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On the other hand, the hypothesized theory of obviation of aspirin toxicity has never been tested because
there has never been a suitable aspirin ester prodrug candidate. This is because aspirin ester prodrugs are
very difficult to design. An aspirin ester of paracetamol-benorylate was on the market for about thirty years
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| SMN ONO, | SMNAONO, 5The conpound was said to be useful for its
ant i angi nal | at el et washing properties. Chem cal I}/dr ol B/SI S
st udi es wel"@ Zlo%"ﬁﬁ PP2d to show degradation with producti%i¥ 8/068114

i sosor bi de-nmono-nitrate (ISWN), salicylic acid and aspirin Whl ch
expressed platelet washing and anti-angina activities. However, it

was not expect deferaigal '?L@WNR” U fogoaEat da‘5§”b85 spicpe estesth e clivicply e isgporbide
because no mitaeeISMESTDE campoups desaribdaidddsoknetide-renouinaté Gpidrate (BRINARNEIS potertial use in

prodrug, apafdnsdbiiaiche asthen! an des, and these were very
del i berately designed to be 10conplenenfyary to plasma BuChE. However

| SMNA turned out to be a potent |nh|b| of platelet aggregation in
rabbit tissue in vitro and it was | at ho that 1SMNA is
efficiently converted to aspnp|n4by ra asite esterases. It was
tested in an oral study in do ny whi onpared with aspirin
in tw of aspirin's pharnmacol ogt hallnarkgfﬁzg?lbltlon of the
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synt hesis foll owi ng oral adninLﬂfratlon to a group of dogs (Gl mer et
al ., 2003). The aspirin-like prod%rt gs indicated that the hydrolysis
of I1SDA in plasma | eads to sone -\~ on++ISDA was shown to undergo
rapi d hydrol ysis when |ncubated e buffered human plasm
solutions to produce approxi mately 60 r| G | mer et al., 2002).
The remai ni ng 40% of the conpound was along t he
unproductive salicyl ate pat hway.
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10The study indicated that a specific enzyne present in human pl asna
catal yses aspirin release fromisosorbide diaspirinate (ISDA). It was
confirmed VRIHLMEH? vl chol i nest erase was the human pl adid/ FERAGHEs114

i nvolved. C osely related horse pl asnf but yryl chol i nest erase
generated only 11%aspirin. Glnmer et al (2001, 2002) further

descri be the hydfosPysithe pereRsklied Ethetivould 53 Hav8 PR toaarbiderd-gspiinptediSDA) to
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the glycolamde esters of N elsen and Bungaard, ar {b .On ers i.n
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becauseliof Thiguddéweate thaba spediTpavmaseserd pdbhan pafma etelpmsaspign bledsirasigiserbige

and nitric d@difhere (160A)] i FidsGor@itiedl Brat Haly§RSOIREterdE Mok thelhBish BEsmEESYmd iRvokde

first inst . [ NG CORYeLSI.On t
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desi rabl e tTgBrEIHIRFE LY HPYISIFA-GRITGE UM RS RHFeePPedeore pitrade traibpe
hydr ol ysi s (BNiA)antEpgerpide-dipwirinate §&@A).wi | | undergo rapid hydrolysis in
thﬁ preﬁence of TREdMdpAteREEISTA ahthé HIREERECCsRR RS Nididan SHIBUREI-@#HE thabiYesters
ot her phar ratedre ifl 3 irin pri n I 0
Sumary of e etk B8 o BBl Sl 5 ol BF LBl bt s
provi ded arf®i EYLYRBEFAYE 253 Bl Euc 8iRe “hgasﬂf‘ae{?iaﬁsd“ct"ﬁéc"b%‘f‘?&ﬁélF or example, in
struct ure dke psdseniveeniert; GuNeir il aspidy nradrug ofly i yabBttissue\ktekrised galicHlic jpeid prodrug In

a G - C8 abkbiester, a Cl- C8 al koxy ester, a C3 - ClO cycl oal kyl
ester, an aryl esi&lis, ?1'8&;1? ﬁee@#okﬁé{téraypkrin%%&_@ﬁ co%f:ouﬁ(g;(bgt)a&;_%ﬂtpré'irgntrinwgﬁgr%eﬂtic

le" is a 5-nenbered a i.c_or. . nonaromati c 5-nenber ring having at
| Sast one. HEEERGAT SAUBEE PETTGH ROPoRorCHHER TEor B Y RO CHee A

whi ch can Dircpigeisisasing prriaielestr Mma% Bikedirst ingfenseibagin efiergprablee] ypdetspieg sohversiog to
oxi de r el easdiringh ¢ ke plasma hydrolysis mddale Inpe@au@nt: isidesirbiettd providalagiin h@brad @spduads

phar maceut i |t [or h f . ounds
Gescr bod Hrbiete 35 GERLBRY B8 s PR oY) bRk R SRS o
her ei n,25t hdumasrotpsmagtp Kerate dspivén andieotentiatly otbrr plaermaseidgisally adtiveimdisiisd, mmertigylaonitis
of the genekigéd fornula RC(O)R, or nore specifically -0C(0)C, 112"1,
which is anashefortdahyvdded rom al i phatic hydrocarbons, The al kyl
chains of the a —ester chains can . straight or branched wherein
Che et byl " or oufbic By PRy Biie § PRv o8 beegh ok et SRy pUestsee
r epr esent s stuc@e agbhieyh nges@pormpe dBy| (- C3H7) represents a Cg al kyl
group, butyl (-01H9) 5represents a | kyl group and pentyl (-05H7)
represents a Cg al kyl group. he term"a | koxy ester"”

i ncl udes a group having the gene drmul a RC(0)0OR, or nore
specifically - 0C(0)0CH2"1, wherg Crid - 12,.3 is an al kyl chain

whi ch can be straight or brancheo ey ekn st he met hyl group (-CH3)
represents a Cl al kyl group, ethyl (-a represents a C2 al kyl
group, ProP14 (-C31-17) represents a Cgatikyl group, butyl (-AN
represefts a C4 alkyl group and pentyl (-@51\,17)1*)represents a Cs al kyl
group. 10The term "cycl oal kyl ester"” neans tha(t the cH2m 1 group of

the above MB¥FUYS is a cyclic al kyl group
a Cy — Cg alky! ester, a C; — Gy alkoxy ester, a C3 — Cy cycloalkyl ester, an arylester, a C; - Cg

alkylaryl ester or —C{O)OR™¢, wherein R™ is a 5-membered aromatic or nonaromatic 5-member ring having
at least one heteroatom substituted for a carbon of the ring system, which can be unsubstituted or
35 substituted with at least one nitric oxide releasing group.
The present invention also relates to pharmaceutically acceptable salts and/or hydrates of the
compounds described herein.



