3 DECEMBER 2003 DESCRI PTION Dinucleotide Crystals .Field of the Invention
The present invention relates to crystals of P -(2'- deoxyc$tDECEMBER 2003
5' -)P4-(uridine 5 -)tetraphosphate (dCP4U) or a pharnaceutically
acceptabl e salt thereof (hereinafter may be referred to sinply as "dCP4U")
which is useful as a therapeutic agent for chronic bronchitis, sinusitis,
and the |like; a process for produci pgdgrgerysial s; and a process for
efficiently produci ng dCP4U. Background Art dCP4U represented by the
followwng Ooooltr tri1rit OP--OGP--O--P--OP-OI I' I I OHOHOHO™
[1] fornmula (i): or a salt thereof is a selective agonist to P2Y2 purine
receptor and/or P2Y4 purine re®édpucdearnddes Caryatgigind which is expected to
be devel oped as chronic bronchitis, sinusitis, a therapeutic agent for and
the like (See WD 98/34942). Until now, it has not been possible to obtain .

dCP4U in rired e foRd AP HEP4U has been prepared only in the form of

The present invention relates to crystals of P1~(2'-
deoxycytidine 5'-)P*- (uridine 5'-)tetraphosphate (4CP4U) or a
pharmaceutically acceptable salt thereof (hereinafter may be
referred to simply as "dCP4U") which is useful as a
therapeutic agent for chronic bronchitis, sinusitis, and the

like; a process for producing the crystals; and & process for

efficiently producing ACP4U,

‘Background Art

dCP4U represented by the following formula (I):
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or a salt thereof is a selectiveragonist to P2Y2 purine
‘Treceptor and/or P2Y4 purine receptor and is a compound which
is expected to be developed as a therapeutic agent for
chronic bronchitis, sinusitis, and the like (See WO 98/34942).
Until now, it has not been possible to obtain ACP4U in

crystal form, and dCP4U has been prepared only in the form of




1 3 DECEMBER 2003 white powder (white solid) through freeze-drying. The
conventional |y obtai ned powdery products of dCP4U have a pugipECENMBER 2093
82% (measured by HPLC). Particularly, it is difficult to separate uridine
5 -triphosphate (UTP) serving as a starting material from dCP4U, and
highly purified dCP4AU has been produced only with great difficulty through

a conventi oWBEE9 BapReyedwhoteexohdnge thhbamht QQE@EEMQQ_—&QH 98/ 34942) . The
above white powder of |ow purity has di sadvantages sucC ag'hy copicity.

Therefore, preyparbipoaldy ebtphacdupewticed! pioaiLgcP ! carried out
in a special apparatus in which noisture is closel yégo%r%glulbgg.veEﬁen after

prepar at i onP8F L&Y phar heweasi 828, (hbaspredusy AEEE)be pLightl ckaged. In
addition, since the pharmaceutical has a vgry sh())rt gégi@#gbl}igggé}'ri g&’ die

to poor stdbiffigubt thesepamdee wrddisé , s obt g5 hi bl tified. and
stabl e crystals tcg;‘ dCP4U has been desired. dCP4U ?%Héslggt Kggheﬁe?’?’bﬁﬂ
2' - deoxycytdqihes BTt g opdibesphal ef £fsoMR)pand AHL by, f_ap. activating
agent such as dicycl ohexyl carbodiim de (DCC). Fbwev%¢?§ @%ﬁ gﬁ? ofGF4U
processes PHviRRem purdichst aiuiWImm)gxtéEgi@ifﬁli@dpéyiugmu%§ | ow as
approximately 9 wt.% (see Exanple 20 of WD 98/34942),” and Ca ndver serve

as a pract CCHVEHtdasslly Waﬁe@l%nmm@hﬁm&&éﬁo@ L;ﬁé
produci ng dCP4U at high yield and on a | arge scal e has al so be desi red.
In view of *E{e4Pdrdgoi ng, "an object of the present invention is to provide

stable crystals of dCP4U which is '
he above white powder of low purity has disadvantages
such as hygroscopicity. Therefore, preparation of a
Pharmaceutical from ACP4U must be carried ou£ in a special
apparatus in which moisture is closely controlled. Eveﬁ
after preparation of a pharmaceutical, the product must be
tightly packgged. -In addition, since the pharmaceutical has

a very short available period due to poor stability of the

powder product, obtaining highly purified and stable crystals

Of dCP4U has been desired.

dCP4U is synthesized from 2'-deoxycytidine 57~
monophosphate (dCMP) and UTP by use of an activating agent
such as dicyclohexylcarbodiimide (DCC). However,
conventional processes provide a considerably low synthetic
yield; i.e., as low as approximately 9 wt.% (see Example 20
of WO 98/34942), and can never Serve as a practical process.,
Accordingly, development of a process for producing dCP4U at
high yield and on a large scale has also been desired.

In view of the foregoing, an objeét of the present

invention is to provide stable crystals of dCP4U which is




2 3 DECEMBER 2003 suitable for preparing drugs. Another object of the
invention is to provide a process for producing the crystal §.DESEMBER 2003
anot her object of the invention is to provide an efficient process
suitable for large scale production -of dCP4U. Disclosure of the Invention
The present inventors have conducted intensive studies on stabilization of

dCPAU, andWHaiad Feoulnk t et patPiy Gevgog aanB¥hbY Bt eﬁg@%grt re can be
prepared through anion exchange chromatography in |nat| fwth

chr omat ogdaptentepl ois nigo aetovateda chescoat fasty a
chronat ogr aphy) and that dCP4U crystals can be %#o ﬁgﬁﬁg #%ﬁ]gﬁgﬁtals°

hi ghl y- pufitfildd and@Ped: divgedhust obtiali 11eee SR yﬁéﬂ% %% groven to
a

possess a purity considerably higher than that o Py pr oduced

dCP4AU poweéficienty gnusmems ciiytatie i stabiddd Ve odﬁggento have
al so conducted intensive studies on nethods for synt e5|2|ﬁb U by use
of inexpeA§P¢¥.uridine 5'-nonophosphate (UMP) instead of expensive UTP,
and have found that dCP4U can be. effectively produced by use of diphenyl
phosphorochl ori date (DPC) and a pyrophosphate (PPi). The present invention
has been acconplished on the basis of these findings. ‘Accordingly, the
present iRyealpenrpr ofi dée dnpstalionof dCP4U. The present invention al so
provi des a process for 3 3 DECEMBER 2003

The present inventors have conducted intensive studies

on stabilization of dCP4U, and have found that dCPr4yu hav1ng a
purlty of 95% or more can be Prepared through anion exchange
chromatography in comblnatlon with chromatography employing
activated chaFcoal {activated-charcoal chromatography) and
that dCP4Ulcxystals can be produced ffom such highly-purified
dCP4U. The thus-obtained dCP4yU crystals have proven to
pPOssess a purity considerably higher than that of
conventionally produced dACPAU powder, no hygroscopicity and
high stability.

The in?entors have also conducted intensive studies on
methods for synthesizing 4CP4U by use of inexpensive uridine
5' ~-monophosphate (UMP) instead of expensive UTP, and have
found that 4dCP4U can be effectively produced by use of
diphenyl phosphorochloridate (DPC) and a pyrophosphate (PPi).
The present invention has been accomplished on the basis of

these findings.

