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BIFUNCTIONAL DERIVATIVES OF POLYETHYLENE GLYCOL, THEIR
PREPARATION AND USE

FIELD OF THE INVENTION

The invention relates to derivatives of polyethylene glycol of different molecular
wefghts homo- or hetero-bifunctionalized at the hydroxyl end groups with reactive
bifunctional molecules (biPEG), to their synthesis process and to their use as
biocompatible carriers and/or stabilizers by means of the conjugation thereto of
substances used in the diagnostic, prophylactic or therapeutic field, or reagents
and catalysts used for the synthesis of supported organic syntheses.

STATE OF THE ART

Polyethylene glycol (PEG) and polymer materials based thereon are gaining
considerable interest for their biotechnological and pharmaceutical applications
(R.B. Greenwald, Y.H Choe, J. McGuire, C.D. Conover, Adv. Drug Delivery Rev.,
5, 217 — 250, 2003). The PEGylation of peptides and proteins constitute the main
example of such applications (F.M. Veronese, Biomaterials, 22, 405 — 417, 2001):
this process is able to expand therapeutic potential in that the molecule bound to
PEG, while maintaining its original biological functions, demonstrates an increased
stability to degradation processes occurring in vivo. In this respect the presence
of these PEG chains, especially if of high molecular weight, can mask its protein
surface and so prevent being attacked by compounds with degrading or blocking
action, such -as enzymes or antibodies or even by cells designated to destroy
them. Furthermore, the resulting increased molecular size reduces its renal
filtration thus maintaining the active PEG-conjugated molecules in the blood
system for a longer period of time, hence advantageously modifying its
pharmacokinetic properties. 'Finally PEG confers its own chemico-physical

characteristics to the molecules bound thereto, improving their bioavailability and

- solubility and, in general, making them easier to administer (M.L. Nucci, R. Shorr,

A. Abuchowski, Adv. Drug Delivery Rev., 6, 133~ 151, 1991).

Recently PEGylation of oligonucleotide chains, behaving as antisense and
antigéne agents (G.M. Bonora et al, Farmaco, 53, 634-637, 1998) or as
ribozymes for the specific hydrolysis of RNA chains (L. Gold, J. Biol. Chem.,270,
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13581-13584, 1995), have been investigated. In this case the charged polar
chains of the oligonucleotides generally exhibit limited cell penetrability which can
be increased by the amphiphilic character of the PEG chains. Also, an increased
stability to enzyme degradation is again noted (G.M. Bonora et al., Bioconjugate
Chem., 8, 793-797, 1997) as well as a prolonged circulation time in the blood
stream, with an effect that increases with increasing polymer molecular weight.
Together with these examples, numerous small molecules have been used in the
form of PEG-conjugates, again with the purpose of improving their
pharmacological administration characteristics. Among these molecules, anti-
tumour drugs such as doxorubicin and taxol, antimalarials such as artemisinin and
various enzymatic inhibitors can be mentioned.

Recently, mixed conjugates such as peptides and oligonucleotides linked together
in the same molecule, have received particular attention, as they can be
characterised by a greater and more specifically addressed cellular accumulation
(R. Eritja, A. Pons, M. Excarceller, E. Giralt, F. Albericio, Tetrahedron, 47, 4113-
4120, 1991). The synthesis of said conjugates, as of those carrying other useful
organic molecules, is of great interest because of the clear pharmacological
advantages. A recent example used a heterofunctional PEG for coupling the
protein FGF2 to the surface of an adenovirus to generate a new vector for use in
gene therapy and for the purpose of minimizing its toxicity and expression in non
target tissues and of exploiting the receptor specificity of said protein (J. Lanciofti
ef al., Mol. Ther., 8, 99-107, 2003).

For this purpose, if the carrier and stabilizer properties of PEG are to be utilised,
reactive polymer derivatives must be available having end groups which can be
effectively derivatized at different times and in different manners. However,
selective chemical modification of a single end group is a difficult synthetic
undertaking, given that a mixture of difficulily separable bi-, mono- and
unprotected derivatives is inevitably obtained, especially if involving high
molecular weight polydisperse polymer molecules, as indeed is PEG.

With regard to these polymers, a procedure of possible interest was formerly
proposed using a commercial low molecular weight diamino PEG, being therefore

of less applicative interest as a carrier and stabilizing agent (G.R. Ehteshami, S.D.
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Sharma, J. Porath, R.Z. Guzman, Reactive and Functional Polymers, 35, 135-143,
1997).

