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WD 2004/ 069856 PCT/ NZ2004/ 000017 PROCESS FOR
PREPARI NG | NHI BI TORS OF NUCLEOGSI DE PHOSPHORYLASES AND

WORIGWEBSOASES 5 TECHNI CAL FI ELD Thi s i nvent i BCIT/NZ2004/000017

relates to a process for the preparation of certain
nucl eosi de anal ogues. In particular, the invention
relates to a process that includes the reaction of
f ormal dehyde, or a formal dehyde equivalent, with a
cyclic amne and 10 a heteroaromatic conpound to give

met hy| ensrbCEERIF G PREP ARINCEINLABHRIRYS OFNUCLEOSIDE
BACKGROUND Nucl eosi de anal ogues t hat are potent

i nhi bitors of PHOSRHORYEABESAND ase
(PNP) and purine phosphori bosyltransferases (PPRT) are

useful in treating parasitic infections, T-cell
rral i gnanci es, aut oi mmune di seases and inflammuatory
ﬁﬁfcg\dp@_ . V.L. Schranm Biochimca et

op ysica Acta, 1587 (2002) 107-117}. The anal ogues
are al so useful for inmmnosupression in organ

”‘ﬁ'{‘é%\@%@ﬁ'rﬁﬁbltors o?ée%@ 1*8\4%1 t. o bpegﬁsmtmeoside

are otent 1In enosi ne
aelgtES! alScParNUKR) Thinventianotaltes o Gadeness Hat includes the

n%éafeﬂ &I’%ﬁn M@B@ & £iortaREH de é@)tv%t%ﬁﬁa'@y&lf&é}hlﬂb and

ounds, decreasi ng the virul ence of
m Q: efprogr OmﬁHCeQ,quﬂh@d by 9ive s1ethienedinked ayrlie |amm%¢eqzn@urmes
quorum sensi ng pathway; (b) as agents for treating
para3|t| c_infections such as malaria that infects red
bl BAGKERQPUNDsee e.g. G A Kicska et al., J. Biol.
Chem, 277 (2002) 3226- 3231}; and (c) as anti-tunour
conpounds potentially in conbination therapy with 30

meNUriRasident enaleguesadhdti rare Aok p hikiteny Sohapine  nucleoside
pr;ﬁm\bgﬁwaiybésgl(ﬁﬂb%ﬁ@ paﬁﬁ@ Bﬁoédﬂhhmstyﬁfaﬁsféfas%g QPPRITY ¥FESseful

In a | ass cal | muci'| |ns based upon
déaztéﬂﬁhlﬂg ri@%a%m/mf@:ﬁrpw T-celk aeplignangias, pUeMpIY02, Gesss and

PQEWI%Q% 9%9%73 {s%eté)%aiﬁ SH%Fnr?ﬁrgBlt%Hlﬁﬁ:a(é{’%lE@ﬁ@f&E Acta,

ors of

Nutﬁ%dépa%) Wréb?dl e anmew@abgwwl for NgiEusgERI@SSIon in
Mesrgotrhadpiaitatidy. t or s™) .

Related nucleoside analogues that are potent inhibitors of 5’-methylthioadenosine
phosphorylase (MTAP) and 5-methylthioadenosine nucleosidase (MTAN) are
useful:

(@) as anti-microbial compounds, and in decreasing the virulence of
microbial infections by decreasing production of the quorum sensing pathway;

(b) as agents for treating parasitic infections such as malaria that infects
red blood cells {see e.g. G.A. Kicska et al., J. Biol. Chem., 277 (2002) 3226-
3231}; and

(c) as anti-tumour compounds, potentially in combination therapy with
methotrexate or azaserine.

The applicants have previously disclosed potent inhibitors of such enzymes in a

class called the Immucillins, based upon deazapurines covalently linked directly
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In the search for new and i nproved nucl eosi de
anal ogues that are potent 5 inhibitors of the

w@btoneemssd i oned nucl eosi de phosphoryl ases and PCT/NZ2004/000017

nucl eosi dases, the applicants have al so di scovered a
new cl ass of conpounds t hat at e potent inhibitors of
t hese nucl eosi de phosphoryl ases and hydrol ases (PCT
Pat ent Application PCT/Nz03/00186, "Inhibitors of

Nucl eosi de Phosphoryl ases and Nucl eosi dases”). 10 The

prte pﬁé&hg@rnm@fetrésl qbs REtERIOGbS] &6, SERS4THRS 6! GB6b7322V‘@MhiBftors of
st e Consequent Iy

h the ti
et ERasiaETes ! e WL SR, SR odbolone s,
consr der abl e. There is therefore a need for nore

efficient and cost effective, nefhods of preparing
cd?rptgﬁni??r&n??rhpgw %"\‘/SI dperoyed nycleesidgnanalegyescthat iagp potent

i Snrabrmdemeaéfommérmaﬁédr ﬂﬂclb@érd@pﬁoédhb%seemnﬁme%s.dases
npound W th an

an a f or mal dehyde and a co
¥ ot FaRdyR dSHECaer aqe Hare PoSMORAACE that ar potent
C?ﬁﬁg)lﬂw?? . Gesé ﬁd.@is%s(dléagi%?spﬂé%ra%%ﬁ aﬁéo?ﬁﬂro‘f‘ase;eéﬁdqg%tent
0 i C ition, revise
oRIEbR BT RAG B UEAY of NhcEoodeoBheearisass anc

Smdcboaﬂdsék”)? Tatchel I, Longmans, London, 1978).
Manni ch reacti ons have been used to asserrbl e conpounds
that incorporate a 9- deazapurine noiety linked via a

nﬁmbydremamfrodipsﬁdh ldlguRRrik] dhaftydedid sy Wa'ycofqrﬁﬂrlﬂ-%fep chemical
kova e yrim di nes.

I |syr'$fhese dngcar}?ggH?ntlysh&tﬂme apg&osl[ requrrecJ E)r each synthesis can be
pyonsiiehBle2- Thergristheiefts 'a nkdd far ardveffiélent ah@&3st effective

352-.35 English t | at.i Co ds that
i H?:%ﬁ%%rogtpg I”E?rcf’h‘i%gﬁ?% 'hﬁ?’qg’?""lclaﬁgggu\r}l 2 a ?ret hyl ene

group to a cyclic secondary am ne have al so been

d Ma tl : h d
£ 1B Wit ol 1 3, BehdeRggtion Teastiert PAieeB S0 oAt

30ameRy, aRamihe( Ryrchaicypes Biyd )aﬂ:bh’fpéhhéﬂ with 3m4ctive hydrogen atom
Tet r,ahedr o I i cant

p1) 916391
U et BEieToarhEets, SRALER. © Gadtdaln EaEoHS adtd ( Gogel's
prTeptaoek ofRnapticsn MsgdriiaChemizey POt Bdiford rEviSiRAZPR\Y. FOMIsY, A J.

> PeBafER o RRGTR PR S land A ERishelh chagarmsna, London

cy978)c secondary WD 2004/ 069856 PCT/ NzZ2004/ 000017 3
am ne. These conpounds are descri bed as potent
inhibitors, or potentially potent
Mannich reactions have been used to assemble compounds that incorporate a 9-

deazapurine moiety linked via a methylene group to aliphatic and alicyclic amines
[G.A. Modnikova et al., "Pyrrolo[3,2-d]pyrimidines. lil. 7-Aminomethyl-substituted
pyrrolo[3,2-d]pyrimidines”, Khim.-farm. Zh., 1983, 352-356 (English translation)].
Compounds that incorporate a pyrimidine moiety linked via a methylene group to
a cyclic secondary amine have also been assembled using Mannich reactions.
[V.V. Filichev and E.B. Pedersen, “Synthesis of 1'-aza-C-nucleosides from
(3R,4R)-4-(hydroxymethyl)pyrrolidin-3-ol’, Tetrahedron, 57 (2001) 9163-9168].

The applicants have now found that a Mannich reaction can be used to prepare
compounds that incorporate a 9-deazapurine or an 8-aza-9-deazapurine moiety
(or their 2-aza-analogues) linked via a methylene group to a cyclic secondary
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i nhibitors, of nucl eoside phosphoryl ases and
nucl eosi dases in PCT Patent Application

WODDARERBS¢ 00186. 5 It is therefore an object oPCT/NE2004/000017

present invention to provide a process for preparing
t hese conpounds, or at | east io provi de a usef ul

choi ce. STATEMENTS OF I NVENTION 10 In a first aspect,
the invention provides process for preparing a
conpound of the formula (1) Z CH2 V--", W X Y OH

(1amid& Me&ﬂpo\lnd§al%9de%@ﬁl%6 dg Mér@*‘%@f&is Nrpo &ﬂ%ﬂal!?/potent

w I ted
NI P, gt PhaRRRoMAs s AN osaSsE | GCT Patent

S-Applidatign RO T/RAQ3/earsHt  where Wis selected from NH
and NR, then Xis CH2; Y is selected from hydrogen,
hal ogen and hydroxy, except where Vis selected from

NHt laltldaréﬁie ar bl@éct\éf ke M@Brﬂ @ﬁ/@ntlcﬂﬂo%rb\ﬁdéﬁp?&de%‘ fdrpPParing
'g hal o “ ¥t&ﬁ a sul fonate | eaving
ogtsouw gt lepSiiR BFeYids 2 usefw picRonal | y
subst | tuted al kyI aral kyl or aryl group; and WO

?%T%gs gg@W}—é&ORIOOED 4C$ is a radical of

In a first aspect, the invention provides process for preparing a compound of the
formula (1)

Z——CH,

OH
(M

wherein:

V is selected from CH; and NH, and W is NR'; or
Vis NR', and W is selected from CHz and NH;

X is selected from CH, and CHOH in the R or S-configuration, except
where W is selected from NH and NR', then X is CH.;

Y is selected from hydrogen, halogen and hydroxy, except where V is
selected from NH and NR', then Y is hydrogen;

Z is selected from hydrogen, halogen, hydroxy, a sulfonate leaving
group, SQ, OQ and Q, where Q is an optionally substituted alkyl,
aralkyl or aryl group; and



(1) wherein: 5 Ais selected fromN, CH and CR2,
where R2 is selected from hal ogen, optionally
waeamgnewsed ed al kyl, aral kyl or aryl, OH NH2, MNEREZ2004/000017
NR3R4 and SR5, where R3, R4 and R5 are each
optionally substituted al kyl ,4aral kyl or aryl groups;
10 Bis selected fromOH, NH2, NHR6, SH, hydrogen and
hal ogen, where R6 is an optionally substituted al kyl,
aral kyl or aryl group; Dis selected fromOH NH2,
NHR7, hyR'ogemadidbogietoige GFH3, 15 where R7 is an
optionally substituted al kyl, aral kyl or aryl group;
and E is selected fromN and i ncluding reacting a
conpound of the fornmulapglll) 0 ZCH2 W XY O
(1'r1) WO 2004/ 069856 PCM-NZ2 17 5 wherein: V
is selected from CH2 apd NHJ[ and Wis NH or V is NH,
and Wis selected frohCH2 X is selected
fromCH2 and CHOH in th {guration, except
where Wis NH, then X i Ers selpcted from
hydr ogen, hal ogeg_and dr oxy, except where Vis 10
selected from NH, then¥¥2is hydrogen; and Z is
sel ected from hydrogen, hal ogen,(”)hydr oxy, a sulfonate
| eavi ng

wherein:

A is selected from N, CH and CR?, where R2 is selected from halogen,
optionally substituted alkyl, aralkyl or aryl, OH, NH,, NHR®, NR®R* and
SR®, where R®, R* and R® are each optionally substituted alkyl, aralkyl
or aryl groups;

B is selected from OH, NH,, NHR®, SH, hydrogen and halogen, where
R®is an optionally substituted alkyl, aralkyl or aryl group;

D is selected from OH, NH;, NHR’, hydrogen, halogen and SCHs,
where R’ is an optionally substituted alkyl, aralkyl or aryl group; and

E is selected from N and CH;
including reacting a compound of the formula (111)

Z_—CHQ
Vo
\)N
X
OH
(i
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group, SQ OQ and Q where Qis an optionally
substituted al kyl, aralkyl or aryl group; 15 wth a

w@eovpoensss of the formula (1V) B H N LN A | BCT/RZ2004/000017

20 wherein A, B, D, and E are_ as defined above; and

wi th formal dehyde or a for rral%lehyde equi val ent. 25
Preferably, Z is hydrogen, hal ogen, hydroxy, SQ or OQ
where Qis an optionally substituted al kyl, aral kyl

or aryl group. It is also preferred that Ais CH It
is furtkvergmieferred that Y is H W 2004/ 069856

PCT/ NZ2004/ 000017 6 Preferably Wis NR, Vis CH2 and
Xis CH2. It is also preferred that Rl is a radical

of OIf or nul\/aséble):teas?oﬁeCHQQdd NP, a:hcavxg'sluhH vaagre AHI s CH
and E iIs rt red that IS or
NH2. Addu\)\lisé‘malar@wl ereé:#é% @Ml B is NH2, 5

OH or . Preferred processes of the invention include

those where Z int ou formula (
met hanes lFoSﬁ‘lﬁc d Tjgorp gﬁ-ggq{gggﬁgghlgttge&or S- co?‘nflguratlon except
trifluor wmetdw\aneuﬂ tremat B.CHMbst preferably Z is

met hanesul fonate. 10 Preferred processes of the
i nvention also include those where the conmpounds of

formul a {lislskleated ffdwhya.rogemam At M@(ﬂk@%@mvﬁ
Al ternatiyel at the conpounds of

formul a ?Iﬁf%déﬁﬂﬁ' @h\&eﬁ%sﬁt\é‘y@?@@ 3% h a fornal dehyde

equi val ent such as paraf ormal dehyde. 15 The nore

referred pr ses of the I nvention include those
\a,here th 8" stiected rom hydrogen, "halogen, hydroxy, a sulfonate leaving

group, SQ, OQ and Q, where Q is an optionally substituted alkyl,
aralkyl or aryl group;

with a compound of the formula (IV)

(IV)

wherein A, B, D, and E are as defined above;
and with formaldehyde or a formaldehyde equivalent.

Preferably, Z is hydrogen, halogen, hydroxy, SQ or OQ, where Q is an optionally

substituted alkyl, aralkyl or aryl group. It is also preferred that A is CH. It is
further preferred that Y is H.
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conpound of forrmula (1) is:
(3R 4R) - 1-[ (9- deazahypoxant hi n- 9-yl ) met hyl ] - 3- hydr oxy-

wa200hpesexy et hyl - pyrrol i di ne; 20 PCT/NZ2004/000017

(3R 4R) - 1-[ (9- deaza- adeni n- 9-g/| ) met hyl ] - 3- hydr oxy-4- (h
ydroxymet hyl ) - pyrrolidine; _
(3R, 4S) - 4- (benzyl t hi onet hyl ) 1-[ (9- deaza- adeni n-9-yl ) ne
t hyl ]-3- hydroxy-pyrrolidine;
(3R 4S) - 4- (4-chl or ophenyl t hi onet hyl ) |
- [Rrefettay &v asl eI’ Nv9s YA @i Xl CHD 1t is also preferred that R' is a
3-h .dro>§ - g@hl di ne. 4 , N )
( SRigEy! {Qr% L (%P3 ABneddR 20 (i Whers Ajs \GReRg EJis B- hydr o
Xy-4- (hyd roxynethyl)-pyrrolidine I hvd A
-1- - - i n-9-yl th - 3- roxy-4-
E i&@ ﬁ@r@i Bh(f%rﬁ%f %éggﬁlg Elrcir(r!}\ll-ge%d)d%nal}/ , ]lt is preferred t%’at B is NH,,
(3 66 1- [ (9- deaza- adeni n- 9-yl ) met hyl ] - 3- hydr oxy- 4
(et hyl t hi onet hyl ) - pyrrolidi ne; _
(3R, 4S)-4-(ethyl thionethyl)-1-[(9-deaza-adenin-9-yl)ne
t IRreferrde pyoliersss opiheridldntbm ficlud® tROHNAER32 6 the compound of
PgT/ 28 4/ 009%17 7 .
(S 1) Peteadeuttonstenprolepyiits o] tuppmetaesionste.
( Moz pteférablyer i8yheth@estdriatd, ne;
(3R, 4S)-1-[ (9-deaza- adeni n-9-yl ) net hyl ] - 3- hydr oxy- 4-
(i sopropyith ionmethyl)-pyrrolidine; 5 _
( FRf6Bed @fcgdeuﬁeé ofithe ﬁmrlbhtédn) aldo [ncRdd eRger- kB it Soripaduils of
tQyl ] .35 r - rrolidine; . -
( 2%5“44‘5 alyy o 04L gl reager il doynaies) jAsmafiuely iyis preforred
( [biveet rtipe tdohmmhdé\sy loy f@mul‘ao_tlilﬂgrﬁtﬁl;(l)\/) atr?] rle?ctid (WAi,thf? formaldhehyde
(3R ASL- L= [ (9-deaza- adeni n-9-yl ) methyl ] -4-(4-fl uorophe
n%ﬁ?'ﬁ%%ﬂé?% I%s-pa’i%g@%%yaiy- pyrrolidine; (3 R
4S)-4-(3-ch | orophe nylth ol
. _ _ _ _ H _ _ t -
|3_ yg%&%_%ﬁfe&%pgﬁfq?assae%eg% r{hg %l\/grﬁl%n )llnc]ude those where the
( 36npR)ndlef[fo@nuledy &: adeni n- 9-yl ) met hyl ] - 3- hydr oxy- 4-
(3R,4R)-1-[(9-deazahypoxanthin-9-yl)methyl]-3-hydroxy-4-
hydroxymethyl-pyrrolidine;
(3R,4R)-1 -[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-4-(hydroxymethyl)-
pyrrolidine;
(3R,48)-4-(benzylthiomethyl)1-[(9-deaza-adenin-9-yl)methyl}-3-
hydroxy-pyrrolidine;
(3R,4S)-4-(4-chlorophenylthiomethyl)1 -[(9-deaza-adenin-9-yl)methyl]-
3-hydroxy-pyrrolidine; :
(3R,4R)-1-[(6-chloro-9-deazapurin-9-yl)methyl]-3-hydroxy-4-
(hydroxymethyl)-pyrrolidine
(3R,4R)-1-[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-4-
(methanesulfonyl)-pyrrolidine;
(3R,48)-1 -[(9-deaza-adénin-9-yl)methyl]-3-hydroxy-4-
(methylthiomethyl)-pyrrolidine;
(3R,48)-4-(ethylthiomethyl)-1 -[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-
pyrrolidine;
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(cycl ohexyl t hi onet hyl ) pyrrolidine; 15
(3R, 4S)-1-[ (9-deaza- adeni n-9-yl ) net hyl ] - 3- hydr oxy-4-(4