Accordingly, the present invention provides crystals of

dCPr4U,

The present invention also provides a process for




produci ng crystals of dCP4U, which process conprises purifying crude dCP4U
t hrough ani on exchange chromat ography and acti vat ed-char cogIDECEMBER 2003
thromat ogr aphy and adding a hydrophilic organic solvent to a solution of
purified dCP4U, to thereby-precipitate dCP4U in the formof crystals. The
present invention also provides a process for producing dCP4U which

conpri ses peadhcNgg sEEMVE, oFPEcratd whRRich B scription of the
Drawings Fig. 1 is a photograph show ng cryst Ilo%rs%o po Eéllllne

dCP4WNa (Bubi byt &ruadhacphet Qa&»@agh\ﬂﬁﬁl a%%%h%@%ger %}P Z' 4
i

m croscope (magnification: x440), whérein mmin 9 ds to

25 m Fi 9. ard shovbvabeds Ry rdbhir aat-bAl r stal | i ne dCP4AU- 4Na
(3.5-hydrate). Fig. 3 shovvsran X-ray b@ﬁ;:?? %’5&%@%&?@%‘ M crystalline

dCP4UANa (ishediedyiet B €) orFallicsd gﬂg@ﬁtag Xl bhagk on s ectrum of white
powdery dCP4U (freeze- dr?:edlcp:)rgduct o a EXlﬂg&sBag% %‘Héctrum

of cryst altg nemeslRgly §t§tQYQC‘§EQ) Fi g 2,13 NAS— NVR
spectrum of crystalline dlSCP4U4Na (deca i/lng'?e O§Elg TR Sa

13C- - CPVAS- NVR 'Bipe G F 4152.10f maﬁt@e}quuo BEPAYLLT gepe diied product ). 4
3 DECEMBER 2003 Best Myde for Carrying Qut the nvent cﬁ?@ tals of
dCPAU of e qUEsaNIACIMERNIK 0Bh 3&6mprises reacting UMP, dCMP, DPC, and

PPi.

Brief Deséription of the Drawings

Fig. 1 is a photograph showing crystal form of
crystalline dCP4U-4Na (3.5-hydrate). - The photégraph was
‘taken under a polarizing microscope (magnification: x440),
wherein 1 mm in the image corresponds to 25 um.

Fig. 2 shows anlx—ray diffraction spectrum of
crystalline dCP4U-4Na (3.5-hydrate).

Fig. 3 shows an X-ray diffraction spectrum of
crystalline dCP4U'4Na (decahydrate) .,

Fig. 4 shows an X-ray diffraction spectrum of white
pPowdery dACP4U (freeze-dried product).

Fig. 5 shows a "*C-CPMAS-NMR spectrum of crystalline
ACP4U ' 4Na (3.5-hydrate).

Fig. 6 shows a 13C—CPMAS—NMR spectrum of crystalline
ACP4U-4Na (decahydrate).

Fig. 7 shows a '’C-CPMAS-NMR spectrum of white powdery

dCP4U (freeze-dried product).



obt ai ned through purification of crude dCP4U by use of specific neans, and
addition of a hydrophilic organic solvent to a solution of 3m|:_=c[5mnqa@g
to thereby precipitate dCP4U as crystals. The present invention wll next
be described in relation to (1).purification of dCP4U and (2)
crystallization of dCP4U. (1) Purlflcatlon of dCP4U dCP4U can be purlfled

t hrough angertexehange @Q&q@gh gygd(n1vmth
acti vat ed- char coal chronatography AIt oug two chronat ography

techni ques may the R&KQAHIRI di RIPUY '@ ytl?@%;fe?lom rH‘P‘%} gﬁ?aﬁf%phy in

chromat ogr aphy preferably precedes activated

view of i nppe¥eRRat tﬁfrotu@% RN Rt 1P ﬁ] axﬁig\’/ra%ﬂ & Yy %Cré"hc'%% resin may

be used as an ani on- exchanging resin in e-described mat ogr aphy

tEChn'quesspgéiﬁﬁbe&eghsre%h@§aW@h%Eﬁﬁ?¥§b%h%@aiﬁgﬁﬁgggio 4%%% §R§H§

ani on- exchangi ng resi ns such as AMVB
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charcoal may be in-‘the formof chronatography-grade activate
which is creshedofr toshapeguiriee cB2ibnCbes acdly Ty '('2‘5' gﬁrs‘-‘t%rﬁﬁr C{t?.li)lly -

avai l abl e products (e.g., those of Wako Pure Chem cal tries

DECEMBER 2693dapdufut anura Chem cal Industries, Co., Ltd.). Chr omat ogr aphy
may be carried out in a batch manner, by use of a columm, etc. Wen colum
chromat ogréphy Parcstekedon of ACP4U

dCP4U can be purified through anion exchange
chromatography in combination with activated-charcoal
chromatography. Although the two chromatography technigues
may be performed in arbitrary seqguence, anion exchange
chromatography preferably precedes activated-charcoal
chromatography, in view of improvement of the purity of dCP4U.

A styrenic or acrylic resin may be used as an anion-
exchanging resin in the above-described chromatography
techniques. Examples of resins.which may be used include
strongly basic anion-exchanging resins such as AMBERLITE IRA
402 (Rohm & Haas Co.), DIAION PA-312, and DIAION SA-11A
{Mitsubishi Chemical Cd. Ltd.), and weakly basic anion-
exchanging resins such as AMBERLITE IRA 67 (Rohm & Haas Co.)
and DIAION WA-30 (Mitsubishi Chemical Co. Ltd.).

The activated charcoal may be in the form of
chromatography-grade activated charcoal which is crushed or
shaped into particles, and may include commercially available

products {(e.g., those of Wako Pure Chemical Industries, Ltd.



out, an aqueous acid solution or a mxture thereof with a salt having
enhanced ionic strength, such as sodiumchloride, my be us®©ECEMBER 2003
el uent for ani on exchange chromat ography; and water or an aqueous sol ution
of an alkali such as sodium hydroxi de may be used as an el uent for

activat ed-charcoal colum chronmatography. A small-scale prelimnary test
may be. coaddctetiamnrer dbenticadellactuatiriepprOpri dbedcpncentrati on of each
eluent fromwithin the range of 0.001 Mto 10 M (2) Crystallization of
dCP4U dCP4U i s Ehysimaltiogzreghivhmegglveadeiti bad obuh hydaophitkhc mamirgani oy
solvent to a solution containing the thus-purified dCP4U. Exanpl es of

hydr ophi | i eser génac cedhmant £twhi cWhemy dyelunys echiored todgrapbphadlss chariiegl si X
or fewer carbon atons, such as nethanol and ethanol; ketones such as

acet one; ethtrsasuehueassdiegidnesoinittirdn asr sy ohlabube etbareci| githnad am des
such as dinmethylformam de. O these, alcohols, especially ethanol, are
parti cul ar$§lprbawingd enkbneespdofic dtinenatkol su¢nasf soAdumhobdpordide ,ed
dCP4U, or a slurry obtained through concentration of the solution, is

opti onal | ymayeheedsed alepsbylagindstfathapten ceschangerehzembkpgdaphyand a
hydrophilic organic solvent is added to the solution or slurry at 60C or

| oner, prefedattayer20€C on eauwecust ¢ therielly F ezd prlisakit hechohgt soddum
stable 6 3 DECEMBER 2003 crystals of dCP4U. The thus-obtai ned dCP4U

crystal s ofiv@hexpdesmay benvssd &F @htEhUeRICHaer i 3cbhvakednchatrcosd or

nore and UTP. in an anmount of 3%or |ess. Preferably, dCP4U crystals
column chromatography. A small-scale preilminary test may be

conducted in order to select the appropriate concentration of
each eluent from within the range of 0.001 M to 10 M.
(2) Crystallization of d4CP4U

dCP4U is crystallized through addition of a hydrophilic
-organic solvent to a solution containing the thus-purified
dCP4U.

Examples of hydrophilic organic solvents which may be
used include alcohols having six or fewer carbon atoms, such
as methanol and ethanol; ketones such as acetone; ethers éuch
as dioxane; nitriles such as acetonitrile; and amides such as
dimefhylformamide. of these, alcohols, especially ethanol,
are particularly preferred.