For these reasons a synthesis process was recently proposed aimed at producing
commercial dihydroxy PEGs terminally protected by orthogonal groups therefore
removable by different manners and times (S. Drioli, F. Benedetti G.M Bonora,
Reactive and Functional Polymers, 48, 119-128, 2001). With the aim of isolating
and purifying the mono-protected polymer derivative, a subsequently removable
ionisable carboxylic group was temporarily introduced. Purifying the mono-
protected intermediate by efficient chromatographic procedures provides the
required derivative for its subsequent final selective modification.

The dffﬁculty of this procedure, however, has prompted the application of mono-
protection procedures to amino PEG derivatives, already possessing an ionisable
group at the terminal; said derivatives also offer better reactivity on the
subsequent introduction of pharmacologically active molecules. On the basis of
these factors a synthesis process was used which directly uses commercial

dihydroxy PEG, it being available in a wide range of sizes and at a generally much

“lower cost than the diamino PEG previously employed.

In many of the methods known heretofore it has been possible to insert at the end
groups of commercial PEGs, simple organic molecules carmying for example an
amino terminal group, by activating the polymer hydroxyl groups. As reported in
the literature, conjugation of a new molecule to PEG therefore takes place via
derivatization of the polymer terminal hydroxyl groups (M.J. Roberts, M.D. Bentley,
J.M. Harris, Adv. Drug Delivery Rev. 54, 459-476,2002). However, should base-
labile groups be present at this stage of the synthesis, for example where it is
necessary to conjugate a protected oligonucleotide sequence with said groups
(G.M. Bonora, M. Ballico, P. Campaner, S. Drioli, I. Adamo, Nucleosides,
Nulcleotides & Nucleic Acids, 22, 1255-125, 2003), the introduction of molecules
bearing basic amino groups can cause partial deprotections and consequent
synthesis difficulties, in addition to possible detachment of molecules conjugated
to the support by base-labile bonds.

From this observation the need has arisen for the development of a new synthesis

strategy which comprises the activation not of the functional group or groups of
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PEG but of the functional group or groups of a polyfunctional molecule required
for modifying the PEG itself, in order to avoid the direct reaction of hydroxyl
groups, which are activated and/or protected by base-labile groups, with basic
amines. The ultimate aim is to obtain a new PEG derivative which can be easily
prepared from commercial dihydroxy PEG, and therefore also polydispersed, and
which can be used for carrying and/or stabilizing molecules, being the same or
different one from the other, by their conjugation on the same polymer support.
An object of the present invention is therefore to obtain new homo- or hetero-
bifunctional derivatives of polyethylene glycol (PEG), namely derivatives
characterised by equally or differently reactive terminal chemical functionalities.
Another object of the present invention is to obtain new homo- or hetero-
bifunctional derivatives of polyethylene glycol (PEG) by a simplified synthesis
process of easy industrial applicability.
Another object of the present invention is to obtain new homo- or hetero-
bifunctional derivatives of polyethylene glycol (PEG) suitable for the conjugation of
compounds usable for diagnostic, prophylactic or therapeutic purposes or
reagents or catalysts usable in supported synthesis processes.
SUMMARY
For the above-mentioned objects, the inventors have identified in the new homo-
or hetero-bifunctional derivatives of polyethyiene glycol (PEG) characterised by
equally or differently reactive terminal chemical functionalities, the solution for
obtaining bifunctional PEG derivatives that are easily synthesizable and easily
~conjugatable with compounds of different kind starting from commercial dihydroxy
PEGs of various molecular weights. ‘
The invention therefore provides bifunctional polyethylene glycol (PEG) derivatives
of general formula (1)

P'"HN—(H.C)y —HN—CO—0—PEG—0—CO—NH—(CHy);—NHP
0
in which :
the polyethylene glycol has a molecular weight between 2,000 and 40,000,

P, P’ can be the same or different one from the other and be a hydrogen or a
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protecting group for the amino group,

n and n’, being the same or different one from the other; are between 1 and 6.

A further aspect of the invention is the synthesis process for the homo- and
hetero-bifunctional derivatives of polyethylene glycol (PEG) of general formula (1)
characterised by the following steps:

- derivatization of a first terminal hydroxyl group of the polyethylene glycol with a
bifunctional compound activated at one functional group and optionally mono-
protected at the second functional group,

- derivatization of the second hydroxyl group of the polyethylene glycol with a
bifunctional compound being the same or different from the previous one,

- ionisation of the free functional group of the bifunctional PEG derivative
obtained,

- purification of the ionic bifunctional PEG derivative obtained,

- neutralization of the ionised functional group of the purified ionic bifunctional
PEG derivative and its optional protection.