wW@idydssdhi onmet hyl ) - pyrrol i di ne; PCT/NZ2004/000017

(3R 4R) - 1-[ (9- deaza- adeni n-9-yl)
met hyl ] - 3- hydr oxy- 4- ( net hoxyn%t hyl ) - pyrrolidine;
(3R 4R) - 4- (benzyl oxynet hyl ) - 1-[ (9- deaza- adeni n-9-yl ) ne
thyl]-3- 20 hydroxy-pyrrolidine;
(3R 4R) - 1-[ (9- deazaguani n- 9-yl ) met hyl ] - 3- hydr oxy- 4- hyd
Egéygg; h)(BR,4gy-l(‘]l|r[cg-ﬂéﬂza%denitnhg_-yl)naeth I]]-Séhyﬁrogy-4- 4 (
, -1- -deaz 0X i n-9-yl]-3-hydfoxy-4-(prop

yl t hi orretj(ﬂ{?g’ylth'%’f}?tﬁg%gwﬁ@!”eé5 (3 R 4S)-4-(butylth
ih 031 et hy|(3R,4$|)-_—1{[_(sedébeambmacscﬂnﬁ@thwj@:h\yaBd%914hy| ]-3-

ydroxy- pyrrolidine; . :
(3R, 4S) - ?‘-g?'?r@%l@"é"z’%é’@'kﬂwwstnﬁur i n-9-yl ) met hyl ] - 3- hydr
oxy- 4- ( 2{3RAshy(BtithyHioragthyipH i{-8&kza-adenin-9-yI -3- -
(3R, 4S) - %’V %Z‘;geéazgaéeni nygl y[l(% netzﬁy? ]e-ng]- h)};&rpgt)@//l] i-hpy%”y
pyl - pyrr oFi > 30
(3R, 49) - 13R,¢8)-d4¢@ezddar aaxanihlb-fyrfeti})-88iyBddx)43- hydr oxy-

4- | - |'i djine: or, .
( BE,r Zg- 19*%%‘55&@%@?%%‘&%5%%%? n-9-yl ) net hyl ] - 3- hydr oxy-

4- (et hy3R BEpnaoRdearaareniald-ginéthy )R 2804/BRERRRIomethy!)-
PCT/ NZZO%% 900017 (8.The invention al so provides
compound VIRV HYRYTS when prepared by a process

accor di ngBR,dSEH4g8-hibrophenyihfortst i [@deazh RRchiRYENIh&RyI-
provi des ,c grocess F r preparing a conpound 5 of

formul a Ei%y LY RRP ‘in claiml including: (i)

react | ng(:ﬂ:z,es)mcp(mutaé-aﬂaﬁimy.ﬁ)nﬁétﬂwymgg@ﬁwned in

claim1 w a .co und of fornmula (I as defined in
claiml gﬁ(%&?%*”?’%ﬂ»@%éﬂgﬁa@’ or a formal dehyde
equi val e(8R,48)1¢{(9-deaya-atienio-ylyimutey[PS-hydroWy-4X4- Y and Z
of the c m #@d o} horrruhﬁ 111) is 1 p%té@éted with
a suitab )éq& PE’@WV FYYPEUYS and (ii) renmoving the one
or nore (ARARE1H|(9giegeaupenihO-@nveth§ 8- hg@ERPU Fhethoxymethyl)-
pyrrolidine;
(3R,4R)-4-(benzyloxymethyl)-1 -[(9-deaza-adenin-9-yl)methyl]-3-
hydroxy-pyrrolidine;
(3R,4R)-~1-[(9-deazaguanin-9-yl)methyl]-3-hyd roxy-4-hydroxymethyl-
pyrrolidine; .
(3R,48)-1 -[(9-deazahypoxanthin-9-yl]-3-hydroxy-4-(propylthiomethyl)—
pyrrolidine;
(3R,48)-4-(butylthiomethyl)-1 -[(9-deazahypoxanthin-9-yl)methyl]-3-
hydroxy-pyrrolidine;
(3R,48)-1 -{(9-deaza-6-chloro-purin-9-yl)methyl]-3-hydroxy-4-(2-
phenylethyl)pyrrolidine; '
(3R,45)-1 -[(9-deazaadenin-9-yl)methyl]-3-hydroxy-4-propyl-pyrrolidine:
(3R,4S5)-1 -[(9-deazahypoxanthin-9-yl)methyl]-3-hydroxy-4-propyl-
pyrrolidine; or
(3R,48)-1 -[(9-deazahypoxanthin-9-yl)methyl]-3-hydroxy-4-
(methylthiomethyl)-pyrrolidine.
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of formula (I). In another enbodi ment, the invention
provi des a process for preparing a 15 conpound of

w0 oroabmsq 1) as defined in claim1 including: ¥CH/NZ2004/000017

reacting a conmpound of formula (I11) as defined in
claim1 with a conpound of fbrmula (1V) as defined in
claiml and wth formal dehyde or a formal dehyde

equi val ent, where any one or nore of A B, D and E of
the conpound of fornula (1V) is protected 20 with a

s Uiheamieation alte ptdvitisHoltun@Bbfotrhiih (I WHRWIpAehdrb & b)? B%rocess
nor.e ?rotectlng groups to give theé conpound o

or
f GPRIFRS R §1aM & st 1 anot her enbodi ment, t he
i nvention provides a process of preparing a 25

Cc ound of formula (1) as defined in claiml
i E’ggﬂ%l FHE’P"'(‘T%“'WE%@%W%HQ%P%%B@n&f%?SSffBF RigParing picpmpsund
def fanedlai(l) asldafined invdldif Rincla@gound of fornula (1V) as
def i ned ;HE claim1l and w f or mal dehyde or

d

th deora
f or mal deMy d&°H0P FatUprOUNgRE farmuiz (§has sefinghineclaim |/ with a
W X, Y and cdmpburideofc esmmarnqigf af osemmed (M Idaimi § 3Rd with
pr ot ect ed Wlfth gjgw t abl e %n%’ﬁﬂgc“ ng group and where
any one or 'IfpKiehyde org f hide, Rativalept fain canyf one or
formula (1 Vidre gdrotechedy andth o 1Al doloBn® Rt8F AT is
group; and ||% tringw n .%@e one or nore protecting
groups to gPURACHRAEW Bﬁ‘psg’ﬂ S PERtestine@nPue: and . wWo
2004/ 069856 rdPRBVingZ HRIsHe I é pr&ectl?@'rg‘?'b@p@?o%@qﬁb_ Roh{bund
The present ﬂ"t)pvent |(Bn provi des a useful synthetic

route to co 8UHHI§ hat are potential inhibitors of

PNP, PPRT, MFAN, MIAP and/or nucl eosi de hydrol ases 5
__Such conpounds, may find use in the treatnent of

éﬁ"?’ a%‘f’?‘.eﬁ ?'ﬁ?@'f’?%ﬂ?heT%lfﬂTt'lo”nﬁ'qu@ﬁﬁnﬁi Recessyfeli RippAENg 2

dcerepeesl afictmiund {Ipasadfiney ikltigiad d@icfudinghese conpounds

may al so,.pbe used as antinm crqbi al ents, as . ) ]

ant i t unoft geﬁgﬁre%’a Gpmpoyad é’ég‘?ff"é"? @ﬁ) 2% dsfingdyin claim 1 with a

parasitic i oémpsirenf fbmBaeivpugs sEihB@tinC clafiit €Sakd with

conpounds of fo I 1) B]?ve been tinme-consum ng and

costly. In éo&rﬁgtﬂgﬁyfqae g’ﬁ@ '@@'@ﬁt‘yd:eyﬁﬂ‘i’fé%lﬁ%t’ ivdiege @Ry ne or

route to thmereisied, B, BhAGE of the compound of formula (IV) is protected
with a suitable protecting group; and

(ify removing the one or more protecting groups to give the compound
of formula (l).

In still another embodiment, the invention provides a process of preparing a
compound of formula (1) as defined in claim 1 including:

() reacting a compound of formula (lIl) as defined in claim 1 with a
compound of formula (IV) as defined in claim 1 and with
formaldehyde or a formaldehyde equivalent, where any one or
more of V, W, X, Y and Z of the compound of formula (lll) is
protected with a suitable protecting group and where any one or
more of A, B, D and E of the compound of formula (1V) is protected
with a suitable protecting group; and

(i) removing the one or more protecting groups to give the compound
of formula (1).



10

15

20

25

30

of conpounds. The synthetic procedure involves using a
Manni ch reaction to couple a 9-deazapurine or an

w@2@za6Bscleazapuri ne noiety (or their 2-aza- aPel/nNg©$P00017

to a cyclic secondary am ne. 15 The applicants have
therefore found that the desifed conmpounds of fornul a
(I') are advantageously prepared in good yield in a
one-step synthesis. It will be appreciated that the
representation of a conpound of formula (1), where 20
B REDAILEDIDESCRIATIONOXY group, is of the enol-type,
tautoneric formof a corresponding amde, and this
will largely exist in the amde form The use of the

en'EHe— pr;epenttlavérmfm IprévidePs €8 efl ajrithdticl Bufd fPompsuras! C}ﬁ’éﬁ’ are
v& f t.ural g@é%%ﬁ M)l_ represent the conpoun
P iSo%. AN NM{A B\Aqnﬁ/%é‘uﬁlﬁﬁﬁ'éélfé(ﬂ%ﬁses
t R&H)t IBrich &pm&%ﬁﬂhh@{ﬁn@fusé i€ Wﬂeﬁtf off ﬁré@ﬂlcﬁlnféc't ams T-
or is a is of

(IR RIS EDE®  BupBaie: dRsniheo R inoTTaaPo eRgrs.  These

t ruocrq:rasudﬁ map disobes uydd &s batirBierabist abShts] & bMRumour agents, or
oam se of the thioenol-type

ta tagﬁﬂfse@V%%?‘%Q@Fﬁsg'?ﬂra‘ﬁcff%ssu nply to allow fewer

structural fornulae to represent the conpounds of the
'sul fonate

| i on. As .used herei
| ?&gﬂé HEFS'“ FOHESHE SamRgUR f%&rrav'w(') havg pesitiresgasyming
asand@h’dg{] elsuohtrast! fhecﬁreémlﬂ éﬁﬂfhiésllé fsQRichs rdite B this useful class
S as . . .

028 Rl ik S swBeEAC BlacB i Belvasaveias, rrWammien araggon to
t cbuglaes u9-ﬂeazuper|né/‘lbr25hﬁ)48 -8£862 a4 plLNE 20810 00 Weir Haza-

nHﬁ)Sﬁ %gog Itstée term " protecting group” neans a

grouporh SYeies 9%"‘%’“’ pM8ect s an organic functional
group, tenporarily masking the chem stry of that
f t oup;, and | om ng other sjtes in
i APLC e bRV iR loutd i efc Esiect earopanpeb g formula ()
f anzad\antdgegusiy prepStedtialbed piémtlﬁ‘“atdn'é%t%! Spilifesty. € known
to 5 those skilled in the art and are descri bed, for

exanple, in Protective Goups in Oganic Synt hesi s
( Brvdll Bd a))preEIatéN thet tenepreséntitioof dveor¥dund ONJB\%LW lE Xwhere

& c(l ounds .of the fornula (

der %ﬁé’ " el ?Pg@w S@Bar‘%&’fb kﬁ?ﬂWpelfﬁ%’%"ﬂWdfdiomh@f a

desrmesrj@edlng ranfRS] aRd ttieis vil¥prahycatist antHRGR N &30 OfrRBusa ¥ the

t gﬁol-type tautomeric representation is simply to allow fewer structural formulae to
represent the compounds of the invention.

Similarly, it will be appreciated that the representation of a compound of formula
(I), where B and/or D is a thiol group, is of the thioenol-type tautomeric form of a
corresponding thioamide, and this will largely exist in the thioamide form. The
use of the thioenol-type tautomeric representation is simply to allow fewer
structural formulae to represent the compounds of the invention.

As used herein, the term “sulfonate leaving group” means an alkyl or aryl
sulfonate such as methanesulfonate or benzenesulfonate, or a substituted form

thereof such as bromobenzenesulfonate, trifluoromethanesulfonate or p-
toluenesulfonate.
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references cited therein. Procedures for the
preparation of selected conmpounds of forrmula (111)

wa@e@4desss i bed herein. Conpounds of formnula (1RYT/NZ2004/000017

defi ned above may be prepared by known nethods. 15 In
particul ar, processes for théopreparation of the
conpounds 3H, 5H pyrrol o[ 3, 2- d] pyri m di n-4-one

(9- deazahypoxant hi ne) and 2-am no- 3H, 5H pyrrol o[ 3, 2-
d] pyri m di n-4-one (9-deazaguani ne), conpounds | and 2

SI#@A/nsénathmm athe tefASProteethhgi §rodeT nfdingnk gﬁé\gd et éé?ébtlvely
nhi bi

R b GRS, il s i Fh Sty of ta

dentﬂggail gmgp.?ﬂslpaﬂbwﬁg/ lotfer sltes GhOthe GRBRCulcbh b $hipulated
I

d
L ST
Evmms'é i“"m’dt'he?e grtidnd &% Weoliherl, 3ovDintbie, T roleiveGRods in
NoPent Velens 3 RIS LV Brebnaand . Ghdl. e, dambis Sons

thmc(meg)er ocyclic conponent needs to have protecting
groups on the functional groups WD 2004/ 069856
PCT/ NZ2004/ 000017 11 that are not directly invol ved

i .ﬁ:ammuneamfume f@hﬁmsml)ydemmeébm Aty bé NRESarB®Yby RRown

o PR SiT0p o s ket Bbleatiry i 14y a0 e the

f mfemalnaei bit4d MSrsim nPrjtedlires ifér th ?gfﬁft?nﬁ?lsle)@c%' dAiolinds

deg@?ﬁgggg”{) V{Ee P%ﬂ@go%gs gf 985, 848 and 6, 066, 722,

“I nhi bitors of Nucl eosi de Metabolisnt and WO
h| bitors" is

Eobitilas o RRM BieRed Aiovectan e arssred b shpwmsshocs.

ofn paréicdler, prdcas{ds\pr thavigreparition Gﬁhatcoﬁ%UﬁdéJQH%I-Péyrrolo[B 2-

t E&yamgﬁrg-é%gglaﬁaor ygé%n%me?az aﬁé’ A E %mrlrr?c; glt-/%H( -pyrrolo[3,2-
dlpyrimidin-4-one (9-deazaguanine), compounds 1 and 2 shown below, are
described in PCT Patent Application PCT/NZ00/00048, “Process for Preparing
Inhibitors of Nucleoside Metabolism and Substrates” and in R.H. Furneaux and
P.C. Tyler, J. Org. Chem., 64 (1999) 8411-8412. Further, 9-deazaadenine (3) can
be prepared by treatment of 9-deazahypoxanthine (1) with POCl; and then with
ethanolic ammonia.

T H NH,
HN ‘ N H
= N
N / N ’
N
X P
N
1 X=H
2 X=NH, 3

One advantage of the applicants’ new process is that neither the amine nor the

heterocyclic component needs to have protecting groups on the functional groups
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Sui tably protected fornms of conpounds of formula (IV)
are described in PCT Patent Application

wWEDDARNRB3Y 00186, "I nhi bitors of Nucl eosi de PCT/NZ2004/000017

Phosphoryl ases and Nucl eosi dases”. It is essenti al
that protected forns of con‘poldnds of the formula
(I'11) have an unprotected ring am no-group. 15
EXAMPLES The follow ng exanples further illustrate
the invention. It is to be appreciated that the

i ritretndreorot dectytintdivedtindng fedchien epaEing SNe@&t@@IEgr%re may

1:, Mannich Reaction - ner al cedure
N DO R AL eba2RE0 iR iR Brofectae fom el ompound
2 & forBuitee(it) dndkiy férenes aV) &y erastinentslie the Jéactmnepar ation
of conpounds of forrmula (3) using the Mannich
reacti on shown in Schene 1; Pyrrolidine hydrochlorides

ofSuntbeyrpnd)tactédi%‘or('r}k & cﬁlmbo@ﬂ:ktlcif rf]orrnf@lfa dlll)%tr@@e%cﬁlbgélm 8sPatent
ac ess erw se speci

St LB AN Bloperrl SR S)or fuiecsieclptaaiym and WO
Wel2¢193%0) ZNOélé@ﬁ%EMetE&T{shJZZm&f&Q’OOW IS 1855%Hﬁ'al that suitably

s oqéll‘%\g?tgﬁq s of uhg§1 ag%ﬁgowqgrgl% @gg@@ Rrgtog at pesiton-9 of

rdhe Qd@azapu)mamd 8idze-sddazbplriHeatloiBtyd6r®aR BldAtnaRigues).
formula (2) (0.8 - 1.5 nol equiv.). The reaction was

stirred at the tenperature and for the tinme shown in
Téhiitebly . pr&iektedafopas of Tohpduidy oﬁmlnuﬂf (V) areieieddiied iR PCT

SRR P NIBED. bR o g, Pugise

greadi Nudeasidasegln hiié les§antial tat estbttedt¥@Hd of compounds of the
as the eluent, afforded the

ggﬁ”ﬁ%&%gm OW%%“%W"#%%# 49 gmINgrgTakPin Table 1 as the

free base or partial acetic acid salt, which was

cgkvAeMlsI(_eéiSto the HCl salt by

The following examples further illustrate the invention. It is to be appreciated that
the invention is not limited to the examples.