More specifically, a solution of the thus-purified
dCP4U, orxr a slurry obtained through concentration of the
solution, is optionally treated to thereby_adjust the pH to
5-10, preferably 6-9, and a hydrophilic organic solvent is
added to the solution or slurry at 60°C or lower, preferably

20°C or lower, to thereby precipitate the solute as stable



contain dCP4U in an amount of 97a or nore, and UTP in an anmount of 2% or

| ess. More preferably, dCP4U crystals contain dCP4U in an gpEoEMEBER 508"
hore, and UTP in an anount of 1% or |ess. Such high-purity dCP4U crystals
may be in the formof a salt, hydrate, or hydrate salt. Exanples of the
salts include pharmaceutically acceptable salts such as alkali netal

sal ts suchemss ook upF s@trsuand potassiumsalts; alkaline earth netal salts
such as calciumsalts and nagnesium salts; and amoni um salts. The dCP4U

may be substitrhedtMbshoBtdinealicrauneryethosmeE sakt prEkenabove hydrate
may conprise 1-14 nol ecul es of water which are bound to or adhere to one

mol ecul e afn iR SN adeh t &en afor £U hyAr ah eagalbht"BY 08RPBIrSRotel4nPipagul es
of water which are bound to or adhere to one "nol ecule of an al kal i nmet al

salt of dGRAWN Rukdhes NEF e3ztbe Teyst al BrefedeBiY, aacoudi Baykeatike present
invention also include tautonmers thereof. The thus-obtained crystals of

dCPAU ar e copitizninal dgp4ui e 4hrenglng 60sbpgrby merbodagdchTas i@r whng under
reduced pressure, drying under air-flow, or drying by heating, and are

subsequentdmouy el 29 G CDBEAI neMote. grefbobble, Aowel, crganaianpoul e).
Packing in the container may be achieved so 7 3 DECEMBER 2003 that the

cont ai ner dosvteian, Achogeth anramghht of S8al ed. mdbe, apanvre- anr ast at e
packing is not preferred, in view of nmaintenance of storage stability of
t he cryst amunfheoPprdtess Ieossproduci ng dCP4U according to the present
i nvention conprises reacting UMW, dCWwP, DPC, and PPi

Such high-purity dCP4U crystals may be in the form of a
salt, hydrate, or hydrate salt. Examples of the salts
include pharmaceutically acceptable salts such as alkali
metal salts such as sodium salts and potassium salts;
alkaline earth metal salts such as calcium salts and
magnesium salts; and ammonium salts. The dCP4U may be
substituted with 1-4 metal atoms to form a salt.

The above hydrate may comprise 1-14 molecules of water
which are bound to or adhere to one.molecule of 4CP4U, and
the above hydrate salt may comprise 1-14 molecules of‘water
which are bound to or adhere to one molecule of an alkali
metal salt of 4ACP4U.

Furthermore, the crystals of dCP4U acéording to the
present ihvehtion also include tautomers thereof.

The thus-obtained crystals of d¢P4U are optionally
driedrthrough a customary method such as drying under reduced
préssure, drying under air-flow, or drying by heating, and

are subsequently placed in a container (e.g., bottle, pouch,

can, ampoule). Packing in the container may be achieved so




Specifically, the process conprises reacting UM with DPC to thereby
synt hesi ze UMP di phenyl phosphate (UMP-DPP); further treati gOREOEMBER 2003
‘UVMP- DPP- contai ning reaction mxture with PPi to thereby formUTP in the
m xture; and reacting the thus-forned UTP, wi thout isolating fromthe
reaction m xture, wth dCWP in the presence of DPC, to thereby formthe

target. dORMU.tHE SymEResés o0& &HEh DPPLésed) UNPrtagheut b?:eL,sléaﬁfeﬁF.)ar 94, UMP
trialkylamne salt (e.g., UWP tributylam ne salt) nay be dissolved in-a

sol vent. Ryseml€s- ofr tHea66! y&sksng Nes utlet ppbdesrslchias D apd
di met hyl acetam de (DMAC); cyclic ethers such as di oxane and

t et rahydr cidiren etONEs St6Fagé segeipney apdiHemeibykkaidazol i dinone,
hexanet hyl phosphoric triam de, or a mxture of two or nore of these.

Subsequently, HRC gREcepsi 82l proiabkyyaagtpeuanecaddedqt @ ot Reesol uti on,
and the mxture is allowed to react at 10-50C for approximately 30

mnutes  oifdsentonivendien RRbmpbiel Fedot il bublPachBP Bpe PhlCHSNY
PPi - organic alkali salts. Exanples of the salts include a hexylam ne

salt, a dibutylspéderseallya théephytess n@oﬁpﬁsesaaéaétﬁggbuwl @icpe salt.
In the reaction of UMW-DPP with a PPi-organic alkali 8 3 CEMBER 2003

sal t, the BRI -t gadetsy kegn tisés 1z arByMped UpséRy VBHosphat e SPUMBDL PP XaNpl es
of such sol vents include am des such as DMF, DMAC, and formam de; cyclic

et hers sudumthet cxmset gl thetUaPyDERS coara i kehonesasuchbn agireatongitand
di et hyl i m dazol i di none, hexamnet hyl phosphoric triam de, dinethylsulfoxide,
acetoni trifdb, tar thewedwrfoxmh (T® i thoe enixture; and reacting the
thus-formed UTP, without isolating from the reaction mixture,
with dCMP in the presence of DPC, to thereby form the target. -
dCP4U,.

In synthesis of UMP-DPP from UMP, a routineiy prepared
UMP trialkylamine salt (e.g., UMP tributylamine salt) may be
dissolved in a solvent. Examples of the solvents include
amidés such as DMF and dimethylacetamide (DMAC); cyclic
ethers such as dioxane and tetrahydrofuran; ketones such as
acetone; and dimethylimidazolidinone, hexamethylphosphoric
triamide, or a mixture of two or more of these. Subsequently,
DPC and optional trialkylamine are added to the solution, and
the mixture is allowed to react at 10-50°C for approximately
30 minutes to five hours.

The PPis which react with UMP-DPP are preferably PPi-
organic alkali salts. Examples of the salts include a
hexylamine salt, a dibutylamine salt, a triethylamine salt,

- and a tributylamine salt.

In the reaction of UMP-DPP with a PPi-organic alkali




of these. Subsequently, the solution is added to the thus- synthesized
UMP-DPP sol ution, and the mxture is allowed to react at 18-FCEMBER 2003
approximately 30 mnutes to five hours. The reaction between UWMP-DPP and
PPi -organic alkali salt may be carried out in the presence of an adequate
base. Exanples of the bases include pyridine bases such as pyridine,
2,6-1utidispat,2,thd [PRH-dosnicc poel Nesal 8-magobendd siko 1RO

2, 4- di met hyl am nopyri di ne, a-collidine, P-collidine, and y--collidine,

W th pyri dioleedi.ng Bxaintp 1y arf YsudlefesTweht A basl adeolawdmle S Qudhes
reaction is also included in the bases used in the present invention. The

concent r abMem OMAJ, herEa S ikanidde Paggd it asterbNehed ath@iRaskd Sina
preferably added in an anount of 6 equivalents or nore based on UMP, nore

pref er abl yeldaequiredhairs Mettes shdlough dbetogagt kea bet ween UVP- DPP and
PPl -organic alkali salt, UTP is synthesized in the reaction m xture. The

t hus- f or mad mdtRyach i@ 1arE Teas;! atkstamd tiey ppRSepEeret PPGamilae t her eby
synt hesi ze dCP4U. Al t hough dCWP per se may be added to the reaction

m xture, dEMethylewlvestiewd i iae kMt i phenytr phosphatee( EMRwoDRD nidgred
manner simlar to that enployed in the case of UMP, 9 3 DECEMBER 2003 and

t he dCVP- BPPtieyseal ssubseatdartlyihetheadivwnioh EPANdeAY the te@ rhedout by
adding, to the aforenentioned synthesized UTP solution, DPC in an anount
of 1.1 eqsyniahentizedr UMF-®PMdcG MR an, dGMP- PP mhxanranientallefve@ Sol. 5
equi val ents based on UWP enployed as a starting material, and the m xture
i s al |l onedenetr @eactl 0ats0f0- 80E fpproapfmadeliyat3d mAtutenut €SFivef hyarbours.

The reaction between UMP-DPP and PPi-organic alkali
salt may be carried out in the presence of an adequate base.
Examples of the bases include pyridine bases sucb as pyridine,
2,6-1utidine, 2,4-lutidine, a-picoline, B-picoline, y-
picoline, 2,4-dimethylaminopyridine, a-collidine, p-collidine,
and y-collidine, with pyridine being particularly preferred.

