DMAP is significantly more efficient and results in an essentially complete
consumption of the 4-nitrophenyl chloroformate éctivating reagent. The only
significant side product produced when using DMAP is its corresponding
hydrochloric acid salt. This side product however, is efficiently removed from the
crude activated PEG product by the extraction / precipitation steps.

‘The activation reactions were again carried out at room temperature in CHzCl>

using stoichiometric conditions. A series of reactions were run for 30, 60, 90 and
120 minutes, using in one case DMAP and in another case TEA, and were then
analyzed for the amount of activated PEG produced.

" The propensity of the activated PEGs produced by the TEA and DMAP processes

towards gelification was subsequently investigated, and the results are shown in
Table 5. A gelification index of zero is indicative of a gel remaining in a liquid state
whereas a gelification index of one is indicative of a slightly viscous- liquid gel
(remains in an essentially liquid state). Furthermore, a gelification index of two Is
indicative of a gelatinous gel that is very elastic and sticky, whereas an index oi
three is indicative of a soft gel that is slightly sticky and slightly elastic, and that

‘reclaims its original form upon deformation. A gelification index of four describes a

rigid and non-sticky gel that also reclaims its original form upon deformation. A
gelification index of four represenis the desired physical state for such

applications as hydrogel formation. Finally, a gelification index ot five is indicative
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of a gum-like gel. The activated PEGs were subjected to the gelification

conditions in a test tube over a 1-hour period.

Table 5: Gelification of crude activated PEG.
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5 Gelification could not be observed for any of the activated PEGs produced by the
TEA mediated activation process. The solutions containing activated PEG
resulting from a 30, 60, 90 or a 120 minute activation reaction using TEA, did not
display any discernable gelification and remained essentially in a liquid state. The
absence of any perceptible gelification is a direct result of a low degree of

10  activation of the crude activated PEGs produced by the TEA mediated activation

process.

Gelification was observed for all of the activated PEGs produced by the DMAP
prdcess. The solutions containing activated PEG generated from a 30, 60, 90 or a
120 minute activation reaction using DMAP resulted in the formation of gels
15  ranging from soft to rigid. Activated PEGs produced irom a 30 or 60 minute
reaction result in the formation of soft gels that are slightly sticky and slightly
elastic and that reclaim their ori‘ginal form upon deformation. Activated PEGs
produced from a 90 or a 120 minute reaction result in the formation of rigid gels
that are non-sticky and that also reclaim their original form upon deformation.
20 Furthermore, these gels have the desired physical state for such applications as
hydrogel preparation. The improved physical state of the gels resulting from
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extended reaction times, is a direct consequence of an increased degree of
activation.

The melting points of the activated PEGs are an Indication of their degree of
activation. As can be seen from Table 6, the activated PEGs produced by the
DMAP procedure have meiting points that are consistently lower than those
produced by the TEA procedure. |

Table 6: Melting points of activated PEGs produced by the DMAP and TEA
activation process.
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The melting point for non-activated PEG ranges between about 62-63 °C. Since
the melting points observed for activated PEGs produced via the TEA activation
process are only slightly lower, this would be an indication of their physical
similarity, in turn implying a low degree of activation. In the case of the TEA
activation process, the melting point observed for an activated PEG produced
dfollowing a 30 minute activation reaction is identical to a PEG produced following
a 120 minute activation reaction. This is in accordance with the results described
In Table 3, which indicate a low degree of activation following a 30 minute
reaction, with little or no change following a 120 minute reaction.

The melting points observed for activated PEGs produced via the DMAP
activation process are lower than those produced by the TEA process, which is
indicative of a higher degree of activation. The activated PEGs produced following
a 120 minute activation reaction using the DMAP process have a lower melting
point than those produced following a 30 minute activation reaction. The lower
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melting point is an indication of an increased degree of activation over longer
reaction times. Again, these results are corroborated by the results reported in
Table 3, illustrating increased activation in going from a 30 minute to a 120 minuie

activation reaction.

The present invention provides for a process for the rapid activation of PEG. The
activation process is conveniently carried out at room temperature over a period
of 2 hours, while in the presence of stoichiometric amounts of reagents. The
activated PEGs of the present invention can be used o generate hydrogels by
combining them with alkaline hydrolyzed soya solutions. The activated PEGs can
also be used as linkers for resins, and they can be readily linked to proteins or

reacted with enzyme surfaces.

