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 Field of the Invention

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 thé 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




crystal form and dCP4U has been prepared only in the formof 1 3 DECEMBER
2003 white powder (white solid) through freeze-drying. The 3@ECEMBER3003
obt ai ned powdery products of dCP4U have a purity as |low as 82% (neasured by
HPLC). Particularly, it is difficult to separate uridine 5 -triphosphate

(UTP) servi ngagas a starting material fromdCP4U, and highly purified dCP4U

has been pr¥ édP@HﬂyrmKWhigeeabldﬁﬁfknubbght@E@EQ@-gﬁgﬁ%ﬁﬁntE%%ﬁ||y
enpl oyed i on-exchange chromat ography (WO 98/34942). abdve te powder

of | ow purify"HestépsadiianohyesnedupbwasriypregaaepsChky fore,
prepar-at i og%of _g phaimaceuti cal from dCP4U nust be %gr Picggﬁgg’lavienaa
speci al appaFhtvisasnleni eh 8DEks(measused! BFelpLEPNt I cpyen after

preparation_of a pharmaceutical, the produg? nust?be 9%%ggffya§33kaged?sln

addi tion, sihEkieukt pharsepanateatriasne as vetys sHOL i eri od due
to poor stabili tyt;f the powder product, obt a:iLéli ngb}ﬁ%ﬁl §GQES. EF%‘dlBHd
stabl e crystl& ST Hiors Undibesr bebnf cas i deply dGRAY 4, 6 t hesized from

2' -deoxycytidine 5 - nmonophosphate (dCWP) and UTP bygﬁzg gﬁré 1%€t?956Png
agent  suctafs Riery asdnged avibgivin ey {ddA0)a1 HNGYELy +5L0YSNt i onal
processes provide a considerably | ow synthetic yield;"i.€e., 2 Fow as

appr oxi mat &P VENRiomalsee amites 2bn -afx SNARRH Mat&#‘%ﬁz‘g {}'Yeﬁ{er serve
e

as a practical process. Accordingly, devel opnent of a pro
produci ng dép43%42) -high yield and on a large scale has al so been desired.

The above white powder of low purity has-disadvantages
such as hygroscopicity. Therefore, preparation of a
Pharmaceutical from ACP4U must be carried out 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




In view of the foregoing, an object of the present invention is to provide
stable crystals of dCP4U which is 2 3 DECEMBER 2003 suit abl ¢ DRCEMBER 2003
drugs. Anot her object of the invention is to provide a process for
producing the crystals. Still another object of the inventionis to
provide an efficient process suitable for |arge scale production -of
dCP4U. D:ﬁﬂkﬁﬁhkﬁcﬁozrmmépaeﬂngoﬂrﬁbg.prgﬁgahetngﬁ§é8£s @agg conduct ed

i ntensive studies on stabilization of dCP4U, and ve found Bhat dCP4U

havi ng a i@)’fﬂ'rtw'toof Horprovedean heo@separsd 59‘59‘*"{3 Bgn exchﬁgge

chromat ography in conbi nati on with chromatography enpl© 30?W§

char coal Eadtlily aned-leharcoiecths D eho g apdyd 1 §d; o t {‘@ stal s can
be produced from such highly-purified dCP4U. The t spo %eﬂ dCP4U- :
cryst al s Biafdcieateprae gm0 ssebsalsl @ Wdt Y1 &ansi gdeg Q/ @ger thaP t hat of
conventional Iy produced dCP4U powder, no hygroscopicCity and

stabili tydCi’HH i nventors have al so conducted intensive studi es on nmet hods
for synthesizing dCP4U by use of inexpensive uridine 5 -nonophosphate
(UMP) instead of expensive UTP, and have found that dCP4U can be.
effectively produced by use of diphenyl. phosphorochloridate (DPC) and a
pyr ophosphaseleppre. ofThaeplasenitiionvent i on has been acconplished on the
basis of ~ these findings. Accordingly, the present invention provides
crystals of d&Pgaupresent 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




The present invention also provides a process for 3 3 DECEMBER 2003
produci ng crystals of dCP4U, which process conprises purif giDECEMBERIGE4U
t hrough ani on exchange chromat ography and acti vat ed-char coal
chromat ogr aphy and adding a hydrophilic organic solvent to a solution of
purified dCP4U, to thereby-precipitate dCP4U in the formof crystals. The

present inpeofueingl 66yptaysdes ackuoceshilcd’ pARRducing dCP4U which
conprises reacting UVP, dCMP, DPC  and  PPi . F?g%g%e§b Bfth%HF of the

Drawi ngs Fpgriflyisgacphesogeant $ReWLRY al faumaof crystalline
dCP4U4Na (3.5-hydrate). The photograp% m%?xgbaﬁgﬁﬂgﬁl%rﬁy AR HYY

M cr oscopeafdregit {+£8dd OBha¥448) . chWBRL el L4t N8 4,1B0€ corresponds to
25 m Fig. 2 shows an X—ra? diffrgction ?géénghﬁgF gEFY?Paﬁi ne dCP4U 4Na

(3. 5-hydr idzofhilid s an diff raght ect.rum.af_. crystalline
dCP4AU4Na (égigﬂgéré%e). ig%é43§%g%gtaﬁgx?rgéigggggag i BYTgdET Akt whit e

powdery dGRsUHdx edpei PEOHUgEP 4y Fi {- S 13C- CPVAS- NMR spect rum
of crystalline Jggﬁaz4hb£€§.5-hydratg)?HFFg? gggﬁoﬁé §TY3E33BvAs- NVR

spectrum of crysi@lpiéeentd CPAHMNR i bHegaby ALt ig. shows
13C- - CPMAS- NVR spectrum of white powdery Q%Pg%dfgrge %pgfﬁgdf%deuct). 4
producing dCP4U which comprises 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).