A further aspect of the invention is the use of homo- or hetero-bifunctional
polyethylene glycol (PEG) derivatives of general formula (1) for the preparation of
compounds by conjugation with compounds of differnt kind, being said
compounds the same wr different one from the other, usable for diagnostic,
prophylactic and therapeutic purposes or for supported synthesis processes.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1: IR spectrum of the compound Z-NH-(CHy)s-isocyanate of example 1.b).
Figure 2: "H-NMR spectrum of the compound Z-NH-(CHz)s-isocyanate of example
1.b).

Figure 3: "C-NMR spectrum of the compound Z-NH-(CHy)s-isocyanate of
example 1.b).

Figure 4. "H-NMR spectrum of the compound BOC-NH-CO-O-PEG-O-CO-NH-Z of
example 2 in CDCh

Figure 5: "H-NMR spectrum of the compound BOC-NH-CO-0-PEG-0-CO-NH, of
example 3 in CDCl;

Figure 6: "H-NMR spectrum of the compound Z-NH-CO-O-PEGggee-NH; in DMSO-
dG

g
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Figure 7: : TH-NMR spectrum of the compound Z-NH-CO-0-PEGggo-NH-Gly-Phe-
COOMe in DMSO-d°

Figure 8: : '"H-NMR spectrum of the compound MeOOC-Phe-Val-NH-CO-O-
PEGgo0o-NH-CO-NH-Gly-Phe-COOMe in DMSO-d°

DETAILED DESCRIPTION OF THE INVENTION

These and other aspects of the present invention together with the characteristics
and advantages will be better understood from the following detailed description
which describes, by way of non-limiting examples of the invention, the synthesis of
bifunctional PEG derivatives, in which the terminal hydroxy! groups thereof have
been derivatized with bifunctional compounds, having the significance of
bifunctional linkers for the subsequent conjugation between PEG and the
molecules to be carried and/or stabilized, and their structural characterisation.

The homo- and hetero-bifunctional derivatives of polyethylene glycol (PEG) of
general formula (1),

P’HN—(H2C)y —HN—CO—0—PEG—0O—CO—NH—(CH_);—NHP

(M
in which:
the polyethylene glycol has a molecular weight ef between 2,000 and 40,000,
P, P’ can be the same or different one from the other and be a hydrogen or a
protecting group for the amino group,
n and n’, being the same or different one from the other, are between 1 and 6,
are prepared starting from a commercial dihydroxy PEG, available at low cost and
in a wide range of molecular weights.
When P and P’ groups are different from hydrogen, and are therefore a group
protective of the amino group, they are protecting groups known to the expert of
the art (for reference see Profective Groups in Organic Synthesis, T.W. Greene
and P.G.M. Wuts Ed., J. Wiley & Sons, New York, 1999, lll Edition, pp.503-614)
and are carbamates, amides and groups specific for N-alkyl and N-arylamine, for
imino derivatives, for enamino derivatives, derivatives with N-heteroatoms (for
example N-metals, N-N derivatives, N-P derivatives, N-Si derivatives, N-sulfenyl

derivatives and N-sulfonyl derivatives). Among these the preferred protecting
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groups are carbamates and amides and in particular for carbamates: carbamates
in general, ethyl substituted carbamates, carbamates with assisted hydrolysis and
photolytic hydrolysis, urea type, and for amides: amides in general, amides with
assisted hydrolysis, cyclic imide derivatives.

For modifying the common commercial dihydroxy PEG of choice, the pre-selected
procedure comprises the sequential introduction of bifunctional linkers which on
the one hand enable polymer reactivity to be optimised and on the other hand
enable it to be purified from all the unmodified or totally modified polydisperse
polymer derivatives obtained by virtue of the ionisability of a generally amino
terminal. Protection with groups that can be selectively introduced and removed
enables the widest choice of synthesis methods relating to the conjugation of
chemical species, even where they are different, on the same polymer support.
The synthesis process for the homo- or hetero-bifunctional polyethylene glycol
(PEG) derivatives of general formula (I), according to the above-mentioned

essential steps, can be represented by the following general scheme:

HO—PEG—OH
J+A
HO—PEG—A + A—PEG—A
4+ B

B—PEG—A + A—PEG—A — + H*
—» B*—PEG-A + A—PEG—A
¢y - A—PEG—A
B*—PEG—A — B—PEG—A
| b
C—PEG—A
where:
A = —0—CO—NH—(CH2)i—NHP; B = —O—CO—NH—(CH,)y —NH;;
C = —0—CO—NH—(CHg)y —NHP".
The novel characteristic of the process is related to the ability to activate a
functional group of the bifunctional compound chosen for derivatization of

commercial dihydroxy PEG, having the significance of conjugation linker and not,
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as is normally done, of the hydroxyl group of the PEG to be derivatized.
Moreover, the type of bifunctional compound or linker that is introduced provides
at the same time an ionisable terminal which enables easy and selective
purifications by means of suitable exchanging supports. Again, the chemical bond
between PEG and said bifunctional compound or linker possesses predictably
useful biodegradability characteristics, as has also the bond between the reactive
terminal of the bifunctional compound or linker and the conjugated compound, for
example a drug. The molecule used is of bifunctional type, generally a diamine,
and for the first derivatization preferably exhibits a mono-protection, such as
benzyl-oxycarbonyl (Z) thus avoiding the formation of dimers of the type HO-PEG-
0-CO-NH-(CH2)s-NH-CO-O-PEG-OH. Naturally, other groups can be used in so
far as their stability under the reaction conditions allows, such as tert-butyl-oxy
carbonyl (Boc) and the like as indicated previously.

By way of non-limiting examples of the present invention the synthesis of a biPEG
is given hereinafter, starting from a commercial PEG, with a molecular weight of
around 6000, functionalized at the first hydroxyl group with the activated mono-
protected diamine Z-NH-(CH))s-isocyanate.  Said linker is synthesised in
accordance with the following scheme:

Ml sy
e )

t o
HZN/\/\NHZ * C'\H/O\/© —Dom HZN\/\/N\”/O

O 0]

Triphosgene
2,6 lutidine
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In detail the synthesis of Z-NH-(CH,)s-isocyanate is the following:

Example 1: synthesis of Z-NH-(CH,)s-isocyanate

1.a) Synthesis of N-Z-1,3-diaminopropane

A solution containing 0.5 eq. of Z-Cl in 25 ml of CH,Cl, is added drop-wise to a
solution of 1 mi 1,3-diaminopropane in 60 ml of CHxCl; in an ice bath; the system
is left under stirring in an ice-bath for 1 hour, monitoring progress of the reaction
by thin layer chromatography (TLC) (iodine vapour test). At the end of the
reaction, the solution is filtered to separate the white precipitate formed
(diprotected amine) and extracted with a 0.1 N solution of HC] (monitoring the
acidity of the aqueous phase by pH). After adjusting the pH of the aqueous phase
to a value between 85 and 9, it is again exiracted with CH,Cl, for the
monoprotected amine; the organic phase is then dried over anhydrous Na,SO,.
After removing the CH,Cl, by Rotavapor a yellow oil is obtained which, once re-
dissolved with methyl t-butylether (MTBE) in an ice-bath, gives a white solid
identified by 'H-NMR and IR spectrophotometry as N-Z-1,3-diaminopropane.

1.b) Synthesis of Z-NH-(CHj)s-isocyanate

0.296 mg (1 mmol) of triphosgene are dissolved in 3 ml of CH,Cl, and left under
stirring under argon atmosphere; using a dropping funnel a solution consisting of
300 pl of 2,6-lutidine and 0.208 g (1 mmol) of N«Z-1,3-diaminopropane are added
drop-wise over a period of 30 minutes. The system is left under stirring under

argon atmosphere for 1 hour; the solvent is then removed by Rotavapor, to obtain

a reddish oil from which, by adding MTBE, a solid precipitates identified as being

the non-derivatized monoamine. The solid is removed then the mother liquors are
dried to obtain a yellow-orange oil which, after characterisation with IR (Fig 1), 'H-
NMR (Fig. 2-table 1) and BC-NMR (Fig. 3-table 2), was identified as being the
desired Z-NH-(CHy)z-isocyanate (yield: 75%).
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Table 1: 'H NMR analysis data of Z-NH-(CH,)s-isocyanate

Peaks found ppm Integral value | Integral
calc. value found

A |H aromatic Z 7.4 5 5

B |NH urethane 545 1 0.7
C |CHxZ 5.1 2 2.3
D |[CH2-NCO 3.3 2 22
E |CH.-NH-CO 2.8 2 1.9
F | CONH-CH2-CH,-CHp-NH; | 1.6 2 1.8

Table 2: *C NMR analysis data of Z-NH-(CH,)s-isocyanate (CDCls)