A basic solvent for the reaction is also included in the
bases used in the present invention. The concentration of
the base is not particularly limited. The base is preferably
added in an amount of 6 equivalents or more based on UMP,
more preferably 18 equivalents or more.

Through the reaction between UMP-DPP and PPi-organic
alkali salt, UTP is synthesized in the reaction mixture. The
thus-formed UTP and dCMP are reacted in the presence of-DPC,
to thereby synthesize A4CP4U.

Although ACMP per se may be added to the reaction
mixture, dCMP is converted into 4dCMP diphenylphosphate (dCMP-

DPP) in a manner similar to that employed in the case of UMP,




The thus-obtained dCP4U is purified and crystallized in the aforenentioned
manner, to thereby obtain the dCP4U crystals of the preseng DECENMBER.2003
Exanpl es The present invention will next be described in nore detail by
way of exanpl es, which should not be construed as limting the invention
thereto. Exanple 1 Production of dCP4AUANa crystals (1) Method using DCC
dCP4U was R r.ed a rout ne .net h descri bed in WO 98/ 34942 by
use of UTPZ ?2:&5‘ ;ﬁ@{%}’ ri‘-?e“écef Bh %sa%ﬂq& ed out on a scale of 20 mol.
The thus-obtain dCP4U sol ution diluted with water to thereby adjust
the overal | vol fﬂ}eet%ealcw P gﬁ.}%&g H?:\aydti)‘Fu?%’ar%%@u?PBanﬁdééﬁlghe&Oto a

col um char ed Mq um. basi c .anion- n reS| n_( AMBERLI TE | RA- 67,
product of - r# 5%—15&’5“@63 %%ﬂ%ﬁ%ﬁa‘gmﬂg g%‘o‘? T(' effeniPafhyampungse

of wat er hydr ochl orlc C ol utjon and a 0.005 M
aqueous hygtfoéh oreqélqé'(?i t(%Lﬁ]? ot n‘#(ﬁﬁps ?)"'qu\W%o‘a?%n%’éhiiBr ageunt

t hereby col | eq fracti o 10 3 03 cont ai ni ng dCP4U. The

t hus- obt ai Hgd ¥ reag@t]l %(Rfiﬁﬂ% a‘?ﬂﬂ’}r%‘éﬁ‘% A2 BoFbARtERdr ged

with chromat rap actj vated charcoal (Taiko G anular Activated
Char coal (%% F'Sd %t“ fhf%t ‘%Fet:ri‘e"mac]alic"’f"r‘i{jl]%q rTRaCt @t 19t 305C fom

Sl eS8, g o 00 ol o

The thus-obtained dCP4U is purified and crystallized in

" the aforementioned manner, to thereby obtain the dACP4U
crystals of the present invention.
Examples

The present inVention_will next be described in more
detail by way of examples, wﬁich should not be construed as
limiting the invéntion thereto.

Example 1 Production of dCP4U*4Na crystals
(1) Method using DCC

dCP4U was prepared through a routine method as
described in WO 98/34942 by use of UTP, dCMP, and DCC.
Reaction was carried out on a scale of 20 mmol.

The thus-obtained 4CP4U solution was diluted with water
to thereby adjust the overall volume to 1,000 ml, and the
diluted solution was applied to a cqlumn charged with medium
basic anion-exchanging resin (AMBERLITE IRA-67, product of
Rohm & Haas Co.). Elution was carried out sequentially by
use of water, a 0.18 M aqueous hydrochloric acid solution,
and a 0.005 M aqueous hydrochloric acid sclution containing

0.5 M sodium chloride, thereby collecting fractions
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concentrated, to thereby prepare a slurry. The pH of the slurry was
adjusted to 6.0. The slurry was stirred while ethanol was grHECEMBERDOG
to the slurry, and the resultant slurry was further cooled to 10C with
stirring, thereby precipitating dCP4UNa crystals. The crystals were
separated to thereby yield 8.9 g of dCP4U4Na crystals. The isol ated
crystals were dried under reduced pressure at approximtely 60C for

appr oxi maCemFaieINhGRAlnd were then subjected to instrunental anal yses.
(2) Method using DPC UTP-3Na (12.8 kg&'mas di ssolved in water (135 L), and
t he resultant:ﬁ%Qnﬁhﬂﬁvﬁ§¢%&Rﬁ¢e@C? afxartikanensfged wldhwere
cation-exchanging resin (product of Mtsubishi Chemcal Co. Ltd.). The

sol uti on BRRLISEA] f9ass ap v ugdrgrd cél thmchrematearapbrsgnhfieh had been
eluted with water were conbined, and tributylam ne (TBA; 13.6 kg) was

gr adual | yagddedated oharanmh dtprke BTapuprhActivated €baraealrS6Pzation
The solution was. concentrated, and formam de (10 kg) was added to .the
sol uti on. PYREUCEs gif Fntaming [GrenkcaHelydnateiepy 4a. 3 BECEMBERQ003
boiling with di oxane. Subsequently, the dehydrated natter was diluted with
pyri di ne GEYAE wgs eldtateribygs «phre @- 0pyMi auneows| sedbamohydrexide

anot her tank containi ng nethanol (18 L), dCWP (7.5 kg) was added. TBA (4.5
kg) was gFadiifiop é&&gi et k-he solution with stirring, the solution was
heated to 60C. After the ingredients were dissolved, the solution was
concentrat ed t Jh Yok obliRingd kragtierswas fAtPilervenei eambingdranpdcuum

at 75C and crushed. The crushed matter (10.3
concentrated, to thereby prepare a slurry. The pH of the

slurry was adjusted to 6.0. The slurry was stirred while
ethanoel was gradually added to the slurry, and the resultant
slurry was further cooled to 10°C with stirring, thereby
precipitating dCP4U'4Na crystals. The crystals were
separated to thereby yield 8.9 g of dCP4U-r4Na crystals. The
isclated crystals were dried under reduced pressure at
approximately 60°C for approximately four hours and were then
subjected to instrumental aﬁalyses.
{2) Method using DPC |

UTP+3Na (12.8 kg) was dissolved in water (135 L), and
the resultant solution was applied to a column charged with
cation-exchanging resin (product of Mitsubishi Chemicél Co.
Ltd.). The solution that had passed through the column and
fractions which had been eluted with water were combined, and
tributylamine (TBA; 13.6 kg) was gradually added to the .
combined solution with stirring for neutralization. The
solution was concentrated, and formamide (10 kg) was added to

.the solution. The resultant solution was dehydrated by
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kg) was suspended into dinethylacetam de (DMAC) (16.7 kg), and di phenyl
phosphorochioridate (DPC) (4.4 kg) was added to the. suspe39IPOEMBER2003
m xture was stirred for 10 m nutes. Subsequently, TBA (10.8 kg) was
further added to the mxture, and the resultant m xture was stirred for 30
m nutes, to thereby prepare a dCVP-DPP sol ution. To the thus-prepared

UTP whi ch had been prepared in

dCwvP- DPP l.yt.ion, .the nyridi ne | ution

t he afore%@ﬁﬁ%é%égfﬁ%mﬁ%§XW%%'aé%gﬁ%ﬂqu YTrWQELd99Y%¥aE%@pm@§F@ﬁ of
addi tion, he .m xt ure .was sti.rr.ed gt .rog tenperature overni ght, and
reaction \W/aatg t%érq?‘ln?%r?;a; &d ypg(fdidﬁdledgil iig%?lmattec? LHSrebe BBeRaTei Rture, a
30@6aqueo§§r§§ggun1E¥Qroxidef ution (31 L) was added. The m xture was
stirred for Ti i §§}°§n8 r'édsed TBA was renoved t hrough partition. A

6 nol/L hydroghlarig.acid solutiqn was added to the aqueous |ayer, to

t her eby adj_ust&{g’hé‘“s?gﬁhlﬁrigi? C‘toa’qffp‘d‘i‘&ﬁr%ﬁ Pt AR b LF¥R hAsS
concentra hr.ou r.emoyal. of th ol vent, and .an equi vol une of 95%

et hanol m%gqagagdagget e %%A3?6EéE%§§RW§§b§ Y P& Autiem. The
resultant mxture was.allqowed to  ,stand overnight. The upper |ayer of the
i xt ure, Fgg?],%lﬁﬂ Wé‘?ﬁaﬁ&llrlréf?gr', s SPAVER e bR t‘i‘brﬁo%-'nd wat er

breci pi t aboeet Thaer Syl eBb s B8 BERAISE e cuhedsibemT at fon of
e e R 8 e e B g
medi um baghge AN QBuaf* 812990 %A LR AMRERNE LRISRT, RLOIUS! (9) Bohm &

kg) was suspended into dimethylacetamide (DMAC) (£6.7 kg),

and diphenyl phosphorochloridate (DPC) (4.4 kg) was added to

the suspension, and the mixture was sfirred for 10 minutes.

