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Description

[Technical Field]

[0001] The present invention relates to an improved method for preparing high purity polyethylene glycol dialdehyde
derivatives.

[Background Art]

[0002] Polyethylene glycol (PEG) is one of the polymers that have strong hydrophilicity and effectively makes hydrogen
bonds with water molecules. PEG can be applied to the development of pharmaceuticals in various ways because it
has excellent solubility in various organic solvents other than water and has little toxicity. For example, PEG may bind
properly with proteins and enzymes to reduce drug toxicity, and may increase the solubility of an insoluble drug and
thus may control activity and half-life thereof to form a PEG-drug complex having desired properties.
[0003] In order to bind PEG with a drug, a PEG derivative in which various functional groups are introduced into the
hydroxyl group (OH group) at the terminal of the PEG chain is used. Examples of such PEG derivatives include PEG-
aldehyde, PEG-acetaldehyde, PEG-propionaldehyde and the like. The aldehyde group at the ends of these derivatives
can selectively react with the amino terminal of the protein.
[0004] Several methods for introducing such reactive aldehyde groups into the terminals of the PEG chain are known.
U.S. Patent No. 6,465,694 discloses a method of reacting the terminals of PEG with oxygen under a catalyst to oxidize
the terminal hydroxyl group of PEG to an aldehyde group. However, the method using such an oxidation reaction has
a problem that the PEG chain can be decomposed. In addition, when the aldehyde group is prepared through hydrolysis
and oxidation reaction after introduction of an acetal group into the terminals of PEG, because the raw materials used
are expensive, there are difficulties in commercialization.
[0005] U.S. Patent No. 5,252,714 discloses a method for preparing PEG-propionaldehyde by reacting PEG with 3-
chlorodiethylacetalpropion-aldehyde and then hydrolyzing under acidic conditions.
[0006] In addition, U.S. Patent No. 4,002,531 discloses a pegylation reaction (or PEGylation) for introducing PEG into
a drug wherein mPEG(methoxy-PEG) is oxidized to produce mPEG-acetaldehyde, and then by using it, the trypsin
enzyme is pegylated to be used in a drug delivery system. However, in such an oxidation reaction, the PEG chain may
be decomposed to increase the distribution, and the reaction conversion rate may be lowered to 80% or less.
[0007] EP 2586811 A1 discloses a branched hetero polyethylene glycol compound having two kinds of functional
groups capable of reacting with various bio-functional substances and having one of the functional groups (which may
be an aldehyde) plurally.
[0008] J. Milton Harris et all. discloses in document NPL-1 three routes for the preparation of PEG-aldehyde, wherein
in one of them PEG-3400 is reacted with a diethyl acetal of alpha-bromoacetaldehyde, and then the resulting PEG-
acetal is subjected to acid treatment by using a 2M HCI solution to produce a PEG-aldehyde.
[0009] Therefore, the inventors of the present invention have studied a method for producing a polyethylene glycol
dialdehyde derivative more safely and efficiently, and as a result, found that when using PEG-diacetal as an intermediate,
the high purity polyethylene glycol dialdehyde derivative can be prepared, thereby completing the present invention.

[Prior Art Literature]

[Patent Literature]

[0010] U.S. Patent No. 6,465,694 (Oct. 15, 2002), Method for preparation of polyethylene glycol aldehyde derivatives
[0011] U.S. Patent No. 5,252,714 (Oct. 12, 1993), Preparation and use of polyethylene glycol propionaldehyde
[0012] U.S. Patent No. 4,002,531 (Jan. 11, 1977), Modifying enzymes with polyethylene glycol and product produced
thereby
[0013] EP 2586811 A1 (May 1, 2013), Branched hetero-polyethylene glycol and intermediate.

[Non-Patent Literature]

[0014] NPL-1: J. Milton Harris, Evelyn C. Struck, Martha G. Case, M. Steven Paley, Manssur Yalpani, James M. Van
Alstine, and Donald E. Brooks "Synthesis and Characterization of Poly(ethylene glycol) Derivatives" - Journal of Polymer
Science: Polymer Chemistry Edition, vol. 22, 341-352 (1984)
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[Disclosure]

[Technical Problem]

[0015] Accordingly, it is an object of the present invention to provide a method for safely and efficiently preparing a
high-purity polyethylene glycol dialdehyde derivative having a high terminal activity.

[Technical Solution]

[0016] In order to achieve the above object, the present invention provides a method for preparing a polyethylene
glycol dialdehyde derivative represented by the following formula 4, comprising

1) subjecting a compound of the following formula 2 to an activation treatment with a metal base and then subjecting
it to a pegylation with a compound of the following formula 1 to prepare a compound of the following formula 3; and
2) subjecting the compound of formula 3 to an acid treatment:

and

wherein Ms is methanesulfonyl, R1 and R2 are the same or different from each other and each independently represents
a (C1-C9) alkyl group, and n is an integer of 3 to 2000. Step (1) is carried out under an inert gas atmosphere, or under
an inert atmosphere in which an inert gas is continuously introduced.

[Advantageous Effects]

[0017] The preparation method according to the present invention has an advantage in that it is suitable for mass
production because it does not require a separation process (purification process) such as column chromatography,
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and it can provide a polyethylene glycol dialdehyde derivative suitable as a raw material for pharmaceuticals because
of high purity and terminal activity.

[Best Mode]

[0018] The method for preparing the polyethylene glycol dialdehyde derivative (hereinafter, referred to as ’PEG-dial-
dehyde’) comprises 1) subjecting the compound of formula 2 to the activation treatment in the presence of the metal
base in a solvent and then subjecting it to the pegylation with the compound of formula 1 to prepare the compound of
formula 3; and 2) subjecting the compound of formula 3 to the acid treatment in a solvent to prepare the compound of
formula 4.
[0019] The preparation method of the present invention will be described in more detail as follows:
[0020] In step 1), as shown in Reaction Scheme 1 below, the compound of formula 2(dialkoxy-1-propanol) is activated,
and thereafter is subjected to pegylation with the compound of formula 1(PEG-Ms) to form the compound of formula
3(PEG-diacetal).

