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DESCRIPTION

Technical Field

[0001] The present invention relates to an effective novel method for producing P1,P4-
di(uridine 5'-)tetraphosphate.

Background Art

[0002] P!, P*di(uridine 5-) tetraphosphate (hereinafter written as "UP4U") represented by the
following formula [I] or a salt thereof is used as a therapeutic drug for keratoconjunctive
epithelium disorder accompanying dry eye, and is also a compound having an expectoration-
inducing effect and thus is envisaged to be developed as an expectorant or a therapeutic drug
for pneumonia.

[0003] Conventionally, as a method for synthesizing UP4U, there have been reported a
method of reacting uridine 5'-cyclic triphosphoric acid prepared by dehydration condensation of
uridine 5'-triphosphoric acid (UTP) with uridine 5'-monophosphoric acid (UMP) (Non Patent
Document 1) and an improved method thereof (Patent Document 1).

0 0
HN
A 99 9 o [T
07N sO0-P-0-P-0~P-0-P-0—y o “N"0
S Z OH OH OH OHKY
HO OH HG OH
[1]
Citation List

Patent Documents

[0004]
Patent Document 1: WO 2008/012949 A

Patent Document 2: WO 2008/024169 A
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Non Patent Documents

[0005]
Non Patent Document 1: Bioorg. & Medicinal Chemistry Letters, vol. 11, 157 to 160 (2001),
Non Patent Document 2: Org. Biomol. Chem., 2011, No. 9, 730 to 738 (2011)

Shaver et al., Purinergic Signalling, 2005, 1, 183-191 disclose structure-activity relationships of
dinucleosides.

Summary of Invention

Technical Problem

[0006] However, the prior art described in the above documents had room for improvement in
the following points.

[0007] First, the method of Patent Document 1 can synthesize UP4U in a high yield of 80% or

more at a laboratory level, but poses problems in mass production on the industrial scale by
the method.

[0008] Specifically, in the method of Patent Document 1, it is necessary to use a starting
material UTP in a salt form of a tertiary amine such as tri-n-butylamine, in order to carry out a
reaction to form 5'-cyclic triphosphoric acid from 5-UTP. Therefore, a process for previously
making a trisodium salt of UTP into a free UTP (UTP free) by an ion exchange column
chromatography, and then forming a salt with a tertiary amine is necessary. However, as is
verified in the test examples set forth below, UTP free is very unstable material, thus it is very
difficult to use UTP free as a starting material in mass production on the industrial scale.

[0009] Second, in order to efficiently synthesize 5'-cyclic triphosphoric acid from UTP, it is
necessary to keep tri-n-butylamine salt of UTP in a dehydrated state immediately before the
reaction. However, as is verified also in the comparison test set forth below, in mass production
on the industrial scale, when tri-n-butylamine salt of UTP is azeotropically dehydrated, a
thermal decomposition reaction of UTP occurs, and thus the purity of UTP is reduced, and
consequently the synthetic efficiency is reduced.

[0010] As described above, it cannot be said that the method of Patent Document 1 using
UTP as a starting material is an optimal process for the industrial mass production of UP4U.

Therefore, an object of the present invention is to develop a new production process that can
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avoid reduction of the synthetic efficiency due to the decomposition of a starting material, by
not using UTP free, or by avoiding dehydration operation of UTP salt for synthesizing uridine
5'-cyclic triphosphoric acid.

Solution to Problem

[0011] As a method of avoiding the problems in the synthesis method described in Patent
Document 1, the following two methods shown in the following A and B are considered, or have
been already known.

1. (A) A method for synthesizing UP4U, using UMP not UTP as a starting material, by
preparing UTP from UMP in the reaction system, and then applying the method of
Patent Document 1 without purification (hereinafter "one pot synthesis method").

2. (B) A method for synthesizing UP4U by activating a pyrophosphoric acid by imidazole to
synthesize diimidazolyl pyrophosphate and condensing it with UMP (hereinafter " old
diimidazolyl pyrophosphate method ", Patent Document 2, Non Patent Document 2).

[0012] However, the one pot synthesis method and the old diimidazolyl pyrophosphate
method both performed using an organic solvent such as dimethylformamide (DMF) as a
solvent of synthesis reaction of UP4U under anhydrous environment. On the other hand, UMP,

UTP, pyrophosphoric acid and the like used as the starting materials of the reaction are all
highly hydrophilic compound, thus these starting materials must undergo a dehydration step in
each process, in order to be subjected to the reaction. Particularly, a pyrophosphate had a
problem that solubility in an organic solvent is also poor, handling requires caution, and the
like.

[0013] Also, the present inventors further studied for the above two improved synthesis
methods. First, when the one pot synthesis method was studied in detail, the yield of the target
product UP4U was largely lowered to about 40%, as shown in the examples set forth below. In
addition, when the method of Patent Document 1 was carried out as the one pot synthesis
method, various by-products were generated, thus it was revealed that complex purification by
a column chromatography is necessary for the separation.

[0014] Next, the old diimidazolyl pyrophosphate method was also studied in detail. As a result,
it was newly found that by-products were much generated also in the old diimidazolyl
pyrophosphate method , and the yield of UP4U, a final product, relative to UMP is far from high,
as shown in the examples set forth below. More specifically, it became clear that both the one
pot method and the old diimidazolyl pyrophosphate method cannot be said as a synthesis
method suitable for UP4U mass production on the industrial scale.

[0015] Therefore, the present inventors have conducted extensive studies to establish an
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efficient method for synthesizing UP4U suitable for industrial mass production, and
consequently have found that, by a simple method of combining (a) a phosphoric acid-
activating compound synthesized by condensing uridine 5'-diphosphoric acid (UDP), UMP or a
pyrophosphoric acid with a compound selected from the group consisting of imidazole,
benzimidazole and 1,2,4-triazole optionally having a substituent, and (b) a phosphoric acid
compound selected from the group consisting of UMP, UDP, UTP and a pyrophosphoric acid or
a salt thereof (excluding UTP free), and reacting the compounds in water or a hydrophilic
organic solvent, in the presence of a metal ion selected from the group consisting of an iron (Il)
ion, an iron (lll) ion, a trivalent aluminum ion, a trivalent lanthanum ion and a trivalent cerium
ion, as a catalyst, use of UTP free and dehydration operation of UTP salt could be avoided,
and UP4U could be synthesized in a high yield with less by-product. The present invention has

been accomplished on the basis of this finding.

[0016] More specifically, the present invention provides a method for producing P1 P4
di(uridine 5'-)tetraphosphate, comprising reacting a phosphoric acid-activating compound
represented by the following formula [ll] or [III] with a phosphoric acid compound selected from
the group consisting of UMP, UDP, UTP and a pyrophosphoric acid or a salt thereof (excluding
UTP free) in water or a hydrophilic organic solvent, in the presence of a metal ion selected
from the group consisting of an iron (1) ion, an iron (I1l) ion, a trivalent aluminum ion, a trivalent
lanthanum ion and a trivalent cerium ion.

HO | |

[l
wherein R! represents an uridyl group binding to the 5'-position; X represents a heterocyclic
group selected from the group consisting of an imidazolyl group, a benzimidazolyl group and a
1,2,4-triazolyl group; and n represents an integer of 1 or 2.

0 0
I I
X——P—O0—P—X
HO HO

[ 1]
wherein X represents a heterocyclic group selected from the group consisting of an imidazolyl

group, a benzimidazolyl group and a 1,2,4-triazolyl group.

