PROCESS FOR PREPARI NG AN A2, - ADENCSI NE RECEPTCOR
AGONI ST AND I TS POLYMORPHS [0001] This Application is
wa@2menideeruat i on in part of U S. Patent ApplicaedDns2007/069190
Serial No. 11/701,699 filed February 2, 2007, which
clainms priority to U.S. Provisional Patent Application
Serial No. 60/801,857, filed May 18, 2006, and to U. S
Provi sional Patent Application Serial No. 60/765, 114,
filed February 3, 2006, the conpl ete disclosures of
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the Tnvention I000ZI The present invention relates to
a process for the |argePQEXMORREDarati on of an
AlAadenosi ne receptor agonist, and also relates to
pol ynoi phs of that conpound, and to nethods of
i sol ating a specific polynol ph. Background [ 0003]
[00AHeHus Apidichgongs p geniinatiop ippaLefrly.AgPatie Nepliaten Saial Yp.
11/ ?@ﬁ%ﬁsﬁléé Isebg.l ﬁ) b Qb@'ﬁkvh?cfhfc@aqﬁl§p Mltm@ rSalsltok/irslﬂ) WPta{%nfaApphcatlon
am Ty of aderiosi ne receptors f
Serahd o A8);/3041857 dilediiag 18,00 lad & . Sp&pvannalmascsi @ﬂ)rdgatml Serial
e
No,lpfg)%t%g ,Slg%,fﬂl%cg]e%nﬁgr 4 rQ%O 205 ﬂgea“%%{&’?‘ﬁ% %1%135%? %%f \gfngs uﬁ%rfl%%b? ng
hw@pmdwdbgrﬁyemmteractlon wi th the Am adenosi ne
receptor. This effect of adenosine has been found to
be useful as an aid to inmaging of the heart, where
coronary arteries are dilated prior to adm nistration
Fichfofghe Inyemgibmg agent (for exanple thallium 201), and
t hus, by observation of the inages thus produced, the
[00p2 |eBencecrinabienckicsfo z:xmooemafoy tharlerge yeathi seaseiot afharbea-
adeg$ tlneerrn&eg?og 280 éns?ma?}g Vﬁnl;e & &1 f ol Hlﬁgothg dtggthm ﬁgundl é?ndt %%ethods of
isoletwgnapeyifiv aslgoibipat | on by exerC|se on a treadmll
which is clearly undesirable for a patient that has a
coronary di sease. [0004] However, adm nistration of
adenosi ne has several di sadvantages. Adenosine has a
Baokeroynghort half life in humans (less than 10 seconds),
and al so has all of the effects associated with Al,
[0083]B) dcantnoA a metv ey occuaigravivs lepsideTbghtehatsus diddgienl effects by
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thal{itm®09y, bt dBud By %5%05@1013014&91&%@5[ @¥Yproduced, the presence or absence of
(hydroxynethyDoonan 2-y -am nopuri n- 2- yIIpyrazoI 4
COronpTY arRI ity %aarbsélﬁtﬁmna@ %@dw&ge shvigh 2 fghpgucys that it avoids
the Iﬂio@@!ré’dn?&llaﬁ‘ﬁ&thé/@of’%cﬁwﬁ%%ﬂ%hrs}Qfasroﬁﬁﬁ%% cREOIL St a tr&Ahill, which
I's presently undergoing clinical trialS as a coronary
is cleg8 o Hidesirable fasepatient thatday dfaenanndigiany. [ 0006] G ven

t he heightened interest in this and simlar conpounds,
[00p4] Hierse B edrraisgaud istenctiae hisrevand Wisadanisaes. dfdenosine has a very
sho?t)h'affhl?esllnshuhllaﬁst (le% Ql\ﬂl ‘i’ﬁs&o%j‘ Ylﬁ'([‘ﬁl?@ﬂas %tolﬁﬁlg eff@(&s Mlaﬂ&i with A,
['arge quantities of e matéri al good yield and
A aipgh apdiAi togeptdragopsn e ithus thamsmf%bbst@s Ptzh edaosmpoenetafagonist
woﬁlﬁ ﬁ)ﬁorv ta S ‘yer%F I gltrolg ﬁ% plNgucm% c%po?flaxﬁrwgq_c@\%\tgo\ﬁ' %Lﬁ%ﬁfg(anglﬁvith a
kmghéaﬁhﬁﬁmhddsoamen@uﬂ&aﬂ to snall scal e syntheses, al
synthetic nethods disclosed in the patent utilize
protecting groups, which is undesirable for |arge
scal e syntheses. 100071 Additionally, it was
di scovered that the desired product (that is
(1-19-[(4S, 2R, 3R, 5R) -
3, 4- di hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2- y1] - 6- am nopur
in-2-y||pyrazo| 4 y1) Nnethylcarboxan1de) |s capable

oy r r o,



(3) with nethylam ne. 100091 In one enbodi nent the

reaction is conducted in an aqueous sol ution of
woretoby4ami ne, initially at a tenpet ature of abOLUS2007/069190

0-5C, followed by warm ng to about 50-70C

Alternatively, the reaction is conducted as above but

[000%) A cReaRIMPERIS HEeskiBRMHRS desitdRLRdpdritesavas @ROIOSEd in U.S. Patent
enbodi ment, the product is isolated as the gure

NofuHBmpdrthe eorﬁg}etaﬂ%lsﬁnw Aigviisels fesbrubicoperatgd Sy referpce. In
parfi@fiar€XR B Foﬂid%nﬂécﬁﬁltﬁ@ﬁd‘[gﬁ (lﬁ{dQ(éltS'MI@ngymdiﬁyﬁg)xy 5-

water, fil erlnqthesurr thus for ned washi ng
(hydignyraeitg) b lap ey 1-Hrmitopwin-B ylayerolioyl) bw@@ithldyarbwamﬂ has been
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tenperaturé that does not ex 1001
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preparation of a conpound of the fornula (3): NH2 HO
[00(J®)Glcy@nﬁhp heightgneddnptesian ivgrnd stoiap oemibuols, tthes paspprg esirable to
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[0007] Additionally, it was discovered that the desired product (that is (1-{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-y1)-N-
methylcarboxamide) is capable of existing in at least three different crystalline forms, the most
stable of which is a monohydrate. This polymorph is stable under relative humidity stress
conditions, up to its melting point. Accordingly, it is desirable that the final product produced in

the new syntheses is obtained as the stable monohydrate.

SUMMARY OF THE INVENTION

[0008] Thus, it is an object of this invention to provide convenient syntheses for the large scale
preparation of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-
aminopurin-2-yl}pyrazol-4-yl)-N-methylcarboxamide, and polymorphs thercof, preferably as its
monohydrate. Accordingly, in a first aspect, the invention relates to the preparation of a

compound of the Formula I:



contacting a conmpound of the fornula (1):
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[0009] In one embodiment the reaction is conducted in an aqueous solution of methylamine,

initially at a temperature of about 0-5°C, followed by warming to about 50-70°C. Alternatively,

the reaction is conducted as above but in a sealed pressure reactor.

[0010] In a second embodiment, the product is isolated as the pure monohydrate by dissolving

the product in a solvent, for example dimethylsulfoxide, addition of purified water, filtering the

slurry thus formed, washing the contents of the filter with water followed by ethanol, and drying

the solid that remains under vacuum at a temperature that does not exceed 40°C.

[0011] In a second aspect, the invention relates to the preparation of a compound of the formula

3):



HO with hydrazine (1) [0014] A 14.3-16.7
fold nolar excess of hydrazine may be used and the

WO 2meM43067 may be conducted at a tenperature of PCT/US2007/069190
approxi mately 60-65 C. In one enbodi nent the hydrazine
is first heated to approximately 60-65 C foll owed by
addi tion of the conpound of forymula (1). The conpound
of forrmula (2) may be isol ated by (a) cool i ng the
reaction m xture to approxi ne , (b) adding a
4.2-4-9 mass equi val ife maintaining the
tenperature at approXi Ny (q) coollng t he
m xture to approx [ #Ai'ng at that
tenperature for At |east approxi mately|1l hour, (d)
filtering, (e) washing the contents “,he filter with
wat er followed by ethanol, and (f rylng the solid
that remai ns under vacuum at a tenperature that does
not exceed 30C for at |east (32 hours. 100151 The above
descri bed synthesis is suitable for the large scale

y¥Rigesi s of the desired product, which is provided in

good yi el d, although one mnor inpurity is seen in the

conkdch r@ﬁﬂﬁdof‘tﬁ@fo‘imﬁ ity has been shown to be
uncﬁ%nge nternedlath%¥ the formula (2); that is,
t he conpound of the fornul g
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with ethyl 2-formyl-3-oxopropionate.

[0012] In one embodiment, the reaction is conducted in ethanol, at a temperature of about 80°C,

with about 1.1 molar equivalents of ethyl 2-formyl-3-oxopropionate.

[0013] In a third aspect, the invention relates to the preparation of a compound of the formula
(2):

NH2

HO
)
comprising:

contacting a compound of the formula (1):



(2) HO Although this inmpurity can be renoved fromthe
final product by crystallization, it was decided to
weesk/1eacnl t ernati ve synthesis that had all of Pa11ES2007/069190
advant ages of the above synthesis but did not give the
conmpound of formula (2) as an inpurity in the fina
product. [0016] Thus, inwy fourth aspect, the
invention relates to a netlhod of synthesizing (1- (9-
[ (4S, 2R 3R 5R) -3 N
, 4-di hydr oxy- 5- (hydr oxymet h o£%|an-2-y1]-6-an1nopurin
-2-y1} pyrazol -4- yl)o yl'¢ar boxam d e by
contacting a conpound of the fornuda (4): (4) with
nmet hyl am ne. [0017] In one e i rent the reaction is
conducted in an aqueous sol uti f et hyl am ne,
initially at a tenpeiature of bout®0-5C, fol | owed by
warm ng to about 50-70C. Pr'&ferably, the reaction is
conducted in a seal ed press Ee reactor. [0018] In
anot her enbodi nent, the rea ton IS conducted at a
Wnﬁgq¥erature of apprOX|nater 2.5750 C. [0019] In stil
not el enbodi ment, t he product is isolated as the

i £ PTR80S R LI B DS RLSOUE ) g

condugted dt@deniygtetre of aliptr@mnatglytaoessg Cunii yne dnls dfn@smmidd hydrazine is first
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convR@hidIoT fdfmmda (20 e rbaﬁ%[a&dtﬂyiﬁ) Boes; tﬁ@feaam&ﬁdtuﬁ&@ apprOximately
be isol ated as