wherein Ms is methanesulfonyl, R1 and R2 are the same or different from each other and each independently represents
a (C1-C9) alkyl group, and n is an integer of 3 to 2000.
[0021] The alkyl group of R1 and R2 is a linear or branched alkyl group, such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, hexyl, heptyl, octyl, or nonyl, and preferably C1-C4, and more preferably methyl, ethyl, propyl, isopropyl or
butyl, and most preferably ethyl.
[0022] n is directly related to the molecular weight of the polyethylene glycol(PEG) to be finally produced, and may
be an integer of 3 to 2000.
[0023] In step 1), the compound of formula 2(dialkoxy-1-propanol) is added to the solvent under an inert gas atmosphere
or in an inert atmosphere in which an inert gas is continuously introduced, and is activated by stirring after the addition
of the metal base, and thereafter is subjected to pegylation with the compound of formula 1(PEG-Ms) to prepare the
compound of formula 3(PEG-diacetal) in a solution state.
[0024] The reaction of step 1) is carried out (i) under an inert gas atmosphere in which the gas inside the reactor is
replaced by an inert gas, or (ii) under a state in which an inert gas is continuously introduced and thus the gas inside
the reactor is continuously replaced. In the case of (ii), for example, the flow rate of the inert gas may be 0.1 to 6.0 L/min,
specifically 0.5 to 4.0 L/min, more specifically 0.5 to 2.0 L/min.
[0025] Here, the inert gas may be at least one selected from the group consisting of nitrogen, argon, and helium,
preferably nitrogen.
[0026] The solvent used in the reaction of step 1) may be at least one selected from the group consisting of toluene,
dichloromethane, chloroform, tetrahydrofuran, acetonitrile and 1,4-dioxane.
[0027] In addition, the metal base may be a metal alkoxide, a metal hydride, or a mixture thereof. The metal alkoxide
may be at least one selected from the group consisting of sodium methoxide, sodium ethoxide, sodium t-butoxide,
sodium t-pentoxide, potassium t-butoxide and potassium t-pentoxide. The metal hydride may be sodium hydride.
[0028] The metal base may be used in an amount of 1 to 10 equivalents based on 1 equivalent of the compound of
formula 1(PEG-Ms), preferably 3 to 7 equivalents.
[0029] Specific examples of the compound of formula 2(dialkoxy-1-propanol) include dimethoxy-1-propanol, diethoxy-
1-propanol, dipropoxy-1-propanol, dibutoxy-1-propanol, diisopropoxy-1-propanol and the like.
[0030] The compound of formula 2 may be used in an amount of 2 to 30 equivalents based on 1 equivalent of the
compound of formula 1, preferably 5 to 15 equivalents.
[0031] The activation treatment of step 1) may be carried out at a temperature of 20°C to 90°C, preferably 35°C to
80°C. In addition, the pegylation in step 1) may be carried out at a temperature of 0°C to 90°C, preferably 0°C to 40°C.
[0032] In particular, the activation treatment and pegylation of this step 1) directly affect the terminal activity of PEG-
dialdehyde. The term ’terminal activity’ means that the aldehyde group, which is a functional group having an activity,
exists at the terminal of PEG-dialdehyde. In that case, the higher the value of terminal activity, the higher the amount of
dialdehyde present at the terminal of PEG. A terminal activity of 100% means that CHO binds to both terminals of PEG
at 100%. In that case, the aldehyde group can selectively react with the amino terminal of the protein or peptide.
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Considering this, the term ’terminal activity’ may be interpreted as the degree of pegylation that can be introduced into
PEG-dialdehyde. Therefore, in order to use as a raw material for pharmaceuticals such as bio drugs, it is advantageous
that a high proportion of aldehyde group is present at both terminals of PEG-dialdehyde.
[0033] The reaction of step 2) of the present invention described below is more rapid than step 1), is easy and can be
achieved with a high conversion rate, and thus control of step 1) is important to ensure high terminal activity.
[0034] In this step 1), the PEG of formula 1 reacts with the compound of formula 2. In that case, the compound of
formula 3 is prepared while increasing the reactivity between the compound of formula 1 and the compound of formula
2 by controlling the reaction parameter when activating the hydroxyl group of the compound of formula 2.
[0035] The parameters when performing the activation treatment include reaction temperature, time, molar ratio, etc.
Among these various parameters, it is necessary to select the metal base and the atmosphere directly related to purity
and yield and to control them.
[0036] As a result, any one or more of the above-mentioned ones may be used as a metal base, and preferably sodium
t-pentoxide is used. In addition, the activation treatment is performed under an inert gas atmosphere or in a state in
which an inert gas is continuously introduced. When performing in air or oxygen atmosphere, the terminal activity of the
final PEG-dialdehyde is greatly reduced. In addition, when the inert gas is introduced at the above-mentioned flow rate,
the PEG-dialdehyde with improved terminal activity can be obtained.
[0037] On the other hand, a subsequent treatment process can be considered by the content related to the terminal
activity.
[0038] The compound of formula 3 (PEG-diacetal) prepared after the pegylation in step 1) may be isolated in a solid
phase by crystallization or the like or concentrated in an oil phase and then used in the next step. Alternatively, the
compound of formula 3 may be prepared in the form of a solution by the reaction of step 1) and then may be used in
situ in the subsequent step 2) without separation. That is, in the case of (ii) above, the reaction solution obtained in step
1) can be used in situ in the reaction of step 2) without separation. Preferably, when the compound of formula 3 is applied
to the next step in the continuous use mode, the terminal activity was further improved.
[0039] In step 2) above, as shown in Reaction Scheme 2 below, the compound of formula 4(PEG-dialdehyde) is
prepared by reacting the compound of formula 3 (PEG-diacetal) prepared in the previous step 1) with an acid in a solvent.

