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PCT/ SE97/ 00241 Acyclic Nucl eosi de
Derivatives Technical Field s This invention relates to the field
of antivirals and in particular to derivatives of acycl i ﬁ&a' des
usef ul agai nst WePHMESland retroviral infections. The inventi OECPHEJ-r !

provi des novel conpounds, pharmaceutical conpositions conprising these
conmpounds, . .nmethods for the treatnment or prophylaxis of viral infections
enpl oyi ng them nethods for their manufacture and novel internedi ates.
10 Background to the invention The oractlcal utility of many
acyclic nucleosides is linmted by 498 glegside Derlyatives o 5 ¢

phar macoki netics. A nunber of prodrug approaches have been explored in an
effort 15 to inprove the bioavailability of acyclic nucleosides in
general . One of tEE&amﬂlﬂﬂé approaches I nvol ves the preparation of ester

derivatives, p rt tar arfar 0 ddtivabvesbof t NE
hydr oxy groupsgon ‘?‘;"é%%‘ﬂ‘lca&g?& o?aﬁuvnralsandn&%ropeén patentegEP165 289

descri bes the pr om;&:lmguammdhmspﬁxta@ysnher@ﬁ and retroviral infections. The invention

Eur opean ) paPEeEpeienipdy, bbrGetst il RS e BB pat ent £

343 133 di scl Osesco und$, Bifdthddb Rt ShetPuaRAHD S5 proptiyidxiscofiviral ixifettishs Bmploying
enanti oner, are additi onal | ¥ active agai nst ret roviral infections
or

such as HI V. Vari deesndnethogs M'@ﬁnuwm" gldntermedialgsh o5 phonat es,

aliphatic estelhs (for exanple, the diacetate and the di propi onate) and 25

ethers of the hydroxy groups on the acyclic side chain are disclosed in EP
343 133. ThiM&ﬂkﬂM&l oses. met hods for the preparation of
t hese derivatives

The practical utility of many acyclic nucleosides is limited by their relatively modest
pharmacokinetics. A number of prodrug approaches have been explored in an effort

15 . to improve the bioavailability of acyclic nucleosides in general. One _6f these
approaches involves the preparation of ester derivatives, particulaﬂy aliphatic esters, .
of one or more of the hydroxy groups on the acyclic side chain. |

-European patent EP165 289 describes the promising antihefpes agent
20  9-[4-hydroxy-(2-hydroxymethyl)butyllguanine, otherwise known as H2G. European
patent EP 186 640 discloses 6-deoxy H2G. European patent EP 343 133 discloses
that these compounds, particularly the R-(-) enantiomer, are additionally active
against retroviral infections such as HIV. Various derivatives of H2G, such as
phosphonates, aliphatic esters (for example, the diacetate and the dipropionate) and
25 ethers of the hydroxy groups on the acyclic side chain are disclosed in EP 343 133.
This patent also discloses methods for the preparation of these derivatives '
comprising the condensation of the acyclic side chain to the N-9 position of a
typically 6-halogenated purine moiety or, alternatively, the imidazole ring closure of
a pyrimidine or furazano-{3,4-d] pyrimidine moeity or the pyrimidine ring closure of
30 an imidazole moiety, where the acyclic side chain is already present in the precursor

pyrimidine or imidazole moiety, respectively. In the broadest description of each of
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conprising the condensation of the acyclic side chain to the N-9 position
of a typi cally 6-hal ogenated purine noiety or, alternatively, the

i m dazol e ring closure of ~a pyrimdine or furazano-[3,4-d] pyrimdine
noeity or the pyrimdine ring closure of 30 an imdazole noiety, where
the acyclic sivigondvesin i s already present in the precursor PCISEY700241

pyrimdine or imdazole noiety, respectivehy. In the broadest description
of each of - - - WD 97/ 30051 :

2
PCT/ SE97/ 00241 -ﬂfﬁgg j &'dqﬁ’ kDo
pre-derivatised %‘ﬁ??ﬁ%%?%uﬁ&&%g%ﬁ@g‘ soLlJi‘Fau S (t)vﬁlvaghdc?)lr:\deé‘glpg}ﬁs also
di acyl ati on of HshGw ¢rie-stepatidcylation pff B2 with acetis oh prépricaic anhydikrand DMF.
Handen, et al., J. Med. Chem 32, 1738 (1989) investigated a nunber of
short chain 5 aliphatic esters of the acyclic nucl eoside
9- [ 4- hydr oxy- ( 3- Hyshaen ¥, hyNied) Thin] 32, 1738 (3989)iivestigated amuinber df Bhowchakn
penciclovir, and jts 6-deoxy. anal og. Fanticlovir, a mar ket ed anti viral
agent, is theddi QE@PW%?&H peyglicoucteogde,dnA-pednexy{3dydroxymethyhbutydh nj api n,
el al., Pharm Resuid dferuise hdtn b SRk Sak8 6xiesPikiok) Phiciglobpfiat i ¢ 10
esters of 9-[(1, 3-di hydroxy-2-propoxy)- t'hyl]‘guanl ne, otherw se known as
ganci cl ovi r. Themarksiedantyital agent isthe digcatyl derivativelof G-denxy perciglevit.er red ester.
Lake- Bakaar, et al., discloses in Antimcrob. Agents Chenother. 33 No. 1,
110-112 (1989) di acetate and di propi onate derivatives of H2G and
nonoacet at e and Beniamimg teal.] PhartheRes, 4 Nov 2512011987} disclysekliert chiia atiplatiet at e and
di propi onate derivati f.H2G ar r ted to,result in only nodest
i mpr ovenent s lgn ﬁ%}éﬁg%fg&'ﬁh 4 yéf-g{qugw%anme. otherWisG KIOWRAE | onal
patent applicati gancifiSir. 2FhkMpropiokiitd &0 dilelasbEio be the préfefted ester. :

Lake-Bakdar, et al., discloses in Antimicrob. Agents Chemother. 33 No. 1, 110-112 - |
~ (1989) diacetate and dipropionate derivatives of H2G and monoacetate and diacetate
15 derivatives of 6-deoxy H2G. The diacetate and dipropionate derivatives of H2G are
reported to result in only modest improvements in bioavailability relative to H2G.

International patent application WO04/24134, published October 27, 1994,
discloses aliphatic ester prodrugs of the 6-deoxy N-7 analog of ganciclovir,

20  including the di-pivaloyl, di-valeroyl, mono-valeroyl, mono-oleoyl and mono-
stearoyl esters. ' '

International patent application W093/07163, published April 15, 1993 and
International patent application W0O94/22887, published October 13, 1994, both

25  disclose mono-ester detivatives of nucleoside analogs derived from mono-
unsaturated C18 or C20 fatty acids. U.S. Patent No. 5,216,142, issued June 1, 1993,

also discloses long chain fatty acid mono-ester derivatives of nucleoside analogs.
A second approach to providing prodrugs of acyclic nucleosides involves the

30 preparation of amino acid esters of one or more of the hydroxy groups on the acyclic

side chain. European patent EP 99 493 discloses generally amino acid esters of
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di scl oses aliphatic est er prodrugs of the 6-deoxy N-7 anal og of
ganciclovir, 20 including the di-pivaloyl, di-valeroyl, nono-valeroyl,

nono- ol eoyl and nono- st earoyl esters. I nternational patent
application W93/07163, published April 15, 1993 and I nt ernati ona,l
pat ent appl i catWo®73es4/ 22887, publ i shed Cctober 13, 1994, botGI/SE37/00241

di scl ose nono-ester derivatives of nucl eosi de anal ogs derived from nono-
unsat urated C18 or C20 fatty acids. U S. Patent No. 5,216,142, issued June

1, 1993, al aeycKdviz ah®E@RSpdat Dotentapplication Ey 36&065 publishelMarch 82,1989t | ves
of nucl eosi de anal o% A second appr to providing prodrugs of
acycl i ¢ nucl eosi déisc PWW@E“QW@’S"W“’%F%P Vit amino acid esters of
one or nore of the hydroxy groups on the acyclic si de chal n.

European patent EP 99 493 di scl oses generally am no acid esters of
WO 97/ 30051 European patent application EP 375 329, published June 27, 1990, dxscloses amino

PCT/ SE97/ 00241 -

acyclovir and éuro%geclsnmpdae gaht{ves Of;ﬁaf!%‘él ‘lnf)'ﬁnwlé%%m%%dm L‘lj[l) si|mseﬁe March 22,
1989, di scl ogbsint land disdianire eaeridarivatives.c [nmamdrmtenfapphgwbmw r.

Eur opean patent a 3 l.i shed June 27 90, .di s¢l oses
anino 5 acid est bbﬁgéqsgdf“ﬁ;%zgp @%,é?#&w@ es;aina pgid fstef fien % VBV &f i ne,
di -i sol euci ne, di -penciclovif] linthidif tReVilokb-valine Bnd\@i-wdih€Estdd Qerivativisy €S .

I nternational patent application WD95/ 09855, published April 13, 1995,
di scl oses ami no acid ester derivatives of penci cl ovir, including the

nono-val i ne a di | i shed
oy 17 3o, pe MsBRs L Pt tebatgty wq%sl%aﬁggu%aaﬁta&s%ﬁiﬁ& iskidh

August 6, 1996 , disclose achiral amino acid esters of ganciclovir.

European patent application EP 694 547, published January 31, 1996, discloses the
mono-L-valine ester of ganciclovir and its preparation from di-valyl-ganciclovir.

15 o S
European patent application EP 654 473, published May 24, 1995, discloses various
bis amino acid ester derivatives of 9-[1°,2’ -bishydroxymeﬁyl)-cyclopropén—l 'yl
methylguanine. | | | |

20 International patent application W095/22330, published August 24, 1995, discloses
aliphatic esters, amino acid esters and mixed acetate/valinate esters of the acy_clié
nucleoside 9- [3,3-dihydroxymethy!-4-hydroxy-but—l~yl]guanine. This reference
discloses that bioavailability is reduced when one of the valine esters of the trivaline
ester derivative is replaced with an acetate ester. |

25

Brief Description of the Invention

We have found that diester derivatives of H2G bearing specific combinations of an
amino acid ester and a fatty acid ester are able to provide significantly improved oral
30  bioavailability relative to the parent compound (H2G). In accordance with a first

aspect of the invention there is thus provided nove! compounds of the formula I
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August 6, 1996 , disclose achiral amno acid esters of ganciclovir.
Eur opean patent application EP 694 547, published January 31, 1996,

di scl oses the nono- L-val i ne ester of ganciclovir and its preparation
fromdi-valyl-ganciclovir. 15 Eur opean patent application EP 654 473,
publ i shed May wé973de8>, di scl oses vari ous bi s am no acpCr/sEloszal

derivatives of 9-[1',2'-bishydroxynethyl)-gycl opropan-1'yl]

met hyl guani ne. 20 . International patent application W05/22330, published
August 24, 1995, discl oses ~al i phagi c esters, am no acid esters and

m xed acetate/valinate esters of the acytlic nucl eosi de

9-[ 3, 3-di hydr oxynet hyl - 4- hydr oxy- but - g nine. This reference
di scl oses that bioavailability is red ced}wh one of the valine esters of

the trivaline ester derlvatly.p N'EPNaced Wi h an acetate ester. 25
Brief Description of the Invention have found that diester
derivatives of H2G bearing specifi onbi nat fons of an- am no acid
ester and a fatty acid ester are a vide significantly inproved
oral 30 bi oavail ability rel ative to t heZparent conpound (H2G. In
accordance with a first aspect of th\eolmventlon there is thus

provi ded novel conpounds of the fornula I WO 97/ 30051
PCT/ SE97/ 00241 4

[err] where a) R, is -C(O)CH(CH(CH3);)NH, or
' -C(O)CH(CH(CH;)CH,CHa)NH; and R; is -C(0)C3-Cy; saturated or
5 monounsaturated, optionally substituted alkyl; or '
' b) R; is -C(0)C5-Cy saturated or monounsaturated,
optionally substituted alky! and R3 is -C{OYCH(! CH(CH:):)NHa or
' -C(O)CH(CH(CHg)CHoCH;)NHz, and
R, is OH or H;

10 | ~ and pharmaceutically acceptable salts thereof

The advantageous effect on oral bioavailability of the mixed fatty acid and amino
acid esters of the invention is particularly unexpected in comparison to the oral
bioavailability of the corresponding fatty acid esters. Based on the results using a

15  urinary recovery assay (Table 1A) or a plasma drug assay (Table 1B) of H2G from
rats, neither the mono or di;.fat'ty.acid esters of H2G provide any improvement in
oral bioavailability relative to the parent compound H2G. Indeed the di-stearate h
derivative provided signiﬁcantly lower bioavailability than the parent indicating that
a stearate ester may be detrimental for improving oral bioavailability of H2G.

20  Converting one or both of the hydroxyls in certain other acyclic nucleoside
analogues to the corresponding valine or di-valine ester has been reported to
improve bioavailabilitj. Conversion of H2G to the coresponding mono- or di-valyl
ester derivatives produced similar improvement in bicavailability relative to the
parent compound. Given that fatty acid derivatives of H2G are shown to be

25 deirimental for improving bioavailability, it was unexpected that a mixed amino

acid/fatty acid diester derivative of H2G would provide improved or comparable
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where a) Rlerr] is -C(O)CI—l(CI—l(CI—l[err])[err])NH[err] or
-C(OCH(CH(CH err])CH err]CH err])NH err] and Rerr] is -C(OCerr]-Cerr]

saturated or 5 nonounsat urated, optionally substituted

al kyl; or b) R err] is-C(O)C[err -Clerr
saturated or mYQUHSEHur at ed, optional | y‘l‘g‘%ﬁ?’f”{zﬁl ed
al kyl and R err] is -C(O)CH(CH(CH[err])[err]S)NH[err] or
-C(OCHCH CH err])CH err]CH err])NH err]; and Rlerr]
is OHor H 10 oral bioavailability to tha&ﬂ'ﬂhﬂﬂkﬁhm.ﬂeﬁdeﬂahivyz ofH2Gphaadl en wrirlet S

t her eof The advanta eous, ef fect on ora] bi oavail ability of the m xed
fatty acid and anfef@very and piasma doug assays.Jespegtivelynyention is particul arly

unexpected in conparison to the oral bi oavail ability of the
corresponding fatty acid esters. Based on the results using a 15 urinary
recovery assay (TasheldA) or a pl asma drug assay (Table 1B) of H2G from

rats, neither thegmomo—or—dr=-f | de any
i mprovenent in Ry ETBPR| b oa&#é’gh ity rdl Pg E‘F{ﬂt# e |parent conpound

H2G. I ndeed the {lhyddogas at e hydrdgen vative g%vi ded signpificantly |ower

bi oavail ability than the parenf Indicating t a stlearate ester may
be detrinental fobYISe8ERyi ng of Sram¥¥bavai | alﬁ?"y of H2G |20 Converting
one or both of thetelygid OXYl S | hsteoypi N Ot hel gagyclic nuclieosi de

anal ogues to the|correspondingjvaline or di-paline ester Has been reported
to i mpr ove | walyhvai | abi | i { hydrogener si on| 2X¥%H2G t o t hgd cor espondi ng
nono- or di-val yI. ester %l'wat_i ves priog aed simlar{f i nprovenent in
bi oavailability erlg!i ve to theg parent{ conpound. G Jen that fatty
acid derivatives cvhlyl-IZG are shmatosl be 25 iﬁs%ri mant al” flor inproving

bi oavail abilit A A acid/fatty aci d

di ester deri va |ve' ot Prsrdyed or corrpar abl e

TABLE'IB
R; group. - |Ragroup | Bioavailability'
hydrogen hydrogen 38%
hydrogen  |stearoyl -~ |19%

.| stearoyl stearoyl 0 %
valyl hydrogen 313 %
valyl _ valyl 350 %
valyl - | stearoy) ' 29 %

# see Biological Example 2 below for details

10  The invention also provides pharmaceutical compositions comprising the
* compounds of Formula I and their pharmaceutically acceptable salts in conjunction
with a pharmaceutically acceptable carrier or diluent. Further aspects of the
invention include the-.compounds of Formula I and their pharmaceutically
acceptable salts for use in therapy and the use of these compounds and salts in the
15  preparation of a medicament for the treatment or prophylaxis of viral infection in
humans or animals.
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WO 97/ 30051

PCT/ SE97/ 00241 5 oral

bi oavailability to that of the vaI i ne diester derivative of H2G based on
urine recovery and plasma drug assays, respectively. Tabl e 1A
Rlerr] group woO9738 err] group Bi oavail abi lity* RCTSETH0241
hydr ogen 8 % hydr ogen 6 st earoyl 12 %
stearoyl .. . .. St earoyl 1 % val yl hydr ogen
29 % valyl  The compounds of thein¥ention are potent antivirall, e{ﬁeclall inst herpes

st ear oyl 56 %5 * see Biol ogical Exanp % ow for details

TABLE 1B R e rmfpctgmwpch as those canpast by] Vagiceligzoster vxmssﬂemmxmnlsx viresy[ err]

hydr ogen R . t ear oyl
o 80" st ear offPes 1@5%};@6&9 Bt vius. Herpes épé%éﬂgv%%egﬁgpamv 8). Ti

hydr ogen coxr@dnn’ds%epamculaﬂyhseful against Varicella zosatryirus mfecuons such as 35.0 %
val yl . Stearoyl ) . 29 %, #. see Bj ol ogi cal le 2
bel S for det d | shinglenih e Heriyjucfuding posk Bypeic Soalea iemieReR I O g youn
conposi tions comMyhetd e dirton mdse#éﬁ{ﬁ&lﬁ%tﬁseﬁiecﬁﬁb@wdﬁcédb?@&bemﬂkﬁ
pharmaceutically acceptable salts in coni unction

phar maceut i cal 'y %GM%Y‘@%HF‘F‘I%? argenal) el‘@l%!?ﬂ*me‘ﬁd’f‘ﬁﬁb? W&%“@Fﬂq he

i nvention includg fe@t?ouﬁ eraélaﬁ&ﬁ%w‘%rhhﬁﬂqﬁ&?ﬁ M%S%é&ﬁgl |y

acceptable salts P use 1nt he use s and
salts in the but whlch can cause many months of scholastic incapacity amongst adolescents.

10

The compounds of the invention are also active against certain retroviral infections,
notably SIV, HIV-1 and HIV-2, and against infections where a transactivating virus
is indicated.

15 Accordingly a further aspect of the invention provides a method for the'prophylaxis
or treatment of a viral infection in humans or ammals comprising the admmxstrauon
of an effective amount ofa compound of Formula I or its pharmaceutxcally

acceptable salt to the human or animal.

20  Advantageousty group Riis hydroxy or its tautomer =0 so that the base portion of
the conjppunds of the invenﬁon is thé naturally occuring guénine, for instance in the
“event thé.t the side qhain is cleaved in vivo. Alternatively, R; may be hydrogen thus
defining the generally more soluble 6-deoxy derivative which can be oxidised in

vivo (e.g. bj xanthine oxidase) to the guanine form.

25
The c'ompound of formula I may be present in racemic form, that is a mixture of the
2R and 2§ isomers. Preferably, however, the compound of formula 1 has at least
70%, preferably at least 90% R form, for example greater than 95%. Most preferably
the compound of formulal is enantiomerically pure R form.

30

Preferably the amino acid of group Ry/R, is derived from an L-amino acid.
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15 preparation of a nmedicanment for the treatment or prophylaxis of viral
I nfection in humans or ani maljsy 0051 '
PCT/ SE97/ 00241 ' THIS SHEET HA 6 The

conpounds of the invention are potienl aﬁgﬁ’l\ﬁeﬁgl S, _efppeci al ly agai nst herpes
i nfections, suchweeIBMsdse caused by Varicella zoster virus, %ﬁ Y | ex
Vi rus - types 1 & 2, Epstein-Barr virus, Herpes type 6 (HHV-6) and type
8 (HHV-8). -The - conpounds are particularly useful against Varicella

zoster virus infecgirfeRblyméhnpacidof grodp KR Afs itoiahth Sled aimberiofiedrbioh Ng post
herpetic neural gia or chicken pox in the

C young Wn?ré th;a1 dur&tFL'Sn and
severity of the diasemssin pasticulps deeaBQridGiohyausyfE )| myrsjey] (Cre). palmioy Bar r
virus infections ' y P
i nfectious mnonu%gt?l&%%ﬁ%%%)égﬁfgc&ﬁﬂrﬁ%&ggggﬁ?%bﬁgﬁhbeen
treatabl e but hexkrioyh octanoyt anbebenoph{Cxdiurther ustfub B /B sroupsinelndedthossi ty
2gai ot certa ré r clsryed tram i, BBRLIRiaR, Daymlenies PR, A SeleSRil, v
and agai nst i nf ect pleioselaillies gandoié, eARiRDE biagsidit Belds/ Monsunsaturatddfattyrabiid esters] .

15 Accordingly a further aspect of the invention provides a nethaod for
the prophyl axis  typically have thedguhle bond in theitrang cqnﬁse‘eg%afe%rﬁi%mh&%» -9

ani mal s conpri sing ?ggﬁ ' %?Eﬁcieh' : [
conpound of For rru|%‘t‘{ﬁ3) |t(g'l'|ao ar mac u?%gllfr%k'mﬁggg%gg%lae !aIE?&Evgat he
human or animal .  fiéf a fattylaciiwhigecmsprisesgr Gutp O saturited, or e dvaspynsaturateds

taut oner =0 so {hat, t.he base portion of t he conpounds of the
i nventi-on is tH& n tally occuring guanine, for instance in the
event that the side chain is cleaved in vivo. Alternatively, R err] my be -

o0 DU i di Tostapiiet o iR Bl ki TR, S0 apichally B QVardBA WA Ve
. up to five similar or different substituents independently selected from the group ; | '
_ cprpsisting of such as hydroxy, C;-Cg alkyl, C;-Cs alkoiy, C)-C alkoxy C;~C5 alkyl,

15 Cng alkanoyl, amino, halo, cyano, azido, 0xo, mercapto and nitro, and the like.

Most preferred compounds of the formula I are those where R,is .
-C(O)CH(CHj3)2)NH; or -C(O)CH(CH(CH;)CH;CH;)NH; and R; is ~-C(0)Cy-C n-
saturated alkyl. ' - |

20
The term "lower alkyl™ as used herein refers to straight or branched chain alkyl
radicals containing from 1 to 7 carbon atoms including, but not limited to, methy],
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, n-pentyl,
I-methylbutyl, 2,2-dimethylbutyl, 2-meﬂ1ylpémyl, 2,2-dimethylpropyl, n-hexyl and

25  thelike.

The term "N-protecting group™ or "N-protected” as nsed herein refers to those
groups intended to protect the N-terminus of an amino acid or peptide or to protect
an amino group against undesirable reactions during synthetic procedures. |

30 Commonly used N-protecting groups are disclosed in Greene, “Protective Groups in
Organic Syhth&sis" (John Wiley & Sons, New York, 1981), which is hereby
incorporated by reference. N-protecting groups include acyl groups such as formyl,
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vivo (e.g. by xanthine oxidase) to the guanine form 25 The conmpound
of formula I may be present in racemc form that is a mxture of the
2R and 2S isoners. Preferably, however, the compound of forrmula | has at

| east 70% preferably at least 90% R form for exanple greater than
95% Mbst pr ef wo3bo0st the conpound of fornula | is enantrcarsepiesdtl v
pure R form 30 Preferably the am nogacid of group Rlerr]/Rerr] is

"derived.froman L-am no aci d.

7 Pr ef er abl e fat aci f total an
even nunber of céf%@ o}'M‘aR’B'*'rgqu B'ﬁ[lﬁ%;ol’l’écﬁp%’g rﬂmgmgrr]), | auryl
(qerr]), nyrist wﬂu&& rﬁﬁ&xior&%h RFﬁmhl (Ghﬂiddu)moxyacezyl&i-aﬁéﬁbﬁt (yﬂ err]) or

ei cosanoyl (Cerr]). usef ul err / Rl err] groups include yl,

hexanoyl , oct anoWW' 6’@ @Wﬂ@bﬂ'&@’f‘?""“m tAnitrobengeyly andthe lfke; ﬂ“@ﬂ!‘]
groups include t %ﬁtﬁgl cglagﬁéﬂﬂxfcgulf({ngﬂ?%ﬁé&gﬁf&&p andHhE iR, Q:!n% @hﬁfonm:hg o1 C.

pal mtol eic, pal n6- oct a enol ¢ oleic, 'elal
erucic or bradsi graupasicias bmmbwmdmnylapﬂuomlwykawmt ers t ypi cal I y

have the doubl e ho nfL rat re the r]-e,
[err]-9 or 'P‘?'roﬂ%f&%&(’&?%g% Yo BT OXK%ML '“?H?%%ﬁz %ﬁ abl y
Hme R][err] /q Rl er ]r]p-lgmu&mﬁomwmg 34-d1méﬂid;§rba:zjrlai(§jic¢rlbgﬁyld WQ' ch conpri sei ha
err] to (Jerr] sat ; nounsat ur at e a e
saturated or unséf'E}F %"?zéﬂ"ﬁ‘y"/c"gﬂ“éi i '7'?({’ y‘fi’ﬁth\'/‘%ally be
substituted withsa S-mméll%)&ﬁerfzyl\éﬁyci{-ﬂ&&lal{ﬂbxpﬁéﬁyﬂﬁf-ﬁ%eﬂ@!ﬂ%ﬁi yé ARy S

I ndependently selected fromthe group consi sting of such as hydroxy

Clerr]-Cerr]t0al @udlwlr%i-@@mory@mcha@p@ﬂrqmqyéryﬂquaarhw
|
oo, oxo, " rer carsisnyGabony b e icblcrblotihday BB SoproBloffiapdBy, B0

conpounds of t he dtimxyedrizonyl, avethokyrasenyl ellydoxyparboryl,i 22 ,2-trichloroethoxycarbonyl,
phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl,

cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl,
" 15 . phenylthiocarbony, and the like; alkyl gropus such as benzyl, triphenylmethyl, i
~ benzyloxymethyl and the like; and sily] groups such as trimethylsilyl and the like.

Favoured N-protecting groups include formyl, acetyl, benzoyl, pivaloyl,
t-butylacetyl, phenylsulfonyl, benzyl, t-butoxycarbony! (BOC) and
benzyloxycarbonyl (Cbz).

20
The term "activated ester derivative” as used herein refers to acid halides such as
acid chlorides, and activated ésters including, but not limited to, formic and acetic
acid derived anhydrides, anhydrides derived from alkoxycarbonyl halides such as
isobutyloxycarbonylchloride and the like, N-hydroxysuccinimide derived esters,

25  N-hydroxyphthalimide derived esters, N-hydroxybenzotriazole derived esters,
N-hydroxy-S-norbomenc-Z,3-dicarboxamide derived esters, 2,4,5-trichlorophenyl
derived esters and the like. |
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-C(OCHCH CH err])[err])NH err] br
-C(OCHCHCHerr])CH err]CH err])NH err] and Rlerr] is -C(O(derr]-Cerr]

saturated al kyl. 20 The term "l ower al kyl" as used herein refers to
straight or branched chain al kyl radi cals containing froml to 7
carbon atoms i ngygehsegsy but hot limted to, nethyl, et REITSENNA243py |

| so-propyl, n-butyl, iso-butyl, sec-butyl, tgbutyl, n-pentyl,
1-net hyl butyl, 2, 2-di met hyl butyl, 2-nmethyl pentyl, 2,2-dinmethyl propyl,

n- hexyl and 25 't egl i i?%’f’ P%%““"";E%qti{’{g‘édg "N protecting group" or

"N protected" as ers groups intended to
protect the N-ternRyss[2qbutptyloxyinehyldi(U-isnlenpyipty)uetyldguasioe,pr ot ect an

Comonty used N pr OB pog BupR Ry e S b HOR MR of cot | ve
\?h?gﬁsi isnher eby &)%ﬂ-@ﬁ%%%@éﬁ%@%@ﬁ%ﬁ&ﬁuﬁ@gﬁgﬁ¥Vi :gr Sr oﬁ ggl .
T G071 0024 - val Qul e faout vl acetyl.

2-chl oroacetyl, 2- 990??5"&@6%9‘?",‘&” '2‘{]‘?4?@@81‘)5%%%9)",“%]3\”8 or oa)c/et yl,

pht hal yl, o-nit rOp@%%Q%EBMM%&@FM‘T& aﬂéﬂ&&ﬁﬁé&x’i)but{l%guaniﬁénzoyl ,

4- chl or obenzoyl, 4- nzoyl nitrobenzoyl, and e |ike; sulfonyl

groups such as ben{Rp®#u{li-isoleicylony)-2{tetesesmbyloxymhethyl)buyllguanineke, car bamat e
b=t hoxy beneyl oxy SRP R g-BoREaR L e ptetpu B oo Tedandsey 2 21!
2-ni t r obenzyl oxpCaiRPRYA-(L-isolencyfixy)-2{RRRABGNbAS et iyIBity]|guanine, :

3, 4- di met-hoxybenzyl oxycarbonyl , 4-nethoxybenzglox car bonyl ,
2- ni t r o- 4, 5- di et h@Ry3dxteitasanpylaxymnstyyi)-4-(L-isoleucyloxy)butyl]guanine,

o Lerr] . Lerr di nEFRYE ey B4R R TBlanie =t Ny carbonyt.

benzhydryl oxycar borgh.p-{4-(L-isoleucyloxy)-2-{(9-tetradecenoyl)oxymethyl)butyllguanine, :
o (R)-9-[2—((9-hexadecenoyl)okymethyl)-4—(L-isoleucyloky}butyl]guaninc,
15' (R)-9-[4-(L—isoleucyloxy)-2-((6-octadecenoyl)oxyméthyi)butyl]guaxﬁne.
| _ (R)-9-[44(L-iSOleucyloxy)-2-((9-octadecen0yl)oxymethyl)—butyl]guanine,
 (R)-9-[2-((1 ! -eicosanoyl)-oxymethy])-4-(L-isoleucyloxy)butyljguanine,

(R)-9-[2-((13-docosenoyl)-oxymethyl)-4-(L-isoleucyloxy)butyl]guanine,
(R)-2-amino-9-[2-(butyryloxymethyl)-4-(L-isoleucyloxy)butyllpurine,

20 R)-2-amino-9—[2—(4—acetylbutyryloxymethyl)-4-(L-isoleucyloxy)butyl]purine.
(R)-2'-amino-9—[2-(hekanoyloxymethylH—(L-isoleucyloxy)butyl]puriné,
(R)-2-amino-9-[4-(L-isoleucyloxy)-2-(octanoyloxymethyl)butyl]purine,
{R)-2-amino-9-[4-(L-isoleucyloxy)-2-(decanoyloxymethyl)butyl]purine,
(R)-2-amino-9-{4-(L-isoleucyloxy)-2-(dodecanoyloxymethyl)butyl}purine,

25  (R)-2-amino-9-{4-(L-isoleucyloxy)-2-(tetradecanoyloxymethyl)butyl]purine,
(R)-2—amino—9-[4-(1fisoleucyloxy)-2~(hexadccanoyloxymemyl)butyl]purine.
(R)-2-amino-9-(4-(L-isoleucyloxy)-2-(octadecanoyloxymethyl}butyljpurine,
(R)-2-amino-9-[4-(L-isoleucyloxy)-2-(eicosanoyloxymethyl)butyljpurine,
(R)¥2-amino-9-[2-(eicosanoyloxymethyl)-4_-(l:isoleucyloxy)butyl]purine.

3 (R)-2-amino-9-[2-(docosanayloxymethyl)-4-(L-isoleucyloxy)butyl]purine,

SUBSTITUTE SHEET (RULE 26)



t - but oxycar bonyl, diisopropyl net hoxyear bonyl, i sopropyl oxycarbonyl,

et hoxycar bonyl, nmet hoxycarbonyl, allyl oxycarbonyl,

2,2,2-trichl oroet hoxycarbonyl , phenoxycar bonyl ,

4-ni trophenoxycar bonyl, fl uorenyl -9-met hoxycar bonyl

cycl opent yl ox 873008y | , adamant yl oxycar bonyl, cycl ohexyl oxy®&TISEsi024115
phenyl t hi ocarbonyl, and the |ike; al kyl gnepus such as benzyl,

tri phenyl nmet hyl , benzyl oxynet hyl and the like; and silyl groups such
as trinethyl sil yR).2Qhi ' i ncl ude
formyl, acetyl, g?anzoy‘lwgbrgdlpgkgdgu cyloxyfﬂ?”%tﬁa?;&lﬂg%gﬁﬁ&mﬂ%ﬁ@&ﬁ?eo,nyl ,
benzyl, t-but oxymbmm;d@-(m-ﬁcmdebenoyl)oxymﬂh)ﬂM%&Mdmyiy*y)b\@ﬂpurine.o

such as oo ARG anie iRt Sliesnndet B Dorrorh i P ot
limted to, fornRS23REnA0- @Lu.c,soleucynox%n-@(g%faua&ﬂoﬁmyﬂ&hﬂmynﬁﬂha{éﬂr i des

derived from al koxycar bony I dés Such
i sobut yl oxycdr bdﬂ}ﬂ@hﬂm—?@((&hdlcomyllmmetwlhﬂ'&mwwQxyt)bmyldjmmiarurved

Gor et osters, 0o PeHRRTAI Y SEssonihmREs S a drusi it ega vea

esters, 2,4, 5-t rindktieiphamaidsitically accep(ﬂBlElsMﬁd esters and the |iKke. WO
97/ 30051 : .
PCT/ SE9Q7/ 00241 9 Preferred

conpounds of f orgydngr grefeRéd sthpounds include:
(R -9-[2- (butyryl oxymet hyl)-4-(L-1 sol eucyl oxy) but yl ] guani ne,
(R)-9-[ 2- (4- !ﬂ:et(ﬁ)-@dﬂ;(bmxvlmymhylWLWWMY)bwugmm)zbut yl] guani ne,

(R)-o- [ 4 ( L-1 ool U SEpebusm RSP Ay e e ne.
(R -9-[4-(L- '30|®%‘Iﬁwan(?ﬂxgﬁﬁﬂﬂﬂw%|%’@)ﬁtﬂ adidg@uani ne,

(R -9-[4-(L-1sol eucyl oxy) ecano met hyl ) butyl ] guani ne,
(R) - 9-[ 4- (L-i sol @rSledestanoy Y@Pthﬂbéﬁéﬂ' o3, t}ﬁw)nsutyl]guam ne,

(R-9-[4-(L-isol &i@h&%@y}&}ﬁféﬁ?ﬁ&%%&ﬂ&&&%&ﬂ%a}n‘?ﬁﬁy' ] guani ne,
15 (R)-9-{2-(dodecanoyloxymethyl)-4-(L-valyloxy)butyllguanine, ‘
(R)-9-[2-(tetradecanoyloxymethyl-4-(L-valyloxy)butyljguanine, -
' (R)-9—[2—hexadecanoyIoxymethyl)—4-(L-_valy}oxy)butyl]guanine, _
| (R)-9-[2-(octadecanoyloxymethyl)-4-(L-valyloxy)butyl]guanine,
(R)—9;[2-(eicosanoyloxymethyI)—4-(l}valyl'oxy)butyl]guanine.