Advantageous Effects of Invention

[0017] The production method of the present invention can synthesize UP4U in a high yield

while avoiding use of UTP free and dehydration operation of UTP salt. Also, in the production
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method of the present invention, almost no by-product is produced, thus purification of the
synthesized UP4U is easy. Furthermore, a reaction is carried out under hydrophilic conditions,

whereby a complicated dehydration step can be omitted. More specifically, the production
method of the present invention is extremely suitable for industrial mass synthesis of UP4U.

Brief Description of Drawings

[0018]

Fig. 1 illustrates an HPLC chart analyzing a product in a reaction mixture when UP4U is

synthesized by the method of the present invention. In the figure, the 10th peak illustrates a

target product UP4U, and the 6" peak illustrates a starting material UDP.

Fig. 2 illustrates an HPLC chart analyzing a product in a reaction mixture when UP4U is

synthesized by one pot synthesis method. In the figure, the 19th peak illustrates a target

product UP4U, and the 5th peak illustrates a starting material UMP.

Fig. 3 illustrates an HPLC chart analyzing a product in a reaction mixture when UP4U is

synthesized by the method of the present invention. In the figure, the 16th peak illustrates a

target product UP4U, and the 6! peak illustrates a starting material UMP,

Fig. 4 illustrates an HPLC chart analyzing a product in a reaction mixture when UP4U is

synthesized by old diimidazolyl pyrophosphate method (no catalyst). In the figure, the 17t

peak illustrates a target product UP4U, and the 5th peak illustrates a starting material UMP.

Fig. 5 illustrates an HPLC chart analyzing a product in a reaction mixture when UP4U is
synthesized by old diimidazolyl pyrophosphate method (catalyst ZnCly). In the figure, the 16t

peak illustrates a target product UP4U, and the 5th peak illustrates a starting material UMP.

Fig. 6 illustrates an HPLC chart analyzing a product in a reaction mixture when UP4U is
synthesized by old diimidazolyl pyrophosphate method (catalyst tetrazole). In the figure, the
20" peak illustrates a target product UP4U, and the 5! peak illustrates a starting material UMP.

Description of Embodiments

[0019] Hereinbelow, the embodiment of the present invention will be described in detail.

<Phosphoric Acid-Activating Compound>
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[0020] The phosphoric acid-activating compound used in the present invention is a compound
represent by the formula [ll] or [lll], and synthesized by condensing UMP, UDP or a
pyrophosphoric acid with imidazole, benzimidazole or 1,2,4-triazole optionally having a

substituent.
I

R’ O—P——X
41

L]
wherein R' represents an uridyl group binding to the 5'-position; X represents a heterocyclic
group selected from the group consisting of an imidazolyl group, a benzimidazolyl group and a
1,2,4-triazolyl group; and n represents an integer of 1 or 2.
I
X——P——0—P——X
HO HO

[
wherein X represents a heterocyclic substituent selected from the group consisting of an

imidazolyl group, a benzimidazolyl group and a 1,2,4-triazolyl group.

[0021] The heterocyclic substituent represented by X includes an imidazolyl group, a
benzimidazolyl group, a 1,2,4-triazolyl group, and the like. Also, these heterocyclic groups may
have a substituent in the heterocyclic group, and examples of the substituent include C1.g alkyl

groups, nitro groups, cyano groups, and the like.

[0022] The phosphoric acid-activating compound described above specifically includes UDP-
imidazolide, UDP-triazolide, UMP-imidazolide, dimidazolyl pyrophosphate, and the like, and
these compounds can be prepared according to a known method (Nucleic Acids Research, vol.
4, 2843 (1977), Journal of American Chemical Society, vol. 126, 9548 (2004)).

[0023] In the synthesis of UP4U, a mixture of the phosphoric acid-activating compound such

as UDP-imidazolide, UDP-triazolide, UMP-imidazolide or dimidazolyl pyrophosphate or a
concentrated solution thereof can be used as it is or used after purified as necessary.

<Phosphoric Acid Compound>

[0024] The phosphoric acid compound of the present invention is a compound represented by
the following formula (IV) or a salt thereof, and specifically includes UMP, UDP, UTP, a
pyrophosphoric acid and salts thereof, except for UTP free.

O
R
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HO T—OT R
OH m
(V]

wherein R? represents an uridyl group binding to the hydrogen atom or the 5'-position; and m
represents an integer of 1 to 3.

[0025] The phosphoric acid compound can be used in the form of an alkali metal salt such as
sodium and potassium, a tertiary ammonium salt such as triethylammonium and
tributylammonium, and a quaternary ammonium salt such as tetraethylammonium salt and
tetrabutylammonium.

<Combination of Starting Material Compounds>

[0026] The combination of the starting material compounds of the phosphoric acid-activating
compound and the phosphoric acid compound described above may be appropriately
determined, and it is suitable to use preferably in the following combinations.

Combination 1: Combination of UDP-activating compound and UDP or UDP salt
Combination 2: Combination of UMP-activating compound and UTP salt

Combination 3: Combination of UMP-activating compound and pyrophosphoric acid or
pyrophosphate

Combination 4: Combination of pyrophosphoric acid-activating compound and UMP or UMP
salt

[0027] In any combination, it is preferred when the molar ratio of the phosphoric acid-
activating compound and the phosphoric acid compound in the condensation reaction is set to
the range of 1:10 to 10:1, since the yield of UP4U is improved. The molar ratio is, for example,

1. (1) In Combination 1 above, the molar ratio is either 3.8, 4.7, 5.6, 6:5, 7:4, 8:3, 9:2, or
10:1,

2. (2) In Combination 2 above, the molar ratio is either 1:10, 2:9, 3:8, 4.7, 5:6, 6:5, 7:4, or
8:3,

3. (3) In Combination 3 above, the molar ratio is either 4.7, 5:6, 6:5, 7:4, 8:3, 9:2, or 10:1,
and further,

4. (4) In Combination 4 above, the molar ratio is either 4.7, 5:6, 6:5, 7:4, 8:3, 9:2, or 10:1,
and

also may be within the range of either two numerical values exemplified here.
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<Metal lon>

[0028] The metal ion used in the present invention is added to a solution, in the form of a
metal salt containing a target metal ion, thereby becoming a metal ion in water or a hydrophilic
organic solvent, and can be provided to the reaction system. As the kind of the metal salt, a
metal halide, a metal inorganic salt, a metal organic salt, and the like can be suggested. As
further specific examples, it is preferred to use (i) ferrous chloride, ferric chloride, ferric
bromide, aluminum ftrichloride, cerium trichloride, lanthanum trichloride and the like as
examples of the metal halide, (ii) inorganic salts such as sulfate, nitrate, perchloric acid and the
like of a metal selected from the group consisting of iron (divalent), iron (trivalent), aluminum,
cerium and lanthanum as examples of the metal inorganic salt, and (iii)
trifluoromethanesulfonate, acetate, trifluoroacetate, citrate and the like of a metal selected from
the group consisting of iron (divalent), iron (trivalent), aluminum, cerium and lanthanum as
examples of the metal organic salt, since the yield of UP4U is improved. Among them, a ferric
salt is preferable, and ferric chloride is particularly preferable, from the viewpoint of synthesis
yield and ease in handling. Here, the metal salt to be used may be anhydride or hydride.
However, among the combinations of the phosphoric acid-activating compound and the
phosphoric acid compound, particularly in the case of Combination 4, it is particularly
preferable to use iron (lIl) ion, trivalent aluminum ion or the like.