wherein R1, R2 and n are as described above.
[0040] As a specific example, in step 2), the compound of formula 3 (PEG-diacetal) obtained in the form of a solution
by the reaction of the previous step 1) is added to an aqueous acid solution in a solvent and reacted, and then the
solution obtained may be treated with an organic solvent to prepare the compound of formula 4 (PEG-dialdehyde).
[0041] The solvent used in the reaction of step 2) may be selected from the group consisting of water, methanol,
ethanol, propanol, t-butanol and mixtures thereof. Preferably, the solvent used in the reaction of step 2) may comprise
water.
[0042] In addition, the acid may be selected from the group consisting of hydrochloric acid, acetic acid, formic acid,
trifluoroacetic acid, phosphoric acid and mixtures thereof.
[0043] The reaction of step 2) may be carried out at a temperature of 0°C to 50°C, preferably 20°C to 30 °C.
[0044] The solution obtained through the reaction of step 2) may be further subjected to extraction using an organic
solvent, concentration, crystallization and the like. The organic solvent may be selected from the group consisting of
dichloromethane, chloroform, ethyl acetate and mixtures thereof.
[0045] Specifically, the organic solvent used in the extraction may be selected from the group consisting of dichlo-
romethane, chloroform, ethyl acetate and mixtures thereof. In addition, the organic solvent used in the crystallization
may be a mixture of (a) at least one solvent selected from the group consisting of dichloromethane, chloroform and ethyl
acetate and (b) at least one solvent selected from the group consisting of hexane, heptane, diethyl ether and methyl t-
butylether.
[0046] According to a preferred embodiment of the preparation method of the present invention, R1 and R2 in the
compounds of formula 2 and formula 3 are the same and they may be ethyl. In that case, the reaction of step 1) above
is carried out under an inert gas atmosphere or in a state in which an inert gas is continuously introduced. The inert gas
may be selected from the group consisting of nitrogen, argon, helium and mixtures thereof. In addition, the compound
of formula 3 can be used in situ in the reaction of step 2) without separation after being prepared in a solution state by
the reaction of step 1). In addition, the acid used in step 2) may be hydrochloric acid. In addition, the compound of
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formula 4 can be obtained by treating the solution obtained by the reaction of step 2) with an organic solvent. The organic
solvent may be at least one selected from the group consisting of dichloromethane, chloroform and ethyl acetate.
[0047] Meanwhile, the compound of formula 1(PEG-Ms) used as a starting material in step 1) of the present invention
can be prepared, for example, through the route as shown in the following Reaction Scheme 3:

wherein Ms and n are as described above.
[0048] That is, the compound of formula 1 can be prepared by reacting polyethylene glycol(PEG) with methanesulfonyl
chloride(MsCI) in the presence of base. Here, the base used in preparing the compound of formula 1 may be triethylamine,
tributylamine, or a mixture thereof.
[0049] As described above, the production method of the present invention can produce PEG-dialdehyde with high
purity in a stable and reproducible manner by proceeding the reaction while using, as a starting material, a compound
in which methane sulfonyl chloride as a leaving group is introduced into PEG which has a stable structure. In addition,
since the preparation method of the present invention does not require a separation process such as column chroma-
tography, the preparation method does not preferably include a step of performing column chromatography and accord-
ingly, has an advantage of being suitable and efficient for mass production and being capable of mass-producing products
with high quality reproducibly.
[0050] In addition, according to the preparation method of the present invention, there is an advantage that since purity
and terminal activity are high, a polyethylene glycol dialdehyde derivative suitable as a raw material for pharmaceuticals
may be provided. Specifically, the polyethylene glycol dialdehyde derivative prepared according to the present invention
has a terminal activity of 60% or more, preferably 70% or more, more preferably 80% or more.
[0051] Hereinafter, in order to facilitate understanding of the present invention, preferred embodiments will be described
and explained. However, it will be apparent to those skilled in the art that the following examples are illustrative of the
present invention, but that various changes and modifications can be made within the scope of the present invention.

[Evaluation]

[0052] The analysis of each material produced in the following Examples and Comparative Examples was evaluated
based on the followings:

(1) Confirmation of structure: The measurement was carried out using a 1H-NMR apparatus.
(2) Number average molecular weight (Mn), polydispersity index (PDI), and main peak fraction (MPF): The number
average molecular weight, PDI and MPF values of the binding resin were measured by gel permeation chromatog-
raphy (GPC). The GPC was performed by a RI detector (refractive index detector) through size-exclusion chroma-
tography column using high performance liquid chromatography (HPLC).
(3) Terminal activity: Terminal activity was analyzed by a RI detector (refractive index detector) through an ion
exchange column using high performance liquid chromatography (HPLC).

Preparation Example 1: Preparation of PEG-Ms

[0053] Nitrogen gas was continuously introduced into the reaction vessel, and the reaction vessel was flame dried to
remove moisture. 100 g of PEG (Mn, about 3.4 K) was added to the reaction vessel, 300 mL of dichloromethane was
added and dissolved, and the solution was cooled to 5°C. 23.0 mL of triethylamine was added to the reaction solution,
and 12.6 mL of methanesulfonyl chloride was added while maintaining the temperature at 5°C. The reaction solution
was stirred at 5°C for 2.5 hours, 300 mL of distilled water was added, and then the mixture was stirred for 10 minutes
to separate an organic layer. To the aqueous layer, 300 mL of dichloromethane was added for further extraction, and
then the organic layer was separated and combined. The organic layer was washed with 300 mL of distilled water, dried
over anhydrous magnesium sulfate, filtered, and the filtrate was concentrated under reduced pressure. 100 mL of
dichloromethane was added to the concentrate and dissolved it, and then, the solution obtained was added dropwise
to 1500 mL of methyl t-butyl ether over 30 minutes, and the mixture was stirred at room temperature for 1 hour. The
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resulting solid was filtered, washed with methyl t-butyl ether, and then dried by nitrogen at room temperature to obtain
97 g (yield: 92.6%) of the target compound PEG-Ms. All the above reaction procedures were carried out under the
condition that nitrogen gas was continuously introduced into the reaction vessel at a flow rate of 1.1 L/min.
1H-NMR (CDCl3, 400 MHz) δ 4.36-4.34 (m, 4H), 3.72-3.44 (m, 304H), 3.05 (s, 6H).

The number average molecular weight (Mn) measured by GPC: 3505.
Polydispersity (PDI): 1.04.
MPF (main peak fraction) purity: 99.42%.

Example 1: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0054] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0055] To one of the reaction vessels, 1.8 mL of 3,3-diethoxy-1-propanol and 40 mL of toluene were charged. Thereafter,
1.4 g of potassium t-butoxide was added and the temperature was raised to 50°C, and the solution was activated by
stirring for 1 hour and cooled to room temperature.
[0056] To the other reaction vessel, 10 g of PEG-Ms obtained in Preparation Example 1 and 40 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 50 mL of an aqueous saturated ammonium chloride solution was added to the reaction solution, stirred for 5
minutes, and 100 mL of dichloromethane was added to extract the organic layer. 100 mL of dichloromethane was added
to the aqueous layer, and the organic layer was further extracted, and the organic layers were combined and concentrated
under reduced pressure. The concentrate was dissolved in 10 mL of dichloromethane, 150 mL of methyl t-butyl ether
was added dropwise, and the mixture was stirred at room temperature for 2 hours. The resulting crystals were filtered,
washed with methyl t-butyl ether, and dried by nitrogen at room temperature to obtain 9.3 g (yield: 90.0%) of the target
compound PEG-diethyl acetal.
[0057] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 1.1 L/min.