20 . (R)-9-|2-(eicosanoyloxymethyl)-4-(L-valyloxy)butyl] guanine,
(R)-9-[2-(docosanoyloxymethyl)-4-(L-valyloxy)butyl Jguanine,
(R)-9—[2-((9—tetradecénuyl)oxymcthylH—(L-valyloxy)butyl]guanine, _
(R)-9-{2-((9-hexadecenoyl)oxymethyl)-4-(L-valyloxy)butyllguanine,
(R)-9-[2-({6-octadecenoyl)oxymethyl)-4-(L-valyloxy)butyi]guanine,

25  (R)-9-[2-((9-octadecenoyl)oxymethyl)-4-(L-valyloxy)-butyl]guanine,
{R)-9-[2-((1 1-eicosanoyl)oxymethyl)-4-(L-valyloxy)butyljguanine,
(R)-9-[2-((13-docosenoyl)oxymethyl)-4-(L-valyloxy)butyl}guanine,
(R)-2-émino-9-[2»(bmyryloxymethyl)-d-(L-valyloxy)butyl}purine,
-(R)-2-amino-9-[2-(4-acetylbutyryloxymethyl)-4-(L-valyloxy)butyl]purine,

30 (R)-2-amino-9-[2-(hexanoyloxymethyl)-4-(L-valyloxy)butyl}purine,
(R)-2-amino-9-[2-(octanoyloxymethyl)-4-(L.-valyloxy)butyl]lpurine,
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10 (R)-9-[4-(L-isol eucyl oxy)-2-(octadecanoyl oxynet hyl ) butyl ] guani ne,
(R -9-[2-(ei cosanoyl oxymet hyl ) - 4- (L-i sol eucyl oxy) butyl ] guani ne,
(R)-9-[2-(docosanoyl oxynet hyl ) - 4- (L-i sol eucyl oxy) but yl ] guani ne,
(R -9-[4-(L-isol eucyl oxy)-2-((9-tetradecenoyl)oxynet hyl ) butyl ] guani ne,
(R) - 9-[ 2- ((9- hax@ens®estoy| ) oxynet hyl ) - 4- (L-i sol eucyl oxy) but yl ] $18024} 5
(R)-9-[4-(L-isol eucyl oxy) - 2- (( 6- oct adecenoy!) oxynet hyl ) but yl ] guani ne,
(R -9-[4-(L-isol eucyl oxy) -2-((9-oct adecenoyl ) oxymet hyl ) - but yl ] guani ne,
(R-9-[2-((11-ei cagmhbmxmmwnﬂhynmmybmmwmmguam ne,
(R-9-[2-(( 13-docosenoyl)-oxynet hyl -isol euc | oxy) but yl.] guani ne,
(R) - 2- ami no- 9- [ 2- {RicA-3mippPririfedeganpy Kmeq‘lé'b'f‘éﬁw 3/ tpEgeur i ne, 20
R) - 2- 9-[2- I tyl i ne.
(R 2 am no- o- | 2. (MRS S RGPty d B V] Purt ne
(R) - 2-anino-9-[ 4- (Rlﬁz-aﬁinetscw(ﬁwhecan6Mmﬂwl)wamm*9)wmﬁu]mw! ne,
(R)-2-am no-9-[4-(L-isol eucyl oxy)-2-(decanoyl oxynet hyl ) but yl ] puri ne,
(R) - 2-am no- 9- p4- 2@3‘%‘61“@&{% @@OQ’WM@E@M%&W? &P?‘Bﬁ?‘iﬂ“ﬁpum ne, 25
R) - 2- am no- 9- [ 4- ' tyl rine,
(R)-Z am no- 9- %4 E%’dfso gﬁt% ’%%%- % xagel}cagoy*gxymﬁﬂﬁegy?{] {oglrjl Ine
(R)-2-am no-9-[ 4- (&yz-sulmma:m(mm(mymmﬂmmmwmuw ] purine,
R) - 2- 9-[4-
(R 2. am no- o- | 2. (RrEaume o eaigrobsemeati-tEy Ry b  ne.
(MFg) 9%/ g(r)no no- 9-[2- (ﬂpﬁ%ﬁﬁ@’ {20y HEaB ko fhyohmbih ) QUEN Ry SHbiyTfphitht | Ne.

PCT/ SE97/ 0024110 (R)-2—ammo-9-[2-((6-octadecenoyl)oxymemyl)-d,-(L-valyloxy)butyt]punne,
(R)-2-am no-9- 1 4- (s oL U0 Y] A NG EEARTEL AL RS iRl Y1 T Pur
(R) 2-am no- 9- | 2- Qkﬁzlaﬁ%,ﬂﬁmawv-kk@ewﬁwwxﬁeﬁwm—(mh? %y)bat ny EYdr] puri ne,

(R)-2-am no-9-[4-(L-i sol eucyl ox ('6- oct adecenoyl ) oxymnet butyl ] puri ne
(R)-2-amino-9-{2-((1 -d senoyl)-oxymethyl) -valyloxy)butyl]pnnne,

(R) 2- ami no- 9- [ 4- (aha(ﬁglpgmm%xmfacgﬁabqg;ﬁgecenoyI ) oxymnet hyl ) butyl ] purine
(R) 2- am no- 9- [52 ((11- ei-cosanoyl ) oxymet hyl ) - 4- (L-i sol eucyl oxy) butyl ] puri ne,

(R) _2- ani no- 9- [ 2- (Qhes PRferRasompeyns Pk farmplaLioclade: <o eucyl oxy) but yl | pur i ne,
(R)-9-{4-(butyryloxy)-2-(L-valyloxymethyl)butyilguanine,
(R)-9-[4-(4-acetyTbutyryloxy)-2-(L-valyloxymethylbutyl]guanine,
(R)-9-[4-(hexanoyloxy)-2-(L-valyloxymethylbutyljguanine,

20 (R)-9-[4-(octanoyloxy)-2-(L-valyloxymethyl)butyljguanine,
(R)-9-[4-(decanoyloxy)-2-(L-valyloxymethyl)butyl}guanine,
(R)-9-{4-(dodecanoyloxy)-2-(L-valyloxymethyl)butyl]guanine,
(R)-9-{4-(tetradecanoyloxy)-2-(L-valyloxymethyl)butyl]guanine,
(R)-9-[4-hexadecanoyloxy)-2-(L-valyloxymethy!)butyllguanine,

25  (R)-9-[4-(octadecanoyloxy)-2-(L-valyloxymethyl)butyl)guanine,
(R)-9-{4-(eicosanoyloxy)-2-(L-valyloxymethyl)butyl]guanine,
{R)-9-[4-(docosanoyloxy)-2-{(L-valyloxymethyl)butyl]guanine,
(R)-9-[4-((9-tetradecenoyl)oxy)-2-(L-valyloxymethyl)butyl Jguanine,
(R)-9-{4~((9-hexadecenoyl)oxy)-2-(L-valyloxymethyl)butyljguanine,

30 (R)-9-[4-((6-octadecenoyl)oxy)-2-(L-valyloxymethyl)butyl]guanine,
(R)-9-{4-~((9-octadecenoyl)oxy)-2-(L-valyloxymethyl)-butyllguanine,
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and their pharmaceutically accepabl rther preferred
conpounds i nclude: 10 ng bﬁEET HAS BEEﬁ P
(R -9-[2-(butyryl oxynet hyl)-4-(L-valyl ox i e,

(R -9-[2-(4-acetyl butyryl oxymet hyl)-4-(L-val yl oxy) butyl ] guani ne,

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(R) - 9- [ 2- (hex=mogm3eosy et hyl) - 4- (L- val yl oxy) but yl ] guani ne, PCT/SE97/00241
R) - 9-[ 2- (oct anoyl oxynet hyl ) - 4- (L- val yl oxyigbut yl ] guani ne, '
g g %g-ggeganoyl oxymet hyl ) - 4- (L-val yI oxy) but yl ] guani ne, 15

- (dodec
R -9-[2-(tet ra?&gn%rgﬁ%%'ﬁwdﬁ? vﬁyﬁi %i‘%" gﬂialtl?\hlene
B[ 2. ?ﬁéﬁiﬁé?;‘”no“ﬁ oy ”‘“"’“’“2"’?““‘1’“"“‘"’"“""’“‘*’@1“‘“"“‘“
va

Eg g %g Eg: ggzaﬂ’é - Teﬁsﬁfﬁlm%wméﬂymi%‘ﬁ@%ﬁbﬁf'ﬁ@ ngo
R)-9-[2- (docosgﬁgy% oxygngfrﬁxl ) - _l%{tyfégxﬁ%%ﬁt{%ﬁ]guamﬂ?{gpunne,
g g %3 Egg sh et tr?@m?yfmqmﬂmfﬂumwmywmw&mmuan| ne,

exadecenpoyl ) oxyne va uani ne,
R) - 9- [ 2- (( 6- oct Tl emEM Wyﬁé‘v’ﬁtjlﬁ* *%rﬂ(' '#81‘%‘% 4
el L R R
R)-9-[2-((11-ei cosanoyl ) oxynet hyl)-4-(L-valy oxy%ll uty guanl ne
% g grzn g E) 18 Fgﬂb)sbmy@%&éy@eddqwoymw@ﬂvaﬂ)ﬂp IBRriEsi ne,
R) - 2- am no- 9- [Zgé‘) EM E%W%&VM#@¥? %y@ﬁ%@ﬁi?ﬂu@#ﬁﬁ%& ] puri ne,
R) - 2- ami no- 9m[ 2{RPEAAHOS- K emdbahha,yl Ja-(v.alabyldaymw\ynw:ﬂlmumﬂe
R) - 2- am no- 9- [ 2- (‘oct anoyl oxyrret hyl )-4-(L-val yl oxy but urjne,
97/ 30051 _ (R)-2-ammo-9-[4—(octadecanoyloxy)-2-(L-valyloxymcthyl)- tyl purine,

PCT/ SE97/ 00241
" (R) - 2- ani no- 9-[ 2- (Fh%a s &4‘§/°‘°°t°“’ﬁ‘ Ylfxg-z-%-vagil ’8‘%&")"8"‘%‘&'9‘]“5‘3&%&

(R)-Z-amino-9-_{,4-(docosanoyloxy)-2-(L—valyloxymethyl)butyl]pnrine,
(R)-2-amino-9-[4-((9-tetradecenoyl)oxy)-2-(L-valyloxymethyDbutyl]purine,
o is | (R)-2-amino—9—[4-((9-hexadecenoyl)oxy)-Z-(L—valyloxymethyl)butyl]puriné.
| (R)-2-amino-9-[4-{(6-octadecenoyl)oxy)-2-(L-valyloxymethyl)butyljpurine,
.(R)-2-amino—9—[4-((9-octadecenoyl)oxy)-2-(L-vaiyloxymemyl)butyl}purine.
(R)-2-amino-9-[4-((1 1-eicosenoyl)oxy)-2-(L-valyloxy)butyl]purine,
" (R)-2-amino-9-[2-((13-docosenoyl)oxymethyl)-2-(L-valyloxy)butyl]purine, or

20  and their pharmaceutically acceptable salts.

The compounds of formula I can form salts which form an additional aspect of the
invention. Appropriate pharmaceutically acceptable salts of the compounds of |
formula I include salts of organic acids, especially carboxylic acids, including but
25 not limited to acetate, trifluoroacetate, lactate, gluconate, citrate, tartrate, maleate,
malate, pantothenate, isethionate, adipate, alginate, aspaﬂaie, benzoate, butyrate,

digluconate, cyclopentanate, glucoheptanate, glycerophosphate, oxalate, heptanoate,

hexanoate, fumarate, nicotinate, paimoate, pectinate, 3-phenylpropionate, picrate,
- pivalate, proprionate, tartrate, lactobionate, pivolate, camphorate, undecanoate and
30 succinate, organic sulphonic acids such as methanesulphonate, ethanesulphonate,

2-hydroxyethane sulphonate, camphorsulphonate, 2-napthalenesulphonate,
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dodecanoyl oxynet hyl

( ) -val yl oxy) butyl ] puri ne,
(t et adecanoyl oxynet hy

( y

(

(L-val yl oxy) butyl ] puri ne,

(L-val yl oxy) butyl ] purine, 5
- (L-val yl oxy) - but yl ] puri ne,

val yl oxy) but yl ] pur iP€3/SES7/00241

4- (L
1)-4
hexadecanoyl oxymet hyl ) - 4-
1)-4
0 etamostanoyl oxynet hyl ) 4- (L-
docosanoyl oxynet hyl ) - 4- (L-mgal yl oxy) but yl ] puri ne,
(9-tet radecenoyl )oxyrret hyl ) -4-(L-val yl oxy) butyl ] puri ne,

2-(

2-(

2- zgﬁéﬁ%ﬁﬁ 10
2- E%% oct adecenadyl) ox met Qéqlﬁhoﬂatéknd’ﬁ-kdlyllhg%dgg?& }agﬂ;: gg

2-(

2-(

2-

2-

2-
| 2- (oct adecanoyl oxynet hy
- 2-am no AV

JIIBIILIIBBIDD
R
Q
3

0-9-[
0-9-[
0-9-[
0-9-[
9-[
0-9-[
0-9-{
0-9-[
0-9-[
-9-[
9-[

- 2- am: {norganit acide gy ')Ydmhbtldﬂy hydto!emmvm Pydmipglide, sulphite.ur i ne,
(R)- 2- am no- o- | 2. ( iHSp e BEERAY e, HRAEMK prdotds YEpphamitinadgRtiads,
and their phar maceHydroeliboric eidsajy abtanveritits. 15 O her preferred
conpounds of formula | include:

(R-9-[4- (butyr?l oxy) - 2- (L-val yl oxymnet hyl ) but yl ] guani ne,

(R-9-[4-(4-acetyl frug oﬁifdé)of?oﬁxhﬂ mwmmw&awﬂt&gmammundsome
(R) - 9-[ 4- (hexanoyl oxy) - 2- (L-val yl oxynet'h butyl] uani ne, 20

[ 4- (oct anoy| 8Wgition may b isolatedhin prys % PrefeERly hampgenous crystals, and thus

4-(d I
L4 (dodecanog kadifoogtesidet 4t B ol pid J“‘;??‘“E%‘ﬁ?’ of Formula Lin
[ 4- (tetradecamwnﬂliy)pu&mﬂaumeﬂmxmmg) fefruably »0%

4-h d
e e R sk BT o r%gﬁogﬁflﬁgs Huatine
[ 4- (el cosanoydaeerigl.- 2- (L- val yl oxymnet hyl ) but yl ] guani ne,
[ 4- (docosanoyl oxy) - 2- (L-val yl oxy nethyl) butyl ] guani ne,
[ (9-tetradecenoyl ) oxy)-2-(L-val yl oxynet hyl ) but yl ] guani ne,
[
[
[

(

( ('9- hexademe Bsht &ﬁwaf&xﬁ#enu&l e PEBEAANY suited to)drd) GRRiRRAtion, Bt
((6-octadecenoyl ) oxy) - 2- (L-val yl oxynet hyll;,but_yl J guani ne,
(

( 9- oct ad&@ﬁ&?lb?wsmm%WyYWHﬁW

15 parenterally, for i instance intramuscularly, intravenously or epxdurally. The

-9-
-9-
-9-
- 9-
-9-
- 9-
-9-
-9-
-9-
- 9-
- 9-
-9- lyor

E@E@@E@E@E@E

(
(
(
(
(
(
(
(
(
(
(
(

4-
4-
4-
4-
4-

_ compounds may be administered alone, for instance in a capsule, but will generally
be administered in conjunction with a phannace-utically acceptable carrier or diluent.
The invention extends to methods for preparing a phaxmaéentical composition
comprising bringing a compound of Formula I or its pharmaceutically acceptable
20 saltin conjunction or association with a pharmaceutically acccptablc catrier or
vehicle.

- Oral formulations are convenieﬁtly prepared in unit dosage form, such as capsules

or tablets, employing conventional carriers or binders such as magnesium stearate,

25 chalk, starch, lactose, wax, gum or gelatin. Liposomes or synthetic or natural
polymers such as HPMC or PVP may be used to afford a sustained release
formulation. Alternatively the formulation may be presented as a nasal or eye drop,
syrup, gel or cream comprising a solution, suspension, emulsion, oil-in-water or
water-in-oil preparation in conventional vehicles such as water, saline, ethanol,

30  vegetable oil or glycerine, optionally with flavourant and/or preservative and/or
emulsifier.
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AN

) - 2- ami
) - 2- am
) - 2- am
) --2- am
) - 2-am
) - 2- ami
) - 2- am
) - 2- am
) - 2- am
) - 2- ami
) - 2- am
) - 2- am

PR Y

S Y

) - 2- ami
) - 2- am
- 2-am
(R)-2-am
(R -2-am
20

Y

2y

of

" [4( R) -9-[4-( ('11 - ei cosenoyl ) oxy) - 2- (L-val yl oxymet hyl ) but yl ] guani ne.

((13-docosenoyl ) - oxy) - 2- (L-val yl oxynet hyl ) but yl ] guani ne,

no- 9-[ 4- (but yryl oxy) - 2- (L-val yl oxvret hyl ) but yl ] puri ne,

no-9-[ 4-(4-acetyl butyryl oxy)-2-(L-val yl oxynet hyl ) butyl ] purine, 5
no- 9wdlexestanoyl oxy) - 2- (L- val yl oxynet hyl ) but yl ] pur PCRISES7/00241

no- 9- [ 4- (oct anoyl oxy) - 2- (L-val yl oxgynet hyl ) but yl ] puri ne,

no- 9- [ 4- (decanoyl oxy) - 2- (L- val yl oxynet hyl ) but yl ] puri ne,

no- 9- [4- (dodecanoyl oxy) - 2- (L-val yl oxynet hyl ) butyl ] puri ne,

no- 9- [ 47id Rhipothai N M livertiordméy be/aimihisceyedat Mydilyaote/genprally e, 30
no- 9- [ 4- (hexadecanoyl oxy) - 2- (L-val yl oxynet hyl ) but yl ] puri ne,

no- 9- [ 4thé ange0d a2 mpkg/day advaniagegustyx ) dde ﬂgﬂ WE‘FS&%?!’]"M? i ne,

no- 9-[ 4- (fefié@gzanoyl o%)}l 2-(L- vallg):tg%ms% hﬂ%%&ﬁ%}g rine

no- 9- [ 4P KepPl®: :dQY-(SEGh,ag| ngé',hte for
n0- 9- [ 42 {§ial ShAAAREE AD6hA 9616 508 che 1A BIOSBE gy bicR ok WhibPpti! ne-

no- 9s [ 4a§y(n§f Wﬁm&mym@m 102 1rfds thid iddage FoT BT Mdfedtiohy. | puri ne,
no- 9- 14- (°( 6- oct adecenoyl ) oxy) - 2- (L- val yl oxynet hyl ) but yl ] puri ne,
no- 9-[ 4- ((9- oct adecenoyl ) oxy) - 2- (L-val yl oxynet hyl ) butyl ] puri ne,
no-9-[4-((11 -ei cosenoyl )oxy)-2- (L-valyl oxynmethyl)butyl]purine,

no- 9- [ 2 As(simudrst incantivigal thexapyethn gempaounds of the inventipnse8a B8 | puri ne, or

d thei h jcal]) I . h
formuta 1 can 1 oAREArEd (epmhiadi i SRkl deents susbes aefari T OUnCS O
i nventi on.

Appr j . ' i . f ; d
For il o leftiGif BEICRER bk toots, BERFAOAEAR i Bhidtued] el DD OIS

aci ds, incl udpng fhhmeand theQike ForHechRe indRafeiiant AZT, adlf 4dQdIT3TAL €,

| act at e,

gl uconat e,

citrate, tartrate, nuleate, mal at e, pant ot henat e,

i set hi onat e, adi jescametatitpnadr, indinksirasaquinavir, delaviodine, Visiex Woud &8, Agouron

AG1343 and the like for retroviral indications.

The compounds of the invention can be prepared de novo or by esterification of the
15 H2G parent compound which is prepéred. for example, by the synthesis
methodology disclosed in European Patent EP 343 133, which is incdrporated
herein by reference.

A typical reacﬁon scheme for the preparation of H2G is depicted overleaf:

. SUBSTITUTE SHEET (RULE 26)



di gl uconat e, cycl opentanate, glucoheptanate, glycerophosphate, oxal ate,
hept anoat e, hexanoate, fumarate, nicotinate, pal nbate, pectinate,

3- phenyl propi onate, picrate, pi val ate, proprionate, tartrate,

| act obi onate, pivol ate, canphorate, undecanoate and 30 succi nat e, .
organi ¢ sul phomwa978etstis such as met hanesul phonat e, et hanesul F%3fEP1D0241

2- hydr oxyet hane sul phonat e, canphorsul phonafe, 2-napthal enesul phonate,

WO 97/30051 . . .
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benzenesul phonat e, p-chl orobenzenesul phonate and p- esul phonat e; and

i norgani ¢ aci ds such as hydrochl ori de, hydrobrom dej_h drdi odi de, sul phate,

bi sul phate, hem sul ph pocyanat e, fgersul phati phosphoric and
sul phoni ¢ aci ds. Hy#tir oghl ori c acid salts are gonvenilent. The
conpounds of Fornula | yobe&o+sol ated as the hydr e conmpounds of the

invention may be isolated in crygtal form preferablg )genous crystal s,
and t hus an addi tonal aspec} of the invention prd¥ides the conpounds
of Formula | in subst ant i B?Are crystalline form conprising >70%
preferably >90% 10 Ronogeneousx gt al line maderial for exanple >95%

honogeneous crystatt+rme—* Habt'er i
invention are particularly suidoeg
be adm nistered rectally, vaginall
15 parenterally, for instance intr

| . € colrpounds of the

oral adm nistration, but may al so
, hasally, topically, transdernmally or
scularly, intravenously or

epidurally. The conmpounds may be adm ni stered al one, for instance in a
capsul e, but will genewglly be adm nistered in@onjunction with a
pharmaceutically acc abye carrier or diluent. N R i nvention extends
to methods for pr epa;ii ng & pharmaceutical conposi PI onJl Y conprising :
bringing a corrpoury@N nFoNmula | or its phay maceyf accept abl e 20

0
salt in conjunction or.asqociation with a phar nac%ti cal\l y acceptabl e
carrier or . HO,

/ulu

OH ' _ OH

~ The condensation in step 1 is typically carried out with a base catalyst such as
NaOH or Na,CO; in a solvent such as DMF. Step 2 involves a reducfion which can -
be performed with LiBHJ;etrahydfofuran in a solvent such as t-BuOH. The
5  substitution in step 3 of the chlorine with an amino group can be performed under
pressure with ammonia. Step 4 employs adenosine deaminase which can be |
conveniently immoBilized on a solid support. Cooling the reaction mixture allows

unreacted isomeric precursor to remain in solution thereby enhancing purity.

10 Starting materials for compounds of the invention in which Rj is hydrogen
may be prepared as shown in European Patent EP 186 640, the contents of
which are incorporated herein by reference. These starting mamﬂals may be
acylated as described for H2G below, optionally after protecting the purine 2-
amino group with a conventional N-protecting group as defined above,

15  especially BOC (t-BuO-CO-), Z (BnO-CO-) or PhyC-.

SUBSTITUTE SHEET (RULE 25)



vehi cl e. Oral fornul ations are conveniently prepared in unit dosage

form such as capsul es or tablets, enploying conventional carriers or
bi nders such as nagnesi um stearate, 25 chalk, starch, |actose, wax, gum or
gel atin. Liposonmes or synt hetlc or natural - pol ymers such as HPMC or
PVP may be usewoawsesi ord a’ sustai ned rel ease f or mul at POTYSE97/00241

Alternatively the fornulation nmay be presented as a nasal or eye drop,
syrup,. gel or cream conprising a soluti on suspensi on, emul si on,

oi l -in-water or ﬁpgmﬁ SHbed vehlcles
such as water, saﬁerfgm\ggl%nﬁgﬁgpemvht% E*@ Ii]mor, ?fgcderl ne, optionally
with flavourant dwim‘omﬁshmwmﬂ'e and/ or enul si fier.

97/ 30051

PCT/ SE97/ 00241 . . d 14 The
conpounds of the fRisshpeylatipnmethod i hi stered at a daily dose generally in
the range 0.1 Yo 200 ng/ kg/ day, advg&qgaegusly 0.5 to 100 ny/ kg/ day, nore
preferably 10 to 50ng/ kg/ day, such o 25 ng/kg/ day. A typical dosage
rate for a normal adult will be around 50 to 500 ng, for exanple 300
ng, once or twice per 5 day for herpes NMPrEgtions agl 2 to 10 tines

this dosage for H V infectionst | prdent | n jantiviral therapy,
the conpounds of t heHOW can. e in conbi nation
ovi

w th other antiviral agents, isuch as acyc é

= ‘\
OH

NHPG G /
R, 18] .
o o
)\ Deprotection
"Ry T

Formula |

Scheme A depicts the preparation of compounds in which R; is derived from
10 - the amino acid and Ra is derii/ed from the fatty acid, but the converse scheme
is applicable to compound§ where R, is derived from the farty acid and Ry is
 derived from the amino acid ester. In the variant specifically depicted in
scheme A above, G is guanine or 6-deoxyguanine, PG is an optional N-
protecting group or hydrogen, R,* is the valine or isoleucine side chain and
15 Ra™*is the fatty acid chain. H2G is depicted above as a starting material but
this of course may be optionally protected at R or the 2 position of the purine
with conventional N-protecting groups (not shown). The H2G (derivative)
reacts in the first step with an activated R; a-amino acid derivative, as further
described below, in a solvent such as dimethylformamide or pyridine, to give
20 amonoacylated product: The R, a-amino acid may be suitably N-protecied
with N-BOC or N-CBz or the like. Under controlled conditions, the ﬁrst
acylation can be made to predominantly take place at the side chain 4-hydroxy
group on the side chain of H2G. These controlled conditions can be achieved.

for example, by manipulating the reagent concentrations or rate of addition.

SUBSTITUTE SHEET (RULE 26)



val cyclovir, penciclovir, fanciclovir, ganciclovir and its prodrugs,
cidofovir, 10 foscarnet and the |like for herpes indications and AZT,

ddl, ddC, d4T, 3TC. foscanet, ritonavir, indinavir, saquinavir,

del aviridine, Vertex VX 478, Agouron AGL343 and the |ike for
retroviral i ndi Wexom30es: ' The conpounds of the inventi oRCESEINNE241
prepared de novo or by esterification of thar 15 H2G parent conpound which
i s prepared;—f.or--exanpl e, by the synthesis met hodol ogy di sclosed in

Eur opean Pat ent E%s&@ﬁll}%@the whjisitng héenh%g%vpé?{ngttﬁéiemperamre di‘%? fiethBide
ref erence. typi cal reactron sc reparation of H2Gis

dep| cted overl eaf: Of solvent. Themcgqq %@5 {ollowed by TLCto momtor the controlled
PCT/ SE9Q7/ 00241

conditions. : - 15
[err] .

5  After purification, the R; monoacylated compounds are further acylated on the
side chain 2-CH;0H group with the appropriate activated fatty acid derivative-
to give diacylated products using similar procedures as for the first
esterification step. The diester products are subsequently subjected to a
conventional deprotection treatment using for example trifluoroacetic acid,

10 HCl(aq)ldioxane or hydrogenation in the presence of catalyst to give the
desired compound of Formula 1. The compound may be in salt form
dependmg on the deprotecuon condmons

_ ' The activated Ry/R; acid denvat:ve used in the vanous acylations may )
15 comprisee.g. the acnd halide, ac:d anhydndc. activated acid ester or the acid in _
| the presence of coupling reagent, for example dlcyclohexylcarbodnnude,
‘where “acid” in each case repnesents the corresponding Ry/R; amino acid or
the Ry/R, fatty acid. Representative activated acid derivatives include the acid
“chloride, formic and acetic acid derived mixed anhydrides, anhydrides derived
20 from alkoxycarbonyl halides such as xsobutyloxycarbonylchlonde and the like,
N-hydroxysuccmannde derived esters, N-hydroxyphthahmxde derived esters,
N—hydroxy-S-norbomenc-Z,S-dxcarboxarmde derived esters,
24.5-trichlorophenol derived esters and the like.

SUBSTITUTE SHEET (RULE 26)



The condensation in step | is typically carried out with a base catal yst
such as NaCH or Na[err]CJerr] in a solvent such as DMF. Step 2

i nvol ves a reduction which can be performed with

LiBH err]/tetrahydrofuran in a solvent such as t-BuOH The 5

substituti on wopokei:3 of the chlorine with an am no group eaT/SEs7/QdRf or ned

under - pressure with amonia. Step 4 gnpl oys adenosi ne deam nase whi ch
can be conveniently inmobilized on a solid support. Cooling.the. .. . __.
reaction m xt ureBau.iI g‘f‘@tectionofth'é@fd@@ﬁﬁiﬁg h' aggg : Gp:Precursor to remain in

sol ution thereby™ : materials for conpounds

of the invention in which R3 is hydrogen may be prepared as shown in

Eur opean Patent EP 186 640, the s nten%s of whi ch are incorporated
herein by reference. These start ﬁﬁ"}?a erials may be acyl ated as

descri bed for H2G bel ow, optionally after prgfetf{ing the purine 2-

am no group with a conventional N protectinglg p as defined above, 15
especially BOC (t-BuO CO), (BnhO-CO-) or Ph[grr]CG. G

HO\/\.} > > Si-O\/\/‘ ——-—-—-b

OH , OH

) /lll"
/lm

o - ' :
S | o RS
: 0™ "R
o O\'/\j | L
0 &+ - . deprotection _
. E —_—— Formuia |
RS NHPG O
1 - :
O R,

5 . wherein G, PG, R,* and R,* are as described for scheme A.

Scheme B has been exeﬁtplified with reference to the preparation of 2
compound where R, is derived from an amino acid and R; is derived from the
fatty acid ester, but a converse scheme will be applicable to compounds where
10 Rais derived.from the amino acid and R, is derived from the fatty acid. This
scheme relies on regioselective protection of the H2G side chain 4-hydroxy
group with a bulky protecting group. In scheme B above this is depicted as
t-butyldiphenylsilyl, but other regioselective protecting groups such as trityl,
9-(9-phenyl)xanthenyl, 1,1-bis(4-methylphenyl)-1’-pyrenylmethyl may also be
15 appropriate. The resulting product is acylated at the side chain
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16 The
conpounds of the invention nay be prepared from H2G as described  bel ow
in Schenes A and B. A. Direct acylation nethod 5
Schermre A WO 97/30051 [err] SERERETROUML i ct s

the preparation of conpounds in which Rlerr¥ is derived from10 - the anino
acid and R err] .is derived fromthe fatty acid, but the converse schene

i s applicable to 2dmiroxymishyligaup usihganajogoss mdagenisand progedurchas dasenibedaci d and
Rlerr] is in scheme A above, but wherein the activated acid derivative is the Rp fatty

acid. for example, myristic, stearic, oleic, elaidic acid chloride and the like.
The thus monoacylated compounds are subjected to appropriate deprotection

5  treatment to remove the side chain 4-hydroxy protecting group which can be
done in a highly selective manner with such reagents, depending on the
regioselective prdtecting group, as HF/pyridine and the like and manipulation
of the reaction conditions, viz reagent concentration, speed of addition,
temperamre and solvent etc, as elaborated above. The then free side chain

10 4-hydroxy group is acylated with the activated o-amino acid in a similar way
as described in scheme A above. '

Additional techniques for introducing the amino acid e§ter of Ry/R,, for
instance in schemes A, B, C or D herein include the 2-oxa-4-aza-cycloalkane-

15  1,3-dione method described in international patent application no. WO
94/29311.

Additional techniques for intmducing the fatty acid ester of Ry/Ry, for instance
" in schemes A, B, C or D herein include the enzymatic route described in
20 Preparative Biotransformations 1.11.8 (Ed S M Roberts, J Wiley and Son,
NY, 1995) with a lipase such as SP 435 immobilized Candida antarcticus
{Novo Nordisk), porcine pancreatic lipase or Candida rugosa lipase.
Enzymatic acylation is especially convenient where it is desired to avoid N-

protection and deprotection steps on the other acyl group or the 'purine 2-
25  amine.

An alternative route to compounds of Formula I in v)hich Ry is hydrogen is to
6-activate the correponding guanine compound of Formula I (wherein the
amino acid ester mojety of R\/R; is optionally protected with conventional

30  N-protecting groups such as BOC) with an activating group such as halo. The
thus activated 6-purine is subsequently reduced to purine, for instance with a

palladium catalyst and deprotected to the desired 6-deoxy H2G di-ester.
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derived fromthe amno acid ester. In the variant specifically depicted in
schene A above, G is guanine or 6-deoxyguanine, PG is an optional N
protecting group or hydrogen, Rerr]* is the valine or isoleucine side
chain and 15 Rerr]* is the fatty acid chain. H2G is depi as a
starting nat &YQ ¥W3008t - this of course nmay be optional I%&M’@g'ed at
R3 or the 2 position of the purine i th conventional N-protecting
 groups (not shown). The H2G (derivative) reacts in the first step
with an activated Rerr] [err]-amno acid derivative, as further

descri bed below, in a solvent such as dinethylfo g@ﬁ)\rﬂg ¥iri d}‘ge,

give 20 a nonoAdyither aspegtobthedrventiopthyg preyid °5[°e’F"FE‘ AR BE
suitably N-protggah &ﬂ dsoffondmat,r}ohrpmor N-CBz or the like. Under

controlled conditions, the fir acyl ation can be nade to

predoni nantly take mmmeallmN-pmecgnmemwavdrwérp@x!yonsofaw@?@mé%n t he

si de chai n of H I opt s can be achieved. . for
exanpl e, %na F gttﬁﬁ%m?%e‘ #@5@3&*@3@ ce ?at ions or rate of addition.
WO 97/ 30051 b) . regioselectively acylating the compound of Formula 1 at the side chain

PCT/ SE97/ 00241 17

especi al |y of tAdYdpy SURYIhGHEAY by | owering the tenperature or by the
choi ce of solvent. Tn'j'&uémﬁilyw- fotdttddcvafisd dravsdehcing giduf, t o nonitor the

control |l ed condi ti ons. After Earrfrcaron t he {;
nmonoacyl at ed conpounds ar’@#‘r?!’%‘mlyﬂthﬂ“& cSaprat gmonounsgp\?@[eci Hin

2-CH err] OH group wi th th@ éﬁ@i—?ﬂh‘vﬁﬁ\ﬁ gctivated fatty acid derivative
to give diacyl ated products using simlilar procedures as for the first

esterification step. The iii)esegioselpstivd protecting grovpibsequent |y subjected to a
10T (aqy  di one. S gt BENaF Pt 2 eI BRRR AR 0 PV CEOTS Gi Ve
the  desired corrpoundn)(nﬁ optionally M- -frotedérbvatioepoisviduaineydefivative, @ral t f orm
depe ndi ng on .the deprot ect a%nop omﬂfy subsu?uted. saturated or monounsaturated Cs- -
15 o CaCOOH derivative;
| d) replacing the regioselective protecting group at Ry, if present, with
- i) an optionally N-protected valine or isoleucine derivative; or
if) an optionally substituted, samrated or monounsaturated Ca-
C;COOH derivative; and

20 e) deprotecting the resulting compound as necessary.

Schemes A and B above employ selective acylation to stepwise add the amino acid and
fatty acid esters. An alternative process for the preparation of the compounds of formula 1
starts with a diacylated H2G derivative, wherein both the acyl groups are the same, and
25 employs selective removal of one of the acyl groups to obtain a monoacyl intermediate
which is then acylated with the second, differing, acyl group in the same manner as
 Schemes A and B above.

Aécordingly a further aspect of the invention provides a method for the preparation of 2
30 compound of the formula I, as defined above, which method comprises
A) the monodeacylation of a diacylated compound corresponding to formula I

wherein R; and R, are both a valyl or isoleucyl ester (which is optionally
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The activated Rerr]/Rerr] acid derivative used in the various acyl ations
may 15 conprise e.g. the acid halide, acid anhydride, activated acid ester
or the acid in t he presence of coupling reagent, for exanple

di cycl ohexyl carbodi i de, . where "acid" in each case re he
correspondi ng ﬂ?ﬁgFTﬁ%{err]‘anino acid or the Rerr]/Rerr @E%%/
acid. Representative activated acid derivat?Ves include the acid
chloride, form.c and acetic acid derived m xed anhydri des, anhydri des

derived 20 from NipcorsteddiopaneyR1 ahd Ri aredothu cF(=3Ci-Saisensated oy wnomnsgtesaiedor i de

and the |iKke, . N inam de derived esters,
N- hydr oxypht hal i mwyﬁ%}%ﬁx@&s@&lﬁm

N- hydr oxy- 5- nor boBheneaciatinglihe ainis diserated eidel elidiy 4 tydrok e orsside chain

2,4,5-trichl henol deriyved est dthe |ik . 30051
PCT/ SEgr7} 802220'0 g-rtlx_gdmxfnr\rl:tgﬁ groeusﬁ “ﬁtrhsthg Qomspoendgnlg v%lyl. isoleucyl 01}?9.-.%% VI

protection of §hegmiied rmbhouhsdiyrdic@ optigAd Ribstituted alkyl; and
Schene B [err] |

Q) deprotecting as necessary.