[0029] In order to improve the yield of UP4U, the metal salt that is a metal ion source, is

preferably used in a molar amount of 0.001 to 10 times the total molar number of the
phosphoric acid compound used in the reaction, and particularly preferably used in a molar
amount of 0.001 to 1 times. For example, the amount of this metal salt is any of molar amounts
of 0.001, 0.005, 0.01, 0.05, 0.1, 0.5 and 1 times the total molar number of the phosphoric acid
compound used in the reaction, and may be within any two numerical values exemplified here.

<Conditions of Condensation Reaction and Purification>

[0030] The condensation reaction of the phosphoric acid-activating compound and the
phosphoric acid compound in the present invention is performed using water or a hydrophilic
organic solvent as a solvent. From the viewpoint of synthesis yield and ease in handling,
alcohols having six or less carbon atoms such as methanol and ethanol, ketones such as
acetone, ethers such as dioxane, nitriles such as acetonitrile, and amides such as
dimethylformamide can be used as the hydrophilic organic solvent.

[0031] In this condensation reaction, the reaction pH is preferably 7 or less, and particularly
preferably around 1 to 4, in order to improve the yield of UP4U. Also, in this condensation
reaction, the reaction temperature is preferably 0°C to 60°C, in order to improve the yield of
UP4U. In the combination of the above starting material compounds, a reaction temperature of
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20 to 30°C is particularly preferable in the case of Combination 1 to Combination 3, and a
reaction temperature of 0 to 20°C is particularly preferable in the case of Combination 4. The
time period of this condensation reaction is preferably 1 to 36 hours or so, and particularly
preferably 2 to 20 hours, in order to perform necessary and sufficient condensation reaction.

[0032] After the completion of the condensation reaction, methods used for general isolation
purification of nucleotide (e.g., crystallization method, ion exchange column chromatography,
adsorption column chromatography, activated carbon column chromatography, etc.) are
appropriately combined, whereby the produced UP4U can be separated and purified, and also

can be provided in the form of salt as necessary.

[0033] As the ion-exchange resin used in ion-exchange column chromatography, a strongly
basic anion-exchange resin (e.g., Amberlite IRA 402 [manufactured by Rohm & Haas], Diaion
PA-312 or Diaion SA-11A [manufactured by Mitsubishi Chemical Corporation]), a weakly basic
anion-exchange resin (e.g., Amberlite IRA 67 [manufactured by Rohm & Haas] or Diaion WA-
30 [manufactured by Mitsubishi Chemical Corporation]), a strongly acidic cation-exchange
resin (e.g., Diaion PK-216 [manufactured by Mitsubishi Chemical Corporation]), a weakly basic
cation-exchange resin (e.g., Diaion WK-30 [manufactured by Mitsubishi Chemical Corporation])
or the like can be used.

[0034] The activated carbon used may be ground or granulated activated carbon for
chromatography, for example, activated carbon commercially available from Wako Pure
Chemical Industries, Ltd., Futamura Chemical Co., Ltd or the like can be used.

[0035] Also, a known method may be used for crystallization, and the crystal is obtained by
adding a hydrophilic organic solvent to the obtained UP4U or a salt thereof for precipitation of

crystals. Examples of the hydrophilic organic solvent used include alcohols having six or less
carbon atoms such as methanol and ethanol, ketones such as acetone, ethers such as
dioxane, nitriles such as acetonitrile, amides such as dimethylformamide, and the like. Alcohols
are preferable, and further, ethanol is particularly preferable.

<Action Effect of Present Invention>

[0036] As described above, in the present invention, a method of combining (a) a phosphoric
acid-activating compound synthesized by condensing uridine 5'-diphosphoric acid (UDP), UMP
or a pyrophosphoric acid with a compound selected from the group consisting of imidazole,
benzimidazole and 1,2,4-triazole optionally having a substituent, and (b) a phosphoric acid
compound selected from the group consisting of UMP, UDP, UTP and a pyrophosphoric acid or
a salt thereof (excluding UTP free), and reacting the compounds in water or a hydrophilic
organic solvent, in the presence of a metal ion selected from the group consisting of an iron (I1)
ion, an iron (lll) ion, a trivalent aluminum ion, a trivalent lanthanum ion and a trivalent cerium
ion, as a catalyst, is used, whereby the industrial mass production of UP4U can be carried out
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by a simple method as shown in the examples set forth below.

[0037] On the other hand, as already explained, the conventionally known method of Patent
Document 1 can synthesize UP4U in a high yield of 80% or more at a laboratory level, but
poses problems in mass production on the industrial scale by the method. Specifically, in the
method of Patent Document 1, it is necessary to use a starting material UTP in a salt form of a
tertiary amine such as tri-n-butylamine, in order to carry out a reaction to form 5'-cyclic
triphosphate of uridine. Therefore, a process for previously making a trisodium salt of UTP into
free UTP (UTP free) by ion exchange column chromatography, and then forming a salt with a
tertiary amine is necessary. However, as is verified in the test examples set forth below, UTP
free is very unstable material, thus it is very difficult to use UTP free as a starting material in
mass production on the industrial scale. Also, in order to efficiently synthesize a reaction to
form 5'-cyclic triphospate of uridine, it is necessary to keep tri-n-butylamine salt of UTP in a
dehydrated state immediately before the reaction. However, as is shown in the comparison test
set forth below, in mass production on the industrial scale, when tri-n-butylamine salt of UTP is
azeotropically dehydrated, a thermal decomposition reaction of UTP occurs, and thus the
purity of UTP is reduced, and consequently the synthetic efficiency is reduced.

[0038] Also, in the method of Patent Document 2 and Non Patent Document 2, it was possible
to synthesize UP4U without using the step using UTP free, but the yield relative to UMP was

markedly lowered, as also shown in the comparative examples set forth below. In addition, by-
products were much generated, and it could not be said as a production method suitable for
industrial large-scale production.

[0039] On the other hand, in the method of the present invention, since the starting material is
UDP or UMP, it is not necessary to use UTP free, and further, dehydration operation of UTP
salt for synthesizing uridine 5'-cyclic triphosphate can also be avoided, thus reduction of the
synthetic efficiency due to decomposition of the starting materials can be avoid, as shown in
the examples set forth below. Also, it is not necessary to azeotropically dehydrate a tri-n-
butylamine salt of UTP, a thermal decomposition reaction of UTP does not occur, and also the
purity of UTP is not reduced by generating unnecessary by-product, as shown in the examples
set forth below. Therefore, the production method of the present invention is an extremely
suitable method for industrial mass synthesis of UP4U.

[0040] In the present invention, it is preferable that the phosphoric acid-activating compound
is UDP-imidazolide, and the phosphoric acid compound is UDP or a UDP salt. It is because, in
this case, it is verified in the examples set forth below that synthesis of UP4U can be performed
in a high yield while avoiding use of UTP free and dehydration operation of UTP salt that are
not suitable for industrial mass production.

[0041] In addition, in the present invention, it is preferable that the phosphoric acid-activating
compound is UMP-imidazolide, and the phosphoric acid compound is UTP or a UTP salt. It is
because, also in this case, it is verified in the examples set forth below that synthesis of UP4U
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can be performed in a high yield while avoiding use of UTP free and dehydration operation of
UTP salt that are not suitable for industrial mass production.