Peaks found ppm
A CO ursthane 166.7
B Z-CH-CHj; 136.6
C V4 128.6-128.1
D NCO 122.1
E Z-CH,-O 66.8
F QHZ-N(%Q 40.3
G CH>-NH-CO 38.2
H OCN-CH3-CH2>-CH2-NH-CO | 31.4

5  Starting from the linker obtained in example 1.b) and from a commercial PEG of
about 6,000 molecular weight, the biPEG was synthesised in accordance with the

following scheme and also described in detail in examples 2 and 3:
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H
HO'PEG(SOQO)-OH + OCN\/\/N\H/O\/Q
o

Dibutyltin dilaurate
CH,Cl,

ot o O (o Mol orsso Kt o I
HO-PEG-O.__N N__O O N N _O-PEG-O.__N N_-O

jN,N‘ (disuccinimidyl)carbonate

1,3-diaminopropane

[ S

H H H
HN N._O-PEG-0__N._~_N o\/©
2NN \n/ T \[r

(6] o) (e

Batch
SP-Sephadex C-50

H H H H
©\/O N N._O-PEG-O_ N N O\/©

o] o} 0

BOG,0, TEA
CH.Cl

;ro\“,HN\/\/'r:}\n,oPEG-o\lr ﬁ\/\,n\ro\)@

O O O [¢]

Hy/ Pd(OH),

H H
O HN _~_ N _O-PEG-O__N._~_ NH;
T

Example 2: Synthesis of BOC-NH-CO-0O-PEGgggo-O-CO-NH-Z
2.a) Synthesis of Z-NH-CO-O-PEG-O-CO-NH;
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20 pl of the catalyst (Sn-dibutyl-dilaurate) are added to 1.0 g (0.167 mmol) of OH-
PEGe00-OH, coevaporated with anhydrous CHyCly (x 2), and left to dry using a
rotary pump; the solution thus obtained is added drop-wise to a solution containing
2.5 eq. of Z-NH-(CHy)s-isocyanate in 3 ml of CHyCl.. The system is left under
stirring for 18 hours under argon atmosphere at ambient temperature. The
product mixture is then precipitated by MTBE in an ice-bath, filtered through a
Gooch 3G crucible, washed with ethyl ether (Et;O) and recrystallized from ethyl
alcohol (EtOH).

The PEG derivatives mixture (1 g, 0.167 mmol) is coevaporated with anhydrous
CH.Cla (x 2) and left to dry using a rotary pump. After dissolving in a mixture of
solvents (3.5 ml of CH,Clz, 1 ml of AcCN and 0.5 mi of pyridine) the mixture is
reacted with 4 eq. of N,N’ (disuccinimidyl) carbonate (171 mg, 0.668 mmol). The
system is left under stirring for 18 hours under argon atmosphere at ambient
temperature. The product mixture is then precipitated by MTBE in an ice-bath,
filtered through a Gooch 3G crucible, washed with Et;O and recrystallized from
EtOH.

The PEG derivatives mixture (1 g) is coevaporated with anhydrous CH,Cl; (x 2) -
and left to dry using a rotary pump; the product is then dissolved in the minimum
quantity of anhydrous CH,Cl; and reacted with 3 eq. of 1,3-diaminopropane. The
system is left under stirring for 18 hours under argon atmosphere at room
temperature. The product mixture is then precipitated by MTBE in an ice-bath,
filtered through a Gooch 3G crucible, washed with Et;O and recrystallised from
EtOH. |

2.b) Purification by column

The mixture of PEG derivatives (1.0 g) obtained is passed through a column (2.5 x
30 cm) packed with cationic exchange resin SP-Sephadex C50 equilibrated in
milliQ H;0. The fractions (10 ml) are collected using a flow equal to 1.40 ml/min.
The elution is continued until a UV/Vis absorbance at 260 nm is detected due to
the presence of the Z group. The desired derivative is then recovered by eluting
the column with a 0.1 M HCI solution in milliQ H2O. The fractions containing H,N-
CO-0O-PEG-O-CO-NH-Z, after combining, are evaporated under vacuum by

Rotavapor at a temperature no higher than 35°C. The white solid thus obtained is
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dissolved in AcCN and then filtered off, SO as to remove fraces of any salts that
are present. The organic phase is then dried over Na;SO, and the solution is
concentrated to remove part of the solvent by Rotavapor. The PEG derivative is
precipitated in an ice-bath by adding MTBE, filtered through a Gooch 3G crucible,
washed repeatedly with Et;O and stored in a dryer over anhydrous KOH. The
degree of product functionalization is evaluated by spectrophotometric analysis
(TNBS test) and by "H-NMR analysis; a derivatization equal to 0.98 moles of —NH»
per mole of Z-NH-CO-O-PEG-O-CO-NH, is found. From 1.00 g, 0.4 g of pure
product are obtained.