Subsequently, TBA (10.8 kg) was fuffher added to the mixture,

and the resultant mixture was stirred for 30 minutes, to

thereby prepare a ACMP-DPP solution.

‘To the thus-prepared dCMP-DPP solution, the pyridine
solution of UTP which had been prepared in the aforementioned
manner was added with stirring. BAfter completion of addition,
the mixture was stirred at room temperature overniéht, and
reaction was terminated by adding deionized water.

To the above mixture, a 30% agueous sodium hydroxidé
solution (31 L) was added. The mixture was stirred for 30
minutes, and released TBA.was removed through partition., A 6
mol/L hydrochloric acid solution was added to the agueous
layer, to thereby adjust the solution pH to approximately 7.

The solution was concentrated through removal of the sclvent,

and an equivolume of 95% ethanol was added to the
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Co.). Elution was carried out sequentially with water, a 0.1 nol/L aqueous
hydrochl oric acid solution, and a 0.005 nol/L aqueous hydr 3dyEOEMBERI2003
solution containing 0.4 nol/L sodiumchloride, thereby collecting
fractions containing dCP4U. The thus-obtained dCP4U fractions (2100 L)
were applied to a colum charged with chromat ography-grade activated

h | (Tai i d £aLb d Fa '
Shars ol | GHCAA PONGET sOFRLYBRE] 4R 06 S an Pl ALHR 2| vasua il buag. os

/L dj i d Lop. (1200.L), The {hus- obt ai ned
et olue e IoPIRYShOX! YBne SnbbL Mladdgi8e ne e LR 07 Bt 981 uti on

fractions were conbrnedand concentrated:

was adj ust ety 4007 Pad¥y-US a$fr%géi)g)g/ agH&T%l hsg{di gm hydr oxi de_sol uti on.
The sol ution was stirtéd while oe%hano As® OF attat | §24 HyesTt Bashe
solution, t Vi Preci pi i rystals, The crystals were
separ at ed aér}g\i%c?i%%l) glt%GJé%g%%?gﬂgcgé%é&I\%&E%%%a?% rt?\oHX%Fe‘PB t her eby
yield 4.2 kg A1) 4 ( e onfent: 5.9% isolation yield:
229 . <Phyisﬁi1L céaliro%gezp{éﬁ?i s&%%/ﬁ%%?ﬁ?ﬁ&?%s %1?15@1?1 ﬁ%f%%%mm ELPSVEAS
pr epar ed irth(ﬂ)ugﬁ{ é&l‘f&{v\ﬁc | & 1t1’?é1ds ;(;ﬁne1£ powder of dCP4U4Na

(freeze-dried product was prepare he sanme way as in the nethod

described in Exappd e,20-9{1 \%%g@%ﬁ\lzmuxtﬁ%rﬁgyp%fg{ﬁgg%f?%ﬁﬁéﬁmnt al

anal ysis. The crystals were conpare €eze uct in

;5; i”fyOf PR AGI o PHARETdd s td B)td NBIEaTaN &l ANAlY SIS wio el ysi s Of
applied to a column charged with medium baéic anion-
exchanging resin (AMBERLITE IRA-97, product of Rohm & Haas
Co.). Elution was carried out sequentially with water, a 0.1
mol/L aqueous hydrochloric acid solution, and a 0.005 mol/L |
aqﬁeous hydrochloric acid solution containing 0.4 ﬁol/L
sodium chloride, thereby collecting fractions containing
dCP4U.

The thus-obtained dCP4U fractions (2100 L) were applied
to a column charged with chromatography-grade activated
charcoal (Taiko Granular Activated Carbon SGP, product of
Futamura Chemical Industries, Co., Ltd.), and 4dCP4U was
eluted by use of a 0.05.m01/L aqgueous sodium hfdroxidé
solution (1200 L). | |

The thus-obtained fractions were combined and
concentrated. The pH of the resultant solution was adjusted
to 7.5 by use of a 30% aqueous sodium hydroxide solution.

The solution was stirred while 95% ethanol was gradually

added to the solution, thereby precipitating AdCP4U'4Na

crystals. The crystals were separated and dried at 60°C for
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The dCP4U4Na crystals obtained in (1) and (2) of Exanple 1, and dCP4U
fractions after purification through each chronmatography wsEGCEMBERSI0B0
anal ysis of purity by nmeans of high performance |iquid chronatography. The
results are shown in Tables 1 and 2. Conditions for high performance |iquid
chromat ogr aphy are descri bed bel ow. Colum: H TACH GEL #3013-N (product of

Hi t achi Lspkuki.-Ser yj.c ' 5 % AC1, KH2PO4,
a0 03 NSRS se! Yoo theFueny W UCD RY oF 1 %Wﬁ%f%@if% DCC

met hod) dCRgbk epNEEAELAR . canibgnt i%%l(a%iolﬁe?:‘[[éfﬁ‘: Mg press. 028.6 After |E*
chromat ogr aphy After ACS chromat ography97.40.4 After crystallization98.30.4

14 3 DECE'\@EMQQ@(;?)éng%ig%gW %@943%-341\1515@:4%‘5&2@‘3”99’ AC:

Activated-pha?coa S net ho dCP4U “cont ent UTP content ($) (%
Sﬁ?gﬁr:a? ggpa);;th;ggég)l.ﬁgbﬁﬁ.ggac Ir%gtsgt{alrll zatﬁ%%%%?ﬁ 20]@;# f}irr\eé:?tg;r ed, *).:
'E lon-exghafgee fCanfChhiReePowadiCoR! ¢ & YAIA! (#Ud0e-driea |
product) which was prepared in the same way as in the method
described in EXample 20 of WO 98/34942 were subjected to
instrumental analysis. The crystals were compared with the
freeze-dried product in terms of physical properties.
(3) Instrumental analysis
1) Analysis of purity
The dCP4U-'4Na crystals obtained in (1) and (2) of
Example 1, and dCP4U fractions after purification through
each chromatography were subjected to analysis.of purity by
means of high performance liguid chromatography. The results
are shown in Tables 1 and 2. Conditions for high performance
liquid chromatography are described below.
Column: HITACHIGEL #3013-N (product of Hitachi.
Keisokuki Service) |
Eluent: 10% CH3;CN, 0.18 M NH.Cl, 0.03 M KH,PO,, and 0.03
M K,HPO, |
Detection method: UV detection at 262 nm

Table 1 (DCC method)

dCP4U content
(%)

UTP content
(%)

Reaction mixture
After IE' chromatography
After AC® chromatography

55.0
(-)

97.4

98.3

28.6

B e

(-~
0.
0.