Step 2): Preparation of PEG-dialdehyde

[0058] To another reaction vessel, 9 g of PEG-diethyl acetal obtained above was added and dissolved using 45 mL
of distilled water, and then, 90 mL of 0.1 N hydrochloric acid was added dropwise. The reaction solution was stirred at
room temperature for 2 hours and then adjusted to pH 6 using 5% sodium bicarbonate solution. 90 mL of dichloromethane
was added to the reaction solution to extract the organic layer, and 90 mL of dichloromethane was added to the aqueous
layer to further extract the organic layer. The organic layers were combined, dried over sodium sulfate, filtered, and the
filtrate was concentrated under reduced pressure. The concentrate was dissolved in 9 mL of dichloromethane, 180 mL
of methyl t-butyl ether was added dropwise, and the mixture was stirred at room temperature for 2 hours. The resulting
crystals were filtered, washed with methyl t-butyl ether, and dried by nitrogen at room temperature to obtain 8 g (yield:
92.0%) of the target compound PEG-dialdehyde.
Terminal activity: 66.8 %.
1H-NMR (CDCl3, 400 MHz) δ 9.49 (t, 2H, J= 2 Hz), 3.59-3.83 (m, 304H), 2.66-2.70 (m, 4H), 1.89 (m, 4H).

Example 2: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0059] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0060] To one of the reaction vessels, 1.8 mL of 3,3-diethoxy-1-propanol and 40 mL of toluene were charged. Thereafter,
1.4 g of potassium t-butoxide was added and the temperature was raised to 50°C, and the solution was activated by
stirring for 1 hour and cooled to room temperature.
[0061] To the other reaction vessel, 10 g of PEG-Ms obtained in Preparation Example 1 and 40 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 50 mL of an aqueous saturated ammonium chloride solution was added to the reaction solution, stirred for 5
minutes, and 100 mL of dichloromethane was added to extract the organic layer. 100 mL of dichloromethane was added
to the aqueous layer to further extract the organic layer, and the organic layers were combined and concentrated under
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reduced pressure.
[0062] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 1.1 L/min.

Step 2): Preparation of PEG-dialdehyde

[0063] To another reaction vessel, the concentrate obtained above was added and dissolved using 50 mL of distilled
water, and then, 100 mL of 0.1 N hydrochloric acid was added dropwise. The reaction solution was stirred at room
temperature for 2 hours and then adjusted to pH 6 using 5% sodium bicarbonate solution. 100 mL of dichloromethane
was added to the reaction solution to extract the organic layer, and 100 mL of dichloromethane was added to the aqueous
layer to further extract the organic layer. The organic layers were combined, dried over anhydrous sodium sulfate, filtered,
and the filtrate was concentrated under reduced pressure. The concentrate was dissolved in 8 mL of dichloromethane,
200 mL of methyl t-butyl ether was added dropwise, and the mixture was stirred at room temperature for 2 hours. The
resulting crystals were filtered, washed with methyl t-butyl ether, and dried by nitrogen at room temperature to obtain
8.5 g of the target compound PEG-dialdehyde (yield: 86.0%).
Terminal activity: 73.1 %.

Example 3: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0064] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0065] To one of the reaction vessels, 2.2 mL of 3,3-diethoxy-1-propanol and 40 mL of toluene were charged. Thereafter,
1.4 g of potassium t-butoxide was added and the temperature was raised to 50°C, and the solution was activated by
stirring for 1 hour and cooled to room temperature.
[0066] To the other reaction vessel, 10 g of PEG-Ms obtained in Preparation Example 1 and 40 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 30 mL of an aqueous saturated ammonium chloride solution was added to the reaction solution, stirred for 5
minutes, and 30 mL of dichloromethane was added to extract the organic layer.
[0067] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 1.1 L/min.

Step 2): Preparation of PEG-dialdehyde

[0068] To another reaction vessel, 200 mL of 0.05N hydrochloric acid was added, and the organic layer extracted
above was added dropwise over 30 minutes. The reaction solution was stirred at room temperature for 1 hours and then
adjusted to pH 6 using 5% sodium bicarbonate solution. 100 mL of dichloromethane was added to the reaction solution,
and the organic layer was dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced
pressure. The concentrate was dissolved in 8 mL of dichloromethane, 200 mL of methyl t-butyl ether was added dropwise,
and the mixture was stirred at room temperature for 1 hours. The resulting crystals were filtered, washed with methyl t-
butyl ether, and dried by nitrogen at room temperature to obtain 7.2 g (yield: 73.0%) of the target compound PEG-
dialdehyde.
Terminal activity: 77.1%.

Example 4: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0069] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0070] To one of the reaction vessels, 2.2 mL of 3,3-diethoxy-1-propanol and 40 mL of toluene were charged. Thereafter,
1.4 g of sodium t-pentoxide was added and the temperature was raised to 50°C, and the solution was activated by
stirring for 1 hour and cooled to room temperature.
[0071] To the other reaction vessel, 10 g of PEG-Ms obtained in Preparation Example 1 and 40 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 30 mL of distilled water was added to the reaction solution, stirred for 10 minutes to extract the aqueous layer.
30 mL of dichloromethane and 80 mL of toluene were added to the aqueous layer and stirred for 10 minutes to extract
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the organic layer.
[0072] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 1.1 L/min.

Step 2): Preparation of PEG-dialdehyde

[0073] By repeating the same procedure as in step 2) of Example 3 above using the organic layer extracted in step
1) above, 4.7 g (yield: 48%) of the target compound PEG-dialdehyde was obtained.
Terminal activity: 82.6%.