such as cycl opropane, cycl obutane, cycl opentane etc. The term
"aryl ester" is taken to nean RC(0)OAr) wherein Ar represents any

functi onal Wd%@g,&&,gg;ubst I tuent derived froma sinple acﬁﬁpg_tggggamglwg
for exanple a benzene ring, toluene, xylene, benzoic acid, benzoate,

ni cotinate, chlorobenzene or ot her ha | obenzene groups. 15The term
"esters of 5 memigLsadhahaERAcHEH |nE}udEs| NI a seribsBPInRS@NdSupSdtihe 8§k formula
functional it g%ér)gpl;%ore speafccj:alléyoc ""é V\%nrgis m&gr%én%d er& 'almﬁatll: lﬁ(dr%ta[bons The alkﬁl
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t hi ophfane§ Feﬂﬂrésgrﬁsi G, Gilyll 8B andPeityl PLES replesthisl 8Z:Qlk@ Sroupt hi azol es,

pyrazol es i Q -
RS of gl e S e e e
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i SO- 0xazol eosylgroum xad GL86) adpeseots a Civlg dicezod meotpit(-€:H,)Sepreseats 2 s alksil shoum f

t hese cofgpounds agdtbielMoalk kfASRaR Rt thd QH.), [ brddplFTRHR afvEEG ARl Is@ c@llcdlﬂgjr&@ .
Some of the . .4 .6 a/d%%a}% UDE8uttR aBe B s1own to have better activity

t han ot her corrpo reas nds have a 25| ess tivity
dependi ng on t he e & %r '%tékegﬁﬂqse?’]n?%éﬁf“"Eq?ﬁg'é\hre%@ev an 8”°t'°ngi1gr°‘fpﬁr
conpound r elsekstienierveh rempeRtA eGPl iagspriexdmple a benzene ring,dpjyene jgyiepe; benppic acld,
preferred cmmdsamte thio@banreoemihehaldberzenc arots.vi ty of great or equal

to 15%applrin Ie) %&ge&#% B eRR0 R o rngpere,msénu oy S s SR

group of “the conpoy e | nven ,
' 301t 0 O SFRPR IPEPRE” B8 PFTOeR0 ey o ;}“CWFP"&E B0 PR oG ok

Cl - Qg al k;hbtermt@nr%zbsémteétoearcarbmpf@ﬁ@géﬁmcﬁwﬁé’m GRS MY PR$EIESH fiem the group
aspi ri nat e coeRpDy srohib@snet, ltdigeives, alirolss imidebley Bisalss, siraeis, 4, Pdilydnmendds,

formula (1) iwiEidRAM0 LA LiRBLARHEROHE hhiazolidin-2-thiones. Preferred R™ are

20 heterocyclic rings

O ““\_}‘“O(_? Qﬁ/ O
O oo oy

The preferred —C(O)OR™ groups of the invention are iso-uxazoleoate, oxazoleoate or thiadiazoleoate.
Suitably, all of these compounds actively release aspitin in human plasma to a degree. Some of the
compounds have been shown to have better activity than other compounds whereas some compounds have a
25  lesser activity depending on the nature of the substituent chosen as Y. Some of the compound release NO in
addition to aspirin,
Suitably, the preferred compounds of the invention have activity of great or equal to 15% aspirin
released in human plasma.
The nitric oxide releasing group of the compounds of the invention may comprise a nitrate ester, a
30 G, to Cgalkyl nitrate ester, a8 C3 = Cyq cycloalkyl nitrate ester or a Cy — Cg alkyl nitrate ester.
In one embodiment, the Isosorbide aspirinate compound has the general structure as shown in

general formula (I)



8 (lI) wherein Yis a Cl - Cg alkyl ester, a d - Cg al koxy
ester, a - Cl0 cycl oal kyl ester, a Cl- CB cycl oal koly ester. which
can be uns Bszp?gfoé?éé substituted with ONC2; or an arRAT/ERRPUSP6EI14 o
Cl- Cg al kyl aryl ester, whi ch can 5bé unsubstituted or substituted
with at | east one nitric oxide rel easing group. However, nost
preferred are conpounds havi ng ester onprising 5-nenbered
heterocyclic rings which may be sel ectied fromthe group consisting of
oxazol eoat e, isoxazol eate and thi Azol eoat e. In a preferred
enbodi ment, the isosorbide aspirina onpeund has the general
structure as shown in general forrrula(l o, (1) wherein Y is a
Cl- C8 alkyl ester or a Cl- Cs al koxy %ste i ch can be
unsubstituted or substituted with ONOZ; Gr-a Cg - C10 cycl oal kyl
ester or a Cl- C8 cycloal koxy ester, whi ch” can (he unsubstituted or
substi tut eqN R ONO2; or 15an unsubstituted or a substituted

aryl ester, Iar ster nzoate, a nicotin oxazol eoa

[ soxazol eat o, ST A S AFCHOT B S b CoOBRBY e

| east one o*fhlctlmbgw@ulptlt@@mwbéﬁtﬁgi Wi @NGx piche aryiBster o a Cil- Cs ol argll ety which can
benzyl, sa Qe unsulisBul ki¥ubstreBa@ withex East ondikC Bid?, releabli’groupNO2, - ONO2, -

( CF]-Z) sONC2, %Qér{ &Q_Bréfm’egxglcbrﬂ%@havmgg%r 175 Qg%ﬁad ﬁ%cug}@

ol koxy ar o S

ol Koxy gr odlf R estiqrlio be obthcossha ok et
provi ded ani sosdrbpreferred eppadimaait 6 iseserpiér Aselinaie wemAguUNd ives topsdseara ptructure as shown
structure asgeaéravaimiaygeneral formula (1*) wherein Y is
-C(0)01tring, wherein Ring is a 5- ered aromati ¢ or nonaronatic
5-nmenber ring having at | east 25one hdgteroatom substituted for a
carbon of the ring system which cag e unsubstituted or substituted
with at | east one nitric oxide re ing ggoup.