- EXPERIMENTAL

1. Gelification procedure
a) Preparation of an 8 KDa activated PEG [PEG-(NPC °1 solution; (220 mg / mL).

Activated PEG (8 KDa) is removed from the refrigerator and is allowed to slowly
warm up to room temperature, after which 1.65 g is dissolved in deionized water
(4 mL, pH = 5.5) while stirring. The solution is stirred until complete dissolution is
observed. If necessary, depending on the swelling of the activated PEG, the
yolume of deionized water is adjusted to 7.5 mL. Aliquots (500 ulL) are then

added to a series of test tubes.

b) Preparation of a hydrolyzed soya solution; (120 mg / mL).

l—iydrolyzed soya is removed from the refrigerator and is allowed to slowly warm to
room temperature, after which 600 mg are placed in each of 5 test tubes (15 mL).
As depicted in Table 7 below, a NaOH solution (5 mL), having a different

x
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normality, is then added to each test tube. The resulting solutions are stirred until

complete dissolution is observed.

Table 7: Preparation of hydrolyzed soya solutions using NaOH solutions of

c) Hydrogel formation; coupling activated PEG [PEG- NPC)?] to_hydrolyzed
soya.

A hydrolyzed soya solution (500 uL) of a given normality is pipetted and a
chronometer is started. At t = 10 sec, the hydrolyzed soya solution is added to a
10 tést tube containing an activated PEG solution (500 pL), prepared as previously
described, while stirring using a vortex. The test tube containing the combined

solution is then placed on its side so as to allow for hydrogel formation. This
experiment is repeated two more times using the same hydrolyzed soya solution.

The same procedure is carried out for each of the previously described

15 hydrolyzed soya solutions.

2. Preparation of an activated PEG using SO,Cl>

The following is an example of a general experimental process for the preparation
of an activated PEG using sulfuryl chloride as the activating agent.

The reaction is carried at room temperature over a 2 hour period, in anhydrous
20 dichloromethane (CH.Cly).
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Anhydrous SO,Cl, (1.565 uL; 97% solution) is diluted in anhydrous CH,Cl, (25
mL). The diluted sulfuryl chloride solution is then transferred to a round-bottomed
flask (500 mL) and cooled in an ice bath while stirring. To this cooled solution is
then added a previously prepared DMAP solution (2.44 g of DMAP were
dissolved in 5 mL of anhydrous CH,Cl,) while stirring is continued.

PEG 8 KDa (36.36 @) is dissolved in ahhydrous CH.Cl, (50 mL). The PEG
solution is then slowly added to the solution containing the sulfuryl chloride and
DMAP reagents, kept in the ice bath under continuous stirring. Upon completion
of the addition, the ice bath is removed and the reaction mixture stirred at room
temperature for an additional 2 hours.

The reaction mixture is concentrated and the resulting crude solid product is
extracted and precipitated with cold diethyl ether (500 mL). The suspension is

 then placed in a refrigerator (- 20 °C) for a period of 30 minutes. The suspension

15

20

is vacuum filtered and the precipitate washed with additional diethyl ether (3 x 100
mL). The washed precipitate is then dried under vacuum.

3. Preparation of sodium PEGylate

The following is an example of a general experimental process for the preparation

~of sodium PEGylate.

The reaction is carried at room temperature in anhydrous dichloromethane
(CH.Cl,) using stoichiometric amounts of reagents.

NaH (0.378 g of a 60% dispersion in mineral oil) was added to a double-necked
round-bottomed flask equipped with a magnetic stirrer and a condenser. A CaCl,
tube was positioned on top of the condenser. The round-bottomed flask was then
charged with anhydrous dichloromethane (50 ml).
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PEG(-OH), 8 kDa (36.36 g, 4.5 mmoles) was dissolved in anhydrous
dichloromethane (50 mL) and the resulting solution was then added dropwise
under vigorous stirring to the NaH suspension. The reaction mixture was
continued to be stirred until no more hydrogen gas evolution could be observed,

after which it was stirred for an additional hour.

The reaction mixture was filtered or centrifuged, and the resuiting
dichloromethane solution was concentrated. The resulting crude product was
treated with anhydrous diethyl ether (100 mL), resulting in the precipitation of
PEG(-ONa),. The resulting precipitate was washed with additional portions of
diethyl ether (3 x 100 mL) and dried under vacuum, allowing for the isolation of
PEG(-ONa)g as a white solid (35.8 g; 97% yield).