Example 5: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0074] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0075] To one of the reaction vessels, 4.5 mL of 3,3-diethoxy-1-propanol and 40 mL of toluene were charged. Thereafter,
1.6 g of sodium t-pentoxide was added and the temperature was raised to 50°C, and the solution was activated by
stirring for 1 hour and cooled to room temperature.
[0076] To the other reaction vessel, 10 g of PEG-Ms obtained in Preparation Example 1 and 40 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 30 mL of distilled water was added to the reaction solution, stirred for 10 minutes to extract the aqueous layer.
30 mL of dichloromethane and 80 mL of toluene were added to the aqueous layer and stirred for 10 minutes to extract
the organic layer.
[0077] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 1.1 L/min.

Step 2) : Preparation of PEG-dialdehyde

[0078] By repeating the same procedure as in step 2) of Example 3 above using the organic layer extracted in step
1) above, 4.7 g (yield: 48%) of the target compound PEG-dialdehyde was obtained.
Terminal activity: 85.8%.
1H-NMR (CDCl3, 400 MHz) δ 9.49 (t, 2H, J= 2 Hz), 3.59-3.83 (m, 304H), 2.66-2.70 (m, 4H), 1.89 (m, 4H).
[0079] The number average molecular weight (Mn) measured by GPC: 3321.
Polydispersity(PDI): 1.04.
MPF (main peak fraction) purity: 99.51%.

Example 6: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0080] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0081] To one of the reaction vessels, 40 mL of toluene and 4.48 mL of 3,3-diethoxy-1-propanol were charged. There-
after, 0.78 g of sodium methoxide was added and the temperature was raised to 50°C, and the solution was activated
by stirring for 1 hour and cooled to room temperature.
[0082] To the other reaction vessel, 10 g of PEG-Ms obtained in Preparation Example 1 and 40 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 30 mL of water was added to the reaction solution to separate the layers, and 30 mL of dichloromethane and
80 mL of toluene were added to the aqueous layer to extract the organic layer.
[0083] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 1.1 L/min.

Step 2): Preparation of PEG-dialdehyde

[0084] To another reaction vessel, 200 mL of 0.05 N hydrochloric acid solution was added, and the previously extracted
organic layer was added dropwise over 30 minutes. The reaction solution was stirred at room temperature for 30 minutes
and then adjusted to pH 6 using 5% sodium bicarbonate solution. 100 mL of dichloromethane was added to the reaction
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solution to extract the organic layer, and then sodium sulfate was added to the organic layer and stirred for 30 minutes.
The reaction solution was filtered and the filtrate was concentrated under reduced pressure. The concentrate was
dissolved in 8 mL of dichloromethane and 200 mL of methyl t-butyl ether was added dropwise over 20 minutes. The
resulting crystals were filtered, washed with methyl t-butyl ether, and dried by nitrogen at room temperature to obtain
2.98 g (yield: 30.0%) of the target compound PEG-dialdehyde.
Terminal activity: 81.4%.

Example 7: Preparation of PEG-dialdehyde

[0085] The same procedure as in Example 6 was repeated to obtain 3.67 g (yield: 37%) of PEG-dialdehyde, except
that 0.98 g of sodium ethoxide was used as the metal base.
Terminal activity: 77.8%.

Example 8: Preparation of PEG-dialdehyde

[0086] The same procedure as in Example 6 was repeated to obtain 2.98g (yield: 30%) of PEG-dialdehyde, except
that 1.38 g of sodium t-butoxide was used as the metal base.
Terminal activity: 81.7%.

Example 9: Preparation of PEG-dialdehyde

[0087] The same procedure as in Example 6 was repeated to obtain 3.37 g (yield: 34%) of PEG-dialdehyde, except
that 1.60 g of potassium t-butoxide was used as the metal base.
Terminal activity: 81.7%.

Example 10: Preparation of PEG-dialdehyde

[0088] The same procedure as in Example 6 was repeated to obtain 4.68 g (yield: 48%) of PEG-dialdehyde, except
that 1.58 g of sodium t-pentoxide was used as the metal base.
Terminal activity: 85.8%.

Example 11: Preparation of PEG-dialdehyde

[0089] The same procedure as in Example 6 was repeated to obtain 3.47 g (yield: 35%) of PEG-dialdehyde, except
that 8.4 mL of potassium t-pentoxide (1.7M toluene solution) was used as the metal base.
Terminal activity: 82.3%.

Example 12: Preparation of PEG-dialdehyde

[0090] The same procedure as in Example 6 was repeated to obtain 4.36 g (yield: 44%) of PEG-dialdehyde, except
that 0.58 g of 60% sodium hydride was used as the metal base.
Terminal activity: 81.9%.

Example 13: Preparation of PEG-dialdehyde

Step 1): Preparation of PEG-diethyl acetal

[0091] Nitrogen gas was continuously introduced into two 500 mL reaction vessels, and these reaction vessels were
flame dried to remove moisture.
[0092] To one of the reaction vessels, 20 mL of toluene and 2.24 mL of 3,3-diethoxy-1-propanol were charged. There-
after, 0.79 g of sodium t-pentoxide was added and the temperature was raised to 50°C, and the solution was activated
by stirring for 1 hour.
[0093] To the other reaction vessel, 5 g of PEG-Ms obtained in Preparation Example 1 and 20 mL of toluene were
added, and the previously activated solution was added dropwise over 1 hour and then stirred at room temperature for
2 hours. 15 mL of water was added to the reaction solution to separate the layers, and 15 mL of dichloromethane and
40 mL of toluene were added to the aqueous layer to extract the organic layer.
[0094] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel at a flow rate of 0.56 L/min.
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Step 2): Preparation of PEG-dialdehyde

[0095] To another reaction vessel, 100 mL of 0.05 N hydrochloric acid solution was added, and the previously extracted
organic layer was added dropwise over 30 minutes. The reaction solution was stirred at room temperature for 30 minutes
and then adjusted to pH 6 using 5% sodium bicarbonate solution. 50 mL of dichloromethane was added to the reaction
solution to extract the organic layer, and then sodium sulfate was added to the organic layer and stirred for 30 minutes.
The reaction solution was filtered and the filtrate was concentrated under reduced pressure. The concentrate was
dissolved in 4 mL of dichloromethane and 100 mL of methyl t-butyl ether was added dropwise over 20 minutes. The
resulting crystals were filtered, washed with methyl t-butyl ether, and dried by nitrogen at room temperature to obtain
1.80 g (yield: 36%) of the target compound PEG-dialdehyde.
Terminal activity: 83.7%.