10 YoM
wherein Y is
a C; — C; alkyl ester or a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONOQ;; or
a C3 = Cyo cycloalkyl ester or a C; — Cy cycloalkoxy ester, which can be unsubstituted or substituted with
ONO;; or
15 an unsubstituted or a substituted arylester, alkylaryl ester, benzoate, a nicotinate, oxazoleoate,
isoxazoleate, thiadiazoleoate group, which may be substituted by at least one of the group comprising
hydroxide, -Cl, -Br, a C; — Cg alkyl, benzyl, a C; — Cg alkoxy, benzyloxy, -NHC(O)R, -NH,, -NO,, -ONO,, —
(CH2)-ONO3, —OC(O)[(CHa)mleyencONO2, -OCOArONO, -OCOAr (CH,),ONO; or a C; — Cs haloalkyl ester,
wherein R is a C; — Cg alkyl or a C; —~ Cg alkoxy group, n=1-8, m=3-10.
20 According to the invention there is provided anisosorbide aspirinate compound having the general
structure as shown in general formula (I*)

OY
o]
o H
e I 0
o
g
H
Yo

wherein Y is
—C(OYOR™, wherein R™ is a 5-membered aromatic or nonaromatic 5-member ring having at least
25  one heteroatom substituted for a carbon of the ring system, which can be unsubstituted or substituted with at
least one nitric oxide releasing group.



WO 2009/ 080795PCT/ EP2008/ 068114 9 In a preferred enbodi nent,
the nitric oxide rel easing group may be selected fromthe grou
consi st i ngWErZ0REPS _ oNOD2, - ( CH2) nONO2, - 0C(0) Rmz)mév-‘é‘h"’g’@wﬁ',58114
- 000Ar ONO2, -000Ar (CH2) nONC2. ® Parti cul arly, preferred
conmpounds include an isosorbide aspirinate conmpound having the
gener al st ruct urlea arsfesadsrpedmentybp aiirig Pidedriggtinagrqup myy & selecgd &prathe grpul s
wher ei n X aadistihgar: eNOHeape AdBNIONS £ B0 AHH.1Q0ND;, - CARION-OCOAr (CH,),ONO,.
I n anot her enbod’bmﬂﬁy, ﬁlre}aﬁéﬁohﬁ)ur%%ﬁh&%ﬁlis&oﬁﬁmﬁmg c%doffrtah%%tﬁe_ general
gener al stryrcﬁgureressgos shown 1 n %Qgggeral formula (1) (1) whereinY
is a Cl- C8 ATKYT® “EE N EV9°5T 8 ¢T- al koxy ester, which can be
unsubstituted or substituted with O * or an unsubstituted or a
substituted arylester, alkylaryl estef, benzoate, nicotinate,
oxazol eoat e, 15i soxazol eate, thig ol eoat e group, which may be
substituted by at | east one of t 2 ® Gopnprising hydroxide, -d,
-Br, a Cl - C8 alkyl, benzyl, a CI- C§ gkoxy, o-benzyl oxy, -NHC(0)R,
-NH2, -NO2, -ONO2, - (CH2)nONO®2, -0C(8){ (0 n cychnONO2, - 000Ar ONC2,
-000Ar (CH2)nONO2 or a Cl- C5 hal oal kyl ®si&, wherein Ris a Cl - C8
al kyl ors a Cl- C8 al koxy group, n=1-8, m3t 10. @&t her preferred
conpounds q,;hgrfihlfksustrat ed by the general structure as shown in

a

general formu ) 20 (1) wherein "I is o
© o
0
O,NO =
O,NO = )
Y 2
X\// .

or
wherein X and Y are independent selected from O, S and N.
In another embodiment, there is provided a compound which has a general structure as shown in

10 general formula (I}

Yo
wherein Y is
a C; — Cg alkyl ester or a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONO;; or
an unsubstituted or a substituted arylester, alkylaryl ester, benzoate, nicotinate, oxazoleoate,

15 isoxazoleate, thiadiazoleoate group, which may be substituted by at [east one of the group comprising
hydroxide, -Cl, -Br, a C; — Cg alkyl, benzyl, a C; — Cg alkoxy, o-benzyloxy, -NHC(O)R, -NHz, -NO,, -ONQ,, —
{CH2),ONQ,, “OC{O)[{CH2)m]qcicONO2,  -OCOArONQ;, -OCOAr (CH,)ONQ; or a C; — Cs haloalkyl ester,

wherein R is a C; — Cy alkyl or a C, — Cg alkoxy group, n=1-8, m=3-10.
Other preferred compounds are illustrated by the general structure as shown in general formula (I)

20 YoM

wherein Y is



WO 2009/ 080795PCT/ EP20081068114 10 a C1 - C8 al kyl ester or a Cl-
C8 al koxy ester, which can be unsubstituted or substituted with ONOZ;
or a C3 - VPENNMSP8EI kyl ester or a Cl- Cg cyclo al koxyPCIEPRRIBOGHIL
can be unsubstituted or substituted w’h ONO2; or an
unsubstituted or a substituted aryl ester, al kyI aryl ester, benzoate
or nicotinate Bgﬁoﬁp?'ky\/ﬁﬁ‘iet%aﬁaycdﬁléo’%ﬁ%'s"{wcﬁ GRIEE UlsYosiiftteq & QERTUERiNIG ONDH @
group conpri siat-hy delostiyiceter oaia Gl- Cg cydBaliamkyegter,, whienay bg unsubbtuted oCBbstituted with
al koxy, benz,.Qxy, -NHC(O)R -NH2, - NQ2, -ONOZ - (CH2) nONC2,

;‘lglcg)gl) [kill(}lg)sgéﬁngsu%tlg ted %ra'_s\ybstl ut% a&ies%&gﬁarzr&l Efte I:}enzgag ir%Fc&gatg%r_QLgkcswhich may be
group, r=1-bstiedbyay 'ea@rﬁéfthfﬂr@fpé?'ﬁfé'él”%?fﬁtﬂ&n%% —aedlkyl| beupt ¢ Gt delalkpyy,

t he gener al besionyc-NHI(E)RANHS FNDHRONG), (B RIEONDL, —-DOOI(HBN]d:PN@, 100CUBIONO,, -OCOAr
wherein Y |§H2§10ﬁ52 or £8, %mgﬂylgﬁrer whi ch can be unsubstituted or
substi t ut ed Wt re|% al ¢ afﬁ‘ o0 cl0 cyg# aI kyl ester or a
Cl- C8 cyclo al'R6xy “és er8 Y 26 " CBR BLIGs Ubst it ed or substitut ed
with 150NQR; dther preferg CWW%W 'ﬂ“ﬁf@?jﬂ %Fhez&e'?@b%’i"ﬁrﬁufséﬁovﬁéﬂ"ﬂfﬁ%ﬂ'B’r’E‘H*a Y
ni cotinate group, which nmay be subst% ed by at | east one of the
group conprising hydroxide, a Cl- C8 dl kyl, benzyl, a Cl- C8 al koxy,
benzyl oxy, -NHC(0)R, -NH2, - NC2, , - (CH2) nONC2,
-0C(0)[ (CH2) Acycl i cONO2, -O000Ar -OQOAQ (CH2),ONO2 or a Cl- GCs
hal oal kyl ester, 20wherein Ris a Cl-]JC8atkyl or a Cl1 - C8 al koxy
group, n=1-8, n¥3-10. Further preferred{coppounds are illustrated by
the general structure as shown in genera mula (1) (1) whereinyY
is a Clyy C8 al koxy ester, which can be unsfb tiguted or substituted
wi th ONO2; or