4. Preparation of activated sodium PEGylate

The following is an example of a general experimental process for the preparation
of activated sodium PEGylate.

The reaction is carried at 29 °C over a 2 hour period, in anhydrous
dichloromethane (CH2Cly).

Anhydrous SO,Cl, (2.348 mL) is diluted in anhydrous CHzCl» (25 mL). The diluted
sulfuryl chloride solution is then transferred to a doubie-necked round-bottomed
flask (50 mL) equipped with a magnetic stirrer and a condenser. A CaCl, tube
was positioned on top of the condenser. The solution was slowly heated to 29 °C,
and the temperature was continued to be closely monitored.

F’EG(-ONa)g 8 kDa (36.36 g; 4.5 mmoles) was dissolved in anhydrous
dichloromethane (50 mL) and the resulting solution was then added dropwise
under vigorous stirring 10 the SO,Cl, solution. The reaction mixture was continued
to be stirred for anﬁ additional 2 hours at 29 °C.
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The reaction mixture was precipitated using 5 volumes of diethyl ether cooled to 4
°C. The resulting suspension was then placed in a refrigerator (- 20 °C) for a
period of 30 minutes. The suspension is vacuum filtered and the precipitate
washed with additional cold diethyl ether (3 x 75 mL). The washed precipitate was
then recrystallized in a dichloromethane / diethyl ether solvent systefn.

5 Preparation of an activated PEG using p-nitrophenyl chloroformate.

The following is an example of a general experimental process for the preparation
of an activated PEG using p-nitrophenyl chloroformate as the activating agent.

The reaction is carried at room temperature over a 2 hour period, in anhydrous
dichloromethane (CH>Cly).

PEG 8 KDa (363.36 g; 45 mmoles) was dissolved in anhydrous CH2Cl. (500 mL),
and p-nitrophenyl chloroformate (19.63 g) was dissolved in anhydrous CHCl, (50
mL). Both solzutions were then added to a reaction vessel (8.0 L) and stirred
vigorously for about one 1 minute. To this solution was then added a previously
prepared DMAP solution (12.22 g of DMAP were dissolved.in 50 mL of anhydrous
CH,CIl,) while stirring is continued. The reaction mixture was then stirred for an

additional 2 hours at room temperature.

The reaction mixture was concentrated and precibitated using diethyl ether (2.0 L)
cooled to 4 °C. The resulting suspension was then placed in a refrigerator (- 20
°C) for a period of 30 minutes. The suspension is vacuum filtered and the
precipitate washed several times with additional cold diethyl ether. The washed
precipitate was then suspended in water, stirred vigorously for about 30 minutes,
and vacuum filtered. The so-obtained yellow-like filtrate was then extracted (3x)
with dichloromethane and the combined solvent fractions filtered over NaSO..

The filtrate was concentrated and the resulting product was precipitated under
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vigorous stirring using cold diethyl ether. The so-obtained PEG(NPC)* was then
filtered, washed with diethyl ether, and dried under vacuum.

The terms and descriptions used herein are preferred embodiments set forth by
way of illustration only, and are not intended as limitations on the many variations
which those of skill in the art will recognize to be possible in practicing the present

invention.
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. A process for preparing a bis-activated polyethylene glycol, the process comprising

reacting polyethylene glyco! with an activator under stoichiometric conditions in the
presence of dimethylaminopyridine (4 - DMAP) as illustrated by equation 1A below:

H(O—CH,—~CH,)~OH + 2Y-Q-X + 2W-T = Y-Q—O(CHZ-CHZ-O),,—Q—-Y + 2W-T-HX
Equation 1A

wherein

polyethylene glycol has the formula H (O—-CH»~CH,),—~OH
the activator has the formula Y-Q-X,

wherein

X and Y independently are selected from the group consisting of Cl, Br, |, mesylates,
tosylates and phenoxides, and

Q is selected from the group consisting of -SO,-, ~C(O)—, ~C(O)(CHR;)SO-—,
—S0O,(CHR¢)SO,, ~SO,0(CHR){0S0O,-, -C(O)}-0—-CHR{)~CR;=CR3—(CHR,)~O-
C(O)-, and —SO~0O—(CHR)~CR;=CR3~{CHR)~O-SO,;
~ wherein | |
R4, Rz, R3, and R, are independently selected from the group consisting of H, a

lower alkyl group, a lower branched alkyl group, an aryl group, and an aralkyt
group; and

t is an integer ranging from 1 to 3; and
dimethylaminopyridine (4 - DMAP) has the formulaW - T

the bis-activated polyethylene glycol has the formula Y-Q-O—-(CH,~CH»-0),—Q-Y,

wherein
Y and Q are as defined above, and

n is an integer ranging from 4 to 800.