Example 1: Mannich Reaction - General Procedure

R3
N
3 ~N
R! R ]
H NaOAc, HC 1 \
bNH.HCI o N Sy e HeHo R \ VRS
AN
R2 N/)\R“ H,O 1
1 2 3
Scheme 1

General procedure for the preparation of compounds of formula (3) using
the Mannich reaction shown in Scheme 1: Pyrrolidine hydrochlorides of
formula (1) (1.0 mol equiv.; as listed in Table 1 as “Amine reactant’ uniless
otherwise specified) and sodium acetate (1.0 mol. equiv.) were dissolved in water



10

15

addi ti on and evaporation of excess conc. HCl [Evans,
G B.; Furneaux, R H; 10 Tyler, P.C ; Schramm V. L.

wOr@4/069856 . 2003, 5, 3639-3640.] The prepar at i POENZL004/000017

the pyrrolidine hydrochlorides of fornula (1) are
exenplified in the PreparatiJé Exanpl es. Table 1:
Conmpounds Prepared via the Mannich Reaction CGenera

15 Procedure Cpd Tenp Am ne Reaction Substituents

Yield No. ( C) reactant Tine (%9 (h) RRR R4 955
1@roH @HiiknE @71 iy, 95 il b eﬂrhr@bl) I\ljﬂa tzb % s3luﬂ§n ‘Weré (added

5 Seghlefdreslohs (1%5 3o e 5o 20 Tos Srpastitag-desaspurine

95f 3@ mulaSI% (BN nid! 3Quiv.12 TBS r&a’i:tlan Pz sBed=2tHd 18R perature
L3233 Bl AL 0 e ) 03 3 w24 s s

Oranbitie hhigidre ds 80agdPatdd ¥arypess. ?Z'uﬁ#l‘tl%tlbh ) chﬂ&n&'Q_PﬁLth on

L A6 % LR iy oo nbors B oo

O/MPIZ2SHNE @lucPf, Borded the SoBourd-biNCENnlia ] g) é@detaued 2d In Table 1
%8‘%@%98%3 %@@%004{ C'?j%? 7I‘rva%g:hzvgasgér)onverted to the HCI salt by
addition and evaporation of excess conc. HC| [Evans, G.B.; Furneaux, R.H.
Tyler, P.C.; Schramm, V.L. Org. Lett. 2003, 5, 3639-3640.] The preparations of
the pyrrolidine hydrochlorides of formula (1) are exemplified in the Preparative
Examples.

Table 1: Compounds Prepared via the Mannich Reaction General

Procedure
Cpd Temp  Amine Reaction Substituents Yield
No. ) reactant Time (%)
(h)
R’ R* R® R*

4 95 16 OH OH OH H 47
6 95 1 OH OH NHz H 65
7 95 41 1 SBn OH NHz H 72
8 95 39 1 SPh-p-ClI OH NH2 H 72
9 95 5 3 OH OH Cl H 78
10 90 53 1 0S0O:Me OH NH2 H 39
11 o5 32 1 SMe " OH NH: H 39
12 85 33 2 SEt OH NH2 H 60
13 90 34 3 S-n-Pr OH NH2 H 59
14 95 35 3 S-iso-Pr OH NH2 H 38
15 a0 36 3 SBu OH NH2 H 52
16 95 37 1 SPh OH NH2 H 57
17 90 38 1 SPh-p-F OH NH2 H 27
18 90 40 1.5 SPh-m-Cl OH NH2 H 52
19 95 44 3 SChx OH NH2 H 34
20 85 45 2 S-4-pyridyl OH NH2 H 45
21 85 42 1.5 OMe OH NH2 H 59
22 a0 43 1.5 H 22

OBn OH NH:



10

15

20

25

25 90 36 3 SBu OHOH H 72 26 95 49 12 CGBn OH Cl H 38
27 95 52 2.5 GEt OHNH2 H31 28 9552 5 GEt OHOHH

w@so4smepl e 1. 01 (3R, 4R) - 1- [ (9- Deazahypoxant hPCT/NZ2004/000017

n- 9-yl ) net hyl ] - 3- hydr oxy- 4- hydr oxynet hyl - pyrrolidine

(4). Starting with 9-deazahypgdxant hi ne (Furneaux and
Tyler, J. Og. 5 Chem, 1999, 64, 8411-8412) and

(3R, 4R) - 3- hydr oxy- 4- hydr oxynet hyl pyrrolidine

hydrochl oride (5) (Evans et al, J. Med. Chem, 2003,

483 527% 5276, the 1hAnni ch reacti on gsneral ppocedyLe 57
(abovego was 340l | onedst o af forgd, conpo 4 asgphe 78
aggticgacid galt. Af%er conversion to the HCl aalt and
1g[ijand 13C NWR spectra anal§ ¥s, the ¥onpound™was H
f8Und Yo be 1%enticdP in allCPespects D withQhat H 38
pPevi o¥sly r@ported2BEvans et-Ea.| J. Mpd. Chemm, 2008, 31

46§ 5X1-52743). Exagiple 1.08. 3R 4R)-gh[(9-Dggza-aden 44

.ol
L ALY J

pyrrolidine (6). Starting with 9-deaza-adeni ne
( Bxapmia@tiode Exanple 3.01) and 15

B R T bR S

fl orotidihet (4). a8 faotird wmg&a?l@p@&rﬁmge gﬁ‘eﬁi&”‘i&tﬁ@ 12/.-70rg.
(?he% 45% %ﬁﬂﬁ ;-9%4,122 L_ané_ %R@)-%h%@xxﬁ-@g&r@mmethyl-
ipl}'l;drrol@ljn%hy(ljdgobhlc:}ide (51 givaf&eg SHZ/:] “’ledi“fhzﬁ*w?"g@f’& 5%71:-5276),
352 Wyl ealont \oegSigh by odve) s, fotgery 1 "atfor
1c@2péund BB thel cativMgid skt MedrcotdetsiBn td ke BC! ddard 'H and
152 sl e Sboobtiec oo ok B oS Shoroon
Foiih tha @reviodsTy. reﬁmmeEQaﬁs 8f3a.2h Med. Chem. 2003, 46, 5271-5276).
(3R, 4S) - 4- (Benzyl t hi omet hyl ) 1-[ (9- deaza- adeni n-9-yl ) ne

thyl ]-3-hydroxy- pyrrolidine (7). The Mannich reaction
gBxample ppRcedure (above) was followed to afford

c he, aceti ¢ agid [ t, Th cetic acid
R0 e s S b oY oy
((:hylt!'qudlogr(ﬁphﬁtarﬂr;g \l}@gRQ(ME%Gb%ing -(P-r—épgl%g\cl)e Exhibn Iel7_|:)’o.6‘13) and
SRR ARP rydoffe nyfyomeyuiigBad) erbikpnbb dpessob senera
l@rocedure (above) was followed to afford compound 6 as the acetic acid salt. 'H
NMR (ds-MeOH) & 8.20 (s, 1H), 7.65 (s, 1H), 4.27 (s, 1H), 4.22 (quintet, J = 3.0
Hz, 1H), 3.59 (m, 2H), 3.46 (dd, J = 11.1, 8.3 Hz, 1H), 3.26 (dd, J = 11.4, 5.7 Hz,
1H), 3.11 (dd, J = 11.4, 3.0 Hz, 1H), 2.95 (dd, J = 11.2, 6.8 Hz, 1H), 2.37 (brs,
1H), 1.82 (s, 3H). *C NMR (d,-MeOH) 152.9, 151.9, 147.1, 132.0, 115.8, 108.2,

73.6, 63.1, 61.9, 56.0, 50.8, 49.5, 23.7. HRMS (MH") calc for C12H1Ns0g:
264.1461. Found 264.1457.

Example 1.03

(3R,48)-4-(Benzylthiomethyi)1 -[(9-deaza-adenin-9-yl)methyl}-3-hydroxy-
pyrrolidine (7). The Mannich reaction general procedure (above) was followed
to afford compound 7 as the acetic acid salt. The acetic acid salt was converted
to the free base via ion exchange chromatography. 'H NMR (ds~MeCH) 8.17 (s,
1H), 7.46 (s, 1H), 7.26 — 7.16 (m, 5H), 3.93 — 3.90 (m, 1H), 3.83 — 3.74 (m, 2H),



10

15

20

25

30

3.68 (s, 2H), 3.03 - 2.97 (m 1 H, 2.80 (dd, J =
10.2, 6.4 Hz, 1H), 2.66 - 258 (m 2H), 238 (dd, J

We2002/069858. 9 Hz, 1 H), 2.30 (dd, J = 9.5, 7.2 PZI/NZ206/000017

2.20 - 2.14 (m 1 H. 13C NI\/R(d4 MeOH) 152.5, 151.4,
147.4, 140.4, 130.4, 130.4, 1%9.8, 115.5, 112.9,
77.3, 62.7, 59.2, 49.3, 48. 6, 37.5, 35.6. HRMS (M)
calc for 5 Cl9H24N50S: 370.1702. Found 370. 1694.
Exanpl e 1. 04

(BB 2|t44) (34633h|2®7C(ﬁhGHly| 2.80 gmleugmo 4-4. ﬁlegl_(ﬂg)z %ﬁﬁfg'hss (m,
r ro I ne

%ﬁbt %gﬁ Bén}sr AP 4;%‘;{@ (2a3&o g J 5162%'4 I50ed20 g 2.14

af(frpmaaH)cd?mme (&- M§0Hhe5aeset151:4a¢md4 Sf4d.4, 13d. AMo. 4 129.8,

‘%5%%4535@5% SéfEH;Q D 195, (%é %15, 5%67531\6%'(1\/1]4 el for

3.40 - 3.15 (m 4H), 2.89 (dd, J = 13.5, 9.1 Hz, 1
H, 2.47 (brs, 1 H), 1.98 (s, 3H). 13C NMVR (d4- MeCH)
1a=.3caa;plemm 8, 146 1, 135.7, 134.0, 133.2, 132.2,
5 74,6, 57.3, 15 49.

3438236 hipgaphienitiomatayiigflo-dpgieheempay nethyir -
SnydthﬁEpyﬂFohuide (8)90Tfﬂ92lﬂénn|5%%§%h@n defral procedure (above) was

R b RN TR o o 2
\évu(fmr@ Tlskas, mrg 7882ap08 (Me5KK4. 9401 2HSAE3D (nPhidM)M3.74 (dd, J
ul
(3R 4%)7@9%3/8%)0?)?394@& ggy?né{srﬁﬂ THY AT BdiSr@. 4289 (dd,
Na/rmnels OclallL,i THY), gmrxe(bad 1B1) 0708 s, eaH)aUéaeh)MM@§4-Me0H) 153.0,

%qup ‘h’/ﬂzs%zﬁfgc%ﬁ)f“&%zg 4307, 1§§%((:§t0l5%1%ﬁ)6 69.4457.3,

(319 2Hy,7, 436311 2(3m HRMS (MHQ&eﬂ&ﬂ:rs@s%1%m5®S &961&85 Found

I-%goaggg = 5.9 25 Hz, 2H)

332(dd J=12.6, 2.5 Hz, 1 H, 313
J _120 7.4 Hz, 1H), 2.40 (brs, 1H), 1.82 (s,
3+Eyanus€1mR(d4 MeOH) 149.7, 148.6, 143.4, 137.6,

AR Chigtaseesiifp Sy naiiros s o)

Féwoxmemyrﬁﬂldﬁxa@l Startifg with 6-chloro-9-deazapurine (K. Imai,

( ol L ( 1] -3 hyd
Sh R SHETER I %00 g R A ol s mronmetny

Mp)molmmar dhe tMamicie neactibn eoerdt wrecedalzo (ajovap wvas fogowed to

f nd._10. ) .

i) SRR DR AR T o

3160, 4.46 (< 2H), 4.31 08, (), 3BB (d&.J04 1248 3Hz 1H), 3536d3/ = 5.9

My, 31) 03.48/8a29 24290388, Fr) 342008 L0996 2.5 Hz, 1H), 3.13 (dd,
J = 12.0, 7.4 Hz, 1H), 2.40 (brs, 1H), 1.82 (s, 3H). ©C NMR (d,-MeOH) 149.7,
148.6, 143.4, 137.6, 124.8, 104.5, 71.3, 60.7, 59.8, 54.4. 48.0, 47.8, 23.5. HRMS
(MH") calc for CrH1eCIN,O;: 283.0962. Found 283.0973.

Example 1.06
(3R,4R)-1-[(9-Deaza-adenin-9-yl)methyl]-3-hydroxy-4-(methanesulfonyl)-
pyrrolidine (10). The Mannich reaction general procedure (above) was followed
to afford compound 10. "H NMR (ds-MeOH) 8.17 (s, 1H), 7.52 (s, 1H), 4.30 -
3.82 (m, 5H), 3.10 - 3.00 (m, 1H), 3.06 (s, 3H), 2.94 (dd, J = 10.3, 6.3 Hz, 1H),
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15 2.71 (dd, J = 10.3, 4.1 Hz, 1 H), 2.53 (dd, J =
10.1, 6.7 Hz, 1 H), 2.43 - 2.34 (m 1 H. '3C N\R

W@ chd4MeBr) 152. 6, 151.5, 147.2, 130.7, 115.6, BARNA2004/000017

73.8, 71.8, 62.4, 56.0, 49. Ai’s 49.1, 37.5. 5 Exanple

1. 07

(3R, 4S)-1-[ (9- Deaza- adeni n-9-yl ) net hyl | - 3- hydr oxy-4-(m
et hyl t hi omet hyl )- pyrrolidine (11). The Mannich
reaction general procedure (above) was followed to

af2f o @de 0rpe0IB04.1 HAY H), B53¢dd, o= a0i1d 65y - 1H4)f b3 — 2.34 (m,

en 1H and_ 13C NVR specira
aﬂgi\f %W%Zd“c@ﬁggaﬂég%agﬁ guﬂ‘y Lol b7 i bﬂ@rﬁﬂd&l i73.8131.8,
aI6I24réS,®e@9a Bt hat previously reported. (Evans et
al., J. Med. Chem 2003, 46, 5271-5276). Exanple 1.08
(3R, 4S)-4-( ’
Efxahipibe 002t hyl ) - 1- [ (9- deaza- adeni n-9-yl ) met hyl ] - 3- hyd

i di (12)., T h |
45T e Bl e S e R SRy r ety e -
%Iﬁgrzibﬁd(ném Ve OFfle Blahfici Seacilbﬂ geﬂerﬁﬂpréﬁeddre @bové) #8s followed

(& affé(f@ ‘Tﬁ%@“g 61113354%6 ] a°'§ Sy Agy C@gvvgnbonmthe HCI salt

22h68 "M aRd4%C MR $pdctra anasis, the tompaund wib fl%Liiqdaé b(etldenilcal in

152.
136 réppe8ouill tngt FreYiolSl reporied: (hvang 8t a2k Myl heirs 2803, 46,
352B1-5276)2, 15.5. HRMB (MH) calc for Cl4H22N50S:
308. 1540. Found 308. 1535. Exanple 1.09
(3R, 4S)-1-[ (9- Deaza- adeni n-9-yl ) et hyl ] - 3- hydr oxy-4-(p
r Eggmplg 88t hyl )- 25 pyrrolidine (13). The Mannich

RSO3 oy G455 RS S s

7 pgqo[lgmej(ﬂg) TheOldannich &@clion g&tdral BoRiutel (BbodeFwas Bllowed

7toga%5'd gbnﬁ% 3 1?65’8-9@1\/5:9% I\%é’oﬁ)éﬂgb% (51 35, 7. 59 ﬁ 1(4},24 £0 -

82_’(n'5 H).sk%2 édd, JF &977.9 Hiz 1H), 2292 (dli 95 (0.5, 63#12718!) 2.76

b i T

C6NMB4(CG-MeQH)1‘J52—RN§1(WHl4)7 3, @0, f1db. 6C3152iZ4N5$62 4, 591,

3324108% Found, §Z%g§70%<%|\)fn§| @H—%’ 00855 ¢, 4HouNsOS: 308.1540.

Found 308.1535.