[0042] In addition, in the present invention, it is preferable that the phosphoric acid-activating
compound is UMP-imidazolide, and the phosphoric acid compound is a pyrophosphoric acid or
a pyrophosphoric acid salt. It is because, also in this case, it is verified in the examples set
forth below that synthesis of UP4U can be performed in a high yield while avoiding use of UTP

free and dehydration operation of UTP salt that are not suitable for industrial mass production.

[0043] In addition, in the present invention, it is preferable that the phosphoric acid-activating
compound is diimidazolyl pyrophosphate, and the phosphoric acid compound is UMP or a UMP
salt. It is because, also in this case, it is verified in the examples set forth below that synthesis
of UP4U can be efficiently performed while avoiding use of UTP free and dehydration operation

of UTP salt that are not suitable for industrial mass production.

[0044] In addition, in the present invention, it is preferable that the metal ion is selected from
the group consisting of an iron (ll) ion, an iron (lll) ion and an aluminum ion. Particularly when
the phosphoric acid-activating compound is diimidazolyl pyrophosphate, and the phosphoric
acid compound is UMP free or a UMP salt, it is preferable that the metal ion is selected from
the group consisting of an iron (lll) ion and an aluminum ion. It is because, also in this case, it
is verified in the comparative examples set forth below that synthesis of UP4U can be efficiently

performed, as compared with the case of using other metal ion.

[0045] In addition, in the present invention, it is preferable that the metal ion is supplied in a
salt form selected from the group consisting of chloride, bromide, nitrate, sulfate and acetate of
the metal. It is because, also in this case, it is verified that synthesis of UP4U can be efficiently

performed.

[0046] While the embodiments of the present invention are described as above, these are
illustrations of the present invention, and various constitutions other than the above also can
be also adopted.

Examples

[0047] Hereinbelow, the present invention will be further described in detail by way of
examples, which should not be construed as limiting the present invention thereto.

(Example 1) Combination 1 (Part 1): Reaction of UDP-imidazolide (where, in the formula

I, R = 5'-uridyl, X = imidazolyl, n = 2) and UDP sodium salt (where, in the formula IV, R?2
= 5"-uridyl, m = 2)
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[0048] Dimethylacetamide (6.0 ml) was added to an aqueous solution of 0.32 M UDP-
tributylamine salt (1.26 ml, 4.0 mmol), and the mixture was azeotropically dehydrated four
times. The resulting residue was dissolved in dimethylacetamide (6.0 ml), and
carbonyldiimidazole (1.95 g, 12.0 mmol) was added thereto, then the mixture was stirred at
room temperature for 1 hour. Water (0.2 ml) was added to the reaction mixture under ice
cooling, and further, a 0.5 M aqueous hydrochloric acid solution (12.0 ml) was added dropwise
(pH 7.0). The reaction mixture was concentrated under reduced pressure to prepare a UDP-
imidazolide solution.

[0049] An aqueous UDP sodium solution (2.0 mmol, 2.1 ml) was added to the UDP-
imidazolide solution under ice cooling, and further, a 2 M aqueous hydrochloric acid solution
was added thereto to make a mixed solution with pH 4.9. A 1 M aqueous ferric chloride
solution (1.5 mmol, 1.5 ml) was added thereto under ice cooling, and further, a 2 M aqueous
hydrochloric acid solution was added thereto to make a mixed solution with pH 1.6, and the
mixed solution was stirred at 25°C for 3 hours. The reaction mixture was adjusted to pH 12 by
adding an aqueous 6 M sodium hydroxide solution, and stirred at room temperature for 30
minutes. The reaction mixture was adjusted to pH 7.6 by adding 2 M hydrochloric acid. The
resulting reaction mixture was quantitatively determined by HPLC analysis, and the synthesis
yield of UP4U was calculated as 87%.

[0050] The mixture was concentrated to 10 ml, and dissolved by adding sodium hydrogen
phosphate (4.2 mmol) to deposit iron phosphate. The suspension was left to stand at 4°C
overnight, then the precipitate was removed by centrifugation. The supernatant was adjusted
to pH 2.5, and then adjusted to a 30 ml solution to prepare a column adsorbing solution.

[0051] Desalting of the column adsorbing solution was performed by activated carbon column
chromatography (resin amount of 20 ml), and the resulting recovery solution was adjusted to
pH 7 and concentrated, then subjected to membrane filtration. The residue was further
concentrated, and ethanol was added dropwise to the residue, then crystallized at room
temperature overnight. The crystal was filtered and vacuum-dried at 50°C for 3 hours to obtain
212 g (yield of 75% as tetrahydrate) of UP4U.

(Example 2) Combination 1 (Part 2): Reaction of UDP-imidazolide (where, in the formula

IR = 5'-uridyl, X = imidazolyl, n = 2) and UDP sodium salt (where, in the formula IV, R?2
= 5"-uridyl, m = 2)

[0052] A 5.64 M imidazole-dimethylacetamide solution (0.5 ml) was added to a 0.94 M
aqueous UDP sodium solution (1.0 ml), and N,N-diisopropylcarbodiimide (0.73 ml, 4.7 mmol)
was added at room temperature, and stirred at room temperature for 5 hours at 50°C for 2
hours to prepare a mixture of UDP and a UDP-imidazolide.

[0053] A2 M aqueous hydrochloric acid solution was added thereto under ice cooling to make
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a mixed solution with pH 5.3. Thereafter, a 1 M aqueous ferric chloride solution (0.24 mmol,
0.24 ml) was added thereto, and a 2 M aqueous hydrochloric acid solution was further added
thereto to make a mixed solution with pH 1.9, and the mixed solution was stirred at 25°C for 16
hours. The resulting reaction mixture was quantitatively determined by HPLC analysis, and the
yield of UP4U was calculated as 63%.

(Example 3) Combination 1 (Part 3): Reaction of UDP-imidazolide (where, in the formula

I,R' = 5'-uridyl, X = imidazolyl, n = 2) and UDP sodium salt (where, in the formula IV, R2
= 5"-uridyl, m = 2)

[0054] Propionitrile (3.0 ml) was added to an aqueous solution of 0.17 M UDP-tributylamine
salt (11.8 ml, 2.0 mmol), and the mixture was azeotropically dehydrated four times. The
resulting residue was dissolved in propionitrile (3.0 ml). This solution was added dropwise to a
propionitrile (2.0 ml) suspension of 1,1'-carbonyldiimidazole (0.97 g, 6.0 mmol). The reaction
mixture was stirred at room temperature for 30 minutes and then concentrated under reduced
pressure to prepare a UDP-imidazolide solution.

[0055] UDP-disodium salt (0.53 g, 1.0 mmol) was added to the UDP-imidazolide solution
under ice cooling, and the mixed solution was adjusted to pH 3.9 by a 6 M aqueous
hydrochloric acid solution. A 1 M aqueous ferric chloride solution (15 pl, 0.02 mmol) was
further added thereto, and the mixed solution was stirred at 10°C for 27 hours. The reaction
mixture was adjusted to pH 10 by adding a 7.5 M aqueous sodium hydroxide solution, and
then stirred for 1 hour under ice cooling. 10 ml of ethanol was added to the reaction mixture
under ice cooling, and the mixture was left to stand at 4°C overnight. The precipitate was
collected and prepared to a 20 ml aqueous solution with pH 7.5, then the aqueous solution
quantitatively determined by HPLC analysis, and the yield of UP4U was calculated as 94%.
More specifically, it has been revealed that even when the amount of ferric chloride catalyst
used is greatly reduced, the reaction progresses well.