wherein Y is
& C; — Cy alkoxy ester, which can be unsubstituted or substituted with ONO3; or
a C3 — Cyp cycloalky! ester or a C, — Cg cyclo alkoxy ester, which can be unsubstituted or substituted with
15 ONO;; or
an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at least cne
of the group comprising hydroxide, a C, — Cg alkyl, benzyl, a C, — Cg alkoxy, benzyloxy, -NHC(Q)R, -NH,, -
NO;z, -ONO;, ={CH2),ONO2, <0C(O)[(CHz)m] cyeicONO,, -OCOArONO,, -OCOAr (CH2),ONO; or a C, — Cs haloalkyl
ester,
20 wherein R is a C; — Cg alkyl or a C, — Cs alkoxy group, n=1-8, m=3-10.

Further preferred compounds are illustrated by the general structure as shown in general formula (1)

i 0

o

o
A

A ¢
wherein Y is
a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONO,; or
25 an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at least one
of the group comprising hydroxide, -Cl, -Br, a C; — Cg alkyl, benzyl, a C; — Cy alkoxy, o-benzyloxy, -NHC(O)R,
-NHz, -NO3, -ONO;, —(CH2),ONO3, —OC{O}(CH2)rm leyeicONO,, ~-OGCOArONO,, -OCOAr (CH;),ONC; ora C; — Cs
haloalkyl ester,
wherein R is a C; — Cg alkyl or a C; — Cg alkoxy group, n=1-8, m=3-10,
30 In a preferred embodiment, the isosorbide aspirinate compound may have the general structure as
shown In general formula (I)



25an unsubstituted or a substituted benzoate or nicotinate group,

whi ch may be substituted by at |east one of the group conprisi ng

hydr oxi de, WO0908¢95 5 C1- C3 al kyl, benzyl, a Cl- C8 JUIPEF008/008114
0- benzyl oxy, -NHC(0)R, -NH2, -NC2, - oN2, - (CH2) nONC2,
-0C(0)[ (CH2) m cyd, ONO2, -O000Ar ONO2, -000Ar (CH2)nONO2 or a Cl - G5
hal oal kyl ester, wherein Ris a Cl -° al kyl or a Cl- C8 al koxy
group, n=1-8, m=3-10. 30l n a preferreq enbodi nent, the isosorbide
aspirinate conpound may have theggeneral structure as shown in
general formula (1) WD 2009/ 080¥95HCT/ EP2Q08/ 068114 11 (1) wherein

Vis aCl - C8 alkyl ester or a CI™- e al koxy ester, which can be
unsubstituted or substituted with ONO2; (gﬁ?unsubstitut ed or a

substituted aryl ester, alkyl aryl estery-feRzoate or nicotinate
group, which may be 5substituted by at |east YNe. of the group
conprising hydroxide, -C, -Br, a Cl- C8 al kyl ,()benzyl, acCl- C8
al koxy, berthgaXys, - NHC(0) R, - NH2, -NO2, -ON®2, - (CH2)nONCZ,

- 0C( 0) (( CH2) Ocyae - CedEiN@Rer or DCEAT; G ester, WBOAN bé NG subktitdedGlith ONGDor
el oal K91 | €2t Shuposyural DB b, Gl ke Sl e
up, n=1-8 - zyl m su | s u y

nor i 1 b e W 1y S o STy B a6sT  BnP O
parti cul ar |3opriemzpyeHERBoIHAER: -ONTae(EorPhEu naC(RBF I HdyveONhe FEREPNP:, -
structure axoshONMONG cgener@haidatiyimarera (1) (1) wherein Y is a Cl- C8
al kyl ester, WakERR&3R, DE, MASHPE & Wkfgrdlp, SRS L5405, SpheMink By AN Bstit@Ft is
Loan unsubstlfted, ar, . SURSLI Lo Denzonl &, gh, i coti nate group,
whi ch nay bé SUBSTT ('t ed Py &t 'q-East Cond '

10 In a particularly preferred embodiment, the compound may have the general structure as shown in

general formula (I)

YoM
wherein Y is
a Cy — Cy alkyl ester, which can be unsubstituted or substituted with ONO.; or

15 an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at least one

of the group comprising hydroxide, a C; — Cg alkyl, benzyl, a C; — Cg alkoxy, benzyloxy, -NHC(O)R, -NH,, -

NO3, -ONQ3, ={CH3),ONO3, —OC(O}[(CHy)mlcyeicONO;, -OCOArONO;, -OCOAr (CH,),ONO; or a C; — Cs haloalkyl

ester,

wherein R is a C; — G alkyl or a C, — Cg alkoxy group, n=1-8, m=3-10. Where benzyloxy substituent is used
20 onan aryl ring, it is preferred that it is an o-benzyloxy substituent.

In a still further embodiment the compounds may have the general structure as shown in general
formula (L)

Y
wherein Y is an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at
25 least one of hydroxide, a C; ~ Cs alkyl, Cy — Cs alkyoxy, benzyloxy, —(CHz)4ONO2(n = 1-8), C3—Cyg



of the group conprising hydroxide, a Cl- C8 al kyl, benzyl, a a - c8
al koxy, benzyl ox -NHC(O)R -NH2, - NO2, -O0NO2, -(CH2)

-0C( 0) Rmz)V&’gF@W‘% - 000Ar ONC2, - 0Q0Ar ( CH2) , ONOR2 orPCeT/I@?_QOS@@lN

hal oal kyl ester, wherein R is al*C1- C8 al kyl or a Cl- C8 al koxy
group, n=1-8, nF3 10. Wiere benzyl oxy substituent is used 20on an

aryl ring, Wﬂmﬁﬁeﬁ?éﬂﬁpﬂﬁﬂﬁﬁhﬁﬁaFPﬁm@“éﬁm@mﬁ%ﬁﬁﬁmﬁ%v“?G%@PWFu@ﬁWﬁﬂmdm
In a still Hewrbéngoxyenbodi ment the conpounds may have the general
structure as showly, itk JaREHabr tﬂé}ﬁ\ﬁmo@-mgyj have thelheral structure as shown in general formula
2009/080795)CT/EP2608/068114 12 cycl oal’kyl ester or hal oal kyl " ester.
Wher e benzyl‘oxy substituent are found on the conmpound, it is
preferred to be o- benzyl oxy. Suitabf t he conpounds of the
invention may have the general struct re as shown in general formula
5Y (1) wherein Y is an unsubstit gr'or a substituted benzoate or

ni cotinate group, which may be suf t bedey at | east one of
hydroxi de, ClL - C8 alkyl, Cl - Cg al kyjox} benzyl oxy, -(CH2) ONQ2(n
=1-8), G- Co cycloalkyl ester or °h&l opl kyl ester. \Were a

hal oal kyl ester group is a feature of th& gdfpounds, the halo
substituent may be A, Br or F. 10 In an %nﬁo@nnent where the

conpound ¢ %ﬁ@lreh $&3n %nshl% |t|9@i 5’%' su t%&ﬁt@%bengogfg orh@clz)t%atg HB% M‘n H\ §Jbst|tu CFd by at

e an rom ne pr e!?