Example 1.09

(3R,48)-1-[(9-Deaza-adenin-9-yl)methyi]-3-hyd roxy-4-(propylthiomethyl)-
pyrrolidine (13). The Mannich reaction general procedure (above) was followed
to afford compound 13. 'H NMR (ds-MeOH) 8.17 (s, 1H), 7.50 (s, 1H), 4.00 —
3.79 (m, 3H), 3.08 (dd, J=9.8, 7.9 Hz, 1H), 2.86 (dd, J = 10.3, 6.4 Hz, 1H), 2.72
~2.62 (m, 2H), 2.50 — 2.38 (m, 4H), 2.22 — 2.12 (m, 1H), 1.55 (sextet, J = 7.3 Hz,
2H), 0.95 (t, J = 7.3 Hz, 3H). "*C NMR (d4-MeOH) 152.5, 151.4, 147.4, 130.5,
116.6, 112.7, 77.2, 62.6, 59.2, 49.4, 49.0, 36.1, 35.6, 24.3, 14.1. HRMS (MH*)
calc for C1sH4NsOS: 322.1696. Found 322.1709.
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(3R 4S)-1-[(9-Deaza- adeni n-9-yl ) nmet hyl ] - 3- hyd
roxy-4-(isopropylthionethyl)- pyrrolidine (14). A

wo a004@698661 of t he Manni ch reacti on general proP€ONEZE04/000017

(above) using 20% 1, 4-di oxane in water as the sol vent
and 0.9 nol equiv. of 9 5 dedfaadenine afforded the
crude title conpound 14 (386 ng, 80% after colum
chromat ography on silica eluting with CH2Cl 2 : MeQH :
NHAOH (8 : 1.8 : 0.2). Residual inpurities.could be

r elyrgcol umm chromat ography on silica el uting

Wi C2: NH3 (7N in MOd to afford title
Cdﬁ%ﬁ%%-[1&0@53%‘&9%9'n-%@dmethv&%!wrﬂwda(lmrppﬁltwmethvl)-
8. Iidind (1), Alvedti i

e S J ol g e A e B ey febove
7_L§|r]qz,20‘{o Iq)c}-d@;(g@g In ggatgqnasquqje, solger¢5a@<§j&.9 Jmel eguig. of O-
6. dbabadehind) affotd&fthetiudeltite ddtnpbund-14 (386 g, Hb%) ZftePcolumn
(dd, J =12.5, 9.1 Hz, 1 H, 2.38 (dd, J =9.7, 7.1
%hrqmﬂ?graghgpnzs_lliqga %IHiimglw ChpCh3, MeOpb: (\IQIQ,QHgdq :1.8:0.2).
eaRdyidual Haphivids( MeEht s remeveP By é@&nﬂSchr%étoéﬁaghy on silica
147.40, 130.45. 115.54, 112.90, 77.29, 62.66, 5926

- 4lding Wit §1:Che Mg (AY), ipeVledl tocafford tifls sepmpeund 14 (183 mg,

(3H3%S)H NM@%MLSUHJ&R@F%! 318, (fd _?ﬁtga(ﬁgﬂﬁ? igh'b993.¥h XBAH),

th Q-S-hydroxy- rro |ne@£15).
" L84 (o GeHor 410 HacliLP 04 (db Ived TS Haol Hbideas-268 (m, 2H),
af 4r D . , -

VA fompes g 41 18 A (g bk - s
0.971 Hz, 9HiZ,381(dd) J =2.877.1 iz, 10),2.20230 (81, 4HNz1.23 192 (25, 3H

2. -13R2, .2 e 2 .

( ne]%%li).Hg @ﬁggwe@ﬁﬂgﬁ). (26 n?&%m1$2'§§’. gg*-??ﬂ?-%ov%%ﬁiﬁ 15 54,
3H)12.903 ¢/ RRFREZ.08,-3%:20:119.8824% 09, 136149 34 66724.19.130. 5,

115.6, 112.6, 77.1, 62.6, 59.2, 49.4, 49.0, 36.1,

33.3, 33.2 23.3, 14.4. HRVB (M) calc for
c1%$%?3!sd§1 336. 1853. Found 336.1850. 25 Exanple 1.12
(IBR: »-ﬂﬂ&ﬁtmmmﬂr@m&zwa?g?mngK]e)n%tﬁwpﬁwur&ky( P

henyl t hi ongt hy rrolidine ( . Manni ch

1) -

r ¥Eraliging,ld; 5?'6 af%@%d?@t@a@@oe')al presediye | (apve) was followed
f x g 2 | -
shsescsampod 5. MAMNTULIOM o 5o, o2
4,35 e 31085085 £, 79 iz 72 6 = 1054 P, 4, 2.75
(dd2.69 (m, D1 02.59--62.58,(ml 4H), 2.32 257 43 émsiq'H),CH 55 12 & m, 4H),
3.3 Hz, 1}—& 3.15 (m 2H), 2.85 &d J = 13.5, ‘9.
HO-90 ) J =73 51z 3f).1 TCINMRI DMK (192- 2Bl 14540130.5, 115.6,
15225, 7714625, 5o ,-@.4,1@20,2376.1-,323-32%’ 3%3@,02@.3, 128. IirMS (MH")

115. 8, 106.3, 74.9, 60.6 .4, .7,
calc for C1sH2sNsOS: 336.1853. Found 336.1850.

Example 1.12
(3R,48)-1-[(9-Deaza-adenin-9-yl)methyl]-3-hydroxy-4-(phenylthiomethyl)-
pyrrolidine (16). The Mannich reaction general procedure (above) was followed
to afford compound 16. 'H NMR (d,-MeOH) 8.22 (s, 1H), 7.74 (s, 1H), 7.33 -
7.15 (m, 2H), 4.43 (s, 2H), 4.26 (m, 1H), 3.62 (dd, J = 11.7, 7.9 Hz, 2H), 3.48
(dd, J =12.0, 5.6 Hz, 1H), 3.25 (t, dd, J = 12.0, 3.3 Hz, 1H), 3.15 (m, 2H), 2.85
(dd, J = 13.5, 9.1 Hz, 1H), 2.43 (m, 1H). '*C NMR (d;-MeOH) 152.9, 152.1,
146.8, 136.8, 132.7, 131.4, 130.6, 128.1, 115.8, 106.3, 74.9, 60.6, 57.4, 49.7,
47.7, 36.3. HRMS (MH") calc for C1gH,sNsOS: 356.1545. Found 356.1542.
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47.7, 36.3. HRVB (MN calc for C18H25N50S: 356. 1545.
Found 356.1542. WD 2004/ 069856 PCT/ NZ2004/ 000017 17

WE@Apbmss6l. 13 PCT/NZ2004/000017

(3R 4S)-1-[ (9- Deaza- adeni n- 9- ¥I)nethy|]-4-(4-f|uorophe
nyl t hi onet hyl ) - 3- hydr oxy- py olidine (17). The
Manni ch reaction general procedure (above) was 5
followed to afford conmpound 17. 1H NMR (d4- MeCH) 8. 16
(s, 1H), 7.46 (s, 11-1), 7.40 - 7.30 (m 2H), 7.00 -
6.90 (m 2H), 02 - 397 (m 1 H, 3.86 - 3.75 (m

2 dd, J = 12.9, 5.9 Hz, 1 H), 3.00 (t, J =
@”aﬁ'@'é% 290-275(m oH), 2.65 - 2.59 (m 1

H)(3R,21$4—1 [(Q-Qem gdqn|n—%l)mﬁhﬂl}-4-(42ﬂle]'obhen)iltﬁrbmeilﬁﬂ) 3-
1%@"“%&%@3 2%2159 T{\% gl?afglc}ﬁ’ggq%h ﬂ%%%rff]' chequirg (gbove) was

1iczlowfed7tt7 aﬂorotscz:n?powgg . #BNMRSWH?SBB% ;2 (Hng‘B ¢ MB(s, 1H),
glazprgpl ?310 ﬁ%l’-?% E%Sébh%rﬁgﬁen% 1 A% §86 3.75 (m,
i @t hit (ddl J[ 2.8ea8 dzadid) |3hr009(¢y1 ¥ B Hy| 1]H)32 86 -2.75 (m, 2H),
h |

e O CORl R L EETR SR O (o

1NlaQNR (GESMVBGHY, 852.6, (151.411H7.47136.1( 434.0H)133.17.126.4; 117.4,

7498.1{ 5 8th108 93 2 53.9%0ldNeols e, BT S Y calc for
SR8 Nae 912 5257 6d e Heyp, od ;

9 gszNs@FrSz 3741|4|)¢$ Bo@ati 37421488. ( m 2H) 2 64 (dd, J =

10.2, 4.3 1 H), 2.41 (dd, J = 9.9, 7.0 Hz, 1 H), 2.26
m 1 H). 13C NMVR (d4 20 McOH) 152.5, 151. 4,

15%39:'9'%21647 136.1, 131.6, 130.4, 129.8, 128.86,

LB Syt otorhini o P SdRasurth-dyiniy
Fglyﬂlépxgggyriqlmn h@ thnm[;h Jsaction general procedure (above) was
et g
{ RZBmAR U, ALY on S e b, BFoc i én (2bodsp (ag.m 128,
t ve =
ég;;lz 41)@ 8%@92\252%%2 gz*fq% oh-g) g%td’her%:r ugﬂ ‘?Hflz &P dd, J =

ofitd! o2 A3dddng= 9% 908 Has 11k 2628 ward Scim, dirbit 3UF NV (da-
ONe®H)i 152 5 151&914!\7*%14&'?@5’61'\/?% 1%‘&%&@ 128.6, 127.4,

V . ReSI dual | urltles co

(g?%éeo“g)? E’f m$2-& h?® et a‘ﬂﬁ@ Sd.4i | HRMS:| (MH'hgealc for

WCH b, D012 300NH30( Eund Bodvefdd (9:1 v/v) to afford
t|E8I e conmpound 19 (144ang, 34% . 1H NVR (MeOH-d4): S

ppm 8.15 (s,
Example 1.15

(3R,48)-1-[(9-Deaza-adenin-9-yl)methyl]-3-hydroxy-4-

(cyclohexylthiomethyl)pyrrolidine (19). A variation of the Mannich reaction
general procedure (above) using 20% 1,4-dioxane in water as the solvent and 0.9
mol equiv. of 9-deazaadenine afforded the crude title compound 19 (333 mg,
79%) after column chromatography on silica eluting with CH,Cl, : MeOH : NH,OH
(8:1.8:0.2 viv/v). Residual impurites could be removed by column
chromatography on silica eluting with CH,Cl, : NH; (7N) in MeOH (9:1 v/v) to
afford title compound 19 (144 mg, 34%). 'H NMR (MeOH-d4): 3 ppm: 8.15 (s,
1H), 7.50 (s, 1H), 3.97-3.92 (m, 1H), 3.82 (dd, J = 19.1, 13.4 Hz, 2H), 3.06-3.00
(m, 1H), 2.84 (dd, J = 10.3, 6.4 Hz, 1H), 2.75 (dd, J = 12.5, 5.9 Hz, 1H), 2.67-2.58
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1H), 7.50 (s, 1H), 3.97-3.92 (m 1H), 3.82 (dd, J =
19.1, 13.4 Hz, 2H), 3.06-3.00 (m 1 H), 2.84 (dd, J =

wagedpesdsét Hz, 1 H), 2.75 (dd, J = 12.5, 5.9 HCT/NZ2404/000017

2.67-2.58 WD 2004/ 069856 PCT/ NZ2004/ 000017 18 (m
2H), 2.48 (dd, J = 12.5, 9.38z, 1 H), 2.37 (dd, J =
9.8, 7.2 Hz, 1 H), 2.20-2.08 (m 1H), 1.94-1.92 (m
2H), 1.74-1.72 (m 2H), 1.60-1.58 (m 1H), 1.36-1.19
(m 5H). 13C NVR (MeOHd4): b ppm 152.48, 151. 35,

1% %ﬂ) 213@ o0y -1112554@3 H213r|'4 72437 (Zili 3%9.827 5%z 2R, 12820 2.08
55 34.18 8,

27. 4
27(WB§H)53<8ﬁﬁ|98 @ 1%4>( éF'e’441§)’2 1m[ grg» ek h B8 fem 1), 1.36-1.19 (m,

519 Y4 mﬁy@x cﬁ-ﬂaﬁ)d AL PY14108 t4u7, ﬁfeiéb’éd 115.48,
p rrolidine nlc

reacti on genera

p%/‘b"@&duﬂ@ 2(1ak§3(3 SRS, 1491 3% SR, 145. 1 356‘270&15 %Qm%iﬁfuﬁ? 48,

2027394 NVR (D20) 8.43 (d, J = 7.2 Hz, 1H), 8.42 (s, 1

H. 800 (s, | H, 7.77 (d, 3 = 7.2 Hz, 1 H), 4.64 (s,

OH), 4.52 - 4.47 (m 1 H), 3.94 (dd, J = 12.1, 8.0
Xa:hlﬁé 67(dd J = 12.6, 57HZ,1H) 3.50 -

315(S HE - 2.64 (m 1 H. 13CNI\/R(D20)
1d3RetS)5i(o- eaz_ta:cad@mi%ml)rsethyﬂﬁ hydrpxy-48(4-pursdyithiomethyl)-
1%r70lld7€e %th?hg Ma'i_’lﬁlcﬂ reé‘éroilm Peﬁéra‘f"& oﬁ%%@rg éla'ﬁg\@&wallowed

Egg,pf;ﬁogj qompound 20. 'H NWR (DgO) 8.43 (d, J = 7.2 Hz, 1H), 8.42 (s, 1H),
(HodR) =1|’11?1 [A2r feazsy. QCHE“HPD 94 A s']?hiz,yzi.kz h??d n9X1>f—r)43 @H’(dd

et hox yrro di ne nni c

ge/neﬁ 1, §|0d'é?ed e3-B ek &)= 1as %BIHZoWébl 2P 8. 1§f(ﬁb|4b1) 278—
d H)l 13@:FNMM?([§2@‘} 1'@@4)158 2194£% 3@‘5‘% 546%232@ 113.2,

F?OZ%)H 3. 50, (@@g 384 M 4@ 3155 7 HI%J\AS A * .f95 QurktiyNeOS:

J 1 2.77 (dd, J = 10. 8 6 7 Hz, 1
H)3J57 114@@ F%w% gg7 %%ﬁlw 13(:( NVR (d4- MeOH) 152.7,

151. 8, 147 2 131 6, 115.7, 109.5, 74.3, 74.1, 62. 2,

S o 197 49. 4. 49.0. HRVB (vy cal c_bor CI3H20N502:
12. F 1626.

(AR A9 Densa RASYRLHIMETHY I 3By Becoy - Eneonymedivine

t Fpiriotidtiney Fﬂ'wahe thiﬂh' rdh&Rn (g%%)aral E%e&@@%ﬁ&e) yas followed

reacti on general ggrqce ure (above) was follo

aftp Giare: eoFpRRHAY MR BB ]S £, 17H)( & 65165 1H), 4.18 —

7. 45615 gﬁ 34)H23 407~ §Q8 (rﬁ 2@) (3"3]0 é%m 4 1”06(2d(:|b§ 121"b 5.#+HL0 1H),
" 5 (dd = 11H%) 3.3 Hz 1H), 277 (dd J = 108, 6.7 Hz, 1H) 241 2.29 (m,
1H). '*C NMR (d;-MeOH) 152.7, 151.8, 147.2, 131.6, 115.7, 109.5, 74.3, 74.1,
62.2, 59.6, 56.5, 49.4, 49.0. HRMS (MH") calc for C4sHz0NsOs2: 278.1612. Found
278.1626.

Example 1.18
(3R,4R)-4-(Benzyloxymethyl)-1-[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-
pyrrolidine (22). The Mannich reaction general procedure (above) was followed
to afford compound 22. 'H NMR (d,-MeOH) 8.17 (s, 1H), 7.55 (s, 1H), 7.30 —
7.20 (m, 5H), 4.46 (bs, 2H), 4.10 — 4.00 (m, 3H), 3.55 - 3.38 (m, 2H), 3.23 - 3.18
(m, 1H), 2.98 (dd, J=10.7, 5.8 Hz, 1H), 2.85 (dd, J = 10.7, 3.4 Hz, 1H), 2.68 (dd,
J = 10.4, 6.9 Hz, 1H), 2.38 — 2.30 (m, 1H). ™*C NMR (d,-MeOH) 152.6, 151.7,
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(m 1 H), 2.98 (dd, J = 10.7, 5.8 Hz, 1 H), 2.85 (dd,
=10.7, 3.4 Hz, 1 H), 2.68 (dd, J = 10.4, 6.9 Hz, 1

W(H)QO4@6S$86 2.30 (m 1 H. 13C NWR (d4- MeOH) 1BQ@T/8Z2004/000017

151.7, WD 2004/ 069856 PCT/ NZ2004/ 000017 19 147. 2,
139.9, 131.3,129.8, 129.3, 129.1, 115.6, 110.4, 74.5,
74.3, 71.9, 62.3, 56.6, 49.4, 49. 0. Exanple 1.19 5
(3R 4R) - 1-[ (9- Deazaguani n- 9-yl ) net hyl ] - 3- hydr oxy- 4- hyd
roxynmet hyl - pyrrolidine (23).

( 3R74R) 1309yt Y2918, X 9x¥2®A hyi5.8Y 1104 4 BE74.3, 71.9, 62.3,
%gtglfrlde (5) (154 my,.1.0 nmol) and sodi um

1.0 mol) were dissolved in water (2
rTL) and to the solution were added aqueous

formal dehyde (82 L, 1.0 mmol) and 9-deazaguani ne
(%ﬁaﬁ'@g' B&nd Tyler, J. Og. Chem, 1999, 64, 8411 10
84(33)4R)412[09maz£§L&nmmly))meihﬂ]JaﬂaMrbgnM?ar@iyrﬁétﬁ j-at

d d
?nseelt?[f;'@waiz@ 458#5‘32@%0@ ﬁﬁwggoxymeﬁwkmegw'ﬁgg fw;dmchlonde
chEP(BUaag, apdyhned)) srid édmuﬂ%l:etatésémgn@"lz@hﬁmlj\@gé dlssolved in
N &dﬂ41v/v/v as the eluent, afforded tit
d\‘?ggru bangsto; the sgluilion wege ?Gd%ﬁqueoﬂﬁtf@’malﬁﬂﬁ\y@? é%nL 1.0
t cmﬁm anfBldeaahduspié (ithh%aeix éﬁ@TDIMR B @ﬁ&téﬁ’brﬁm %9@ l6%; 8411-

mpound was found to be 15 i denti cal

r @é‘ﬂ@bﬁ@oxmg 198 ﬁmOI)pr'@'\ﬁ r@agﬂlqn weq)@trrte@tat(%féhbr étZ hal Silica gel
)wgshﬁaﬁled grquﬁ rﬁ@turéﬁa]s e;v%Bg a’tﬂEﬁagfﬁhgssl Bification by

Deaz oxan
rc%omate@ﬁaabsypﬂ ﬁlllp@r@s tging QHzCﬁereﬂJHthleOIﬂz(m 1 Vivéy) as the

t
o RO A RN N Wy o
7 Rl saif angd arvd %@ WR speptra gnglysis, the. wqwnd lNaél)found to be

|(9e21tl?alan ap résrﬁbctg '\'/Dl’ch tI?fat e\glgﬁjsiy ﬁ’por’tgd %va%s %t E%, % r]%/lé_(p '‘Chem.
2+4)°°324%'£>271 §2Zf9 (m 4H) 2.22 - 2.15 (m 1H, 1.57
(sextet = 7.3 Hz, 2H), 0.95 (t, J = 7.3 Hz, 3H).