0 .her nmbodi nents, th rod
10Thd ﬁ{ff Hbe é‘n%l?%ﬁe@uwetta?? W&f@@\g 5 ‘ﬁ@ln{éﬁ’éﬂ%t@%@fr}%ﬁmre at
appRaXhitEIe 40nTEE) c\oamgm altxtm@tto APPFidniiBN 088 end @aﬁ@ﬁtﬁﬂgeat that
excess nethylantne relea5|ng the vacuum an

tempgiaiurigr pidedt %rqxaﬁatalpidﬁl@kt R tdEng 52 maﬁlytl%%lep@maﬁs of the filter
with %{er fieWved by LBEdoNGnd hf d?idgrtﬁé/soilﬁ Wit feRfaR dndde Shcuum at a

washi ng the contents 0 lter with water followed
tempyraprhi@pioloes amdxqeey 3y fong lealel 2dwiisd t hat r emai ns

under vacuum at a tenperature that does not exceed
[00481C he[apORO]esdriped eymthesiniroditaantos thenagg geale synthesis of the desired

prob‘}?‘ a)shz}ét %E[Oﬁfﬁfb %o%d%be% ?i’ﬁ%’él%g%nenn&mg? 1mrPu51ty IF feen n the Iﬁn?ll

prodgoa T&hmmmhyity:has exadiode té lsc fnghaniged inpumediate df the fcpm(uim (e that is,

the 0m’1m§ Fxg%ﬁte forntby (i) dissolving the compound in
gV8B1Vent I sUCH s di met hyl sul f oxi de, heated to
approximately 78-88, (ii) fd,Itering any solid
inpurities fromthe solution, (iii) rinsing with
addi ti onal solvent, (iv), ngynsolution to purified
water that is nalntaln a ppﬁpX|nately 78- 88
thereby formng a sIurgyL\ irring the slurry,
(vi) cooling the slifty, (Vii) \i | teping, (viii)
washi ng the contents of the fil e M'th water followved
by ethanol, and (i x) drylgg t he id that remains
under vacuum at a tenperature tNatgpoes not exceed
40C. 100211 In a fifth aspect, fhe i AVention rel ates
to a method of synthesizing 8 conpound of the formnula

Altéog' Ig%lpé f‘?%;ﬁl;ﬁ%/r%ﬁ&g %‘é@grto%qgﬁ&l 8r08190%9 lérrggtaﬁmatlorr]lelt was decided

to seek an alternative synthesis that had all of the advantages of the above synthesis but did not

give the compound of formula (2) as an impurity in the final product.



(2) with an excess of ethyl 2-fornyl-3-oxopropionate,
preferably about a 2-10 fold nolar excess, nore

wpe@Bessabl y about a 5-10 fold excess. In one PCT/US2007/069190
enbodi nment, the reaction is conducted in ethanol, at a
tenperature of about 80C. The et hyl

[0026]f THuRMA 2 31@RQRPRR RN A tibSrePi@ €N ineihBd 8f Imthkfzih 9l d(9-
In a further enbodi nent, an additi onal

excess
(R RBTRO e he ST 5T NGt BER GG |-ASTT N 3 50 yTozol-+-
yl)Jl\ﬁm@tlllﬁ@arBB)?a%ﬁ'cﬁgl%}jcoﬁﬁ%{g SdooeRNiacd foRguid (Hompound  of

the formula (2) " with an excess of ethyl

2-fornyl- 3- oxopropi onat e oxppragpi onate in the presence

of acid. The reaction take e at reflux is

general ly conducted in ethangl. The reaction takes

place with or without the uselof +HCl as a catalyst. Up

to 0.1 nol ar equival ent, pr%ferably about a 0.05 nol ar

excess of HCl and about a 5-10%0l d nol ar excess,

preferably about a 6.8-7.5 fol|d I excess, of ethyl
2-fonnyl- 3- oxopr oi onat e e product of this
reacti on nmay be isol by (a) oo |ng\c»t he conpl et ed

reaction m xture Yo appr nately
(c) washing the contents of the fif .. W th ethanol,
and (d) drying the solid that remaipfs uPtder vacuum at
a tenperature that does not exceed 40C. Definitions
and CGeneral Paraneters 100231 FIGURE 1 is a 11-1 NMWR
spect rum of (1-19-1(48, 2R, 3R*5R) - 3, 4- di hydr oxy- 5-
(hydr oxymet hyl )oxo lan-2-yl]-6-amn opurin -2-yl1
withgiethylgminog- y1) - N - met hy | car boxani de nonohydrate (Form
100241 FIGURE 2 shows the thermal analysis of
[00%%] Iggnq_%lg@odzlgerg ﬁteg%ctlgn ] capchy@ (_1)13(%;1 aglueous solution of methylamine,
178
S L SR A AR AR e
the smmm is hendxctRin adichilfd @@tﬂumemart ern for
(1-19-[(48, 2R 3R, 5R) - 3, 4-di hydr oxy5- (hydr oxynet hyl ) oxo
[001&]nn 2ngth§r-egbadimsop theirepcBoryis cpyduated ht-2diemppiratieardiahyosianatsly 2.5-
7 s0%an de nmonohydrate [0026] FI GURE 4 shows the X-Ray
“drffraction pattern for
-19-f (4 i
o0 30 3 SRl e DX Pt B ROTEL I S D
disokamg ttle pfednahiBa sol{ddQ Z(?f] ex%&]@@&t@h@@xﬂh@ddﬁt@aﬁ pur1ﬁed water,
diffr agtio tere
ﬁlteir_ul_lgihegs TrEyArt% sg ﬁ gll?éhl% tﬁe 8onhen Gsrog )E%l 11Eeﬁw hwater loweccl) )t()
cthdrah-aRd y@]ngﬁheasmhn apu reintain? -uydl dr p*ycnmmdt atﬂetmib)aﬂhle ﬂﬁt tilgels natremeed

am de Form ared to For 281 As
n 1B BRI & @B’@Bﬁsgﬁ%ﬁﬁogﬁﬁ mat/ %ISPQF’P qﬁé’“t&ﬁ‘%}? &%E{te by (a)
deg@ﬁ[@&ﬁ‘@re@dﬂ%m GaR@falnld vablh@nsed: horchame sthe, BN HAsssas
set forth below, except to the extent that the context

meghyilagpfiice fp) fheaying the vaswen 1doelifteds 0oy hdpiapsiexinagdy $7-minutes to an
hour(@)t ﬁl%ﬁg theQlurryQREs BARd! 3) waBASthE BHient S (RUDRE A4HE RakeY
descri bed event or ci rcurrst ance nmay or nmay not occur,
follgyyer pshethanoh@ndiees ewinst thowelid et criwssnsiunder yaeBa akfaéerepcsaiig that
I 6bF Cunst ance occurs and instances in which it
doeg%ﬁe%&d 4% %030] The term "therapeutically effective

003 D EREGE PR ATRURLEle 2 poRRRURG,Of, For mula

(hyb@bcmthymemlaa@nylhﬁammo@drm o-y& pymanated-y1)-i- methydczabo;&mde is further
t nment,. .The t i.cal ffecti ve anpun

purllei 35 BB Aot Bl AP BEbuGE D T ok BnBIRUE i uch s

dintaeﬁytsglfts;n&@héuﬂed tb Approding ety ’EmSB AGie fidéridehay Selbf iegtritidsHem the

severity of the disease condition, the manner of
adm nistration and the |i ke, which can readily be

(b) filtering,

determ ned by one of ordinary skill in the art. [0031]
The term"treatnment” or "treating" neans any treatnent
of a disease in a manmal, including: (i) preventing

the di sease, that is, causing the clinical synptons of
the di sease not to devel op; (ii) inhibiting the
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[0034] It has been discovered that this conpound is

capabl e of existing in at |east three different
w@eopstigdebi ne fornms, referred to herein as For P@I/UFINTVGE9190

B, Form C, and an anor phous product. 100351 Form

A: Thi s pol ynorph can be produced by crystallizing 1-

sohltfn| ((11{1)$1ngﬁig mhﬁﬂallﬂonal solvent, (iv) adding solution to purlﬁed water that is
3, 4-di hydr oxy- %hydroxynethyl)oxolan 2- - am nopur

majnjpined i mswa%tﬂy S8 thRivRY FRIMESrasdsan{d é%{ Iing Fhe;% i) cooling
the §R&r¥ e(ﬂlﬁﬁltérfﬁ‘g @ Wﬁglﬁn§ﬂhg @&Qéntso(;f 16l fan Wlt’ﬁ%‘i& followed by ethanol,
ures, froma polar solvent, for exanple
andd ixd ey be BCfllﬂXih%d eymvansemdegernnatidemprsereghr dpestiot breeal 40°C
nonohydratc, and is the nost stable of the various
[00pH Ip difthlespeat, therthycation tekatgy e amgthed of yymthiegzisg abdrapamnd of the
ﬂn&gkgpive hum dity stress conditions up to its nelting
. 100361 Form B: This pol ynorph is produced by
evapor ati ng under vacuum a ol ution of 1- |
9-[(4S,2R, 3 R 5 R )-3,4-di hydroky-5-(hydroxynet hyl )ox
ol an -2-yl]-6-am nopdrI yrazo
| 4-yl)-Nnet hyl carboxanmi de in trifluoroethanol at
anbi ent tenperatures. The X ~anal ysis of the
crystals was distinctly different fromany other
pol ynor ph (see Figure 4), but.A difficult to
determine its constltutlon /ﬁﬁeth ray anal ysis gave

di sordered broad pe y mor ph cont ai ned
varyi ng anmounts of It was fo
to reliably repr te th reparatl

d to be difficult
it this
pol ynmor ph. 100371 Form C. Thi s pon , 1S produced by
slunying 1- 19-[(4S, 2R, 3R 5R)- 3, 4- o
di hydr oxy- 5- (hydr oxynet hyl ) oxol aps2¥y1] - 6- am nopuri n- 2
-yl I pyrazol - 4-y1) - Nmet hyl carboxam de in acetonitrile
for a long period of tinme at460C. The X-ray anal ysis
of the crystals was distinctly different fromally
congirBag cpothgtimraphmpsed oftlgdoenudy (2):Pol ynor ph C was shown
to be a variable hydrate, which, at elevated
tenperatures, desolvates t@z2an unstable form [0038]
Anmor phous Material: This pal ynmorph is produced by

heati ng Form A pol ynor phy“at erature of up to
gan t he presence of

200C. Thi s pol ynor ph |2/mgit bl
at nospheri c noi st ur enF0r mig riable hydr at es.
Techni ques for Analysis of For A B°C and Anor phous
Material X-Ray Powder Diffractij '0039] X-ray powder
diffraction (XRPD) anal yses ver yried out on a
Shi madzu XRD- 6000 X-ray powder diffractoneter using Cu
Ka radi ation. The instrunentro equi pped with a fine
focus X-ray tube, and the tube voltage and anperage
were set to 40 kV and 40 mA(Zespectively. The
di vergence and scattering slits were set at 1" and the
with eie e¥ogisrg ey | 2-fonasl- Sexoragpi@atbpreferabhi fonic?-¢@ fold molar excess,
mo%j)%f@l%ﬁl?rr}bﬁﬁﬁ Sdﬁ)t t%ﬁit&g SE yInaOn%I@ang(ﬁanﬁt Jhl: ?etalct%ﬁ is ggnducted in
tecto theta-two eta continuous scan
cth{id], 4t semplra@?e sftabp)t DTQNT 12 Hhyl Q- fﬁl&lMSoxumdLonaﬁe Siprésemrin a 5-
logﬁfndard was used to check the instrunment alignnent.
KHere collected and anal yzed using XRD-6000 v. 4.1