Example 14: Preparation of PEG-dialdehyde

[0096] The same procedure as in Example 13 was repeated to obtain 1.93 g (yield: 39%) of PEG-dialdehyde, except
that the flow of nitrogen gas was adjusted to 1.1 L/min and 5 mL of toluene was further added to the activated solution.
Terminal activity: 86.4%.

Example 15: Preparation of PEG-dialdehyde

[0097] The same procedure as in Example 13 was repeated to obtain 1.88 g (yield: 38%) of PEG-dialdehyde, except
that the flow of nitrogen gas was adjusted to 2.8 L/min and 13 mL of toluene was further added to the activated solution.
Terminal activity: 82.1%.

Example 16: Preparation of PEG-dialdehyde

[0098] The same procedure as in Example 13 was repeated to obtain 2.03 g (yield: 41%) of PEG-dialdehyde, except
that the flow of nitrogen gas was adjusted to 3.7 L/min and 18 mL of toluene was further added to the activated solution.
Terminal activity: 81.4%.

Example 17: Preparation of PEG-dialdehyde

[0099] The same procedure as in Example 5 was repeated to obtain 4.6 g (yield: 47%) of PEG-dialdehyde, except for
using argon gas instead of nitrogen gas as an inert gas.
Terminal activity: 83.1%.

Example 18: Preparation of PEG-dialdehyde

[0100] The same procedure as in Example 5 was repeated to obtain 4.3 g (yield: 44%) of PEG-dialdehyde, except for
using helium gas instead of nitrogen gas as an inert gas.
Terminal activity: 82.4%.

Comparative Example 1: Preparation of PEG-dialdehyde

[0101] The same procedure as in Example 6 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 2.38 g (yield: 24%) of PEG-dialdehyde.
Terminal activity: 13.0%.

Comparative Example 2: Preparation of PEG-dialdehyde

[0102] The same procedure as in Example 7 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 2.68 g (yield: 27%) of PEG-dialdehyde.
Terminal activity: 33.6%.

Comparative Example 3: Preparation of PEG-dialdehyde

[0103] The same procedure as in Example 8 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 2.38 g (yield: 24%) of PEG-dialdehyde.
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Terminal activity: 33.9%.

Comparative Example 4: Preparation of PEG-dialdehyde

[0104] The same procedure as in Example 9 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 3.18 g (yield: 32%) of PEG-dialdehyde.
Terminal activity: 69.5%.

Comparative Example 5: Preparation of PEG-dialdehyde

[0105] The same procedure as in Example 10 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 2.88 g (yield: 29%) of PEG-dialdehyde.
Terminal activity: 49.1%.

Comparative Example 6: Preparation of PEG-dialdehyde

[0106] The same procedure as in Example 11 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 3.37 g (yield: 34%) of PEG-dialdehyde.
Terminal activity: 69.8%.

Comparative Example 7: Preparation of PEG-dialdehyde

[0107] The same procedure as in Example 12 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 3.18 g (yield: 32%) of PEG-dialdehyde.
Terminal activity: 68.0%.

Comparative Example 8: Preparation of PEG-dialdehyde

[0108]

Step 1): Preparation of diethoxypropyl methanesulfonate

[0109] To the reaction vessel, 1.69 g of 3,3-diethoxy-1-propanol and 17 mL of dichloromethane were charged. While
keeping the reaction temperature below 10 °C, 1.9 mL of triethylamine and 1.06 mL of methanesulfonyl chloride were
added, and the mixture was stirred at 5°C for 1 hour. To the reaction solution, 20 mL of toluene and 2.24 mL of 3,3-
diethoxy-1-propanol were added. When the reaction was completed, 50 mL of water was added, and the mixture was
stirred for 5 minutes. After extracting the organic layer, 50 mL of dichloromethane was further added to the aqueous
layer to further extract the organic layer. The organic layers were combined, washed with 50 mL of distilled water, dried
over magnesium sulfate, filtered, and the filtrate was concentrated under reduced pressure to give diethoxypropyl meth-
anesulfonate
1H-NMR (CDCl3, 400 MHz) δ 4.65(t, 1H, J= 5.6 Hz), 4.32(t, 2H, J= 5.6 Hz), 3.71-3.64(m, 2H), 3.56-3.48(m, 2H), 3.01(s,
3H), 2.07-2.03(m, 2H), 1.21(t, 6H, J= 7.2 Hz),

Step 2): Preparation of PEG-diethyl acetal

[0110] Nitrogen gas was continuously introduced into two reaction vessels, and these reaction vessels were flame
dried to remove moisture.
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[0111] To one of the reaction vessels, 40 mL of toluene and 10 g of polyethylene glycol were charged. Thereafter,
0.70 g of sodium t-pentoxide was added and the temperature was raised to 50°C, and the solution was activated by
stirring for 1 hour and cooled to room temperature.
[0112] To the other reaction vessel, 2.7 g of diethoxypropyl methanesulfonate prepared in step 1) above and 40 mL
of toluene were added, and the previously activated solution was added dropwise over 1 hour and then stirred at room
temperature for 2 hours.
[0113] All the above reaction procedures were carried out under the condition that nitrogen gas was continuously
introduced into the reaction vessel.
[0114] As a result of TLC, it was confirmed that diethoxypropyl methanesulfonate was disappeared, but the reaction
was proceeded only at a rate of about 30%. The reason why the reaction was not completed as described above seems
to be that the intermediate diethoxypropyl methanesulfonate was unstable and thus decomposed.

Comparative Example 9: Preparation of PEG-dialdehyde

[0115] The same procedure as in Example 13 was repeated, under the condition that no nitrogen gas was introduced
into the reaction vessel, to obtain 1.49 g (yield: 30%) of PEG-dialdehyde.
Terminal activity: 50.1%.

Experimental Example 1: Analysis of yield and terminal activity depending on treatment conditions

[0116] The tendency of yield and terminal activity of PEG-dialdehydes prepared in the above Examples and Compar-
ative Examples according to the production conditions were analyzed as follows:

(1) Analysis of changes in terminal activity depending on inert atmosphere during activation

[0117] The present invention is carried out in an inert atmosphere when activated, and table 1 below compares and
analyzes terminal activity of PEG-dialdehyde which is finally obtained in the presence or absence of inert atmosphere

[0118] Referring to table 1, it can be seen that only when the activation is carried out in a nitrogen atmosphere, it is
possible to produce PEG-dialdehyde with excellent terminal activity.