(Example 4) Combination 1 (Part 4): Reaction of UDP-benzimidazolide (where, in the
formula i, R'= 5'-uridyl, X = benzimidazolyl, n = 2) and UDP sodium salt (where, in the
formula IV, RZ = 5-uridyl, m = 2)

[0056] UDP-disodium salt (0.5 g, 0.94 mmol) was dissolved in 2.7 ml of water, and a
dimethylacetamide solution (1.8 ml) of benzimidazole (0.33 g, 2.82 mmol) and N,N-
diisopropylcarbodiimide (0.44 ml, 2.82 mmol) were added, and the mixture was stirred at room
temperature overnight. The solvent was distilled under reduced pressure to prepare a mixture
of UDP and UDP-benzimidazolide.

[0057] 1 ml of water was added thereto, and then a 2 M aqueous hydrochloric acid solution
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was added thereto under ice cooling to adjust pH to 4.6. A1 M aqueous ferric chloride solution
(94 pl, 0.09 mmol) was added thereto under ice cooling, and a 2 M aqueous hydrochloric acid
solution was further added thereto to make a mixed solution with pH 3.0, and the mixed
solution was stirred at room temperature for 10 hours. The reaction mixture was adjusted to
pH 12 by adding an aqueous 6 M sodium hydroxide solution, and stirred at room temperature
for 1 hour. The reaction mixture was adjusted to pH 7.3 by adding 2 M hydrochloric acid. The
resulting mixture was quantitatively determined by HPLC analysis, and the yield of UP4U was

calculated as 83%.

(Example 5) Combination 1 (Part 5): Reaction of UDP-triazolide (where, in the formula Il,

R!= 5'-uridyl, X =1,2,4-triazolyl, n = 2) and UDP sodium salt (where, in the formula IV, R2
= 5"-uridyl, m = 2)

[0058] Dimethylacetamide (2.0 ml) was added to an aqueous solution of 0.37 M UDP-
tributylamine salt (1.6 ml, 0.6 mmol), and the mixture was azeotropically dehydrated four times.
The resulting residue was dissolved in dimethylacetamide (2.0 ml), and 1,1'- carbonyldi-(1,2,4-
triazole) (0.25 g, 1.5 mmol) was added thereto, then the mixed solution was stirred at room
temperature for 1 hour. Water (0.2 ml) was added to the reaction solution under ice cooling,
and further, a 0.5 M aqueous hydrochloric acid solution was added to have pH 7.4. The
mixture was concentrated under reduced pressure to prepare a UDP-triazolide solution.

[0059] An aqueous UDP sodium solution (0.25 mmol, 0.9 ml) was added to the UDP-triazolide
solution under ice cooling, and a 1 M aqueous ferric chloride solution (0.19 mmol, 0.19 ml) was
added (pH 6.3), and the mixture was stirred at 25°C for 5 hours. The mixture was adjusted to
pH 12 by adding an aqueous 6 M sodium hydroxide solution, and stirred at room temperature
for 30 minutes. The mixture was adjusted to pH 7.0 by adding 2 M hydrochloric acid. The
resulting mixture was quantitatively determined by HPLC analysis, and the yield of UP4U was

calculated as 48%.

(Example 6) Combination 2: Reaction of UMP-imidazolide (where, in the formula I, R! =

5-uridyl, X = imidazolyl, n = 1) and UTP sodium salt (where, in the formula IV, R = 5'-
uridyl, m = 3)

[0060] Tributylamine (0.25 ml, 1.1 mmol) was added to a 2.05 M aqueous UMP free solution
(0.49 ml, 1.0 mmol), and the mixed solution was stirred at room temperature for 20 minutes.
Then, dimethylacetamide (1.5 ml) was further added, and the mixed solution was
azeotropically dehydrated three times. The resulting UMP-tributylamine salt solution was
dissolved in dimethylacetamide (1.5 ml), and carbonyldiimidazole (486 mg, 3.0 mmol) was
added thereto, then the mixture was stirred at room temperature for 1 hour. Water (0.2 ml) was
added to the mixture under ice cooling, and further, a 0.5 M aqueous hydrochloric acid solution
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(4.0 ml) was added dropwise (pH 7.2). The mixture was concentrated under reduced pressure
to prepare a UMP-imidazolide solution.

[0061] The UMP-imidazolide solution and a 2 M aqueous hydrochloric acid solution were
added to a 165 mM aqueous UTP sodium salt solution (8.0 ml, 1.3 mmol) under ice cooling to
make a mixed solution with pH 5.1. An aqueous ferric chloride solution (0.5 mmol, 0.2 ml) was
added thereto under ice cooling, and the mixed solution was stirred at 25°C for 4 hours. The
mixture was subjected to membrane filtration, then adjusted to pH 10.4 by addinga 1 M
aqueous sodium hydroxide solution (11 ml), and stirred at room temperature for 40 minutes.
Thereafter, the mixture was adjusted to pH 6.9 by adding 2 M hydrochloric acid (3.5 ml). The
resulting mixture was quantitatively determined by HPLC analysis, and the yield of UP4U was

calculated as 67 %.

[0062] Thereafter, as a result of purification in the same manner as in Example 1, 471 mg
(50% as tetrahydrate) of an object UP,U was obtained.

(Example 7) Combination 3: Reaction of UMP-imidazolide (where, in the formula I, R! =
5'-uridyl, X = imidazolyl, n = 1) and pyrophosphoric acid triethylamine salt (where, in the

formula IV, RZ = hydrogen atom, m = 2)

[0063] Tributylamine (0.25 ml, 1.1 mmol) was added to a 2.05 M aqueous UMP free solution
(0.49 ml, 1.0 mmol), and the mixed solution was stirred at room temperature for 20 minutes.
Then, dimethylacetamide (1.5 ml) was further added, and the mixed solution was
azeotropically dehydrated three times. The resulting UMP-tributylamine salt was dissolved in
dimethylacetamide (1.5 ml), carbonyldiimidazole (486 mg, 3.0 mmol) was added thereto, and
the mixed solution was stirred at room temperature for 1 hour. Water (0.2 ml) was added to the
mixture under ice cooling, and further, a 0.5 M aqueous hydrochloric acid solution (4.0 ml) was
added dropwise (pH 7.2). The mixture was concentrated under reduced pressure to prepare a
UMP-imidazolide solution (this operation was performed twice).

[0064] An aqueous 0.95 M pyrophosphoric acid triethylamine salt solution (1.1 ml, 1.0 mmol)
was added to the UMP-imidazolide solution under ice cooling, and further, a 1 M aqueous
ferric chloride solution (0.5 mmol, 0.5 ml) was added thereto. The mixture was adjusted to pH
5.1 by a 2 M aqueous hydrochloric acid solution, and then stirred at 25°C for 5 hours. After
stirring, the separately prepared UMP-imidazolide solution (1.0 mmol) was added thereto
under ice cooling, and the mixed solution was further adjusted to pH 2.1 by a 2 M aqueous
hydrochloric acid solution, and stirred at 25°C for 6 hours. An aqueous 6 M sodium hydroxide
solution was added thereto to have pH 11, and the mixed solution was stirred at room
temperature for 30 minutes. Further, the mixed solution was adjusted to pH 7.6 by adding 2 M
hydrochloric acid and quantitatively determined by HPLC analysis, and the yield of UP4U was

calculated as 45%.
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(Example 8) Combination 4: Reaction of diimidazolyl pyrophosphate (where, in the

formula lll, X = imidazolyl) and UMP (where, in the formula IV, R2 = 5'-uridyl, m=1)

[0065] Tributylamine (0.95 ml, 4.0 mmol) and formamide (2.0 ml) were added to an aqueous
solution of 1.09 M pyrophosphoric acid-triethylamine salt (1.86 ml, 2.0 mmol), and the mixed
solution was azeotropically dehydrated with dimethylformamide four times. The resulting
residue was dissolved in dimethylformamide (8.0 ml), carbonyldiimidazole (0.97 g, 6.0 mmol)
was added thereto, and the mixture was stirred at room temperature for 1 hour. Water (0.2 ml)
was added to the mixture under ice cooling, and further, a 2.0 M aqueous hydrochloric acid
solution (1.5 ml) was added dropwise (pH 7). The mixture was concentrated under reduced
pressure to prepare a diimidazolyl pyrophosphate solution.