3 DECEMBER 2003 Best Mbde for Carrying Qut the Invention The crystals of
dCP4U of the present invention are obtained through purifi ggFOEMBER2003
dCP4U by use of specific neans, and addition of a hydrophilic organic
solvent to a solution of purified dCP4U, to thereby precipitate dCP4U as
crystals. The present invention will next be described in relation to

(1).purifigakitomole FeR48a31410@8) oty St 'r‘;m%ﬂ of dCP4U. (1)
Purification of dCP4U dCPfU ca&%%e purified t F%&Hh ani on exchange

chr omat ogr aphy imheb QUi siddh AP e abee-eharoal . Gl ot ogr aphy.
y

Al though the two chromatography techniques e perfor med” T 57 bi trary
sequence, @BitaA nB¥ChaRGUgNC PPTBH G AR J¥ %ﬁf&b'd)tp%e%eﬂ%fsfe
0

acti vat ed-charcoal chrormmatography, in view of 1 nprovenert e purity of

dCP4U. A stpeenirs cOmedtlsy! ahar @3l tTRY ke %%&ggﬁaﬁ%&ﬁ@ %%gg%ccggs”%@%gsi s

resin in the above-described chromatography I ques.

whi ch may pg HS i d i4§y a0 i . esins s S
AVBERLI TE T RA° gg% lu? %Eﬁm%g hg:tsi I%%1:0"?)&) ?@%ﬁ%,& °P%P%%Tw;%’éj%lﬂ%g\? A—#%&uﬁ

M t subi shasCheggah sCo. d d; I asi:G 1ani.on- .ex Qs i ns
guch as ANBERLI¥E r%ﬁ 67T%Eoﬁﬁ?ﬁeﬁ§a§“%%$fﬁ°§h?h%ﬁAﬁe%kaﬁggﬁ%%ﬁ?gﬁgiE%,

Cheni cal Cpelktdoh. t6h@13Chiuvalredathancedl aray P (tz'jecfzf}'s@ s zation
chromat ogr aphy-grade activated charcoal which is crushéd o §hape51|nto
particl es,ofindcpay.i nclude comercially available products (e.g., those of
Wako Pure Chem cal Industries, Ltd.
{1) Purification 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.



5 3 DECEMBER 2003 and Futanura Chem cal |ndustries, Co., Ltd.).

Chr omat ogr aphy may be carried out in a batch manner, by = usg DECEMBER 7003
etc. Wien colum chromatography is carried out, an aqueous acid solution
or a mxture thereof with a salt having enhanced ionic strength, such as
sodium chloride, may be used. as an eluent for anion exchange

chr omat ogr apflyFutamiraaChendicadn Iagivsdusi el vEd on btdah.al kali such as
sodi um hydroxi de may be used as an eluent for activated-charcoal colum
chr omat ogr aphy. CArsmealtiogseghy prast it nreanriedtonhyibea bemdbciediner ,order
to select the appropriate concentration of each eluent fromw thin the
range of OuS8lofl socQuNn,( 2)tcCrydihan ication ofirdGPieldEPil iis carried
crystallized through addition of a hydrophilic organic solvent to a

sol uti on coutai anngqueeushasidusioclivdd ordCRA e 1Ecabptestbérapfr vplthl iac
organi ¢ sol vents which nmay be wused include al cohols having six or fewer
carbon at ossltshekings embenged izmd etHarengtiketonels aschodsumcehdoeide,
ethers such as dioxane; nitriles such as acetonitrile; and am des such as
di net hyl f orazEnbdeusef elesw, edluecaiolfpr ajpeeh txghandanchromaktegraphy;
particularly preferred.. More specifically, a solution of the thus-purified
dCP4U, or ané|watgrobraianedduecsysdoricdern ref i oh dikahé syohussosodiam ,
optionally treated to thereby adjust the pHto 5-10, preferably 6-9, and a
hydr ophi | i Rvérgahie mayyvest Used afdad LUt skPutadnlvrtefiufhararadoC or

| omer, preferably 20C or lower, to thereby precipitate the solute as
st abl e column chromatography. A small-scale preliminary 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



6 3 DECEMBER 2003 crystals of dCP4U. The thus-obtained dCP4U crystals of
the present invention contain dCP4U in an amount of 95% or 3EEEMBER Pd03
in an anobunt of 3%or |ess. Preferably, dCP4U crystals contain dCP4AU in an
amount of 97a or nore, and UTP in an anount of 2%or |ess. Mre
preferably, dCP4U crystals contain dCP4U in an anount of 98% or nore, and