suitably d

el 0 subst IHEESHT & WA eT O GAIKGYoNST S8 PRV RO ( hbepl FLigt <
are part|cUW%P*&E%ﬁQH@bﬂ@HﬁEF Suitably, the conpounds of the

i nventi on have wael i ghloalta @&te@rodp is 6 GEficdNBetompbounys, thehdldsabsalént Mey t&ict, er ®F.

Lhe, MUTRN Car DI R AleS flre HLorR By LA RBEIRY) BY, TneRuONLLOR o SHEd) o,
Cpeci 11 cal IS e FI0 B8 OBy e 82 rrArsre A ﬁ&%ﬂ%eﬂ%fmaevgpraﬂoeg pereaig o

pati ent hasubsteansarspagesapneeeipdct i on with respect to one, another is
likely to conpsussl,eneabrobolib efaisanvasiph fiavéla high degree df tntple@Ermanityeo thi Biive site of

aspirin pr Qstrﬂaaar&@mmgge@arn@s&s&e@@Ihﬁjrmgi%n @r@mimtpst% HOMRG adbin. t he

| umen of. the 0 ct but, 6 breaks tion int
t he bl 013 dst reamtj r%a eousl?/ rtlhencom%?_du I’Ci{n be specez‘lp {;}I é{ ﬁ%lvé;’cle bym :i'egt)hean rp H1m?nhenz§(me since

conpounds dfiarpgint Wﬁ%@be'&q"ée@!t“lftw”ét'oﬂ &Y%'ieﬁféct Fﬁﬂ“@@ﬂﬂtr@r 'éHiﬂ'Y &f%%ﬁﬁsafe and release
successf ul layirlbe used in fornul ati ons where noi sture may be

encount ered. Apimbisbid! e a'%&?ﬂbdr@rt@%@ﬁpﬁurﬂs 4 Qshieidel &n@EbMSBina S-S 8f the GI

many easons. Gl dlag, L0, 5o Lo udbpl Rl Alhan 0 ot ution and
t ransder nal fansder ral del i very of

aspi ri % s t hafurheiseappees F’F%FW%WFSﬁ CEPAEETSINGS HPYGTS AP IR9ferds Relstye pidisp fpn
depot in t Iseccqssitlig e us@Ln foartulaiions wiwe: nmibtustruay be Stahibred. & owigons Neide aspiti protiog is
require pr QH\@&EQEM@ forBbyrddboRs iIRdUARG thapfmeba@mtandamso@@ﬁ KriGHaBer & Forms. One

f}]gr a?gu | ga tﬁes ;IE?Eb‘?em‘? Cvftﬁt%n%g%%@éwg% A o RERur i R R B RS E S e T
g P depot in the pat(% Suitably, the moisture stable compounds will not require protective moisture-proof

25 pharmaceutical packaging for storage.
In a preferred embodiment, the group Y may be selected from the group consisting of:

0 OH
CH. ) Q o] o]
achaele saENEINEe sXas
o’ ek, OM e
r r ! r r I I
0 o o’\© O N, O OMe O ] o 2
o’u\© O)b OJJ\© 0% O)k@,OM& 0)‘\@\ OJ\E,\D\ Ob
N
Z ’ r ’ I ’ OMe, Me, NOZI
Q
o oA O o’u‘~’Br o 0 -OND, g o
S ha v ES clasaste s UNIN
o \
ONO ONO
' , , Z , and o7 7,
30 The compounds of the invention, when Y in the general formula (I) is represented by any of the

these particular structures, the compounds release aspirin in human plasma to some various degree and thus
all are active.



30The conpounds of the invention, when Yin the general formula (I) is
represented b of the these particular structures, the conpounds
rel ease asPPr ??"qs&’”hunan plasma to some various degree BGTERANFO6Y
are active. WD 20091080795PCT/ EP20081°068114 13 However, the
conpounds having a Y substituent selected fromthe group consisting
of: 0 OHo CH, I%@Be"e'thF cqypoundschigeing Y 5“@*&!@‘3“F@'EC‘B@KP"DthSG)’O')P@'WQGHpand
are particularly preferreg, ol Nf e GtHhe c;:orrpoundﬁs conp i sing these any
of these groups show actj C‘“B to 15%
aspirin release in hunan n ano pkef erred

enbodi nent, the conpounds of the |nv'ent| on c’orrprl se t hose that have

aspirin rel ease tlc\/l ties greater thaﬁ\ ual to the 15%l.evel,
based on the g\'rr?i‘r\t;) fas |°rg%fl?/ ta e of ;0t e dnitj ester
concentration ih Wol e$ sur € at [3 aspl Ti roau t i n

fol | owi ng addi t% on of

I

! r
(o]
N
*@“ \ y oo
5 J’I\/ONO HaC
’

and

I

are particularly preferred, since the compounds comprising these any of these groups show activities of
greater than or equal to 15% aspirin release in human plasma.
In another preferred embodiment, the compounds of the invention comprise those that have aspirin
release activities greater than or equal to the 15% level, based on the amount of aspirin as a percentage of
10 the initial ester concentration in moles measured by HPCL at peak aspirin production following addition of
candidate esters to buffered human plasma at 37°C at pH 7.4 (phosphate buffer).
In specific embodiments, the compounds may have the general structure as shown in general

formula (I)
OY

0

%

- T fo)

e}

07

H

YD
15 wherein Y is an unsubstituted or a substituted benzoate or nicotinate group, which may be

substituted by at least one of hydroxide, methyl, benzyloxy, methoxy, -NHC(O)CHz, -OC(0)CH;Br, -NO;, -OAc.
-CH;0NQO,. Where benzyloxy substituent is used on an aryl ring, it is preferred that it is an o-benzyloxy
substituent.
In a specific embodiment, the compounds may have the general structure as shown in general
20 formula (T)



candi date esters to buffered human plasma at 37C at pH 7.4 (phosphate
buffer). I n_specific enbodi nents, the conpounds nay have the
general stVIAWUBYER shown in general formila (1) 15mHgP@%ﬁmeﬁ§khn
unsubstituted or a substituted benzoat'e or nicotinate group, which
may be substituted by at |east one of hydroxide, nethyl, benzyl oxy,
met hoxy, - WG)YG‘@P@L'W@? eﬁms"cltut_empat_eemc_otm_a@q ich Ry b aibstituted by at
benzyl oxy Sedstsne efipednixide, sClustnd, enzyexy, @ethdxy, FHIE) CHat-0€(8)0p1Be FNEL - ONDuatvhere
it is an o-fReRNEWIsMsRLHASE idkdl@Hn aryl ring, it is preferred that it Barfo-SeRGBkyfsiiBtituent.