A process as defined in claim 1, wherein n is an integer ranging from 65 to 800.
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3. A process as defined in claim 1 or 2, wherein Ry, R, Rs, ahd R4 are independently
selected from the group consisting of H, a methyl group, an ethyl group, an isopropy! group, and
a propyl group.

4. A process as defined in any one of claims 1 to 3, wherein Q is selected from the group
consisting of SO,, CO-0—-CH,~CH=CH-CH,~0O-CQO, COCH,S0,, C(0), and SO,CH,CH,SO,.

5. A process as defined in any one of claims 1 to 4, wherein Y—Q—X is selected from the
group consisting of 4-0O,N-Ph—0O-CO-Cl, CI-SO~0-CH;—CH~0-S0,-Cli, CI-SO,~0O-CH,-
CH-0~-CO-Cl, C-CO~-0-CH,-CH=CH-CH~0-CO-Cli, CI-S0,~Cl, CI-CO-CH,-S0,-Cl, 2-
Q,N-Ph-0-CO-Cl, Ph—0-CO-Cl, and Z,Ph—O-CO-CI, wherein Ph is a phenyl group, Z is .

selected from the group consisting of Cl, Br, |, and —CN, and b is an in'teger ranging from 1 to 3.

6. A process as defined in any one of claims 1 to 5, wherein the process is carried out in an
organic solvent.

7. A process as defined in claim 6, wherein said organic solvent is an aprotic solvent.

8. A process as defined in claim 7, wherein the aprotic solvent has a boiling point ranging

from about 35°C to about 230°C.

9. A process as defined in claim 7, wherein said aprotic solvent is selected from the group
consisting of DMSO, DMF, acetonitrile, nitromethane, HMPA, acetone, acetic anhydride,

pyridine, o-dichlorobenzene, chlorobenzene, benzene, toluene, xylene, methylene chloride,
carbon tetrachloride, THF, dioxane, ethyl acetate, DME, and carbon disuifide.

10. A process as defined in claim 9, wherein the aprotic solvent is methylene chloride.

11. A process as defined in any one of claims 1 to 10, wherein said process is carried out at
temperatures ranging from about 20°C to about 30°C.

12. A process as defined in claim 11, wherein said process is carried out at room
temperature,
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13. A process for preparing a bis-activated polyethylene glycol having the formula:
Y-Q-O—(CH2—CH2—-0)n-Q-Y
wherein
n is an integer between 4 and 800;

Y Is selected from the group consisting of a halide group, a mesyl group, a tosyl group,
an imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a

substituted phenoxyl! group; and

Q is selected from the group consisting of SO,, CO(CHR;)SO,,
CO—0O—(CHR)—0—S0,, C(0O), SO,(CHR»SO,, SO,~0—(CHR)i—0—S0,,
CO—0O—(CHR{)—CR,=CR3—(CHR,)(—0O—CO- , and
SO,—0—(CHR)—CR,=CR3;—(CHR,)—0—-SO0O,,

wherein
tis1, 2, or 3; and

R, Rz, Rz and R4 are independently selected from the group consisting of H, a lower

alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group;

the process consisting essentially of reacting under stoichiometric conditions a polyethylene

glycol having the formula:
H—(O—CH,~CH;,—),—OH
wherein
n is an integer between 4 and 800;

with an activator having the formula of Y-Q-X;

whereiln
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X and Y independently are selected from the group consisting of a halide group,
a mesyl group, a tosyl group, an imidazolyl group, an N-hydroxy-succinimidyi
group, a phenoxyl group, and a substituted phenoxy group; and

Q is selected from the group consisting of SO,, CO(CHR);SO,,
CO—0—(CHR,)i—0O—S0,, C(0), SO,(CHR}SO,, SO,~0O—(CHR;)—0—-S0O,,
CO—0—(CHR{)i—CR;=CR3—(CHR;)—0O—CO- , and
SO,—~0—(CHR)i—CR,=CR3—(CHR,) —0O—SO,,

wherein
tis1, 2 or3; and

R4, Ra, R3, and R4 are independently selected from the group consisting of H, a

lower alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl

group,

in the presence of a solvent and an aromatic nitrogen-containing heterocyclic base having

the formula;
N
7
(NH5R6)O
N
wherein

(NR5RGg). is located either in the ortho or para position;

Rs and Rg are independently selected from the group consisting of a lower straight alky!

group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis1or2;
to produce said bis-activated polyethylene glycol.