UTP in an crAmills obf 1depsul ess. Such high-purity dCP4U crystals may be in
the formof a salt, hydrate, or hydrate salt. Exanples of the salts

incl ude phar macenii eRhEyoBeaepeabliersal teystieh sasraltkal predenal salts such
as sodiumsalts and potassiumsalts; alkaline earth metal salts such as

cal ci um saliveriitbn NEGNESiWMECPAT Sin a8l aMBRNtUBFS8bkSorTherdCBAW mayp be
substituted with 1-4 netal atons to forma salt. The above hydrate nay

conpri se knlhaioimsuhesopf 3nad£rilewbl chraecebauny,t acouvadhgceatia one
nol ecul e of dCP4U, and the above hydrate salt nmay conprise 1-14 nol ecul es

of water ouitchirar@chboungh t &n camedher £t 97gnexr” mekeguhggotiranial kal i met al
salt of dCP4U. Furthernore, the crystals of dCP4U according to the present

i nvention aalami net uzle sauLesers mbeeepferdhablihyusaobuai negdsenyst al s of
dCP4U are optionally dried through a customary nethod such as dryi ng under
reduced pcesie,dCP4W NYn Uanleamanntf bOWI 88r odr pbpg, bgnhevtrPngn and are
subsequently placed in a container (e.g., bottle, pouch, can, anpoule).
Packi ng i mrdunicant alhesr nhysde achi eved so

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




7 3 DECEMBER 2003 that the container is open, closed, airtight, or seal ed.
The open-to-air state packing is not preferred, in view of 3 pEcBENEBER2D0G
storage stability of the crystals. The process for produci ng dCP4U
according to the present invention conprises reacting UwWw, dCwP, DPC, and
PPi. =~ Specifically, the process conprises reacting UM with DPC to

thereby sypidestze &Hftainpbenytpbpephat o sslyP- QEEhghfturbBe%ehggg“ Ng tehe
m

UMP- DPP- cont ai ni ng reaction mxture with PPi to t hereby for

nixture; gk eeciing bece huskiogned AGP. pybrboubal sehaliag brom ! e
reaction mxture, wth dCW in the presence of DPC, to thereby formthe

target. -déPAlteddnsynéhestsrabe WPabPP £y 0o Whe aryoukhgel y prepared UWP
trialkylamne salt (e.g., UWP tributylam ne salt) nay be dissolved in a

sol vent. Exanplgse 0hrébessoFyenpsodneiigeacaniriascsrahngs tBVenand
di met hyl.acetam de (DMAC); cyclic ethers such as di oxané and

tetrahydr girystit kﬁi\ﬁél@@léwcd&btﬂérls"@ﬁﬁ@@atﬂﬂg gupet hykbm gagol Ldhneps,
hexanet hyl phosphoric triam de, a nmixture of two or nore of these.

Subsequent |y, sEiPé‘cﬁflﬂc@p:typnahetﬁr@é&yé asbMprakesagdadttagt hﬂpS%%' on,
and the mxture is allowed to react at 10-50C for approxi mately

m nut es t @HJ W e by heyiPhhes ide ciMy &amhémyhphMPhQPE @ﬁﬁppbﬁf:?r ably
PPi - organic alkali salts.” Exanples of the salts include a hexylani ne

salt, a difutitHexmtresaiig thée rueRiDpRrcoetsthing a8dcoibhi Rukyhas Rerpal t.
In the reaction of UMP-DPP with a PPi-organic alkal
PPi to thereby form 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 form the target. -
dCcP4uU,.
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




8 3 DECEMBER 2003 salt, the PPi-organic alkali salt may be dissolved in a
sol vent. Exanpl es of such sol vents include anides such as BYECEMEER 2003
formam de; cyclic ethers such as dioxane and tetrahydrofuran; ketones such
as acetone; and dinethylimdazolidi none, hexanethyl phosphoric triam de,

di met hyl sul f oxi de, acetonitrile, or a mxture of two or nore of these.
Subsequentslayt ,t htes GIRd-Horydrsi Addachl D $4Bt thag- beyatikeshzed WP-DPP
solution, and the mxture is allowed to react at 10-50C for approximtely

30 mi nut esolirehitve anp] e aatdh b Bednes ni iyPuBRP agiéeRPisddau C
al kali salt may be carried out in the presence of an adequate base.

Exanpl es oMrt, heMaas esnd @digeanide di ¢y Dbs estBeEel a&cayhlsdldfi%xane and
2,6-lutidine, 2, 4-lutidine, a-picoline, (3-picoline, r- picoline,

2, 4-di net mwkm@wﬂﬂaﬁﬁ letaldd dueh 45 catétdhag, anand y--col lidine,
with pyridi ne being particularly preferred. A basic solvent for the
reacti on demeltdgliimdlasded ididdie, hasemearsiedl pRospRoRE S &Rt ANt i on. The
concentration of the base is not particularly limted. The base is

pr ef er abl ¥imadted sl fax iAt@urdcexforfi ttilie/al @t & MixfRre basascorUMRre MO e
preferably 18 equivalents or nore. Through the reaction between UWP-DPP and
PPl - or ganb€ tallsal.i SalbiseddEntily sytidesoretion ibeafgadt iton tHexithigs- The

t hus-fornmed UTP and dCWP are reacted in the presence of DPC, to thereby
synt hesi zeyd€hé\di zAld RMIPHDRICH® Jpetri age, reayd behaddedttivet he wadGWed to

m xture, dCWP is converted into dCVMP di phenyi phosphate (dCMP- DPP) in a
manner si rehat e tloasoéopEoyedpprokiimataedsy o WMjutes to five hours.