(2) Analysis of changes in yield and terminal activity depending on the kind of inert gas during activation

[0119] Table 2 below compares yield and terminal activity depending on the type of gas in the inert atmosphere.

Table 1:

Item Metal base Terminal activity (%)

Use of nitrogen 
(Example)

Non-use of nitrogen (Comparative 
Example)

Example 6 / Comparative 
Example 1

Sodium 
methoxide

81.4 13.0

Example 7 / Comparative 
Example 2

Sodium ethoxide 77.8 33.6

Example 8 / Comparative 
Example 3

Sodium t-
butoxide

81.7 33.9

Example 9 / Comparative 
Example 4

Potassium t-
butoxide

81.7 69.5

Example 10 / Comparative 
Example 5

Sodium t-
pentoxide

85.8 49.1

Example 11 / Comparative 
Example 6

Potassium t-
pentoxide

82.3 69.8

Example 12 / Comparative 
Example 7

Sodium hydride 81.9 68.0
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[0120] Referring to table 2, it can be seen that when the inert gas was used during the activation, terminal activity is
almost doubled and has no significant difference depending on the type of inert gas, but when nitrogen is used, it is
more advantageous in terms of yield and terminal activity.

Analysis of changes in yield and terminal activity depending on the flow rate of inert gas during activation

[0121] Table 3 below compares yield and terminal activity depending on the flow rate of the inert gas.

[0122] Referring to table 3, it can be seen that when the activation is carried out in an inert atmosphere, PEG-dialdehyde
with high terminal activity can be obtained. In that case, referring to the results depending on the flow rate of the inert
gas, it can be seen that PEG-dialdehyde with high terminal activity can be produced at a flow rate of 1.1 L/min.

(4) Purification treatment after peqylation

[0123] There was a difference in yield and terminal activity depending on the separation and purification method of
PEG-diethyl acetal prepared after the pegylation of step 1), and the results are shown in table 4 below.

[0124] Referring to table 4, it can be seen that terminal activity of the finally obtained PEG-dialdehyde differs depending
on the separation and purification process of PEG-diethyl acetal after the pegylation . Referring to Examples 1 and 2, it
can be seen that when performing up to crystallization, terminal activity decreases, and when using the solution separated
after the extraction process with the organic layer in the next step (in-situ), it is possible to prepare PEG-dialdehyde with
excellent terminal activity.
[0125] It can be seen that this tendency was the same even when comparing to Examples 4 and 5 using different

Table 2:

Item Inert gas Yield (%) Terminal activity (%)

Example 5 Nitrogen 48 85.8

Example 17 Argon 47 83.1

Example 18 Helium 44 82.4

Comparative Example 5 X 29 49.1

Table 3:

Item Flow rate of N2 
(L/min)

Amount of Solution remaining after 
activation (mL)

Yield (%) Terminal 
activity (%)

Comparative 
Example 9

0 23 30 50.1

Example 13 0.56 23 36 83.7

Example 14 1.1 15 39 86.4

Example 15 2.8 7 38 82.1

Example 16 3.7 2 41 81.4

Table 4:

Item Metal base Separation and purification method Terminal activity (%)

Example 1 Potassium t-butoxide Extraction-concentration-crystallization 66.8

Example 2 Potassium t-butoxide Extraction-concentration 73.1

Example 3 Potassium t-butoxide Extraction (used in-situ) 77.1

Example 4 Sodium t-pentoxide Extraction (used in-situ) 82.6

Example 5 Sodium t-pentoxide Extraction (used in-situ) 85.8
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kinds of metal bases

Claims

1. A method for preparing a polyethylene glycol dialdehyde derivative represented by the following formula 4, comprising

(1) subjecting a compound of the following formula 2 to an activation treatment with a metal base and then
subjecting it to a pegylation with a compound of the following formula 1 to prepare a compound of the following
formula 3; and
(2) subjecting the compound of formula 3 to an acid treatment:

and

wherein Ms is methanesulfonyl, R1 and R2 are the same or different from each other and each independently
represents a (C1-C9) alkyl group, and n is an integer of 3 to 2000, characterized in that step (1) is carried out
under an inert gas atmosphere or under an inert atmosphere in which an inert gas is continuously introduced.

2. The method according to claim 1, characterized in that the metal base is at least one selected from the group
consisting of a metal alkoxide and a metal hydride.

3. The method according to claim 2, characterized in that the metal alkoxide is at least one selected from the group
consisting of sodium methoxide, sodium ethoxide, sodium t-butoxide, sodium t-pentoxide, potassium t-butoxide and



EP 3 421 521 B1

16

5

10

15

20

25

30

35

40

45

50

55

potassium t-pentoxide.

4. The method according to claim 2, characterized in that the metal hydride is sodium hydride.

5. The method according to any preceding claim, characterized in that the activation treatment is carried out at from
20 °C to 90 °C.

6. The method according to any preceding claim, characterized in that the pegylation is carried out at a temperature
of 0 °C to 90 °C.

7. The method according to any preceding claim, characterized in that the inert atmosphere is formed by introducing
at least one inert gas selected from the group consisting of nitrogen, argon and helium.

8. The method according to any preceding claim, characterized in that step (1) is carried out in at least one solvent
selected from the group consisting of toluene, dichloromethane, chloroform, tetrahydrofuran, acetonitrile and 1,4-
dioxane.

9. The method according to any preceding claim, characterized in that the compound of formula 3 prepared in step
(1) is applied, as it is, in situ to step (2).

10. The method according to any preceding claim, characterized in that the acid treatment in step (2) is carried out
using at least one acid selected from the group consisting of hydrochloric acid, acetic acid, formic acid, trifluoroacetic
acid and phosphoric acid.

11. The method according to any preceding claim, characterized in that the acid treatment of step (2) is carried out at
a temperature between 0 °C and 50 °C.

12. The method according to any preceding claim, characterized in that step (2) is carried out in at least one solvent
selected from the group consisting of water, methanol, ethanol, propanol and t-butanol.

13. The method according to any preceding claim, characterized in that the compound of formula 1 is prepared by
reacting polyethylene glycol (PEG) and methanesulfonyl halide (halide = CI, Br, or F) in the presence of base.

14. The method according to claim 13 characterized in that the base is at least one selected from the group consisting
of triethylamine and tributylamine.