After crystallization
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Fig. 1 shows a photograph of a typical crystal formof dCP4U4Na
(3.5-hydrate) crystals. 3) Water content Water content of tBODECPMEBER 2003
crystals was neasured by: the Karl Fischer nethod. The dCP4U-4Na crystals
were found to be stabilized at the water content from6.9 to 17.4 w.%
whi ch varied in accordance with the degree of dryi ng The calculation .

resul ts appanenil, g%%lx At +3, S:d0 Mgt % c Lind _or adhere to one
dCP4U nol egul)e ? ng * po?nt E}heﬂ?fle% haf %fﬁ% PEEEREERECRI YR s was
measur ed bypai1A £0NY Q! hod. The rreltl ng poi nt was found to be

202- 210C. Tr?e ITE|tI(2j(;IﬁéDOI ntho t he freeze-dried product was about
195-210C. |5) X-ray diffraction The dCPAUANECRATY Stk Seel ¢ SWHE IS LLL
X-ray diflfraction by use of an X-ray dlffractlpgn) apparatus (M :

RI NT2500V, pdeUQieéHtﬂrg%ik%') under the rg oW Ty}

condi ti ons (rm_a@égef@n Hexrcfn‘EHto The t hus- ined X % f
spectrum and Zée. .p ; 5- hy ?age are shown ifi"Ff'g. 2 anpd
Tabl e 3, respeﬁgJ ¥§ ¥FY lini.ll L X{ray di ction ‘;pectrur?'rénd t he
peak dat a “—ef—+¢ 4 d \ug 1,-19 are "hn\l\n |I8E g 3_.and _Tahl ZB

respectivelly): Inoadmhasmd the XEH.a)Z[odI-—fafchﬁﬁg@ﬂ ;e:pegt:w%e&d dhBrcoal
freeze-dried product is shown'in Fig. 4 as a reference. (Conditions for
measurenent) X-ray tube: Cu-Ka X-ray out put : 50 kV-300 nmA
2} Crystal form
Fig. 1 shows a photograph of a typical crystal form of
dCP4U+4Na (3.5-hydrate) crystals.
3) Wéter content
Water content of the dCP4U-4Na crystals was measured by
the Karl Fischer method. The ACP4U-*4Na crystals wefe found
to be stabilized at the water content from 6.9 to 17.4 wt.%,
which varied in accordance with the degree of drying. The
calculation results apparently show that 3.5-10 water
molecules bind or adhere to one dCP4U molecule. |
4) Melting point
The melting point of dACP4U-4Na crystals was measured by
a conventional method. The melting point was found to be
202-210°C. The melting point df the freeze-dried product was
about 195-210°C.
5) X-ray diffraction
The A4CP4U-4Na crystals were subjected to X—ray

diffraction by use of an X-ray diffraction apparatus (Model:

RINT2500V, product of Rigaku Denki) under the following

15



Scanning rate: 4.0/mnute Scanning interval: 0.02 Angle neasuring range:
2-40 Slit: DS-0.5, RS-0.15 nm S5-0.5 Pre-treatnent: G ind3BMEOEMBERQ@003n
agate nortar Table 3 Crystalline dCP4U-4Na 3. 5-hydrate Peak 20 Rel ative
No./ intensity |) 16.1839 28.8238 311.5027 412. 3279 513. 7639 614. 4483

816. 3429 916. 8434 1017.68100 1119.0281 1219. 7236 1320. 8635 1422. 2878

1523. 5447 16433 P48Rs 1PmdaPECENBRR €008r: +0.1°). The thus-obtained Xx-

ray diffraction spectrum and the peak data of dCP4U*4Na 3.5-
hydrate are shown in Fig. 2 and Table 3, respectively.
Similarly, the X-ray diffraction spectrum and the peak data
of dACP4U-4Na decahydrate are shown in Fig. 3 and Table 4,
respectively. In addition, the X-ray diffraction spectrum of
the freeze-dried product is shown in Fig. 4 as a reference.
{Conditions for measurement) |

X-ray tube: Cu-Ko

X-ray output: 50 kV-300 ma

Scanning rate: 4.0°/minute

Scanning interval: 0.02°

Angle measuring range: 2-40°

S1lit: DS-0.5°, RS-0.15 mm, SS-0.5°

Pre-treatment: Grinding by use of an agate mortar
Table 3

Crystalline ACP4U*4Na 3.5-hydrate

Peak 20 Felative
intensity
No. ) |
1 6.18 39
2 8.82 38
3 11.50 27
4 12.32 79
5 13.76 39
6 14.44 83
8 16.34 29
9 16.84 34
10 17.68 160
11 i9.02 81
iz2 19.72 36
13 20.86 35
14 22.28 78
15 23.54 47
16 25.04 43
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Table 4 Crystalline dCP4AU*4Na decahydrate Peak 20Rel ative No.intensity

15. 5828 211. 3462 311.9434 412.9227 514. 0849 614. 9666 715. 603DBCEMBER 2003
917. 0846 1018.2827 1118.9028 1220.2039 1321.6672 1422.02100 1523. 0290 6)
Hygroscopicity dCP4U4Na crystals (decahydrate) having a water content of
approximately 17.4% were allowed to stand for two days under the foll ow ng
conditions a), b) and c): a) 25C and a relative humdity of 57% b) 25C
and a relative humdity of 75% and c) 25C and a relative humdity of 93%
No deconpf I$ion or change in weight was observed in the above three
cases. The cry%t | s have proven to be stable and to have no

hygroscopicity. .In_additiaon, the same crystals were allowed to stand for
seven days undeY*yﬁgag FP@N@%§£§5£§§3ééeg%?d*ate

Peak 20 Belatiye
"No. ) intensity

1 5.58 28

2 11.34 ' 62
-3 11.94 ' 34

4 12.92 27

5 14.08 49

6 14.96 66

7 15.60 49

8 16.62 25

9 17.08 46

10 18.28 27

11 18.90 28

12 20.20 39

13 21.66 72

14 22.02 100

15 23.02 90

6) Hygroscopicity

dCP4U*4Na crystals (decahydrate) having a water content
of approximately 17.4% were allowed to stand for two days
under the following conditions a), b) and c¢): a) 25°C and a
relative humidity of 57%; b) 25°C and a relative humidity of
75%; and c¢) 25°C and a relative humidity of 93%. No
decomposition or change in weight was observed in the above
three cases. The crystals have proven to be stable and to
have no hygroscopicity. In addition, the same crystals-were
allowed to stand for seven days under the following severe
conditions d): d) 40°C and a relative humidity of 75%. No
change was observed in this case.

In contrast, when a freeze-dried product (initial water
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conditions d): d) 40C and a relative humdity of 75% No change was
observed in this case. In contrast, when a freeze-dried progDECEMBER2003
wat er 17 3 DECEMBER 2003 content: approximately 1 % was stored for two
days under the following conditions b) or c): b) 25C and a rel ative

hum dity of 75% and c) 25C and a relative humdity of 93% on the second

day of stot@gesnt heapsosikiiaBsEPnedsd wHe- bitkeedsrae tdue dEgIEgrlﬂ'gi@jl.‘ th
increase in water content. 7) Stability dCP4AU4Na crystals ( ecahydrate) and

a freeze- dréelowHPdEGia Vel 6né Neh voduah L yppl ased hpabgt thegtipli ch were
then sealed and stored for 13 days at 60C (acceleration test). No

deconp05|tn&mhéidgh§f07y§t@ﬁ§ M@329Q§%ﬁﬁﬁda +a81 50V ERtmidLRG bECeRY, drled

product was found to have been partially deconposed as provén throug

observat i ajh ofh@ gaEoRd dDpSoof stbheger odnet pebdarpr exiswier] ¥ %.ﬁ%lﬁée NVR
Each of the dCP4U4Na crystals and the freeze-dried product was directly

charged i ndta e Zdu€ Ot agr@digal Ol Rtreand ihewaoerespatdintg 13C CPMAS- NMR
spectrum was neasured. Conditions for neasurenent are described bel ow.
13C- CPMAS-NVR gy pipmd e usCMX- 300 (product of Chemagnetics) 2) Method for
measur enment CPMAS (si deband suppressi on) 3) Measurenent tenperatureroom
tenperature 4) GcRiveiNauctessal8C(decahydrate) and a freeze-dried
product were individually placed in bettles, which were then
sealed and stored for 13 days at 60°C (acceleration test).
No,decomposition of the crystals was observed. .1In contrast,
the freeze-dried product was found to héve been partially
decomposed as proven through observation of a purity loss of
the product of approximately 2.2%.
7) NMR
Each of the dCP4U*4Na crystals and the freeze-dried
product was directly charged into a zirconia-made rotor, and
the corresponding 130_ CPMAS -NMR spectrum was measured.
Conditions for measurement are described below.
13C-CPMAS-NMR
1) Apparatus CMX-300 (product of
Chemagnetics)