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,




9 3 DECEMBER 2003 and the dCMP-DPP may al so be added. The reaction of dCP4U
may be carried out by adding, to the aforenentioned synt hegipErdEMBER 2003
solution, DPC in an anmobunt of 1.1 equivalents or nore and dCVMP or dCMP- DPP
in an anount of 0.5-1.5 equival ents based on UWP enpl oyed as a starting

material, and the mxture is allowed to react at 10-50C for approxi mately

30 mnutes ta f,ive The thus-ohtain CP4U is purified and
crystalli 284 theth}rpepné?ﬁWo 3%1 v thereby obtain the dCP4U

crystals of the present inventjio s The resent i nvention wll
next be descri b § G5t et rble?% &C%@v}&%% © eRhD %@ OWhi B¥ 8A8drg.nde be
construed gs _ thgth ventlonthee, le 1 Production of
dCP4U4Na cry§t§1 r B "IVEOEX}ﬁfﬂ ‘{jCFﬁ‘fJ %‘s?’r%"bar%thﬁoéghaﬁount
routine- rret%gif descrlbdln V\DQB/%M use_of UTP, dCMP, and DCC.
Reaction w&s cdrr S 3 G sa e Y D2 OF IR TREBbiR| ARJAHCPRY

sol ution wa l.uted W th water t her eby_adj ust_the_overall volune to
1,000 m , %d Ll %1 FREY ESH RS o??%‘i ’?Peoe"t%l%‘f%%@ﬁnnacﬁ‘a@géanw th
medi um baS| :?ﬁn exchangl glgl resin (AI\/BERLI TE | RA-67, product of Rohm &
Haas Co.). ’b‘i}lresécﬁJ@rﬂt]roé‘chE/ 1) TeAGt At whef0°G P18 M
aqueous hy ri al.uti.on 005 M aqueous hydrochloric
acid sol ut g%ﬁ’%%(% éai%nl qms nlslwteosdlti?m clhvfe %%Jers't hereby col i ecti ng

fractions The thus~obta1ned 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

10




10 3 DECEMBER 2003 cont ai ni ng dCP4U. The thus-obtai ned dCP4U fractions
(4000 M) were applied to a colum charged wi th chromat ogr 3 CENIRER 2003
activated charcoal (Taiko G anular Activated Charcoal SGP, product of

Fut amura Chemical Industries, Co., Ltd.), and dCP4U was eluted by use of a
0. 05 M aqueous sodi um hydroxi de solution (8000 m). The thus-obtained
fractions of dCPAU were conbined and concentrated, to thereby prepare a
slurry. TReNBRISANNSCRAUr ry was adjusted to 6.0. The slurry was stirred
while ethanol was gradually added to the slurry, and the resultant slurry
was further codlhey thsobtginedtd¢Pidgfrantieny (APeOI pildavweng dCP4U4Na
crystals. The crystals were separated to thereby yield 8.9 g of dCP4U4Na
cryst al s. apRéieds doatte FRUmt Hange@ Wi tldchropategrapby-pradeure at
approxi mately 60C for approximately four hours and were then subjected to
i nst r umenf&tiyadieds ehaycpalvel Tk o sFrgnphor et Brat ¢d 2CBakgpahasSGHi ssol ved
in water (135 L), and the resultant solution was applied to a colum

char ged wPrRAUEAt jogh Faskamar fhemekeaml (prdastries. Mesublt@i ) Chandical Co.
Ltd.). The solution that had passed thro%gh t he colum and fractions which
had been ECEAYd YA I¢lndiest Bierseotbi del; 0and agueous ysadine T@rexide6 ko)
was gradual |y added to the conbined solution with stirring for

neut ral i zEPRBF1IOTHd 8048 @tlidon was. concentrated, and formam de (10 kg) was

added to .the solution. The resultant solution_was dehydrated by
The thus-obtained fractions of GCP4U were combined and

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

11




11 3 DECEMBER 2003 boiling with di oxane. Subsequently, the dehydrated

matter was diluted with pyridine (11.6 kg), to thereby prepdECEMBERI2003e
solution of UTP. To another tank containing nmethanol (18 L), dCWP (7.5 kgQ)
was added. TBA (4.5 kg) was gradually added to the solution with stirring,
the solution was heated to 60C. After the ingredients were dissolved, the

inder vachomtAn 7 8a Ut B, SHRF el mothe A T0 S ked WAkt euspended
(0PQ) (4 B RS TR Gt & bl it B S HRe R chFeosge 8t 1 rred
L?;ta?e?iggkgaéﬁgs%gégﬁﬁ%%ikﬁiyf re(&géssrgarggsfggrggeaiﬁﬂ?:g,tfoth?hereby
R cleit TR AR AT Rt S SR
vas <t i 178800 PRI e BEURd -Gy BEi GRE. SRSt SRS chHg nat ed by
Pydr oxi doSOLBE (P PORLEEL SN THARIaddEE. SISO g Maie 0 ricoch 165 30

nyar och ot £oRetCe 8T GEPAACILE. SARSaOLE SPHd “RquaBiss =oHAJEIon (48T her ey
TR e A o SR U A R e S
to the undexr vacuum at 75°C and crushed. Thé'crushed matter (10.3