[0066] An aqueous UMP free solution (2.03 M, 2.47 ml, 5.0 mmol) was added to the
diimidazolyl pyrophosphate solution under ice cooling. Further, a 1 M aqueous ferric chloride
solution (2 ml, 2.0 mmol) was added thereto, and the mixture was adjusted to pH 2.4 by adding
a 2 M aqueous hydrochloric acid solution, and stirred at 0°C for 5 hours. An aqueous 6.0 M
sodium hydroxide solution was added to the mixture to have pH 6.3. Water was added thereto
to prepare a 50 ml aqueous solution, and the resulting reaction solution was quantitatively
determined by HPLC analysis, and the yield of UP4U was calculated as 51%.

(Test Example 1) Determination of stability of UTP and related compound

[0067] In order to evaluate stability of UTP free, stability of aqueous solutions of UTP free and
UTP sodium salt (UTP-Na) and a dimethylacetamide solution of UTP-tributylamine salt (UTP-
TBA) was examined. Also, stability of aqueous solutions of UDP free and UDP-Na as
comparison control was also determined. The solution of each substance was left to stand for
a certain period at -20°C, 25°C or 50°C, and the concentration of each substance was
determined by HPLC to calculate a decomposition rate. Here, the decomposition rate was
defined as the following [equation 1].

[equation 1]
Decomposition rate (%) of each substance = {100-(HPLC % of

each substance at determination/HPLC % of each substance at

test start) x 100}

[0068] As a result, it was revealed that, as shown in the following [Table 1] and [Table 2], UTP
free and UTP-TBA has clearly low stability during storage of the solution, as compared to other
compounds such as UTP sodium salt, UDP free, and UDP sodium salt.

[Table 1]




DK/EP 2940030 T3

-20°C, 18 h 25°C, 8h 25°C, 24 h
16 mM UTP free 4% 4% 12%
10 mM UDP free - 0% 0%

(Numerical values in the table indicate a decomposition rate in each condition)

[Table 2]
50°C, 8h 50°C, 24 h

35 mM UTP-TBA 7% 18%

40 mM UTP-Na 2% 6%

40 mM UDP-Na 2% 5%

(Numerical values in the table indicate a decomposition rate in each condition)

(Comparative Test 1) Metal catalyst effect in reaction of UDP-imidazolide (where, in the

formula Il, R! = 5'-uridyl, X = imidazolyl, n = 2) and UDP sodium salt (where, in the

formula IV, R2= 5'-uridyl, m = 2)

[0069] Various metal catalysts (0.06 M) were added to a mixed aqueous solution of UDP-
imidazolide and UDP sodium salt at a molar ratio of 1:1 (each 0.15 M), and the mixture was
adjusted to pH 2 + 0.3 by a 2 M aqueous hydrochloric acid solution. The produced amount of
UP4U after 6 hours was quantitatively determined at 25°C by HPLC. The result is shown in

Table 3.
[Table 3]
Catalyst Reaction pH Yield of UP4U

FeCls 2.0 79.4%

Fe (NO3)3 2.0 81.8%

AlCl3 2.0 69.2%

LaClg 2.0 52.1%

CeCl3 2.0 53.5%

MnCl, 2.0 10.3%

MgCl, 2.2 6.3%

FeCl, 2.3 68.3%

ZnCly 2.2 7.0%

No addition 2.1 2.8%

[0070] As a result, it was revealed that UP4U can be obtained in particularly high yield when

ferrous chloride, ferric chloride, ferric nitrate, aluminum chloride, lanthanum chloride or cerium
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chloride is used as the metal salt as the catalyst.

(Comparative Test 2) Metal catalyst effect in reaction of imidazolyl pyrophosphate

(where, in the formula Ill, X = imidazolyl) and UMP free (where, in the formula IV, R? = 5"
uridyl, m=1)

[0071] Various metal catalysts (0.4 mmol) were added to a mixed aqueous solution of
diimidazolyl pyrophosphate and UMP free at a molar ratio of 2:5 (0.4 mmol as diimidazolyl
pyrophosphate) prepared in the method of Example 8, and the mixture was adjusted to pH 2.5
+ 0.5 by a 2 M aqueous hydrochloric acid solution. The produced amount of UP4U after 5

hours was quantitatively determined at 0°C by HPLC. The result is shown in [Table 4].
[Table 4]

Catalyst Reaction pH Yield of UP4U
FeClj 2.9 51.1%
AlCl3 2.7 49.2%
MnCl, 2.7 17.7%
MgCl, 2.8 5.2%
FeCl, 2.9 10.6%
ZnCl, 2.9 0.6%
NiCl, 2.7 0.2%
CoCl, 2.7 1.2%
CaCl, 2.8 0.5%

No addition 2.3 0%

[0072] As a result, it was revealed that UP4U can be obtained in particularly high yield when

ferric chloride or aluminum chloride is used as the metal salt as the catalyst when the
combination of a pyrophosphoric acid-activating compound and UMP is used.

(Comparative Test 3) Comparison of UP4U yield and production level of impurities when

using one pot synthesis method and the method of the present invention

[0073] The yield of the final product was each compared when UP4U was each synthesized
using one pot synthesis method that is a synthesis method which improves conventional
method and avoids a step using UTP free, and the method of the present example. The
method of the present example was in accordance with the method of Example 1 above. The
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synthesis by the one pot synthesis method which changes the conventional method was
performed by the following step.

(1) Preparation of Synthesis solution 1

[0074] Tri-n-butylamine (2.2 ml, 9.2 mmol) was added to a 2.05 M aqueous UMP free solution
(2.1 ml, 4.3 mmol), and the mixed solution was stirred for 20 minutes, then azeotropically
dehydrated with N,N-dimethylacetamide (DMAC) four times. The residue was dissolved in
DMAC (5.5 ml), and diphenyl chlorophosphate (DPC) (1.1 ml, 5.2 mmol) was added thereto at
10°C, and the mixture was stirred at room temperature for 1 hour. Tri-n-butylamine (4.1 ml,
17.2 mmol) was added thereto, and the mixture was stirred at room temperature for 10
minutes to prepare Synthesis solution 1.

(2) Preparation of Synthesis solution 2

[0075] Tri-n-butylamine (2.2 ml, 9.2 mmol) and DMAC (3.0 ml) were added to a 0.95 M
aqueous pyrophosphoric acid-triethylamine salt solution (9.0 ml, 8.5 mmol), then the mixed
solution was azeotropically dehydrated with pyridine three times. Tri-n-butylamine (0.4 ml, 2.8
mmol) and pyridine (4.0 ml) were added to the residue to prepare Synthesis solution 2.