This alternative process has the advantage that the preparation of the diacylated H2G
derivative is facile and requires little or no purification steps. Selective removal of one

10  only of the acyl groups of a diacylated H2G derivative can be achieved by manipulating
the reaction conditions, in particular the temperature, rate of reactant addition and choice
of base,

Compounds amenable to this alternative synthesis route are thus of the formula: _
H,N

RO

Ry

/Ilm

| . - TOR, |
15 2
where R, and R; are valyl or isoleucyl (which are optionally N-protected) or a
-C(=0)C3-Cy saturated or monounsaturated, optionally substituted alkyl: and R; is
OH or H.

20 For ease of synthesis in this alternative route, it is preferred that R, and R; are both
initially identical and are most preferably the same amino acid ester. Such a di-
amino acid ester will generally be N-protected duting its preparation and may be
used directly in this condition in the selective deacylation step. Alternatively, such
an N-protected di-aminoacylated H2G derivative may be deprotected and optionally

25  reprotected, as described below. The unprotected di-aminoacyl H2G derivative thus
comprises one of the following compounds:
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5 wherein G PG Rerr]* and Rlerr]* are as described for schene A
Schene B has been exenplified with reference to the preparation of a
conpound where Rlerr] is derived froman amno acid and R2 is derived from
t he fatty acid ester, but a converse schene will be ap

_ l.icable to
conpounds wheW®9IBOOSA R err] is derived fromthe anm no acid EFBSW’&W} i

derived fromthe fatty acid. This sciRéne relies on regiosel ective

" protection of the H2G si de chai n 4-hydroxy group with a bul ky

prot ecti ng gr ougRr)-bI2<LioERcBodReMyA{Lsisoleudyibrybugtigemine,
t- butyl di phenyl silyl, but other regioselective ]g&ot ecting groups such as

trityi, 0- (@@Hgﬂhvﬂyaﬁmghx,lp . -(L-valyloxy)butyl]guanine,
1, 1-bi s(4-met hyl ghgnyl.) - 4" k JEE&J? Ly T SRR ari ate. The
resulting pr oduc@??g%lla’}c‘?%e@g%lsgw% e s‘?éléqﬁegie}ﬁaﬁmﬁgu ] 97/ éigigSl
PCT/ SE97/ 00241 (R)-2-amino-9-[4-(L-valyloxy)-2-(L-valyloxymethy!)butyl]purine.
S

These unprotected H2G diacylated derivatives can be directly subject to selective
deacylation of one of the acyl groups (typically the side chain 4-position acyl)
followed by enzymatic acylation of the liberated 4-hydroxy as described above.
Alternatively, the unprotected H2G diacylated derivative can be re-protected and

10 then subjected to the selective deécylation. followed in turn by conventional
acylation with the fatty acid ester, as described in Schemes A and B. Conveniently,
such a reprotection step is done with a different N-protecting group. having
properties appropriate to the subsequent acylation. For example, it is convenient to
employ a lipophilic N-protecting group, such as Fmoc when preparing a di-amino

15 acid H2G derivative, as the lipophilic nature of the protecting group assists with
scparation of the acylated products. On the 6ther hand, the lipophilic nature of Fmoc
is of less utility when conducting an acylation with a fatty acid, and thus it is

convenient (o reprotect a diacylated H2G with an altemnative N-protecting group
" suchasBOC.

Tt will also be apparent that the preparation of the compounds of formula I can commence
with the novel monoacylated intermediates of step b i), ii) or iii) in the above defined first

method aspect of the invention. These compounds are thus of the formula:

Ra
‘ A\
LAY

H,N

R1°\/_\)

“OR,
25 where oneof R;andRsis

i) -C(O)CH(CH(CH3)2)NH; or -C{O)CH(CH(CH3)CH,CH;)NH,
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19 2- hydr oxynet hyl group using anal ogous reagents and procedures. as
described ~ in schene A above, but wherein the activated acid derivative
is the R[err]fatty acid. for exanple, nyristic, stearic, oleic, elaidic

acid chloride i ke. . The thus nonoacyl at ed conpou 'ﬁi,@%nnzg
subj ected,to a%& e deprotection 5 %reat ment to rerm\r}él"srt e Si 1e
chai n 4-hydroxy protecting group mhich can De done in a highly

sel ective -manner wi-th such rea nts ependi ng on the eqi gsel ective
protecting group, as HEVa{(FQl qm@%#@%@ﬁ%&“&l‘)’ﬂﬁ’sm“md of the
reaction conditions, %liye sagent co_ncentratl on, speed of addition,

t enperature and sol ven tc. as el aborated above. The then free side chain
10 4-hydroxy group |smaaydgmsdchtwi=ptotdcﬁgsmni)'vat ed [err]-amino acid in a

simlar way as degscr| e b Addi ti onal
t echni ques for introdu@‘f’ﬁB‘ %«3 é’ﬂ?&”sﬁ lag%’st er of Rlerr]/Rerr], for
instance in sclhenes A RBisGHOrH,D herein include the

2- oxa- 4- aza-cycl oal kane- 15 1, 3-dione nethod described in international
patent application no. WO 94/ 29311. Addi ti onal techniques for

i ntroducing the qusku“&ﬁ‘llﬁu%ttﬁfs ifdludt err]/Rlerr], for instance in
schenmes A, B, Cor D herein include the enzymatic route described in 20

Preparative Biot rdaksdz—hwdromthyl-i-it-lsuxléah@ymIMyliwamge W ey and Son,

NY, 1995) with a | Candi da antarcticus
(Novo. Nordi sk), pé#g?igh% f@”&yﬁ%ﬁn%’é%?wi%ﬁlggda rugosa | i pase.
Enzymatic acyl st i qR)-DJ2-5@onRtyy-449-0-phtng)kantieayloxy)butyligudniae,r ed to avoid
N- protection and deprotection stefs on the other acyl group or the
purine 2- 25 ani r(g)-9-l2-hydr°xym¢wérﬂ1(é-ﬂrba( ~methyipberyl}-b- conpounds of Fornul a |

in which R3 is hy activate the correpondl ng guani ne
conpound of Forwwﬁﬁg‘(;?nvé{g ?ﬁmt{ynguanﬁ)e ~amno acid ester noiety of
Rierr]/Rlerr] is ap)-9dpaldrxymeiiybdi(detandyldxydtmoliznanional 30 N-protecting

acti vat od 8- pur i ndRyE-&udBn i aer b B or | not ance wi t E“Z
pal | adi um cat a'lé’St(WZ%%Q}M)@Q-(E&&J&&&}T&W&@MEUWV H2G di -ester.
(R)-9-[2-hydroxymethyl)-4-(hexadecanoyloxy)butyl]guanine,
 (R)-9-[2-hydroxymethyl-4-(octadecanoyloxy)butyllguanine,
(R)-9-[2-hydr6xymcthyl)-'-4—(eicosanoyloxy)butyl]guanine,
(R)-9-{2-hydroxymethyl-4-(docosanoyloxy)butyl)guanine,

20  (R)-9-[4-hydroxy-2-(decanoyloxymethyl)butyljguanine,
(R)-9-[4-hydroxy-2-(dodecanoyloxymethyl) butyl]guanine,
(R)-9-[4—hydroxyé-(tetradqcahoyloxymethyl)butyl]guanine,
(R)-9-[4-hydroxy-2-(hexadecanoyioxymethyl)butyl]guanine,
(R)-9-[4-hydroxy-2-(o_cladecanoyloxymetl'xyl)butyl]guanine,

25  (R)-9-[4-hydroxy-2-(eicosanoyloxymethyl)butyl]lguanine,
(R)-9-{4-hydroxy-2-(docosanoyloxymethyl)butyljguanine,
(R)-9-[2-hydroxymethyl-4-(L-valyloxy)butyl]guanine,
(R)-9-[2-hydroxymethyl)-4-(L-isoleucyloxy)butyllguanine,
(R)-9-{4-hydroxy-2-(L-isoleucyloxymethyl)butyl]guanine,

30 (R)-9-{4-hydroxy-2-(L-valyloxymethyl) butyl]guanine.
(R)-2-amino-9-[2-hydroxymethyi-4-(L-valyloxy)butyljpurine,
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further aspect of the invention thus provides a nethod for the preparation
of the conmpounds of formula | conprising a) optionall
N- pr ot ect i ngMOa395F i ne 2 and/or 6 positions of a conpound P&r@g’%wl a |
wherein Rlerr] and Rerr] are each hydrog¥n; b) regi osel ectively

" acylating the conmpound of Formula 1 at the side chain 4- hydr oxy group

with either (R)-2-amino-9-[2-hydroxymiethydyi4-gpisoRacylony ) bitylipatieet ed val i ne or

i sol euci ne group, ) . i) an optionally substituted,
saturated or nuiRdGrasinerPd4-bydrogy-2-(l-isoleucyloxymethyDbutylipprnec#iq deri vati ve, or
iii) a regiosel ive DEQlect) QMR | ating at the side
chain 2-hydr oxy@é'?ﬁaﬁmg? 8&S&%o_@ﬁzgﬂQ/ﬂf}loxymethyﬁﬁuty!]pu?ﬁli(.) an optionally
N-protected-valine or isoleucine derivative, or i) an
optionally substituted, saturated. or nonpunsaturated Clerr]- 1

Clerr] COOH der i begigsglectively pmteﬁt):c?. ﬁ%‘%‘?‘ﬁ °T%‘§t°f@§$6t§’e_§%‘8¥ﬁe?/5§gr%ﬁ ecting
group at R err]ahové dédcABRTrst riidthdd aspect of the invention are also ndvii compopidsonal |y
N-protected valine or isoleucine derivative, or ii) an
optional | y subsUtsefeltcompounds thustircids; nonounsaturated err]-

( err] COOH deri yatd weq _&\%H : i hfisdl| ting conpound as
necessary. % g g%%%ﬁ“’@%‘ﬁ@}%lbo e&@;rreglﬁfggﬂg’ew& l;e]?tul ve acylation to
stepwi se add t hgryv¥{2dodec:inbyloRyinethyl-4-(tdbatyldiphenylsilyd)butytlguanine. al t er nati ve :
process for the preparation of the conpaunds of %r I |, starts with
a di acyl at ed® HZng%&‘VHWWQWWWE‘PW%ETW‘#‘ﬁME ﬁylmgarﬁ?ee the same, and
25 enpl oys sel gefd vendGHI ﬁynﬁ 18- htlylchidrbshand)SutAivanife, 2
nonoacyl inter |%r€hé X‘%yl I'c ﬂl?sj{%%‘ﬁﬁg%yl gt ed with tttlfe“gs“econd,
differing, acyl (RFp{@ottadetinoykaymethplrhirbutyddiphenylsilyl)butyllguanine,
' (R)_}9-[2_-cicosa‘noyloxymethyH-(t-butyldiphenylsilyl)butyl]guanine;
. {R)-9-[2-docosanoyloxymethyl-4-(t-butyldiphenylsilyl)butyl]guanine.

15

An alternative process for the preparation of compounds of the invention of the formula I

wherein R3 is -OH is shown in Scheme C.
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Schenes A and B above.
i nvention provides a nethod for the
formula |, as defined above,

whi ch net hod conpri ses

Accordingly a further aspect of the

preparation of a 30 conpound of the

A) t he

nonodeacyl ati on of a diacyl ated conpound correspondi ng to f opdidEdbo241

wherei n R[ er r [WaAH308§
optionally WO 97/ 30051
PCT/ SE97/ 00241 ...

lerr] dre both a vaIyIzgr i sol eucyl ester (which is

21

N protected) or are'R[err] and Rlerr] aresﬁb‘ﬁM56(=O)C[err]-C[err]

saturated or
B)

nonounsat ur at ed.

acylating the thus |iberate ’2
2- hydr oxynet hyl
-q=®qew]41ma

group with thwgo
5

substituted al kyl }*

optionally substituted al kyl; and
i de chain 4-hydroxy or sidgschain
Ehondlfly \v 5 i sol eucy® o Tow
QQQpraLéd*pr nonounsaffur at ed, aptisonal
*%0)  deprotectinglas Rfegessary Thi s

alternative process has the advantage that the

di acyl ated H2G
purification steps.

reparation

of one 10 only of the  acyl

a diacyl ated H2G derivative can be-achieved by mani pul ati ng

reaction conditions,_in Ascul B t
“’/pg?mbase.
alternative synthesﬁg;ruﬁte are,t

addition and choige

e henpsgature, rat

of éhe f or mula,

87 2
Jerr] ORg Ry O ong
o
)IN %
3 PN
N \N N
o K/—"O(O)ﬂa N
i 1 10 y
Ry /. z
7_\1/r o Ay O
o - -
Re - N\> R
N Hy*L§N N 9.
1 l\/“°“ 2 y Rio
10— H — 3
n,o\(- R70
- Rg O
Rg © W
OH '
N
/‘\ I \> )\\ N 0
HNT Sy N o W o/)k\
L\/f—a/K\ i l\\/ﬁ_ Ryp
Rio -
B =
12—t = —— (
. (' [,
h | / \S/“"’ﬁ
FORMULA | Ry4
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where Rl err] and R err] are valyl or isoleucyl (which are optionally
N-protected) or a -C(=O0 derr]-Cerr] saturated or nonounsatur at ed,
optionally substituted alkyl: and Rerr] is OH or H. 20 For ease
of synthesis in this alternative route, it is preferred that R err] and
Rlerr] are botwosmoesiinitially identical and are nost pref ePGRISEI7TORE sane

am no acid ester. Such a di- amino agéd ester will generally be
N- prot ect.ed. during i.ts preparation and may be used directly in this
condition in the selective deacyl ation step. Alternatively, such an

N protected di-am noacyl ated H2G derivative may be deprotected and
optionally 25 reprotected. as descri bed bel ow. The unprotected

glorrg g1u noacy | H2G ﬂ?{ﬂ@@}s}l{g«d@éﬁﬁnm‘mm 1 GE/BE REGSe RUEr Bky1'oP Berkl dr W 1S is

PCT/ SE97/ 00241 glkylated by reaction with from about 0.5 to about 2,0 molar equivalRts of acetal 2 (R
(R)-9-[2-(L-isol eucyl oxymet hyl ) -4-(L-i sol eucyl oxy) but yl j guani ne,

(R -9-[2-(L-val ylnd Ryateipwir-alieyl br beniylland shp like yit RgandR,naken together are -CHyCH,- or
(R)-2-am no-9-[4-(L-isol eucyl oxy)-2-(L-isol eucyl oxynet hyl ) butyl ]lpuri ne, and
(R) - 2- ani no- 9- [4 BaGHi(;HzonyFHEC uCHzmial-v@si?hm # {eayima youp Sior examples CL Broor I, or
These unpr ot ecte H2G di ac Iate der% vatiy can, be dj rect subj ﬁ@t to
sel ective P'&ﬁ%‘ G pg‘PB*SB%‘“k ’Vséfl iahd

chain 4-positi on BE€MNke)) in the préseﬁdemm%@tmzyﬁ%m 2qrmblas eqma!aﬁxstombase (for
| i berated 4-hydroxy as descri bed above. Al ternativel t he unprotected

H2G di acyl ated det*Pplei Retassinm tihatoxide or saditm ethoxidgjor NaH or ‘and the like) in an inert
10 solvent (for example. DMF or THF or dioxane or dioxolane or N-methylpyrrolidone and

the like) at a temperature of from about -40°C to about 190°C to provide alkylated
malonate 3. '

- Reduction .of 3 with from _about 0.5 to about 4.0 molar equivalents of an ester to alcohol
15 reducing agent (for example, LiBHy or Ca(BH,), or NaBH, or LiAlH, and the like) in an
inert solvent (for example, THF or methyl t-butyl ether or t-BuOH and the like) at a
" temperature of from about -20°C to about 100°C provides diol 4. Enzymatic esterification -
of 4 by reaction with frdm about 1.0 to about 20.0 molar equivalents of a vinyl ester § (Rg

is C3-Cp] saturated or monounsaturated, optionally substituted alkyl) in the presence of a

20 lipase (for example, Lipase PS-30 or Lipasc PPL or Lipase CCL and the like) or a
phospholipase (for example phospholipase D and the like) provides the desired
stereoisomer of ester 6. This reaction can be carried out in the absence of solvent or in the
presence of an inert solvent (for example, methyl t-butyl ether or toluene or hexane and the

like). The reaction is carried out at a temperature of from about -20°C to about 80°C.

The alcohol substituent of 6 is converted to a leaving group (for example, a halogen or a

sulfonate) by reaction with a halogenating agent (for example'NBS/P(Ph)g or NCS/P(Ph);

orP_QCT;orNCS/P(Ph);INalm acetone and like) in an inert solvent (for example,

methi(léhe- chiéride or toluene or émjylaccta-xe and the like) or by reaction with from about-
30 0.8 molar equivalents to about 2.0 molar equivalents of a sulfonyl halide (for example,

benzenesulfonylchloride, toluenesuifonylchloride or methane sulfonylchloride and the
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10 then subjected to the selective deacylation, followed in turn by
convent i onal acylation with the fatty acid ester, as described in
Schenmes A and B. Conveniently, such a reprotection step is done with a
different N-protecting group. having properties appropriate to the
subsequent acyl @ig®meestor exanple, it is convenient to e PO SEI #0241

| i pophilic N-protecting group, such as Fnoc sphen preparing a di-amno 15
acid H2G-derivative, as the lipophilic nature of the protecting group
assists with . SE ' I O8] c%l\ﬁ}l nd,
the |ipophilic nat%@elﬂgé%krr%gceqfﬁtog’e%bgﬁ%if'@foes s&u‘??I ﬁlﬁ%a?/ enéng’? rf?iltt?gféir(ﬁ&aan
acyl ation with a fexishpleacietlylaming or potassium ¢sbonate or pyridiveer dimethylaminepyridieaer a

S0" Y A EH TR 1 toiseprifon 154 e Bkt & i st Ko syampiHERYIES: i or
formula | can COMYBRE or ethylacabitk br pyTRIimRA Gletyd bBRFHEthiran thatike)ued entpesnnt of

step b i), ii) or iii) in the above defined first . method aspect of ,
the invention. SThefcun gk AIRE o ahort 193G taproyide estes Zy{Xxis a halogen or sulfonate leaving
[‘err] wh ‘g)one of Rerr] .and Rerr] is i)

L3O OH CH O err 1 TP ) Niper 1] or

-C(OCHCH(CH err])CH err]CH err])NH err] WO 97/ 30051
PCT/'SE97/ 00241 p . action of 7 with from about 0.9 to about 2.0 molar equivalents f 2-amino-4-
chloropurine § in the presence of from about 1.0 to about 6.0 molar equivalents of a base
10  (for example, potassium carbonate or NaH or KH or NaOH or KOH or lithium
diisopropylamide and the like) in an inert solvent (for example, DMF or THF or
acetonitrile or N-methylpyrrolidone or ethanol and the like) at a temperature of from about
25 °C to about 140°C provides substituted purine 9. '

15 Alternatively Mitsunobu coupling (for example P(Ph);/diethyi azidocarboxylate) of
~ alcohol 6 with 2-amino-4-chioropurine § provides 9.

Reéction of 9 with from about 2.0 to about 20 molar equivalents of an alcohol RgOH (Rg
is an alcohol protecting group such as benzyl and the like) in the presence of from about

20 1.0 to about 6.0 molar equivalents of a base (for example, potassium t-butoxide or

: potassium carbonate or NaH or KH or lithium diisopropylamide and the like) in an inert
solvent (for example, THF or DMF and the like) at a temperature of from about -25°C to
about 150°C provides alcohol 10.

25 Removal of the alcohol protecting group Rg of 10 (fo_r example, by catalytic hydrogenation

in an inert solvent such as ethanol or benzyl alcohol or methano! or THE and the like in the
presence of an hydrogenation catalyst such as Pd/C or Pd(OH), and the like) provides
substitued guanine 11. '

30 Esterification of 11 by reaction with a) from about 0.8 to about 2.0 molar equivalents of

R;0COOH and a coupling agent (for example DCC/DMAP) and the like in an inert
solvent (for example THF or DMF and the like) or b) from about 0.8 to about 2.0 molar
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i) a-C(=0derr]-Cerr], saturated or nonounsaturated, optionally

substituted al kyl,” or ii1) a regioselective
protecting group; the other of Rlerr] -and Rlerr] is hydrogen;
and 5 Rlerr] is OHor H, Useful conpounds thus include:

(R) - 9-[ 2- hydr oxygbmeesr 4- (t - butyl di phenyl silyl)butyl] guani ne. pcTisEsm00241
(R) -9-[2-hydroxynet hyl -4-(trityl oxy)butyl]gygnine, 10
(R) - 9-[ 2- hydroxynet hyl - 4- (9- (9- phenyl ) xant henyl oxy) but yl ] guani ne,

é? 2 egyl[ r2reP KSIr gi);;rg[ﬂ{llyﬂflﬁﬁééﬁnﬁgnvgéd denvatnr\é of’ He&%é)ﬁj(for example, the acid chioride or

[ 2- hydr oxymg§
2 hydr oxy ey Egcirgﬁiﬁ&ggﬂfeagan 5(’5‘(? é@@%&;ﬁﬁd the lxke) ip the presence of from
hydr oxy mabbuti0-td alfaue 8 Da@vaqmyalemyymw gfgmmmpb, pyndme or triethylamine or

] Egg; gig % yﬁoqrgé:{?agﬁlgg §ﬁg§ﬁ r%ﬁé{fﬁﬁ {m%ogxﬁt%rlg@ﬁie like) in an inert solvent (for

hydr o>y mesxhaipip; rﬂet(xﬁezmmﬂﬂy bORMF bup»ﬂd]:@wa acetshitrite or DMF and the like) at a

2-
2
2
2-
2- hydr oxynet hyl - 4- ( 0sano ani n
4- hydr oxy- 2¢% 63 Wﬁé&%ﬁﬁ# h‘g’ ‘“g"'”m" 12.
4- hydr oxy- 2- (dodecanoyloxynethyl) butyl]guanlne

4- hydr oxy- 2- (tetradecanoyloxynethyl)butyl]guanlne

4-

hydr oxy- Z“(ﬂ?é%@kﬁ@b%#@t @m; apyatydtas apH the reswiting 2ldehyde is reduced by first

4- hydr oxy-
4- hydr oxy- %%ée&?l O'Sano xy rre P{%’I’ U‘HH 'Lu‘gy%%lmé%rm acid (for example,
4- hydr o0y - Z{tﬂdmammlooxmehhy oy smifurit haid el the Jike) in an inert solvent (for

2- hydr oxymet Mpfe?ﬂl'k/ﬁ/g% Xr t\@}?m 4 éix Jrﬂf”leﬁ? o'z ethylacetate/H,0 or ethanol/H,0 or

methanol/H,0 and the like) at a tempetatnre of from about -25 °C to about 100°C. To the
crude reaction mixture is added from about 0.1 to about 10.0 molar equivalents of a base

(R) -9-
(R)-9-
(R)-9-
(R)-9-
(R) -9-
(R)-9-
(R)-9-
(R)-9-
(R) -9-
(R)-9-
(R)-9-
(R)-9-
(R) -9-
(R)-9-
(R)-9-

E@E@E@E@E@E@E@E

[
[
[
[
[
[
[
[
[
[
[
[
[
[

. (for example, sodium bicarbonate or potassium carbonate or triethylamine or pyridine or
15 KOH and the like), additional inert solvent (for example, THF and or methylene chloride
or ethylacetate or methyl t-butyl ether or isopropoanol and the like) and from about 0.3 to
about 5.0 molar equivalents of an aldehyde reducing agent (for example, sodium
bérohydride or RaNi/H; and the like) at a temperature of from about -25 °C 1o abbut
100°C to provide alcohol 13. |

Reaction of 13 with from about 0.8 to about 3.0 molar equivalents of N-protected amino
acid P{NHCH(R 1)COOH or an activated derivative thereof (P} is an N-protecting group
and R { is isopropyl or isobutyl) in an inert solvent (for example, THF or dioxane or
dioxolane or DMF or methylene chloride and the like) at a temperature of from about 25°C
25 toabout 100°C provides alcohol 14. N-deprotection of 14 provides the compound of the

invention of formula I wherein R3 is -OH.

Alternatively compound 13 can be reacted with the symmetrical anhydride derived from
P;NHCH(R;;)COOH (i.e.P;NHCH(R,;)C(0)O-C(O)CH(R,,)NHP,) to provide | wherein
30 Rsis OH. |
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(R) -9-[2- hydroxynet hyl ) -4-(L-isol eucyl oxy) but yl ] guani ne,

(R)-9-[4- hydroxy-2-(L-isol eucyl oxynet hyl ) but yl ] guani ne, 30
(R)-9-[4-hydroxy-2-(L-val yl oxynet hyl ) butyl ] guani ne.

(R) - 2- am no- 9- [ 2- hydr oxynet hyI 4- (L-val yl oxy) but yl ] puri ne, WO

97/ 30051 WO 97/30051 ReSHoNT20024 1
24 (R) - 2-am no- 9- [ 2- hydr oxynet hyl ) - 4- (Lo sol-eucyl oxy) butyl ] puri ne,

(R) - 2- am no-"9-[ 4= hydr oxy-2- (L-isol eucyl oxynet hyl ) butyl ] purine, and

ot osel ect 1 vel y. prSPREs Bt Btk it obtalabth Yt bR sty Qft iy s

of the above deSchemed first method aspect of the invention are also
novel comnpounds. Usef ul conpounds thus éﬁéﬂ%
(R) -9-[2-decanoyl oxynet hyl -4-(t-butyi di phen;# e‘r)’butyl]guani ne,

(R)-9-[ 2- dodecanoyl oxynet hyl - 4- (t d| phenyl si | yI ) but.yl ] guai ni ne. 10
(R)-9-[ 2-tetradecanoyl oxynet hyl - (t- fyi d| nylesjal yl ) but yl nj”Re,
(R -9-]2- hexadecanozl oxyrret hyI 4- (15 tyldi p ch or03| | ane) but Y1 ] §ani ne
’(R) 9- [ 2- oct adecanoyl on%rret hyI 4-(t-butyl di phen ilyl )butyl ] guafi ne.
(R)-9-[ 2- ei cosanoyl oxynet hyl -4-(t-butyl di phen Si I | ) butyl ] guani niy,
(R)-9-[ 2-docosanoyl oxynet hyl - 4-(t-butyl di pheny si P ®) butyl ] guagj ne. 15
An alternative process for the preparation of compounds of the invention of
the fornula I \Aherelno%ﬁgr] Ho{\m\kgqg) own in Schew\
> g § \00OR
lipase ( —— g
£ < ) . 0"12
Ci .
KA 0 -
Xy HN | > N Q
HN \ H,N/k\N” /k\ N N)

—

FORMULA | Rty
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PCT/ SE97/ 00241 WD 97/ 30051 : 25
SCHEME C ' [err] WO 97/ 30051
PCT/ SE97/ 00241 26

Referring to Scheme C, malonate 1 (R err] and R err] are | ower al kyl or

benzyl or thewbisasgesi s - alkylated by reaction wth froRCESEIOOMIS5 o
about 2.0 nolar equivalents of acetal 2 (RBperr] 5 and R err] are | ower
al kyl or benzyl and the like or R6 and R7 taken together are

-CH err] CH er r] \flénate 1 (Rs gredvrdrlaBiyl b:Bshayl bhd thellike) is alkylated with from about
-CI-l[err]CI—l[err]Cl—l[er}r 'cL g?ér:ﬂ-gand [err] S ﬂlIeaV| nlgc)‘sgu%a(fc?r‘ e;o;nrr?alou

a. :Br or | B or 05to abota mmolmerabn@wfa@errﬂétmg & iSFHisRvang gropy (fof qxample’
P- t ol uenesu on n
from about 0.5 i (itgrgrlgﬁ&l QN & @Rfane sulfo Feuiﬂalﬁ@};koméhe&‘h&n%esence of

abo ar equivalents of a base (for
benzenesulfonate and the like) and R;a is -CH(Ph),, -C(Ph); or -Si(t-Bu)(Me), and the like

5 (Ph=rphenyl) in the presence of from about 0.5 to about 2.0 molar equivalents of a base
(for example potassium t-butoxide or sodium ethoxide or NaH or KH and the like) in an
inert solvent (fof example DMF or THF or dioxane or dioxolane or N-methyl
pyrrolidinone and the like) ata témperature of from about -40°C to about 190°C to provide
alkylated malonate 16. |

10
Reduction of 16 with from about 0.5 to about 4.0 molar equivalents of an ester to alcohol
" reducing agent (for example LiBH, or Ca(BHs), or NaBH, or LiAlH, and the like) in an
inert solvent (fox: hexample"fl‘l-n'-"or methyl t-butyl ether or'_ethanol or t-butanol and the like)
at a temperature of from about -20°C to about 100°C provides diol 17. Enzymatic |
15 esterification of 17 by reaction with from about 1.0 to about 20.0 molar equivalents of a
vinyl ester 3 (R is C3-Cz) saturated or monounsaturated, opﬁohd Iy substituted alkyl) in
the presence of a lipase (for example, Lipase PS-30 or Lipase PPL or Lipase CCL and the
like) or a phospholipase (for example phospholipase D and the like) provides the desired
stereoisomer of ester 18. The reaction can be carried out in the absence of solvent or in the -
20  presence of an inert solvent (for example methy! t-butyl ether or toluene or hexane or thg

like). The reaction is carried out at a temperature of from about -20°C to about 80°C.

The alcohol snbstimenf of 18 is converted to a leaving group (for exampie a halogen or
sulfonate) by reaction with a halogenating agent (for example NBS/P(Ph); or NCS/P(Ph);

25  or POCl; or NCS/P(Ph)s/Nal in acetone and the like) in an inert solvent (for example
methylene chioride or toluene or ethylacetate and the like) or by reaction with from about
0.8 molar equivalents to about 2.0 molar equivaler;ts of a sulfony! halide (for example
benzenesulfonylchloride, toluenesulfonylchloride or methane sulfonylchloride and the
like) in the presence of from about 1.0 to about 4.0 molar equivalents of a base (for

30  example triethylamine or potassium carbonate or pyridine or methyl t-butyl ether and the
like) at a temperature of from about -25°C to about 100°C to provide ester 19.(Xzisa

halogen or sulfonate leaving group).
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exanpl €, potassiumt-butoxide or sodium ethoxide or NaH or KH and the |ike)
in an inert 10 solvent (for exanple, DVF or THF or di oxane or di oxol ane or
N- net hyl pyrrol i done and the like) at a tenperature of from about
-40[err] C to about 190[err]C to provide al kyl ated mal onat e 3.

Reduction of 3 W0®M0PFom about 0.5 to about 4.0 nolar equi val RER/EEIEPO24L,
ester to al cohol 15 reducing agent (for exanple, LiBH err] or

Ca(BH errq])ferr] -or - NaBH err] or Li A1H[err] and the like) in an

i nert sol vent (for exarrple THF or nethyl t-butyl et her or t BuOH and t he
like) at a nperature of from about -20[errL121 100 err]C
provi des diol 4. B?WW&PFLH@E@'PW#E’&IQ-%‘H“““‘ZO‘B‘PI h from

about 1.0 to abouty l%&lpgnm ﬁtrth%l’.'ie\‘@ej S'otn foufl ¥ Edwoum ﬁibla5 e&ﬂ%ﬁs] of a base

is (err]-(err] saturated or nounsat urated, optionally substituted

alkyl) in the pres@nwmpﬂenptasmmqarq@a@eo(mﬁoeKHmpll‘blOH_rrré%@Jéopgthw or
xampi e phosphdl | PHerrpsiaids dodd T indh solven; (SHIAEAPE PMIF SPricy
stereoi soner of estaonifiile Eﬂﬂ-meﬂg&pyrmhdbm@netbmotmdmeﬂk&)malempeﬂamreadifsfmuma)wf
solvent or in the e of, an inert, solvent (for exanple, nethyl
t-butyl ether or tyﬁ“éﬁé&m‘ Qéﬁﬁ% vides subpstitn tedl"“““"&i(g'ke). The reaction is

carried out at a tenperature of from about -20[err]C to about 80[err]C. 25
The al cohol substituent of 6 is converted to a | eavi group (for exarrpl

a halogen or a  Alemativelyitsmobncoupling (forexsmplp, (P dﬁ’éﬁﬂ&f-‘ﬂ prRerbeate) of or
exanpl e NBS/ P( [ ok éﬂ“ﬁb‘f gCl [err] or

NCS/ P( Ph)[err]ﬂzla o nLla'@‘retone an &ﬁ ﬁurmes |n&eerta“sol vent (for exanple,
met hyl ene chl ori de or tol uene or et hyI acet ate and the Ilke) or by reaction

h f b
o oot har +Seeclintor 8 R Rt 2615k NP1 el enA or S ekt K36
t ol uenesul f onyl chl @ iskn Mhmg%tdubemﬂﬁhbmylﬁkﬁ!t&ﬂﬂkd’)he:hepresenceoﬂ/ﬁbm

7 1
I93C{I'? ggg 7/ 00241 about {.0 to about 6.0 molar equivalents of a base (for example, potaﬁum t-butoxide or
15 potassium carbonate or NaH or KH or lithium diisopropylamide and the like in an inert
solvent (for example, THF or DMF and the like) at a temperature of from about -25°Cto

about 150°C provides alcohol 21.

Removal of the alcohol protecting group Rq of 21 (for example by catalytic hydrogenation

20 in an inert solvent such as ethanol or benzyi alcohol or methanoi or THF and the like in the
presence of an hydrogenation catalyst such as P&/C or Pd(OH);, and the like) p'rovidcs
substituted guanine 22.

The ether substitutent of 23 is deprotected by reaction with ) a reducing agent (for_

25 example, HCO,H and Pd/C and the like) wherein R;> is -CH(Ph); or -C(Ph);, orb) a
desilylating agent (for example Bu,NF and the like) wherein R, is -Si(t-Bu)(Me); and the
like to provide 13. -

Alcohol 13 can be converted to 1 as outlined in scheme C.

30
An additional alternative involves enzymatic esterification of alcohol 4 or 17 with the
vinyl ester CH,=CH-OC(O)Rp (i.¢. Rg = Ryo in Schemes C and D) to directly incorporate
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like) in the presence of fromabout 1.0 to about 4.0 nolar equivalents of a

base (for exanpl e, triethylam ne or potassium carbonate or pyridine or
di met hyl am nopyri di ne or et hyl di i sopropylam ne and the like) in an
inert solvent (for exanple nethylene chloride or t ol uene or

et hyl acet ate awopysonsii ne or ‘nethyl t-butyl ether and the |i PeI/SEST/00241

tenperature of 5 fromabout -25C to about3l00[err]C to provide ester 7.

(X[err] is a hal ogen or sulfonate |eaving group). Reaction of 7

wi th from about bP 19488 dksird EasbBlyAE al bt 3 BRBal ProcRi LIRS affows h

chl oropurine 8 i%‘t‘?gepﬁ@ﬁe}senée g? i gmagggdut 1.6% to(ggt%oﬁr 6.8 rr%‘rsare

equi val ent s of aeliminatidrOof tiie ester hydrolpsie andreestesification dnvobed it going fromm A tol2 8 or

NaOH or KOH or |ithiﬂf[‘B’%; di i sopropyl am de and the like) in an inert

sol vent (for exafﬁ?f“e,— “or THF or acetonitrile or

N-net hyl pyrrolidone or ethanol and the like) at a tenperature of from about

-25C to about 14Q[err] C praqvides substituted purine 9. 15 Alternatively

M t sunobu coupl i °PP&?SS%%P§§H°€‘°PEF‘1‘H‘[%?"FW' _&W%Yéﬁ?@ﬁﬁa?‘ﬁwfat e) of

al cohol 6 wi th 2ygiydRudt srodge oPihe abytfic SidP eI 19 QiffeRentiated by the ufdsgiction of 9

with fromabout 2.0°to about” 20 nolar equival ents of an ‘al cohol Rerr]CH

(Rlerr] i oliffarens hydrsy prptegting@roups ogpreeyssos gotpsaShisallows theind t he | ke)

in the presence t ?Bg . r ' ents of a
%I‘.lett,t{vg %@M o{ 9%8 to(t; %egxgaxg)rc . Hﬁs vﬁbhgctxm a8 am%bucgﬂr

base (for exanpl e, potasslum assi um carpbonate or NaH

or KH or [ithi umadattysamid groyp.am de and the Iike) in an inert sol vent
(for exanple, THF or DVF and the like) at a tenperature of from about
-25[err]Cto 10 .about 150[err] C provi des al cohol 10. 25 Renoval of

t he al cohol protecting group Rierr] of 10 (for exanple, by catalytic
hydr ogenati on -Schemesi Qami D haverteesiliustentdd and désceiledovithamfstencr tobenzyl al cohol

or nmethanol or THE.and the like in the . . resence of. an .hydrogenation
catal yst such as W@“ﬂﬁmsﬁém‘ﬁ@ﬁ?‘] wg?‘fa‘“lkhés q"?’ﬁ%‘fﬁﬂ? VAMOLLS il 45 )
substitued guani re, igderived fr3fh a fat§ Suid. Hodahir0i will belappRryntitkad edspeptivini th a) from
about 0.8 to about 2.0 nolar eguival ents of ,R(&Fe.r;flCOO-l and a '
coupl i ng agent ( fROBVEIRESchemacs p)oogmuqqqghpqc;&xq rixed fropa afatty

15  acid and R, is derived from an amino acid.