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

12




12 3 DECEMBER 2003 concentrated solution. The resultant m xture was all owed
to stand overnight. The upper |ayer of the mxture, i.e., 3DECENMBER 2003

| ayer, was renoved through suction, and water was added to the resultant
sticky precipitates to thereby dissolve the precipitates. The residual
sol vent was renoved through concentration of the solvent. The overall

e sol uti on hear Eagpt o8 PRl T e ALt bA R TR BERFE basRa Lanpento *
s carri o e SAUERTTAl Ty Tt npRPET T EtE 5t TOF) HLkRiRbust par oM or c

Contai mi no SRt/ EoYeor iy Ao PR PHRop) SRS Pk Bt vater ones

o a col UMt SHatgsd eIt Gy CrEL bor Sy oY SUEL BT VSR obP Chatebhl (Tarko

G ) S B R PR B FU AT SRR et cwavas

hydr oxi de gldiid : Jhe, ;optained fractions were conbi ned and
P20 e it s e

concentrated. The [ e resul ( on Wwas adj _uSted to 7.5 by use
05% et hanol: vas TTadualTy L aadbat oot ne SoreT o PR LS SR AR ating
dCPAUN  eransitilch VA Adysd@de WBTL, sAPar atadh angd drd /d AL, 690G for

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

13



13 3 DECEMBER 2003 four hours, to thereby yield 4.2 kg of dCP4U 4Na
crystals (water content: 5.9% isolation yield: 22% . <PhyS3iDE{EMBER2008s
of dCP4U4ANa crystal s> . ‘The dCP4U4Na crystals prepared i'n (1) or (2) of
Exanple 1 and white powder of dCP4U4Na (freeze-dried product) which was
prepared in the sane way as in the nmethod described in Exanple 20 of WO

98/ 34942 V‘E&ﬁrsﬁ%ﬁgte@ot ‘Egrelhrggﬁrr YIRNRls 3n3ly %ﬁo‘}%‘:‘w‘? 1 p‘f oper% i es.

conpared wt reeze- product In terns sl ca

(3) Instruppatal éBﬁ%&?ts 5lb%An§g$§E%fyh rd . CP4U4Na crystal s
obtained in (1) and Exanmpl e 1, and CP4Ufract|ons after

pur|f|cat|@phggiggghprgﬁggtﬁggoggtg@@q@hmﬁgyé%§§gaf§ged to analysis of

purity by means of high performance |iquid chronmatography. The results are

shown in Tabl esqil.aRépay- %@d'ctr'y%%lfso I@ﬂk@&rirw C%od_[%}lr\fgf product of

chr omat ography are descri bed bel'ow. Col um:  H TACHI

Hi t achi I 1S | I % Gy - NHAC 3 M KH2PO4,
and 0. 03 M K2 O% %)etgggt ﬁgﬁtge?%ggerlu(\%%et ectloénha;'?(%Z nm]dlr%ée) 1 (DCC

met hod) d%’fl&hﬁem ephtZR #A8! Prepatelddi iR | Uty E0 P2 S ¥ {5a! B

chr omat ography
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% CHsCN, 0.18 M NH,C1l, 0.03 M KH,PO,, and 0.03
M K;HPOQ, |

Detection method: UV detection at 262 nm

Table 1 (DCC method)

dCP4U content
(%)

UTP content
(%)

Reaction mixture
After IE' chromatography
After AC® chromatography

After crystallization

55.0
(-)
97.4
98.3

28.6

. 1
B e

(
0.
0
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After ACS chromat ography97.40.4 After crystallization98.30.4 14 3 DECEMBER
2003 (-): Not neasured, *): |E 1lon-exchange, AC. Activat ed3ddECEMBERDO0Re
2 (DPC met hod) dCP4U content UTP content ($)(% Reaction mxture(-)(-) After
| E* chromat ogr aphy68. 627. 2 After AC* chromat ography92.81.5 After
crystallization98.30.3 (-): Not neasured, *).: IE 1on-exchange, AC

Act i vat ed- ghar.c tak,form FH g._ hat qgr aph _of atypicél
crystal fo(r:(mq(')f ﬁgj&crlg’%aU%Nﬁaé%(’S. 3 h;%r']r aitcgl) e(%rcégﬁﬁgs%g) W@Fee%%ﬁcw er
t he Karl Fi scher nethod.

content of qthg AdCGPANG s was neasured by
The dCP4U- 4Na crvsf(al S \/\I}g‘%%% cti;iund to be stabilized at the water content
from6.9 tlo 17.4 wt.% which varied in|acicrdanesnténd (e 80 &Eh ot

dryi ng. The

calculation results apparently shog/\g} hat 3. 5%-10 wat

nol ecul es
mel ting pqg
The nel tin
freeze-dri

bl nd olgreel & R PNEr& CP4U Nl ecul ) Vet

[ ntAf)tfe]_d
0 N1 was
ed PjPTUE (PBE 13

Cfé“;’d}?ccﬁﬁa}% ap

g%gtlon

-210C.