(3) Preparation of UMP-TBA solution

[0076] Tri-n-butylamine (1.7 ml, 6.9 mmol) was added to a 2.05 M aqueous UMP free solution
(3.1 ml, 6.4 mmol), and the mixed solution was stirred for 20 minutes, then azeotropically
dehydrated with N,N-dimethylacetamide (DMAC) four times. The residue was dissolved in
DMAC (3.5 ml) to prepare a UMP-TBA solution.

(4) Preparation of UP4U synthesis solution

[0077] Synthesis solution 1 was added dropwise to Synthesis solution 2 at room temperature,
and the mixture was stirred at room temperature for 1 hour (it was confirmed by HPLC analysis
that UTP was produced about 60%). N,N-Diisopropylcarbodiimide (2.3 ml, 17.0 mmol) was
added thereto, and the mixture was stirred at room temperature for 3 hours. Thereafter, the
UMP-TBA solution and magnesium chloride-hexahydrate (1.7 g, 8.4 mmol) were added
thereto, and the mixture was stirred at 0°C for 1 hour, and at room temperature for 19 hours.
Water (20 ml) was added thereto at 0°C, then the mixed solution was stirred at room
temperature for 1 hour. The mixture was concentrated under reduced pressure, then water (50
ml) was added thereto, and the mixture was left to stand at room temperature for 2 hours. The
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precipitate was removed by filtration to prepare a UP4U solution. UP4U was quantitatively
determined by HPLC, and the yield from UMP was calculated as 42%.

(Discussion of results - Yield)

[0078] As a result, while the yield from UDP was 87% when UP4U was synthesized by the
method of the present examples, as shown in Example 1 described above, the yield from UMP
was only 42% in the one pot synthesis method. Thus, it was revealed that the method of the
present invention achieves markedly high yield, as compared to the one pot synthesis method.

(Discussion of results - By-product)

[0079] Furthermore, in order to compare the difference of production levels of impurities in the
method of the present example and the one pot synthesis method, the product in the reaction
solution after synthesizing UP4U by each method was analyzed by HPLC. HPLC charts are
shown in [Fig. 1] and [Fig. 2]. As is clear from Figs. 1 and 2, in the one pot synthesis method,
by-products other than UP4U that is a product or UMP that is a starting material was generated
about 48% at the ratio of the area of the HPLC chart, and also the number of the kind of by-
products is high. On the other hand, in the method of the present invention, the ratio of by-
products other than UP4U or UDP that is a starting material is clearly lowered as 4.8%, and
also the number of the kind of by-products is very low. Thus, in the method of the present
invention, generation of by-product can be markedly reduced, thus the product can be
efficiently synthesized, and isolation and purification are also easy.

[0080] Based on the comparison as described above, it was shown that the method of the
present invention produces fewer impurities as compared to the one pot synthesis method,
and gives a markedly improved yield, thus is very suitable as the industrial mass production
method of UP4U.

(Comparative Test 4) Comparison of UP4U yield and production level of impurities when

using old diimidazolyl pyrophosphate method and the method of the present invention

[0081] The yield of the final product was each compared when UP4U was each synthesized

using old imidazolide method and the method of the present example. The method of the
present example was in accordance with the method of Example 8 above. The synthesis by
the old imidazolide method was performed by the following step. Also, regarding the catalyst
used in the reaction, (1) the case of adding no catalyst in the reaction, and (2) the case of
using zinc chloride or (3) the case of using tetrazole as a catalyst have been studied, in
reference to known methods (refer to Patent Document 2 and Non Patent Document 2).
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(1) Case of no catalyst

[0082] Tributylamine (0.95 ml, 4.0 mmol) and formamide (2.0 ml) were added to an aqueous
solution of 1.09 M pyrophosphoric acid-triethylamine salt (1.86 ml, 2.0 mmol), and the mixed
solution was azeotropically dehydrated four times with dimethylformamide. The resulting
residue was dissolved in dimethylformamide (8.0 ml), and carbonyldiimidazole (0.97 g, 6.0
mmol) was added thereto, then the mixture was stirred at room temperature for 1 hour. Water
(0.2 ml) was added to the mixture under ice cooling, and further, a 2.0 M aqueous hydrochloric
acid solution (1.5 ml) was added dropwise thereto (pH 7). The mixture was concentrated under
reduced pressure, and further azeotropically dehydrated twice with dimethylformamide to
prepare an anhydrous diimidazolyl pyrophosphate solution.

[0083] Tributylamine (3.56 ml, 15.0 mmol) was added to an aqueous UMP-free solution (2.03
M, 2.47 ml, 5.0 mmol), and the mixed solution was azeotropically dehydrated four times with
dimethylformamide, then dimethylformamide (2.0 ml) was added thereto to prepare an
anhydrous UMP-tributylamine solution. This solution was added to the anhydrous diimidazolyl
pyrophosphate solution, and the mixed solution was concentrated under reduced pressure and
stirred at 25°C for 48 hours. Water was added to the mixture to prepare a 50 ml aqueous
solution, and the resulting aqueous solution was quantitatively determined by HPLC analysis,
and the yield of UP4U was calculated as 10%.

(2) Case of using zinc chloride as catalyst

[0084] Tributylamine (0.95 ml, 4.0 mmol) and formamide (2.0 ml) were added to an aqueous
solution of 1.09 M pyrophosphoric acid-triethylamine salt (1.86 ml, 2.0 mmol), and the mixed
solution was azeotropically dehydrated four times with dimethylformamide. The resulting
residue was dissolved in dimethylformamide (8.0 ml), and carbonyldiimidazole (0.97 g, 6.0
mmol) was added thereto, then the mixture was stirred at room temperature for 1 hour. Water
(0.2 ml) was added to the mixture under ice cooling, and further, a 2.0 M aqueous hydrochloric
acid solution (1.5 ml) was added dropwise thereto (pH 7). The mixture was concentrated under
reduced pressure, and further azeotropically dehydrated twice to prepare an anhydrous
diimidazolyl pyrophosphate solution.

[0085] Tributylamine (3.56 ml, 15.0 mmol) was added to an aqueous UMP-free solution (2.03
M, 2.47 ml, 5.0 mmol), and the mixed solution was azeotropically dehydrated four times with
dimethylformamide, then dimethylformamide (2.0 ml) was added thereto to prepare an
anhydrous UMP-tributylamine solution. This solution was added to the anhydrous diimidazolyl
pyrophosphate solution, and zinc chloride (1.34 g, 9.8 mmol) was further added, then the
mixed solution was concentrated under reduced pressure and stirred at 25°C for 5 hours.
Water was added to the mixture to prepare a 50 ml aqueous solution, and the resulting
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aqueous solution was quantitatively determined by HPLC analysis, and the yield of UP,U was

calculated as 17%.

(3) Case of using tetrazole as catalyst

[0086] Tributylamine (0.95 ml, 4.0 mmol) and formamide (2.0 ml) were added to an aqueous
solution of 1.09 M pyrophosphoric acid-triethylamine salt (1.86 ml, 2.0 mmol), and the mixed
solution was azeotropically dehydrated four times with dimethylformamide. The resulting
residue was dissolved in dimethylformamide (8.0 ml), and carbonyldiimidazole (0.97 g, 6.0
mmol) was added thereto, then the mixture was stirred at room temperature for 1 hour. Water
(0.2 ml) was added to the reaction mixture under ice cooling, and further, a 2.0 M aqueous
hydrochloric acid solution (1.5 ml) was added dropwise thereto (pH 7). The mixture was
concentrated under reduced pressure, and further azeotropically dehydrated twice to prepare
an anhydrous pyrophosphoric acid-diimidazolide solution.