Detailed Description of the Invention

The invention will now be illustrated by way of example only with reference to the
following non-limiting Examples, comparative. examples and the accompanying
20  Figures, in which: _
Figure 1 depicts plasma H2G levels as a function of time in cynomolgus
monkeys administered with a compound of the invention or with an
alternative prodrug derivati\}e of H2G, as further cxplainéd in Biological
Example 3; and
25 Figure 2 depicts survival as a function of time for Herpes simplex infected
mice administered with various doses of .a compound of the invention or a

prior art antiviral, as further explained in Biological Example 4.
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solvent (for exanple THF or DMF and the like) or b) fromabout 0.8 to about
2.0 nol ar WO 97/ 30051

PCT/ SE97/ 00241 28

equi val ents of an activated derivative of R err]COOH (for exanple, the acid
chl oride or WO 9NBBSIdr oxysucci ni m de ester or R err] (0 O FQ7I24%,
the like) in the presence of from abod O to about 3.0 nol ar

equi val ents of a base (for exanple, pyridine or triethylamne or

et hyl di i sopropyl #XAMPEE 1DBU or potassi um carbonate and the like) in an

I nert sol vent (for 5 exanpl e, rret hyI enel(ihl oride or, THF or pyridine or

acetonitrile or KRE&{Stearoyle hovalyloxyphuhdlenaning o of from about - 25C
to about 100[err]C provides ester 12 The acetal substituent of 12
is deprotected and the resulting al dehyde is reduced by first " reacting

12 with from abomhii)aximpbi%uammeaﬁplimlmmfmmmhsnmh- an acid (for
exanple, 10 triflic acid or HO or acetic acid or sulfuric acid and the
like) in an i fert sol vent (for exanple, THF/ H err] O or nethyl ene

chloride/Herr] Ogr -et(RybqsgNaéeBhioRydaitionglrL-aiiylexg 2. dhydrokyrhatiy!)
met hano/ H err] O and the like) at a tenperature of from about -25[err]Cto
about 100C. To t Huwtyllguaning:r yde reaction mxture is added from about 0.1 to

about 10.0 nol ar (48157 Bl wils 8&3Fied in DwFQBﬁmﬁmﬁg}'hﬁmng%ﬂH%

bi car bonat e or ate or triethyl'amne or pyridine or KCH
and the like), addntedmbmilempwatmlbebmtad@ftmnoéwmca,-vm(mgm '7mst hyI ene

hl d t t hyl tx th i | d
The'l 1 ke) and!t  GRRRDRREAS @F4,8'2 STt ohd BECK6 21 5T 6 Sl FBE PRARE ., °"
al dehyde reduci ngwagsifred §tfroom exiperkuwe for 34 hund was then Hneredlylmbbdﬂuarwas

anout 100 cHrpmpisinsed of b e, GHRC Mebltun 8 1. Hr‘?»fs wth

from about 0. 8 t ogahas Qi intednélidi®prdlucgdui val ents of N-protected am no
acid Plerr] NHCH R err]) COOH or an activated derivative thereof (P[err] S
an N-protecting group S

15 "H-NMR (250 MHz, DMSO-d): 5 0.95 (d, 6H), 1.47 (s, 9H), 1.5-1.8 (m, 2H), 1.96-
2.20 (m, 2H), 3.40 (m, 2H), 3. 91 {t, 1H), 4.05 (m, 2H), 4.21 (t, 2H), 4.89 (t, 1H), 6.6
(brs, 2H), 7.27 (d, 1H), 7.75 (s, 1H), 10.7 (br s, IH). .

b) (R)-9-[4-(N-ten-§uxoxycarboﬁy1-x,-vaiyloxy)-z-(s:earoyloxymethyl)
20 butyljguanine _
The product from step a) (185 mg, 0.41 mmol) was dissolved in pyridine (5 ml), the
solution was cooled in an ice bath and stearoyl chioride (179 pl, 0.531 mmol) was
added. The solution was kept in the ice bath for 2 h, then at room temperature for 1
h. It was then evaporated and chromatbgraphed on silica gel. It was eluted with
25  dichloromethane/methanol to give 143 mg of the desired intermediate product.

c) (R)-9-[2-(SteéroyloxymcthylH-(L-valyloxy)butyl]guanine. '
The product from step b) (138 mg, 0.192 mmol) was cooled in an ice bath and
trifluoroacetic acid (5 ml) was added. The solution was kept in the ice bath for 45

30  minutes and was then evaporated to give an oil. Water '(0.5 to 1 mi) was added and
evaporated twice. The residue was once more dissolved in water (5 m} ), filtered and

freeze-dried to give 148 mg of the desired product as the bistrifluoracetate salt.
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and Rerr] is isopropyl or isobutyl) in an inert solvent (for exanple, THF
or di oxane or di oxol ane or DVF or nethylene chloride and the |ike)
at a tenperature of fromabout 25[err]C 25 to about 100[err]C provides
al cohol 14. N-deprotection of 14 provides the conpound of the

i nvention of waymoésa | whefein Rlerr] is -OH Al t RGTAESR4L
conmpound 13 can be reacted with the syms¢rical anhydride derived from
Plerr] NHCH(R[err] ) COOH (i.eP[err] NHCH(Rlerr])C(OQ O C(O CH Rlerr])NHP[err])
to provide 1 wherein 30 Rlerr] is OH WO 97/ 30051

PCT/ SE97/ 00241

1 ternat f ve. pr CHAMR(EI0 Wz DMSOisk 0TS0 a8 abi® s _ o

i s shown ' 0gn, 2H), 2.25 (m. TH), 2.36 (¢, 2H). 2.50 (m, 1H), 3.98-4.18 (m. 5H), SCHEIVE D
[err] S@S%@fggogn ) ( ) ( ( )
PCT/ SE97/ 00241 435 (. 2H), 6.6 (br s, 2H), 8.0 (br s, 1H), 8.4 (br's, 3H). 109 (brs. IH). 30
5
EXAMPLE 2'

R)-9-[2-(Mvristovloxymethy])-4-(L-valvloxy)butyllguanine

The titied compound was obtained as the bistrifluoracetate salt in a manner
10 arialogous to Example 1 using myristoyl chloride instead of stearoyl chloride in

step b). ' '
*H NMR (250 MHz, DMSO-ds): 50,97 (t, 3H), 1.05 (dd, 6H), 1.34 (br 5. 20H), 1.57
(m, 2H), 1.78 (m, 2H). 2.24 (m, 1H), 2.35 (t, 2H), 2.51 (m, 1H), 3.97-4.20 (m, SH),
4.36 (1, 2H), 6.8 (br s, 2H), 8.2 (br s, 1H), 8.5 (br 5, 3H), | 1.1 (brs, 1H).

wkq -

15 ,
'~ EXAMPLE3
R)-9-12-(Oleoyloxymethy])-4-(L-valyloxv)butyl]guanine

The titled compound was obtained as the bistrifluoroacetyl salt in 2 manner

20  analogous 10 Example 1 using oleoy! chloride instead of stearoy! chloride in step b).
'H NMR (250 MHz, DMSO-d): 0.96 (t, 3H), 1.05 (dd, 6H), 1.35 (br s, 20H), 1.59
(m, 2H), 1.76 (m, 2H), 2.09 (m, 4H), 2.24 (m, 1H), 2.35 (t, 2H), 2.50 (m, 1H), 3.97-

4.17 (m, 5H), 4.35 (t, 2H), 5.43 (¢, 2H), 6.7 (brs, 2H), 8.0 (br s, 1H), 8.5 (br s, 3H),
11.1 (brs, 1H).

EXAMPLE 4

R)-9-12-(Butyryloxvmethy| 1.-valyloxy)butyl]guanine

a) (R)-9—[4-(N-ten-Butoxycafbonyl—L-valyloxy)—2-(bntyryloxymcthyl)
30 butyllguanine
DCC (110 mg, 0.53 mmol) was dissolved in dichloromethane (10 ml) and butyric

acid (82 mg, 0.93 mmol) was added. After 4 hours at room temperature the mixture
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Mal onate 1 (Rerr] and Rlerr] are | ower al kyI or benzyl and the like) is
al kyl ated with from about 0.5to a T tval ents of ether
15 wherein Xerr] is a |leaving group (fcm Egﬂl@ BTE . Br or I, or a
sul fonate such as net hane sul fonate, trilfl at eREP:-ACEDuenesl f onat e,
benzenesul f onaM@\AMSthe |ike) and Rlerr] 75 -CH(PA)Lerr], - ECPREY7EIMY of
-Si(t-Bu)(Me)[err] and the like 5 (Ph = $henyl) in the presence of from
about 0.5 to about 2.0 nolar equivalents of a base (for exanple

pot assi um t - but owasifiteptd sddhe filrate hax eviporated NFiHd residuéhivas didsdiveal ih pladdiné N an

inert solvent (for exanple DM or THF or, di o ane. or oxol an N net hyl
pyrrolidinone antP WHG“SB?()& H4N-rtyButoryratbony ﬁﬂyquﬁhghﬁgﬁ’f M@W‘ Jcto

Lo 11 Lol AR LSS e i 5
Ui | | i et
THF or et hyl F {ektﬁﬂ'g?"%e g&#ﬁﬁ. \Yasgqaﬁ?us&ﬁtg B{&g% 1%8‘\/6 q‘h? g’? a

t enper at ure of fhmmdﬂb@whs a@&{hﬁdahaﬂnmmreﬁﬁﬂﬁmdwladaddnﬁmml ZGHonrdErl‘hg{rrati c 15
esterification of 17 reactlon W th m about 1 out 20.0 nol ar
equi val ents of areat ‘°’”¥‘ d(‘ﬁ%‘l‘?’?’ g aﬁ‘?‘rﬂ“%"é‘t‘ﬁ?“ﬁ'\ed or
nonounsat ur at ed, almsxmemixhde mmsbssbaa&e@wwhmbfbmmmfmum@E@geace of a
l'i pase (for exarrpl e, Lipase PS-30 or Lipase PPL or Lipase CCL and the

like) or a phospﬂBMﬁﬁ%'{‘W@tphosphol i pase D and the |ike)
provi des the desired stereoi soner of ester 18. The reaction can be -

ol vent (for 2x2m§| o WRER TR el Rk bR bR BRRELS O o7 e

i ke). The reactiThe mtermediatamuhmhf seep aa/asdegmeaedjme rndnnérramdbgmxsm -20C to

about -80[err]C. he_al coh t| tuen verted to a

| eavi ng group -(f(ﬁ"“@?ﬁﬁpf‘@p 308y ‘L"H °d°s“ed WE;‘SB@‘P@%?‘FBW with a
hal.ogenati ng agent (for exanple NBS/ P( Ph)[err] or NCS/ P( Ph)[err] 25 or
"POCI [err] or NCS/,P(Ph)[er n_acet one an in_an inert

r i
sol vent (for Bxanh 25014%9:9)@9@8&1%} M’é(@ﬂf %Il r{é"aﬂ)’ét%JR% ate
and the |ike) or t t e val ent S
to about 2.0 nol air)jse(liﬁ?f/5 1(%? a su fon%f%r%g'l 1|He ??‘g?a@(‘?m s
benzenesul f onyl cﬂmﬂmé,%t(btaﬂéﬂhsul f onyl chI oride or nethane
sul fonyl chl oride and the . like) in the presence of fromabout 1.0 to
about 4.0 nolar equivalents of a base (for 30 exanple triethylamne or =
pot assi um car bonaEXAMPLEV i di ne or net hyI t-butyl ether and the
like) at a te ) '
ester 19. (X

The titled compound was obtained as the bistrifluoroacetate sait in a manner

analogous to Example 1 using decanoyl chloride instead of stearoyl chloride in
step b.

25
'H NMR (250 MHz, D;0): § 0.90 (m, 3H), 1.01 (d, 6H), 1.28 (br s, 12H), 1.5 (m,
2H), 1.8 (m, 2H), 2.3 (m, 3H), 2.5 (m, 1H), 4.0-4.4 (m, 7H), 8.1 (br s, 1H).

This Sheet Has Been R ' .
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Reaction of 19 with from about 0.9 to [JHU8iSHEED HAS BEEN:¢ui val ents of

2- ami no- 4- chl oropurine 8 in the |preseRERLAGEDf r om hbout 1.0 to about
6.0 nol ar equypatsuoss of a base (Tor exanpl e porassi unPCRSEIIPEE or
NaH or KH or NaOH or KOH-or lithiumb5 dsi sopropyl am de and the like) in
an inert solvent (for exanple DMF or THF or acetonitrile or

N- et hyl pyrr ol 5-. and the like) at a tenperature of from about

e 2 [
Alternatively, i it edatre et R RS & B S [err]/dlethyl

azi docar boxyl ate) of 10 al cohol 18 with 2 am no- 4- chl oropurine 8 provides
20. Reaction of 20 with from about

equi val ents of W‘BPQW“P{‘&PHW““sme(%‘@ﬁ‘r“]“’?%“&f“‘éf'%ﬂﬂ?“br ot ecti ng
group such J)ns‘wﬁxzf e'lb!fﬁ:)smb'?n 5ibFb e DMAPDCCE cénditivns of Exaxipsit 1.0

to about 6. equl val ents of a base (for exanple pat assi um t - but oxi de
or 15 pot assi umsmalabmmamgnmonmhldocosmlmﬂd iin pipceraf dbe NRogboNaling #d and t he

like in an inert . F or DMF and the like) at a
t enper at ure of +F‘8&W’§B&'§W‘§‘§[“§§’{r @ﬁ%@%&w& out 150[err] C provides

al cohol 21. Renoval of the al cohol protecting group Rierr] of 21
f le b tal yti t] 0, ' t h

Gt hanol of Eeniﬁﬁﬁ%ﬁh&ﬁi%&ﬁ%&%@ 16888 Bt D"
presence of fah *stdm,cmai W&mcz@gaémm, w(t.aﬂ)czzsmuﬁdmmn? @apd t he

l'i ke) provi uani ne substltutent

of 23 is deprot 8H é@SKy’Hb&c?thbﬁ -t9n1@fsdme§tlﬂ1ét?fﬁg3}9géh9ﬁ{’ exanpl e.
HCOJ err]H and Pd/C and the |ike) wherei-n Rerr] is -CH(Ph)[err] or

-C(Ph)[err], or b) a - desi l'yl ating agent (for -exanple Bu[err]NF- and
the |like) where is -Si(t-Bu)(Me)[err] and the like to
provi de 13.° Mﬂ]] -

_ 15 R-9-[4-(-Isoleucyloxy)-2-(stearoyloxymethyl)butyllguanine

This example illustrates the application of preparative scheme B.

a) ' R)-9-[2-hydroxymethyl 4-(i-butyldiphenylsilyloxy) butyl]guanine- -

20 H2G (2g, 8 mmole) was coevﬁporatcd with dry DMF two times and was then
suspended in dry DMF (120 ml) and pyﬁdine (1 ml). To the suspension was
added dropwise t-butyldiphenylchlorosilane (2.1 ml, 8.2 mmole) in
dichloromethane (20 mi) at 0 °C over a period of 30 min. The reaction
mixture became a clear solution at the completion of the dropwise addition.

25  The reaction continued at 0 °C for two hours and was then kept at 4 °C
overnight. Methanol (5 ml) was added to the reaction. After 20 min at room
temperature, the reaction mixture was evaporated to a small volume, poured
into aqueous sodium hydrogen carbonate solution and extracted with
dichloromethane two times. The organic phase was dried over sodium

30  sulphate and evaporated in vacuo. The product was isolated by silica gel
column chromatography using a methanol/dichloromethane system with a
stepwise increasing MeOH concentration . The product was eluted with 7%
MeOH in CH:Cla to yielq 1.89 2.

This Sheet Has Been Replaced -
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Al cohol 13 can be converted to 1 as outlined in schene C. 30 An
additional alternative involves enzymatic esterification of alcohol 4 or 17

with the vinyl ester CHerr]=CHOC(ORerr](i.e. Rerr] = Rerr] in

Schenmes C and D) to directly incorporate WO 97/ 30051

PCT/ SEQ7/ 00241 WO 97/30051 3BCTISEITN024L: o 6
or 18 the desired carboxylic acid ester of 3he fi nal product |I. This allows
t he -~elimnation of the ester hydrolysis and reesterification involved

in going from9 to 12 or from20 to 23. 5 The processes of Schemes

C and D are characterized by the fact that each of t he hydroxyl groups
of the acyclic sitde clB»9rl?- gstmmwmﬂwBt%@bsvlélmny}@ylw)buwl SUMNRE er ent

ctlcot ] ve acyl at {(Enup T Rimphk A bRHB SRl e o o aci g
or a fatty aSinfhol#) erpcoetfporated wittSdriypyridintweinelard disubed)mq:yﬁdhb ustrated
o T TS oo el AT ot oS AR B ] hERIRT, e "
fatty acid. Howevgy 55'rﬁm%|tkcﬁ&a%ﬂmmxcﬁlbﬁheﬂﬁﬁ@%n!ﬁs°C Theconver se
schemes will apply to compounds ere Rlerr] is derived froma fatty 15

acid and R[err] ireadfionwaskert atthe sameteinperatursi for 1 hr and thene§ 3CHer escri pti on

of the Invention . caction was monitored by TLC. Additional stearoyl chloride (0.29 ml) at

- 5° C was added due to incompletion of reaction. After 30 min at 5 °C,

10 methanol (3 ml) was added and the reaction mixture stirred for 20 min. It was
then poured into aqueous sodium hydrogen carbonate solation, and extracted
with dichloromethane. The organic phase was dried and the product purified
by silica ge column chromatography with stepwise increasing MeOH, eluting
wuh 5% McOH in CHzClz (Yleld 27g).

15
c) (R)-9-[(4~Hydroxy-2-(stearoyloxymemyl)butyl}guamne
(R)-9-[2—(StearoyloxymethyI)-4-(t-butyldlphenylsﬂyloxy)butyl]guanme (2.7 g,

3.56 mmole) was dissolved in dry THF (30 m!) and hydrogen ﬂuonde-»pyndmc SR

* (1.5 ml) added to the solution. The reaction was kept at 4°C overnight and

20  monitored by TLC..The reactibn reached about 80 % conversion. Additional HF-
pyridine was added (0.75 ml). After 4 hr, TLC showed that the starting material had
disappeared. The reaction mixture was concentrated in vacuo without raising the
temperature and more pyri&ine (5 m! ) was added and evaporated again. The product
was isolated by silica gel column chromatography. (Yield 1.26 g).

25
d) (R)-9- [4-(N-BOC-L-isoleucyloxy)-2-(stearoyloxymethyl)butyl]guanine
(R)-9-{4-Hydroxy-2-(stearoyloxymethyl)butyl] guanine (135 mg, 0.26 mmole) and
N-BOC-L-isoleucine (180 mg, 0.78 mmole) were coevaporated with dry DMF twice
and dissolved in the same solvent (3.5 ml). To the solution was added

30 1,3-dicyclohexyicarbodiimide (160 mg, 0.78 mmole) and 4-dimethylaminopyridine

(4.8 mg, 0.039 mmoie). After reaction for 18 hours, the reaction mixmre was

filtered through Celite and worked up in a conventional manner. The product was
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The invention will now be illustrated by way of exanple only with reference
to the foll.ow ng non-limting Exanpl es, conparative exanples and the
acconpanying 20 Figures, in which: Figure 1 depicts plasm -
H2G | evel s as a function of time in cynonol gus nonkeys

adm ni st er ed wavblezmgespnpound of the invention or with an PCT/SE97/00241
alternative prodrug derivative of H2G as sgurther expl ained in Biol ogical
Exanpl e 3;. and 25 Figure 2 depicts survival as a function of

time for Herpes ghimRh 6 silibd S Ediemn c hromato§raphr¥ eluuﬁg £ BUBOH RlGEed,. W th

vari ous doses of a conpound of the 1 nven

prior art
antiviral, as fui¢eldd6@mg) ai ned i n Bi ol ogi cal Exarrpl e 4. WO
97/ 30051
PCT/ SE97/ 00241 33 EXAMPLE
1 (R -9-[2- (&t ear(Rybqu;(n%uyéylowl(swﬁbw&:@wmmwm;guamene This
exarrpl e illustrates the application of preparation schene A

(R -9-[4-(N-t®rt aﬁrﬂ-Bﬂy%—&@&nhgﬁphacwwwxss&womwwwawwimm (150 mg, ?
0.205 mmole) from step @) was treated with trifluoroacetic acid (3 ml) at 0°C for 20
min. The solution was evaporated in vacuo. The residue was coevaporated with
toluene twice and kept under vacuum for several hours. The residue was dissolved

in MeOH (2 ml) and evaporated to give the trifluoracetate salt as a glass-like
10 product (Yield 191 mg).

H! NMR (DMSO-d6 + Dz0): 88.35 (5,1H, base), 4.21 (t, 2H, H-4), 4.10 (¢, 2H)
3.96 (d, 2H), 3.90 (d, 1H, isoleucine), 2.48 (m, 1H, H-2), 2. 15 (2H, stearoyl), 1. 85
(m, 18, 1soleucme), 1.68 (m. 2H), | 48 {m, 4H) 1 68 (m, 28H), 0.81 (m, 9H)
s |
| EXAMPLE 8

- | .[2-{Decanoyloxymethvl)-4-( L-isoleucyloxy)butyllguanine -

The title compound was obtained as the bistrifluoroacety! salt in a manner

20 analogous to Example 7 using decanoyl chloride instead of stearoyl chloride in step
b).

'HNMR (DMSO-d6):  11.1 (s, 1H. NH), 8.35 (s, br, 3H), 8.28 ( s, 1H, base), 6.75
(s, 2H, NH, ), 4.23 (¢, 2H), 4.07 (d, 2H), 4.05 (m, 3H), 2.4 (m, 1H), 2.21 (1, 2H),

25 1.83 (m, 1H), 1.66 (m, 2H), 1.45 (m, 2H), 1.39 (m, 2H), 1.22 (s, 12H ), 0.84
(m, SH). |
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but yl ] guani ne. H2G (5 g, 19.7 mmol) was

| 300 m ) under
heating and was cool ed to room tenperatu EHISeSHEFé' HﬂﬁhﬁEﬂln of
N-t-Boc-L-valine (5.58 g, 25.7 10 nmol ), p ((REPLACE}) 2.54 mol ) and
DCC (6.52 g, 31.6 mmol ). The m xture was—sti+rred—at Toom t enper at ure
for 24 h and wawoisweest i | t ered. The product was chr omat o #CAPEYHOU)

silica gel and eluted with CHerr]C[err]/MoOH to give 2.4 g of the
desired internediate product. 15 [err]HNWR (250 MHz, DMSO-d[err]):

[err] 0.95 (d, 6HgxaAlMptgs, 9H), 1.5-1.8 (m 2H), 1.96- 2.20 (m 2H),
3.40 (in, 2H), 3%9(%% Eﬂ!‘wc:éoz@@ﬂ(%;f@fg@%ﬁiﬂ%w 89 (t 1H), 6.6
(br s, 2H) 7.27 rs

(R -9-[4-(N-tert-Butoxycarbonyl -L-valyl oxy)-2-(stearoyl oxymet hyI) 20

but yl J'guani ne ct f te was

di ssolved in pyr| Q(cgg‘ﬁ? noWRE biaihed a5 @8%?%‘%’?%#“0%’6 "a’qgﬁ’%n I ce bath
and stearoyl chl osdaftgodstd Exbrfiple I lusing N%OCW&udestead of NaBOEdaliridif step -

sol ution was kept in_the |ce'ﬁfyath 2 h, then at roomtenperature for 1
h. It was then ev%?ﬁ&?ﬁ’cy&&%lﬁa"eﬂ?mpdﬁr aphed on silica gel. It was el uted
wi th 25 dichl or omet hane/ net hanol to give 143 ng of the desired

I nt ermedi ate product.

from st ep b e?&%é‘maf&"x i %m% ol B3 e e AB RS . s cor 2B
trifluoroacetic agig (émgswas 58 evah@rat eg{nt% 996 (<211, 1188 :tnhPHj ce

bath for 45 30 mnutes an fve an oil . (0.5
to 1 mM) was ddded.6afm, 2H), 1.41 émaitr L2 (s, tZOHhQSSTme9Hb5| due was once m)re

di ssolved in water (5 mM ), filtered and freeze-dried to give 148 ny
of the desired product as the bistrifluoracetate salt. WO 97/ 30051
PCT/ SE97/ 00241 EXAMPLE 10 _ _

! o (R)-9-[2-{4-Acety Ibutyryioxymethyl-4-(L-valyloxy)butyllguanine

15 The titled compound was obtained as the bistrifluoroacetate salt in a manner
analogous to Example 1 but using in step b) the DCC/DMAP conditions of Example

1, step 2) in conjunction with 4?acetylbutyric acid instead of N-r-Boc-L-valine.

'H-NMR (250 MHz, DMSO-d;): 5 1.05 (dd, 6H), 1.77 (m, 4H), 2.19 (s, 3H), 2.24
20 {m, 1H), 2.36 (t, 2H), 2.44-2.60 (m, 3H), 3.95-4.20 (m, SH), 4.36 (m, 2H), 6.8 (br s,
2H), 8.3 (br s, 1H), 8.5 (br s, 3H), 11.1 (brs. 1H).

EXAMPLE 11
-9-[2-Dodecanovlioxymethyl-4-(1~valyloxy)bu uani
25
The titled compound was obtained as the bistriflouroacetate salt in 2 manner
analogous to Example 1 using dodecanoyl chloride instead of stearoyl chioride in
step b).
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34 [err]H NMR (250 MHz, DMBO-d[err]): 0.97 (t, 3H), 1.05 (dd, 6H),

1.34 (br s, 28 H. 1.59 (m 2H, 1.8ﬂ.”§ HA qm 1H), 2.36 (t,

2H). 2.50 (m 1H), 3.98-4.18 (m 5H), r’ﬂgg%{% 6(brs 2H), 8.
(br s, 1H), 8.4 (brs, 3H). 10.9 (br s, CEEXANPL

(R)-9-[ 2- (I\/erWMyrret hyl ) - 4- (L-val yI oxy) butyl]guanine PCTSERR4Y; | eg
conpound was obtained as the bistrifluora8tate salt in a manner 10

anal ogous to Exanple 1 using nyristoyl chloride instead of stearoyl

o

chloride in EXaMILE)2 [err]H NMR (250 MHz, DMBO-d6): [err] 0.97
(t, 3H), 1.05 (dd, 6H)l 1.34 (br, s. 20 .57 . (m 2H), 1.78 (m 2H),
2.24 (m 1H), 2 -x‘, almite l ¢ A =\ yrllguaning 1, 5H) 4.36 (t,
2H), 6.8 (br s, 2H), 82(br s 1H), 85(br S, 3H) 11.1 (br s, 1H). 15

EXAMPLE 3 (R-9-[2-(A eoyl oxymet hyl ) - 4- tﬁL val yl oxy) but yl ] guani ne
The titled conpmmlmmpmwwbm@nembmn qurepselatgselt Hamamer i n a manner

20 anal o o to I S

chl oride i g teﬁ 36&%% S‘ahtpkeér ir%%‘{@égmkﬁéé quSFgfra},ﬁ“&ggw , ,
1.05 (dd, 6H), $).35 (br s, 20H), 1.59 (m 2H), 1.76 (m 2H), 2.09 (m
4H), 2.24 (m 1H), 2.35(t, 2H), 2.50 (m 1H), 3.97- - 4.17 (m 5H),
4.35 (t, 2H), 5.43 (t, 2H), 6.7 (br s, 2H), 8.0 (br s, 1H), 8.5 (br s, 3H),

11.1 (brs, 1H). 'gAMR ZSONE%AWS@ )5097(: 3H),105(m.6H)l35(brs.241~l),158
(R -9-[2-(Butyryl ox rrethl L- va on ﬁl gua

E) R) - I9- [ 4- (N-t er {m b)lﬂ&&mb%ﬂb 25 (1pg 1§) 39@9)&2 Btﬁlﬁﬂyﬂﬁ)&r?aﬂhk&vg SHy
ut ua :
di CK| L?omr;!t E‘g)ne 4(3fét %B%%é?léﬁg'u@h Lok, Wkk&??ﬁ}ﬁﬁ@(&?gégf‘mml ) was

added. After 4 hours at roomtenperature the mxture

. -
- .

EXAMPLE 13

- 2-Amino-9- 2-;tearo 0 1-4-(L.-valyioxv)bu 1 uring

15

This example shows the deoxygenation of group R;.

a) ' (R)-Z#Anxino-9-('2-stearoyloxymthy1-4-(N-tert-bmoxycarbonyl—l'..-
' valyloxy)butyl)-6-chloropurine: |

20 To a solution of (R)-9-(2-stearoyloxymethyl-4-(N-tert-butoxycarbonyl-L-
valyloxy)butyl)guanine from step 2 of Example 1 (646 mg, 0.9 mmole) in
aceionitrile were added tetramethylammonium chloride (427 mg, 2.7 mmole), N,N-
diethylaniline (0.716 ml, 4.5 mmolc) and phosphorous oxychloride (0.417 mi.
4.5mmole). The reaction was kept under reflux and the progression monitored by
25 TLC. After 3 hours the reaction mixture was evaporated in vacuo and the residue

was dissolved in dichloromethane, then poured into cold sodium hydrogen

carbonate aqueous solution, The organic phase was evaporated and purified by silica

gel column chromatography. Yield: 251 mg.

30 H-NMR (CDCL,;): § 7.76 (1H. H-8), 5.43 (br,2H, NH,), 4.45-4.00 (m, 7H), 2.53
(m, 1H), 2.28 (t 2H), 2.12 (m, 1H), 1.75 (m, 2H), 1.59 (m, 2H), 1.43 (9H), 1.25 (m,
28H), 0.96 (d, 3H), 0.87 (m, 6H).
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35 was filtered and the filtrate was evaporated The re5|due was
di ssol ved in pyridine (5 mM) and

(R -9-[4-(N-tert-Butoxycarbonyl -L-val yl oxy) - 2- hydr oxynet hyl but yl ]
guanine (200 ng, 0.44 mmol) (Exanple 1, step a) was added. The m xture was .
stirred for 120W@8WUM08S1at room tenperature. According to TLC tREE/SERHNMIoN
was 5 I nconpl ete and nore anhydri de was ®hde using the procedure above.
Thi s anhydri de was added and the m xture was stirred for an additional
20 hours. The reaction mxture was evapor at ed and chr omat ogr aphed

first on silica gel and then on aumm mﬁ cases el uted
with di chI or omret ne/ &%l-%mm9d2§mvl°xmﬂhy b‘{“ﬂ‘é Hedi at e

product. )?lorgzbutyl urine;
(R-9-[2- (Butyryl 0 -4-(L-val yl oxy) butyl ] guani ne
i ntermedi ate pr odlln:the eﬁlﬂt!me’p @)ﬂmm%{%iwwymﬂwﬂﬂﬁ@?ww to

bi ot i1 uor acel atsayPpGuli} s BoRpuiif, (ke 933 ek abolfim acoe , o
(t, 3H), 1.06 (dde6unfity:1 VIV}SM agided kinmohivaBfofrgate 2G5 mg, 1.65 mnl&)and 10%2H) |
42“_';)’ 6 (8m9 9 1 l(_i)br g 6.0 m on chrbon %’E\%&l %ﬁs iépggndgrngeﬂgxkpot 1 ﬁbér?’and (m
(R-9-[2-( Decanoyﬂeaiﬁygmtmmla)mfonidm formnate O70/mE) After dihd Abirifore the TLC showed
completion of the reaction and the mixture was filtered through Celite and washed
10  extensively with ethanol. The filtrate was evaporated and purified by silica gel
column. Yield: 193 mg.

H'-NMR (CDCL,): 58.69 (s.1H, H-6), 7.74 (s, 1H, H-8), 5.18 (br, 5, 2H, NH)),
4.45-4.01 (m:?H), 2.55 (m, 1H), 2.28 (t, 2H), 2.10 (m, 1H), 1.75 (m, 2H), 1.60 (m,
15 2H), 1.43 (s, 9H), 1.25 (s, 28H), 0.96 (d, 3H), 0.87 {m, 6H).

¢)  {(R)-2-Amino-9-(2-stearoyloxymethyl-4-(L-valyloxy)butyl)purine:
(R)-2-Amino-9-(2-Stearoyloxmethyl-4-(N-tert-butoxycarbonyl-L-

20 valyloxy)butyDpurine (180 mg, 0.26 mmole) wis treated with triflucroacetic acid
(5ml) at 0°C for 40 min. It was then evaporated in vacuo and coevaporated

successively with toluene and methanol. The residue was freeze-dried overnight to
give 195 mg of the desired product.

25  'H-NMR (DMSO-d6): 5 8.78 (s, 1H, H-6), 8.32 (br, 3H), 8.29 (s, 1H, H-8), 4.27

(t, 2H), 4.13 (d, 2H), 3.98 (t, 2H, 2H), 3.89 (m. 1H)}, 2.47 (m, 1H), 2.18 (m, 3H),
1.43 (m, 2H), 1.23 (28H), 0.93 (m, 6H), 0.85 (t, 3H).
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The titled conpound was obtained as the bistrifluoroacetate salt in a
manner anal ogous to Exanple | using decanoyl chloride instead of
stearoyl chloride in step b. 25 [err]H NVMR (250 MHz,
Dierr]O: [efrr] 0.90 (m 3H), 1.01 (d, 6H), 1.28 (br s, 12H), 1.5 (m
2H) 1.8 (m ¥Q973m0s8 (m 3H), 2.5 (m 1H), 4.0-4.4 (m 7H) PCI/SEITNSR4IS,

42 36 EXAMPLE 6
(R) 9- [ 2- Docosanoyl .oxynet hyl - 4- (L-val yl oxy) but yl ] guani ne The titled

conpound was obt.gu{;m.@mthe bistrifluoroacetate salt in a manner 5

anal ogous to Exarrp e 1l but u5| ng |n step b t he DIVAP/DCC condltlons of
Exarrpl e 1 d a Y a P g B3 ‘v D

m xture of DWW and d| chI ororret hane as sI vent . o [err] H NIVR (250 MHz,
DMSO-d[err]): [err] 0.97 (t, 3H), 1.05 (dd, 6H), 1.34 (br s, 36 H), 10
1.58 (m 2H), 1ay7 (Peep@hfion of e®i 4 4ieticky-221R5yérborgMputydie50 (m 1H),

3.97-4.17 BH)., 4.35 (t, 2H) of. oH), 8.1 (br s, 1H 8.4
(br s, 3H),(m11.o (er)s, 1H) . (20 LRogEy 21 (br s, 11

R-9-[4-(L-Isol eucyl oxy) - 2- (st ear oyl oxynmet iyl JJgtt yl ] guani ne
| s - OEt
Potassium tert-butoxide (141.8g, 1.11 equiv.) was dissolved in dry DMF (1 L).
Diethyl malonate (266 mL, 1.54 equiv.) was added over 5 minutes. |
Bromoacetaldehyde dicthylacetal (172 mL, 1.14 mole) was added over 5 minutes.
The mixture was heated to 120° C (internal temperature), and stirred at 120° C for 5

10 hours. The mixture was allowed to cool to room temperature, poured into water (5
L), and extracted with methyl tert-buty! ether (MTBE, 3 x 600 mL). The organic |
solution was dried over MgSO,, filtered, concentrated, and distilled (0.5 mm, 95-
140° C) to yield the desired diester (244 g, 78%) as a colorless oil.