" 3C NWR (Id4 MeCH) 1457 25 143.7, 131.0, 1136
7’@"‘%2]? 58.6, 48.9, 48.5, 35.9; 35.6, 24.2, 14.2.

EX@REJS 1] ﬂ) éz"’e‘ﬁyﬁ&anthm& gl] -3-h drox @r?pylthlomethyl)-

_p&But_yI |orre eaza ypo
rialidine (2¢). ]T@e aw@b(yeaoﬁym genérel precgd2ey (abpive) was followed
( e
]'c\/g?‘aff&’@ doﬁ%%h?cgmgelg?\g\ﬁé éﬁ‘{) @E?ﬁi%f?) ?%YSNMW& (s, 1H), 4.06
( o23-RR (ry UDeRH2 7386 (s 2H), 346 (dd, I5= 9.8, 8.0HYz, 1H)0R.90 (dd, J =
21@25 6B H?: ), 239822 65 tm/5Hf, B52Hh:383nP 4H) Bloo L 719 (f; 1h),
1%57 Gextot, 7=7.5 Ha 2H) 0.95 (t, J = 7.3 Hz, 3H). °C NMR (ds-MeOH) 145.7,

143.7,131.0, 113.6, 77.0, 62.1, 58.6, 48.9, 48.5, 35.9, 35.6, 24.2, 14.2.

Example 1.21

(3R,4S8)- 4-(Butylthiomethyl)-1 -[(9-deazahypoxanthin-9-yl)methyl]-3-hydroxy-
pyrrolidine (25). The Mannich reaction general procedure (above) was followed
to afford compound 25. 'H NMR (d4-MeOH/CDCl3) 7.86 (s, 1H), 7.38 (s, 1H),
4.00 — 3.92 (m, 1H), 3.82 — 3.75 (m, 2H), 3.07 (dd, J = 9.8, 8.0 Hz, 1H), 2.85 —
2.70 (m, 3H), 2.55 — 2.42 (m, 3H), 2.37 ~ 2.15 (m, 2H), 1.60 — 1.32 (m, 4H), 0.90
(t. J = 7.3 Hz, 3H). °C NMR (d,-MeOH/D,0) 156.6, 145.6, 142.9, 129.9. 119.6,



10

15

20

25

2.70 (m 3H), 2.55 - 2.42 (m 3H), 2.37 - 2.15 (m
2H), 1.60 - 1.32 (m 4H), 0.90 (t, J = 7.3 Hz, 3H).

WA 0000698 (d4- MeOH D20) 156. 6, 145.6, 142.9, 1POI/872004/000017

119. 6, WD 2004/ 069856 PCT/NZZOO4/000017 20 114.7,
77.4, 63.0, 59.6, 49.4, 49.172036.6, 33.6, 33.3, 23, 5,
14.9. HRVMS (MH) calc for Cl6H25N402S: 337. 1693.
Found 337.1684. Exanple 1.22 5

(3R 4S)-1-[(9- Deaza-6-chl oro-purin-9-yl)nethyl]-3- hydr

oXiyI 44 (724 memwgea g 9,01, o?e 8li 3@6(%@3 22(\5%24\1/ g?tlﬂgﬂ?‘;fMH*)
h tian ra cedure (a
E)Cgl :ﬁfn E’Eﬁ'\(?sa%fé?’g 1@%50? ﬁgai r| ne (K lmi,
Chem Pharm Bull., 1964, 12, 1030) affordeg t he t:jtlg
Sch 2). In comparison to the standar

g%ﬁ%?éz‘&hé (r:egcr:rtei 021 m xt urengi d not forma 10
S ¢8RS - [wneazdsmmrelpmwe mn@mb wpg-lﬁultrwyedl (i th

rbed onto silica
L A N < TR IR R,
v/pv@ceﬁofé t()ameb)uS @IQZmOMEQuiv dNFGL@Tlo(o% ﬂieéza(buﬁne (K. Imai,
v/ ave %@M{b@é% ‘{dsghﬁ‘or%%d% té comrbounngfScr(egne 2).
SH) compﬁﬁsc(rsto theHtandardiSprosadute the r@acﬁn@n (Mixtufdidid BoBform a

( %Jlu%%nmyft %T]B‘EM' gl’uir‘yll gih%]%nvgaf}_gﬁ?ut%d éﬂt‘ﬁ% Mlcgbqléané 1&%0@{3:@1@

( PEtabisbibed Matbt sitba: g8. POBIUMD hbohatdgrhpBP eldihg. A#h CH,CI,

L5858 01T bty Bt 0Bl St ot b s
3488%Syield HHONMR (300 NMIHz IMeQBQAP,SHSBrI@ sNHl ECHHN &2 N, HB 07 17

s a5 10 g BT 0SB RE0 4 47 (. PO r 16
pyI|7 Hyr 114}, |2ok541@1|1(2|i» 2. %ﬁ%""{ﬂ%ﬂ'ﬁ’?“ﬁl?"’n’"q é\ﬁ(}ﬂl ﬂh‘). 3C NMR
"R R, SR B e 2 3B7%R) 14200014590 13811 120.84,

129.82, 127.46, 126.81, 107.73, 75.68, 61.00, 58.48, 49.51, 47.56, 35.26, 34.88.

}E(k
. A NaOAc, HCHO
* N\

H

T

Olll
Olln

Scheme 2

Example 1.23

(3R,4S)-1-[(9-Deazaadenin-9-yl)methyl]-3-hydroxy-4-propy|-pyrrolidine (27).
A variation of the Mannich reaction general procedure (above) using 0.9 mol
equiv. of 9-deazaadenine afforded the crude title compound 27 (136 mg, 73%)
after column chromatography on silica eluting with CH,Cl, : MeOH : NH,OH
(8:1.8:0.2 viviv). Residual impurities could be removed by column
chromatography on silica eluting with MeCN : NH,OH (4:1 v/v) to give 27 in 31%
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equi v. of 9-deazaadenine afforded the crude title
conpound 27 (136 ng, 73% 25 after colum

W@ booasasegr aphy on silica eluting with CH2Cl 2 PCIVSZE403/000017

NHAOH (8:1.8:0.2 v/v/v). Resjdual inpurities could be
renoved by columm chromat ogriaphy on silica eluting
wth MeCN : NHAOH (4:1 v/v) to give 27 in 31 % WO
2004/ 069856 PCT/ NZ2004/000017 21 yield . NWMR (300
MHz, MeOHd4): 8 ppm 8.18 (s,1 H), 7.51 (s,1 H),

3.y8dd 3NBAR (300 MBE) Meéchﬂ (sjﬁsz 1—“8% fi) %;wzg%) 13 b9 .3.85 (m,

2 B 318300 <D 0 BB esla 7 i o g o b, 8.0 Hz

gH)H) @ogglzgeggﬁmqgnn 58H).44 9@3@)%8(1%0(%)55 %@ﬂm 3H).
WRﬁO%MH%Me@ﬁ d998 oRM: 152.68, 15084%5 94739, 880.59, 115.55,

2 1 4
(géﬁfg) 1#9?(%2 %%@géén‘t‘%?% 35?8)/ 73, 67hy?]9 '3- hydr oxy-

4-propyl -pyrrolidine (28). A vari atl on of the Mannich
reagm,ggm_emeral procedure (above) using 0.9 10 nol
deazahypoxant hi ne afforded the crude title

egﬁi&ﬁ%d Bz%D(e%afwgvoxaewm;@-yé)mqihyll-arwoshﬂmpﬂgmml5dme
0'123)'. | A%rlﬁﬂldﬂ b gheWibhhiépHedachon Bt Har pHEJ'a%‘éE?'e (above) using 0.9

5 v/v/v). Residual inpurities

( 9nﬂ§1 @32%9&%3%%%@5%8&@ affasdoq twoieds tilsycasapiaund 28 (90 mg,
c m%m@g&aeﬁm dHan‘q"étbd;r‘é?h)%ﬁJ&h&gelméﬁdl\ﬁﬁg%ﬁl ;31 w{é{@ﬂ*,\mw

(ggg_lﬁ\ﬁ-é V%@R&a'dualsmwnt@s egpahypoppnthing) g@lq $elremoved
Hioy c?oléﬁﬂn(éhroﬁla{@grap%ysgn ?stQ él[ﬁmgg th %H@ ( QIEOi-i ~ NH4,OH

1'{51 8;0. ggll\ﬂ_lv)gg: @me aq_un 3€j ‘@gaqld%N R (3OQH)/|HZ,1 MeOH-d23~30%
- TR o8 (A MR ) P e @ ulFoq TS Y. 7.
78123 4H), 6227% 696@1 szH) 2982312 (m31H)4 2.0671.95 (m22HRA, 55 1.46 (m,

t lgnl 13 d f A0
LI LA RS RS i, o
afdPClar Y| PrMi dAB SRy [1#DPRr 629. es ne$4 5Ceii@nd) 6R06pB802Y| v0.78,

d d- 4-thi opyrrolidines were prepared
gghggs:g?ntﬁrgﬁ??/é’ﬂo%ggw ng the nethod detailed in

Preparative Exanple 1.01 for conpound 32, but wth
t'ﬁeﬁﬁ?@hfréﬁﬂ&fn‘ﬁbs noted for each Preparative Exanple

usin ppropriate sodiumthiolate. In cases
\Aﬁé@ﬁque% dar dhe tsyinthesie ofi8RAS)-3-hydroxy-4-(alkyl-, aralkyl-, and

aryl-thiomethyl)pyrrolidines.

General Preparative method. 4-Substituted-4-thiopyrrolidines were prepared
essentially following the method detailed in Preparative Example 1.01 for
compound 32, but with the modifications noted for each Preparative Example and
using the appropriate sodium thiolate. In cases when the sodium thiolate was not
directly available it was pre-formed by treating a stirred mixture of NaH (2.85
mmol) in DMF (5 mL) at 0 °C with the appropriate thiol (2.85 mmol). After stirring
the mixture for 10 min, a solution of the mesylate (450 mg, 1.53 mmol) was
added as a solution in DMF (5 mL) and the mixture was stirred at RT until the
complete consumption of the mesylate was observed (0.5 — 4 h) by TLC.
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directly available it was pre-fornmed by treating a
stirred mxture of NaH (2.85 mmol) in DM (5 nL) at O
w@2Mi0be8sdhe appropriate thiol (2.85 nmol). AftRBCT/NZ2004/000017
stirring 30 the m xture for 10 min, a solution of the
nmesyl ate (450 ng, 1.53 mol) Zas added as a solution

in DMF (5 nL) and the m xture was stirred at RT until

the conplete consunption of the nesylate was observed
(0.5 - 4 h) by TLC. WD 2004/ 069856 PCT/ Nz2004/ 000017
2Prepamfive Exampleetgipl e 1. 01

-2- Hvd h t [idi
IR ASka S A ik Rche iR ESHebe b (£8) o56cheme 3.
%Néhmhb‘ony&&hlgd?edomognﬁOHZIBI mmogf was adlded to a soltuﬁon of
u [ (0).¢ roxyne

s AR oSSR AR oo et o (29)
gQE@anMﬁ al52]chJMéz27©I)en(t 22003, 946 %294-5778) )2. émdg 0. %‘rcmr?ol) and

|

djg%“‘g BB e T068 Gyt e i PEM G2 o ﬁgola@l ta 788 °C
Colverr 5 40n.mAfter aq?mgéus Tdeﬂ 407N, aéhtii%@us QWEHC?WQ@'&ngd the

S _Separat e agueous ase was extract
TSRS 2R SShRptesh e SO EIRRE VR PRGN DCM ().
wdbk edmisinied oﬂt@dmc et uas N@H%witl’ﬂ@%t Edri]uélﬁlstl\@bl-ﬁ’f@ then brine
ma I OCeESSI N n cnronat ogr

Lt e SR N Rt I Mk R e 1% g, 6.7
gmmr 168%9 ofl a&sylaidRBg7é9§VH) cnﬁlaurﬁesﬁoglassgllhﬁmp@i calc for

CFEishiNGsoNE" 436 088 d PRt S GroinA Salulon koS 20 1450 mg
;t’ll%r erdnslbllut DMF qf sdliwee dddeenet @&hﬂ@d(é’&@c{dﬁgof dsodlum

ure was Sstirre

E%“%?X'ﬁe (ﬁb%né%éﬁw)m Qﬁﬂ? ﬁ%y[% 5HAHS Miikee wag stired

3fmr 1sihaKelngnd (GO gnh%aﬁms H.O &b ) @dre bb@e@émgmehamrphases
al e .S reauce

ool R o A 8 pi MG ERAES saberiTetmansd o reducsd

(I:E hrasmleogﬁ'h@myudm pmdub? that fv%dsubmrﬂedV\W bhrl:%atoé_?g%y on silica,
r or

el B 8% TRt et O ot T reclite 81 (210 me,

ne4armhok 35%)) Awaslutioreat tis Hatemal h ﬁid@!an(all(ﬂ‘fh?_) \Aﬁsttﬁéated
S ntrate ness 0

it SHCE L A B ang SaEfv AR SinssBrciotiBa orvmes fo ave tte
9s®@poume3as@|s| al somsur@mmne/@sssodrrml g@%)l ﬁrHéZlekillesIHule was
OB'§€‘%‘9%(J mﬂé\lmgﬁ_%r Nkllge?c’rﬁél\p/ﬁ an %Dgcg\(/j@f removed
(d@) JHAMR. (Dgoysmouq JL— w Hz, 3Hj03 Bad deJ 1’12086 6%HZ 1H),

"8s0dadls 532855445 1%)@%@%75 9225'26%021—% 582 dg=e7

23 B0, riH) 24y 3 —2.86 (m, 2HE Q.58 240) (n3- 2D, 2.40 — 2.30 (m, 2H) 2.13

(s, 3H). ™®C NMR (D,0) 73.5, 51.5, 48.6, 45.2, 34.3. 14.9.

HO i R (i) NaH, RSH MeS
MsCl, EtN'P L) Nar,
k:NBoc __’f ﬁNBoc (il) cHCI, MeOH i:NH'HCI

HO HO . HO

29 30 R = 0SO,Me 32
31 R =SMe

Scheme 3
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(s, 3H). 13C NMR (D20) 73.5, 51.5, 48.6, 45.2, 34.3,
14.9. HO MsCl, EENPr2 R (i) NaH, RSH MeS NBoc NBoc

W@ B)o406485¢ McOH NH HCI HO HO HO 29 30 R = OSE2IVNZ3D4/000017

31 R = SMe Schenme 3 WD 2004/ 069856 PCT/ NZ2004/ 000017
23 Preparative Exanple 1.0223

(3R, 4S) - 4- (Et hyl t hi onmet hyl ) - 3- hydr oxy- pyrrol i di ne
(33). Following the general procedure outlined above,
nmesylate 30 (260 ng, 0.880 mml) was processed to

afp d 33 (100 ng, 0.506 mol, 589%. 'H
NFEQE’%%%F‘?%‘MZ%% 5 (m 1H, 353 (dd, J = 12.
7. (QR}4§)-41(E|tt)yltrgom¢tr(y(u)d3 hydeoxyspygroligline ($3). fougwmg tkpa,general

woced&“e 0%%! algbv%SE'@ %%te"go HSZ%OQ’Z%(G@%O ﬂwm‘ol)l\%%g R %ZZsed to
2 Hffordtitieocompoud 3@ OQm)g 0.506 mmol, §8%). 7' HINMR (T2f@) 4.30364.24

N = 31=4; 4

i s (5 0= sz 2 i P S2pdgatt= fe g8 dhz s 14 (e,
1612 082 3. 110z, PHdp 8104t (dded ExE@ %7 Hzo3H), 2.65 — 2.55 (m, 1H), 2.46

S I [ L rly ds

(35 IS A HE e SO 2 1 e T ), PORMR (0:0)
ne7§y$a5‘e5368(626°45 Gg31. 70' 2640, rfct.) HBMS PMboe saledfor &7H1sNOS:
af f@r 4 656 mmol, 739 1H NVR (D20) 4.41
1‘&®4i F%Ex?fc?l@%% .67 (dd, J :/()12. 3, 7.2 I(—Iz )1 H) ,
350(dd J =12.8, 5.2 Hz, 1 H), 327(dd J:128

3. lireHEratﬂfe@xam?plg* ggdd, J =12.2, 5.6 HZ 2. 76 -
2.71 1 H, 61 - sext et
7.8R -3 -y droxy4- (pjowlwgmﬁghyllﬂrrolﬁ X Dzoliollowmg the

I:\’ﬁ_e&serﬁ :ﬁréced%@e Q)utlﬁ‘éd 7abo%é %es?l%tél 302 @ZGZd rn%? 6@%9{15'@“@%6 was

pm;’g@ﬁsggq! \’r,qgaf@(glﬁﬂ @33 mg; 0.656 mmol, 73%). 'H NMR (D;0) 4.41 — 4.37

oDl oyl sl aom oy ey ol s 7 s

(5 3626, 311D iroh 1 () BNF 12,205 6052, A1), €6 i (. 111, 261 -
2.50 (m, 4H), 1.59 (sextet, J = 7.3 Hz), 0.95 (t, J = 7.3 Hz, 3H). "*C NMR (D;0)
73.6, 51.5, 48.6, 45.7, 34.1, 32.1, 22.7, 13.1. HRMS (MH") calc for CgH1sNOS:
176.1104. Found 176.1106.