2.c) Batch purification

40 ml of SP-Sephadex C50 resin already suspended in milliQ H.O are left to come
to equilibrium. 2.0 g of the product mixture dissolved in 10 ml of miliQ H,O are
added to the resin thus prepared. The system is left under moderate stirring for
about %2 hour.

The resin is washed through a Gooch crucible with 150 ml of milliQ H,O. By
evaporating the H2O under vacuum by Rotavapor 1.25 g of the compound are
obtained.

The resin is then treated with 90 ml of a 0.1 M HCI solution. After evaporating the
H20 by Rotavapor a white solid is obtained which is treated as described in the m
preceding paragraph to remove salts that are present. Following precipitation an
overall 0.65 g of compound are obtained. ‘
2.d) Synthesis of BOC-NH-CO-O-PEG-0O-CO-NH-Z

100 mg (0.0157 mmol) of previously purified PEG derivative are coevaporated
with anhydrous CH>Cl (x 2) and left to dry using a rotary pump. The PEG
derivative is dissolved in the minimum quantity of anhydrous CH,Cly; 12 pl of °
triethylamine (TEA) are added to the solution thus obtained. The system is
maintained under stirring and 4 eq of BOC;0 (14 mg) dissolved in CH,Cl, are
added drop-wise. The system is left under stirring for 18 hours at room
temperature. The product is then precipitated by MTBE in an ice-bath, filtered
through a Gooch 3G crucible, washed with Et,O and recrystallised from EtOH.
The "H-NMR spectrum of the compound is given in fig. 3/tab. 3.
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Table 3: "H-NMR analysis data of BOC-NH-PEG-NH-Z (in CDCl,)

Peaks found ppm |Integral value | Integral
calc. value found

A | H aromatic Z 7.4 5 5

B | NH urethane 5.2 2 1.3

C |CHZ 5.1 2 1.8

D | PEG-CH,-O-linker 4.2 4 3.5

E [PEG 3.8- 454 454

3.2

F |BOC-NH-CH;-CH,-CH-NH-PEG- [3.0- |8 7
NH-CH>-CHz-CHa-NH-Z 39

G | BOC-NH-CH,-CHy-CHa-NH- 16 4 35
PEG-NH-CH-CH,-CHy-NH-Z

H |BOC 14 9 8.7

Example 3: Synthesis of BOC-NH-CO-O-PEG-O-CO-NH,
20 mg of PEG derivative are dissolved in MeOH in a three-neck 50 mi flask and

Pd(OH), is added as catalyst in a quantity equalsto 20% by weight on the

substrate. The system is left under stirring overnight under H, atmosphere and

room temperature.

At the reaction end, after removing the catalyst via filtration through a pleated

filter, the MeOH is removed under reduced pressure; the solid obtained is re-

dissolved in AcCN and then precipitated by MTBE in a ice-bath, filtered through a
Gooch 3G crucible, washed with Et;O and stored over KOH.
The 'H-NMR spectrum of the compound is given in fig. 4/tab. 4.
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Table 4: "H-NMR analysis data of Z-NH-PEGgo-NH-CO-NH-Gly-Phe-COOMe (in
DMSO)

Peaks found ppm |Integral value|Integral
calc. value found

A |NH urethane 5.2 1 0.6

B | NH urethane 5.2 1 0.5

C | PEG-CHz-O-linker 4.2 4 3.5

D |PEG 3.8- |454 454

3.2

E | BOC-NH-CHz-CH2-CHo-NH- | 3.0- 8 7
PEG-NH-CH,-CH,-CHo-NH, 3.2

F |BOC-NH-CH2-CHy-CH2-NH- | 1.6 2 1.9
PEG

G |BOC 1.4 9 8.7

The bifunctional PEG derivatives of the invention can be usefully employed for
carrier and/or stabilizer applications by conjugation with biologically active
molecules” For the purposes of non-limiting illustration, the followir% example
presents the conjugation of a bifunctional PEG, obtained as previously described,
with two different amino acids.