S Ifeasure
2-210C. T
5) X

8

5

b
a

a col
I ting
di ffrg

Tg—poi nt(
hvent i og
poi nt

nct i on

=)
7.2
5

1.

|MBL~]
net hod
he

(-): Ion-exchange, AC: Activated-charcoal

Not measured, #*): IE:

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



The dCP4U4Na crystals were subjected to X-ray diffraction by use of an
X-ray diffraction apparatus (Mdel: RINT2500V, product of BRDBEREMBERiI2003
under the follow ng 15 3 DECEMBER 2003 conditions (neasurenent error: 0.1).
The thus-obtained X- ray diffraction spectrum and the peak data of dCP4U4Na
3.5- hydrate are shomn in Fig. 2 and Table 3, respectively Simlarly, the

X- diff d hydr at
Shonn i n F o4 LeRR kb PR (T EBY. MO i G SRy B -
dlffractlOPafpéfEfHHb@RontQgek&%aﬁeaﬁal%gepbggchaEQ §?O§@P§ﬁ EN% 4 a

reference Condi tions for nmeasurenment) X-ray tube: ray output 50
kV-300 mA hys&%]{‘énﬂréakﬁowﬁ Qhmeayt e %gn@hagﬁ; a%e&éegefg@l%lg“ngl e

nmeasuring range: 2-4 Slit: DS-0.5, RS- re-treatnent:

LA AT L P e e A o s 958
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°

Slit: 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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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 1625. 04433 ECE MEENZ083
2003 Table 4 Crystalline dCP4U*4Na decahydrate Peak 20Rel ative No.intensity
15. 5828 211. 3462 311.9434 412.9227 514. 0849 614. 9666 715.6049 816. 6225

Table 4

Crystalline dCP4U'4Na decahydrate

Peak | 20 | Relative
No. (°) in en51ty_

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 22.02 160

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 obse:ved 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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917. 0846 1018.2827 1118.9028 1220.2039 1321.6672 1422.02100 1523. 0290 6)
Hygroscopicity dCP4U4Na crystals (decahydrate) having a wat 3IDECEMBER 2003
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 deconpesitémn: cipefwagratalyel gy was sheeeded o thite BRAY Gindd¥ 6&e
cases. The crystals have proven to be stable and to have no

hygr,oscoplmiyowiﬁ%a@&adi@ibné hg) sgfec§t yBYabs wesgq a' kemﬁﬂﬂﬁ% stand for
seven days under the follow ng severe conditions d): 40C and a rel ative

hum dity fun{B¥tNobf CPENaEndRs) OPSTE Vareh | &) i@l§t9€l§ehullnﬁd§95}t basihzgwhen a
freeze-dried product (initial vvater 17 3 DECEMBER 2003 content:

appr oxi maten yte %ed®rsd Sdy e6if f 9t ot ¥Ge (layBeUpeBuiche a slc@ineM N GnfpNdijtd ons
by or c¢): b) 25C and a relative humdity of 75% and c) 25C and a rel ative

hum dity oft&80duentd hers@eandidayeatesiarageert kenpepduct assuned a
mud-1ike state due to gradual increase in water content. 7) Stability
dCP4UANa crystsitspideeahydrate) and a freeze-dried '
~dCP4U"* 4Na érystals (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



product were individually placed in bottles, which were then sealed and
stored for 13 days at 60C (acceleration test). No deconpos3thDECEMBERE003
crystals was observed. In contrast, the freeze-dried product was found to
have been partially deconposed as proven through observation of a purity

| oss of the product of approximately 2.2% 7) NVR Each of the dCP4U4Na
crystals and the freeze-drjed, product was directly charged into a

zi rconi a- made it ?naﬁﬂc%%%tﬁﬁgresponding 13C- CPMAS- NMR spect rum was
nmeasur ed. C%ﬁ&”%%gns for. measurement are described bel ow. 13C CPMAS- NVR

1) Appar at usOWX- SO0t Pt obitRe of Chemagnetics) 2Pvet HE®S-or neasur enent CPMVAS
(sideband suppression) 3)Measurement tenperatureroomtenperature 4)Cbserved
nucl eus] . 3¢ &) PIRATRAEYCHF BhitRvati on75. 502 MIP -6°3PdiHZ width of4.5 s 18 3
DECEMBER 2003 proton excitation 7) Contact tine 8 Measurenent wi dth 9)

Poi nts of sthehRb? CHo¥erRiEeRethts 11) Repe&®4@on tine 12) Cheni cal

shift standard .
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

19



0.5 nmsec. 30.03 kHz . 2048 16384 15.0 sec. (Figs. 6 and 7) 60.0 sec.