. 10 4 1 X-ra er diffraction (XRPD

0038 iongmboBihen 53 BRI e o ing A e Skrabioy of e

forlelulaf(4)a§ il@d‘fp*eﬁ—:ﬁlteﬂ QuinPiech uintabtigy £FRMpo Gt vkt Basilt (DN
Sensitive) detector with a 28 range of 120. The
instrunent calibration was perforned using a silicon
reference standard. The tube voltage and anperage were
set to 40 kV and 30 nmA, respectively. The
nonochromator slit was set’at 5 mm by 80 Rm Sanpl es
were placed in an al um num sanple holder with a
silicon insert or in glass XRPD-quality capillaries.
Each capillary was nounted onto a goni onetcr head that
|s nDtorlzed to pern1t splnnlng of t he caplllary

] - I T o -~ 1 I T I T 1




a mcrocup and leveling the material with a frosted
gl ass slide. A background data set was acquired wth
w@moahigement mrror in place. The spectra repP@EERI00H069190
ratio of the sanple single-beamdata set to the
background single beam data set. Wavel ength
calibration of the instrungnt was perforned using
pol ystyrene. N MR Spectrosgopy 100441 Sol uti on phase
"HN MR spectra of the B ired at ambient
tenperature on a Bal ker del| AMP250 spectroneter
operating at 5.87 T A reguency: 'H = 250 MHz).
Ti me-domai n data were acquired ing\\oa pul se wi dt h of
7.5 ps and an acquisition tine . 6834 second over a
spectral w ndow of 5000 Hz. A f tal of 16,384 data
points were collected. A relaxatfon™gdeglay tinme of 5
seconds was enpl oyed betweenctrénsi ents. Each data set
typically consisted of 128 coaveraged transients. The
spectra were processed utili(2j ng GRAMS132 Al software,
version 6.00. The free induction decay (F ID was
witl eif asecési;sldfeﬂhyt Didroyi-3 bkm@@ﬂ‘a& crxupi’oplbnmé indta¢ prefracdidfacid. The
n onent| |y nult br oadeni n
restbae SRS RoH e et bRt g Rpplan S GHRAT Bi Dt or
withdit #feecé sEHORKQ chialyer ngl th). Irebler @nitalnt Preferably about a 0.05 molar

excp g AL R 00 (B BMB e3P oPRBTIDeiy i Nk ANyl cxcess

of A3 2%}@13 A¥profpatd @RGI b eﬁe'ﬁi’ocﬁ&%f@ﬂn@reﬁctmﬂﬁhaﬁﬂéﬁﬁﬂated by (a)
Sor ption/ Desor ption. Anal yses 0046£%|\/b| sture

cookigg Heicomp§ied aeatieTonIxgHE & apefoseitly ¢ Ce th) diifernayfq) washing the
con% oFQQ MRPRKth SOLRIL L8 (AR NZ BE solROMRLEARN@Micr vacuum at a
desorption data were coll ected over a range of 5%to

tempsRurethat dopendigndedd #’C( RR) at 10% RH i nterval s under a

nitrogen purge. Sodium chloride (NaCl) and

pol yvi nyl pyrrolidonc (PVP) were used as the

calibration standards. Equilibriumcriteria used for
Deﬁlﬁﬁd)rwah@kG\mﬂTdHamﬁmtdfﬂwan 0. 0100% wei ght change in 5

m nut es, W|th a maxi mum equilibration time of 180
(0033 IFUECERE ¥ isthE N Rghectiom af e { {Gr(4RadR . HOOR htt-dilideoxy-5-

oy B AR B o P ARG 5 LB R B
momczhygtiaﬁ (g?n:gsmgd (1- 19-[(4S, 2R 3R 5R)-3
, 4-di hy - 5-

[00e4lrﬁ1@m@mw Doxoirank @alysi oblaif HAR.BR.SRY-§ Mk dihydroxy-5-

(hy@;én%ﬁ 3(1 OXX%L ﬂ?—%%&)éaﬁgg—gggggzollf yl?i] ﬁl&hylga\lll\@o)(amlde

modeh3ddtedi hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2-y11- 6-
am nopurin-2-yl | pyrazol - 4-y1) - N-net hyl car boxam de
[OOFQ(FIGDRGTES}WB/S hedXRay dithetibapgernsal le{S)HS, AR SRSRO3,4-dihydroxy-

4-.di h - 5- :
SR ERPRRL) Bl B e Bl R st
mondhljirald: met hyl car boxam de is shown in Reaction Schene
I. Al reactions are typically prefornmed under a

[0026]t FIGURE Athros }ﬂh:@(-Ray JIREAGHh EiNteSCHEME{ d-[($8,2R, 3R 5R)-3,4-dihydroxy-

Pre ara . [,0049] T oun f )
SRy Dy e B i HE 0 s Ry Eeypiraide Form
B. (1) by reaction with hydrazine nmonohydrate in the

absence of a solvent. The reaction is conducted at a

tenperature of about 45-55C. When the reaction is

conpl ete, the product of formula (2) is isolated by
stirring with a protic solvent in which the conpound
of formula (2) has limted solubility, for exanple

et hanol or isopropanol. The m xture is stirred for

about 1-5 hours, and then filtered. The solid is

purified by stirring wwth water, filtering, and
washing with water followed by isopropanol and dried
under vacuum which is taken to the next step w thout

purlflcatlon Step 2 - Preparatlon of Fornula (3)
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[ 0052]
(4S, 2R, 3R, 5R) - 2- ( 6- am no- 2- chl oropuri n-9-y1)-5- (hydr ox

w meshydeyoxol ane- 3, 4-diol is used as a starti nBCT/US2007/069190
material in step 1. This conmpound is comercially
avai | abl e. 100531 Ethyl 2-foinyl-3-oxopropanoate is

[002BEd GAR RS SHodk kg RARBIrdcibn bﬁ’cteﬁ{ 8P (12{9-ltSpR,3R SR) 3 ,4-dihydroxy-
commerci al ly avail abl e, or. nay nade as shown
> <1Ré&ewmswyg@w&9@-yldzéﬂ@wmlséﬂéwrwl g methygayboxamide Form C

as cldgl;aﬁred to Form A.

[0028] As used in the present specification, the following words and phrases are generally
intended to have the meanings as set forth below, except to the extent that the context in which

they are used indicates otherwise.

[0029] “Optional” or “optionally” means that the subsequently described event or circumstance
may or may not occur, and that the description includes instances where said event or

circumstance occurs and instances in which it does not.

[0030] The term “therapeutically effective amount” refers to that amount of a compound of
Formula I that is sufficient to effect treatment, as defined below, when administered to a
mammal in need of such treatment. The therapeutically effective amount will vary depending
upon the subject and disease condition being treated, the weight and age of the subject, the
severity of the disease condition, the manner of administration and the like, which can readily be

determined by one of ordinary skill in the art.

[0031] The term “treatment™ or “treating” means any treatment of a disease in a mammal,

including;:

(i) preventing the disease, that is, causing the clinical symptoms of the disease not to

develop;
(i) inhibiting the disease, that is, arresting the development of clinical symptoms; and/or
(iii)relieving the disease, that is, causing the regression of clinical symptoms.

[0032] As used herein, “pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying
agents and the like. The use of such media and agents for pharmaceutically active substances is
well known in the art. Except insofar as any conventional media or agent is incompatible with
the active ingredient, its use in the therapeutic compositions is contemplated. Supplementary

active ingredients can also be incorporated into the compositions.

[0033] The term “polymorph” is intended to include amorphous and solvates of (1-{9-
[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-
yl)-N-methylcarboxamide.



Et OOEt where Et is ethyl 10054] Ethyl
3, 3-di et hoxypropionate is reacted with ethyl formate
w0 osheepT esence of a strong base, preferably BOOUSAN7/069190
hydri de. The reaction is carried out at about O0-5C,
for about 24 hours. The product is isolated by

[003ANY BAtHeoN@kcoiBaN fat thRIcoMpamaliecdpyblt becxadidh id AMeadfthree different
wat er and extraction of inmpurities with a conventional

crygt@lpgeemes,Fefprr@(ta#ﬁqegl g8 Fﬁg{lw ﬁ@ﬁh@ﬂl Fosinfe Iand an amorphous product.

acidification of the agueous phase wth, @
[00ASAcf B @K or i ¢ alépalynpmhwav\éepqsgluem ala@%ﬁmwltﬁ% [4+5.2R 3R 5R)-

3 4qu{yu ? 58(@19&1}0%@118%&@15@@%& haRginoARH-I-SNPWLAALIEN

sol'vent fromthe dried extract under reduced pressure

mefhy ]qg/qbowléﬁ fli?/n_[.pg).tlg ﬁ@lpj@l@b Aisaemplp §thp,1ml OF q:tb@oy\yater mixtures, or from
a p&ihl‘%%l\/lehta aﬂr Qﬁnﬁﬂqgﬁﬁle{@g{iﬁ&gd%ﬁéﬁ l#oﬁn AR %ﬁée s‘ﬁ\own to bea

preferred nethod the large scal e synthesis of '
mofichydgic fmiSs AR BRE Sﬂ)le @f the dirippslp@xypsphatdmbiephiemhgraugg o It is

staﬂl@ﬂna%r }IGHUVQ hﬂ‘ﬁ?dﬂ? Msk@on%n%h Rﬁé{:o% %e]tﬁgypant N-met hyl car b

eact1on henme REACTI CJ\II
[00?@;&_3_%: le L?fehg ﬂﬂlyﬁi% qe&{:oguceh Bﬁ 89%?3&1'?9%%; {c%rgld sBlution of 1-

{9- E(é&éRﬁﬁrﬁRbﬂHadlhycﬁp&zﬁﬂwdmmh&lﬂbw@nmylﬂhemaMHcé -ydfpyrazol-
—yﬁolf meﬁle){zc:gré)sogsig]nalt el? Ihns'tr i aozrlo%ganr?g a\}/]%ﬁl%r tta mperal%f I v Sg %—ra argllysis of
the tys@ppras Xisnadti] (yfftﬁréht 615rrﬁmfy©|tﬂeowﬂ¢mb1y)h aadiFtguont)pfut fthves difficult
ound of .f ormul . The.te rature. i s, nmaintained
to GRIRRERS e Rhab T b B b5 ol it SR RESH BT picka Pt IR
polyak®s c&pmh@wamﬁh@hryomstdh&tdﬂ Oltfngis Fan@ @il dffeult Whehaliiie

Ielvel residu ound of formula (1) in the
TePHy R?%P%pregar?f&n Oﬁﬂ}l HP&p pr oxi mately 0.10%, the

003 L T Bl ot oAk e B & ”%t%é& ¥a.

dihpdeeds-(Kaesy aRMY D It 2L 1y- 64arrﬁndbuﬁn41%&ﬁ)yﬁﬁbll yaf)ence

have been added, the mixture is cool ed

methplspibRramEteInyrcatonitla i e dered efitae al é?q?e reudt-Eyagplysis of the

cry%’cglg vaa§ §1§t1ﬁch§‘ﬁlf§erér?1§;ffl5%l r?LQ Q&ZJ poT Qﬁ @g\gﬁg}n{e%) t ﬁ(ﬁ?morrgh C was

showagh e‘da wrtahleéwdmmwéwbtdﬁ alnmted Ppergigids.dlepavalesite dn uidkbte form.
vacuumat up to 30 C for not |less than 12 hours and