15 '"HNMR (CDCl) § 1.19 (1, 6H), 1.28 (¢, 6H), 2.22 (dd, 2H), 3.49 (m, 2H). 3.51 t,
1H), 3.65 (m, 2H) 4.20 (qd, 4H), 4.54 (1, 1H).

b) Preparation of 4,4-die§hoxy—2—(hydmxymethyl)-butanol

OEt

20 , . OEt

LiBH4 (purchased solution, 2M in THF, 22.5 mL) and the product of Example 14
step a) (5 g in 15 mL of THF, 18.1 mmol) were combined and warmed to 60° C and
stirred at 60° C for 4 hours. The reaction mixture was allowed to cool to room
temperature and the reaction vessel was placed in a cool water bath. Then

25  triethanolamine (5.97 mL, 1 equiv.) was added at such a rate that the temperature of
the reaction mixture was maintained between 20-25 °C. Brine (17.5 mL) was
added at a rate such that gas evolution was controlled and the mixwure was stirred for

45 minutes at room temperature. The layers were separated, the organic layer was
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This exanple illustrates the application of preparative schenme B. a)
(R)-9-[ 2- hydr oxynet hyl 4-(t-butyl di phenyl silyl oxy) butyl]guani ne 20 H2G
(29, 8 nmole) was coevaporated with dry DMF two tinmes and was then
suspended in dry DMF (120 m ) and pyridine (I m). To the suspension was
added dr opwi sewo $Bo9stdi phenyl chl orosilane (2.1 m, 8.2 mmvpl SCH/FEIT00241

di chl oronethane (20 mM) at O [err] C over ad4period of 30 min. The reaction
m xture becanme a clear solution at the conpletion of the dropw se addition.

25  The reacti oRygrealviitiGshedd xQSGdaprﬂc‘@meﬁUﬂ Brimd WashesSwdré extraseptwidt 4 C
overnight. Methanol (5 m) was added to the reaction. After 20 mn at room

t enperature, the MEBB(methyliercbuybethases3 30 pdo.aTheicombingd Orgapic exuagihwere pour ed
i nt o aqueous sodi ' LR | .

di chl or onet hane tc&@o?él%es. %ﬁg?&;gﬁsf@ssgﬁ)g%’fg r&\}g‘gﬁgsﬁ) g%({s overﬁg%%fgpnm‘}fo

sul phat e and evaf2$ afldThebriredayer wisleackesuiacedtd witteMIIBEI(Ax 28 nily. Thei ca gel
col utm chr omat ogr a sing. a_net hanol./.dj chl ar than temwth a

st epwi se i ncr éasicﬁg‘%ﬁﬁ&ﬁcﬁa‘ﬁrﬁﬂng ﬁ”ﬁ%ﬁbﬁgﬁﬁﬁ'@ﬁ‘@"ﬁ?‘ﬁa\ﬁ’ % 7%
MeOH in CH err] Clyi¢l8 tHe desiredididl @3.3625 95.8 mmol, 97%) as\@CoRrts3 @151

PCT/ SE97/ 00241 37 b)

(R -9-[2-(Stearoyl oxynet hyl)-4-(t-butyl di phenyl sil yl oxy) butyl ] guani ne
(R) - 9-[ 2- Hydr oxy ' -\bgit ' i %Ajmx I ' g.

5 mol e) was coe\rrgowgt(et?évﬁ)ﬁ %‘irzi}t’%W’ln%?fndgh W égbg#hylﬁ)g%s!gﬂ/ug’?}?ﬁns'g%ri di ne
5 (20 mM). To t hen,8D,3-6%m. 28, 37200m, ARt dH)pwi se st earoyl chloride

(1.86 mm 5.5 mmol e, technical grade) in dichloronmethane (2 m) at -5

[err]C. The reaction was kept at the sanme tenperature for 1 hr and
then at 5 [err] C é)or ZPrégparation of (ZR)2-dce@drymalylwadbdiethoky-butam by TLC.
Addi ti onal stearoyl chloride (0.29 m) at - 5 C was added due - to
i neonpl etion of reaction. After 30 mn at 5 [err]C, . :
- HO Y oA
- - o . | Eto—( '
- ' - . . OBt

15 Intoa 10 ml 1 neck round bottom flask was charged the product of Example 14 step
. b) (3.84 £, 20 mmol), followed by addition of vinyl acetate (2.6 g,. 30 mmol) and

finally Lipase PS 30 (69 mg, pufch_ased from (Amano, Lombard, Ilinois). The
mixture was allowed to stir at ambient temperature for 16 hours. Progress of the
reaction was closely monitored by TLC (2/1 hexane - EtOAc; stained with

20 Cea(S0O4); and charred on hot plate; r.f. of diol is 0.1, monoacetate is 0.3, bis acetate
is 0.75). The reaction mixture was diluted with CH,Cl, and filtered through a 5
micron filter. The filter was washed with additional CH,Cl,.
‘The filtrate was then concentrated in vacuo to afford the desired product.

25 d) Preparation of (25)-2-acetoxymethyl-4,4-diethoxybutyl toluenesulfonate
Ts0” Y OAc
EtO—(
OEt
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10 methanol (3 m) was added and the reaction mxture stirred for 20 mn.

It was ~ then poured into aqueous sodi um hydrogen carbonate sol ution,

and extracted wi t h di chl oronet hane. The organi c phase was dried and

t he product purified by silica ge colum chromat ography with stepw se

i ncreasi ng MGl ofiigedsl NO © wth 3.5 %MOH Iin CH[err]CI [ evcTisEdNGogdrd 2. 7
. 15 ° c) (R)-9-[(4-Hydroxy-2-(steggoyl oxyrret hyl ) butyl ] guani ne

(R) -9-[2-(Stearoyl oxynet hyl ) - 4 (t- butyI di phenyl si | yl oxy) butyl ] guani ne (2.7

g, 3.56 | e sds HE.(3 and hydrogen
fluoride-pyri ginﬁgw)a ‘%"111 §° '%ck?g s‘i ﬁ%mé%egtﬂmo%mgf‘ﬁléyﬁ%ég%tap n was
kgpt at 4[err]Csemmmnoéﬁxfjmakohergedmmchmprtdhmofgamlawgtqa?tuemymc%e;j
about 80 % conver si gon Ltion HF- ridi ne 0.75
Ater 4 hr  TLC mmehsy EHabh (AL e 2 dmomaly 15 o Sl i or ot
The reaction m Xﬁddécﬁom%hl%ﬂ&!:@%rg@?%oﬂ %E\'B%ul‘m:é RiPkthre WAk Srirftd af Ne

tenperature and nore pyridine (5 was added and evaporated again. The

pr oduct 5 wamnbmmmwnsyfommw Ghargeshil: 0.3 g, d hrmmpd) angd Istyrred Vi el d 1. 26
25

Pl (N 8o L- 1 sor SRy 4 poyee, To tssion st il it B0 nl JOAe and 50
(R)-9-[4-Hydr oxyam{zstaadtmmk;mqamtw&mpaydn}d gloa]nagarﬁdﬁﬁerms afded@Snmol €)
d N- BOC- L i | t th
Ty OVF i co o @on SEFRPon e RERag nd SR AR R e
sol ution was addaﬁe&mykr@wheﬁmédohwﬁme twmdahédlm:mefzamrml e)

and 4-di net hyl am nogérl di ne m% 039 mmol e After reaction for
18 hours, tha0r eHakk nW‘!@P‘u‘i“@%’Na’soh Witered apdgpne §in Y89 10 and wor ked
up in a conventi . WO 97/ 30051

T/ SE97/ 00241 ERtant RGEHE of 7.40§ oPihRALSGed Bibduct. 28

i sql ated by silica gel col uam chromat.ography, el uti ng at 5 % MeOH in
Clerr]Alerr]. iy nmg (5668 B (P 1.62 (m, 2H): 1.94 s, 3H): 2.19 (m, 1H); 245 s,
 3H); 3.42 (m, 2H); 3.6 (m, 2H); 4.03 (m, 4H); 4.51 (¢, 1H); 7.36 (d. 2H); 7.79 (d,
15 2H).

. €) Preparation of

)fkl y
OA

C

co’

OEt

20 Into a SO mL | neck round bottom flask was charged the product of Example 14 step
d) (3.88 g, 10 mmol), anhydrous DMF (20 mL), 2-amino-4-chloro-purine (2.125 g..
12.5 mmol) and K,COs (4.83 g). The resulting suspension was stirred at 40 °C
under a N; blanket for 20 hours. The mixture was concentrated to remove most of
the DMF on a rotary evaporator, The residue was diluted with EtOAc (50 mL.) and

25 H>0 (50 mL). The reaction mixture was transferred to a separatory funnel, shaken
and the aqueous layer was separated. The aqueous layer was extracted with EtOAc
(25 mL). The organic layers were combined and washed with 5 % KH,PO, (75
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e) (R -9-[4-(L-1sol eucyl oxy) - 2- (st ear oyl oxynet hyl ) - butyl ] guani ne 5

(R -9-[4-( N-BOC-L-isol eucyl oxy) - 2- (st earoyl oxynet hyl ) butyl ] guani ne (150ng,
0.205 mmole) fromstep d) was treated with trifluoroacetic acid (3 nl) at
0C for 20 mn. The solution was evaporated in vacuo. The residue was
coevapor at ed WW®97B5 ¢ o] yene twice and kept under vacuum f 1
hours. The residue was di ssol ved I n (2 mM) and evaporated to give
the trifluoracetate .salt as a glass-like 10 product (Yield 191 ny).

1571, 45 (bbbl wall, 7

) . ) R . ; ) . 1 SO C .

1H H2), 2.15 (;l)\ﬂ:)' %‘f%&?’&&ﬁ??étf'&gtgm&%‘m“{‘}ﬁ? m %%F%E?c?ﬁé‘ﬁ ?’8‘)1.385"?‘%? anH) ,
1.48 (m 4H), 1. GRodubi T8Ethude Profdet ik sifiired whh 40 mL ofi&Mikibutyl ether. This

(R -9-[2-(Decanoyl oxynet hyl ) -4-(L-isol eucyl oxy) but yl ]fguani ne The
title conpound waRixwenwasstisredavemight gt 4°Cranathegnishine wos filiosed. The fltratewesr 20

anal ogous to a j ' ' oride
"n step 5, ohEntdarkklc oS PU o ol B ad P (cBianihp 238 G Y desgh O M
8.35 (s, br, 3H),préiugthagedsypott HPLOanalysis)6. 75 (s, 2H, NHerr]), 4.23
(t, 2H), 4.07 (d, 2H), 4.05 (m 3H), 2.4 (m 1H), 2.21 (t, 2H, 25 1.83
(m 1H), 1.66 (m 2H), 1.45 ((m 2H), 1.39 (m 2H), 1.22 (s, 12H), 0.84
(m 9H). 300 MHz '"H NMR (CDCls) 8 1.19 (m, 6H); 1.69 (2H); 1.79 (s, 1H): 218 (s. 3H);

EXAMPLE 9
2.52 (m, 1H); 3.48 (m, 2H); 3.62 (m, 2H); 4.04 (m, 2H): 4.16 {m, 2H); 4.61 (1,1H);
10 5.12 (bs, 2H); 7.81 (s, 1H).

7] Preparation of

S
L P

ol

OEt

5 . (Bn=benzyl)
* Into 2500 mL I neck round bottom flask was charged benzyl alcohol (136 mL),

cooled to 0 °C, followed by portionwise addition of KO-t-Bu (36 g, 321 mmol).
The temperature was allowed to warm to 40°C, and the mixture was stirred 20
minutes. To this mixture was added at 0 °C the crude product of Example 14 step e)

20 (24.7 g, 64.2 mmol) dissolved in 25 mL anhydrous THF and benzyl alcohol (30

 mL). The temperature was allowed to slowly warm to 8 °C over 2 hours. The
reaction mixture was poured into 500 mL ice and was extracted with 500 mL
MTBE. The organic layer was washed with 250 mL of brine, dried over Na,SO;,
filtered and concentrated in vacuo to afford 193 g of a benzyl alcohol solution of the

35 desired product. HPLC analysis indicated that the solution contained 25.96 g of the
desired product. '
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(R -9-[4-(L-1sol eucyl oxy) - 2-(nyristoyl oxviet hvl ) but yl ] guani ne The
title conpound was obtained as the bistrifluoroacetyl salt in a manner 5
anal ogous to Exanple 1 using N-BOC-L-isoleucine instead of NN-BOC-valine in
step a) and nyristoyl chloride in step b). [ err] H NWVR
(DVSO-d6) : | wogm3e®199(s, 1H), 8.34 (br s, 3H) 8.15 (s, 1H)PCRSESTONR4l,, g,
2H) , . 4.23 (t, 2H), 4.05 (d, 2H), 3.9§ (m 3H), 2.48 (m 1H), 2.20 (t,
S::DI) 1.85 (mE 1H), 1?1 1.65 (m 2H), 1.41 (m 4H), 1.23 (s, 20H), 0.85 (m
(R-9-[2-(4- A%t 9ry| ox(C]rr)gﬂ ?122 mﬁ\lfgﬂl 5|50()%H) 2]8 B IH;.’I‘:IBI lnse(m uil)S The
titled compound.40dm, xm:aasnem.ag) BW@(MZH)‘MZS&@F B #00i(bs. 2Hanner

anal ogous to u X d f
Beample o 338Gy 338 AL oE, S Gﬂ?a“?b%yﬂ%”ﬁf e e d
[err] H NVR (25Mmevm OG- dietCr).) . [err] 1.05 (dd, 6H), 1.77 (m 4H), 2.19
(s, 3H, 2.24 20 (m 1H), 2.36 (t, 2H), 2.44-2.60 (m 3H), 3.95-4.20 (m

5H), 436(|§1 2H), 6.8 (br s, 2H), 8.3 (br s, 1H), 8.5 (br s, 3H),
11.1 (br s, 1 PreparationrgfAVPLE 11
(R-9-[2- Dodec noyI oxynet hyl - 4- (L-val yi oxy) ut yl ] guani ne 25 The

anal ogous to Exanple 1 using dodecanoyl n;je i nstead of stearoyl

titled conpound was obtained as the bi Stl’l |roacetate salt in a manner
chloride in step b). Hﬁ

Eto-(
OFt

‘Into a 100 mL 1 neck round bottom flask was charged the crude prodﬁct of Example
14 step 1) (9.65 g of the Benzyl alcohol soluﬁon. containing 1.30 g, 3.13 mmol of the
10 product of Example 14, step f) dissolved in absolute EtOH (20 mL). To this was
added 0.45 g of 10 % PA/C slurried in 5 mL absolute EtOH. The reaction flask was
evacuated and charged with Hj three times with a balloon of Hy. The reaction flask
was pressurized with 1 atm. H; and the reaction mixture was stirred overnight. The
reaction mixture was filtered through a pad of diatomaceous earth to remove Pd/ C. -
15 The volatiles were removed in vacuo. The residue was mixed with 25 mL of
| isopropyl acetate and then concentrated in vacuo. The residue was diluted with
EtOAc (1'0 mL), seeded with the desired product, heated to reflux and then CH;CN
(2 mL) and MTBE (35 ml) were added. The mixture was stirred for 30 minutes.
The precipitate was filtered and dried to a constant weight of 600 mg of the desired
20 product.

300 MHz 'H NMR (d6-DMSO) 8§ 1.16 (m,6H); 1.45 (m, 1H); 1.61 (m, 1H); 2.16
(m, 1H); 3.45 (m, 2H); 3.40 (m, 1H); 3.62 (m, 2H); 4.02 (m,2 H); 4.53 (1, 1H); 4.85
(t, 1H); 6.55 (bs. 1H); 7.75 (s, 1H). MS = (M + H)+ =416 (CI).

25
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40 EXAMPLE 12
(R)-9-[2-Pal m toyl oxynet hyl - 4- (L-val yl oxy) but yl ] guani ne The titled
conpound was obtained as the bistriflouroacetate salt in a manner 5

anal ogous to Exanple 1 using pal mtoyl chloride instead of stearog/
chloride in stelyO97/3008) [err] H NVR( 250 Mz, DMBO- d[ er PFY/SES780244
0.97 (t, 3H), 1.05 (m 6H), 1.35 (br s. 24H4f, 1.58 (m 2H), 1.78 (m

2H), 2.25-(m 1H),

2.35 (t, 2H), 2.51 (m 1H), 3.97-4.18 (m 5H), 10 4.35

(t, 2H), 6.7 (br B). 2I-l)repﬁnbn(>br s, 1H), 8.5 (br s, 3H), 11.0 (br s, 1H).
EXAVPLE 13 (R) -

2- Am no- 9- ( 2- st ear oyl oxynet hyl - 4- (L-val v o ) butyl ) purine 15 Thi s
exanpl e shows t he deoxygenati on of gro ®rr]. a)

(R)-2-Am no-9- ( 2-

st ear oyl oxynet hyl - er - b xycar bonyl -

val yl oxy) butyl ) -6-chl oropurine: 20 To a so (Qmﬁ)mGHs

(R)-9-(2-stearoyl

oxynet hyl -4-(N-tert-but rbonyl

val yl oxy) butyl ) guani ne from step b)of Exanp 1 (646 ng, 0.9 mole) in

acetonitrile were addedwietrarreth amopni um chI or| de (427 2.7 mol e),

N, N di et hymmF? gk pqgn pottom & gk, Prodisk Ris AR | de
(0.417 . )2033%1 %@iahi g ind@ﬁcxﬁ%r_,bﬁm qonis e
progressi on nonit ored byg 25 L Ae'?e hourl';é ? e r)eaction m'§<lture was

evapor at ed i n §ac oixtaregvasi¢eoledioi-3 £ and stearoyl chioridas( T80 ;g 2.6 mmtildissolvediin hane,

t hen poured into
organi ¢ phase was

SRS T it SIS Bl s myimpre TR g HNGR oS0 61 T

puri Sl
hours at -5 °C. Absolute EtOH (0.138 g, 3.0 mmol) was added and the mixture was

stirred an additional 1 hour. The reaction mixture was concentrated in vacuo.

‘Toluene (30 mL) was added to the residue and then the mixture was concentrated in

10

vacuo. Again, toluene (30 mL) was added to the residue and then the mixture was
concentrated in vacuo. To the residue was added 1 % KH,PO4 (25 mL) and this
mixture was extracted with CH;Cl, (60 mL). The organic layer was separated and

" was dried over Na,SO,, filtered and concentrated in vacuo to a constant weight of

15

1.65 g. The crude product was chromatographed on 40 g of SiO,, eluting with 95/5
CH,Cl. - EtOH, affording 367 mg of the desired product. .

300 MHz 'H NMR (CDClL) & 0.89 (t, 3H); 1.26 (m, 30 H); 1.65 (m,3 H); 2.32
{m. 1H); 3.45 (m, 1 H); 3.60 (m, 2H); 4.08 (m, 2H); 4.60 {m, 1 H); 6.0 (bs, 2H):
7.53 (s, 1 H).

i) Preparation of
OH :
£y
HzN’L’N '\"\/\ i
Y" 0" T(CHy)qCH3
Ho—"

Into a 25 mL 1 neck round bottom flask was charged the product of Example 14,
step h) (0.234 g, 0.394 mmol) dissolved in THF (1.7 mL). To this solution was
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gel colum chromat ography. Yield: 251 ng. 30 Herr]-NWR (CDCL[err]):
[err] 7.76 (1H, H8), 5.43 (br,2H, NHerr]), 4.45-4.00. (m 7H), 2.53
(m 1H, 2.28 (t 2H), 2.12 (m 1H), 1.75 (m 2H), 1.59 (m 2H), 1.43 (9H,

1.25 (m 28H), 0.96 (d, 3H), 0.87 (m 6H). WD 97/ 30051
PCT/ SE9Q7/ 0024 Wo 9730081 ~ BCT/SE97/00241 1))
(R) - 2- Am no-9-(2-stearoyl oxnet hyl -4-( N-tert-butoxycarbonyl-L-

val yl oxy) but yl) puri ne: To the solution of

(R -2-am no- 5. ( SusyGatiewtie wTDs By o e iy S8 @R brecighn

L- val yl oxy) but yl | oropurin 0.33 mole) 1n netha
acetate ( 6 ronm te@pératife,) Tothe meactivd eaixwirerwas |admdfsatulmdeNeHOG:4 sojution. 65

I d 10% kept
er ar ) uxt ott0mkBEISRET X0 ddRofE] o108, TRRFMSRVE 5Pl
After one hour mammmlnﬁesh'omﬂdmacnonmamwhsmdwﬁsmmthﬁi on and t he
I Xt fil Cel i t d hed. .1
cthanol . Thest i MHRECECHRLIE TBsara B R tiae YitEax 5 o CHia Tt
col um. i el d: binileyer vere corbiliid'shd BAE dveiIGk, B0y Fiteredlafd EdrBerthtddsin 1H
H6), 7.74 (s, 5.18 (br, s, 2H NHerr] 01 (m 7H),

2.55 (m 1H), 2.vawo(e acmsaant weighy o( 307 mgy This Wl'(ﬂ)lrwagﬂylysqlhg@f( 2H) |
1.43 (s, 9H), 1.
(R)-2f,sb\rri n(|;lz 9- ( sté roy oxyrre (53“'(%#"“?‘ oxy'&%h{@ﬁcgﬂ?‘mmdmt °)

10 300 MHz 'H NMR (d6-DMSO) 5 0.82 (t, 3H); 1.19 (m, 30H); 1.41 (m, 4H); 2.19
(t, 2H); 2.32 (m, tH); 3.40 (m, 2H); 3.9 (m, 4H); 4.49 (m, 1H); 6.4 (bs, 2H); 7.61
(m, 1.5H); 9.55 (m, 0.5H). T

U-

oy - PLE 15 O - gk,

15  Alternative preparation of (R)-9-[4-(N-tert-butyloxycarbonyl-L-valyloxy)-2- -
!stearoyloxyme;hy] Ybutyllguanine

(R)-9-{2—(Stearoyloxymethyl)#{t—butyldiphenylsilyloxy)butyl] guanine (45g) and

THEF (950 mi) \n!l\ere combined in a 2L flask. Then Boc-L-valine (3.22 g, 0.25 eg)
20 was added, followed by tetrabutylammonium fluoride (1M in THF, 89.05 mL) over

10 minutes. The clear reaction mixture was stirred at room temperature for 2 hours

and 50 minutes with monitoring of the reaction progress by TLC (90/10
CH,Cl,/MeOH).

25 To the reaction mixture was added Boc-L-valine (35.43 g, 2.75 eq), DCC (36.67 g,
2.75 eq) and dimethylaminopyridine (1.1 g, 0.15 eq) in THF (25 ml). The reaction
mixture was stirred at room temperature for.24 hours. DCU was filtered off and
washed with CH,Cl,. The filtrate was concentrated, and the residue was taken up in
2 litres of CH,CL, and washed with 2L of ¥2 saturated sodium bicarbonate and brine

30 solutions. On drying and evaporation, approximately 100 g of crude product was
obtained. The material was purified by silica chromatography (6000 ml of silica)
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(R - 2- Ami no- 9- ( 2- St ear oyl oxnet hyl -4-(N-tert-but oxycarbonyl -L- 20

val yl oxy) butyl )purine (180 ng, 0.26 mmvle) was treated with trifluoroacetic
acid (5m) at O[err]C for 40 min. It was then evaporated in vacuo and
coevapor at ed successively with toluene and net hanol . was
freeze-dried oW to gi ve 195 ny of the desired prw%‘;ﬂa
[err]H- NVMR (DMSO-d6): [err] 8.78 (s, 1H, H%), 8.32 (br, 3H), 8.29 (s, 1H,
H8), 4.27 - (t, 2H), 4.13 (d, 2H), 3.98 (t, 2H, 2H), 3.89 (m 1H),
2.47 (m 1H), 2. 18ing3% MeDH/CH,Cly to]SﬂMeQH/CHiﬂ)l; tolabP@n 38%-ing olthe Sesired 6H) |
0.85 (t, 3H). WO 97/ 30051

PCT/ SEQ7/ 00241  Produet. 42 EXAMPLE
14 Al ternative preparation of '

(R) -9-[4-Hydroxy-2-(stearoyl oxynet hyl ) but yl ] guani ne a) Preparation
of ethyl 4,4-diet PbEd hoxycar bonyl butyrate

[err] s Poj ki 4, ) as di ssol ved
in.dry DM (1 1). v ’ 1 .) was added
over 5 m nutes. b__ggxl_lgmn@acet al dehyde di et hyI acet aI (172 nm., 1.14 nole)
was added over 5 m nutes. The m xture was heated to 120[err]C

(internal tenperature), and stirred at 120[err] C for 5 10 hours. The

m xture was al |l ovgd t QRY-992-Hyardx %Eﬂﬂﬁb M, enmzldi tAy1buyIfgRinined
L), and extract e\élﬂvm t(rg %e? yya{der?‘t(ﬂ by ﬂ% pﬂ gmd):( %00 m.) .. The

or gani ¢ sol MG A50e. dr78amibard N, hylf ‘PWE\“&)(G‘*&BME’@HFWHG%'M&M
distilled (0.% m"%uc%ﬁi evaporator and the mixture warmed to dissolve the solid. The solution was

concentrated to dryness under vauum at no more tﬁan 90°C. The resulting powder
- ’ was transferréd to a 22 litre flask"with stirrer, addition fnnnel and and temperature
probe N N-dxmemylformamnde (1.7 kg) was added followed by pyridine (3.53 kg).
e | - The resultmg suspensmn was cooled to -10°C under nitfogen and stirred at -5 iS"C
15 as t-butylchlomdxphenylsllanc (684 g, 2.49 mol) was added dropwise. The resulting
mixture was stirred at -5 +5°C until the reaction was cdmplele (as monitored by
" TLC (10:1 methylene chloride/methanol) and HPLC (4.6 x 250 mm Zorbax RxC8
(5 micron); 60:40 acetonitrile-ag. NH/OAC (0.05 M) at 1.5 ml/min; UV detection
at 254 nm)). Water (16 kg) was added and the mixture was stirred for 30 minutes to
20 brecipitate the product, then the mxxture was cooled to 0°C for 30 minutes. The
solid was isolated by filtration and the product cake was washed with cold water and
sucked dry with air to provide the crude product as an off-white solid. The crude
solid was taken up in pydrifiine 3 kg) and concentrated under vacuum at 60°C to
remove water. The dry solid residue was slurried with methanol (10 kg) at 60°C for
25 1-2 hours and filtered while hot. The filtrate was concentrated under vacuum and the
solid residue was refluxed with isoprop-ﬂ acetate (7 kg) for 30 minutes. The mixture
was cooled to 20°C and filtered. The filter cake was dried under vacuum at 50°C to
provide the title compound as a white solid (555 g).

30 b) (R)-9-[2-(Stearoyloxymethyl)-4-(t-butyldiphenylsityloxy)butyl jguanine

The product of Example 16, step a) (555 g, 1.113 mol) was charged to a 50 litre
Buchi evaporator. Pyridine (2.7 kg) was added dropwise to dissolve the solid and
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140[err]C) to yield the desired diester (244 g, 78% as a colorless oil.

15 Jerr]HNWR (CDCl[err]) [err] 1.19 (t. 6H), 1.28 (t, 6H), 2.22 (dd, 2H),
3.49 (m 2H), 3.51 (t, 1H), 3.65 (m 2H) 4.20 (qd, 4H), 4.54 (t, 1H).
b) Preparation of 4, 4-diethoxy-2-(hydroxynmethyl)-butanol

[err] WO 9IR@EK (purchased sol ution, 2Min THF, 22.5 REVSENQM] e
product of Exanple 14 step a) (5 g ¥n 15 nL of THF, 18.1 mvl) were
combi ned and warned to 60[err]C and stirred at 60 C for 4 hours. The
r eaCt lon m xt Ulrﬁe“ﬁﬁmiitldlﬁ\gﬁdnmo@mkl ssttmdémgnum at 60°C. I eesidue was gakein t he
reaction vessel was placed in coo] water bath. T 25 triethanol am ne
(ﬁ. 97 nL, 1 eunR/!")f%EY'&B'éféa"’j‘tg) airnsferred @ a@ﬁa{t"ﬂt}}ﬁg‘ Wit Spes, adaitions

the reaction m xii YRSl ' ' z 6 3 7.5 nm
was addedﬁgflélgmr at éﬂ?ﬁd@%ﬁ?ﬁi?‘h ggaslw@o %’?Io @E"&’;’g dég’;ﬂe?gl:“:agﬂ{ gnd the)
m xture was st i solatibnfofstearoy! chlogige (A40gt £45 aol)imowethylenpeirenide(d S kghwas ayer s

\SBC;-? SES g;’igg'{zgg a&cﬂﬁ sg asto %a?ntiig %mﬁl\c/?a%urc below 0°C.\/P(I\?,K{-d?1%9ti%lami%§yridine

with brine (2 X(llﬁ%mzm&r#%&mba&ﬂﬁhbﬁﬁﬂﬂcmm&wtse-@mfw@mdwth
MIBE (nethyl tert-butyl ether, 3 x 20 nL). The conbi ned organic extracts

wer e ~ evapopatilsgnyersion Wes completh (es manitarrdayoTh/e 10: hmmidene 50 i) and
MIBE (3 x 25 mjoricimebiritlid sFeca sl 20 i YRieal RCRES iy GEATT] 11 11
Na[err] SO err], atetoieileat;. NdhOAc @0EM)atit.& chiimon; UV detection at 254 nm)). At the
10  end of the reaction, acetonitrile (8.7 kg) was added and the mixture was stirred for
" not less than 15 minutes to precipitate the product. The slurry was cooled to 0°C for
"2 hours and the solid isolated by filtration and the filter cake washed with

acetonitrile (2 kg). The desired product was obtained as a .ﬁ/_hite solid (775 g).

washed

15 ¢  (R)-9-[4-Hydroxy-2-(stearoyloxymethyl)butyl]guanine
A solution of the product of Example 16, step b) (765 g, 0.29 mol) in
tetrahydrofuran (10 kg) was prepared in a reactor. A solution of
tetra(n-butyl)ammonium fluoride in tetrahydrofuran (1.7 kg of 1M solution, 1.7
mol) was added and the resulting clear solution was stirred at 20 £ 5°C for 4 hours.

20  Water (32 kg) was added and the resuiting slurry was stirred for 1 hour and then

| cooled to 0°C for 30 minutes. The precipitate was isolated by filtration and the filter

cake was washed successively with water (10 kg) and acetonitrile (5 kg). After
drying under vacuum at 25°C, 702 g of crude product was obtained. The crude
product was dissolved in refluxing THF (4.2 kg) and water (160 g), then cooled to

25 40°C and treated with methylene chloride (14.5 kg). The mixture was allowed to
cool to 25+5°C for 1 hour, then it was cooled to 5:5°C for 1 hour to complete |
precipitation. The slightly off-white powder was isolated by filtration and dried
under vacuum at 40°C to yield the desired product (416 g).

30 d) (R)-9-{4-(N-Cbz-L-valyloxy)-2-(stearoyloxymethyl)butyl]guanine

A solution of N-Cbz-L-valine (169 g, 0.67 mol) in dry THF (750 ml) was prepared

in a 2 litre flask with mechanical stirrer, thermometer and addition funnel. A
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yield the desired diol (3.36g, 15.5 mmol, 97% as a colorless oil.
[err]H NVMR (CDCl [err]) [err] 1.22 (t, 6H), 1.73 (dd, 2H), 1.92 (m 1H),

2.67(bs 2H) 3.52 (m 2H), 3.69 (m 2H), 3.72 (m 4H), 4.62 (t, 1H
10 Pr epar atlon of (2R)-2-acetoxynethyl -4, 4-di et ho?éaggwi
[err] 15 W9 170 M "1 neck round bottomflask was ch

product of Exanple 14 step b) (3.84 § 20 mmvl), followed by addition
of vinyl acetate (2.6 g, 30 mmol) and finally Lipase PS 30 (69 ngy,

pur chased from ( Aclation oﬂdmybbhdgyldatuodnmxds 169 Ig.34 mol) inWHE (26Q miwaszadiieded t o

stir at anbient tenperature Pr ogr reaction
was cl osely noni t°8?n‘p ‘%E@‘@%H‘?‘H aﬁ"%&@ %‘&é'ég’&z\kﬂrﬁ %SP
Ce[err] (SO err]) [vak ket dn&daar&a(ta@@w&%samga THF(300ah!).0Fhe Ifiltidde shdl.
nmonoacetate is 0.3, bis acetate . The reaction mxture was

diluted with CH erash@eresharpedion %hﬁqféaslsambﬁvmgmd thegnometer. The prodyst of; | ¢ or .
os { hen conagny TaEete! Sepdiiid 0% il Gl @ aibia witya iakdGr g (21
Preparation of (2350 @h)at-Nddimethilaminolpydidine{21F puA.922 mal) wesrdded anditae e
Lerr] white sturry stirred at 20£5°C. Within 15 minutes, the solids were all dissolved and
the reaction was complete within 1 hour (as determined by HPLC: 4.6 x 250 mm
Zorbax RxC8 column; 85:15 acetonitrile- 0.2 % ag. HC1O, at | ml/min.;: UV
10  detection at 254 nm; starting material elutes at 4.1 min. and product elutes at 5.9
‘min.). The reaction was quenched by addition of water (5 ml) and the solution was
concentrated under vacuum to leave a light yellow semisolid. This was taken up in
methanol (1.5 lifres) and warmed to reﬁux for 30 minutes. The solution was cooled _
" t025°Cand 'th'e"%:iecipitate was removed by filtratior, The filtrate was concentrated " "~ “
15 under vacuum to leave a viscous, pale yellow oil. Acetonitrile, (1 L) was added and
_ the resuiting white suspension was stirred at 20 £5°C for 90 minutes. The crude
" solid product was isolated by filtration, washed with acetonitrile (2 x 100 ril) and
air-dried overnight to provide the desired product as a waxy, sticky solid (122 g).
“This was further purified by crystallization from ethyl acetate (500 ml) and drying
20 under vacuum at 30°C to provide the desired product as a white, Waxy solid (104 g).

e) (R)-9-{4-(L—valyloxy)-2~(slearoyloxymethyl)butyl]guanine
A solution of the product of Example 16, step d), (77 g) in warm (40°C) ethanol
(2.3 L) was charged to an hydrogenation reactor with S % Pd-C (15.4 g). The

25 mixture was agitated at 40°C under 40 psi hydrogen for 4 hours, evacuated and
hydrogenated for an additional 4-10 hours. The catalyst was removed by filtration
and the filtrate was concentrated under vacuum to provide a white solid. This was
stirred with ethanol (385 ml) at 25°C for 1 hour, then cooled to 0°C and filtered.
The filter cake was dried with air, then under vacuum at 35°C to yield the title

30 compound as a white powder (46 g).
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WD 97/ 30051 RCTLSF97/ 00241

44 Into a 100 nL 1-neck round bqttHdSnSHEEE HAScBEEMped with a magnetic
stir bar and sept um under N2 was [char gREPLACEDCr udef.pr oduct of Exanpl e
14 step c) (4.62 g, 19 nmol ), dry"mrETTTCl‘[—m-j—hBO m.) and err]N
(5.62 m, 40 WRSP085iTo this sol ution was added tosyl CI?F@ISW .76 g,
25 mmol ). The resulting m xture was stirr®d at 5 anbi ent terrperature for
4 hours. Charged Herr]O (0.27 g, 15 mol) and stirred vi gorously for
4 hours. The reBXAMPLEWXture was diluted with 80 nL Et OAc and 50 mL
Herr] O and the g ) . 1o the organic |ayer was added
75 m of a{FS:S ' Butvlgyaminens ¢ or i xi ng and
separation of the Iayers the aqueous | ayer was renoved. The organic.
.layer was washed with 50 nl. of saturated 10 NaHCO err] solution, dried
over Na[err} Sq@rr] (R)-9+[2 Shydepxamathy biréstasrayioxabuiyiisvenitio to a const ant

2060 B gt o B
%ﬁi)r r ! 3.1'4% 7( En ngfpﬁucﬁm(«m Rig) gzmmlxaz: %%;?hmaﬁﬂnowﬁmﬂ&o w49 d. 2H):
no

(o (9 1% S hmimoy, esroufibugriae TTDBRE 08 Rl yas addpd ot YR miBiE 88 ¢ e

_product of Exana%emﬁmwmmmuﬁ)M&:&QhaolvkﬁtmthomHNae%ﬁﬁNF (20
m.), 2-amino-4-ch|oro-purine (2 [err]COerr]

(4.83 g). The r@WGW%WW?W‘§N4M‘3‘!“‘40“‘*%??‘]1@ﬁ1md°f:mder a

N err] blankgt Gaghed WithQtyPacettCandiwalkdt'afid 43 t6 {égffﬁd &1t Sy € nmost of
the DMF on a rotary e\}apo a%cgr The resaﬁdue 2 tlg% W t Et OAc (50 m)
and Column chromatography on silica gel (chlorofonnmethanol 15:1) gave pure title

compound as a white selid.
i 1H NMR (DMSO-dg) &: 0.86 (t, 3H): 125 (s, 28H); 151 (qui, 2H): 1.62 (m, 2H) ™
15 2,06 (m, LH); 2.23 (t, 2H); 3.34 (d, 2H); 3.96 (ABX, 2H); 4.07 (dd, 2H); 6.30 (br's,
2H); 7.62 (s, 1H); 1045 (s, 1H).