14. The process of claim 13, wherein the activator is selected from the group consisting
of CI-CO—0O-Ph-NO,, ClI-SO,—0—CH,—CH,—0—-S0O,—ClI,
C-5S0,~0—-CH,—CH,—0—-CO—CI, and CI-CO—O—CH,—CH=CH—CH,—0O—-CO—CI.
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18. The process of claim 13 or 14, wherein said process is carried out at temperatures

ranging from about 20° C. to about 30° C.

16. The process of any one of claims 13 to 15, wherein the aromatic nitrogen-containing

heterocyclic base is 4-dimethylaminopyridine.

17. The process of claim 16, wherein reacting the polyethylene glycol with the activator

IS In the presence of six molar equivalents or less of 4-dimethylaminopyridine.

18. A process for preparing a bis-activated polyethylene glycol having the formula:
Y-Q-O—(CH,—CH,—0),-Q-Y

wherein

n is an integer between 4 and 800;

Y Is selected from the group consisting of a halide group, a mesyl group, a tosyl group,
an imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a

substituted phenoxyl group; and

Q Is selected from the group consisting of SO,, CO(CHR;SO,,
CO—0O—(CHR)—0—S0,, C(0O), SO,(CHR)SO,, SO,—~O—(CHR;)—0—S0,,
CO—0—(CHR)i—CR>;=CR3;—(CHR4)—0O—CO- , and
SO,—0—(CHR¢)—CR;=CR3;—(CHR4)/—0O—S0,,

wherein
tis1, 2, or 3; and

R1, Rz, Rz and R, are independently selected from the group consisting of H, a lower
alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl group:

the process consisting essentially of reacting a polyethylene glycol having the formula:
H—(O—CH,—CH,—),—OH

wherein
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n is an integer between 4 and 800;

with an activator having the formula of Y-Q-X;
wherein

X and Y are different and independently selected from the group consisting of a
halide group, a mesyl group, a tosyl group, an imidazolyl group, an N-
hydroxy-succinimidyl group, a phenoxyl group, and a substituted phenoxy!
group; and

Q is selected from the group consisting of SO,, CO(CHR SO,
CO—0O—(CHR)—0—=S0,, C(O), SO,(CHR)SO,, SO,—~O—(CHR)—0—-S0O,,
CO—0O—(CHR)—CR,=CR;—(CHR4)—0—CO- , and
SO,~0—(CHR;)—CR;=CR;—(CHR,)—0—S0,,

wherein
tis1, 2, or 3;: and

R1, Rz, R3, and R4 are independently selected from the group consisting of H,

a lower alkyl group, a lower branched alkyl group, an aryl group, and an
aralkyl group;

in the presence of a solvent and an aromatic nitrogen-containing heterocyclic base having

the formula:
N
=
(NRsRs)c
™
wherein

(NRsRs). Is located either in the ortho or para position;

Rs and Rg are independently selected from the group consisting of a lower straight alkyl

group, a lower branched alkyl group, an aryl group, and an aralkyl group; and
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clis 1or2;
to produce salid bis-activated polyethylene glycol.

19. The process of claim 18, wherein the activator is 4-nitrophenyl chloroformate.

20. The process of claim 18, wherein the aromatic nitrogen-containing heterocyclic base

IS 4-dimethylaminopyridine.

21. The process of claim 18, wherein reacting the polyethylene glycol with the activator

IS under stoichiometric conditions.