[003$ehmprpheys Nlgonah eTlnemly@tneb isproduged by hﬂatm@Form A polymorph at a
oS e. 0

b SO 00 GRS p P R RAR A p Rl vy
motsarg feoneounablohydraesrul a (4) by reactl ng with an

excess of ethyl 2-fornyl-3-oxopropionate, for exanple

a 2-10 fold excess, preferably about 5-10 fold,

i deal ly about 6.8-7.5 fold excess. The reaction may be
Teaboidescbednalysiberf Fohes AaBEC aginsinbipbns Maeridhose descri bed

for the preparation of the conmpound of forrmula (3) in
X-RgdowidonDiStheoe |. 100591 Alternatively, approximtely

0. 05 nol ar equivalents of an acid such as HCL may al so
[005%] )&da}qﬁbwtder cﬂ1ffetcn<sa(d¢RRm amitlxsea mere cilved peaot d $iNmadzu XRD-6000
N T AT A T TR R T R
fochisoX tabc( 2)d ihs tuvetvonmeend haperfe50%e s 40HeV amidioNhAoéspectively.

any co d of. formula (3) t have . f or med
T e PR A 8O Rt b PRHEE 6 St Og: o g mm.
Difgdtédrailigtidd \Lvisﬁlfe%dteﬂbif a\Was ediltidhdcadesn] uttBet@tiiaield continuous

and drie er vacu n1at o 40 0. I enpve

scap é§°gwa| 291%% Sophi 015.2 2V gfas P%?ﬁn%lsﬁlc?fhﬁtaf}dgrdt‘ﬁ%éﬁed o
to the next step without purification. [0060] The
conmpound of formula (4) is drawn as a (2E) allcene
derivative, as this is theomjor isonmer formed in this
reacti on. However, it should be noted that a
significant amount of the (2Z) allcene derivative my
al so be formed in this reaction; that is: H IO NH
nanmed as et hyl
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100621 The final product is prepared fromthe conmpound
of formula (4) by reacting wth nethyl am ne,
wpe@Bessabl y aqueous net hyl ami ne. The reacti on PGI/US2007/069190
initially carried out at about 0- 5C for about 8
hours, preferably in a pressure reactor, followed by
chetlaihs hﬁmuﬁlala aliSNE aba Rerk QolldtelQfd %er@@@ﬁg XADDYO . 4.1
and mai ntaining the tenperature for 15-30 m nutes.
“)Tﬁﬁﬁsl Alternatlvely, the nmethylamne is first placed
he pressure vessel and cool ed to approxi mate Y
l002015X 73@0@%@&%@% PR LDsRBsn d esraloderpned vaye pg Inel XRG-
300ade@dotwhblLedulped RIMGICRKYEEES PO RhNEE) ddiB&or with a 28 range
reaction proceeds until the |evel of residual conmpound
of 130°.f Blreriytanniesy cajirafigns was neafaragsigsigiarrticen efgenpgogandard. The tube
Volt]agg%]an&&%%e GRRLED 40y 4080 B Qééﬁéctllvélf § Hé ﬁ%ﬁ&hm{na‘[or slit was
conventional neans, foi exanplé egassi ng under
set gamrhyat0 1ot Savemes wdiaplagad pr malmtr@nysa@sb@?d@r wéhpyidicon insert
t h
or B Sh el REMM 3y bR B RS0 hond tha
is ntldwizteé hperatt apieniﬁg Df th5cmlhm élmrig@laaraccl[lmjﬁqn fRekl tdmediatbyfere

r at | u 8]
collectF us1 ?1]1 Ko r%(f} %tlon a% %gers]%l ts on 0 c?add?’r ?e dll"ﬂ)ﬁ%ae cr?aga dwere aollected over
a pqsrroeisﬁ &O(Eseacbnda Oﬁl?pb&‘ Mta.]pc&ntmﬁ)vnhm theoraegd dtard-40° 20 are displayed in the

C. 100651 This process provides (1-
Pbﬁgﬂ%gég 5R) 3, 4- di hydr oxy- 5- (hydr oxynet hyl ) oxol a
n- 2-
y1] - 6-am nopuri n-2-yl | pyrazol -4-y1) - N net hyl car boxam d
Thé |as nonohydrate. This pol ynorph can be further

%y dissol ving in dlnethylsquOX|de ( DVBO) ,

filt.ering any solid inpurities.f on1th ol utio
1004} iﬁeﬁao SeaBare PR e GT3b B DReieRf 20rer 2050
theirmugedvyrastat enalyzom elculibraonByandddi & ¢ronicke andir@rmel™iSsimples

met hod. is particularly effective t he O :
Wer&&ﬁaﬁi’ BADZHINE SRy BAnEstEd 8 t@% BBE‘i‘aﬁ%ztDagE jeopgidgweighed.
Thaqehphe hWdrafcatchat mtr@gmaf ataly & 10P ¢/ Misiol dithérBY0HOB50° C. Unless

EDFOXInHte| 1 ur. Adter stlrrlqg éhe slurry is

statg 19’”%?0%5‘1“@ Stv%?l WK PRI Ho€. C e T PRdimatadise fo
analy8ist hen isolated by filtration, washed with purified

wat er foll owed by ethanol, and dried as descri bed
[00@2]@1&‘1@#&%{154 scanENOVEbEmdtry &5 %ﬁéﬂ&ée@ el caflelYut on a TA Instruments

-2-fom v] - 3- oxopr opi onat e Et . [0066] A three- or
dlffP’Eﬁ’HFal AEERINE GUATMBISE £ 0 ACasK i gisd e Haplaeadiig cither
cr1r§1§édrpa9§6r hetRQLARCRMPY Fans %a%&@alméd@%ﬁﬁﬁ%‘f@t% %fl@w %ﬁ)r LsQlretelcase.
outl et and addition funnel | ushed ar gon.

Ea@tshlyple 3vag heatigdamdendyiprssp ponateeot (1@@/511@)) ejther 300 or 350° . Indium
mettégﬁl%sﬁgm&ﬂg flé’lg Bra‘ﬁ?ﬁ gta i"Hf' g‘@ﬁ{%%%%u{%@ glgge?rg[?c}r{e@ B tiléj ﬂ[ﬁ%ktlon maxima.

charged to the reactlon flask foll owed by

tetrahydrofuran. The contents of the flask were cool ed

:mﬁ%%d%'égok%pén ice-bath, and ethyl formate (257 g) was
addeg The m xture was cooled to 0-5C and the contents

[0093) ThiErc@dedictd QB fatnRRl oﬁ‘%%ga %d@mlﬁﬁr tra{f@fo%mur&g@mm
internal tenperature of |eSss than 5C. The ice-bath
spegterpboiotheten tNicolet logmsnt Csloral) Iewmdmthwarﬂm Gloanﬁ(ferrﬁ& source an
£ I
ext%ﬁgﬁ?ﬁaﬁ% %(; %Bﬁ“éﬁg% %ﬁ@v\gé&% oa{rngi C‘g&l’@%ﬁ@& trl%lg?me sulfate{HgGS)
deteogac Uinbems wetsd qh@waﬁwe:dsmwtradf cht IrmndI&hsa rc&GCWateezICCQsi@fy Gthe
ColY, cLo)rTM) gﬁse)ét ras%}n?ﬂrjg aaglg s;%elﬁtrrruerﬁ re}énrés@ntg?%h %l addecp sctal¥s at a spectral
resaiitsmant @kmh Taepaqueasiop fasle ovapoaci cnbnsfmtecdoﬁ/pld:cﬁngahmample into
hydrochloric acid to a pHof 1 to 1.5. The acidified
aqueous | ayer was extracted three tines with
di chl or onet hane and the conbi ned organic |ayers dried
over sodium sulfate. The sol vent was renoved under
reduced pressure, and the residue distilled under
vacuum to prOV|de ethyl 2-fomayl- 3- oxoproplonate
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WD 2008/ 143667PCT/ US20071069190 product is dried under
vacuum at up to 30C for not less than 12 hours, to
w@rope/18366'hydr azi noadenosi ne. EXAMPLE 3 Pr epar a¢DOS07/069190
Ethyl 1 9 4S 2R 3R 5R -3 4-di h drox 5drox neth
oxol an- 26 am nopuri n-2-yl | pyrazol e- 4-car boxyl ate (3)
a mN‘gcub QAT RlelbHNYd meefifAAYITc3te@X0R! Ok 0N BARefoddd 83sct was

nol) was placed in a flask equi pped wth
acqpiechui} Eh IS8Rt aFToT adack ni e sPegErgeRyGterEt rain gl the fargple single-
beaﬁ%@a%‘%f%ﬁhe BickEORANS gl e maddad: tWa\Ietb%gtfhlc@@&attdﬁl JramBaktrument
by -hydra2|noaden03|ne (44. 459, 0.15 nol)
wagpexfornes wiae nebatedet o ref | ux under stlrrlng for 2-4
hours, followi ng the progress of the reaction by TLC
analysis. When the reaction was judged conpl ete, the
heat source was renoved and the m xture cooled to room
The suspensi on was cool ed under stirring
n an ice-bath for 1.5 to 2 hours. The solids were

[
[00¢4otodttion pb§ﬁ¢\ﬂé%§ﬂ¢1@ pithe B agtredasteicnpfqnperature on a Bruker
mollg @x’l\@ 956’ ﬁc@&&&%kratlﬂg@ 5@7@%‘%¥m0r%eﬂ¥énc} =950 MHz). Time-

[ (4S R, 5R dr oxy (hydr oxymet hypoxol an- 2-
doryaip dfea wmerﬁg@med HSIRg ¢ m}ﬂswtddz@ &b B-and an beswypitamdimagd .6334

u

sec%g&%iw%a}l éxglgdr%)gfﬁ osﬁé(gﬁ% I Byt Bf B, SONBLA WG LA b Hected. A
rela@<4t4@gdem4®ezfﬁ535§oa® w&, empdoyeyd detoxyn Bantiayids ioacly detk kstltyroselly
congls%ﬁ 8? b%gllc#ageraiﬁefl ggs;r#séeznéﬁ. '_Fﬁe: S)Pﬁt{amere P]hOC?ScS:eadr t%i)z(igllﬁiG&AMS 132 Al
sofh@0:/ ¥drsibn MORL Thefref indddnyh decay (FID) was zero-filled to four times the number

of ot g R S P e PR PG o

Fm(r&ﬁtréhsg))malﬁtﬂh mak fH/kI&Bﬂran@elé 41&%1111@ fafticdted t0@rame)hyWdsne (0 ppm)
b stir aﬁ at arrbl é erature for about 4 hours,
t mP&FWG ‘H@aPHEmB? €E of the reaction by | -1PLC

WO?@%&@JE@S&“@&%@@& Y e RS e g

m xture cooled at OC for 2 hours. The solid materi a
was filtered off, washed with ice-cold 200 proof

e er reduced pressure, to provide
Mo;s%ure gomtlon%esomnon %n IQIS P P

[005@%%%§m3§ggﬁb/dﬁéog)tvp?%d o (fo?lﬁét hcy gnr Y 6¥P§J}Ayl%8 %por%orpﬂon
Anytier NSarptidtydnd alefox airidde vxlaﬁe ¢d11$ctéﬂ)df$k@hy dafn@% ef 5‘%)‘&%7\'% reliee