anral 201 or ml i PTy Hor Ty B AR e B B R "

wherein Y is an unsubstituted or ubstituted benzoate or nicotinate
group, which may be substituted byjat | east one of hydroxide, -d,
met hyl , benzyl oxy, nethoxy, - 0) CH3, -0C(0)CH2Br, -NO2, -CH2ONCO2.
Wher e benzyl oxy substituent i ®ngan aryl ring, it is preferred
that it is an o-benzyl oxy substitugnt~: nost preferred isosorbide
aspi ri nate conpounds have one of the f W n tructures oy-
WD 2009/ 080795PCT/ EP2008/ 068114 15 & H 7{@
o]
5 © oM o,

OY
o
 d
'—;O
0
N
SORP
HO\

o (IID),

© V),
10



HONO2 (Vi) Al ternatively, the isosorbide aspirinate
conpound may have any one of the structures selected from 5the group
consi st i ngWEr0¥BKHPS0 OH and( X) _In anot her aspdQaT/ER0IBHES114
invention, there is provided a carriel conmpound for a drug having the
general structure as shown in general fornula (I11) WO

2009/ 080795PCT/ EP2008/ 068114 16 %ﬁl’e‘r ein Yis a Cl- Ca alkyl ester, a
Cl- Ca alkmester, a G - C cyc|oalkyl ester, an arylester, a Cl - C8
alloilaryl ester or -C(O)Ol:l Y7 wherein Rang is a 5-nenbered
aromatic or nonaromatic 5-nment i ng having at | east one 5Sheteroatom
substituted for a carbon of the rifig jsystem which can be
unsubsdtuted or substituted with af {east »one nitric oxide rel easing
group, and X is the drug nol ecul e. 07z In this aspect, a
preferred enbodi ment provides a carrier c for a drug having

t he general 10structure as shown in general]jformula (H wherein Y is
a Cl- C8 alkyl ester, a C3 - C10 cycl oal kyl® ester(vnpan arylester or a
Cl- Ca al kyy aryl ester, which can be unsubstituted or substituted
with at |east one nitric oxide gel easing group, 15and X is the drug
nol ecul e.

ONO: ()

Alternatively, the isosorbide aspirinate compound may have any one of the structures selected from
5  the group consisting of:

o CH, 0 o

Vi (%)

o) CH, o
0 NHC(O)CH, 0O OH

(%) and -

In another aspect of the invention, there is provided a carrier compound for a drug having the
general structure as shown in general formula (II)



Preferred carriers of the invention may have the general structure as
shown in general fornmula (l11) 20wherein Y is a Cl- Ca al kyl ester,
whi ch can W& 29EH88i t ut ed or substituted with ONC2; orPGI/KE008/0651D4
cycl oal kyl ester, which can be unsubstituted or substituted with

ONC2; or an unsubstituted or a substituted aryl ester, alkyl

aryl ester, benzoate or nicotinate gtoup, which nay be substituted by
at |l east one of the group conprising/hyer%xide, a Cl1 - Ca al kyl,
benzyl, a Cl- Ca al koxy, 25benzyl oxy\ -! 0)R, -NH2, -NO2, -0NC2,

-(CH2) nONQ2, -0C(0)[(012) M odi nONC2, "-qo rONO2, -000Ar (CH2)"ONOX2 or
a Cl- C5 haloal kyl ester, wherein Ris a CldDCa al kyl or a Cl- Ca
al koxy groupheren¥ls 8, m=3-10. In other enbodi nents, the carrier of the
i nvention _ ner ur j | -f
(1) 30 Vo @%ﬁﬁ*ﬁ? S250% o3 h' G eI v RRR G 0 ALY e
cycl oal kyl LSYEIPRWATEHT € art 1a e e emale trdgnammale pyiymPerfpebpving tjpast one
ONC2; or> arl=igiatam stbstityiedder agarben of i gni syatame Whihecan braunaubsbituted jorsylbstifyted with at
group, Wwhi éestroaynifiieoxdid bsdadirigtongl by at | east one of the group
conprising fjydroxide, a C1 - C8 al kyl, benzyl, a C1 - C8 al koxy,
benzyl oxy, - N FlI .- NH - 5NO2, -ONX2, -(CH2)nONC2,
-00(0)[(042),,]é%tg%%ﬂﬂww%oowmoz, ~000Ar (CH2)nONC2 or a Cl- C5
hal oal | W est er 0 haéwesti prgred embaiiment proviilegi teyrter eompayndCier a dn@aviigRisagneral
group, =1-s8yctune=3-stikdn inlganecdfopraagds whi ch conpri se a hal oal kyl ester
functional group, the halo substituent jmay be A, Br or F, however Br
is nore particularly preferred. 10Adyanit.ageously, the aspirin prodrug
conpounds of the invention resist aquequs)hydrolysis and a-
chynotrypsin, yet will undergo rapi dohgdgolysis in the presence of
human plasma to liberate aspirin and p6t entdgal |y ot her
phar macol ogj, a“,%g active noieties. The preferred conpounds of the

e

i nvention Ilgrera nitric oxide in addition to aspirin.

a C, — Gy alkyl ester, a C3 — Cy cycloalkyl ester, an arylester or a C; — Cg alkyl aryl ester, which can be
unsubstituted or substituted with at least one nitric oxide releasing group,
15 and
X is the drug molecule.
Preferred carriers of the invention may have the general structure as shown in general formula (I1)