Preparative Example 1.04

(3R,48)-3-Hydroxy-4-(isopropylthiomethyl)-pyrrolidine hydrochloride (35).
To a solution of 2-propanethiol (0.36 mL, 3.9 mmol) in DMF (10 mL) at O °C was
added 60% NaH (145 mg, 3.6 mmol). After 10 min. of stirring a solution of the
mesylate 30 (565 mg, 1.91 mmol) in DMF (10 mL) was added. Stirring was
continued while the reaction was allowed to attain r.t. After completion, the
reaction was quenched with aq. NaHCO;, toluene was added and the reaction
was processed normally to give the crude intermediate which was subjected to
column chromatography on silica eluting with petroleum ether: EtOAc (4:1 2> 1:1
viv) to give the clean intermediate (3R,4S)-N-ferf-butoxycarbonyl-3-hydroxy-4-
(isopropylthiomethyl)-pyrrolidine as a colourless syrup (490 mg, 97%). NMR (300
MHz, CDCls): & ppm: 4.18-4.11 (m, 1H), 3.72-3.60 (m, 2H), 3.28-3.18 (m, 1H),
3.13 (dd, d = 11.1, 6.7 Hz, 1H), 2.95 (sept., J = 6.7 Hz, 1H), 2.69-2.50 (m, 2H),
2.33-2.22 (m, 1H), 1.46 (s, 9H), 1.29, 1.27 (s, 3H each). "*C NMR (300 MHz,
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added 60% NaH (145 ng, 3.6 nmol). After 10 mn. of
stirring a solution of the 25 nesylate 30 (565 ny,

wa2®yoeased ) in DMVF (10 nl) was added. Stirri ngP@ENZ2004/000017

continued while the reaction was allowed to attain
r.t. After conpletion, the 8acti on was quenched wi th
ag. NaHCOB, toluene was added and the reaction was
processed nornmally to give the crude internediate

whi ch was subjected to colum chromat ography on

si¢thcR): & pﬁmngnom tHét lé@frk%e%lktg‘a% %Ublegtogécto(é}oﬂr converdion of
nt er me

|
(RGN T (B AR DTG4 OB hr eA§54.(49.69, 49.42), (46,13,
( |4$O¢B)ow?1 ti2EPE DBl ) 23073, rzzl 693| lm&l@%rﬁoﬁm& PHt&rRE | MeOH (10

SYr gsjre?t:;g V‘i&b 1@ y @gngg 5§ MnmLQH)t 403° CQ%QI3'30]_I81IT’( o give the

chuo;@tﬁtk?cdrﬁbébu?d 35 g@kﬂ%ﬁ%sﬁd tirectly |h|)51. I\g%nrﬁ&zérﬁE ﬁ{eac{loﬂ.

H, 1.46 (s, 9H), 1.29, 1.27 (s 3Heach). 13C NWR
(MpMdzwema&Wﬂ 069856 PCT/ NZ2004/ 000017 24 CDCl 3):
ks are doubl ed due to sl ow

o SAbEs R hq?%ﬁw‘@qv DXy Ry Irofiging(36). 7Eolimying the general
7ébr@e@dure( btk al&ﬂle5ﬁ965 Iét‘é93(ﬁ§13847%g4¥)48 rﬁﬁ‘}@&ld?as processed to

tion

ofaﬁ?’ﬁf 46 ﬁfﬁ emsaf -55 %10 1HrN_“ﬂRv(BsO)t #4010 30i (m 16D, 3.66

N (4¢,Qne 12.3HED I-Qz4 1!41;)3 ag é&& JG izﬁamgg H;ﬂSgH) t?zfd;gotéeu/mﬁz 8, 3.1

?/ﬁ%‘nl’fglﬁ iiyﬂéjd 5 ??g%dG HFeB'Qr%rFﬁ\Tez B Epl . 36@53/50 (m, 4H),

( AIBUS) 54-(BaHy, 140 onEs, DHP-dBEli OXy 7RYNE @H)dW@EMR (D20)
é t7h engr al procedur e outli ned

négxﬁ {P ggm?ﬂf%g ng32921 B/ nBbP) Ads brdceHBMS (MH ) galc for

afdHe MG 168824600Fodndfoormy7, 84% . 1H NMR (D20) 4. 40
- 4.36 (m 1H), 3.66 (dd, J = 12.3, 7.2 Hz, 1 H), 3.48
(dd, J = 12.8, 5.2 Hz, 1 H), 3.26 (dd, J = 12.8, 3.1

Hz, 1 H), 3.21 (dd, J = 12.2, 5.6 Hz, 1 H), 2.76 -

;50 4 1.61 - 1.51 (m -

Zrozgpéra Byge Exigls fﬁ? 2H) 0’8 (tH) J=7.3H, 3H.
18R, NIBR3(I-®ZIBbxy-ZQp5enﬁﬁn&neﬂﬁl)ﬁ)yrﬂﬁldﬁe 3 7?:9 31=oﬁowmg the

cal c H20NOS:
1§6n?lrfé(§’r°q§8ﬂ'ﬁd Owﬁeci/sﬁ)(?"e P}"@ﬁ)ﬁ??t |38e 3@9aﬁ“§k e1.40 ggmol) was
( 3Fboé§éed3tlofdjﬁrm(6@2(rﬁ@@69 mmcfaﬁﬁtlm%z u(%@;ﬁtbh Idmﬁ_iu (m, 5H),

ener a

(gc?z? 4%3(0\,“ f'@ :gg% (‘é‘gob- g2 1.7002 ) P-4rd8dpy Gcles® 2 Hz,
t on D6 ¢ :mo (B93H) .88 (R Jaab )y, 813H4£JM?1 ( @2@ E :Efl(m 1H).

1SENMR 0] 1048, 30,5, 1293 aéﬂs,ﬁu .5 48§ 48, 313

Preparative Example 1.07
(3R,48)-(4-Fluorophenylithiomethyl)-3-hydroxy-4-pyrrolidine (38). Following
the general procedure outlined above, mesylate 30 (281 mg, 0.951 mmol) was
processed to afford 38 (160 mg, 0.607 mmol, 64%). 'H NMR (D,0) 7.49 — 7.42
(m, 2H), 7.19 ~ 7.06 (m, 2H), 4.41 — 4.36 (m, 1H), 3.60 (dd, J = 12.3, 7.7 Hz, 1H),
3.48 (dd, J = 12.8, 5.2 Hz, 1H), 3.27 —~ 3.16 (m, 2H), 3.07 (dd, J = 13.8, 6.9 Hz,
1H), 2.88 (dd, J = 13.8, 8.3 Hz, 1H), 2.45 — 2.38 (m, 1H). "*C NMR (D,0) 164.2,
160.9, 133.7, 133.6, 129.4, 116.9, 116.6, 73.3, 51.5, 48.4, 45.5, 35.5. HRMS
(MH") calc for C44H1sNOSF: 228.0853. Found 228.0856.
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1 H, 3.26 - 3.00 (m 3H), 2.88 (dd, J = 13.7, 8.3 Hz,
1 H), 2.48 - 2.37 (m 1 H. 13C NWR (D20) 134.5,

wa3w4H8698329. 9, 127.6, 73.4, 51.5, 48.4, 45.5, BAI/BZ20@&000017

Preparative Exanple 1.07

(3R 4S) - (4- Fl uor ophenyl | t hi orfet hyl ) - 3- hydr oxy- 4- pyr r ol
idine (38). Follow ng the general procedure outlined
above, nesylate 30 (281 ng, 0.951 nmmmol) was processed
to afford 38 (160 ng, 0.607 mmol, 64% . 1H NWVR (D20)
7.49 - 7.42 30 (m 2H), 7.19 - 7.06 (m 2H), 4.41 -

4.36 (m. 1 . dd, J = 12.3, 7.7 Hz, 1 H), 3.48
(ﬁrﬁpg%q%h\@?ggﬁ; 1H, 3.27 - 3.16 (m EDH), 3.07
(c(ﬂR?S)#-C;llﬁgpﬁegylﬂigomelhy;ﬁ-&haditg(éédﬁyrrélidigb&f@k g:ofﬂowing
e Gehbigh Bioceqips aclingsabpvey Tipsyiate 18 (a10 g 05 ko) was
g&rdcesgéd &Faﬂ&gag (elﬁ%/gag, (dw&)ngﬁm,lﬁoegpr éI@NMRE(BmE'OH) 7.51 —
SN O0B0TH5T U 2P 4984 5 AMEUARaISS (§0h= 120, 7.6 Hz
( 3!H),4$)4)7((éd,clhi= orzgph@w%tm)pmeh?/sms%hgply,czsgs tecltcl_@)m&gI 73.8/9.0
| (0] n [ r (0] | Ne

05, 0 LA 0040 o SO bR A L4 R, 745
PrE2cE 9] 475 abBord 39 (212 ny, 0.76 mol, 91%. 1H

NVR (d4-MeOH) 7.51 7.39 (m 2H), 7.35 - 7.31 (m 2H),

4.38 - 4.33 (m 1H), 3.59 (dd, J = 12.0, 7.6 Hz, 1
HPreBarafivé dxample108. 4, 4.9 Hz, 1 H), 3.28 - 3.18 (m

(R S orgareniBpmelavly s Rygiony birglidine 148) & Folowing
z4h€8,genér%l Brocélure, outiihed, alstived metflafd 8OABE0 e EXRRMIhE) was
(B! o 48 SR PR IR 7723 HyWMB,P:BY 7 2317 7-18
di(me 4H%0).39 lF@It.:%eﬁ)m,ngg, Blse (g@,nﬁg alz.zwox):ﬁﬂ,wm, @LﬂgL(Hg,gﬁg 12.7,
S P IR Te 0 %0 B o B 48 Y
7.188. jsqusth 1!52C1)m73649ﬂ)1341w$91.§, Z%Q?, {28.1,112)2, 13.45%11.5, 48.4,
) 3.0'5 SRMS SD Felchrgr 1*@9@%8!? 331.05573)." g mgund

H244D5EH(8)2. 49 - 2.41 (m 1H). 13C NVR (D20) 136.09,
134.7, 131.0, 129.3, 128.1, 127.2, 73.4, 51.5, 48.4,
45.3, 34.0. HRMB (MH+) calc for Cl1HL5NOSCI :

2 Preparatiyd Exafplmtl10244. 0556( 8) .

(3R,48)-4-(Benzylthiomethyl)-3-hydroxy-pyrrolidine  (41). Following the
general procedure outlined above, mesylate 30 (1.10 g, 3.7 mmol) was
processed to afford 41 (730 mg, 2.81 mmol, 76%). 'H NMR (D;0) 7.40 — 7.27
(m, 5H), 4.26 — 4.22 (m, '1H), 3.74 (s, 2H), 3.56 (dd, J = 12.4, 7.2 Hz, 1H), 3.37
(dd, J=12.8, 5.2 Hz, 1H), 3.21 (dd, J = 12.8, 3.0 Hz, 3H), 2.07 (dd, J= 12.4, 5.5
Hz, 1H), 2.61 - 2.52 (m, 1H), 2.47 — 2.34 (m, 2H). "*C NMR (D,0) 138.7, 129.5,
129.3, 127.9, 73.5, 515, 485, 454, 359, 31.8. HRMS (MH") calc for
C12H1eNOS: 224.1109. Found 224.1102.

Preparative Example 1.11

(3R,4R)-3-Hydroxy-4-(methoxymethyl)-pyrrolidine (42), Scheme 4. The diol
29 was manipulated according to Scheme 4 to afford 42. 'H NMR (D20) 4.30 -
4.26 (m, 1H), 3.52 — 3.28 (m, 4H), 3.22 (s, 3H), 3.15 ~ 3.00 (m, 2H), 2.48 — 2.37
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20 Preparative Exanple 1.10 o
(3R, 4S) - 4- (Benzyl t hi onet hyl ) - 3- hydr oxy- pyrrolidi ne

W@ 2004/069864 | owi ng the general procedure outl i NEC/ABZWE)00017

nmesylate 30 (1.10 g, 3.7 nnDI6 was processed to
afford 41 (730 ng, 2.81 mmol ,“°76% . 1H NVR (D20) 7.40
- 7.27 25 (m 5H), 4.26 - 4.22 (m 1 H), 3.74 (s, 2H),
3.56 (dd, J = 12.4, 7.2 Hz, 1 H), 3.37 (dd, J = 12.8,
5.2 Hz, 1 H, 3.21 (dd, J = 12.8, 3.0 Hz, 3H), 2.07

( deh, 18).="C2NKIR ®,6) 781, 71.6H58.82584, 46.2. &2 (HFEMé (MK calc for
4 4, z@ 1%§1 (D20) 138.7, 129
2%5154“'(1?[22;} 23 m?% ung/ -5 45.4, 35.9, 31 8. HRVB

(MH) calc for Cl2H18NCS: 224.1109. Found 224.1102.

30 Preparative Exanple 1.11 o

(3R 4R) - 3- Hydr oxy- 4- (et hoxymet hyl ) - pyrrol i di ne (42),
Scheme 4. The diol 29 was nanipul ated according to

at > 1H NMR (D20) 4.30 - 4.26 (m 1
Eﬁegesgfoé é‘,\&gﬁ&'ﬁ "’ws 22 §s )3H) 3.15 - 3.00 (m

2H0—2, 48 - 2004/ 56 PCT/NEPHBU/ 00001 7RO26
(rl-:? 1 WNBobSMO) 72. 1 7THBég (BEMHCL Bioxape 46, NH.HCI
45. 7. VS (Mdy) (3e@bgy for NO2:.,,1 O 9.. Found

132.HO12. 5 (i) TBDPSCI, INQM®NE HO Gi13” WONEP, DI ERO

HO (i pgNaH, RI RO (|||) TBAF, THE NBoc NBOC(II) 4M

HCl, Di oxane NH. HCl HO 45% (3 steps) MOMO 72 - 85%R £Me, 42
steps) HO29 R= M, 42 R = Bn, 43 Schene 4 R =Bn, 43
Preparative Exanple 1.12 Scheme 4 o

(3R 4R) - 4- (Benzyl oxynet hyl ) - 3- hydr oxy- pyrrolidi ne

( #3¢paracine Exarhplene2di ol ]}]9 23 \Qgs rlranll\ml ?thg oo
a?&ﬁ4ﬂl)quenzyChene 4 to affor

oxymethyl)-3-hydroxy-pyrrolidine (43), Scheme 4. The diol
29 was manipulated according to Scheme 4 to afford 43. 'H NMR (D20, free
base) 7.32 - 7.15 (m, 5H), 4.36 (s, 2H), 3.92 — 3.85 (m, 1H), 3.35 (dd, J = 9.8,
7.0 Hz, 1H), 3.24 (dd, J = 9.8, 7.8 Hz, 1H), 2.97 (dd, J = 11.8, 7.9 Hz, 1H), 2.75
(dd, J =124, 5.5 Hz, 1H), 2.57 (dd, J = 12.4, 3.4 Hz, 1H), 2.36 (dd, J=11.8, 5.7
Hz, 1H), 2.15 - 2.05 (m, 1H). '*C NMR (D;0) 137.6, 129.0, 128.8, 128.6, 74.7,
73.1, 71.0, 53.2, 48.0, 47.6. HRMS (MH*) calc for C1,H1sNO,: 208.1332. Found
208.1329.

Preparative Example 1.13
(3R,4S)-4-(Cyclohexylthiomethyl)—3-hydroxy-pyrrolidine hydrochloride (44)
To a solution of cyclohexylmercaptan (0.47 mL, 3.84 mmol) in DMF (10 mL) at O
°C was added 60% NaH (145 rhg, 3.6 mmol). After 10 min. of stirring, a solution
of the mesylate 30 (565 mg, 1.91 mmol) in DMF (10 mL) was added. Stirring was
continued while the reaction was allowed to attain r.t. After completion, the
reaction was quenched with aq. NaHCO,, toluene was added and the reaction
was processed normally to give the crude intermediate which was subjected to
column chromatography on silica eluting with petroleum ether : EtOAc (1:1 viv) to
give the clean intermediate (3R,48)-N-tert-butoxycarbonyl-3-hydroxy-4-
(cyclohexylthiomethyl)-pyrrolidine as a colourless syrup (428 mg, 71%). NMR
(300 MHz, CDCls): & ppm: 4.17-4.09 (m, 1H), 3.72-3.60 (m, 2H), 3.28-3.18 (m,
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wWQ200406856 7.8 Hz, 1 H), 2.97 (

6 (s, 2H), 3.92 - 3.85
7.0 Hz, 1 H), 3.24 (dd,

d, J = 11.8, 7.BCHXZ2004/000017
H, 2.75 (dd, J = 12.4, 5.5 Hz, 1 H), 2.57 (dd, J =
12.4, 3.4 Hz, 1 H), 2.36 (dd27) = 11.8, 5.7 Hz, 1 H,
2.15 - 2.05 (m 1 H). 13C NWR (D20) 137.6, 129.0,
128.8, 128.6, 74.7, 15 73.1, 71.0, 53.2, 48.0, 47.6.
HRVS (M) caic for C12HLI8NO2: 208.1332. Found

20184)1328 3. d}?J eﬁ&rmt 2\7& zEew(ml fi—l)lzje% 2. 53 (m, 1H) 2.32-2.23 (m, 1H)

3R
TTRaTh 20l ST el B A L atihan 45 o 814, % 351 %4 (m,
7
0NS8R Rl
1do riley cepvessipp rof mgtarr@rsﬁoﬁﬂt%rm Qﬁ (ThS87E4yRrt (6280, 52.55),
(386 76040, 43)%43@20@ 4H{‘ 4Mp 63@0Mq o¥es ﬁd%%? ?éAé,rié?Qz. A
he ' ré 0

was conti nu act1on was
atSOHtiAN (of this Apaterial MOt (1ML} wes treatect wigh 12 (conc.) HCI (4

C t 0

?e%zlg)t I&Igﬁ) e tiby ﬁﬂn}nglggggg% dtﬁneoérnﬁg? ?ltlg\%rrgggg&j tﬂ-ﬁgﬁh il g/as used

i rﬁ'r@rafﬂisbla@dvlenwh g/nemtlgrmbj ected to colum

chr omat ography on silica eluting with petrol eum et her
EtOAc (1:1 v/v) to give the clean internedi ate