1 r r ntir -
g 6 e L TR B « TR R QYU L BB U L

pol?\)mﬁﬁﬁ)/dli@%je (TPWWVE& u@&,’(h%ltﬁé @nbramﬂ faddBRls PEQSEHREN &teria used for
one nol ecul e of te powder dlffractlon

r.
analys i EFHgS ie)- %1&941 Vﬁ@aht(cmn@e 91195 mynuigspith g um Qguiprtion
tim8 @@pgor@nmg ﬁﬂ&%mfeﬁ%}ﬁ @ftekibn {vAEndt et oMo IFRRRE 'haveTﬁ/W been
sanpl es of the material obtained above were wei ghed

corggied dhaingisbmgisyrd G9nWet DMSO - 5.3 ng was used for the
|F1 WO 2008/ 143667PCT/ US20071069190 spectra, and 20.8
nmg was used for 13C spectra. Al spectra were acquired
at anbient tenperature on a JEOL Eclipse 11400
spectroneter operating at 400 MHz for 1H and 100 MHz
for 11C. Label 13C shift(ppm
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IH shift( pm Miltiplicity, splitting(Hz) 2 150.5 or
150.3 4 156.4 4a 117.9 6 140.0 8.41 s 7a 150.5
W®200850687 PCT/US2007/069190

Nomenclature

[0047] The structure of the compound (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-methylcarboxamide is as

NH,
AN N
i A\
o ﬁ@
N
@ |

O,

follows:

o,
“oH
HO

Synthesis of (1-4{9-[(4S.,2R.3R.5R)-3.4-dihydroxy-5-(hydroxymethyDoxolan-2-y1]-6-

aminopurin-2-y1}pyrazol-4-y)-N-methylcarboxamide

[0048] One method for the large scale synthesis of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-methylcarboxamide is shown

in Reaction Scheme 1. All reactions are typically preformed under a nitrogen atmosphere.

13



" 86.9 5.94 D, 6.2 2" 73.7 4.62 m2'-CH 5.50 D, 6.2
3" 70.5 4.17 m3 -0OH 5.23
WO 2008/143667 PCT/US2007/069190

REACTION SCHEME |

NH, NH

CO,Et
N
N \> N \> H H
| —_— | (o] (e}
)\ sy )\ T\ I
cl N HoNHN N
‘\\\\OH . \\\\\OH where Et is ethyl
Q Q
1 )
1) “n, o,
“on 7oH
HO HO

NH
? NH,

HO
HO:

Step 1 - Preparation of Formula (2)

[0049] The compound of formula (2) is prepared from the compound of formula (1) by reaction
with hydrazine monohydrate in the absence of a solvent. The reaction is conducted at a
temperature of about 45-55°C. When the reaction is complete, the product of formula (2) is
isolated by stirring with a protic solvent in which the compound of formula (2) has limited
solubility, for example ethanol or isopropanol. The mixture is stirred for about 1-5 hours, and
then filtered. The solid is purified by stirring with water, filtering, and washing with water
followed by isopropanol and dried under vacuum, which is taken to the next step without

purification.

Step 2 - Preparation of Formula (3)

[0050] The compound of formula (2) is then converted to a compound of formula (3) by
reacting with about 1-1.2 molar equivalents of ethyl 2-formyl-3-oxopropionate. The reaction is
conducted in a protic solvent, preferably ethanol, at about reflux temperature, for about 2-4

hours. After cooling, to about 0°C, the solid is filtered off, washed with cold ethanol, and dried

14



Db 474 857 3.96 m5 61.5 3.67, 3.57 mb&5' -CH
5.02 D, 5.7 A 140.9 8.07 D, 0.8 B 120.2
WO 2008/143667 PCT/US2007/069190

$8858+under reduced pressure. The product of formula (3) is taken to the next step without

purification.

Step 3 - Preparation of Final Product

[0051] The final product is prepared from the compound of formula (3) by reacting with
methylamine, preferably aqueous methylamine. The reaction is carried out at about room
temperature, for about 4 hours. The product of Formula I is isolated by conventional means, for

example by filtration, washing the solid with cold ethanol, and drying under reduced pressure.

Preparation of Starting Materials

[0052] (4S,2R,3R,5R)-2-(6-amino-2-chloropurin-9-yl)-5-(hydroxymethyl)oxolane-3,4-diol is

used as a starting material in step 1. This compound is commercially available.

[0053] Ethyl 2-formyl-3-oxopropanoate is used as a starting material in step 2. It is

commercially available, or may be made as shown in Reaction Scheme II.
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C129.6 8.95 D, 0.8 D161.7 E 25.6 2.76 D, 4.6 NH,
7.77 br s NH 8.35 Q 4.6
WO 2008/143667 PCT/US2007/069190

REACTION SCHEME 11

OEt

EtO OEt COzEt

where Et is ethyl

[0054] Ethyl 3,3-diethoxypropionate is reacted with ethyl formate in the presence of a strong
base, preferably sodium hydride. The reaction is carried out at about 0-5°C, for about 24 hours.
The product is isolated by conventional means, for example by the addition of water and
extraction of impurities with a conventional solvent, for example t-butylmethyl ether,
acidification of the aqueous phase with, for example, hydrochloric acid, followed by extraction
with a solvent such as dichloromethane, and removing the solvent from the dried extract under
reduced pressure. Ethyl 2-formyl-3-oxopropanoate is purified by distillation under reduced

pressure.

[0055] A preferred method for the large scale synthesis of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-
5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-methylcarboxamide is

shown in Reaction Scheme I11.
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EXAMPLE 5 A. Preparation of Ethyl
(2E)-3-(19-11(4S, 2R, 3R, 5R) - 3, 4-di hydr oxy- 5- ( hydr oxynet
W 910$A443667 PCT/US2007/069190
oxol an- 2-y11- 2-114- (et hoxycar bonyl ) pyrazobi |l | purin-6-y
| I am no) - 2- f or nyl prop-2-enoate (4) 00 [0073] A
m xture of 2-hydrazi noa | g, 0.34 nol),
et hyl 2-formyl-3-o0xo i I 1.7 nmol) and
absol ute et hanol were charged [0 a reactor, and the
m xture hea ed to reflux for 2|hours. When the

reaction ed conpl et e, eat sourcej¥as
renoved d the xture a)dﬂill | ed toYB-¥0C over
a periqg urs stirred fof 30

mnutes at this tengerature and the mxt ure—fittered.
The solid materjyalywas washed vvlth cotd (5- ¥BE) iscthvl
absol ute ethand\, and then driped unded, vacuum at a

t enper at ure that) di Gonot exceed 40 t &oprovi de et hyl
(2B)-3-(; w o

944S, 2R, 3R, 5R) - 3, 4- di hydr oxy- 5- ( hydr oxynet hypoxol an- 2-
y1] - 244- (et h@xygar bony1l) - pyrazol yli purin-6-yl)

am no) - 2- for rop-2-enoate. B.Alternative ,

Preparati o Erhyl (2E )-3-(

[9-1(4S, 2R 3 R),HS 4-di hydr oxy- 5-

(hydr oxynmet hyl ) Yoxol an- 2- ydd= 2- 14- (et hoxy arb ny>pyra
zol vfigurin-6- mno)=2= fognyly e (4)
[0074] o A reactli onj vessel is char WOH
2 hydr enesi i (450 g) and™abso t“e et hang i

1 (7. 44~ and et hyl ..
ornyl 3 oxopropionat e (1557 g) are added. The Yo
n1xture is heated tg ré&Hl ux and sanpl ed until™
| evel of residualkoZ-hydrazi noadenosine in the m xture
is not nore than 0.50% and the | evel of the conpound
of formula (3) is not nore than 2.5% The m xture is
slowy cooled to aporOX|nater 10C. The product, the
Step dmBEpaEtie R 42)(4) is isolated by filtration and

washed with absol ute ethanol (5121 g). The product is
[008¢]i Asdbafieracthe aamnound aft foupyle @) aoeensrnditront Bs icamptund vhirarla (1)

by }e§ctf3>9twiml¥ﬁratz§ﬂ@%oﬁ@%@ra@é)@tﬁé)abgen%@ o en( Qﬂahlg’m(ﬂ[hgd however, a
[(4 5R) droxy-5- ( hydr oxymet hyl ) oxol an- 2

14. 34y1§]7.fg]414nqlgthge@y gﬁhy@m@p)monpbryda@@[sﬁrqtrljlgqtted]to@pgqoklmately 60-65° C
I'
OB USRSl AP0 T i
appt@;lnlnambrnﬁg Gﬁé §Ldut1gg th€ reado1i7&Bich ers4ap3®%mam;ly 18 D5%Grs ©, complete.
th(egeve e51 ua goarllglpoun 0 ormu% 1ri the Hn %101/1% 1sNﬁot ]rh%re4 0/1?
e ana YSI'S Ccorrespon n experi

appecrmmatellylorma’/s thoreah@nhmmurwm et eodd mhppldemmed40° C. The

oGRS e s G il P 2tgsd o irordipe fRY 474 0 mass

equﬁ@ldnﬁe/\lhdil'@ beaaaesd, thdGnitie: i0 todldieo appaitiactyof0° fCoamahleRl at that
“’S_FJE)‘)@ wafe£ soIve in -0.75 mM of DVBO d6, and the
te s rB?ft%S?HQB dPUanbi ent tenperature on a JEOL

[OOEﬁXF 400 }? ?s%\[g@ﬁyﬁﬁtr% g:f?%i F(Pgﬁ]% fvgtgg Ncr%len washed w1th

absbl@fe%ﬂﬁiﬁﬁle cthb @oltche dEM des@kvienht updo 3¢ @ RIPnbOksskihnarchours and
39.5 ppm for 13C. RESULTS 100771 Theand 13C chem cal

the%ﬁﬂ(?ft@ﬂ%ﬁ@x? jtet Wighquh furthe rurificatiplo i somers in a ratio
of -60/30 were observed in both the I H and the 13C
spectra, |abeled as major and mnor in the table.
Atom HC Chem cal Shift (ppm) ifi Chem cal Shift (ppm
Mul tiplicity', Splitting (Hz)

17



21(major) 192.4 9.96 d, 3.6 21(minor) 187.6 9.83 S
22(m nor) 167.1 22(major) 165.2 15(m nor) 161.8
WA H08a330667) PCT/US2007/069190

Step 2 - Preparation of Formula (4)

[0058] The compound of formula (2) is then converted to a compound of formula (4) by
reacting with an excess of ethyl 2-formyl-3-oxopropionate, for example a 2-10 fold excess,
preferably about 5-10 fold, ideally about 6.8-7.5 fold excess. The reaction may be conducted
under the same conditions as those described for the preparation of the compound of formula (3)

in Reaction Scheme 1.