(Fig. 5 hexanet hyl benzene (outer standard 17.35 ppm 13) 3BEQOERBER2003N
speed 5 kHz 14) Integration 256 tines Fig. 5 and Table 5 show a

13C- CPMAS- NWVR spectrum of crystalline dCP4U4Na 3. 5-hydrate and the peak
data, respectively. Fig. 6 and Table 6 show a 13C- CPMAS- NVR spectrum of
crystalli nf;ad 4U4ANa decahydrate and the peak data, respectively. Fig. 7
and Tabl e PRH8wPa 13C CPMAS- NMR spectrum of dCP4U in the formof white

powder (fr(ﬁlgze-dri ed gr oduct) and the c&eﬁ?k data, respectively. The
nuneral s iTEY EFghline; @Ch4perda deoahy E@tesimpm) ng peak .nunmbers in
Tables 5 to 7. Table 5 Crystalline dCP4U-4Na 3. 5-hydrate (ppm (1) 166.

5 1h7e. 38)2)1?@?%?‘%%3‘)*2)2195‘7’?’%(ﬁ{l%@%%ﬁ@;@%%??oiﬁ)99%23(%%0%&%8885
Tabl e 6 Cryst al (5D hé7.dACP4ANG. Bleddhyf.a e(§pd3) 3

(9) 90.1 (10)87.3 (11)80.6 (12)77.2

(13)75.0 (14)73.9 (15)72.0 (16)67.0

(17Y63.1 (18)60.4 (19)42.0 (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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(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. 3(DEOEMBER 2003
) 6 3. 1(18) 60.4(19)42. 0(2040. 8 Table Wite powder of dCP4U
(freeze-dried product) (ppm (1) 166. 5(2) 157.4W49.9(0140.9 (5) 103. 0(6)
99. 0(7) 9 6. 9(8) 85. 9 (9) 73.40071. 7(11) 67. 1(12)42.0 (13) 39. 3

Bxampl e 2: afinbbesics.of CPAl o eem: AR S SRl ddoSamty BAd RIS of- ©

m) were added to 'a dehydrated triethylam ne salt

pyrophosphahe reLEA+RRY mi&cﬂldz%%§oystsﬁféanﬂofh£%frﬁf L apt ( Lyture. To.a

dehydrated tributylarnine salt of uridine 5 -nonophosphate - TBA)

(10. mol ) @L_»ggﬁﬂéyil(%éﬁ%%tmhj%me%%ngdgg\?:ﬁ&(f@-z@dc’ﬂéé1to ghgé%g%(@ré m),

and. tri butyl am né .3 were a stirred, an ‘'m) was

added dr opw Bt Q4 AR td t o] e re for
Pwhsenkhendt dinlies @ﬁ%ﬁgﬁi A Stéd e oﬁ@,?ﬁ% g?8£g%§

one hour, to thereby form UwW- ich was added to or enent i oned

dehydr at edpsabHt-kORCHP - Bpé- PPinHY epa{L£d NE@p i b ixture
was stirreg aF roomtenperature for ongp hé(;%%dé@forn?ng 8%@4(% m )

was added t kb i 445 vITEY. § ki ; aoph
(Toa done) "Hg2g! EDUbY) ATRRnhits ol YRR P PP co1dpIoR pRRaLea

suspensi onyin2833aREEEMAER 20@3 nald IR Wk st rrda laeBbdA! £8hSL ryRsadded

to the suspension.
for 56 hours. Reaction was terminated by adding water, and

the pH of the reaction mixture was adjusted 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 resultant m xture was stirred for 40 mnutes, and tributylam ne (TBA)
(9.5 M) was added to the m xture. Another 20 m nutes stir8iDECENBERR2008r
out, to thereby prepare dCVP-DPP. The thus-prepared dCVMP-DPP sol uti on was
added to the aforenenti oned synthesized UTP sol ution prepared in advance,
and the mi xture was stirred at roomtenperature for 56 hours. Reaction was
term nat edchwigddi ng water, and the pH of the reaction m xture was
adjusted to 11 by adding a 30% aqueous sodi um hydroxi de sol ution. After

the solvent was ) I erpmpsh bys conCENtatiqudxyidia i ma s adjpistegitqd ne & by

adding a 6 mol /L hydrochloric acid. The m xture was partitioned wth ethyl

acet at e. Tget@({%g@y@ge for e vt REtédF oni ng was subj ected to HPLC
analysis (272 nm, reéevealing that the synthesis yield of dCP4U was 37. 7%

I ndustrial Appligabidi$ytdbs depcri-fed Biyahovweind e orpist@ly 8 @4U

obt ai ned through the process according to the present invention have high

purity and)high sipidpiatanglo hygroscopicity as conpared with a
freeze-dried product, to thereby serve as a useful raw material for

preparing a phaymcesyscals ddCoPine@sSto f@laphodustng HEPAhyagcpheding to
the present invention permts use of inexpensive UMP as a raw nmateri al
and realizes Ritghedst dsdhus, the process is suitable for |arge-scale
synt hesis of dCP4U. 21 3 DECEMBER 2003 Clains 1. Crystals of

P1-(2' - deoxycytidj nechyst&ds (ascobdiegSto 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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P1-(2' -deoxycyti di ne