[0087] Tributylamine (3.56 ml, 15.0 mmol) was added to an aqueous UMP-free solution (2.03
M, 2.47 ml, 5.0 mmol), and the mixed solution was azeotropically dehydrated four times with
dimethylformamide, then dimethylformamide (2.0 ml) was added thereto to prepare an
anhydrous UMP-tributylamine solution. This solution was added to the anhydrous
pyrophosphoric acid-diimidazolide solution, and 1 H-tetrazole (0.5 g, 7.2 mmol) was further
added, then the mixed solution was concentrated under reduced pressure and stirred at 25°C
for 19 hours. Water was added to the reaction liquid to prepare a 50 ml aqueous solution, and
the resulting aqueous solution was quantitatively determined by HPLC analysis, and the
synthesis yield of UP4U was calculated as 9%.

(4) Discussion of results - Yield

[0088] To summarize the synthesis yield of UP4U in the old diimidazolide pyrophosphate

method and the method of the present invention, it was as shown in the [Table 5] as described
below. More specifically, it was revealed that the method of the present invention achieves
markedly high yield, as compared to the old diimidazolide pyrophosphate method that is a
known method.

[Table 5]
Method Yield of UP4U
Old diimidazolide pyrophosphate method (no catalyst) 10%
Old diimidazolide pyrophosphate method (catalyst: zinc chloride) 17%
Old diimidazolide pyrophosphate method (catalyst: tetrazole) 9%
Method of present invention (Example 8) 51%
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(5) Discussion of results - By-product

[0089] Furthermore, in order to compare the difference of production levels of impurities in the
method of the present invention and the old diimidazolide pyrophosphate method, the product
in the reaction liquid after synthesizing UP4U by each method was analyzed by HPLC. HPLC

charts are shown in [Fig. 3] to [Fig. 6]. Also, in the old diimidazolide pyrophosphate method
and the method of the present example, the ratio of the by-products other than UP4U that is a

product or UMP that is a starting material in the area of HPLC chart is as shown in the [Fig. 6]
described below.

[0090] As is clear from Figs. 3 to 6 and Table 6, in the old diimidazolyl pyrophosphate method
, by-products other than UP4U that is a product or UMP that is a starting material was
generated as much as about 40% at the ratio of the area of the HPLC chart, and also the
number of the kind of by-products is high. On the other hand, in the method of the present
invention, the ratio of by-products other than UP4U or the UMP that is a starting material is
clearly lowered as 16%, and also the number of the kind of by-products is very low. Thus, in
the method of the present invention, generation of by-product can be markedly reduced, thus
the product can be efficiently synthesized, and isolation and purification are also easy.

[Table 6]

Ratio of area of by-
Method product
Old diimidazolyl pyrophosphate method (no catalyst) 40%
Old diimidazolyl pyrophosphate method (catalyst: zinc o
. 39%
chloride)
Old diimidazolyl pyrophosphate method (catalyst: 419
tetrazole) °
Method of present invention (Example 8) 16%

[0091] Based on the comparison as described above, it was shown that the method of the
present invention produces fewer impurities as compared to the old diimidazolyl
pyrophosphate method, and gives a markedly improved yield, thus is very suitable as the
industrial mass production method of UP4U.

[0092] The present invention has been described above, based on the examples. The
examples are merely examples, and it is understood by a person skilled in the art that various
modifications are possible, and the modifications are also in the scope of the present invention.

[0093] For example, in the above examples, an aqueous ferric chloride solution was used as
the aqueous solution containing metal ion was used, but it is not an intent to particularly limit,
and an aqueous solution dissolving (i) ferrous chloride, ferric chloride, ferric bromide,
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aluminum trichloride, cerium trichloride, lanthanum trichloride, and the like as examples of the
metal halide, (ii) inorganic salts of sulfate, nitrate, perchloric acid and the like of a metal
selected from the group consisting of iron (divalent), iron (trivalent), aluminum, cerium and
lanthanum as examples of the metal inorganic salt, or (iii) trifluoromethanesulfonate, acetate,
trifluoroacetate, citrate and the like of a metal selected from the group consisting of iron
(divalent), iron (trivalent), aluminum, cerium and lanthanum as examples of the metal organic
salt can be suitably used. A person skilled in the art can easily understand that the yield of
UP4U is improved as well as the above examples also when the aqueous solution containing

these metal ions is used.
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Patentkrav

1. Fremgangsmade til fremstilling af P',P*-di(uridin 5'-)tetraphosphat, omfat-
tende omseetning af en phosphorsyre-aktiverende forbindelse, der er repree-
senteret ved den falgende formel [II] eller [lll], med en phosphorsyre-
forbindelse udvalgt fra gruppen bestdende af UMP, UDP, UTP, og en
pyrophosphorsyre eller et salt deraf, eksklusive UTP-fri, i vand eller et hydro-
filt organisk oplasningsmiddel, i naerveer af en metalion, udvalgt fra gruppen
bestaende af en jern (I)-ion, en jern (lll)-ion, en trivalent aluminiumion, en
trivalent lanthanion og en trivalent ceriumion.

ﬁ

R’ o—>P X

HO n

[n]

hvor R repraesenterer en uridylgruppe, som binder til 5'-positionen; X reprae-
senterer en heterocyklisk gruppe, udvalgt fra gruppen bestaende af en
imidazolylgruppe, en benzimidazolylgruppe og en 1,2,4-triazolylgruppe; og n
repreesenterer et heltal pa 1 eller 2,

O 0
.

x P 0 P X
|
H(|) HO

(i

hvor X repraesenterer en heterocyklisk gruppe, udvalgt fra gruppen bestaen-
de af en imidazolylgruppe, en benzimidazolylgruppe og en 1,2,4-
triazolylgruppe.

2. Fremgangsmade til fremstilling ifglge krav 1, hvor den phosphorsyre-
aktiverende forbindelse er UDP-imidazolid, og phosphorsyreforbindelsen er
UDP eller et UDP-salt.

3. Fremgangsmade til fremstilling ifalge krav 1, hvor den phosphorsyre-
aktiverende forbindelse er UMP-imidazolid, og phosphorsyreforbindelsen er
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et UTP-salt.

4. Fremgangsmade til fremstilling ifalge krav 1, hvor den phosphorsyre-
aktiverende forbindelse er UMP-imidazolid, og phosphorsyreforbindelsen er
en pyrophosphorsyre eller pyrophosphat.

5. Fremgangsmade til fremstilling ifglge krav 1, hvor den phosphorsyre-
aktiverende forbindelse er diimidazolylpyrophosphat, og phosphorsyreforbin-
delsen er UMP eller et UMP-gsalt.

6. Fremgangsmade til fremstilling ifalge et af kravene 1 til 4, hvor metalionen
udveelges fra gruppen bestdende af en jern (ll)-ion, en jern (lll)-ion og en
aluminiumion.

7. Fremgangsmade til fremstilling ifelge krav 6, hvor metalionen er en jern
(I1)-ion eller en aluminiumion.

8. Fremgangsmade til fremstilling ifalge krav 1, hvor metalionen tilvejebringes
i form af chlorid, bromid, nitrat, sulfat eller acetat af metallet.



DRAWINGS

[Figure 1]
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[Figure 2]
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[Figure 31
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[Figure 4]
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[Figure 5]
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[Figure 6]
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