[0059] Alternatively, approximately 0.05 molar equivalents of an acid such as HCI may also be
added to the reaction mixture. The reaction is allowed to proceed at reflux temperature, for
about 2-4 hours, until the level of residual compound of formula (2) is not more that 0.50% and
the amount of any compound of formula (3) that may have formed is not more than 2.5%. After
cooling, to about 10°C, the solid is filtered off, washed with absolute ethanol, and dried under
vacuum at up to 40° C to remove residual ethanol. The product of formula (4) is taken to the

next step without purification.

[0060] The compound of formula (4) is drawn as a (2E) alkene derivative, as this is the major
isomer formed in this reaction. However, it should be noted that a significant amount of the

(2Z) alkene derivative may also be formed in this reaction; that is:
H)ii”\o/\
A)I )

/ N
/ QOH
/\ d —=N o

I",///OH

HO!
named as ethyl (22)-3-({9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-oxolan-2-yl1]-2-[4-
(ethoxycarbonyl)pyrazolyl]purin-6-yl} amino)-2-formylprop-2-enoate.
[0061] Accordingly, although the compound of formula (4) is represented as the (2E) alkene
derivative only, the term “compound of formula (4)” is intended to include both the instance
where it is solely the (2E) isomer, and the instance where the major portion of the product is the
(2E) isomer and a minor portion of the (2Z) isomer is also present. The conversion of the

compound of formula (4) to the final product by reaction with methylamine as described in Step
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161. 7 6(major) 153.1 6(m nor) 152.9 2(m nor)
149. 4 2(maj or) 149.3 19(m nor) 148.0
WO 2008/143667 PCT/US2007/069190

3 proceeds in the same manner whether the compound of formula (4) is present as the (2E)

isomer or as a mixture of the (2E) isomer and the (2Z) isomer.

Step 3 - Preparation of Final Product

[0062] The final product is prepared from the compound of formula (4) by reacting with
methylamine, preferably aqueous methylamine. The reaction is initially carried out at about 0-
5°C for about 8 hours, preferably in a pressure reactor, followed by raising the temperature to

50-60°C over about 1 hour, and maintaining the temperature for 15-30 minutes.

[0063] Alternatively, the methylamine is first placed into the pressure vessel and cooled to
approximately 2.5-7.5° C and then the compound of formula (4) is added while the temperature
is maintained. The reaction proceeds until the level of residual compound of formula (3) is less

than approximately 0.10%.

[0064] Upon completion, the product is isolated by conventional means, for example by
degassing under vacuum at not more than approximately 35° C to remove excess methylamine.
The vacuum is then released and the mixture cooled to approximately 0-5° C and held at the
temperature for 15 minutes to an hour, followed by filtration. The solid thus obtained is washed
with water followed by ethanol, and dried under reduced pressure at a temperature of no more

than approximately 40° C.

[0065] This process provides (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-
yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-methylcarboxamide as its monohydrate. This
polymorph can be further purified by dissolving in dimethylsulfoxide (DMSO), filtering any
solid impurities from the solution, rinsing with additional DMSQO, and precipitating the
monohydrate from solution by addition to water. This method is particularly effective when the
DMSO solution and water are heated to approximately 78-88° C and held at that temperature
with stirring for approximately 1 hour. After stirring, the slurry is slowly cooled to
approximately 20°C. The final product is then isolated by filtration, washed with purified water

followed by ethanol, and dried as described previously.
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9.22 d, 13.0 4(mnor) 147.9 4(major) 147.8
19(major) 147.5 9.26 d, 12.4, d, 3.6 8(mgjor) 144.9
W@283/14386¢T nor) 144.7 8.85 PCT/US2007/069190

EXAMPLE 1

Preparation of Ethyl-2-formyl-3-oxopropionate

CO,Et
H H

O O

[0066] A three- or four-neck round bottom flask equipped with magnetic stir bar, thermocouple,
digital thermometer, gas inlet and outlet and addition funnel was flushed with argon. Ethyl 3,3-
diethoxypropionate (64.5 g) in tetrahydrofuran were charged to the addition funnel. Sodium
hydride (21.2 g of a 60% dispersion) was charged to the reaction flask followed by
tetrahydrofuran. The contents of the flask were cooled to 0—5°C in an ice-bath, and ethyl
formate (257 g) was added. The mixture was cooled to 0-5°C and the contents of the addition
funnel added dropwise, maintaining an internal temperature of less than 5°C. The ice-bath was
removed and the contents allowed to warm to ambient temperature. Consumption of ethyl 3,3-
diethoxypropionate was monitored by TLC analysis. The reaction was quenched by addition of
ice-water (10.6 vol), and extracted three times with methyl t-butyl ether (5.4 vol each), and the
organic layers discarded. The aqueous phase was acidified with conc. hydrochloric acid to a pH
of 1 to 1.5. The acidified aqueous layer was extracted three times with dichloromethane and the
combined organic layers dried over sodium sulfate. The solvent was removed under reduced
pressure, and the residue distilled under vacuum, to provide ethyl 2-formyl-3-oxopropionate,

27.92 g, 70% yield.

EXAMPLE 2
A. Preparation of 2-Hydrazinoadenosine (2)
NH,
N| X N\>
H2NHN)\N/ N
\\\\OH
O,
2)

/,///O

HO
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s 12 143.1 8.20-8.23 m 14(mnor) 132.8 9.20 d, -0.7
14(major) 132.6 9.12 d,-0.7 5(mpjor) 120.7 5(m nor)
WA 208/643667 PCT/US2007/069190

[0067] A flask equipped with a mechanical stirrer, gas inlet, gas outlet and thermocouple was
flushed with argon. 2-Chloroadenosine hemihydrate (53.1 g) was added, followed by hydrazine
monohydrate (134 g). The mixture was stirred while heating to 40-45°C for 2 hours. The
progress of the reaction was followed by TLC analysis. When the reaction was complete, the
heat source was removed and ethanol (800ml) was added. The mixture was stirred for 2 hours at
ambient temperature, then the precipitate collected by filtration. The filter cake was washed
with ethanol and dried under reduced pressure for 30 minutes. The solids were transferred to a
clean flask equipped with a mechanical stirrer and water (300 ml) was added. The suspension
was stirred at room temperature for 18 hours, and the solids isolated by filtration. The filter cake
was washed with ice-cold water (300 ml) followed by a wash with ice-cold ethanol (300 ml).
The solid was dried under reduced pressure to provide 2-hydrazinoadenosine (41.38g, 81.4%

yield, 99.3% purity).

B. Alternative Preparation of 2-Hydrazinoadenosine (2)

[0068] A reaction vessel containing hydrazine hydrate (258 g, 250 ml) was heated to 40-50°C.
To the warm mixture 2-chloroadenosine hemihydrate (100 g) was added in portions, maintaining
the temperature between 45-55°C. The temperature was kept at this temperature for two hours,
and then deionized water (500 ml) was added over a period of 30 minutes, maintaining the
temperature at 45-55°C. The mixture was then gradually cooled to 0-5°C over a period of 3
hours, then stirred at this temperature for a further 30 minutes. The solid was then filtered off,
and washed with cold (2-5°C) deionized water (200 ml), followed by ethanol (400 ml). The

solid was dried under vacuum for 12 hours, to provide 2-hydrazinoadenosine.

C. Alternative Preparation of 2-Hydrazinoadenosine (2)

[0069] A reaction vessel is charged with hydrazine hydrate (1285 g). The solution is heated to
approximately 62°C, and 2-chloroadenosine (500 g) is added while maintaining the temperature
of approximately 62°C. The mixture is maintained at a target of 62°C for at least 2 hours, until
the level of residual 2-chloroadenosine in the mixture is not more than 0.10%. The mixture is
cooled to approximately 40°C and the mixture is checked to verify the presence of solids. Water
(2275 g) is slowly added while maintaining the temperature at approximately 40°C. The
mixture is cooled to approximately 10°C and held for not less than 1 hour. The product is

isolated by filtration, washed with water (1195 g) and then with absolute ethanol (1885 g). The
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13 116.7 20(m nor) 107.2 20(maj or) 106.1 1"
(major) 87.9 6.07 d, 5.3 1' (mnor) 87.9 6.06 d, 5.3
WG12008/143667 PCT/US2007/069190

product is dried under vacuum at up to 30°C for not less than 12 hours, to give 2-

hydrazinoadenosine.

EXAMPLE 3

Preparation of Ethyl 1-{9-[(4S.2R.3R,5R)-3.4-dihydroxy-5-(hydroxymethyloxolan-2-y1]-6-

aminopurin-2-y1}pyrazole-4-carboxylate (3)

NH,
TR N\>
|
=
/ N N N
/ WOH
o —N o

/\ o

) e,
HO

[0070] Ethyl 2-formyl-3-oxopropionate (23.93g, 0.17 mol) was placed in a flask equipped with
mechanical stirrer, gas inlet, gas outlet and reflux condenser. 2-Propanol was added to the flask
followed by 2-hydrazinoadenosine (44.45¢g, 0.15 mol). The mixture was heated to reflux under
stirring for 2-4 hours, following the progress of the reaction by TLC analysis. When the reaction
was judged complete, the heat source was removed and the mixture cooled to room temperature.
The suspension was cooled under stirring in an ice-bath for 1.5 to 2 hours. The solids were
isolated by vacuum filtration, and washed with ice-cold 2-propanol. The product, ethyl 1-{9-
[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazole-4-

carboxylate, was dried under reduced pressure to a constant weight.
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85.8 4.02 q, 3.9 2" (mnor) 74.1 4.62 q, -5.4 2"(major)
74.1 4.61 g, -5.4 1" 70.1 4.22 4 2 ¢cl,. 5 61.0 3.62,
wW®@2008/148628, 16 PCT/US2007/069190

EXAMPLE 4

Preparation of (1-{9-[(4S.,2R.3R.5R)-3.4-dihydroxy-5-(hydroxymethyDoxolan-2-y1]-6-

aminopurin-2-y1}pyrazol-4-y)-N-methylcarboxamide

NH,
N
ﬁ@
0
Y
~——nNH =N -~

"
%
(e}

HO

[0071] A mixture of ethyl 1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl1]-
6-aminopurin-2-yl} pyrazole-4-carboxylate (46.4 g) and methylamine (40% in water, 600 ml)
was stirred at ambient temperature for about 4 hours, following the progress of the reaction by
HPLC analysis. The majority of the excess methylamine was removed under reduced pressure,
and the remaining mixture cooled at 0°C for 2 hours. The solid material was filtered off, washed
with ice-cold 200 proof ethanol, and dried under reduced pressure, to provide (1-{9-
[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-
yl)-N-methylcarboxamide as its monohydrate.

[0072] The structure of the material was confirmed by 'H NMR (see Figure 1 and below).

Thermal analysis (see Figure 2) provided results consistent with the presence of one molecule of

water. X-Ray powder diffraction patterns were obtained (Figure 3)

'H and “C NMR spectra were obtained in the following manner. Two samples of the material

obtained above were weighed out and dissolved in ds-DMSO - 5.3 mg was used for the 'H
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60.3-60.8 4.25-4.39 m17,24 14.1-14.2 1.28-1.38 m
18(major) 12.51 d, 12.4 18(minor) 11.47 d, 13.0
WQ@2008143667 nmajor) 5.63 d, 6.1 2"-OCH (m nor) PCT/US2007/069190

spectra, and 20.8 mg was used for "*C spectra. All spectra were acquired at ambient temperature

on a JEOL Eclipse” 400 spectrometer operating at 400 MHz for 'H and 100 MHz for C.