. ﬁeﬂg)at'I‘(PtEé‘Fmpéﬁﬂéﬁycar bonyl - 3- hydr oxy- 4-
(C(SR|4§{?§H§'d%kﬁ@h%hhﬁfdﬂthglmr%ﬁcﬁecQhﬁ)url ?§I§)wmg the

base) 7.32 - 7.15 (m 5H), 4.3
(m 1 H, 3.35 (dd, J = 9.8,
d

syru
4y9f~1?\er@ (o¢ urqrcr}lﬂmgd 732303'66@16(&3(13@50 (334828393 188(mmowo~as

2%6&&68&@%#’&6[ hb'%?é@ﬂv/bg()@%égn]mgﬁ géo 22 qWﬁ @ @98 g.@‘ég, J=
(rﬁFB HZ+§H) 7182916 m/-2Hp, 2H), 811 4746((m 1PIH)3.74.(BEJE 624, 7.8

(rnz hms é?cg%d (= 19@ 551H%51|'1) a J5H)36 i@MH) 3.34 -

ppm sonme

d@u% Ga. ol 2 Ei’o ) Wm.ohld)e 3iCoN|VlB (D&)am*s)wﬁm 192,9, 734,

(913 g8 4, (B 90aEr Sl B0 fogp o

22?1@7; b§6 43 26.12. A solution of this material in
MeOH (10 nL) was treated with 12 N (conc.) HC (4 nl)
at_ 40 C for 30 min_  to give the crude title conpound

sRrepRrativeExameig2.0%i rect Iy in a Manni ch-type
rQERMS 8- Hy?d?oﬂf 2Ry bEYﬁtlﬁiﬁﬁ?‘lrSHén&%Hdrgchlorlde 49&| Scheme

Hydr ox t hi one rro
( )T° ?éP‘FRﬁNﬁ'ﬁQ %H@nZYQéﬁWIP sﬁmuum erﬁrmde Khé@ Qa’éWéanI)

Qs Miyat 1r ?ﬂ) r@\@)‘@hd& arg]enla% d“@{/vbg \g@é}ed T ‘m%if%ég% @33 mL,

af ford 45 , 0.426 mmol
g 73ymmol) and the deep red solution left stlrrlng without cooling for 10 min. After

re-cooling to 0 °C, the aldehyde 46 (335 mg, 1.56 mmol) [G.B. Evans, R.H.
Furneaux, A. Lewandowicz, V.L. Schramm, and P.C. Tyler, Second-Generation
Transition State Analogues of Human Purine Nucleoside Phosphorylase, J. Med.
Chem., 46 (2003) 5271-5276] in THF (5 mL) was added and the mixture stirred at
r.t. for 12 h. The reaction was then quenched with water (1 mL) and extracted
with dichloromethane (100 mL). The organic phase was washed with sat. aq.
NaHCO; (15 mL) then water (15 mL), dried (MgSO.) and concentrated in vacuo.
The residue was subjected to chromatography to afford a ca. 1:3 cisltrans
mixture of (3R,48)-N-tert-butoxycarbonyl-3-hydroxy-4-(2-phenylethenyl)-
pyrrolidine (47) as a syrup (290 mg, 64 %). 'H NMR (300 MHz, CDCly): 6 ppm:
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W 2002/08856. 5 Hz,

7.2 Hz, 2H),

82 J =
1 H, 374(dd J
1

(d 7.2 Hz, 2H), 4.51 - 4.46 (m
= 12.4, 7.8 15 Hz, 1 H), 3.57 (dd, J
Hy, 3.44 (dd, J = 13.6, 7. 3P¢®&/NZI00#p00017
3.34 - 322(m 3H), 2.78 - 2.60 (m 1 H). 130 NWR
(D20) 164.1, 139.4, 122.9, 7384, 51.4, 48.4, 44.3,
31.3. HRMS (M—|+) calc for CLOHL5N20S: 211.0900. Found
211.0908. 20 Preparative Exanple 2.01
(3R 45) - 3- Hydr oxy- 4- (2- phenyl et hyl ) -pyrrolidine
hytekirae 1l 9 L &) 80 (I§Cb@=mf-‘5 9Hz, Fﬂ)%@ﬁ@&%ﬂ@ Pfg.1 Hz, 1H),
benﬁ/l triphe %I phosE oni um br oni d 54(_163 7 ol

et (Mrgfhin2 &8 (m Hdst@d@id); P'%7 7 (m,

BLBH) sﬁsYb*EJ £31%3H£‘4H §4§%dd“170i)|1%r}¢‘z t1beo Hz?elm)f@ch (m, 1H),

sal utlon ['eft stirring without cooling
b

Af%%‘? (%5 3. S (Mg 2Hh 888 (hdHal aéﬁy@e 9irt3 (§95a reglution of
u5t€nﬁé@éﬂa 47G2Bo ng%af@o nfRadih in &Héﬁtf?"{‘m;muﬁ\was added 10 % Pd/C

Lewandow cz, chramm and P.C.

Sdeoh maranertae .saﬁpewwan@a& stgredgingies anraimesRhase of hvdigen for

Puri ReafbiChieaiind %eP Q&§é’rﬂ%¥§ ﬁe?ﬁove@l in '\@@uo t@@ﬁféﬂ ﬁRA@S) ~-N-tert-
(2003) 5271-5276 E (5 nL) was added

mwcawea@taw'ﬁew aqu 4—(2cpherruleﬂwi>)pwrolndﬁ@ f@ém BrbYiips 254 mg

G @?‘3@@3@‘)@%@@0‘9“ pEP; F06 @ S Ak 0T il Ry

widHh, 387 (magh), 2 HGCI?H() 1504y, ﬂ'rh)efh S@E(tneﬁH( 11554y, 1H), 1.45 (s,

d d 116\/&I

\NEI:JIS'-BSUbJ e?ﬁ? to c r omalg)t %‘}%ﬁﬂﬁé o%g EQES £r§‘;do Bféd cue

o it /Slavapeversior off etasners): 18517, 142,03, 128 83 12871, 126.37, 79.88,
- 4 ( 2 t

( 3(?4 @5)74%)(){5‘3 d@%@?}?ﬁ;%@@&ﬂg 3°’4|)U%1% @gés.%)f, %g%q;?%?éb.gm

NI\TFQ asomtlmf inEDOediate 88 (25 mMED0BT0ANMEHIB BEsthanol (10 mL) was

E %yg Q@% Elzmégﬁcgboﬁé%(%’g L)t( %{3{]&‘? 5131 Lﬁlén %mrgé %Q ﬂ% ?C igr}_igdjmm‘] After

4, r@movah of1thie)) soh@né T (Vavu@ elng aZeGtPoing witH) tolugne3thengrude title

8'Ppoﬂﬁd ¥§R 4%5% Ijl@‘rc?(g (%Zhéﬂ%t@@rrol%%sh@ocrﬂo%e 49 was

4 Obia"QfPﬂl aga H)’L'd (29268,(0769 a3, T2%). HTNNB-K?;OOZVIB& Me©H-d,):

(ot ostihaaz (R Bonddi b iy Tk EeTaka $g0d, -

PdI2G, 4268, 1h) 3aAddd,he= sngpzssazan\)mozscddr d ed 1B Her 1H)N2.71

ARPIRHCS 80 O, WHESC I D, 135 @-T)g?f/%fr\h\}lé £ APz, MeoH-

(IR: BPppriv 142.94, 129.93, 129.89, 127.56, 75.56, 52.90, 48.55, 47.28, 35.18,
bzlté;)‘i%car bonyl - 3- hydr oxy-4-(2- phenyl et hyl ) pyrrol i di ne

s a syrup, 254 ng (87 %9. '"H NWR (300 MHz,
CDClI3): 8 ppm 7.10 (m 5H), 4.00 (m 1H), 3.47 (m 10
2H), 3.07 (m 2H), 2.67 (m 2H), 2.04 (m 1 H, 1.83
(m 1 H, 1.54 (m 1 H), 1.45 (s,



9H). 13C NWR (300 MHz, CDCI3): 6 ppm (note that sone
peaks are doubled due to slow conversion of

WO od0anesssg . 155. 17, 142.03, 128.83, 128.71, 12PCBKZ2004/000017
79.88, (74.94, 71.26), (53.17, 52.90), (49.90,
49.34), (46.11, 45.52), 34. 4129 33.69, 28.91. To a
solution of internediate 48 (254 ng, 0.87 mmol) in
nmet hanol (10 m -) was 15 added 12N (conc.) HCl (4 m-)
and the solution stirred at 40 C for 30 mn. After
renoval of the solvent in vacwq and azeotroping with
toluene, the crude title cp nd
(3R, 4S) - 3- Hydr oxy- 4- ( 2- pheny nyl ) pyrrolidi ne

hyggochl ori de 49 'weis' obtai ned as.a solid (202 ny,
0.8 102 fQnschddrh NMR (300 I\/Hz bQH-d4): 5 ppm
7.14 “@ —4—22—en+—%—H%r 3.52 (do JNeecll. 8, 7.4
Hzl_.-,339(da""= =20 12.3, 4.9 1H) 314
(dd,HQ =12.3, 2.8 Hz, 1 H), 3.02 (dd§ J 1

H, 5 7£5 (m 2H), 2.20 (m 1H, 1. sup(ﬁﬂ“"*‘i‘ﬁ)‘s“"’i“’%z
(m 1H) 13C NWVR (300 MHz, McOH d4): 8 ppm 142.94,
129.93, 129.89, 127.56, 75.56, 52.90, gﬁ 55, 47.28,
35.18, 34.44. WD 2004/ 069856 PCT/ f’él 9000017 29
OHC "Wttig" H N BC [C6H5CH=PPh3)+|Br IN- N-Boc THE
Ho 46 HO 47 (cis/trans-m xture) H2] Pd/C EtOH HC

c 3. Schene 5 Preparative
-pyrrolidine

Scheme 5

Preparative Example 2.02

(3R,48)-3-Hydroxy-4-propyl-pyrrolidine hydrochloride (52)

The synthesis of this compound follows the same general route outlined in
scheme 5 [see Preparative Example 2.01]. To a suspension of
ethyltriphenylphosphonium bromide (2.9 g, 6.93 mmol) in dry THF (15 mL) under
argon at 0 °C was added 1.6 M BuLi in THF (4 mL, 6.40 mmol) and the deep red
solution left stirring without cooling for 10 min. After re-cooling to 0 °C, the
aldehyde 46 (580 mg, 2.69 mmol) in THF (10 mL) was added and the mixture
stirred at r.t. for 12 h. The reaction was then quenched with water (1 mL) and
extracted with dichloromethane (100 mL). The organic phase was washed with
sat. aq. NaHCO; (15 mL) then water (15 mL), dried over MgSQO4) and
concentrated in vacuo. The residue was subjected to chromatography to
afforded (3R,4S)-N-tert-butoxycarbonyl-3-hydroxy-4-propenyl-pyrrolidine (50) as
a light yellow syrup (165 mg, 27 %). To a solution of intermediate 50 (165 mg,
0.73 mmol) in ethanol (10 mL) was added 10 % Pd/C (60 mg) and the
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et hyl tri phenyl phosphoni um brom de (2.9 g, 6.93 nmol)
in dry THE (15 nL) under argon at O C was added 1.6 M

wW®B04/069856THE (4 nl, 6.40 mmol) and the deep r eRICT/NZ2004/000017

solution left stirring without cooling for 10 min.
After re-cooling to 0 C, the320 al dehyde 46 (580 nm,
2.69 mol) in THE (10 m -) was added and the m xture
stirred at r.t. for 12 h. The reaction was then
guenched with water (1 m-) and extracted with

dlwbbﬁmwﬁﬁr&meﬁbh atrﬁé’@h@l‘@%y@lrd&%ﬁ?@r 3"%3 A‘ﬁ@? Aedtion,
(1 then water m),
SR PBEE WAISBI ORI oAb GV dSRASAL DUt carbony-3-
r e@uchxwvmspﬁwn@mr@ (81 @éﬂeogwwwmamg tmoth. aft CNWIRO' 300
3\0 4% Nt ent - but oxy carbon¥lrl 1351 r oxy- 4- propeny
g GRCl)s §) Praa: 38843 hfmy ) G §|5a|dm(ﬁ¢5 Ag2- 32178@@1 1H),
T 0
| ?ﬁﬁgggm QP%Oi os%\jgg??dgéegs % 613/ 165 2%? 1”52)[1)12 (m,
t rﬂél)v@%dbaﬁ OBQQHB PErNWIR (809 Mdz)lQDCta)o SSDIS‘fpdneﬂeoMnat some
f
e e Sl Ry BERUSIR ST UETESRSTA) Tk s

gi e 6).3R348) 5ABR)e (49. 9149380 AUB IRy #5.87), 34.04, 28.83, 21.27, 14.47.

hgrg:g é’éb‘luﬁorPBPH%Qéngéfl%LW‘i ngﬁné 6)73 ahgtm@m) §|¥ 'ﬁ‘&gh%n]og@ dTEL) was

| qqyied 42§ 1o HChid rBh) andgthgzso;lutlps s@rred aH{0 °6 for 30 m|n After

réﬁb%lc& tﬁénsopv%w irfv %%o( Qﬂldzja'(igotro]pirﬁsmﬂtg tg&@é 8@6 crude fitle
3+qpmp99@| NW 4Sho- hvﬁuoxyempgyl*pyeomm ( tydeochlodide sdﬁ%) was
DRI & SHb Erg 080T, SPDUY’ T AMEDtagb AT k..
( @9pm 4.20-438) (m, (49, BH9-362 ) 1H3,43 84-3. 3B3(r8,31H213 TH3. 71; (m

1 7
)2 05 RRor kb 2 282007 4 B T Tt i A Pl of s

Héﬂc (\WIRT(3O)) Niiz| Né@Hsh): Wbt ppom 28,65, 1528226040, 4746 34360, 22.30,
m1g 78Af ter renoval of the solvent in vacuo and

azeottroping wth toluene, the crude title conpound
(3R, 4S) - 3- hydr oxy- 4- propyl - pyrrol i di ne hydrochl ori de

( ' s a syrup (138 ng, 0.83 mml, 111

Oﬁép{@ﬂﬁ%@gb%? MeOHd4): 8 ppm 4.20-4.16 (m 1

?p;neazseademm. ( mCHlorld)sz deazlé\@uﬂnéi%z(ngJlS?lrbmolﬁiNhQ- added to a

3. 05-2. 99 (.m . 23- . .

i Shutited Bhinioh GimgRigif gt 70 35 e faguMogre bgpsion was

VHeateNs=0H304)C B 1pmin Zbsédled a2 Thé hodibgedoutbsolution was

3 par ve Exa

2o B B TR SR e v

mtbe Jresutaniasidid dvasoloaded onto the top of a column of silica gel and eluted
with methanol/CH.Cl, (4:1 v/v) to afford 9-deaza-adenine as a pale yellow solid
(2.16 g, 80%). "°C NMR (d;-MeOH) & ppm: 153.1, 149.9, 145.2, 131.3, 113.8,
101.6.

Preparative Example 4.01

(3R,4R)-3-Hydroxy-4-methanesulfonyloxy-pyrrolidine (53). A solution of HCI
in 1,4-dioxane (4M, 2 mL) was added to a stirred solution of the mesylate 30 (169
mg, 0.572 mmol) in methanol (3 mL). After stirring at RT for 12 h, the solvents
were removed in vacuo to give a residue to which methanol (x2) and then D,0O
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saturated solution of ammonia in ethanol (30 nL). The
resul ting suspension was heated at 130 Cfor 16 h in

W@ 2@eab®mes t ube. The honbgeneous sol uti on was PODNE2D04/000017

flash silica gel was added, and the suspension
concentrated in vacuo. The r¥sultant solid was | oaded
onto the top of a colum of silica gel and eluted 25
with methanol /CH2C1 2 (4:1 v/v) to afford

9- deaza-adenine as a pale yellow solid (2.16 g, 80%.