Example 4: synthesis of MeCOO-Phe-Val-NH-CO-NH-PEGggpe-NH-CO-NH-Gly-
Phe-COOMe

The conjugated PEG synthesis scheme is summarized as follows:
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4.a) Synthesis of Z-NH-CO-O-PEGgpgy-NH-OSu

250 mg (0.039 mmol) of Z-NH-CO-O-PEG-NH, (Fig. 6 '"H NMR spectrum /Tab. 5)
are coevaporated with anhydrous CHzCl (x 2) and left to dry using a rotary pump.
After dissolving the PEG derivative in a mixture of solvents (1.5 m! of CH,Cl, 0.5
ml of AcCN and 0.5 ml of pyridine), the mixture is reacted with 4 eq of N,N’
(disuccinimidyl) carbonate (40 mg, 0.158 mmol) at pH 8-9 by adding TEA. The
system is left under stirring for 18 hours under argon atmosphere at room
temperature. The product is then precipitated with Et;O in an ice-bath, filtered
through a Gooch 3G crucible, washed with Et,0 and recrystallised from EtOH.
Table 5: "H-NMR analysis data of Z-NH-PEGgooo-NH; (in DMSO)

ppm Integral value|Integral value
calc. found
A |NH;" 7.7 3 2.8
B |H (Z) + NH urethane 7.4 6 5.1
C |NH urethane 71 2 1.4
D |CHx-Z 5.0 2 1.9
E | PEG-CH,-O-linker 4.0 4 4.0
F |PEG (M.W. = 6000) 3.8-32 |545 588
G |-CH>-NH-CO-0O- 2.9-3.1 |6 5.8
H |-CH>-NH5" 2.8 2 1.9
| | PEG-NH-CH-CH>-CHo-NH3" [1.7 2 2.0
L |PEG-NH-CHz-CH-CH,-NH- |1.5 2 17
Z

4.b) Synthesis of Z-NH-CO-O-PEGgggo-NH-CO-NH-Gly-Phe-COOMe

194 mg (0.03 mmol) of Z-NH-CO-O-PEG-NH-OSu are coevaporated with
anhydrous CHCl; (x 2) and left to dry using a rotary pump. The PEG-derivative is
dissolved in the minimum quantity of anhydrous CHyCly; 42ul of triethylamine
(TEA) are added to the solution thus obtained and the pH adjusted to 8-9. The
system is maintained under stirring , adding 10 eq of CF3COOHsN*-Gly-Phe-
COOMe (105 mg, 0.3 mmol). The system is left under stirring for 18 hours at
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room temperature. The product is then precipitated from Et,0 in an ice-bath,
filtered through a Gooch 3G crucible, washed with Et,O and recrystallized from
EtOH.

The "H-NMR spectrum of the compound is given in Fig. 7/Tab. 6.

Table 6: 'H-NMR analysis data of Z-NH-PEGgpoo-NH-CO-NH-Gly-Phe-COOMe (in
DMSO)

ppm lnteigral value |Integral value
calc. found
A |-NH-CO- 8.2 1 0.9
B |H (Z + Phe) 7.5-7.0(13 13.1
NH urethane
C |-NH-CO-NH- 6.2-5.9(2 1.8
D [CHx-Z 5.0 2 1.8
E |CHa Phe 45 1 0.8
F | PEG-CHa-O-linker 4.0 4 4.0
G [PEG (M.W. = 6000) 3.8-3.2|545 589
H |-CH2-NH-CO-O- + -CH,-NH-CO-{2.9 8 8.5
NH-
L | PEG-NH-CHz-CH>-CHz-NH- 1.5 4 3.8

4.c) Removal of Z; synthesis of H.N-PEG-NH-CO-NH-Gly-Phe-COOMe

In a 50 ml 3-neck flask, 120 mg of PEG derivative are dissolved in MeOH to which
is then added Pd(OH); as catalyst in a quantity equal to 20% by weight on the
substrate. The system is left under stirring overnight under Hp atmosphere at
room temperature.

At the end of the reaction, after removal of the catalyst by filtration through' a
pleated filter, the MeOH is removed under reduced pressure; the solid obtained is
re-dissolved in AcCN and then precipitated from Et,O in an ice-bath, filtered
through a Gooch 3G crucible, washed with Et,O and stored over KOH.

4.d) Synthesis of OSu-NH-PEGggpo-NH-CO-NH--Gly-Phe-COOMe

Activation via N,N'-(disuccinimidyl) carbonate, is achieved as described in 4.b).
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4.e) Synthesis of MeCOO-Phe-Val-NH-CO-NH-PEGgpoo-NH-CO-NH-Phe-Gly-
COOMe

100 mg of OSu-NH-PEG-NH-CO-NH-Gly-Phe-COOMe (0.015 mmol) are
coevaporated with anhydrous CH,Cl; (x 2) and left to dry using a rotary pump.
The PEG derivative is dissolved in the minimum quantity of anhydrous CH,Cls;
triethylamine (TEA) is added to the solution thus obtained and the pH adjusted to
8-9. The system is maintained under stirring , adding 10 eq. of CFsCOOHsN"-
Val-Phe-COOMe (59.4 mg, 0.15 mmol). The system is left under stirring for 18
hours at room temperature. The product is then precipitated from Et,O in an ice-
bath, filtered through a Gooch 3G crucible, washed with Et;O and recrystallised
from EtOH.