Label B¢ shift(ppm) 'H shift(ppm) Multiplicity,
splitting(Hz)

2 150.5 or 150.3 -

4 156.4 -

4a 117.9 -

6 140.0 8.41 s

7a 150.5 or 150.3 -

K 86.9 5.94 D, 6.2
2 73.7 4.62 m
2-OH - 5.50 D, 6.2
3 70.5 4.17 m
3°-OH - 5.23 D, 4.7
4 85.7 3.96 m
5 61.5 3.67,3.57 m
5°-OH - 5.02 D, 5.7

A 140.9 8.07 D, 0.8

B 120.2 -

C 129.6 8.95 D, 0.8

D 161.7 -

E 25.6 2.76 D, 4.6
NH, - 7.77 br s
NH - 8.35 Q. 4.6

EXAMPLE 5

A. Preparation of Ethyl (2E)-3-({9-[(4S.2R.3R,5R)-3.4-dihydroxy-5-(hydroxymethyl)-

oxolan-2-y1]-2-[4-(ethoxycarbonypyrazolyl]purin-6-yl} amino)-2-formylprop-2-enoate (4)

HO
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5.62 d, 6.1 3'-CH 5.30d, 5.1 5-0H 5.08t, 5.5 The

conpound of formula (4) was confirnmed to be a m xture
w®@booshes6bol | owi ng two i soners: PCT/US2007/069190

EXAMPLE 6 A. Preparation of
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am nopurin- 2- ylt}§ %azol 4-y1) - N net hyI car boxam de from
]

(24¢% ot agdgabsolp ol At BFEECd (vt Fraty FthiPhBSI diedighto reflux
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mu(tlgg)gragu:(l{yg:opl(ed,g PR°SRVERY p@iod-ofl p hyeis.oXlye Burry was stirred for 30
. X0l 4
m1rf1:|]€b\é E% f?ﬁ% gﬁéﬁq%/t&% agldq}? ¥1gr<1: ﬁﬁé‘?% I(O eggfé% Eﬁ{epgﬂ%ag Q{asﬁe%l%lﬁl cold
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Label "3C shift(ppm 1H shift( pm Miltiplicity,
splitting(Hz) 2 150.5 or 150.3 4 156.4 4a 117.9
W®2004043068. 41 s PCT/US2007/069190

RESULTS

[0077] The "H and *C chemical shifts are listed in Table 1. Two isomers in a ratio of ~60/30

were observed in both the 'H and the *C spectra, labeled as major and minor in the table.

Atom” PC Chemical '"H Chemical Multiplicity”,
Shift (ppm) Shift (ppm) Splitting (Hz)
21(major) 192.4 9.96 d, 3.6
21(minor) 187.6 9.83 S
22(minor) 167.1 - -
22(major) 165.2 - -
15(minor) 161.8 - -
15(major) 161.7 - -
6(major) 153.1 - -
6(minor) 152.9 - -
2(minor) 149.4 - -
2(major) 149.3 - -
19(minor) 148.0 9.22 d, 13.0
4(minor) 147.9 - -
4(major) 147.8 - -
19(major) 147.5 9.26 d, 12.4,d,3.6
8(major) 144.9 8.87 s
8(minor) 144.7 8.85 s

12 143.1 8.20-8.23 m
14(minor) 132.8 9.20 d, ~0.7
14(major) 132.6 9.12 d,~0.7

5(major) 120.7 - -
5(minor) 120.6 - -

13 116.7 - -
20(minor) 107.2 - -
20(major) 106.1 - -

1" (major) 87.9 6.07 d, 53
1" (minor) 87.9 6.06 d, 5.3

4’ 85.8 4.02 q,3.9
2'(minor) 74.1 4.62 q,~5.4
2'(major) 74.1 4.61 q,~5.4

3 70.1 4.22 q, 4.2

5 61.0 3.62,3.73 m

23,16 60.3-60.8 4.25-4.39 m
17, 24 14.1-14.2 1.28-1.38 m
18(major) - 12.51 d, 12.4
18(minor) - 11.47 d, 13.0
2'-OH (major) - 5.63 d, 6.1
2'-OH (minor) - 5.62 d, 6.1
3’-OH - 5.30 dS.1
5’-OH - 5.08 t, 5.5
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7a 150.5 or 150. 3 1' 86.9 5.94 D, 6.2 W
2008/ 143667PCT/ US20071069190 2' 73.7 4.62 m2'-CH
W®2H8/183666. 2 3' 70.5 4.17 PCT/US2007/069190

The compound of formula (4) was confirmed to be a mixture of the following two isomers:

CHg 24 24 G,
23
H O 23
(@) @)
P 22 | o0
© o O H 21
pJle 18
~ H
N™ "H19 > H
° 4 9 19
N3 5 14
s ) SN N "IN3
8 H | 1 H—7 |
N -2 8 /)i 11
11 13 '
HO ! HH E, HO H 13
3 S = S 0] H K ) H 14
HO ©H 15 \\CH3 3 L5 PH2 &s
(I 16 CHs
17
Major Minor
EXAMPLE 6

A. Preparation of (1-{9-[(4S.2R.3R.5R)-3.4-dihvdroxy-5-(hydroxymethyl)oxolan-2-y1]-6-

aminopurin-2-y1}pyrazol-4-yD)-N-methylcarboxamide from Compound (4)

NH,
N
ﬁ\>
0
N
———NH =N -~

""I/
//
/O H

HO

[0078] Aqueous 40% methylamine solution (1300 ml) was placed in a pressure reactor, cooled
to 0-5°C, and the product of Example 5A (ethyl (2E)-3-({9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl]-2-[4-(ethoxycarbonyl)pyrazolyl]purin-6-yl }amino)-2-formylprop-
2-enoate (100 g) added. The mixture was stirred at 0-5°C for at least 8 hours, monitoring the
reaction for completion. When complete, the mixture was warmed, maintaining the temperature
between 50 and 60°C for 1 hour, and then cooled to less than 30°C over a period of 1 hour.
When the temperature was below 30°C, the mixture was degassed using a pressure of 100-150

mm Hg, allowing the temperature to decrease to 0-5°C. The mixture was stirred at 0-5°C for at
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m3 -04 5.23 D, 4.74 857 3.96 m5 61.5 3.67,
3.57 m5 -0H 5.02 D, 5.7 A 140.9 8.07 D, 0.8
WO 2008/143667 PCT/US2007/069190

least 1 hour, maintaining the pressure at 100-150 mm Hg. The vacuum was then discontinued
and replaced by nitrogen, maintaining the temperature at 0-5°C for not less than 30 minutes.
The solid product was then filtered off, washed with water (3 x 500 ml), then with absolute
ethanol (625 ml). The product was dried under vacuum, not allowing the temperature to exceed
40°C, to provide (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-

aminopurin-2-yl}pyrazol-4-yl)-N-methylcarboxamide as its monohydrate.

B. Alternative Preparation of (1-{9-[(4S.2R,3R.5R)-3.4-dihydroxy-5-

(hydroxymethyl)oxolan-2-y1]-6-aminopurin-2-y1}pyrazol-4-y1)-N-methylcarboxamide from
Compound (4)

[0079] A pressure vessel is charged with 47% methylamine solution (10080 g). The solution is

cooled and the compound of formula (4) as prepared in Example 5B above (600 g) is added
while maintaining a target temperature of 5°C. The mixture is stirred at a target temperature of
5°C until the level of residual compound of formula (3) in the mixture is less than 0.10%. The
reaction mixture is degassed under vacuum at not more than 35°C to remove excess
methylamine. The vacuum is released and the mixture is cooled to 2.5°C and held for at least 30
min. The product is then isolated by filtration, washed with water (not less than 9000 g) and
then with absolute ethanol (not less than 2964 g). The product is dried under vacuum at up to
40°C until the residual ethanol is not more than 5000 ppm to give crude (1-{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-y1)-N-

methylcarboxamide as its monohydrate.

[0080] 'H and "*C NMR spectra were obtained in the following manner. Two samples of the
material obtained in Example 6A were weighed out and dissolved in de-DMSO - 5.3 mg was
used for the 'H spectra, and 20.8 mg was used for °C spectra. All spectra were acquired at
ambient temperature on a JEOL Eclipse” 400 spectrometer operating at 400 MHz for "H and 100
MHz for "*C.

Label C shift(ppm) 'H shift(ppm) Multiplicity,
splitting(Hz)
2 150.5 or 150.3 -
4 156.4 -
4a 117.9 -
6 140.0 8.41 s
7a 150.5 or 150.3 -
K 86.9 5.94 D, 6.2
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B 120. 2 C 129.6 8.95 D, 0.8 D 161.7 E 25.6 2.76 D,
4.6 NH2 7.77 br s NH

WO 2008/143667 PCT/US2007/069190
2 73.7 4.62 m
2’-OH - 5.50 D, 6.2
3 70.5 4.17 m
3’-OH - 5.23 D, 4.7
4 85.7 3.96 m
5 61.5 3.67,3.57 m
5’-OH - 5.02 D, 5.7
A 140.9 8.07 D, 0.8

B 120.2 -

C 129.6 8.95 D, 0.8

D 161.7 -

E 25.6 2.76 D, 4.6
NH, - 7.77 br s
NH - 8.35 Q,4.6

[0081] An elemental analysis gave the following results: C, 43.96%; H, 4.94%; N, 27.94.
Theoretical: C, 44.12%; H, 4.94%; N, 27.44%; O, 27.09. The analysis corresponds within

experimental error limits to the monohydrate.

EXAMPLE 7

A. Purification of (1-{9-[(4S.2R.3R.5R)-3.4-dihydroxy-5-(hydroxymethyloxolan-2-y1]-6-

aminopurin-2-v1}pvyrazol-4-yD-N-methylcarboxamide monohydrate

[0082] A solution of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-
aminopurin-2-yl}pyrazol-4-yl)-N-methylcarboxamide monohydrate, as prepared in Example 4,
(100 g) in dimethylsulfoxide (300 ml) was filtered through a 0.6 to 0.8 micron prefilter and a 0.2
micron filter to remove any solid impurities. The filtrate was then slowly added over a period of
1 hour to deionized water (1 liter) with stirring, and the slurry thus produced stirred for not less
than 1 hour. The solid was filtered off, washed with deionized water (2 x 1 liter), and dried

under vacuum for not less than 1 hour.