2} Method for measurement CPMAS

(sideband suppression)

Bd Measurement temperature room temperature
4} Observed nucleus He

5} Frequency Qf observation 75.502 MHz

6) Pulse width of 4.5 us

18



5) Frequency of observation75.502 MHz 6) Pul se width of4.5 s 18 3 DECEMBER
2003 proton excitation 7) Contact time 8) Measurenent w dt 3 (SECBMBER 2003
measurenent 10) Data points 11) Repetition tine 12) Chefmi cal shift
standard 0.5 nsec. 30.03 kHz 2048 16384 15.0 sec. (Figs. 6 and 7) 60.0
sec. (Fig. 5) hexanethyl benzene (outer standard 17.35 ppm 13) Sanple
rotation speed nt egrati on 256 tinmes Fig. 5 and Table 5 show a

5 kHz 14) |
13C- CPVAS- NMR s%’é%{g%n?%‘r‘ltﬂ QRalli ne dCP4U4Na 3.5-hydrate and the peak
dat a, resp,Fcti vely. Fig, 6 and Table .6 show a _13C- CPMAS- NVR spect rum of
crystal | i ne’ HCPRM Cﬁegjalﬂ?/dr ate and the peak %at #S&%espectively. Fig. 7
and Table 7 show a 13C CPMAS_— NVR spectrum of QCP4U in the formof white
powder (fretre lFFBECPFRUIEI AN t he peak dat? - OPedd¥ctively. The

nuneral s in Fins.. 5 to 7 refer to the correspondi ng peak nunbers in
Tables 5 t . Points of measurement 2048

10) Data points 16384.
11) Repetitioﬁ time , 15.0 sec. (Figs. 6 and 7)
. 60.0 sec. (Fig. 5}
12} Chemical shift stanﬁard hexamethylbenzene (outer
standard 17.35 ppm)
13) Sample rotation speed 5 kHz

14) Integration 256 times

Fig. 5 and Table 5 show a “C-CPMAS-NMR spectrum of
crystalline dCP4U*4Na 3.5-hydrate and the peak data,
respectively. Fig. 6 and Table 6 show a ”c-cpﬂAs-ﬁMR
spectrum of crystaliine dCP4U* 4Na decahydrate and the peak
data, respectively. Fig. 7 and Table 7 show a *C-CPMAS-NMR

- spectrum of ACP4U in the form of white powder (freeze-dried
product) and the peak data, respectively. The numerals in
Figs. 5 to 7 refer to the corresponding peak numbers in
Tables 5 to 7.

Table 5

Crystalline ACP4U*'4Na 3.5-hydrate (ppm)

(1)166.1 (2)156.2 (3)150.9 (4)141.6
(5)138.4 (6)101.3 (7 99.2 (8) 93.2
(9) 84.9 (10)80.6 (11)76.7 (12)73.1
(13)69.0 (14)67.2 (15)62.2 (16)43.9
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Table 5 Crystalline dCP4AU-4Na 3. 5-hydrate (ppm (1) 166. 1(2)156.2(3)
150.9(4)141.6 (5) 138.4(6)101.3(7) 99.2(8) 93.2 (9) 84.9(103MEGEMBBER 2003
7(12) 73. 1 (13) 69. 0(14) 67.2(15)62, 2(1043. 9 19 3 DECEMBER 2003 Table 6
Crystalline dCP4U4Na decahydrate (ppm (1)167.4(2)157.8(3) 151. 6(4)139.0
(5)117.9(6) 102.6(7) 99.3(8) 93.3 (9) 90. 1(10) 87.3(1080. 6(12) 77. 2 (13)
75.0(14) 73.9(15) 72.0(1067. 0 ( 1 7 ) 6 3 . 1(18) 60.4(19)42. 0(2040. 8
Tabl e Wit a‘b Wd®r of dCP4U (freeze-dried product) (ppm) (1) 166. 5(2)
157.4\/\149.§ 0140.9,1(15) 103. 0&’6) 99. 0(7) 9 6. 9(8) 85. 9 (9) 73.40071.
7(11) 67. “XAdyablane19¢P4Y - 4¥apdepahy dratey nipm) s of dCP4AU from UWP
Formam de (2.5 m) and pyridine (7.6 nl) were added to a dehydrated

triethylamne S 0S TEA-PPi ), followed by
stirring the re@alipghf ﬁgéJrg @ZE@O Edeﬁgglr3§t Qd tributylarnine salt of
uri dine 5'-rnonoBhddprat €6) [0AMP- TEA) 99.130. MivoI9B. Bl aced in anot her

vessel ,. DVAC (3¢ %)} (% ﬁ?ge (3 .1 )(”agqlzgri butylamne (3.3 nl) vvere
(bErh3t |

added and stir d 2.3 : S ed dropw se thereto. The
m xture was sti&%g@g{{] _ nﬂégi\ 2.1:6/2 f@r 58n® hour, to
(17)63.1 (18)60.4 (1942.0 (20)40.8

rapie s

White powder of dCP4U (freeze-dried product) {ppm)

(1)166.5 (2)157.4  (3)149.9 (4)140.9
(62103.0 (6 99.0 (7 96.9 (8 85.9
(9) 73.4 (®O7L.7 A6 (12)42.90
(13)39.3

Example 2: Synthesis of dCP4U from UMP

Formamide (2.5 ml) and pyridine (7.6 ml) were added to
& dehydrated triethylamine salt (10 mmol) of pyrophosphate
(TEA—PPi), followed by stirring the resultant mixture. To . a
dehydrated tributylamine salt of uridine 5'-monophosphate
(UMP-TBA) (10 .mmol) placed in another vessel, DMAC (3.6 ml),
dioxane (3.2 ml), and tributylamine (3.3 ml) were added and
stirred, and DPC (2.3 ml) was added dropwise thereto. The
mixture was stirred at room temperéture for one hour, to
thereby form UMP-DPP, which was added to the aforementioned
déhydrated solution of TEA-PPi prepared in advance. The
reaction mixture was stirred at room temperature for one hour,
forming UTP. DMAC (7.2 ml) was added to a tributylamine -salt
of 2'-deoxycytidine 5'-monophosphate (TBA-dCMP) (4.9 g, 10

mmol) placed in another vessel, to thereby form a suspension,
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t hereby form UWP- DPP, which was added to the aforenentioned dehydrated
solution of TEA-PPi prepared in advance. The reaction m xt 3EQCEMBER 200G
at roomtenperature for one hour, formng UTP. DVMAC (7.2 ml) was added to
a tributylamne salt of 2'-deoxycytidine 5 -nonophosphate (TBA-dCWP) (4.9
g, 10 mmol) placed in another vessel, to thereby forma suspension, 20 3

DECEMBER 2QQ3 ap¢ PBC( %12 1.1 %QEfﬁﬁﬂéﬁiéﬁuﬁé?wgéd ded &Betggﬁgension.

suspension. The resultant m xture was stirred for 40 m nutes,

tributyl amrhe CEBANHehS nith ot \afldent £:0:ddergE Xh¢1 81 nu 008 NEE420 i nut e

stirring was carrier out, to thereby prepare "t hus- pr epar ed

dCMP- DPP s @k-uh1,@ 9 196 n A48 )t Q o.he raf Orrent hededy sypibesi ged WTP sol ution

prepared in advance, and the 'm xture was stirred at roomtenperature for 56

hours. ReaghbReYaS ol GRS t%-rAdY Mok SOt EEr1 @R f !‘etBHEfyzgraﬁg goeaction

m xture was adjusted to 11 by adding a 30% aqueous sodi um roxrde

solution. ArbBarkNGcHN WM. Wate WHIRGHdYaonCaRLs A0k PNsol E: BH YaS

adjusted to 7.0 by adding a 6 nol/L hydrochloric aci e m Xture was

partitionedawiih et Rtle aGBralfen il a0UsASHd &Y 8La f@hﬂego t1BAT @kgggggag

was subjected to HPLC analysis (272 nn),” revealing that the syn

yield of deh4bavancd/. Gl HReUNitire \RRld Cobitidy £ P@é{ﬁr{:%gerature

her ei nabove, the crystals of dCP4AU obtained through the process according
to the presest 56i RvaRisi.ON RBAA iling kUt d i B0k & Oby AR A&t ¥aRBE, NQna

hygroscopicity as conpared with a freeze-dried product, to thereby serve as
a useful ramenpHebifakhieorepicaian U Ftui)afdBcefi$@d to 11 by adding a
30% aqueous sodium hydroxide solution. After the solvent was
removed by concentration, the pH was adjusted to 7.0 by
adding a 6 mol/L hydrochloric acid. The mixture was
partitioned with ethyl acetate. The agueous layer formed by

partitioning was subjected to HPLC analysis (272 nm),

revealing that the synthesis yield of dCP4U was 37.7%.