Patentansprüche

1. Verfahren zur Herstellung von Polyethylenglykol-Dialdehyd-Derivat, dargestellt durch die folgende Formel 4, um-
fassend

(1) Unterziehen einer Verbindung der folgenden Formel 2 einer Aktivierungsbehandlung mit einer Metallbasis
und dann Unterziehen derselben einer Pegylierung mit einer Verbindung der folgenden Formel 1, um eine
Verbindung der folgenden Formel 3 herzustellen; und
(2) Unterziehen der Verbindung der Formel 3 einer Säurebehandlung:
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und

wobei Ms Methansulfonyl ist, R1 und R2 gleich oder verschieden voneinander sind und jeweils unabhängig eine
(C1-C9) Alkylgruppe darstellen und n eine ganze Zahl von 3 bis 2000 ist, dadurch gekennzeichnet, dass
Schritt (1) unter einer inerten Gasatmosphäre oder unter einer inerten Gasatmosphäre, in die ein inertes Gas
kontinuierlich eingeführt wird, durchgeführt wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Metallbasis mindestens eine ist, ausgewählt aus
der Gruppe, bestehend aus einem Metallalkoxid und einem Metallhydrid.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass das Metallalkoxid mindestens eines ist, ausgewählt
aus der Gruppe, bestehend aus Natriummethoxid, Natriumethoxid, Natrium-t-Butoxid, Natrium-t-Pentoxid, Kalium-
t-Butoxid und Kalium-t-Pentoxid.

4. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass das Metallhydrid Natriumhydrid ist.

5. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Aktivierungsbehandlung
bei 20 °C bis 90 °C durchgeführt wird.

6. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Pegylierung bei einer
Temperatur von 0 °C bis 90 °C durchgeführt wird.

7. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die inerte Atmosphäre durch
das Einführen mindestens eines inerten Gases gebildet wird, ausgewählt aus der Gruppe, bestehend aus Stickstoff,
Argon und Helium.
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8. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass Schritt (1) in mindestens
einem Lösemittel durchgeführt wird, ausgewählt aus der Gruppe, bestehend aus Toluen, Dichloromethan, Chloro-
form, Tetrahydrofuran, Acetonitril und 1,4-Dioxan.

9. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Verbindung von Formel
3, hergestellt in Schritt (1), so, wie sie ist, in situ auf Schritt (2) angewendet wird.

10. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Säurebehandlung in
Schritt (2) unter Verwendung von mindestens einer Säure durchgeführt wird, ausgewählt aus der Gruppe, bestehend
aus Chlorwasserstoffsäure, Essigsäure, Ameisensäure, Trifluoressigsäure und Phosphorsäure.

11. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Säurebehandlung in
Schritt (2) bei einer Temperatur zwischen 0 °C und 50 °C durchgeführt wird.

12. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass Schritt (2) in mindestens
einem Lösemittel durchgeführt wird, ausgewählt aus der Gruppe, bestehend aus Wasser, Methanol, Ethanol, Pro-
panol und t-Butanol.

13. Verfahren nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass die Verbindung von Formel
1 durch Reagieren von Polyethylenglycol (PEG) und Methansulfonylhalid (Halid = Cl, Br oder F) in Anwesenheit
einer Base hergestellt wird.

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, dass die Base mindestens eine ist, ausgewählt aus der
Gruppe, bestehend aus Triethylamin und Tributylamin.

Revendications

1. Procédé pour préparer un dérivé de polyéthylène glycol dialdéhyde représenté par la formule 4 ci-après, comprenant

(1) la soumission d’un composé de la formule 2 ci-après à un traitement d’activation avec une base métallique
et puis sa soumission à une pégylation avec un composé de la formule 1 ci-après pour préparer un composé
de la formule 3 ci-après, et
(2) la soumission du composé de formule 3 à un traitement acide ;
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et

dans lequel Ms est du méthanesulfonyle, R1 et R2 sont identiques ou différents l’un de l’autre et chacun
représente indépendamment un groupe alkyle en C1-C9, et n est un entier de 3 à 2 000,
caractérisé en ce que l’étape (1) est effectuée sous une atmosphère de gaz inerte ou sous une atmosphère
inerte dans laquelle un gaz inerte est introduit en continu.

2. Procédé selon la revendication 1, caractérisé en ce que la base métallique est au moins une choisie dans le groupe
constitué d’un alcoxyde métallique et d’un hydrure métallique.

3. Procédé selon la revendication 2, caractérisé en ce que l’alcoxyde métallique est au moins un choisi dans le groupe
constitué de méthoxyde de sodium, d’éthoxyde de sodium, de t-butoxyde de sodium, de t-pentoxyde de sodium,
de t-butoxyde de potassium et de t-pentoxyde de potassium.

4. Procédé selon la revendication 2, caractérisé en ce que l’hydrure métallique est de l’hydrure de sodium.

5. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que le traitement d’activation
est effectué à une température de 20 °C à 90 °C.

6. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que la pégylation est effectuée
à une température de 0 °C à 90 °C.

7. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que l’atmosphère inerte est
formée en introduisant au moins un gaz inerte choisi dans le groupe constitué d’azote, d’argon et d’hélium.

8. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que l’étape (1) est effectuée
dans au moins un solvant choisi dans le groupe constitué de toluène, de dichlorométhane, de chloroforme, de
tétrahydrofurane, d’acétonitrile et de 1,4-dioxane.

9. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que le composé de formule
3 préparé dans l’étape (1) est appliqué, tel quel, in situ à l’étape (2).

10. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que le traitement acide dans
l’étape (2) est effectué au moyen d’au moins un acide choisi dans le groupe constitué d’acide chlorhydrique, d’acide
acétique, d’acide formique, d’acide trifluoroacétique et d’acide phosphorique.

11. Procédé selon l’une quelconque des revendications précédente, caractérisé en ce que le traitement acide de
l’étape (2) est effectué à une température comprise entre 0 °C et 50 °C.

12. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que l’étape (2) est effectuée
dans au moins un solvant choisi dans le groupe constitué d’eau, de méthanol, d’éthanol, de propanol et de t-butanol.
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13. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que le composé de formule
1 est préparé en faisant réagir du polyéthylène glycol (PEG) et de l’halogénure de méthanesulfonyle (halogénure
= Cl, Br ou F) en la présence d’une base.

14. Procédé selon la revendication 13, caractérisé en ce que la base est au moins une choisie dans le groupe constitué
de triéthylamine et de tributylamine.
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