13C NMR (DMSO-dg) 3: 13,8 (C18); 22.0 (C17); 24.4 (C3); 27.7 (C3"); 28.4-28.8
(C4-6. C15); 28.9 (C7-14); 31.2 (C16); 33.5 (C2); 38.0 (C2'); 44.0 (C1); 60.6/61.8

20 (C4.C2"); 116.5 (guaC5); 137.7 (guaC7); 151.4 (guaC4); 153.5 (guaC2); 156 7
{guaC6); 172.7 (COO0).

b) (R)-9-{2~(N-Boc-L-valyloxymethyl)-4-(stearoyloxy)butyi]guanine.
A mixture of N-Boc-L-valine (528 mg; 2.1 mmol) and N,N'-dicyclohexyl
25  carbodiimide (250 mg; 1.21 mg) in dichloromethane (20 ml) was stirred over night
at room temperature, dicyclohexylurea filtered off and extracted with a small
volume of dichloromethane, and the filtrate evaporated in vacuo to a small volume.
(R)-9-[2-Hydroxymethyl-4-(stearoyloxy)butyl}guanine (340 mg; 0.654 mmol), 4-
dimethylaminopyridine (25 mg; 0.205 mmot), and dry N.N-dimethylformamide (15
30 ml) were added and the mixtu}e was stirred for 4h at S0°C under Na. The solvent

was evaporated in vacuo 10 a sniall volume. Column chromatography on silica gel,
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25

Herr]O (50 nmL).

funnel . shaken

and the aqueous | ayer was separated. The agueous

| ayer was extracted with Et OAc (25 nmL). The organic |ayers were
conmbi ned and washed with 5 %KH[err]PQerr] (75 V\DQ?/B%
PCT/ SE97/ 0024 1W0 9730051

organi c | ayer was separated and washed wit® Herr]0 (75 rrL), bri ne (75

m),

dri.ed over

Na[err]SOerr], filtered and concentrated in vacuo to

The reaction mxture was transferred to a separatory

The

afford 3.95 g of thes uuidummuanehyl atemteanaliimol watkn d 5:21lces elent) gaved8hi th 40
m of nmethyl-t-buty]l ether. This s stirred overnight at
} e

4[err]C and the M8
afford 3.35 g of the product as an oil
product based upon HPLC anal ysis).

[err] 1.19 (m 6MINMRGEHCEHS; 0.85-19 (s SHL 1-CH3, %(%3)23!—1}5(&28 Y49\ 752 (m

1H);

Lo g compopd s

ate was 5 concentrated

3.48 (m 2H

10

15

20

30

. 3.62 61
10 5.12 (bs, <2H;2Hz:718&(s§gli)t1$¥; 160(&1“1,&H}§C1H*)'b?‘é&wﬁm)&ﬂ%e 244 fm (

2'-CH; 2.29 (t, 2H) 2-CHjy; 2.41 (m,1H) CH(CH3)3; 4.1-4.3 (m, 6H) CI'-CH3, C2"-
CHj, C4-CH»; 5.4 (d, 1H) aCH: 6.6 (brs, 2H) guaNHj; 7.73 (s, 1H) guaHs; 124
(br s).

13C NMR (CHCl3) 8: 13,9 (C18); 17,5/18.9 (2 Val CH3); 22.4 (C17); 24.7 (C3);
28.1 (C3'); 28.9-29.3 (C4-6, C15); 29.4.(C7-14); 30.7 (Val BC); 31.7 (C16); 34.0

(C2): 35.9 (C2); 439 (C1'); 58.7 (Val oiC); 61.4/63.6 (C#, C2"); 79.9 (CMea);
" 116.4 (guaCs); 137.9 (guaCT); 131.7 (guaCd); 153.7 (ghaC2); 155.7 (CONHY; ™ ™'

158.8 (guaC6); 172.1 (CHCOO); 173.5 (CH2COO).

6) (R)-9-[2-(L-ValyloxymcthyI)-4-(stearoyloxy)butyl]guanme

" Chilled trifluoroacetic acid (2.0 g) was added to (R)-9-[2-(N-Boc-L-

valyloxymethyl)-4-(stearoyloxy)butyljguanine (180 mg; 0.25 mmol) and the
solution kept at room temperature for 1h, evaporated to a small volume, and

lyophilized repeatedly with dioxane until a2 white amorphous powder was obtained.

' The yield of title compound, obtained as the trifluoracetate salt, was quantitative.

TH NMR (DMSO-dg) 8: 0.87 (t, 3H) 18-CH3, 0.98 (dd, 6H) CH(CH;),; 1.25

(s, 28H) 4-17-CH,; 1.50 (qﬁi, 2H) 3-CHy; 1.68 (qua, 2H) 3'-CHy; 2.19 (m, 1H) 2
CH:2.26 (1, iH) 2-CHjy; 2,40 (m,1H) CH(CHj3);; 3.94.25 (m, TH) C1'-CH,, C2"-
CH,, C4-CH,, «CH; 6.5 (br s, 2H) guaNH,; 7.79 (s, 1H) gual8; 8.37 (brs, 3H)
NH;3*; 10.73 (br s, 1H) guaNH.

13C NMR (DMSO-dg) &: 14.2 (C18); 17.9/18.3 (2 Val CHj); 22.3 (C17); 24.6 (C3);
27.7(C3"; 28.7-29.1 (C4-6, C15); 29.2 (C7-14); 29.5 (Val BC); 31.5 (C16); 33.7
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Into a 500 nL 1 neck round bottom fl ask was charged benzyl al cohol (136

m), cooled to O [err]C, followed by portionw se addition of KO t-Bu
(36 g, 321 nmol). The tenperature was allowed to warmto 40[err]C, and
the m xture was stirred 20 m nutes. To this m xture was added at O
[err] C the cr M@9T0uct of Exanple 14 step e) 20 (24.7 g, REASEYIRRAL)

di ssolved in 25 nL anhydrous THF and benzyk al cohol (30 m.):. The

tenperature was allowed to slowly warmto 8 [err]C over 2 hours. The

reaction mi xturqcefssmm?mlmmm%m b cRBEsIBTELnarisad wi th 500

MIBE. The organic er was wash brine, dried over
Na[ err] SO err] (guaCS ;116.B {quect299Ha. @Esidéﬁ?l(wga)-llﬁl § tavnlcA) 154 (evr@2)1 93 g of

?ntéie-ﬂléty'edai 0Ol B hafh s . T SEL S0 oo T ERBLEEO et
WD 97/ 30051
PCT/ SE97/ 00241 46 300 Mz

[err]H NI\/R(GDCI]EX'AM]PLE[IQH] 1.22 (m6H) 1.55 (2H) 2.18 (m 1H) 3.15 (m
1H); 3.40 ( 1H el 2 . .4.63

(t,1H: 4.90 (bsSHy gtonof (R, RV EHOVIOAY SRNLEIANNg . 7 51
(m 2H); 7.72 (s, 1H). ME =(M+ H+ = 416 (CI) 5 9) Preparation

| nt 100
°L 1 neck round BEB(HH0 21 Xemmolwaskeardan solwisnds o DMF G0ceh. Jhe sk o

ﬁﬁo ft gf I %] (9. 65y fferdd 16 Ve ¥blicPintpaRALs, Shekieh 30 C ¢8I &YstliBaymd? 9. 3. 13
10 stirred at that temperature during addition of pyridine (9.0 g, 114 mmol), 4-
dimethylaminopyridine (0.46 g, 3.75 mmol) and then, slowly, stearoyl chloride (20.0

g. 66 mmol). Stirring was continued at room temperature overnight. Most of the

. ... Solventwas then evaporated off in vacuo, the residue stirred v with 200 ml ethyl

«" T acetate and '2.00 n;l water and the solid filtered off, washéd with ethyl acetate and

15  water and drie.d. to yield crude product. As an altemative to recrystallization, the
crude product was briefly heated to almost boiling with 100 ml of ethyl acetate:

" methanol: water (15:2:1) and the sixspen_sion slowly cooled to 30° C and filtered to

leave most of the 2” isomer in solution (the 2” isomer would crystallize at lower
temperature), The extraction procedure was repeated once more to yield, after

20  drying in vacuo, 6.57 g (42%) of almost isomer free product.

EXAMPLE 19
Preparation of crystalline (R)-9-[2-stearoyloxymethyl)-4-(L-valvioxy}butyliguanine

25  The product of Example 16, step c) (20.07 g, 32.5 mmol) was dissolved in absolute
ethanol (400 mi) with heating, filtered, and further diluted with ethanol (117.5 ml).
To this solution was added water (HPL.C grade, 103.5 ml), and the mixture was
aliowed to cool to 35-40°C. After the mixture was cool.ed, water (HPLC grade,
931.5 ml) was added at a constant rate over 16 hours with efficient stirring. After all

30 | the water was added, stirring was continued for 4 hours at roomn temperature. The

resulting precipitate was filtered through paper and dried under vacuum at room

SUBSTITUTE SHEET (RULE 26)



10 product of Exanple 14, step f) dissolved in absolute EtOH (20 nL). To
this was - added 0.45 g of 10 % Pd/C slurried in 5 nL absolute EtOH The
reaction flask was evacuated and charged with Herr] three tines with
a balloon of H2. The reaction flask was pressurized W'tgnfr [ err]
and the reacti H¥PHPM%re was stirred overnight. The r eact ur e
was filtered through a pad of diatomaceousS®arth to renove Pd/ C. 15 The
vol atiles -were renoved in vacuo. The residue was mxed with 25 nL of

i sopropyl acet at tempechtrs trobtaimthe title corapbund asawbite, fren Sowingicexstallingpowdeyit ed

wth Et OAc m). . see LR the desired product, heated to refl ux
and t hen CH3CN (f&&@%ﬁ)’"gﬁﬁgkﬁg@( 35 m) were added. The m xture was

stirred for 30 mnutes. - The precipitate was filtered and dried to a
constant wei ght of 600 rTE of the desired 20 product. 300 M
[err]H NNR(d6-

1.16 (m6H); 1.45 (m 1H); 1.61 (m 1H); 2.16
i&. .

(m 1H); 3.454( 4.02 (m2 H: 4.53 (t,

1H); 4.85 H. MS=(M+ H+ = 416
(Cl). 25 . V\D 97/ 30051

PCT/ SE97/ 00241 D g 47 h)
Preparation of a) To a solution of 9-R-(4-(tert butyldxphenylsxlyioxy)[z 2rr] into a

25 mL 1 neck rour{liydmtykmﬂlyi)bmn}gmsema dl.5tniraolp)y ind3MF (3{f mBwenp| e 14 st ep
?)10 %)) _65-?-hg - 2.0 aHHEf IQI-’BOQ )L-{lﬂl ?48{8 %Txgo]g*um]:gylwno]pyg&ne
10  mg, 0.25 mmole) and DCC (556 mg, 2.7 mmole). After 16 hr, the reaction
was recharged with N-Boc-L-valine (244 mg) and DCC (278 mg), and was
kept for an additional 5 hours. The reaction mixture was filtered through
Celite and poured into sodium hydrogen carbonate aqueous solution, and e
P e e "‘"tﬁ fi it wﬁ‘exﬁé:éﬂ‘ with dichildronietieme. The- orgaméptrase was St e
15 evaporated and purified by silica gel column chromatography, giving 950 mg .
the N-protected monoamino acyl intermediate.

b) = The above intermediate (520 mg, 0.78 mmole) was dissolved in THF -
(15 ml). To the solution was added hydrogen fluoride in pyridine (7@ % /

20 30 %, 0.34 ml). After two days, the solution was evaporated and
coevaporated with toluene. Purification by silica gel column chfomatography

- gave 311 mg of the protected monoamino acyl compound.

'H-NMR (DMSO-d6): 5 10.41(s, 1H), 7.59 .(l.H), 6.26 (br 5, 2H), 4.32 (t,
25 1H), 3.95 (m, 5H), 3.46 (m, 2H), 2.41 (m, 1H), 2.06 (m, 1H), 1.45 (m, 2H),
1.39 (s, SH), 0.90 (d, 6H).

c) The product of step b) (95 mg, 0.21 mmole) was treated with a
mixture of trifluoroacetic acid (4 ml) and dichloromethane (6 mi) for 1 hr.

30  The solution was evaporated and freeze-dried, give 125 mg of the
unprotected monoaminoacy! product.

SUBSTITUTE SHEET (RULE 286)



5 m xture was cooled to -5 [err]C and stearoyl chloride (790 ng, 2.6

~mmmol ) dissolved in CHerr]CJ[err] (0.5 nm) was added over 5 m nutes.
The resulting m xture was stirred 16 hours at -5 [err]C. Absolute EtCOH
(0.138 g, 3.0 mmol) was added and the m xture was stirred an

addi ti onal 1 W@B872005the reaction nixture was concentrated i nPGHERIF00241
Tol uene (30 nL) was added to the residue #nd then'the nmi xture was
concentrated in 10 vacuo. Again, toluene (30 nL) was added to the residue

and then the m'lﬁi-mvm(m]@) ssssnfomyemtsmhemv Q%Q@;qm 3l68 (m2emy,esi due was
added 1 %KH[err&xq hi s mxture was extracted with
CHe[rr]Cl[err] & l)'l).zﬂ?e(mari (& (my 2D, MMy BBy at ed and was dri ed
over Naferr]SOerr], filtered and concentrated in vacuo to a const.ant

wei ght of 1.65 g. The crude product was chromat ographed on 40 g of
Sigerr], flutiEAMPLE 3515 15 CHerr]CJ[err] - EtOH, affording 367 ng of

the desired pro t2 3P 1en &l N CDCl[err]) [err] 0.89 (t,
3H); 1.26 ( mwwﬁ@ﬂ) Y <ISQIeRcyIoXy Jou © 3.45 (m 1 H); 3.60

(m 2H); 4.08 (m 2H); 4.60 (m 1H); 6.0 (bs, 2H): 753(s 1H). 20
1) Prepar at i on of

Into a 25 nL | Heck FoRsadutionef K ?1(%§WWMWWM@%)SG%EQ 01‘ Exanpl e
14 o oier @ls3E18dndle) iDDMI BT wéke 3R @ Bol L-idiiicind f7E) - TO this
PCT/ SE97/ 00241 12 mmole), 4-dimethylaminopyridine (61 mg, 0.6 mmole) and DCC (3. zg,
10 18 mmole). After reaction for 16 hr at 0°C, N-Boc-L-isoleucine (1.3 g) and
DCC (1.8 g) were recharged, and the reaction was kept overnight at room
temperature The reaction mixture was filtered through Celite and the filtrate
~ was evaporated and punfied by silica gel column chromatography. gwmg

a
ewre CracWMtLh A T c@OYT b Mol e w 2 AN 'P'i o Dhees LI LI N e CL 4{:—! o Wt s ewhe Rk L AL

i 25 g  of the N-protected monoamino acyl intermediate.
15 .
 'H.NMR (DMSO0-46): 8 10.56 (s, 1H), 7.62 (s, 1H), 6.43 (s, 2H), 4.75
'("t, 1H),4.15 - 3.80 (m, 5 H), 3.25 (m, 2H) 2.05 (m, 1H), 1.80-1-05 (m, 14H).
0.88 (m, 6H). . |

20 b) The intermediate from step a) (100 mg, 0.21 mmole) was treated with
' trifluoroacetic acid (3 m) and for 30 min at 0°C. The solution was evaporated

~ and freeaze-dried, give the titled unprotected mono-aminoacy} product in
quantitative yield. N

25 'H-NMR (DMSO-d6 + D;0): § 8.72 (s, 1H), 4.15 (m, 4H), 3.90(d, 1H), 3.42
(m, 2H), 2.09 (m, IH), 1.83 (m, 1H), 1.61 (m, 2H), 1.15 (m, H), 0.77 (d, 3H), 0.71
(t, 3H).
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added triflic acid (0.108 g) in Herr]O 18 Ihe m xture was stirred
over ni ght at roomtenperature. To the] T&IScCSHERT m;gtgg was added
saturated NaHCO err] solution" (10 m)} THFREP F fr]Clerr] (2 ni)
and NaBH err] (0.10 g). This m xture was ot'"m m nutes. To

the reacti on m xwosu3oests added a 5 % solution of 5 KH[err]P(qt@'fSF—?'ﬂ'{ow
m.). This mxture was extracted with 2 x 15sm of CHerr]C[err]. The
organic layers were conbined and dried over Na[err]S(err], filtered and
concentrated in vacuo to a constant weight of 207 ng. This materi al
was recrystallizedgkhmpre22 EtOAc (8 nL) and CHerr]CN (0.5 nL) affording
173 ng of the desired product. 10 300 MHz [err]H NMR (d6-DVSO) [err]
0.82 (t, 3H); 1.19RM9r{2dindroxymethyl-4-6i-valpboxy)butyldeuanine (¢t 2H); 2.32 (m 1H);
3.40 (m 2H); 3.9 (m 4H); 4.49 (m 1H); 6.4 (bs, 2H); 7.61 m 1.5H);
9.55(m 0.5H). The prmmamsle%stew)twmapmwae@wepmme@t acid in the

(R-9-[4-(N-terj- oxycar - | ¥l oxy) - 2-

(st ear oyl oxynet yI t‘%‘%ﬁf %ﬁﬁéplclr Yc%éj

(R -9-[2-(Stearoyl oxynmet hyl)-4-(t-butyl di phenyl silyl oxy)butyl]guani ne (459)

and THF (950 m) were combined in a 2L flask. Then Boc-L-valine (3.22
0.25 eq) 20 wataeeeasoMiiz, msbiagp sqm«wmb ansEDNBR I, Y. A 1cen, LEY) | N

Ti—IF 89.05 nmL) over 10 m nutes he clear reaction m xture was stirred

at room t enper at ur 348 &m, )G 00 n, 1H), 4.136m0) 28D, 43414258, G (05 sod8hi 8.2} (snlHbf t he
reacti-on progress CHerr]C[err]/ MeOH). 25 To the
reacti on m xt uﬁg Q%(:&%@?%é% va )I ne (35.43 g, 2.75 eq), DCC (36.67 g,
.2.75 eq) and di rrethyl am nopyridine (1.1 g, 0.15 eq) in THF (25 m ). The

reaction tirred at roomtenperature for 24 hours. DCU
was filtered off a%’g‘ﬁdﬂ&sz%shed with CHerr]d[err]. The filtrate was
‘cohcentrated, and (RES{261Valdoxnetiyielvalifodytbutyllsuaniné | i tres of

CHLerr]CL[err] and washed with 2L of [err] saturated sodi um bi carbonate and

"N PP

bPFHE™ 30§t utionst~On- gr yi-ng- and.-evapor.ati.on. .apps oxi.mat el y_ 100 g.of

crude product wags g R4 (NLQ@C..,Vh@lﬂﬂﬂm-abcMﬂymym&hﬂ%u@ﬂgﬁﬁﬂeCa
chr omat ography (6000 mM of sili

Application of the techmque dcscnbed in Example 1, step a), but using 2.7 eqs, 0. 28
. eqs, and 3.2 egs of N-Boc—x.-valme, DMAP and DCC, respectively, resuhed in the
title compound. T '
20

IH NMR (250 MHz, CHCl3) &: 0.95 (m, 12H), 142 (brs, 18H), 1.8 (m, 2H), 2.14
(m, 2H), 2.47 (m, TH), 4.0-4.4 (m, 8H), 6.5 (br s, 2H), 7.67 (s, 1H).

25 ' )
b) (R)-9-{4-(1-Valyloxy)-2-(1~valyloxymethyl)butyl]guanine

The titled compound was obtained as the tris-triﬂnoroac:tate salt from the
intermediate of Example 20 step a) by deprotection in a manner analogous to -
30 Example 1 stepc).

1H NMR (250 MHz, D,0) &: 1.0 (m, 12H), 1.89 (m, 2H), 2.29 (m, 2H), 2.62 (m,
1H), 4.02 (dd, 2H), 4.38 (m, 6H), 4.89 (br s, ca. 10H), 8.98 (s, 1H).

35
EXAMPLE 24
R)-9-[4-hydroxv-2-(s lo ethylbutyilpuanine

. The titled compound is prepared according 1o steps a) to c) of Example 7.
40

———— e

][] ———



WO 97/ 30051

PCT/ SE97/ 00241 49 usi ng
3% MeOH CH err]Cl[err] to 5% MeO CH err]Cl [err] to obtain 38.22 ng of the
desired  product. EXAMPLE 16 5 Alternative preparation of

(R -9-[ 2- (st egiguhepsy et hyl ) - 4- (L-val yl oxy) butyl ] guanpggseemoozsr 2) -

(R -9-[ 2- Hydroxyrret hyl ) - 4- (t-butyl di phenydgsi | yl oxynet hyl) butyl ] guani ne
H2G (450.0 g, 1.78 nol) and N, N di net hylforrram de (6.4 kg) were charged

The sol uti on wadt NVECRORMEE idborCF ST Sp e GO 2. [8sdI0 21 48K T han

90[err] C. The r ¢emyBion e, ADNIAL (m, 2H), 285 (rh, 1M)S1.23 (1e2HY, 94@(:32411)' Loe( | ask
with stirrer, addi'tion funnel and and t enperature probe.

N, N- di et hy|forma§9(L13H) kg) was added fol |l owed by pyridine (3.53 kg).
The resulting suspension was cooled to -10[err] C under nitrogen and stirred
at -55[err]C 15 as t-butylchl orodi phenylsilane (684 g, 2.49 nol) was added

dropwi se. The rEXIAlMl?IrFQﬂS mxture was stirred at -5 5[err]C until the
reacti on was cofRj gx viekhvl Ardplc phidningl0: 1 et hyl ene
chlori de/ met hanol) and HPLC (4 6 x 250 mm Zor bax RxC8 (5 mcron);

60: 40 acetonitrile-aq. NHerr]OQAC (0.05 M at 1.5 m/mn; UV detection
at 254 nnm)). \\atreé tifebColtpdundas prRpstedinyathel piob@iutd oftExaplealy, stép d)r ed for 30
mnutes 'to 20 precipitate the product, then the m xture was cooled to
O[err]C for 30 mnutes. The solid was isolated by filtration and the

b1 ovi de { he 101 od8 RS deTRons KE I 1 B30 1A A Vet B0 [ s

taken up in pyd ﬂéﬂe*ﬁﬁﬁlﬁghéﬁp csqqg%r?g B%Qﬁ)’t MH{%&%@?[err]C to ..

renove water: resi ue was rried nmet 10-kg). at”
60[err] C for 25 (br]s.ﬂ-lhalﬁﬁislaHat W0ids(edBY while hot. The filtrate was
concent rat ed under vacuum and the solid residue was refluxed with

i sapr-opyleacetat e {7.k9)..L05. 0. m.nutes. . The. m xtures...... . .was cgoled to

20[err]Cand filtered: The_fllter cake was dried under vacuum at’ 50[err]C
to - 15 EXAMPLBZG '

. Alternative preparation of R -0-]2-stearoyloxy 1)-4-(L-valyloxvibutyl anine _

'a) (R)—9 [4—N-benzyloxycarbonyl~bvalyloxy)-z-(hydroxymcthyl)-
bntyl]gnanme o

‘20 Dry H2G (252 mg, 1mmol), 4-d|methylammopyndme (122 mg, 1 mmol) and N-

: Cbz-L-vahne p-nitrophenyt ester (408 mg, 1.1 mmol) were dissolved in dry '
“y : dimethyl formamide (16 ml). After stirring at 23°C for—30‘.hours. the organic solvent
was removed and the residue carefully chromatographed (silica, 2%-7%
methanol/methyleﬁe chloride) to afford the desired product as a white solid (151
25 mg, 31%).

b) (R)-9-[4-N-benzyloxycarbonyl-L-valyloxy)-2-(stearoyloxymethyl)-

butyl]guanine '

A solution of stearoyl chloride (394 mg, 1.3 mmol) in dry methylene chloride (2 ml)
30 was added slowly dropwise under nitrogen to a solution of the product of step a)

(243 mg, 1 mmol) and 4-dimethylaminopyridine (20 mg) in dry pyridine (5 ml) at

-5°C. The reaction mixture was stirred at that temperature for 12 hours. Methanot (5
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provide the title conpound as a white solid (555 g). 30 b)
(R -9-[2-(Stearoyl oxynet hyl)-4-(t-butyl di phenyl sil yl oxy) butyl ] guani ne
The product of Exanple 16, step a) (555 g, 1.113 nol) was charged to a 50

litre Buchi evaporator. Pyridine (2.7 kg) was added dropw se to

di ssol ve t he sowalyrsness WD 97/ 30051 PCY/SES7/00241
PCT/ SE97/ 00241 _ 59 50 t he
m xture was distitled to dryness under vacuumat 60[err]C. The residue was
t aken up in nru?a,gs RI4EA SHd\fe \(e.?h?t%nl&ﬂ f1 hb@DARE embval B e &avénk the
flask with stirrer dition unnel and tenperature

sol ution was cool aesidus was frisurajed withchgetonitrile @ybthomtographeé Iuﬁm%ﬁ%of st ear oyl

hi de (440 g, dded

ohl orl e, (2409, halBbloSn BRSNS Mfrd ol Pl i) acicd <o
(15 g. 0. 12 nol) was added and the m xture was stlrred at -5 - Oferr]C for
2-4 h til d by TLC (10:1
methylene  Schitri dONELHHAEPY ORI I oR BRYIRANI  bax RCCE (5

m cron); 60:40 %Z%%ftsfeb 8(4@9 m(g\'k%ﬁfoﬂ]u%‘axsmv&ﬁn Meuﬁﬁoﬂes@mﬁ‘aﬁ&fb% W

detection at 254 n At the 1 e reaction, acetonitrile (
kg) was added and R/e(190smg)eddedad baigonfilled mith hydrogemwas plased on tepiof the m nut es

hours and t he-sol TSRuBB e, A Mol 2425 TEEGnHed B Heficb bl pidhg meril .
acet on|1t5r| I g) (2 k?)'heﬁdbﬁz:dmmd:apﬁnd:ﬁahg\%ﬁlaédxsanﬁﬁﬂMnmemitg;fﬁtnode( 775
%\) solution of the ‘g %ﬂgﬁ‘a@lﬁ]’ﬁéﬁﬂ t yag gpmoye @E&;ﬁéﬁ&f@%ﬁ%ﬁ

tetrahydrofuran (144 @504a8 90% Mfﬁ@rak'iheﬁnéa? dcdtal anfl ﬁﬂ&ﬁﬂd@ﬂaQ&E l
tetra(n- butyl)amnliugf}qﬁ%rldg |r?tetrahydr§?uran (1a 7" kg of )1 ng%g%tion

1.7 nol ) was 1&dded and the resulting clear solution was stirred at 20
S5[err]C for 4 hours. 20 Water (32 kg) was added and the resulting slurry

s st '“rre‘f'r‘o""“lm%dﬁ*he” et et e b e, o e e

15 tive tion f -9 -(4-hydroxy-2-(L-vaiyloxymethyDbutylguanin

 (R)-9-(4-(L-valyloxy)-2-(L-valyloxymethy!) butylguanine from Example 23 stepb)
(100 mg, 0,126 mmole) was dissolved in 0.1 N NaOH aqueous solution (6.3 ml,
| 0.63 mmole) at room temperature. At intervals, an aliquot was taken and -

20. neutralized with 0.5 N trifluoroacetic acid. The aliquots were evaporated and
analyzed by HPLC to monitor the progress of the reaction. After 4 hours, 0.5 N
trifluoroacetic acid solution (1.26 ml, 0.63 mmole) was added to the solution and
the reaction mixture was evaporated. The desired product was purified by HPLC,
{(YMC, 50 x 4.6 mm, gradient 0.1% TFA + 0-50% 0.1% TFA in acetonitrile, in 20

25 minutes, UV detection at 254 nm. Yield: 13.6 %

'H-NMR (D;0): & 8.81 (s, 1H), 4.36 (m, 4H), 4.01 (d, 1H), 3;74 (m, 2H), 2.64 (m,
1H), 2.25 (m, iH), 1.73 (m, 2H), 1.03 (dd, 6H).
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cooled to O[err]C for 30 mnutes. The precipitate was isol ated by

filtration and the filter cake was washed successively with water (10
kg) and acetonitrile (5 kg). After dryi ng under vacuum at 25C, 702 ¢
of crude product was obtained. The crude product was dissolved in

refl uxi ng THFVQA7/300%y) and water (160 g), then cooled to 2BFTSRIFAR4Y C and
treated with nmethylene chloride (14.5 kg)é¢ The m xture was allowed to

cool to 255[err]C for 1 hour, then it was cooled to 55[err]C for 1 hour to
conpl ete E%%L@agﬁati on. The slightly off-white powder was isol ated
by filtration an I e under vacuum at 40[err Cto ield the

desi red productmmw&fw&mw

(R -9-[4- (N Cbz-L-val yl oxy) - 2- (st ear oyl oxynet hyl) butyl ] guani ne A
solution of N-Cbz-L-valine (169 g, 0.67 nol) in dry THF (750 m) was

pr epar ed HPhCae;ﬁrduon ofthé reastionsolutiomfremdixample 2 tgavertb«v titledher nonet er and

addi ti on funpel 7/ 30051
PCT/ SE97/ 00221 corhpound in 2924yl 51

sol ution of dicyclohexyl carbodiimde (69.3 g, 0.34 nmol) in THF (250 M) was

dded t d th | ¢ d at_ 205 C
For 2 hours. Thisdy thﬁi@fas%rfdamesaréfsipe%zéqéxﬁx?é%ax Pro 2 48 WZ@%SLSdr |

with THF (300 B2 rg%

flask with stlgif‘gr (,'I,;h%[)fa net)eé]%%emg?%?ct 0 lg‘l?‘l mtgﬂ?'e 1é step c)
(116 g, 0.22 nobH)was added as a solid, with a rinse of THF (250 m).
4- (N, N-di rrethyl am no) pyridine (2.73 g, 0.022 nol) was added and the

white. slurr stﬁw éOS[err]C Wthin 15 mnutes, the solids were all
di ssol ved and #2action was conplete within 1 hour (as determn ned

by HPLC: 4.6 x ?ﬁg&?%%twmvlog%%%ﬁ%%ﬂwﬂl@léﬁnﬁém&%ﬁl%bﬂléﬁdee 0.2 %
aq. Hdderr] a mn. . etectron a nm. starting materi al
elutes at 4.1 min. and product elutes at 5.9 mn.). The reaction was

quanched. oy addig gihafly éf@&ﬁ{uplé??%d@@%ﬂé%ﬁo 39 o wal¥solyed inGORCERLS ALRL, .

under vacuumto was taken up in
met hanol (1. 8 I mmta@ofamﬂ:analr(ﬂ&dﬂ)tandz&&l agetafed 1O B1). To thetselvtionTwas addedit i on was

cool ed nd .t h te r The
filtrate was c oﬁgébﬁé‘{'é& ﬁh‘ﬁ?@‘@%@aﬂﬁi"!@“ﬁ’ e'gfgle)m%q#?sﬁé%‘t% wagg‘F% el | ow
oil. Acetonitri |aerooﬁﬂxeini:emﬁﬁb fotiiRshrsuirdier 1 atm. H,. The reaction mixture was ﬁltered

| and the solvent evaporated from the filtrate to provide the desn'ed product asa

crystalline solid (300 mg).
20 |

FORMULATION EXAMPLE A

Tablet formulation

The following ingredients are screened tﬁrdugh a 0.15 mm sieve and dry-mixed
25 10g  (R)-9-{2-(stearoyloxymethyl)-4-(L-valyloxy)butyl]guanine

40 g lactose
49g crystalline celluldse
1g magnesium stearate
A tabletting machine is used to compress the mixture to tablets containing 250 mg
30 of active ingredient.

FORMULATION EXAMPLE B
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the resulting white suspension was stirred at 20 5[err]C for 90 m nutes.

The crude solid product was isolated by filtration, washed with
acetonitrile (2 x 100 m) and air-dried overnight to provide the
desired product as a waxy, sticky solid (122 g). This was further

purified by crywosBsati on fromethyl acetate (500 m) and dPEI/SEITRO241
under vacuum at 30[err]C to provide the desg¢ired product as a white, waxy
solid (104 g).

e)
(R -9-[4-(L-val yl gxsic daatedle@ag0y! oxynet hyl ) but yl ] guani ne A sol ution
of the product of—%ﬁ%‘%“r@‘, step d), (77 g) in warm (40[err] C) ethanol
(2.3 L) was charged to an hydrogenation reactor wwth 5 % Pd-C (15.4 g). The

cvacuated and - 1oe RYEP of b ErarlfiE R f sy boslt 4 SRR bler BT

was renoved by fi kdllitiﬁnidbmpnsmg and the filtrate was concentrated under

vacuumto prowdeavx/mtes i d.  Thi stirred with ethanol (385
m) at 25[err]& for 1 hour,] Be iy Eldsﬁo O[err]C and filtered. The
filter cake was dried with gbr 5@ ggd} vacuum at 35[err]C to yield the
title 30 conmpound as a V\/mte po er

52 EXAMPLE 17 g sorbitan monoo eate

(R -9-[2-(L-Valyl oxyme;&ul éedgoyl oxy) but yl ] guani ne a)

(R -9-[2- Hydr oxynet hyl - earo 10xy) butyl Jguanine. 5 H2G (506 ng; 2.0
mmol ) was di ssolved in dry N, N- di met hyl f ormam de (40 m) wi th pyridine

(400 ng; 5.06 lmﬁ% opyridine (60 ng; 0.49 nmol ) .
St earoyl chlor %ﬁ%? was added and the m xture kept
over-ni ght at roomwoﬂgi@g)f t he sol vent was evaporated in vacuo,

t he residue stirred with 70 ml ethyl acetate and 70 ml water, and the
solid filtered off, 10 washed with ethyl acetate and water and dried to

Yield 260 Iy of crude o ‘i)‘f“%‘}w‘Rl;.?'e‘”*W‘Wm”““(m%%“*{“}%f‘?ﬁf_ef
g hydroxypropylmethyloellulose (Methocell KISy -
15 ' 45¢ lactose ' |
are dry-mixed and granulated with an aqueous paste of povidbne Magnésium
stearate (0.5 g) is added and the mixture compressed in a mblettmg machine to 13

mm diameter tablets containing 500 mg active agent.