[0083] The dried product was then slurried again with deionized water (1.5 liter) for not less
than 2 hours, filtered off, and washed with deionized water (1 liter) followed by absolute ethanol
(750 ml). The purified product was dried under vacuum at a temperature of not more than 40°C
for not less than 12 hours, to provide (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-methylcarboxamide

monohydrate free of any 2-hydrazinoadenosine impurity.
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8.35 Q 4.6 100811 An elenental analysis gave the

followng results: C 43.96% H, 4.94% N, 27.94.
wabmsnewsral . C, 44.12% H, 4.94% N, 27.44% BCRUSHDI7/069190

The anal ysis corresponds within experinmental error

l[imts to the nonohydrate. EXAMPLE 7 A. Purification of

B. ( 1- Alkernative Purification of (1-{9-[(4S.2R,3R.5R)-3,4- dlhvdroxv 5-

1(4 2R 3R 5R) - 3, 4 di hydr oxv- 5-(1 r oxynet hypoxol an-
th n-2- ylipyrazol-4-y1)-N-methylcarboxamide
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was f| ¢ ere eironi ze
wadhied eith puafid vehterg®000rder vacuum for not |less than 1

hour. [0083] The dried product was then slurried again
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(40pwIE) efnki@l@bnpﬂﬂfhb@dluwaﬂlaﬂb‘l i(Blh0 gn delie pt&ﬁjduimdﬁéd ﬁhder vacuum at up to
40Ohce}{%gtﬁlg%%{dg?lo\{lﬂt%g%]et%?trlse nott rr]naorr]e ‘[Aﬁgr? 5 fS‘% an the r651 1 E:tEanol 1S not more
thaf S0d0(pd 3 RiIvBRI SR 43,24 IR Myﬂz M}hyﬁroxy 5-(hydroxymethyl)oxolan- 2—y1]—6—
(hydr oxymet hyBoxol an- 2 - -an1nopur|n 2-yl | pyrazol -
amm9111)rmr@ HePHyF&: AN At Caﬁ%éﬁf‘é mahydrde of any
2- hydr azi noadenosine inmpurity. WO
2008/ 143667PCT/ US20071069190 B. Al ternati ve
Purification of (1-19-1(4S, 2R3R, 5R)- 3, 4-di hydr oxy- 5-
(hydr oxymet hyl ) oxol an- 2- 1/ 11- 6- am nopuri n-2- 1/ 1} pyrazo
| -4-1/1)- N net hAcar boxam de nonofoidrate 100841 A
sol ution of
(1-19-[(4S, 2R, 3R, 5R) - 3, 4- di hydr oxy- 5- (hydr oxynet hyl ) ox
ol an-2-y1] - 6-
am nopurin-2-yl | pyrazol - 4-y1) - N-net hyl car boxam de
nmonohydratc, (400 g) is dissolved in DMSO (1320 Q),
and the solution is filtered through 0.6 to 0.8-mcron
and 0.2-micron in-line filters in series. Additiona
DMSO (880 g) is used to rinse the filter system The
solution is slowy added to purified water (5000 Q)
while naintaining a target tenperature of 83C. The
product begins to crystallize during the addition, and
the slurry is stirred at a target of 83C for about 1
It The mxture is slowly cooled to 20C. The product is
isolated by filtration and washed with purified water
(8000 g). 100851 The solids are charged to a vessel,
and purified water (6000 g) is added. The slurry is
m xed for about 1 hour. The product is isolated by
filtration and washed with purified water (4000 g) and
then with absol ute ethanol (3160 g). The product is
dri ed under vacuumat up to 40C until the residua
water content is not nore than 5.5% and the residua
et hanol is not nore than 2000 ppmto give (1-
f9-[(4S, 2R 3R 5R) -3, 4- dlhydroxy 5- (hydr oxynet hyl ) oxol a
n-2-yl]-6-
am nopuri n- 2-y|Ipyrazol-4-y1)-N—nethyIcarboxanlde
nonohydratc. CLAIMS |I.A nethod of synthesi zing
(1-{9-1(4S, 2R 3R, 5R) - 3, 4-di hydr oxy- 5- (hydr oxynet hyDoxo
| an- 2- y11-
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NH2 N NNN A (:)H yHO conprising the steps of:
(I')contacting a conpound of fornmula (2): (2) with a

- 5-10 fold nolar excess of ethyl
2-formyl- 3- oxopropionate, optionally in the presence
of acid, to yield a conmpound of formula (4): (4) and
(I'l)contacting the conpound of fornmula (4) with
aqueous net hyl am ne at a tenperature of approxi mately
2.5-7.5Cto yield _
(1-(9-[(48,2R,SR,5R)-3,4-@%?¥950xy-5-(hydroxynethypoxo
| an- 2-y1] - 6- am nopuri n- 2-

pyrazol -4-y1l) - N-net hyl car boxani de. 2. The net hod of
claim11l, wherein step (1) is conducted in ethanol.
3ATisthoref tyodeding(l AP rit4 3, 2RvilReiRai3 rf -diltydroa-i dhydsoxp@ethelretolan-2-yl]-
I8 I 1y VRIBUNG Ty i : | ar equi val ent.
4§$ﬂ§§ﬂ%?ﬁégﬂéf cﬁgﬁﬁgg?a@%%@g%ﬁégﬂg reaction takes

pl ace at reflux. 5.The nethod of claim1, wherein
about a 6.8-7.5 fold nolar exces®:of ethyl 2-fornyl-3-

N

N K\
PN
3 Vs N/LN/ N
/ e
———NH ==N .

, ’l//,

Ho
comprising the steps of:
) contacting a compound of formula (2):
NH,
7&5
HgNHN)\N/ N
\\\\\OH
d
"o
Ho
@

with a 5-10 fold molar excess of ethyl 2-formyl-3-oxopropionate, optionally in the

presence of acid, to yield a compound of formula (4):
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oxopropionate is used. 6. The nethod of claimb5,
wherein the product of fornmula (4) is isolated by (a)
cooling the conpleted reaction mxture to

approxi mately 10C, (b) filtering, (c) washing the
contents of the filter with ethanol, and (d) drying
the solid that renmai ns under vacuum at a tenperature

t hat does not exceed 40C. 7. The nmethod of claim 1,
wherein step (I1) is conducted ien acseal ed pressure
reactor. 8. The nethod of claim erein the product
of step (Il1) is isolated b ) w@eégassi ng under
vacuum at not nore than 35C to re Verexcess

met hyl ami ne, (b) releasing the vacuiim and cooling to
0-5C for approximately 15 m nutes ta_an.hour, (c)
filtering the slurry thus forned,j(d) washi ng t he
contents of the filter w %h %Litw d by ethanol,
and (e) drying the solid rgemai ns urider wacuum at
a tenperature that do ot e ed 40C. /9-The net hod
of claim8, wherein the e,

(1- (9-[ (4S, 2R 3R, 5R) - 3, 4- di hydr oxy- 5- ( hydr oXsrret hyl ) -
oxol an- 2-y1] - 6-am nopurin-2-yl } pyrazob=4-yl)-Nnet hyl c
ar boxam de end product is further purified by (i)

di ssolving the dried solid fron1§@ep (e) of claim8 in
a®¥ol vent , (ii) filtering any solid inmpurities from
the sadouitabt@i,the(dotbgunt ioNBi@a ) thih a@dbis inRA3an$R! 2y € Rinperature of

ol ht PRS- Sap S et PR ol s i o

sl ur r ymeth Joxslan-24y1]#Seantigush-2Hy I yyrazol-4-yl)-N-methylcarboxamide.

The method of ¢laim 1, wherein step (I} is conducted in ethanol.

The method of claim 1, wherein the acid is HCI and is used in an amount of up to 0.1 molar

equivalent,

The method of ¢laim 3, wherein the reaction takes place at reflux.

The method of claim 1, wherein about a 6.8-7.5 fold molar excess of ethyl 2-formyl-3-

oxopropionate is used.

The method of claim 5, wherein the product of formula (4) is isolated by

(a) cooling the completed reaction mixture to approximately 10°C,

(b) filtering,

{(c) washing the contents of the filter with ethanol, and

(d) drying the solid that remains under vacuum at a temperature that does not exceed 40°C.

The method of claim 1, wherein step (11} is conducted in a sealed pressure reactor.

The method of claim 7, wherein the product of step (II) is isolated by
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10.

11.

12.

(vi) cooling the slurry, (vii) filtering, (viii)
washi ng the contents of the filter wiwth water foll owed
by ethanol, and (ix) drying the solid that remins
under vacuum at a tenperature that does not exceed
40C. 10. The nethod of claim9, wherein the sol vent
used in steps (i) and (iii) is dinethylsulfoxide.

11. The nethod of claim 10, wherein the residual water

cgmt eNfechdin %hﬁdei L R8m PrRAMEL tHas 35%@tto Moee E)!E@s@ néth?ﬁ{?n%,d
e residual ethanol is not nore that 2. The

N hod PN Vaciie prsh colingdo %&Fp@aﬁwr%fm%vf iguieptp ap gour,
p(c:?pafﬁ&’erﬂﬁg‘tt{e@ﬁ&yk}mﬂfoﬁm&i}ﬂpound of for mula (1): (1)

h a 14, 3-16.7 | ar . exces azine at a
timer ARG TBRoRE Sl SO ERE o4 8) SHHEL At hod - of
Cledl m d¥ing W edleli that tdiuinh yalfeAZdctian hiS thrhesdturb@at ddek tobexceed 40°C.
approxi mately 60-65C fol |l owed by addition of the
conmpound of formula (1). 14. The method of claim 12,

Whileer eétimdtoli elamofyprdieneth tof (1£{61{(#0128,3RR )3 3-dilsdicay-edhlyoxfm}thyl)-
g%%?ahggyé}—a—?r&{ng%ﬁllfﬁ&%ﬁl%g {gg@gy{a%%mae n}élprog%t i Bhner
neirifiedbni ng the tenperature at approximtely 40C, (c)

ngp' ' ncgssBlbﬁgrtﬂ@gnHJ &n&@mm&g@es'oﬁa&l&' swn;Q?%e%nd

Intaining-at that tenperature for at |east
ab@r oxfiltpein@fiy Sihqwlﬁllj’klmleé dymfthe sebfiprhg, (e) washing the

'gtem@mgfwﬁlagdlﬁdnatsgrvewth wat er foll owed by et hanol
ing the solid that remai ns under vacuum

a(“t')e mfé'ﬁhag aqlglwlﬁwfa'ls%gfatﬁr&bﬂ EXpaRgnesFEaPExingtely %%%%"Cilzereby

hour s. forming a slurry,
(v} stirring the slurry,
{vi)  cooling the slarry,
{vil) filtering,
{viii) washing the contents of the filter with water followed by ethanol, and

(ix)  drying the solid that remains under vacuum at a temperature that does not exceed 40°C.
The method of ¢claim 9, wherein the solvent used in steps (i) and (iii) is dimethylsulfoxide.

The method of claim 10, wherein the residual water content in the final product is not more than

5.5% and the residual ethanol is not more that 2000 ppm.

The method claim 1, wherein the compound of formula (2) is prepared by reacting a compound of

formula (1):
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1)
with a 14.3-16.7 fold molar excess of hydrazine at a temperature of approximately 60-65°C.

The method of claim 12, wherein the hydrazine is first heated to approximately 60-65°C followed
by addition of the compound of formula (1).

The method of claim 12, wherein the compound of formula (2} is isolated by

(a) cooling the reaction mixture to approximately 40°C,

() adding a 4.2-4.9 mass equivalent of water while maintaining the temperature at
approximately 40°C,

{c) cooling the mixture to approximately 10°C and maintaining at that temperature for at
least approximately 1 hour,

(d) filtering,

fe) washing the contents of the filter with water followed by ethanol, and

(£ drying the sclid that remains under vacuum at a temperature that does not exceed 30°C

for at least 12 hours.
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