Yo
20  whereinYis
a C;, — Cq alkyl ester, which can be unsubstituted or substituted with ONO,; or
a C3 — Cyp cycloalkyl ester, which can be unsubstituted or substituted with ONO,; or
an unsubstituted or a substituted ary! ester, alkyl aryl ester, benzoate or nicotinate group, which may be
substituted by at least one of the group comprising hydroxide, a C, — Cg alkyl, benzyl, a C; — Cg alkoxy,
25  benzyloxy, -NHC{O)R, -NH;, -NO,, -ONOG;, ~(CH,)nONO2, —OC(0)[(CH2)mleyaicONOz, -OCOArONOD, -OCOAr
(CH2),ONGQ: or a C; = Cs haloalkyl ester,
wherein R is a C, — Cs alkyl or a C; — Cy alkoxy group, n=1-8, m=3-10.
In other embodiments, the carrier of the invention may have the general structure as shown In general
formula (II}

30 Yo



Thus in this aspect, the conmpounds of the invention are advantageous
since they provide better aspirin 15prodrug conpounds, in particul ar
a prodrug EP&%WW%apabl e of releasing both aspirin amCTER2p8H68114
oxi de. Prodrug devices capabl e of rel®asing both aspirin and nitrous
oxide (NO are particual ry advant ageous. Such conpounds are likely to
be | ess toxWerdiltis have a greater spectrum of pharnmacol ogi cal actions
and efficacy th@rn cilgioblk &k, windvah be @eubsRARIGNBitGLed NEE BNG oraspi ri n

d nitric oxigde,aVee hSkd indtdorGANSid . ne
% Tirar oo et sinlysa Y Sl g

ng aspi
nust in the StP PSR Afr e St eaphBfe %fa'k%%d’é?zwiynﬁ*'c(o)"r “NHa -
conver sion ¥ Q¥ KFHD QNP -REOK ) pll-a: SN, -RGRRrNOy, SOCOANBHHON@ror £¢:iC Maloalky!
bi ol ogi cal lagter,el evant nodel. The carrier of the invention may have a
nitric oxide rgLeasidit, 9cOuR i C—hcs%%?&io 5. Ri-thste ester, a Cl to
Cs al kyl nitrate gster, a C3 - %;0 c%c oal kyl nitrate ester or a Cl -
C8 al kyl ni'f FEIPRUNEYRIGh comperfsaialoaly RSt st apouss fedale sudsHertanay Beg! B it
t he prodr ug¥®Weer & Beoreappdipaipprefared- st abl e in the presence of 25typi cal

di gestiwe prot earfSyediy, thOWBFtFoRIsZ¥REE GURGhvEm ol MG SALuEATSs and o-
cells, but be hydrol ysed to aspirin by human esterases especially
BRIy :

BuChE and fvail wdgseecrid Rypralygsd the RipseRca §f MY LR HRto | Rsrrgy 3gpiin and
struct ure astegiatnather phargerrogipdlly dctivermeieties (Thk prefeddiebrepoeids ofYhe isverstioQberate Gric
al kyl est eroxiddhegthiot®@nasgra. unsubstituted or substituted with ONO2; or

a C3 - C10 cychpalk ' ' ' (- -
substi tut ed \gl tr ﬁ%b\lbg%qs.ﬁ%{r' ﬁgﬁowggggﬁ?{ahe?@ag%?&{g&gsdﬁ%g%?ctg H{(Q ‘é%owde_ b?tter_asmrm
aryl est€r, PAIRYFEPOY" % LyParpiculen  prodiug campound fapaBle pTelpasing bpgoaspiineage pitsic oxide.

i soxazol eatPerdrug Revisericapabli efdeitaaingiotapninneh wifpuneride BYO) sna lpartiduiin aevdntimpouatSuch
| east one abmgolnels gre Ohelp @GBS tost HGhaddhyrektd Xpeetim of Blarmacd®gical actibrband&ricacy
al kyl , benzp, the@in@@idu‘aliz@co%?&ﬁ% becgﬁé"i?s}.{ihrpgw nitrfc%%goe%ng%%ffﬁc&%}

-0ONQ2, - (CH2)n -0C(0 CH2) .1 cycl i cONO2, 0
(CH) noxlozc%rrg")"’gs‘%rd?eaéﬁ%é %ﬁ(aﬁla_?&%}%af“lé“é-t er, wherein Ris a ClL - C8 al kyl
or a C1¥0- C8 aPlKkigleP¥igs slagsing preiin gter mpsBinim: fighidstades by an sker dapaige afpidergeinge

Sui tably, tcheergarts bspiisintfe kehgasmanb@niysiOodeoedtilahydbaally SieSant BodelMBie carrier of

correct poimtinBReAMSSaRla dtftChite ARSH b Brplicds Wit dHE 2 @ iCsYaqiﬂyl nitrate
i5| tes of _hlég?rna @s_tcercgc?oglﬁw " thﬁ%e(r)o%/ _%?:% n(g;l;%l‘EF;29081068114 1 _
n a particularl’y préferred enbodi ment® *YHe carri er of the invention

may have the gé‘ﬁé?r &pvaetpgeg egulfrem & fagtitaiine pradrege Aidhedivedtion #reisteple(in thy presence of

wher ei 1i?3Y  itwic8 dig€ve-proGaRs oy tdvaak knzymes Sliarin mudadabdACo-a el dutimg bbOBiok st &d

or subst i t 3R byvhian BNRes eflecially BUChE and CE-2.In this aspect, the carrier may have the general
structure as shown in general formula (II)

Yo
30 whereinY is
a G, — Cg alkyl ester, which can be unsubstituted or substituted with ONO»; or
a Gz = Cyp cycloalkyl ester, which can be unsubstituted or substituted with ONO,; or
an unsubstituted or a substituted arylester, alkylaryl ester, benzoate, a nicotinate, oxazoleoate,
isoxazoleate, thiadiazoleoate group, which may be substituted by at least one of the group comprising
33 hydroxide, -Cl, -Br, a Cy — Cg alkyl, benzyl, a C; ~ Cs alkoxy, benzyloxy, -NHC(O)R, -NHa, -NO;, -ONO,, —
(CH2)nONO;, ~0C(0)[(CH2)m)eyicONO2, -OCOArONO;, -OCOAr (CH2),ONO; or a C, — Cs haloalkyl ester,
wherein R is a C; — Cs alkyl or a C; — Gy alkoxy group, n=1-8, m=3-10
and X is the drug molecule
Suitably, the carriers of the invention steer hydrolysis to the correct point because of their
40  complementarity with the active sites of human esterases.