2 FORMULATION EXAMPLE D
Soft capsules

250 g (R)-9-{2-(stearoyloxymethyl)-4-(L-valyloxy)butyljguanine
100 g lecithin
25 100 g arachis oil
The compound of the invention is diépersed in the lecithin and arachis oil and filled
into soft gelatin capsules.
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conmpound as a white solid. [err]HN
3H); 1.25 (s, 28H); 1.51 (qui, 2H); 1.62 (m
(t, 2H); 3.34 (d, 2H); 3.96 (ABX, 2H); 4.07 (dd, 2H); 6.30 (br s, 2H) ;
7.62 (s, 1H); 10.45 (s, 1H). [err]C NWR (DVSO-d[err]) [err]: 13,8 (C
18); 22.0 (Cl{goeratest (C3); 27.7 (C3'); 28.4-28.8 ( CA-¥TTidEd 024128 9
(Cr-14); 31.2 (€C16); 33.5 (C2); 38.0 (C2' )% 44.0 (A'),; 60.6/61.8 20

(4, C");-116.5 (guaCs); 137.7 (guaC7); 151.4 (guaC4); 153.5 (guaCZ);

156. 7 (guaCe); 172.7 (CQO . b

(R)-9-[2- (N- Boc-giorolcy EXAMRLR ) - 4- (st ear oyl oxy) butyl | guani ne. A

m xture of N-Boc-L-valine (528 ng; 2.1 nmol) and NN -di cycl ohexyl 25

car bodi i m de (2%ioavailability ettimgmlrats N di chl or onmet hane (20 nl) was stirred
over ni ght at roomtenperature, dicyclohexylurea filtered off and

extracted with a smal I vol urre of di chl oronet hane, and the filtrate
evaporated in v

g R)-9-[2- I;ydr oEﬁgh{?\“’@bﬁﬂf‘é} %)"BB‘M“P@%‘Y‘H& compAsEd 18 thePaEBy 1yirp) )
- t 3@k
NN- di et hy: ?%r m%ﬁwié%%&hé@%}vgna l'néd‘%!he néi{‘(’%‘%sroem\’/\%s stirred

for 4h at 50[ er rihéentibifid doniparalive donpoinds\wiiné admmxstered\/\?ei ofal Gy QatheRflintg) vacuo
to a small vol une. Col um chronmat ography on silica WO 97/ 30051

PCT/ SE97/ 00241 the stomach), to multiples of three individually weighed ammals to give 0.153

(DMSO-d[err]) [err]: 0.86 (t,
2H); 15 2.06 (m 1H); 2.23

mmol/kg of the dissolved prodrug in an aqueous (Example 4, 5, Comparative
eiamplc 1 - 3.5, 8), peanut oil (Comparative examples 4, 9,10) or propylene glycol
10 (Example I - 3,6 - 12, 17. Comparative example 6, 7) vehicle dependent on the

soiublhtv of the test compound mgredlent The animals were fasted from 5 hours

e e e e A e

P
Je-maiy e erm o

before to approx:mately ‘17 hours after administration and were maintaipedin © 7T TR

- metabolic cages. Urine was collected for the 24 hours following administration and
- frozen until analysis. H2G was analysed in the urine using the HPLC/UV assay of
15  Stihle & Oberg, Antimicrob Agents Chemother. 36 No 2, 339-342 (1992), modified
as follows: samples upon thawing are diluted 1:100 in aq dist H,O and filtered
through an amicon filter with centrifugation at 3000 rpm for 10 minutes. Duplicate
30 ui samples are chromatographed on an HPLC column; Zorbax SB-C18; 75 x 4.6
mm; 3.5 micron; Mobile phase 0.05M NH,POq, 3 - 4 % methanol, pH 3.3 - 3.5; 0.5
20 mV/min; 254 nm, retention time for H2G at MeOH 4% and pH 3.33, ~l_2.5 min.
Bioavailability is calculated as the measured H2G recovery from each animal
averaged over at least three animals and expressed as a percentage of the averaged
24 hour urinary H2G recovery from a group of 4 individually weighed rats
respectively injected i.v.jugularis with 0.1 mmol/kg H2G in & Ringer’s buffer

25  vehicle and analysed as above.

Comparative exampie | (H2G) was from the same batch as used for preparation of

Examples 1 to 12. The preparation of Comparative example 2 (monoVal-H2G) and
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t hen on al um num oxi de (ethyl acetate:nethanol: water 15:2:1 as el uent)
gave 185 ng (39% pure title conmpound as a white solid. [err]H
NVR (CHC [err]) [err]: 0.85-1.0 (m 9H) 18-CHerr], CH(CH err])[err]; 1.25
(s. 28H) 4-17- CHerr]; 1.44 (s, 9H t-Bu; 1.60 (qui, 2H 3-CHerr];
1.74 (qua, 2H) Wovwkbesir]; 2.14 (m 1H 2'-CH, 2.29 (t, rCtREYNONA
2-CHerr]; 2.41 (m 1H) CH(CH err])[err]; 4l-4.3 (m 6H) Cd'-CHerr], C2"-
CH err], C4-CHerr];~5.4 (d, 1H) [err]CH, 6.6 (br s, 2H guaNHerr]; 7.73
(s, 1H) guaH8; 12.4 (br s). 10 [err]C NWMR (CHO [err]) [err]: 13,9
(C18); 17,5/ 18.9 GZdiVal-HEH] &¢ sown it Exdngi€sld)) and 23. Corhfadative example 8. 1 (C3');
28.9-29.3 (C4-6, Cl15); 29.4(Cr-14); 30.7 (Vval [err]C); 31.7 (C16); 34.0
(C2); 35.9 (C2'); (digedoyl BIRG) waspreparédy difesterific@yion 6flunpraaedied H2Gin C2"); 79.9

CMe[ el ; 116. 4 o), 137, Cr); 151.7 C4);.153. 7
EguaEZg;;r] )155. 7 (Cenppa bié ggg,%gg_,% cem?\@%%%’ sigpy P&é{@mﬁﬁ’a e

CH CoO. 15 . .
(R~ 2 (L) Val yT GRS 8 CYas BAGLyors prsphes gpogously i Exampl 4 usigg sep

trifluoroaceti g aghgldtide QithleltAast :ﬁ&iﬂeﬂinb@ub?ha&g&x%ﬁ@éxﬁagn'e- (Ala/stearoyl
val yl oxynmet hyl ) - 4- (st ear oyl oxy) butyl ] guanine (130 ng; 0.25 nmol) and the
sol ution kept at [HG)waeprpsred afalogbasly iblExamplegQrsitigdNi-Boc-B-alnime in step 4ne and
20 lyophilized repeatedly with dioxane until a white anorphous powder was
obt ai hed. THGimpptive evample] (Ely/derpuaiovas perpared enplogouiiy t Example 5 but

o) 5877 et B Vi me b N ER )
510" (m 11 o werstegpiantileogiglo Bty erg?f"?&%'ﬁ%’t%u;ﬂéyﬁﬂe”]’

CH(CH err])[erfd; résulls dppédr dnBabié!dovertearCH €rr], C2"-

L TR T . .
. Tootmgw e P v o de L L
v v A I T N
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CHerr], C4-CHerr], [err]CH 6.5 (br s, 2H guaNHerr]: 7.79 (s, 1H)
guaH8; 8.37 (br s, 3H) NH eérr]; 10.73 (br s, 1H) guaNH.

[err]C NVMR (DMBO-d[err]) [err]: 14.2 (C18) ﬂfé A EER!| CHerr]); 22.3
(CL7); 24.6 (C3); 30 27.7 (C3'): 28.7-,25. (%ﬁﬁ% %9.2 (C7-14) ;
29.5 (Val [eri‘]og,mg;a (C16); 33.7 v JHPAf crsEs o

PCT/ SE97/ 0024 o C2);
35.0 (€2-)r44.4-{C1l'); 57.6 (Val [err]Q) 61.6/65.2 (C4', C2"); 116.1 -
(qguaCs); 116.3 (qua, J290CHz, CF[err]); 137.9 (guaC7); 151.5 (guaC4); 154.0

(guaC2); E49uae);158.3 (qua, J 15Hz. CF3C00) 169.1 (CHCOO) ;
173.1 (CH err] = rg———Attermatve—pregaratTomof
(R) - 9-[2- hydr oxioginbidd 4- (st ear ovl ggy) but yl | gupgj ne Bigdvalibifg §. 30
mmol ) was heat go~TOSOTUTTOM TN dryy DVF {200 T, Tne solgrion S
filtered to rermbﬁ-‘piﬁliir&xhﬁipwli ti eq,hy@rgbed t of BflirégenH2G dystal | i zed) Jand
10 stirred atf that tenperature during additi En of pyridijne (9.0 g, 114
nol ), 4- @ompatativeexampley i di rlevalyd. 46 g, PhyBogenpl ) a#® ®hen, sl qw y,
stearoyl chlorijde (20.0 gj 66 [rmpl ). Stirging was contjnued at rdqom
t enper at ure ovi (Gompaative pampls; thed valyl” 5o vend Y85 t hen ated oflff in
vacuo, the resi ,rred wwth 20 et hyl etate 200 ml vat er
and the solid f%isrgﬁfeed of f, washed V\‘Hylll et hyl (s:%?rgfl_e and " wat er dnd
dried to yield |QfoiiRrdivOsigiple 4'S an @dak}t Nat i V¢ sleroyiecrystali gzation, [the
crude product vas briefly iF‘?'I(!,\)ated tof ‘al nost boi l}i ng gvith 10p. m of et hyl
acet at e: Example 2 ' valyl .| myristoyl 51 %

Example 3 valyl oleoyl 51%

Example 4 ' valyl - - | butyryl 45 %

| Comparative example 5 valyl aeyl | U

Example 5 - valyl ) decanoyl 8%

Example 6 { valyl - docosanoy! 48 %.

Example 7 isoleucyl stearoyl 53%

Example 8 isoleucyl | decanoyl - 157%

Example 9 isoleucyl myristoyl - 149 %

Example 10 valyl 4-acetylbutyryl |52 %

Example 11 | _ | valyl _ dodecanoyl 46 %

Example 12 | valy} palmitoy 58 %

Example 17 stearoyl | valyl 52 %

Comparative example 6 alany) stearoy} 23%

Comparative example 7 glycyl decanoyl 25 %

Comparative Example 8 acetyl valyl 7%

Comparative Example 9 hydrogen stearoyl 12%

Comparative Example 10 stearoyl hydrogen 7%

Comparison of the bioavailabilities of the c&ﬁimunds of the invention with the
comparative examples indicates that the particular combination of the fatty acids at

5  Ry/Ry with the amino acids at R/R, produces bioavailabilities significantly greater

‘This Sheet Has Been Replaced
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nmet hanol : water (15:2:1) and the suspension slowy cooled to 30[err] C and

filtered to | eave nost of the 2" isoner in solution (the 2" isoner
woul d crystallize at | ower tenperature). The extraction procedure was
repeated once nore to yield, after 20 - drying in vacuo, 6.57 g (4 :t{éou

al nost i soner Weeasiduct . EXAMPLE 19 Pr epar at PEVSES

crystalline (R)-9-[2-stearovl oxynet hyl) - 4- (d5- val yl oxy) but yl ] guani ne 25
The product..of-_Exanple 16, step ¢) (20.07 g, 32.5 nmol) was dissolved in

absol ute etzﬁﬁﬂﬁé cérf&Pording didniifo RAdEdtérr difhtty iPskter. Fod eXanipld) @i thibi | uted

wi th ethanol (117.5 ‘% To.this solution was added water (HPLC
grade, 103.5 i), medel thacomponnd pfExample 1 displays|55 Joleeiter biogvaiebility ﬂs@%[ err]C.

After the mxtur er E lisbHsRF o é}éﬁ%ﬁrm@g lc3 The L3t Ré%er aq*?ﬁpﬁdded

at a constant rate ours wt cl ent s I rring.
the water was addfedisplsymaﬁr% heptonavnilability tharetdie tarresportdingrdivaline estaym

t enper at ure. -el;{] resulting precipitate was filtered through paper
and dried und vacuum at room WD 97/ 30051

PCT/ SE97/ 00241 Rt is also apparent, for instance from Comparative cxamples 5.6 and 7 that only the 55
tenperature to obtai he title conpound as awhrte eefJ
crystalline pomde?Pe"‘?eéfa“Y acids oftlnsmﬂwg com ’9?%““’54?%’? ?@ﬂPe‘F’rdfC

EXAVPLE 20 produce thede dfiniad s dnexR¥d Frickdasesdh ;shm&mid&ﬁé phathatkasguani ne
a) To a solution of 9-R (4-(tert-butyldiphenylsilyloxy)-2-

(hydroxynet hyl ) butyl )guanine (695 ng, 1.5 mmole) in DMF (30 ml) were
added N-Boc- L4yal BWL&&MPEE%S nmol e), 4-di net hyl am no pyridi ne (30

Plasma concentrations in rats

A plasma concentration assay was done in male Sprague Dawley derived rats. The
" "animals were fasted overnight prior to dosing but were permitted free accessto = - T ¢
15 water. Each of the compounds evaluated was prepared as a soluﬁon/suspeneion in
propylene glycol at a concentration corresponding to 10 mg H2G /ml and shaken at
room temperature for eight hours. Groups of rats (at least 4 rats in eaclr group)
'_ received a 10 mg/kg (1ml/kg) oral dose of each of the compounds; the dose was
administered by gavage. At selected time points after dosing (0.25 05,1,15.2,4,
20 6,9, 12, 15, and 24 hours after dosing), hepanmzed blood samples (0. 4 ml/sample)
were obtained from a tail vein of each animal. The blood samples were immediately
chilled in an ice bath. Within two hours of collection, the plasma was separated
from the red cells by centrifugation and frozen till analysis. The components of
interest were separated from the plasma proteins using acetonitrile precipitation.
25  Following lyophilisation, and reconstitution, the plasma concentrations were
determined by reverse phase HPLC with fluorescence detection. The oral uptake of
H2G and other test compounds was determined by comparison of the H2G area
under the curve derived from the oral dose compared to that obtained from a 10
mg/kg intravenous dose of H2G, administered to a separate group of rats, The
30  results are depicted in Table 1B above.

BIOLOGY EXAMPLE 3
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10 ng, 0.25 mmole) and DCC (556 ng, 2 7 mmol e). After 16 hr, the reaction

was recharged with N-Boc-L-valine (244 ng) and DCC (278 ng), and was

kept for an additional 5 hours. The reaction mxture was filtered through

Celite and poured into sodi um hydrogen carbonate aqueous sol ution, and then

It was extractygoddehdi di chl oronmet hane. The organi ¢ phase wascriseemo0241

15 evaporat ed and purified by silica gel ggolum chromatography, giving 950
.the N-protected nopnoam no acyl internediate.

n"g.. I - . . I
b) The above !nt er!r{‘,e!dl ate 51520 ng, 0.78 mmole) was dissolved in THF
(15 mM). To the 0 d hydrogen fluoride in pyridine (70 %/
20 30 % 0.34 m). After two days, the solution was evaporated and

coevaporated with toluene. Purification by silica gel colum chromatography
gave 311 ngy of Thesompennds oxamplioh MWWUVEB’FPBW?R{H(SW Biology Example 1

o (Ol eitd oy e g e A

(m 1H), 1.45 ( moniHjsd 1.39 (s, 9H), 0.90 (d, 6H).
c) The product of step b) (95 ng, 0.21 nmole) was treated with a
m xture of trifluoroacetic acid (4 m) and dichloronethane (6 mM) for 1 hr.

30 The sol uti orExaapleel apor at eﬁﬁiﬂﬁdkf&&ﬁ&tdﬂhﬂ@mpﬂieﬁ@gl%.dﬁﬂe@ﬁndiﬁg
unpr ot ect ed nonoarmi noacyl produc ¥\O &30051
PCT/ SE97/ 00241 25 mgfkg or 0.0295 mmol 56

[err]H-NVR (D[err]O: [err] 8.88 (s. 1H), 4.32 (m 4H), 3.96 (d, 1H). 3.68
(m 2H, _

16  Comparative 164 mg dissolved in 7.0 ml water, corresponding to 23.4
Example 3 mg/kg or 0.0295 mmollkg. _

N Blood samples were taken at 30 mm, 1, 2 3 4, 6 10 and 24 hours. Plasma was
separated by cemrifuganon at 2500 rpm and the samples were macuvated at 54°C
15 for 20 minutes before bemg frozen pending analysis. Plasma H2G levels were
'monitored by the HPLC/UV assay of Example 30 above. '

Figure 1 depicts the plésrfm H2G recovery as a function of time. Although it is not
possible to draw .statistic;ally significant conclusions from single animal trials, it

20  appears that the animal receiving ihe compound of the invention expetienced a
somewhat more repid and somewhat greater exposure to H2G than the animal which
received an alternative prodrug of H2G.

BIOLOGY EXAMPLE 4
25 Antiviral activity

Herpes simplex virus-l.(HSV-l )- infected mouse serves as an animal model to
determine the efficacy of antiviral agents in vivo. Mice inoculated intraperitoneally
with HSV-{ at 1000 times the LDs, were administered either with a formulation

30  comprising the currently marketed anti-herpes agent acyclovir (21 and 83 mg/kg in a
2% propylene glycol in sterile water vehicle, three times daily, p.o.) or the
compound of Example 29 (21 and 83 mg/kg in a 2% propylene glycol in sterile
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2.63 (m 1H), 2.22 (m 1H), 1,73 (m 2H), 1.00 (m 6H). EXAVPLE 21 5

(R) - 9- (2- Hydr oxynet hyl - 4- (L-i sol eucyl oxy) but yl ) guani ne a) To a
sol ution of (R) - 9- (2- hydr oxynet hyl - 4- hydr oxybut yl ) guani ne (2.53 g, 10
mmole) in DVF (250 m) were added N-Boc-L-isoleucine(2.77 g. 12

mol e), 4-.di met wowntesppyri dine (61 ng, 0.6 Mol e) and DCC ( 3pCrgre7inb24ar 18
mmol e). After reaction for 16 hr at 0C, N Bgg-L-isol eucine (1.3 g) and
DCC (1:8-g)-were-recharged, .and.the reactl on was kept overnight at room
tenperature. The mf

filtrate. was “@\?/cggéc)t?a rﬁé‘& M’g& ur dfn %‘é&;ﬁ%}%@é’ﬁ%&@%hﬁ;ﬁ%ﬁﬂgﬂgﬁu
chr omat ography glmaculguon Theﬂmﬁﬂsgrewfas&ehsedk«lmbriot ispiayed in

oo e et at e 15 Figgrod Ghich ol BRR) A ienh . Hhme st o Dimofufos S
2.05 (m 1H, 1. 8%&mﬁbﬁubms dérdbd Ex, 29 andGediovii s dérdted ACV OThelpercentdfecof

internediate fromstep a), 100r{P 21 mmole) was treated with

trifluoroaceti @ adhiee Mevikipg hsdSVs infesrtiop n'aavg@f eantly greater followinga givendose
evapor at ed Y the compaiia- o@fﬂe%n@énvﬁlaﬁb@mtahtchﬁ@al&ﬂ%&t& %}{%ﬁmr
nono- am noacyl product 1h quantitative y| el err| H NVR

(DVMBO-d6 + Dierr]O: [err] 8.72 (s, 1H), 4.15 (m 4H) 3 90 (d, 1H), 3.42

(m 2H), 2.09 (m 'ﬂﬂ%ﬁf&tﬂgg’kﬁs gr{ael}m)usm}ivg o é\mnvgxwon alid is‘r}\og {Renlila to i’ thé 9

3H, 0.71

invention to the disclosures made herein. Variations and changes which are cbvious
10  toone skilled in the art are intended to be within the scope and nature of the
invention as defined in the appended claims.
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57 EXAMPLE 22 (R) - 9-[ 2- Hydr oxynet hyl -
L- val yl oxy) but vl ] guani ne The product of Exarrpl e 1, step H"I"%"mw, II ,”"l
deprotected with trifluoroaacetic acid in the 5 same nanner €S
step c) [err]H-NWVR (250 MHz, DVBSO-d6): [err] 1.04 (dd, 6H),
1.55-1.88 (mwolsh3oest 21 (m .2H), 3.48 (m 2H), 4.00 (m POHSEI"M23 (m
2H), 4.34 (t 2H), 6.9 (br s, 2H). 8.21 (g 1H), 10 8.5 (br s, 3H, 11.1
(br-s, -1H)- - EXAMPLE.23 .. . o
(R - 9- [ 2- (L VaI yI oxyrret hyl ) - 4- (vaI yI oxy) butyI ] guanl ne 15 a)
(R) -9-14-(N-Boc- L-val yl oxy) - 2- (N-Boc- L-val yl oxymet hyl ) butyl ] guani ne
Application of the technique described ChAIMSnple 1, step a), but using 2.7
eqs, 0.28 eqs, and 3.2 eqs of N-Boc-L-valine, DVAP, and DCC
respectively, resulted in the title conpound. 20 TH! H _NVR (250
MHz, CHC [err]) 1] er r Acobpéindofithe Fobfpulal. 42 (br s, 18 §%’ ff]H ASBEEN |14

7. 8BPIAEEpIH) . |25

(m2H) 2.47 (m 1H), 4.0-4.4 (m 8H), 6.5 (br s, 2H)
b) (R) - 9-[3- (L- Val yl oxy) - 2- (L- val yl oxynet hyl ) but yl ] guani ne
titled conpound was obtained as the trigtrifluoroacetate salt fromthe

I nternmedi ate of Exanple 23 step a) by d roth?ctlon I n a manner anal ogous to
30 Exanpl e | step c). /‘\

I
R,O/\) '

“OR,

' _ where a) R;is -C(O)CH(CH(CH;):)NH: or
©S " C(O)CH(CH(CH:)CH;CH;)NH; and Ry is -C(O)Cs-Cyy saturated or
monounsaturated, optionally substituted alkyl;or
10 _b) R is -C(O)C3-Cyy saturated or monounsaturated,

" optionally substituted alkyl and R; is -C(O)CH(CH(CH3),)NH; or
-C(O)YCH(CH(CH3)CH,CH3)NH;; and ' '
R;is OH or H;

and pharmabeutically acceptable salts thereof.

- 15 '

2. A compound according to claim 1, wherein R, is -C(O)CH(CH(CH,),)NH;

or -C(O)CH(CH(CH3)CH,CH;3)NH; and R; is -C{O)C;-C;, saturated or

monounsaturated, optionally substituted alkyl.

20 3. A compound according to claim 1 wherein the -C{=O) alkyl comprises a2 Cy
to Cy7, saturated or n:9 monounsaturated, alkyl. '

4. A compound according to claim 1 wherein R; is hydroxy.

%5 5. A compound according to claim 1, selected from the group consisting of

- (R)-9-[2-(Stearoyloxymethyl)-4-(L-valyloxy)butyl]guanine,

This Sheet Has Been Replaced
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[err]H NVMR (250 MHz, D[err]O) [err]: 1.q8~fw——l2d)__ 1.89 (m ,

2H), 2.62 (m 1H), 4,02 (dd,” 2H) | HISSHEET HAg) Beek 9Ilﬁfiilsﬂllﬁlﬁﬂllilﬁhilll-
8.98 (s, 1H). 35 EXAMPLE 24 REPLACED * ¢ L M 0§
(R) - 9-[4- hvdr oxv- 2- (st ear oyl oxynet hyl ) but yIrguant-re The titled

conpound i s preP@93@00stcor ding to steps a) to c) of Exanpl e 7PCT/3E§T00241
WO 97/ 30051

PCT/ SE97/ 00241 .- 58 [err]H
NVR (250 Mz. DMVBO- d[ eqryls- tolylox PinéiRy1§-8-(L- ¥y loxy)be wnindH), 6.39 (s,
2H), 4.50 (t, 1H)(m Qz-(hzﬁfs / YL Slylons) 2?%5 lrl;] 1H), 2.23 (t,
oH). 1.48 (m 4H), 1.2R¥[2+O0 eoylozswhylmg-velvlox;%tylls@n’DE-XANPLE 25

Compound 1 & preparcd’ b ERERKAHMRHL DR RGygnine, |, Th (T PE

NVR (DVEO-df er]) [ of [R)BIBcbinoyRebmetiylpa (G sulyBepbusylipitng qui 20 162

(m 2R H%;,— lo : 113_4 lox o ?n?:(ABX 2H);

4.07 (dd, 2H): 56 30 (R)-? (rooszney anw@ypg!-u ¥ 1@5)"%13(‘%’ 1H) .

(R)-9-[4-(L-Isoleucyloxy)-2-(stearoyloxymethyl)butyl] guanine,
(R)-9-{2-(Decanoyloxymethyl)-4-(L-isoleucyloxy)butyl]guanine,
R)-9-[{4-(L-Isolencyloxy)-2-(myristoyloxymethyl)butyl] guanine,
(R)-9-[2-(4-Acetylbutyryloxymethyl-4-(L-valyloxy)butyl,

10 : (R)~9-{2-Dodecanoyloxymethyi-4-(L-valyloxy)butyl]gnanine,
(R)-9-(2-Palmitoyloxymethyl-4-(L-valyloxy)butyljguanine,
(R)-2-amino-9-(2-Stearoyloxymethyl-4-(L-valyloxy)butyl)purine,

s _ _ (R)-9-(2-(L-Valyloxymemyl)4—(st§aroyioxy)bu5yllgumine
) or a pharmaceutically acceptable salt thereof
15

6. (R)-9-{2-(Stearoyloxymethyl)-4-(L-valyloxy)butyljguanine.

7. (R)-9-[2-(Stearoyloxymethyl)-4-(L-valyloxy)butyl]guanine or a
- pharmaceutically acceptable salt thereof, -
20
8. A pharmaceutical comppsition comprising a compound according to claim I

in conjunction with a pharmaceutically acceptable carrier or diluent.

9. A pharmaceutical composition comprising a compound according to claim 5

25  in conjunction with a pharmaceutically acceptable carrier or diluent.

10. A pharmaceutical composition comprising a compound according to claim 6

in conjunction with a pharmaceutically acceptable carrier or diluent.

30 11. A method for the treatment or prophylaxis of viral infections comprising the
administration of an effective amount of a compound according to claim | to a

human or animal.

This Sheet Has. Been Replaced
i SUBSTITUTE SHEET (RULE 26)

WA




(R-9- 2. st oar oyl oxymet by ) a-(1-vai yioxy) but vt ouani e I[THBAN I IRF VAN
(R -9-[4-N-benzyl oxycar bonyl - L-val yl oxy) - 2- (hydr oxynet hyl )

butyl Jguanine 20 Dry H2G (252 ng, Imol), 4-dinethylam nopyr| di ne (122 ny,
1 mmol) and NWw09730081 Cbz-L-valine p-nitrophenyl ester (408 mgrzsmmomml)

were di ssolved in dry . di met hyl - f or mgm de (16 m).
23C for 30 hours, the organic sol vent was renoved aﬁﬂStSl’EEﬂ'.eMSj EN
carefully chromat ographed (silica, 2% 7% met hanol /jmet hyIREF\EA(IEUI ori de)

to afford the desired product as a white solid (151 25
b) (R-9-[4- l\llz;enzymmpdacdondmmplmallyfmmuauognemphmﬁtmmey

but yl ] guani ne nol ) in
dry net hyl ene CWF%P?@E‘E‘?W?&%@ %\%,%g(’%dgg‘%?%‘w%x rop%e ‘énzger ni t rogen
to a sol ution oEpstéim-Barravituscér Hérpedtgpe GJHHV-6) and (ypd 8 (HHV-8). ol ) and -

4-di met hyl am nopyridine (20 nmg) in dry pyridine (5 m) at -5C. The
reaction mxfure was stirred at that temperature for 12 hours. Methanol (5
WO 97/ 30051 13 A method according to claim 11 for the treatment or prophylaxis of

PCT/ SE97/ 00241 o ) 59 m)
was added and t Fearovisy dafeqtionssinelpding SEG HIY-hand HIVA2t er renpval of the

sol vent, the residue was triturated with acetonitrile and

chr omat ogr aphed (silica, 0-5% met hanol / met hyl ene chloride) to afford

the desired prodéct A3uehaddor thepieparation of a compound as defined in claim 1, the
10  method comprising _
a) optionally N-protecting the purine 2 and/or 6 positions of a compound of
formula I wherein R; and R; are each hydrogen;
b) regioselectively acylatmg the compound of Formula 1 at the side chain
4-hydroxy group with either ' '
15 - 1) an optionally N-protected valine or isoleucine group,
ii) an optionally substituted, saturated or monounsaturated Cs-
~ C3;COOH derivative, or
iif) a regioselective protecting group;
c) acylating at the side chain 2-hydroxymethy! group with
20 _ i) an optionally N-protected valine or isoleucine group, or
if) an-opﬁonélly substituted, saturated or monounsaturated Cs-
C,;COOH derivative;
d)  replacing the regioselective protecting group at R,, if present, with
i) an optionally N-protected valine or isoleucine group; or
25 ii) an optionally substituted, saturated or monounsaturated C;-
| C;iCOOH derivative: and
e) deprotecting the resulting compound as necessary.
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5 ©¢©) (R)-9-[ 2-stearoyl oxynet hyl ) - 4- (L-val yl oxy) butyl ] guani ne The
product of step b) (490 ng, 1mml) was dissolved in nethanol (30 m) and 5% -
Pd/ C (100 ng) added. A balloon filled with hydrogen was placed on top of

t he reaction vessel. After 6 hours at 23[err]C, TLC showed the absence
of starting nat woiosss1 The reaction mxture was filtered tRGESEGMROL0. 45
m cron nyl on nenbrane to renove 10 the catal yst and the sol vent was

renmoved -to afford the desired product ffpa white solid (350 ng, 99%
whi ch was identical (spectral and analytical data) to Exanple -
15 Al ternative preparation of
(R)-9-(4-hydroxy-2-(L-val vl oxynet hyl ) but yl ) guani ne
(R -9-(4-(L-val yl oxy)-2-(L-val yl oxynet hyl ) but yl ) guani ne from e 23
step b) (100 ng, 0,126 mmol e) was dissolved in 0.1 N Na@gH aqyieous
solution (6.3 m, 0. 63 e) at roomtenperature. At /ntervals, an
al i quot was taken and 20 neutrglfized with 0.5 Ntrifluorog€etic a¢id. The
al i quots were evaporated and = analyzed by HPLC to nmopitor theyp ress
of the reaction. After 4 hours, %’.5 N trifluoroaceyic acid s¢l ufd on
(1.26 m, 0.63 Mol e) was added o the sol ution and t he reaction
m xture was evaporated. The desified product was purififZd by HPLC,
(YMC, 50 x 4.6 mm gradient 0.19%TFA + 0-50%0.1% TFX in acetonitrijle, in
20 25 m nut es, UVdetectlon at>»254 nm Yield: 13. 4 % [ erq] H NMR
(Dlerr]O: [err] 8.81 (s, 1H .. 36 (m 4H), 4.01 fd, 1H), 3.74 (m} 2H),
2.64 (m 1H), 225(m%|—|)m173(m 2H), ¥ 03 (dd, 6H). _8V\D
97/ 30051 3
PCT/ SE97/ 00241 m E 60
: X Q
- + X
: | n
: Lo g
=
! 8 -E
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EXAMPLE 28 Al ternative preparation of
(R)-942- hydr oxynet hyl - 4- (L- val yl oxy) but yl ) guani ne HPLC separati on of
the reaction solution from Exanple 27 gave the titled 5 conpound in 29.2%
yi el d. [err]H-NVMR (DMSO-d[err]): [err] 8.38 (s, 3H), 8.26 (s, 1H),
6.83 (br s, 2Hwo43ms i m 2H), 4.06 (m 2H), 3.91 (m 1HGI/SEIN0026m
2H) , 219(m 2H), 1.8 -1.40 (m 2H), 0.95 (dd, 6H). 10 EXAMPLE
29 - (R)-9-[ 2- st ear oyl oxynet hyl ) - 4 g -val yl oxy) but yl guani ne
nonohydr ochl ori de The product of Eg?‘rpl e 16, step d) 360 ng, 0.479 mmol)
was dissolved in a 15 m xture of nmethanol (10 m) and ethyl acetate (10
m). To the solution was added 10% Pd/ C (100 ng) and 1N HCl (5
mcrolitres). Th&@r&Action m xture was stirred at roomt ﬁture
for 2.hours unde®g 1SRt rr]. The reaction mxture was filtefe
and the sol vent a r fromthe filtrste t® provide thdldesired product
as a cryst gl ine EOIEd (300 ny). FORMULATI ON EXA
Tabl et fornul ati N - % fol l-ov#¥ng i ngredients are screer‘rqfd rough a
0.15 nm si eve angdsdpy- Roxed 10 ¢
(R -9-[2-(stearo owng )g')- - (L-val#l oxy) butlyl ] guani ne
¢ x O 0O

40 g | actose = g crystall} ne cellul ose ©
5 |l etting machyne is used tp compress the

| g nagnesi um st gar e( t
m xture to table ntdgi nkngk250{ ng 30 of aftive ingrediégnt.
FORMULATI ON EXAN?_EC% LR [

-R-A

1«
’ h

N
-~

Figure 2
10
Days post infection
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61
coated tablet - The tablets of Formulatio rE;;@AEGWe
.in a tablet coater with a sol ution corrpri tg 5
et hyl cell ul ose 30 g 8py ehe—gl-yeot
10g sorbitan nonool eate ad aqg. dist. 10

SH

EXAMPLE C Controlled rel ease for mJI at ion °

mooased-T
ray coated
120 ¢

ORMULATI ON

50
(R)-9-[2-(stear o@flef%}hhé fpt)y apiq Qf.gmm;deRyymjpyqat]ﬂgmampngumber of carbon J

o 1Bctove P B Pibffla SRt A ARSMGAY i el G+ °

povi done. Magnesitedtbyl (Cyg) of bie¥aidy (CQ,) Fotsér UsSfuRIRY gigs indRidBbuiyeyle
conpressed in a tabletting nachine mm di anet er tabl et’s

cont ai ni ng 500 n@t@n@ylv@ctmmr beheml mﬂmr@chﬁonps include ghose

capsul es

(R)-9-[2- (st ear 09‘1”’6‘?9%‘1“]1.9]}’5’%9[6}_5 gg’rlssqeMg,m%tqlgﬁ%ﬁﬁlrﬁgelmdxc, né-octadecenoic,

oleic, elaidic, gandoic, erucic or brassidic acids. Monounsaturated fatty acid esters

typically have the double bond in the trans configuration, preferably in the @-6, -9

or ©-11 position, dependent upon their length. Preferably the Ry/Ra group is derived

from a fatty acid which comprises a Cy to Cy7 saturated, or n:9 monounsaturated,

10 alkyl.

The saturated or unsaturated faity acid or Ry/R; may optionally be substituted with

up to five similar or different substituents independently selected from the group

consisting of such as hydroxy, C;-Cg alkyl, C,-Cg alkoxy, C,-Cs alkoxy C;-Cs alkyl,

15

Most preferred compounds of the formula I are those where R, is

-C(O)CH(CH(CH,),)NH, or -C(O)CH(CH(CH;)CH,CH;3)NH; and R, is -C(O)Cy-Cy7

saturated alkyl.

Ci-Cq alkanoyl, amino, halo, cyano, azido, oxo, mercapto and nitro, and the like.

The term "lower alkyl” as used herein refers to straight or branched chain alkyl

radicals containing from 1 to 7 carbon atoms including, but not limited to, methyl,

ethyl, n-propyl, iso-propy!, n-butyl, iso-butyl, sec-butyl, t-butyl, n-pentyl,

1-methylbutyl, 2,2 dxrnethylbatyl 2-methylpentyl, 2.2-dimethylpropyl, n-hexyl and

25  thelike.

The term "N-protecting group” or "N-protected” as used herein refers to those

groups intended to protect the N-terminus of an amino acid or peptide or to protect

an amino group against undesirable reactions during synthetic procedures.