1 3
1%%‘3@%%[%?&%%%%’5@2? 8@5%&% n%oh%u%d 534312%’ my3b.58 mmol,

(3 BR) HENMRReQ) 465 Aribr@s AH) oAy 49T RS Bt Ha 1H), 3.50
(5@’ JA@O’ 63 g, ), 5"@'5 3907{m42l4) TR, QHMza?zmzeb(m 1H).

ded to a stirred solution of
(16@ NN’gR (B@)7 71 rﬁnﬁ% 2 §2@et46a9»o|45(33 %ﬁ_sj HﬁM%r(MH) calc for
st CIH, NG, oR D689 FddhdMod deugsol vents  were renoved in
vacuo to give a residue to which nethanol (x2) and
t hen D20 WD 2004/ 069856 PCT/ Nz2004/ 000017 31 was

aomﬁféugn qh@\{mahaﬁ Eh@s/; (oc u@schbéa %gcwamw résta.%%leé 126hould be

BI—EPPr%C'aitﬂd éftﬂﬂ Vaﬂaﬂoni.@r mocwcatht&s may m%ﬂeswth%aepemmg from
12th¥ so@g@ é‘ﬂz’ﬁhelmlv&ntlo% 35urth3rn?c9e(%e3"ﬁnov\% 3@16&@@"&)«3’( to
H). 13C NWVR (D20)

468R§°'f'aéea§,ure§,@@h eaRivalepisiars incarroratagd o 5‘ spsfiialipyeferred to in
19%e @pSdficaionind 196. 0648. Al t hough the invention has

been described by way of exanple, it should be

appreci ated that variations or nodifications may be
MEANDUS TIRIALARMENeABIINTYf rom the scope of the

i nvention. Furthernore, when known equi val ents exi st

to 10 specific features, such equivalents are

| oy px‘é@éﬁtelﬁlvé}ﬂlohf reB@sd hiuseful ¥ymBe®y Fcfél@b tPcobMpodrd® that are
I cat TRI AL APPLI CABI LI T The pr esent

LN
GBS o P TR VAR IMTAD (Ao RHy GThes CprppoUnds may be
C oAl Nflhet theditmanteof digalakséd MﬁcmheDN?mnBRBTPNW ABRT, MTAN,

The conmpounds nmay be wuseful in the
'@E@ﬁ@ﬁﬁf%mﬁssﬁ@é%@% S BRRGehrPasteriphipfection,
PFR&OZM [AectioMc\T -ceNdh&diathll diseasi@si rabl e.  Such
di seases include cancer, bacterial infection,
prot ozoal infection or T-cell nediated di seases. 20 WD
2004/ 069856 PCT/ Nz2004/ 000017
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32 CLAIMS 1. A process for preparing a conpound of

the formula (1) 5ZCH VW XY OH (I) wherein: 10
wO/2008/06%85ect ed from CH2 and NH, and Wis NR ; PCT/N¥2G0$/000017
NR , and Wis sel ected fromCH2 and NH; X is sel ected
fromCH2 and CHOH in the R orf?S-confi gur ation, except

15 where Wis selected fromNH and NR, then X is CHZ;

Y is selected from hydrogen, hal ogen and hydr oxy,

except where Vis selected fromNH and NR, then Y is
hyclkAis; 20 Z is sel ected from hydrogen, hal ogen,
hydr oxy, a sulfonate |eaving group, SQ OQ and Q
where Qis an optionally substituted al kyl, aralkyl
orl-aryl gArBrl‘.?ﬁeSSafHHP’Rﬂ?a”@ 2 CompRUa of #he forauledhrmul a (11)
25 WD 2004/069856 PCT/ NZ2004/000017 33 B HN AED
CH2

Z—"CHz
V.
\}N
X
OH
()

wherein:

V is selected from CH, and NH, and W is NR"; or
Vis NR1, and W is selected from CH, and NH;

X is selected from CH; and CHOH in the R or S-configuration, except
where W is selected from NH and NR', then X is CH;

Y is selected from hydrogen, halogen and hydroxy, except where V is
selected from NH and NR', then Y is hydrogen;

Z is selected from hydrogen, halogen, hydroxy, a sulfonate leaving
group, SQ, OQ and Q, where Q is an optionally substituted alkyl,

aralkyl or aryl group; and

R'is a radical of the formula (I1)
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(1) wherein: 5 Ais selected fromN, CH and CR2,
where R2 is selected from hal ogen, optionally

waeamgnewsed ed al kyl, aral kyl or aryl, OH NH2, MNEREZ2004/000017

NR3R4 and SR5, where R3, R4 and R5 are each

optional |y substituted al kyl ,>3aral kyl or aryl groups;

10 Bis selected fromOH, N -12, NHR6, SH, hydrogen

and hal ogen, where R6 is an optionally substituted

al kyl, aral kyl or aryl group; Dis selected from OH,

NH2, NHR , hydrogen, hal ogen ang SCH3, 15 where R7 is

an optionally substituted al kyl,| aral kyl or aryl

group; and E is selecteqifrom nd CH; including

reacting a conmpound oféx € rnﬁ?é>mlll) 20 Z CH2 W
9856

XY OH(I11) V\D2004/g\ PCT/ NZ2p04/ 000017 34
wherein: V is sel ected\XromjCH2 r@ NH, and Wis NH
or Vis NH and Wis s and NH; 5 X is
selected from CH2 and in the R or
S-configuration,<excepCH,Wwhere Wis NH, then X is CH2;
Y is selected from hydrogen, hal ogen and hydr oxy,
except where Vis 10 selected fHbm NH, then Y is

hydrogen; and Z is selected from hydrogen, hal ogen,

hydroxy, a sul fonate | eaving
wherein:

A is selected from N, CH and CR? where R? is selected from halogen,
optionally substituted alkyl, aralkyl or aryl, OH, NH,, NHR®, NR°R* and
SR®, where R®, R* and R® are each optionally substituted alkyl, aralkyl
or aryl groups;

B is selected from OH, NH,, NHR®, SH, hydrogen and halogen, where
R® is an optionally substituted alkyl, aralkyl or aryl group;

D is selected from OH, NH,, NHR’, hydrogen, halogen and SCHs,
where R is an optionally substituted alkyl, aralkyl or aryl group; and

E is selected from N and CH;
including reacting a compound of the formula (1)

Z_—'CHZ i
V.
\}N
X
OH
(i
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group, SQ OQ and Q where Qis an optionally
substituted al kyl, aralkyl or aryl group; 15 wth a

w@ooopoensss of the formula (1V) B H N LN A | BCDNZZ00%p00017

20 wherein A, B, D, and E are as defined above; and
wi th formal dehyde or a for rral36ehyde equi val ent. 25 2.
A process as clained in claiml1l wherein Z is hydrogen,
hal ogen, hydroxy, SQ or OQ where Qis an optionally
substituted al kyl, aralkyl or aryl group. WD
2004/ 0698%&r&iRT/ NZ2004/ 000017 35 3. A process as
claimed in claiml1 or claim2 wherein Ais CH 4. A
process as clainmed in any one of clains 1 to 3 wherein
L to 4 uheran o N B e or . 6. A
to rein LS. i s an is . 6.
process a 'sal%ziar?géﬁi'ﬁwse&%‘?%r@“ YN i s a radical
of formula (I1) as defined in claim1, where Ais CH
and Eis N 1 . r ocess ai med_ i n_any one of
clainms 118 %e(?%az'fe# @P’ﬁ C%S% %”q-ﬁg'pﬂ KHpe R or ®-genfigwration, gxcept
cl ai med iwhedé YV RMNH @liertX@® OH,;1 to 7 wherein B is

NIl -12, OH 15 or . 9. A process as clained in any
one of clainms 1 or 3 to 8, wherein Z is

met Planesu(( fsosstdoted ﬁohﬂydﬁig@ﬁ,glhéll@go @iAﬁdDhydroxy, exceplt v\_/hereOI Vis
trifluorangt esu ate,. s ocess as claine
in clai mgﬁgﬁ@%h%ﬁﬂ?n%lsﬁﬁﬂ@gﬁpf%ﬁgt e.

Z is selected from hydrogen, halogen, hydroxy, a sulfonate leaving

group, SQ, OQ and Q, where Q is an optionally substituted alkyl,
aralkyl or aryl group;

with a compound of the formula (IV)

(V)

wherein A, B, D, and E are as defined above;
and with formaldehyde or a formaldehyde equivalent.

2. A process as claimed in claim 1 wherein Z is hydrogen, halogen,

hydroxy, SQ or OQ, where Q is an optionally substituted alkyl, aralkyl
or aryl group.
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11. A process as clained in any one of clains 1 to 10
wherein the conpounds of formula (I111) and (IV) are

w0 e@gnesevi t h f ormal dehyde. 25 12. A process aBCT/NZ2aowd00017

in any one of clainms | to 10 wherein the conpounds of
formula (111) and (1V) are réacted with a formal dehyde
equi val ent which is parafornmal dehyde. 13. A process as
claimed in claim1 wherein the conmpound of formula (1)
30 is:

(3R 4R) - I proBegtenzadiveaXaibit Modchln DRIHAYEIh A3 fgr oxy-
4- hydroxynet hyl - pyrrolidine;

(3R 4R) - 1-[ (9- deaza- adeni n-9-yl ) met hyl ] - 3- hydr oxy-4-(h

y dir oxy metaytoressBsr didinkediinen 1 o Mh@ﬁ%%ﬁmherem Y is H.
PCT/ NZ2004/ 000017 36 (3R 4S)- 4- (benzyl t hi omet hyl ) |

-[ (9- deaza- adeni n- 9- yI)nethyI] 3- hydroxy-pyrrolidine;

(3R 4S) - 4 frécsdy & @aRrAYh bR @RBtIAIalmd 1 to 4 wherein W is NR', V

h I
d[l(gndgazacﬁczjgr%%sclv_il)mat hyl]- 3-hydroxy- py rro [

(3R, 4R) - 1-[ (6-chl or 0- 9- deazapuri n-9-yl ) net hyl ] - 3- hydro

Xy~ 4- (hydrox net h rrolidine

%R 4R) - B '[’r(°§ TR aé{lf@)r/fﬂr?'%my'i’ yheteiy Ry isa fgeisaef formula (1)
( met hanesldefmed th-cRiithrMowheid®is CH and E is N,

(3R, 4S)-1-[ (9-deaza- adeni n-9-yl ) net hyl ] - 3- hydr oxy-4 10
(et hyl t hi onet hyl ) - pyrrolidine;

(IR 4S) - 4 protbed adicRmsdI anylohd 9f drars-1ageniviciy b) €8 or
t hyl ] - 3- hydroxy- pyrrolidine;

(3R, 4S) - 17'[>( 9- deaza- adeni n- 9- yI)nethyI] 3- hydr oxy- 4-
(propylthlonethyl) pyrroI|d|ne

%R 45S) - F{ﬁg deaz nin %ﬁ?ﬁ dr ox%/
(Psopr op tﬁﬁljﬂeg);}@a{? al s o7w erein B is NH;, OH
(3R, 4S) - 4r Chut yl t hi onet hyl ) - 1- [(9 deaza- adeni n-9-yl ) ne
t hyl ] - 3- hydroxy- pyrrolidine;
(3R 4S)-1-[(9-deaza- adeni n- 9-yl ) net hyl ] - 3- hydr oxy- 4-
9. A process as claimed in any one of claims 1 or 3 to 8, wherein Z is

methanesulfonate, p-toluenesulfonate or trifluoromethanesulfonate.
10. A process as claimed in claim 9 wherein Z is methanesulfonate.

11. A process as claimed in any one of claims 1 to 10 wherein the
compounds of formula (lll) and (V) are reacted with formaldehyde.

12. A process as claimed in any one of claims 1 to 10 wherein the
compounds of formula (lll) and (IV) are reacted with a formaldehyde
equivalent which is paraformaldehyde.

13. A process as claimed in claim 1 wherein the compound of formula (I)
is:
(3R,4R)-1-[(9-deazahypoxanthin-9-yl)methyl}-3-hydroxy-4-
hydroxymethyi-pyrrolidine;
(3R,4R)-1-[(9-deaza-adenin-9-yl)methyl]-3- hydroxy-4 -(hydroxymethyl)-
pyrrolidine;
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20 (phenyl t hi omet hyl)-pyrrolidine;
(3R, 4S)-1-[ (9-deaza- adeni n-9-yl ) et hyl ] -4- (4-fl uor ophe

wmgdohewsset hyl )- 3- h ydroxy-py rro | i d i n BCT/NZ2004/000017

(3R, 4S)-4-(3-chl orophenyl th

i omet hyl ) - 1- [ (9- deaza- adeni n-36- yl)nethyl] 3- hyd
roxy-pyrrolidine; 25

(3R 4S)-1-[(9-deaza- adeni n-9-yl ) et hyl ] - 3- hydr oxy- 4-
(cycl ohexyl t hi omet hyl ) pyrrolidi ne;

(3R, 49) - J(siag&)de(aé@zyﬂﬁtsmefny%s{égla@tzasadlen% duyishemyn-4- (4
- pyrldylthlomethygji yrrolidine;
(3R 4R) - TWEYR¥ER!INgeni n- 9- yI ) net hyl | - 3- hydr oxy- 4- (m

et hoxy nEt(BRMB) 43@- dthrépHeh?\tH’@nethylﬂ -[(9-deaza-adenin-9-yl)methyi]-

3R 4R nzyl ox
([(9 d)eaz'ia'glﬁj(’i@iflﬁ’yr@ ‘W?met hyI] 3- hydroxy-py rro | i d

i n e; (3R 4R) 1 -[(6-chloro-9-deazapurin- 9-yl)methy3] -3-hydroxy-4-
(3R 4R) - Mr deazaguani n-9-yl ) nme ydr oXy- 4- hyd
r oxymet hyl %M"?%W')dw@"d% 2004/ 069856

PCT/ N220 éRQ@@Q 9-déaza-adenin-9-yh)methyl]-3-hydroxy-4-
(3R 49) 1L L0 dtle[gzahi/goxant A8y T Ay oxy- 4- (pr op

Vit hi onedFtRNeSErgl par dleine

(3R, 4S) - 43:& MLtdrdsuratdeghin glynbrherhw;@zr%wa@manthl n-9-y
[ ) met hyl ] rro 1 d.i

(3R, 4S) - fmF %‘85‘?&%@%'&“@ puri n- 9 yI ) met hyl ] - 3- hydr

oxy-4-(2 (3R|31@)L)4L(§ﬂ49u’ﬂilbrﬁ¥ih5/gj1l-[@9 B@aza-ademn 9-yl)methyl] 3 -hydroxy-
(3R, 4S) - eazaadenin yl') met hyl ] - 3- hydr oxy- 4- pro
s

pyl - pyrr V"
(3R 49) - lsR(&adq@aé&a@@@nmm phrBethlyi-3edyaydxd/-43- hydr oxy-

4- |
sger 223/ 19’[%@' "bﬁilﬁwﬁ%lﬂtrﬁpn 9-yl ) met hyl ] - 3- hydr oxy-
4- (met hysr] (shaéézamdéhmm @hmethyll-4hydidxgaopound of

o ai'm 1. (ebprbayinidnye Bﬁiexgrrq%mepfégéffﬁga?822{328n3°of

formul a ((3R,4$$—4Ct6ﬁﬂym&néﬂhyl9‘i1q(9rdéaza adenin-9-y)methyl]-3-hydroxy-
pyrrolidine;
(3R,48)-1-[(9-deaza-adenin-9-yl)methyi]-3-hydroxy-4-
(phenylthiomethyl)-pyrrolidine;
(3R,485)-1-[(9-deaza-adenin-9-yl)methyl]-4-(4-fluorophenylthiomethyl)-
3-hydroxy-pyrrolidine;
(3R,48)-4-(3-chlorophenylthiomethyl)-1-[(9-deaza-adenin-9-yl)methyl]-
3-hydroxy-pyrrolidine;
(3R,4S)-1-[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-4-
(cyclohexyithiomethyl)pyrrolidine; L
(3R,4S)-1-[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-4-(4-
pyridylthiomethyl)-pyrr;oIidine;
(3R,4R)-1-[(9-deaza-adenin-9-yl)methyl]-3-hydroxy-4-(methoxymethyl)-
pyrrolidine; ‘
(3R,4R)-4-(benzyloxymethyl)-1-[(9-deaza-adenin-9-yl)methyl]-3-
hydroxy-pyrrolidine;
(3R,4R)-1-[(8-deazaguanin-9-yl)methyl]-3-hydroxy-4-hydroxymethyl-
pyrrolidine;
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including: (i) reacting a conpound of forrmula (111) as
defined in claiml with a conmpound of formula (1V) as

waledosnedsé n claim1l and with 20 fornmal dehyde PECT/NZ2004/000017

f or mal dehyde equi val ent, where any one or nore of V,
W X, Y and Z of the compound’of formula (I111) is
protected with a suitable protecting group; and (ii)
renoving the one or nore protecting groups to give the
compound of fornula (1). 25 16. A process for

pr epar i ng3R, 4spTHE-dehzahydoxe Ao H-B-eirakgid (eshyitRiomethyl)-
claim1l including: (i) reacting a conpound of fornula
(111) as PYEPY inclaiml with a conmpound of

formul a (BR)MSHa-(BeEt Iith’i@ﬁe’d'hl;llg-ql(-j[@é-&ééz_aﬂ%b)&élhwh-ga?gmethyl]-3-
f or mal deh ge or a Jormal dehyde equi val ent, where any
one or ms'& rogy-PHrolldiney and E of the conpound of

forml a (BRUS)-S-[(@d8a2616e¢chlonoldufin®d-)héta]-8hpaekeatng
group; an?l1 ﬁl‘LeR“ enoyi.ng the one or nore protecting
groups t &NGIVENYIHRYTE und of formula (1). WD

2004/ 059$5|6,4B§:T1[4md %Mﬁ)@f @-Klll)n%?nyl]ﬁ-hﬁ&&%ﬁ&@ﬁo%iyﬁﬁyrrolidine;
of formila s _define

Clarm | AR e Aeez A ymoga B ey e SN oY+ BB o

(11'l) as pgeblidregiorn claim1l wth a 5dcon'p(r)]und of

f I i ned in clai and w t

fg: rrIuaI 3&%&323‘[&?‘%&%\{&% @-gbj@mt&v%-ﬁthydmﬁe any

one or Kmethyiiordeth\y-pYeroiditedd Z of the conpound of

formula (I111) is protected with 'a suitable
protecting group and where any one or nore of AL B, D

arld. E of A tmmssumpcifomaia (1 whghaprépafedidy #pricess adcordiflg to
with a sujtahle protecting group; and (ii) renoving

the one §FMdre protecting groups to give the conpound
of formula (1).

15. A process for preparing a compound of formula (I) as defined in claim 1
' including:

(i) reacting a compound of formula (lll) as defined in claim 1 with a
compound of formula (IV) as defined in claim 1 and with
formaldehyde or a formaldehyde equivalent, where any one or
more of V, W, X, Y and Z of the compound of formula (lll) is
protected with a suitable protecting group; and

(i) removing the one or more protecting groups to give the compound
of formula (1).

16. A process for preparing a compound of formula (1) as defined in claim 1
including:

() reacting a compound of formula (lll) as defined in claim 1 with a
compound of formula (IV) as defined in claim 1 and with
formaldehyde or a formaldehyde equivalent, where any one or
more of A, B, D and E of the compound of formula (V) is protected
with a suitable protecting group; and

(if) removing the one or more protecting groups to give the compound
of formula (1).
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17. A process of preparing a compound of formula (1) as defined in claim 1
including:
(i) reacting a compound of formula (lll) as defined in claim 1 with a
5 compound of formula (IV) as defined in claim 1 and with
formaldehyde or a formaldehyde equivalent, where any one or
more of V, W, X, Y and Z of the compound of formula (lll) is
protected with'a suitable protecting group and where any one or
more of A, B, D and E of the compound of formula (IV) is protected
10 with a suitable protecting group; and

(if) removing the one or more protecting groups to give the compound

of formula (1).