The "H-NMR spectrum of the compound is given in fig. 8/tab. 7.

Table 7: '"H-NMR analysis data of MeOOC-Phe-Val-NH-CO-0O-PEGgye-NH-CO-
NH-Gly-Phe-COOMe (in DMSO)

ppm |Integral value|Integral value
calc. found
A |-NH-CO- (Val-Phe) 8.4 1 0.3
B |-NH-CO-(Gly-Phe) 8.2 1 0.9
H (Z + 2 Phe) 7.5-7.0117 %19.9
NH urethane
D [-NH-CO-NH- (Gly-Phe) 6.2-5.9(2 1.6
E |-NH-CO-NH- (Phe-Val) 5.9 2 0.5
F {2 CHa Phe 4.5 2 1.3
G | PEG-CH,-O-linker + CHa. Vall 4.0 5 4.4
H [PEG (M.W. = 6000) 3.8-3.2 545 588
I |-CH>-NH-CO-O- + -CH>-NH-CO-{2.9 8 7.9
NH-
L |PEG-NH-CH2-CHa-CHa-NH- 1.5 4 3.0
M | 2CHs- (Val) 0.8 6 1.4

The availability of these biocompatible polymer supports is of great importance
mainly in the field of conjugating and carrying both low and high molecular weight
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drugs. The possibility of introducing chemically different molecules, with different
times and manners, onto the same PEG paves the way o a new and wide ranging
class of possible drugs with complementary and possibly synergistic activities. To
be emphasised is that the aVailability of said reactive bifunctional PEGs is
normally limited to chains of small dimensions, thus having poor functional
characteristics for the purposes of the pharmacological properties of the relative
conjugates, whereas with the described process PEG derivatives can be obtained
starting from polydisperse commercial PEG of any molecular weight including high
molecular weight PEG. With the aims of obtainihg conjugates between said PEG
derivatives and biologically active compounds commercial dihydroxy PEGs of high

molecular weight are preferred.
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CLAIMS
1. Bifunctional polyethylene glycol (PEG) derivatives of general formula (1)
P’HN—(H>C)y —HN—CO—0—PEG—0O—CO—NH—(CH,);—NHP
)

in which:
the polyethylene glycol has a molecular weight between 2,000 and 40,000,
P, P’ can be the same or different one from the other and be a hydrogen or a
protecting group for the amino group,
n and n’, being the same or different one from the other, are between 1 and 6.
2. Bifunctionial polyethylene glycol derivatives as claimed in claim 1. wherein P, P’,
when they are protecting groups for the amino Qroup, are chosen from the group
comprising carbamates and amides.
3. Process for synthesising bifunctional polyethylene glycol (PEG) derivatives
claimed in claim 1 characterised by the following steps:
- derivatization of a first terminal hydroxyl group of the polyethylene glycol with a
bifunctional compound activated at one functional group and optionally mono-
protected at the second functional group,
- derivatization of the second hydroxyl group of the polyethylene glycol with a
bifunctional compound being the same or different from the preceding,
- jonisation of the free functional group of the bifunctional PEG derivative
obtained,
- purification of the ionic bifunctional PEG derivative obtained,
- neutralization of the ionised functional group of the purified ionic bifunctional

PEG derivative and its optional protection.
4. Useof bifunctional polyethylene glycol (PEG) derivatives as claimed in claim 1
for preparation of conjugates by conjugation with compounds of different kind,
being the same or different one from the other, usable for diagnostic, prophylactic
and therapeutic purposes or for supported synthesis processes.
5. Use of bifunctional polyethylene glycol (PEG) derivatives claimed in claim 1 as
carrier and/or stabilizer of molecules, being the same or different one from the
other, by conjugation of said molecules to said bifunctional polyethylene glycol

derivatives.
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6. Use as claimed in claim 5 wherein said molecules are compounds suitable for
diagnostic, prophylactic and therapeutic purposes.
7. Use as claimed in claim 5 wherein said molecules are reagent or catalyst for

supported organic synthesis processes.
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