30

Commonly used N-protecting groups are disclosed in Greene, "Protective Groups in

Organic Synthesis™ (John Wiley & Sons, New York, 1981), which is hereby

incorporated by reference. N-protecting groups include acyl groups such as formyl,



100 g lecithin 25 100 g arachis oil The comfjo !
I nvention is dispersed in the lecithin and arachis oil and ffi EF@WEMEW SHEET

into soft gelatin capsules. WO 97/ 30051
PCT/ SE97/ 00241

2, 16 AUG BRCY:
EXAMPLE 1 Bi oavail ability testing in E),pts The bi aiailability of
conpounds of the invention were conpared to0"the parent 5 o] ‘
other H2G derivatives in a‘rat nodel. Conpounds of the i nvention and

conpar ati ve contmtﬂiﬂ%((\l\/bﬁei;oadnylmm-éf(éd\;alqdexyrmﬂagrl)b@:mguaﬁime_t er into

0.1 T o 1 Ry R Sr S ke G PR e REA BT B Al ¢ 4, 5.

9.10) or propyl SEE SRR Gviyioer Bt R DG SARRRE" P PR

nar edient . The o tmt o aer o FaoT e T E G m Aty p@ajegst compound

appr oxi nat el y 1RPRDaminaf+{é(heasmiyhoxy)-LaLi-wilyl axyinaties Youtydlipatied, ned i n
(R)-2-amino-9-[4-(octanoyloxy)-2-(L-valyloxymethyl)butyl]purine,
(R)-2-amino-9-[4-(decanoyloxy)-2-(L-valyloxymethyl)butyl}purine,
(R)-2-amino-9-[4-(dociecanoyloxy)-?.-(L-valyloxymethyl)butyl}purine,
(R)-2-amino-9-{4-(tetradecanoyloxy)-2-(L-valyloxymethylbutyl]purine,

10 (R)-2-amino-9-[4-(hexadecanoyloxy)-2-(L-valyloxymethyl)butyllpurine,
(R)-2-amino-9-[4-(octadecanoyloxy)-2-(L-valyloxymethyl)-butyljpurine,
(R)-2-amino-9-[4-(eicosanoyloxy)-2-(L-valyloxymethyl)butyllpurine,
(R)-2-amino-9-{4-(docosanoyloxy)-2-(L-valyloxymethyl)butyllpurine,
(R)-2-amino-9-{4-((9-tetradecenoyl)oxy)-2-(L-valyloxymethyl)butyi]purine,

15 (R)-2-amino-9-[4-((9-hexadecenoyl)oxy)-2-(L-valyloxymethyl)butyl]purine,
{R)-2-amino-9-[4-((6-octadecenoyl)oxy)-2-(L-valyloxymethyl)butyl]purine,
(R)-2-amino-9-[4-((9-octadecenoyl)oxy)-2-(L-valyloxymethyl)butyl]purine,
(R)-2-amino-9-{4-((11-eicosenoyl)oxy)-2- (L-valyloxymethyl)butyl]purine,
(R)-2-amino-9-[2-((13-docosenoyi)oxymethyi)-2-(L-valyloxy)butyl]purine, or

20  and their pharmaceutically acceptable salts.

The compounds of formula I can form salts which form an additional aspect of the
invention. Appropriate pharmaceutically acceptable salts of the compounds of
formula I include salts of organic acids, especiaily carboxylic acids, including but
25 not limited to acetate, trifluoroacetate, lactate, gluconate, citrate, tartrate, maleate,
malate, pantothenate, iséthionate, adibate, alginate, aspartate, benzoate, butyrate,
digluconate, cyclopentanate, glucoheptanate, glycerophosphate, oxalate, heptanoate,
hexanoate, fumarate, nicotinate, palmoate, pectinate, 3-phenylpropionate, picrate,
pivalate, proprionate, tartrate, lactobionate, pivolate, camphorate, undecanoate and
30  succinate, organic sulphonic acids such as methanesulphonate, ethanesulphonate,

2-hydroxyethane sulphonate, camphorsulphonate, 2-napthalenesulphonate,



ret abol i c cages. Uri ne was collected for the 24 hours foll ow ng

admi ni stration and frozen until analysis. H2G was anal ysed in the
urine using the HPLC UV assay of 15 Stahl e & Ohje A ents
Chemother. 36 No 2, 339-342 (1992). modified h”‘@g[‘ @‘fmég@;mal es
upon thawi'ng are d| luted 1:100 in aq dist H20 and{fijl tered t hrough

an amicon filter with centrifugation at 3000 rpm flof 106 AUGAY. puplicate
30 [err]l sanples are chromatographed on an HPLC ¢olfurm; Zor bax 83- C18; 75

X 4.6 nmm 3.5 mcron; Mbile phase 0.05M N[ err -14 %
met hanol, pH 3.3 - 3.5; 0.5 20 m/mn; 254 nm ention time forf H2G at
MeCH 4% and pH 3.33, ~12.5 mn. Bi36)avai lability is calculated as the
measured H2G recovery from each ani nal averaged over at |east three

ani mal s and expg ‘ﬁtﬁﬁq afd ik fﬂﬁﬁt@%%gfpo?ite& hﬁc@é@?d\ﬁgﬁ‘ﬁ d1ssolved indfyridgner

urinary H2G recovery froma group of "4 individually weighed rats

respectively i(9nfririR)- 9«[4+(mgwh£utsxyuanbbnja- -vaiytmkyk@-hymymethylmmyljer
buf f er 25 vehicle and anal ysed as ab rative exanple 1

(H2G was fr orguatiae %&&W@@Ddgéﬁnﬂé r1 ﬁ%@a‘f’%ﬁtﬁdé?p- g:Be mIXture Wgs appl es 1
to 12. The preparati 9804k ur@%m%ﬁla{eh\fxgraﬁ%é%cgrd%ng( T AVAL & n aad

5  incomplete and more anhydride was made using the procedure above. This
anhydride was added and the mixture was stirred for an additional 20 hours. The
reaction mixture was evaporated and chromatographed first on silica gel and then on
aluminium oxide, in both cases eluted with dichloromethane/methanol to give
79 mg of the intermediate product.

10
b) (R)-9-[2-(Butyryloxymethyl)-4-(L-valyloxy)butyljguanine

The intermediate product of step a was deprotected in a manner analogous to

Example 1, step ¢ )to give 84 mg of the desired product as the bistrifluoracetate salt.

15 'HNMR (250 MHz, D,0): & 0.8 (t, 3H), 1.06 (dd, 6H), 1.53 (m, 2H), 1.93 (g, 2H),
2.25 (t, 2H), 2.36 (m, 1H), 2.60 (m, 1H), 4.06 (d, 1H), 4.14-4.30 (m, 2H), 4.43
(m, 4H), 8.9 (br s, 1H).

EXAMPLE 5

20  {R)-9-[2-(Decanovloxvmethv)-4-(L-valvioxv)butyliguanine

The titled compound was obtained as the bistrifluoroacetate salt in a manner
analogous to Example 1 using decanoy! chloride instead of stearoyl chloride in
step b.

25 .
'H NMR (250 MHz, D;0): § 0.90 (m, 3H), 1.01 (d, 6H), 1.28 (br s, 12H), 1.5 (m,
2H). 1.8 (m, 2H), 2.3 (m, 3H), 2.5 (m, 1H), 4.0-4.4 (m, 7H), 8.1 (br 5, 1H).



63 = 3 (diVval-H2G are shown in Exanples 20 and 23. Conparative exanple

4 (di stearoyl H2G was prepared by di-esterification of unprot ect ed
H2G in conpar abl e esterification conditions to stepb)

Conpar ati ve exanples 5 & 8 (Val/Ac k@G were prepared 36U W§HEET
Exanple 4 using acetic 5 ° anhydride with rel evant nonovall H2G.

Conpar ati ve eﬁ lﬁ’% (Al al stear oyl HZG) was prepared al 4GoAEGY1999
Exanpl e 6 usi g = 8

al ani ne | N st ?p Conpar at i exanmple 7
(d y/ decanoyl YO 2 Ig E:but ustng—tte

st epa) i nt er nedi ate made with N-t Boc- L-gl yci ne The prepargtion of

Conparative exanples 9 and 10 is shown in Exanples 24 and 25 respectively.’

The 10 resulths tidgpeanpound hab bblathed\ae tiechsifirifluoroacetate salt in a manner
64

5  analogous to Example 1 but using in step b the DMAP/DCC conditions of Example

1, step a) in conjunction with docosanoic acid and

a mixture of DMF and dichloromethane as solvent.

TH NMR (250 MHz, DMSO-dq): § 0.97 (t, 3H), 1.05 (dd, 6H), 1.34 (br s, 36 H),
10 158 (m, 2H), 1.77 (m, 2H), 2.24 (m, 1H), 2.35 (t, 2H), 2.50 (m, 1H), 3.97-4.17 (m,
5H), 4.35 (1, 2H), 6.7 (br s, 2H), 8.1 (brs, 1H). 8.4 (brs, 3H), 11.0 (br s, 1H).

EXAMPLE 7
15 R-9-[4-(L-Isoleucyloxv)-2-(stearovioxvmethylibutvliguanine

This example illustrates the application of preparative scheme B.

a) ( R)-9-{2-hydroxymethyl 4-(t-butyldiphenylsilyloxy) butyl]guanine

20 H2G (2g, 8 mmole) was coevaporated with dry DMF two times and was then
suspended in dry DMF (120 ml) and Dyridine.(l ml). To the suspension was
added dropwise t-butyldiphenylchlorosilane (2.1 ml, 8.2 mmole) in
dichloromethane (20 ml) at O °C over a period of 30 min. The reaction
mixture became 2 clear solution at the completion of the dropwise addition.

25 Thereaction continued at 0 °C for two hours and was then kept 2t 4 °C
overnight. Metharol (5 ml) was added to the reaction. After 20 min at room
temperature, the reaction mixture was evaporated to a small volume, poured
into aqueous sodium hydrogen carbonate solution and extracted with .
dichloromethane two times. The organic phase was dried over sodium

30  sulphate and evaporated in vacuo. The product was isolated by silica gel
column chromazography using a methanol/dichloromethane system with a

stepwise increasing MeOH concentration . The product was eluted with 7%
MeOH in CHCl to yield 1.89 g.



TABLE 2

Conmpound - Rl err] R err]
‘Bi oavai lability Conpar ati ve exanpl e .1* hydr ogen
8 %  Conparative exanmple 2 val yl hydr ogen ﬁEM%WENT SHEET
Conpar ati ve exanple 3 val yl val yl 36 % f"“"l‘:‘xarrp1_'l""_
val yl st ear oyl 56 % Ca?rpar ative exanple 44 . $6KUGNH99
st ear oyl 1 % Exanple 2 val yl L nmyri st oyl
37 % ExanpXaMPLE 9 val yl ol eoyl S
Exanpl e 4 (R}.0-[4-(L-Isoleucvi®@h ¥ (mvristovioxvietiwWibutvljguanine 45 9o Conpar ati ve
exanmple 5 valyl acetyl 11 % Exampl e 5
val yl decanoyl 48 % Exanpl e 6 val yl
ggcoo/os ano;lg( anp peuge compouEéaxrgg o%ta?ned as the, bxstrﬁﬂuoroacethiég.gﬁgg?‘Aanner ; t7e0a/£ oyl
Exanpl e 95 ,palogous to ExamuleQJsﬁigCNLBOC L-isdWticimt iagtkad of N-BOL-94line iEx@ppl e 10
val yl 4~ acetyl butyryl 52 % Exanple 11 val yl
dodecanoyl  z) antbm9sistoylhlpmge én giep b). val yl pal m t oyl
58 %

'H-NMR (DMSO-d6): 8 10.99(s, 1H), 8.34 (br s, 3H) 8.15 (s, 1H ), 6.67 ( br s, 2H),

4.23 (1, 2H), 4.05 (d, 2H), 3.97 (m, 3H),

2.48 (m, 1H), 2.20(t, 2

2H), 1.85 (m, 1H),

10 1.65(m, 2H), 1.41 (m, 4H), 1.23 (s, 20H), 0.85 (m, 9H).

EXAMPLE 10
(R)-9-[2-(4- Acetvlbutvrvlox»m’th\«l--'l (L-valvlox¥butvlleuaning

The titled compound was obtained as the bistrifluoroacetate saltin 2 manner
analogous to Example 1 but using in step b) the DCC/DMAP conditions of Example

1, step a) in conjunction with 4-acetylbutyric acid,

1H-NMR (250 MHz, DMSO-+d;): & 1.05 (dd, 6H), 1.77 (m, 4H),
(m, 1H), 2.36 (t, 2H), 2.44-2.60 (m, 3H), 3.95-4.20 (m, SH). 4
2H), 8.3 (br s, 1H), 8.5 (br s, 3H), 11.1 (brs, 1H).

724

PT4

2.19 (s, 3H),
1,36 (m, 2H), 6.8 (br s,

EXAMPLE 11

(R)-9-2-Dodecanovloxvmethvl-4-(L-valvloxvibutvllguanine

|30
w

The titled compound was obtained as the bistriflouroacetate salt ina manner

analogous to Example 1 using dodecanoyl chioride instead of stearoyl chloride in

step b).



Exanpl e 17 st ear oyl val yl 52 % Conpar ati ve

exanple 6 al anyl st ear oyl 23 % Conparative exanple 7
gl yeyl decanoyl 25 % Conpar ati ve Exanple 8 acetyl

val yl 7 % Conpar ati ve Exanpl e 9# hydr ogen St-ear-oyt—
12% Conparative Exanple 10#  stearoyl , hydr ogen REPLR@BMEWYSHEET

disclosed in EP 343 133 # nomnally within the scope of HP g#3 133 '”‘
Conparison of the bioavailabilities of the conpounds of the |n UgMg9et h
t he corrparatEMl\é?(IaErﬂ?es i ndi cates that the particular cpnpi \rll‘?tﬂl?‘on of the

fatt id t : W | - t R
o il R Gt W 1 BB BN AGRiE 2 W6 57/ 30051

PCT/ SE97/ 00241 65" t han

the corresponding diam no acid ester or difatty acid ester. For exanple, in

this nodelThe tiled compand avas obringds thebisiriSpuragestayssalyip afpagper
bi oavail abi ity than

th correspondi,ng di.val ; I ve
exanpl e 3. ¥he aEﬂﬁ%\ﬁﬁ%%ﬁm&a{r}ﬁ}n@ papmnoyjfc@llogé? w{seg(ggte@éagée\fl? ifeﬂro ggggﬁtg%i lity
than the corregponding divaline ester. It is also apparent, for
I nstance from Conparative exanples 5. 6 and 7 that only the specified
fatty acids of this invention in conbination with the specified am no acids

B;?S‘;E? oL hese dLATRE GBI IRRAES S 087 (385 .05k BRS REV: 048D, 1.58
" (m, 2H), 178 (m, 2H), 2.25 (m, 1H), 235 (t, 2H), 2.51 (m, 1H), 3.97-4.18 (m, 5H),
10 435t 2H), 6.7 (brs, 2H), 8.1 (br s, 1H), 8.5 (br s, 3H), 11.0 (br s, 1H).

EXAMPLE 13

(R)- 2-Amino-9-(2-stearovioxymethvl-4-(L-valvloxv)butyl)purine

15

This example shows the deoxygenation of group R;.

a) (R)-2-Amino-9-(2-stearoyloxymethyl-4-(N-tert-butoxycarbonyl-L-
valyloxy)butyl)-6-chloropurine:

20 To a solution of (R)-9-(2-stearoyloxymethyl-4-(N-tert-butoxycarbonyi-L-
valyloxy)butyl)guanine from step byof Example 1 (646 mg, 0.9 mmole) in
acetonitrile were added tetramethylammonium éhloride (427 mg, 2.7 mmole), N,N-
diethylaniline (0.716 ml, 4.5 mmole) and phosphorous oxychloride (0.417 ml.
4.5mmole). The reaction was kept under reflux and the progressior; monitored by

25  TLC. After 3 hours the reaction mixture was evaporated in vacuo and the residue
was dissolved in dichloromethane, then poured into cold sodium hydrogen
carbonate aqueous solution. The organic phase was evaporated and purified by silica

gel column chromatography. Yield: 251 mg.

30 H'-NMR (CDCLa): § 7.76 (1H, H-8), 5.43 (br,2H, NH>), 4.45-4.00 (m, 7H), 2.53
(m, 1H), 2.28 (t 2H), 2.12 (m, 1H), 1.75 (m, 2H), 1.59 (m, 2H), 1.43 (9H), 1.25 (m,
28H), 0.96 (d, 3H), 0.87 (m, 6H).



Pl asma concentrations in rats A plasma concentration assay was done

in mal e Sprague Dawl ey derived rats. The animal s were fasted

overnight prior to dosing but were pernmtted free access to 15 water.

Each of the conpounds eval uated was prepared as a sol ution/suspension in

propyl ene glycol at a concentration correspponding to 10 ng H2G /m__and

shaken at .roomtenperature for eight hours. G oups .E.ﬂ'ﬁ ﬁ@t\nlmtr
oS

4 rats-in eachO@E% received a 10 ng/ kg (1m /kg) ar e of. e
of the conpoun d se was adm ni stered by gavage. At seléﬂéﬁg

time points af t(R!)-9§]2—°(Lﬂlhl(l@xﬁﬁetb@h-@(st@aroﬂ&vﬁuﬁl!gué*rﬁ’ne 6,9, 12,
hours after dosing), heparinize ood sanples ) [ sanpl e)
obtained froma tail vein of each animal. The bl ood sarrpl ds were

I medi atel y chi || in an i bat h. 'tin ris_of collecti-on;
the plasma was @epar(gt)'gbﬁﬁly‘{}m‘ynﬁ’%ﬁi“’fﬁ?a‘?@yxg&uﬂg g’b'§“’ﬂeent ri fugation and
frozen till analyygi(so6 hee2.0 aIRANGAE Sisfived in dry NINURHh&BYIfoMERIRIAG AT €d from
the plasnma proteins using acetonitrile precipitation. ~ 25 Fol |l owi ng

| yophi | i sation, wahgymd;n@f@f)mg;tm%rmmbangMatmthabnummrlémcﬁﬁ%mge@ é9

upt ako of - PRRBCSERS LTI 200 Bgnh SR mTRo R An ARt HEd By Kfar i son

of the H2G areagyernight atmﬂ@ferﬁp@ﬁn&ermsmméf&%ﬁ Ql édago@fealmda% @enpar ed
to that obtained froma 1 ng/ kg i ntravenous doSe of H2G

admi ni stered t orealdseﬁiar@t\wlfg?%u@ethm acatage anfhid mBQater,eBﬂllth‘.G$0h¢ ﬁltcte¢ offted in
g"é-tl)-} gEé $ / ggg(}ﬁ' washed with ctt?yll %e?act;g{ amg@r' Endo’ dried to yield XR r%zlo:f)' cude product

Bi oavai | abi | i ty comniithk&stography on silica gel (chloroform:methanol 15:1) gave pure title

compound as a white solid.

1H NMR (DMSO-dg) &: 0.86 (t, 3H); 1.25 (s, 28H); 1.51 (qui, 2H); 1.62 (m, 2H);

15 2.06 (m, 1H); 2.23 (t, 2H); 3.34 (d, 2H); 3.96 (ABX, 2H); 4.07 (dd, 2H); 6.30 (br s,
2H); 7.62 (s, 1H); 10.45 (s, 1H).

13C NMR (DMS0-dg) &: 13,8 (C18); 22.0 (C17); 24.4 (C3); 27.7 (C3"; 28.4-28.8
(C4-6, C15); 28.9 (C7-14); 31.2 (C16); 33.5(C2); 38.0 (C2'); 44.0 (C1"); 60.6/61.8

20 (C4', C2"); 116.5 (guaCs); 137.7 (guaC7); 151.4 (guaC4); 153.5 (guaC2); 156.7
(guaCe); 172.7 (COO).

b) (R)-9-[2-(N-Boc-L-valyloxymethyl)-4-(stearoyloxy)butyl]guanine.
A mixture of N-Boc-L-valine (528 mg; 2.1 mmol) and N,N'-dicyclohexyl
25 carbodiimide (250mg; 1.21 mmol)in dichloromethane (20 ml) was stirred over night
at room temperature, dicycléhexylurea filtered off and extracted with a small
volume of dichloromethane, and the filtrate evaporated in vdcuo to a small volume.
(R)-9-[2-Hydroxymethyl-4-(stearoyloxy)butyl}guanine (340 mg; 0.654 mmol), 4-
dimethylaminopyridine (25 mg; 0.205 mmol), and dry N'N-dimethylformamide (15
30 ml) were added and the mixture was stirred for 4h at 50°C under N». The solvent

was evaporated in vacuo 1o a small volume. Column chromatography on silica gel,



The conpounds of Exanple 1 and Conparative exanple 3 (see Biology Exanple 1
above) were adm nistered p.o. by gavage to cynonol gus nonkeys. The

solutions 5 conpri sed: Exanmple 1 - . 150 ny dissolved in 6.0
m propyl ene glycol, corresponding o255 Koor
0.0295 ol /kg. 10 Conparative 184 ngy di ssol vEREPRAGEMN Sa?éﬁﬁr,
corresponding to 23.4. Exanple 3 ng/ kg or O FQ'S ‘ol / kg.

Bl ood sanples were taken at 30 min, 1, 2, 3, 4, 6, 10 apd; 244 AuGs1999! asHB

was separ at rifugation at 2500 rpm and thg panpl es were

i nacti vated at 5’%“‘%’ %e)?_ 20 m nutes before being frofe E—ﬁeridl ng - —-—-j
anal ysis. Pl as rqurrJ@gplm@&mmﬁ@H L-valvihb&Reudajhet he HPLC/ UV assay of
Exanpl e 30 above. Figure 1 depicts the plasma HRGTECoVery as a
function of ti , ' |y
si gni fi cant co ueé‘% %&r}gygﬁ’!abgjél Q&b y wr%figé}rﬁlégﬁl@é%ufhﬁ “%&%“%‘?a%cz&’t g‘lt: t he
ani mal receiws ngsahi&en:ﬁmamlﬁxdmfe It.be;:t:hventi on experienced a sonewhat
nore rapid and sonmewhat greater exposure to H2G than the ani mal which
received an alternative prodrug of HG Bl OLOGY EXAVPLE 4 25
Antiviral activity Her pes sinplex virus-1 (HSV-1)- infected nouse
serves as an ani ‘rH&NMﬁ(iEO NMHz, DMSO-digt et 0 ad, GHY, 1e53-i 88y, 2H), 2124 i(mi, 2H),
agents in vivo. M ce | ted intraperitonea SV- 1 1000
times the LD errd nfg)dgloﬁﬂ@t Bk §-18i(mm &H) A 341“&*90?1%‘“&% %—%ﬂ,l_&' s, i,

conprising the Cy%ﬁ}ﬁw&%r‘?gﬂc nti-herpes agent acyclovir (21 and 83

ng/ kg in a opylen 1 in sterile water vehicle, three tines

daily, p.o.) or the conpound of Exanple 29 (21 and 83 ng/kg in a 2%
I I | i teril

propylene glveol gl b bl e

(R)-9-12-(1-Valvioxvmethvi)-4-(valvloxvibutvliguanine

15 a) (R)-9-[4-(N-Boc-1-valyloxy)-2-(N-Boc-L-valyloxymethyl)butyl]guanine

Application of the technique described in Example 1, step a), but using 2.7 egs, 0.28
egs, and 3.2 eqs of N-Boc-t-valine, DMAP, and DCC, respectively, resulted in the
title compound.

20

1H NMR (250 MHz, CHCl3) &: 0.95 (m, 12H), 1.42 (br s, 13H), 1.8 (m, 2H), 2.14
(m, 2H), 2.47 (m, 1H), 4.0-4.4 (m, 8H), 6.5 (br s, 2H), 7.67 (s, 1H).

25 .
b) (R)-9-{4-(--Valyloxy)-2-(L-valyloxymethyl)butyl]guanine

The titled compound was obtained as the tris-trifluoroacetate salt from the
intermediate of Example 23 step a) by deprotection in a manner analogous to
30  Example | stepc).

IH NMR (250 MHz, D;0) & 1.0 (m, 12H), 1.89 (m, 2H), 2.29 (m, 2H), 2.62 (m,
1H), 4.02 (dd, 2H), 4.38 (m, 6H), 4.89 (br s, ca. 10H), 8.98 (s, 1H).

35
EXAMPLE 24

(R)-9-T4-hvdroxv-2-(stearovloxymethvhbutvlleuanine

The titled compound is prepared according to steps a) to ¢) of Example 7.
40



WO. 97/:30051

PCT/ SE97/ 00241 wat er vehicle, three tinmes daily, p.o.) for 5
consecutive days beginning 5 hours after i nocul ation. The aninals were
assessed daily for deaths. The results are displayed in Fi gure 2 which

charts the survival rate against tinme. In the | egend. the conpound of
the invention is denoted Ex.29 and acyclovir is denoted ACV. The percentage
of 5 m ce surviving the HSV-1 infection was significantly greater

foll owing a given dose of the compound of the invention relative to an
equi val ent dose of acyclovir. The foregoing is nerely illustrative
of the invention and is not intended to limt the invention to the

di scl osures nade herein. Variations and changes which are obvious 10 to
one skilled in the art are intended to be within the scope and nature of

t he invention as defined in the appended cl ai ns.

68 3 (diVal-H2G) are shown in Examples 20 and 23. COlnphidive example4. . A
conmpound of the Formula | 5 _

[err] (distearoyl H2G) was prepared by di-esterification of unprotected H2G in

comparable esterification conditions to stepb) of Example 1. Comparative

examples 5 & 8 (Val/Ac H2G) were prepared analogously to Example 4 using acetic

W

anhydride with relevant monovaline H2G. Comparative example 6 (Ala/stearoyl
H2G) was prepared analogously to Example 6 using N--Boc-L-alanine in step 4.
Comparative example 7 (Gly/decanoyl) was prepared analogously to Example 5 but
using the stepa)intermediate made with N-t-Boc-L-glycine. The preparation of
Comparative examples 9 and 10 is shown in Examples 24 and 25 respectively. The

10 results appear on Table 2 overleaf:
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where a) Rlerr] is -C(O)d—l(Cl—l(Cl—l[err])[err])NH[err] or

“C(OCHCHCHerr])CH err]CH err])NH err] and R err]

saturated or
al kyl; or 10
saturated or

is OH or
2.

H,

A conpou
- (O CH( CH( CH
- C(O) CH( CH( CH[
saturated or

3. A conpoun
conprises a (
4. A conpou
25 5. A co

consi sting of

(R)-9-[ 2- (St eat

I ST~ ‘ A
nonounsat ur at ed, opti )ngéﬁf)@bg'%&t iQAGE
b) Rerr] is -C(PfHerr]-Cerr]-
nmonounsat ur at ed, 64 opti pnal 146 AUGs1999ut ed
alkyl and Rerr] is -C(OCH(CH(CH err])[err])NH err] or
-C(OCHCH CH err])CH err]CH err])NH err]; and e —Rferr
TABREQ pharnmaceutical |y acceptable salts|thereof. 15
d according to claim I, wherern R err] 15
eComhpowidr 1) NH err ] R, or R, Bioavailability
err|)CH err|CH err|[)NH err] and err] 1s -qPerr]-(ef
Compirativeixaaiple’ Bt ed, | bydrbgamal |y $hidrbgdnut ed pl &9 . 20
d according to claim{ or claim2|{wherein the|-C(=0 alky
cComnpsrati G examiplesit ur af ealybr n: 9 nmphwdrogent ur at p29 %al kyl .
nd according to any pfecedi ng clajmwherein R8 is hydroxy
nomperatecorniping t o cl ¥kl 1, sel e¢valdl from t he3Greup
EymRig et hyl ) - 4- (L- val§iybxy) but yIi Pga@Mi ne, |36%
Comparative example 4# stearoyl stearoyl 1%
Example 2 valyl myristoyl 57 %
Example 3 valyl oleoyl 51 %
Example 4 valyl butyryl 45 %
Comparative example 5 valyl acetyl 11 %
Example 5 valyl decanoyl 48 %
Example 6 valyl docosanoyl 48 %
Example 7 isoleucyl stearoyl 53 %
Example 8 isoleucyl decanoyl 57 %
Example 9 isoleucyl myristoyl 49 %
Example 10 valyl 4-acetylbutyryl |52 %
Example 11 valyl dodecanoyl 46 %
Example 12 valyl palmitoyl 58 %
Exampie 17 stearoyl valyl 52%
Comparative example 6 alanyl stearoyl 23 %
Comparative example 7 glycyl decanoyl 25%
Comparative Example 8 acetyl valyl 7%
Comparative Example 9# hydrogen stearbyl 12%
Comparative Example 10 # stearoyl hydrogen 7%

5

* disclosed in EP 343 133

# nominally within the scope of EP 343 133
Comparison of the bioavailabilities of the compounds of the invention with the

comparative examples indicates that the particular combination of the faity acids at

R;/R with the amino acids at R;/R produces bioavailabilities significantly greater




69 . (R -9-[2-(Mrisloyl oxynmet hyl) 4- (L-val yl oxy) b '

(R) - 9 [ 2- (A eoyl oxymet hyl ) - 4- (L-val yl oxy) but yl ] guani ne, an“ﬁmu[mml “ |III
(R -9-[2-(Butyrl oxynet hyl)-4-(L-val yl oxy) butyl ] guani ne, * c L M s =%
(R)-9-[ 2- (Decanoyl oxymet hyl ) - 4- (L-val yl ogy) but yl ] guani ne,

(R) -9-[2-(Docosanoyl oxynethyl )-4-(L-val yl oxy) but yl ] guani ne,

(R -9-[4-(L-1sol eucyl oxy) - 2- (st ear oyl oxymet hyl ) but yl ] guani ne,

(R) -9-[2-(Decanoyl oxynet hyl ) - 4-(L-isol eucyl oxy) but yl ] guani ne,

R) - 9-[ 4- (L-1sol eucyl oxy) - 2- (nyri stoyl ? | ) butyl] guani ne,

(R -9-[2-(4-Acetyl butyryl oxynet hyl - val yl oxy) butyl guanine, 10

(R) - 9-[ 2- Dodecanoyl oxynet hyl - 4- (L- vaI yI oxy) but yl ] guani ne,

(R)-9-[2-Pal m t oyl oxymet hyI 4- (L-val yl oxy) but yl ] guani ne,

(R) - 2- ani no- 94( 2- SAeemRAB% §fBE Rprowad - val yl oxy) but yl ) puri ne,

(R -9-[2-(L-Val yl oxynet hyl) - 4- (st earoyl oxy) butyl ] guani ne or a
phar maceutrfcal |y acceptable salt thereof 15 6.

(R)-9-1

2- (St ear oyl oxynet hyl ) - 4- (L- val ylFaxy) but yl ] guani r1e REP . i
(R - 9-[ 2- (St ear oyl oxynet hyl ) - 4- (L-val yLloxy) put yI | guani rfe LACEMENT" SHEET
pharmaceutically acceptable salt thEINE‘Of

conposition conprising a conpound a% d| >o cl ai m 1

N

H,N 1 i
R1o\/\)

~

OR,

A ;i)har maceut i ¢al
6 AUG 1999

where a) R, is -C(O)CH(CH(CHj;).)NH, or
-C(O)CH(CH(CH3)CH,CH3)NH; and R; is -C(0)C3-C») saturated or
monounsaturated, optionally substituted alkyl; or

10 b) R, is -C(0)C;-Ca saturated or monounsaturated,
optionally substituted atkyl and R, is -C(O)CH(CH(CH;)2)NH; or
-C(O)CH(CH(CH3 )CH‘;CH3)NH7, and
R;isOH or H;

and pharmaceutically acceptable salts thereof.

2. A compound according to claim 1, wherein R is -C(O)CH(CH(CHj;);)NH:
or -C(O)CH(CH(CH;)CH,CH;)NH, and R; is -C(0)C3-Cz, saturated or

monounsaturated, optionally substituted alkyl.

20 3. A compound according to claim 1 or claim 2 wherein the -C(=0) alkyl -

comprises a C, to Cy, saturated or n:9 monounsaturated, alkyl.

4. A compound according to any preceding claim wherein R, is hydroxy.

25 5. A compound according to claim 1, selected from the group consisting of

(R)-9-[2-(Stearoyloxymethyl)-4-(L-valyloxy)butyl]guanine,



In conjunction with a pharnaceutically acceptable carrier or
9. A pharnaceutical conposition conprising a conmpound acco " Im “)IIIII MIH“III
525 in conjunction with a pharnaceutically acceptable carrier of dtl uents. *

10. A pharmaceuti cal conposition conpré&sing a conmpound according to clalm
6 I n conjunction wi'th a pharnmaceutically acceptable carrier or
di | uent.

e -va onanine 70 11. A
met hod for the prépgga{f iByris oyloxgm-th LP (L “' lo r bu&]}*ﬁa%f'al m 1, the nethod

conprising a) C(R§—I9C{Q%(Uleb FRUBAL4-00-vEIRRxPIHutyI Rudnigéld/ or 6 positions of
a conpound of fornula | V\/neryﬁ R[}gg’)tr-]m%ndbR[ Z%Hr] %releach hydr ogen; b)

regi osel ectivel y dB8)yPRrBytyriosymetayhitir(l- Uilybmy)lbulyﬂcﬁamm t he side chain

4- hydr oxy group wi t ona| N-prot ected valine or
i sol euci ne group, &39 2(E°F3“°§}PX5BF%%‘F‘W %’ul?ét’)bﬂlk/)ﬂ]éaam%atur ated or

nonounsat yr at ed C[ Qgﬁg nethvl)-498 1 , L iii) a
regi osel ectively pr tect é%r xvmsthyl) 6’ a‘é{%%ﬁuqﬁ agms°f de chain

2- hydr oxynet hyl - gr{@u9- M—(ll_lf[soleucyloxyl))z (@t&a@@tdx@;ﬁﬂtﬂmbﬁhnm@hﬂﬁé ed valine or
i sol euci ne group, or 5 an optional Iy substifut ‘ed, saturated or
nonounsat ur at ed C[@ﬂﬂ'i—dflﬂﬁ“] methyl)-4( wésolenaylovpbuy)lsuaningpl aci ng t he

regi osel ectively pk?beﬁt dqgolgucylllgxy?r') (ﬂﬁ'{s{c]yloxymvﬁ)ry?)%uty} cu\é\ﬁxger:],
(R)-9-[2-(4-Acetylbutyryloxymethyl-4-(L-valyloxy)butyl guenine,
10 (R)-9-[2-Dodecanoyloxymethyl-4-(L-va1yloxy)bﬁtyl]gu;'mine,
(R)-9-[2-Palmitoyloxymethyl-4-(L-valyloxy)butyl]guanine,
(R)-2-amino-9-(2-Stearoyloxymethyl-4-(L-valyloxy)butyljpurine,
(R)-9-[2-(L-Valyloxymethyl)-4-(stearoyloxy)butyl]guanine

or a pharmaceutically acceptable salt thereof

15
6. (R)-9-[2-(Stearoyloxymethyl)-4-(L-valyloxy)butyl]guanine.
7. (R)-9-{2-(Stearoyloxymethyl)-4-(L-valyloxy)butyl]guanine or a
pharmaceutically acceptable salt thereof.

20

8. A pharmaceutical composition comprising a compound according to claim 1

in conjunction with a pharmaceutically acceptable carrier or diluent.

2. A pharmaceutical composition comprising a compound according to claim 5~ -

25  inconjunction with a pharmaceutically acceptable carrier or diluent.

10. A pharmaceutical composition comprising a2 compound according to claim 6

in conjunction with a pharmaceutically acceptable carrier or diluent.

30
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i an optionally N-protected valine or isoleucine group,

_‘ or
optionally substituted, saturated or monounsaturated C err] MI“I"MZ““-I"W“ IIIl

derivative; and e) deprotecting the resulting conmpound

as *necessary.

12. Use of a conpound as defined in agﬁ one of clains 1 - 7 for the
y

manuf acture of a medi canent for the pro

| axis and/or treatnent of viral

I nfections. 13. Use according to claim12 wherein the viral infection

is a herpes infection including Varicella zoster virus,

Her pes si npl ex

virus typesll & /4 megst for thespreparetioniof @ compoyngsastdefised i ¢lpin ) thermethgde 8
(HHV-8) . 14. .. Use according to claim 12 wherein the viral infectionis a

retroviral

CORPEISINEON including SIV, HIV-1 and HI V- 2.
a) optionally N-protecting the purine 2 and/or 6 positions of a compound of formula

I wherein R, and R, are each hydrogen;
b) regioselectively acylating the compound of Formula 1 at éhe side chain 4-hydroxy
group with either
i) an optionally N-protected valine or isoleucine group,
ii) an optionally substituted, saturated or monounsaturated C,-C, COOH
derivative, or
iii) a regioselectively protecting group;
c) acylating at the side chain 2-hydroxymethyl group with
i) an optionally N-protected valine or isoleucine group, or
ii) an optionally substituted, saturated -or monounsaturated C;-C,;,COOH
derivative;
d) replacing the regioselectively protecting group at R,, if present, with
i) an optionally N-protected valine or isoleucine groﬁp, or
ii) an optionally substituted, saturated or monounsaturated C,;-C,;COOH
derivative; and '

e) deprotecting the resulting compound as necessary.

12.  Use of a compound as defined in any one of claims 1 - 7 for the manufacture

of a medicament for the prophylaxis and/or treatment of viral infections.

13.  Use according to claim 12 wherein the viral infection is a herpes infection
including Varicella zoster virus, Herpes simplex virus types 1 & 2, Epstein-Barr virus
or Herpes type 6 (HHV-6) and type 8 (HHV-8).

14,  Use according to claim 12 wherein the viral infection is a retroviral infection
including SIV, HIV-1 and HIV-2. '
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