Industrial Applicability

As described hereinabove, the crystals of dCP4U
obtained through the process according to the present
invention have high purity and high stability and no
hygroscopicity as compared with a freeze-dried product, to
thereby serve as a useful raw material for preparing a
pharmaceutical.

The process for producing dCP4U according to the
rresent invention permits use of inexpensiﬁe UMF as a raw
material and realizés high yield. Thus, the process is

suitable for large-scale synthesis of ACP4U.
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The process for produci ng dCP4U according to the present invention permts
use of inexpensive UVMP as a raw naterial and realizes hi gh3\DECEMBER<2003
the process is suitable for large-scale synthesis of dCP4U. 21 3 DECEMBER
2003 Cains 1. Crystals of P1-(2'-deoxycytidine 5 -)P4-(uridi_ne 5
)-tetraphosphate or a salt thereof. 2. Crystals of Pl-(2'-deoxycytidine
5'"-)P4- (uricdiaRgsd' - -tetraphosphated4Na. 3. Crystals according to claim1 or.
2 having a purity of at least 95% 4. Crystal s according to claim1l or 2

having a purity; of @tyéeasst &F%and caicyina RO 1688 Ynididigied s -

tri phosphate. 5. C)ystals according to claim1l or 2 having a purity of at

| east 98% 3ng caaRHJU iR 0¥ d enpl tirdinlieod, - triphosphate. 6. A process
for produ0|ng crystals as recited in claiml, which process conprises

subj ecting crude Pi-¢ryst&EoXyeYbi-dizne deodydr il e 5pe )(heftlrdam@%ohat e

to a purlflcatlon process of ani on exchange chromat ography and

acti vat ed- 3h§ Hﬁgﬁﬁg@@gﬂﬁ@hy and adding, to the resultant solution
of purified P1-- f’ -deoxycyti _dine 5 )p4_ (uridlne 5 -)tetraphosphate,

a hydrophilic organi gﬂﬂ?@tacmS@diﬁ@rﬂf\WCE@ﬂrﬁel péﬁcﬁphéﬁihgnaoéurlty
Pl - (2' -deoxycyti di ne ) P4-(uridine 5 -)tetraphosphate in the form of
crystals. &f Atpneeess gweording to claim6, wherein the purification
process conprises ani on exchange chromat ogr aphy

4. Crystals according to claim 1 or 2 having a purity

of at least 97% and containing 2% or less uridine 5'-~-
triphosphate.

5. Crystals according to claim 1 or 2 having a purity
of at least 98% and containing 1% or less uridine 5'-
triphoéphate.

6. A process for producing crystals as recited in
claim 1, which process comprises subjecting crude P'-(2'-
deoxycytidine 5'-)P*-(uridine 5'-)tetraphosphate to a
purification process of anion exchange chromatography and

ractivated-charcoal chromatography, and adding, to the
resultant solution of purified P*-(2'-deoxycytidine 5°'-)p*-
{uridine 5'-)tetraphosphate, a hydrophilic organic solventf
to thereby cause precipitation of Pl'-(2'-deoxycytidine 5°'-
YP*-(uridine 5'-)tetraphosphate in the form of crystals.

7. A process according to claim 6, wherein fhe
purification process comprises anion exchange chromatography
performed first and subsequent activated-charcoal
chromatography.

8. A process for producing P'-(2'-deoxycytidine 5'-)P*-
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perfornmed first and subsequent activated-charcoal chromatography. 8. A
process for producing P1-(2'--deoxycytidine 5 -)P4 22 3 DECENBEGEMBER 2003
(uridine 5 -)tetraphosphate (dCP4U), which process conprises reacting
uridi ne 5 -nmonophosphate (UWP), 2'-deoxycytidine 51 nonophosphate (dc),
di phenyl phosphorochi oridate (DPC), and a pyrophosphate (PPi). 9. A

process acdardidigd & Cl pidp 8, i } reacting UMP and DPC to
synt hesi ze UWP di phenyi ?hosph%%éﬁ?%%wﬂggéai)n 5ﬁFFPsPr§P§§§; chuptrtiees

- treating theadVRnPRr- GOl I ' i X with PPi to thereby form
uridine 5 -triphosphate (UTP) ?ﬁoéﬁéﬁ%gﬁﬁ%; Eﬁﬁﬁ)reécrﬁﬁgxyﬁﬁtiﬂmae Eocned

UTP, W t hombnbsababi, 8l | Lhe re ctri‘on mxture, with dCWP in the

presence of DP% t% thgré%%f él%‘%‘@’ﬂf PAOgRowsEk 12go 8aABD (PPONALaGH Ak VS

10. Cryst apgraphokphdget qp@y one of clainms 1 to 5 wherein 1-14 water

nol ecul es bind or adhere to one nolecule of P -(2'-deoxycytidine

5'-)P4-(uridinesq’ - ht eicrRRAs phat alj thereof. 11. Crystals
according to any one ﬁ clai ms 1%)&%39%@@#?11%.%' el EFh neprepniees bi nd or

adhere to oegctDhgcuMe 8haPpp2'v+d tidi ne o' -)P4-(uridine '
5'-)tetraphosphate or a salt t her & .%z‘?”@f%@@l%&l&rwn@my one of

clains 1 tEnep-mbefein A0rVaLer lecul i nd . or adhere to one nolecule
of P'-(2'-deoxycytidine 5 -)P4- (sltf%g%i'ne Aot & ddghdte SMBr DRPA t
thereof . IDECEBER) 2003cAPsh A¢ktulle wAES ¢ itrcl}v%rﬁti on is directed to

crystals of P1-(2'_ ereby form uridine

5'-triphosphate (UTP) in the mixture{ and reacting the thus-

formed UTP, without isolating from the reaction mixture, with

dCMP in the presence of DPC, to thereby yield dcr4u.
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deoxycytidine 5 -)P4-(uridine. 5 -)tetraphosphate (dCP4U) or a salt

thereof and to a process for producing the crystals. The pra{IECEMBER2003
al so provides a process for producing dCP4U involving reacting uridine

5' -rnonophosphate (UWP), 2'- deoxycytidine 5 -nonophosphate (dCWP),

Bi phenyl phosphorochl oridate (DPC), and pyrophosphate (PPi). The crystals
of dCP4U obt ai ned t hrough the process according to the present invention
have high purity and high stability and no hygroscopicity as conpared with
a freeze-dried product, and thereby serve as a useful raw material for
preparing a pharnmaceutical. The process for produci ng dCP4U according to
the present invention permts use of inexpensive UMP as a raw material and

realizes high yield. Thus, the pr i itable for |arge-scale
synt hesi s of dCP4U. 24 AB%BM@CERM&

1
” t I l r|:1 (E, I C " I. Ei’ P4 . I. N .

1. Crystals according to any one of claims 1 to 5, wherein 3.5 water molecules bind or
:1:[??? to fone moiecule of P'-(2"-deoxycytidine 5"-)P-(uridine 5'-Mtetraphosphate or a
ereof.

12. Crystals according to any one of claims 1 to 5, wherein 10 water mb!ecules bind or

adhere to one molecule of P'-(2-deoxycytidine 5™-)P*-(uridine 5'-
salt thereof. ( yovt )P’-(uridine 5™)tetraphosphate or a
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