) -tetraphosphate or a salt therﬁoI é4ﬁlé %ysg;:tgrs ac<(:ordi GgJI}E/Gi/EMBERIZDW
> ) P4-(uridine 5°- -tetraphOSpggw 4. Orystals according to claiml or 2
ﬁ having a p”{;tyofogtafegggsg7@ba%d éontaining 2% or less uridine 5'-

aving a puri X : 2 having a purity of at

: ding to claim1 or aving

triphosphate. S. Gystals accor i di - i,phosphate. 6. A process
| east 98% gnud-icnintenigm nﬁté@@éﬁh&%ﬁﬁayétfgleg{l?) ,V\Hl[ilé.ﬁhgpg‘@ggg scopppriess
for producing cryspalslas recited in Y Pa. (uridine 5' --)tetraphosphat e
e LAy i bR B L LM Yot 85 Spryvantidine ot
toa puriticatl i to the resultant solution
aCtiVaF?d'gbgﬁﬁgé%gﬁgéggg§§%%?Ph%%gé%%&f%%%éggﬁqﬁ;qﬂﬁqgigaiptdDP@bhoap&aﬁe,
of purified PI1-- o - c recipitation of -
i il R bl

Pl - (2" - deoxycy - " i in the purification
et o SR B AR B £ TS, Bt S
process conprises ani s for producing
B o st L YAg o AhAOBRe. T SR sl Bl e Bho e nosphat e
P1-(2' --deoxycytidine - _ ; S . hosphate (UWP),
(dCP4U), whinh-pPPEess aoﬁﬁfb%e%tab%%CQdﬁiﬂéﬁ‘¥£§%é§n§n¥ﬂgjumﬁznpp~(
2' -deoxycytidine 51_ — : :

containing reaction mixture with PPi to thereby 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 dCPA4U.
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nonophosphat e (dc), diphenyl phosphorochioridate (DPC), and a
pyrophosphate (PPi). 9. A process according to claim8, whi glDEOEMBBER2003
reacting UMP and DPC to synt hesize UW di phenyi phosphate (UWMP--DPP) in a
first stage; further treating the UWP-DPP- containing reaction mxture with
PPi to thereby formuridine 5 -triphosphate (UTP) in the m xture; and
reacting the thus- fornmed UTP, without isolating fromthe reaction m xture,
with dCWP in the presence of DPC, to thereby yield dCP4U. 3 DECEMBER 2003
ADDI TI ONAL CLAI M5 10. Crystals according to any one of clains 1 to 5, .
wherein 1-14 water nol ecules bind or adhere to one nol ecul e of

P'-(2' -deoxycytidine 5 -)P4-(uridine 5 -)tetraphosphate or a salt thereof.
11. Crystals according to any on Y, 5, wherein 3.5 water

nol ecul es bind or adhere to oneﬁr?ﬁg@mn%*&wé}(? - deoxycyti di ne
5'-)P4-(uridine 5 -)tetraphosphate or a salt thereof. 12. Crystals

according {@® Wl =1 t rein 10 water nolecules bind or
adhere to m@r%%ga%c%ggéﬁgcﬁdi?gﬁeg%%&%ﬁfodgg%% e’ﬁfﬁﬁ-gﬁﬁef gioReules bind -
5'-)tetraphesphat&,or a SAP O Py S5pyeyt =23 Alsdtaphesphather
present invention 1s directed to crystals of P1-(2' _ deoxycytidine

5'-) P4- (uridi ' dCP4 or, a_salt thereof and to a
pr ozzess( f %fﬂ?@%ﬁ@%ﬁﬁ qg%@g% gf%ig@%:%@e éﬁ'ﬁ(‘?lﬁ PenVRlsh Melesyiasriivd des a
ey S T, oonointate (G sy
phosphor ocfd, @r&ﬁﬁl&%cé&?@@ﬁo %HQ oﬂ¥ro?elg9|‘?so Jf' & E v(/i%?iai%ﬁo-rvtr]a%er 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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crystals of dCP4U obtai ned through the process according to the present
i nvention have high purity and high stability and no hygr o3qpCEMBER2003

conpared with a freeze-dried product, and thereby serve as a useful raw
material for preparing a pharmaceutical. The process for produci ng dCP4U
according to the present invention permts use of inexpensive UW as a raw

material and realizes high yield. Th e.process is suitable for
| ar ge- scal e synthesis of dCP4U. 24 W5 il

The present invention is directed to crystals of Pl-(2r-
deoxycytidine 5'-)P*-(uridine 5'-)tetraphosphate (dCP4U) or a
salt thereof and to a process for producing the érystals.

The present invention also provides a process for producing
dCP4U involving reacting uridine 5'-monophosphate (GMp)}, 2'-
deoxycytidine 5‘—m0nophosph§te (dCMP), diphenyl
phosphorochloridate (DPC), and pyrophosphate (PPi). The
crystals of dCPAU obtained through the process according to
the present invention have high purity and high stability and
no hygroscopicity as compared witﬁ a freeze-dried product,
and thereby serve as é useful raw material for preparing a
pharmaceutical. The process for producing 4dCP4U according to
the present invention permits uée of inéxpensive UMP as a raw
material and realizes high yield. Thus, the procesé is

suitable for large-scale synthesis of-dCP4U.
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