22. The process of claim 18, wherein at least one of X and Y is a halide group.

23. The process of claim 21, wherein at least one of X and Y is a halide group.

24 A process for preparing a bis-activated polyethylene glycol having the formula:
Y-Q-O—(CH,—CH,—0),-Q-Y

wherein

n is an integer between 4 and 800;

Y Is selected from the group consisting of a halide group, a mesyl group, a tosyl group,
an imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a

substituted phenoxyl group; and

Q Is selected from the group consisting of SO,, CO(CHR,)SO,,
CO—0O—(CHR)—0—S0,, C(0O), SO,(CHR1}SO,, SO,—O0—(CHR{)—0—-S0,,
CO—0O—(CHR;)~CR,=CR;—(CHR,)—0O—CO- , and
S0O,—0—(CHR{)—CR;=CR3—(CHR,4)—0—S0O,,

wherein
tis1, 2, or3; and

R1, Rz, R3 and R4 are independently selected from the group consisting of H, a lower

alkyl group, a lower branched alkyl group, an aryl group, and an aralky! group;
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the process consisting essentially of reacting a polyethylene glycol having the formula:
H—(O—CH,—CH—),—OH
wherein
n is an integer between 4 and 800;

with an activator having the formula of Y-Q-X;

wherein

X and Y independently are selected from the group consisting of a halide group, a mesyl|
group, a tosyl group, an imidazolyl group, an N-hydroxy-succinimidyl group, a
phenoxy! group, and a substituted phenoxyl group, provided that at least one of X

and Y Is a halide group; and

Q Is selected from the group consisting of SO,, CO(CHR4);SO,,
CO—0O—(CHR)—0—-S0,, C(0), SO;(CHR}SO,, SO,~O0—(CHR;)—0—S0,,
CO—0O—(CHR4)—CR;=CR3;—(CHR4)—0O—CO-, and
SO,—0—(CHR)—CR=CR;—(CHR,)—0—S0O,,

wherein
tis1, 2, or3; and

R1, Rz, Rs, and R, are independently selected from the group consisting of H, a

lower alkyl group, a lower branched alkyl group, an aryl group, and an aralky!
group,

In the presence of a solvent and an aromatic nitrogen-containing heterocyclic base having

the formula:

(NH5R6)O

wherein
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(NRsRs). Is located either in the ortho or para position;

Rs and Rg are independently selected from the group consisting of a lower straight alkyl

group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis 1or2;
to produce said bis-activated polyethylene glycol.

295. The process of claim 24, wherein the activator is selected from the group consisting
of Cl"""Co—O'Ph-N02, Cl—'SOz—O—CHz—CHz"'O'—SOz'—CI,
C—-50,—~-0O—-CH,—CH,—-0—-CO-CI, and CI-CO—-O—-CH,—~CH=CH—CH,—0O—-CO—ClI.

26. The process of claim 24, wherein the aromatic nitrogen-containing heterocyclic base

IS 4-dimethylaminopyridine.

27. The process of claim 24, wherein reacting the polyethylene glycol with the activator

IS under stoichiometric conditions.

28. The process of claim 24, wherein reacting the polyethylene glycol with the activator

Is at room temperature.
29. The process of claim 28, wherein X and Y are different.
30. A process for preparing a bis-activated polyethylene glycol having the formula:
Y-Q-O—(CH,—CH>—0),-Q-Y
wherein

n is an integer between 4 and 800;

Y Is selected from the group consisting of a halide group, a mesyl group, a tosyl group,
an imidazolyl group, an N-hydroxy-succinimidyl group, a phenoxyl group, and a

substituted phenoxyl group; and

Q Is selected from the group consisting of SO,, CO(CHR,)SO,,
CO—O0—(CHR)—0—-S0,, C(0O), SO,(CHR)S0O,, SO,~0—(CHR)—0—-S0,,
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CO—0O—(CHR)/—CR>=CR;—(CHR4)i—0—CO- , and
SOz—O"“(CHR1 )f“"C R2=CR3—(CH R4)t —O—SOQ,
wherein
tis 1, 2, or 3; and

R1, Rz, R3 and R, are independently selected from the group consisting of H, a lower

alkyl group, a lower branched alky! group, an aryl group, and an aralkyl group;
the process consisting essentially of reacting a polyethylene glycol having the formula:
H—(O—CH,—CH—),—OH
wherein
n is an integer between 4 and 800;
with an activator having the formula of Y-Q-X;

wherein

X and Y independently are selected from the group consisting of a halide group, a
mesyl group, a tosyl group, an imidazolyl group, an N-hydroxy-succinimidyl

group, a phenoxyl group, and a substituted phenoxyl group; and

Q Is selected from the group consisting of SO,, CO(CHR);SO,,
CO—0O—(CHR;)i—0—S0,, C(0), SO,(CHR SO, SO,~0—(CHR,)(—0—-S0,,
CO—O—(CHR)—CR,=CR3—(CHR4)—0O—CO- , and
SO,—O0—(CHR)—CR;=CR3s—(CHR,){ —O—SO,,

wherein
tis1, 2, or3;: and

R1, Rz, Rs, and R, are independently selected from the group consisting of H, a

lower alkyl group, a lower branched alkyl group, an aryl group, and an aralkyl
group;
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at a temperature range between about 20° C. and about 30° C., and in the presence of a

solvent and an aromatic nitrogen-containing heterocyclic base having the formula:

N
7

AN

(NRsRe)c

wherein
(NRsRg) Is located either in the ortho or para position;

Rs and Rg are independently selected from the group consisting of a lower straight alkyl

group, a lower branched alkyl group, an aryl group, and an aralkyl group; and

cis 1or2;
to produce said bis-activated polyethylene glycol.

31. The process of claim 30, wherein the activator is selected from the group consisting
of CI—-CO—0O-Ph-NO,, Cl-SO,—0O—CH,—CH,~0—-S0O,—CI,
Cl—-S0,~0—-CH,—CH,—-O0—-C0O—-CI, and CI-CO—-O—CH,—CH=CH—-CH,—O—CO—CI.

32. The process of claim 30, wherein the aromatic nitrogen-containing heterocylic base

IS 4-dimethylaminopyridine.
33. The process of claim 30, wherein X and Y are different.

34. The process of claim 33, wherein reacting the polyethylene glycol with the activator

IS under stoichiometric conditions.

395. The process of claim 34, wherein at least one of X and Y is a halide group.
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36. An acitvated polyethylene glycol having a general

structure as shown below:

Y-Q-0O-(CH,-CH,-0),-Q-Y

wherein Q is selected from the group consisting of -SO,-, -CO(CHRSO,-, -CO-,
-SO2(CHR 1 )SO2-, -S02-0-(CHR;)O-SO;, >PO, -CO-O-(CHR;)CR,-CR,-(CHR,)-O-
CO-, and -S0O,-O-(CHR}{CR,=CR3-(CHR)-O-SO,-, wherein "t" is an integer ranging
from 1 to 3 and wherein Ry, R, R; and R, are either identical or different and are

selected from the group consisting of hydrogen, lower alkyl, lower branched alky!, aryl

and aralkyl;

n" is an integer ranging from 4 to 800; and

"Y" i1s selected from the group consisting of H, Cl, Br, |, mesylates, tosylates and
phenoxides.

37. An activated polyethylene glycol as defined in claim 36,
wherein Q is selected from the group consisting of -SO,-, -CO-O-CH,-CH=CH-CH,-O-
CO-, COCH,SO,-, -CO-, and -SO,CH,CH,SO,-.

38. An activated polyethylene glycol as defined in claim 37,
having the structure shown below by Formula 4:

O
ol fo L!
\s% \/*)\O/H\Cl
| "0
0

Formula 4

wherein "n" is an integer ranging from 4 to 800.

39. An activated polyethylene glycol as defined in claim 37,
having the structure shown below by Formula 5:
0 0
oo o AN
W/\SWL Do N
| "0
O 0

Formula 5

wherein “n" is an integer ranging from 4 to 800.
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40. An activated polyethylene glycol as defined in claim 37,
having the structure shown below by Formula 6:

Formula 6

wherein "n" is an integer ranging from 4 to 800.

41, An activated polyethylene glycol as defined in claim 37,
having the structure shown below by Formula 7:

/Ej"wé"\/);oio/g/

Formula 7

wherein "n" is an integer ranging from 4 to 800.

42. An activated polyethylene glycol as defined in any one of
claims 36 to 41, having a molecular weight ranging from 200 to 35 000 Da.

43, An activated polyethylene glycol as defined in claim 42,
susceptible of reacting with functional groups selected from the group consisting of

hydroxyl groups, amine groups and thiol groups, resulting in the formation of bio-
polymers.

44. An activated polyethylene glycol as defined in claim 43,
wherein said functional groups are derived from the group consisting of peptides,
proteins, saccharides, polysaccharides, and oligonucleotides.

45. An activated polyethylene glycol as defined in claim 43,
wherein the bio-polymers are used in chemical, food, cosmetical, cosmeceutical,
pharmaceutical and dermopharmaceutical applications.

46. An activated polyethylene glycol as defined in claim 36,

TR ) B

wherein "n” is an integer ranging from 65 to 800.
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