an unsubstituted or a substituted benzoate or nicotinate group, which
may be substituted by at |east one of the group conprising hydroxide,
-d, a Cl1 WOHOUKIS  benzyl, a Cl- Cs al koxy, benzyl oxBCT/ENPHGS Ry
-NC2, -OND2, -(CH2),ON®2, -0C(0)[(CH2¥d cychcONO2, -000Ar ONO2, - O00Ar
(CH2)ONO2 or a Cl1 - C5 hal oal kyl ester, 10wherein Ris a Cl - Cs

al kyl or a Cl1 -In@partuiiyeyeleyiedembodiment 8 canigr 3¢ théinvehtion tiaehaps tbd @nerat ekructure as
conpounds whnbehin goapIfbraga gryhal oal kyl ester functional group, the halo
substituent may be C, Br or F, howeyer Br is the nore particularly

preferred substituent In another fav a_%lda enbodi ment, the carrier
conpound may be selected fromthe grzug(?nsi sting of: x..ttH _X HX H
the:r eyi

15wherein Xis the drug nolecule to béocarfied in the prodrug form
I n anot her aspect of the invention, gnprovided a drug conmpound
her ei n. I n anot her

conpri sing thtée. ﬁarri er conpound as descri be
aspect stilf{'Hé® i nvention provides a pharnaceutical conposition
conpri sihg a corfpolnarcazkytrsir which cabearasubstititeg or dubstitited BitfeONO;; or

phar maceut i cal lay uasoBepEataguReted hzofte oEXEtinBte @@lp, whEN by Be ABHtkR W) &feast

aspgc_t, t N€one SRERYI BorfRSHo Rl drdx @,-&PJH?QSdsEm,SP,@&nzﬂfacflba a?kw,etl%zkﬂgxr}, NaYohe.
used 1 n-Vivg Of,! Ryl L tog zr_eo QS}& Iﬁm-tl tut | Veli({l')‘l ate Er 1 C
gl ycol - prot efn ress G g NG FLHANR:. 1P58ATH 20 P¥uEf 2 € - G
The conpour@$?&f§P®er the conpositions of the invention may al so be

used i nvi vo omhersia Ristarap- CoalkdylroelalCe- 3 BIkaxe rbdpl R=1ld, kes-gf.fect. An aspirin

i ke_ ef f e_CtI_n thfe‘afefeﬁgdaﬁm)o@mds Mﬁicf@co%ﬁgéjg;ﬂailoglw jesﬂer %ﬂ&ihﬁapdr%g,eclweeﬂaloa.'sgbtstiityénE r¥ay%‘é
the inhibitian qf COX rris%jeun(%trs ﬁuth as. t’hronpoxane or

mal ondi al dedhyde. " TRAVERT B8ORS R PR SHEEH E onpounds of 25t he
invention are ﬁ?ﬁ”éth‘ﬂ(fﬁ"%’?ﬁe ofedinests B £amier ompahd mayhelselerted frpmetbet grqup consisting of

i nhi bitors of human® plhat el et aggregati on and WY

2009/ 080795PCT/ EP20{387‘:6 8114 19 greatee i nhi bitok ! t he COX
downst r eam product s*{.s agh hron’gzng 2. and (rrfsﬂj i al dehyde) as
wel |l as constitutive gl telgt lgl ycd grateifn pr €ssipn. njanot her

aspect the conpounds of tife ¥hvention & used 1 n® nuf act ure

of a nedi canent for ehe treatnment of di seases or conditions or
synpt oms i ncl udi ngxcay di ovascul ar and cerebrovascul ar 5di sbrders,

pai n, pyretic, i nfza.uju\n}i on, canger, Al zheiner's disease or denentia.

H

Aspirin causes gastrilc pl eeding by.ghenmically irritating the cells of
the intestinal vvalloﬁuring sor pti bn dand by interferifg with the
secretion of its protect arri er: tion ! s prFoblemis
to render aspirin tenporg i nert ep-cadyl y at hadhi ng aski ng
group that is renoved |ater i#©the absogptilon process, ajay frofiithe
vul nerabl e surface*offthe G tract. xIhg key chal | enge i n°devet opi ng

thi s technol ogy vva{jf\? nd (\z/o
[0 L
CH,ONO,

o] NHC{O)CH,

15 wherein X is the drug molecule to be carried in the prodrug form,

In another aspect of the invention, there is provided a drug compound comprising the carrier
compeund as described herein.

In another aspect still, the invention provides a pharmaceutical composition com prising a compound as
defined above and at least one pharmaceutically acceptable carrier or excipient.

20 In a particular aspect, the compounds and/or the compositions of the invention may be used in-vivo or
in-vitro to reduce constitutive platelet glycol-protein expression at a level where aspirin has no effect.

The compounds and/or the compositions of the invention may also be used in-vivo or in-vitro to induce
an aspirin like effect. An aspirin like effect, for example, is a reduction in anti-platelet activity or the inhibition
of COX products such as thromboxane A2 or malondialdehyde. Advantageously, the preferred compounds of

25 the invention are more potent than aspirin itself and are greater inhibitors of human platelet aggregation and



10a masking group that is predictably and accurately renoved in

bl ood, an obstacl e nobody el se had been able to overcone. Essentially
t he i nvent VORM¥480%8es for an inert form of aspirin t hdBCHYEP2SOR1At ed
by the body. In a further refinkEment to the design, a nitric

oxi de -precursor was incorporated into the carrier group to provide
further cor@&iehasbRorattheP dpvesiens eropits4iuerg thidmbpraredip prdimglondiigehyde) ggvell as
prodr ugs t henstfutweelzfeat gyad-pratkih yxpteadioar f ere Wi t h pat hol ogi cal processes

at two differentdogiekct i Emmblidds OrtASReftion A BPILAA bhe rdnPRGRYE Dledicament

wi dely 15ac ted but.the technol o descr.i ped herein 1s the onl
technol ogy P @Rl %ﬁfzs O DS P R el e R AR
tissue. 3  disordgrp@aip\piyeist Pemaation. ereys HrBimgedgeesesg geetirat e (1 SDA, 16 in
Table 2) in _huminbhma@asn@&leémestﬂegmlgditéting & chey of the infektingl waklidurifioahsortion
produced aspj by iRkerfetiflm telseRrndH or RSRitctiaBErRer ( TrelMution @ knid Hohieh QUE et &Firin

groups, one_|ocated, on eac f.the t aspi.rin 20mieties, . and one
connect i nget%nép(? ﬁ%éfnertt %ecg%m'cr?@‘l ag?rih'gg @ Pgs\ﬁﬁﬁ%mlﬁjst%aé § Feﬂ]og% 'ag% P‘ghe atﬁ?g;)gon Process,
st r ai ght f oraf@¥ &P the wingp e saiface of tefGl e Thesksy FpilngsiraieYRop OIS Epginglognags to find
t hat on® ofa rhdskingtowop thetd predivablearg steisly admopd $1 Hdod) @S otRtade nobody slsedtet beeh etk
by est er ases owdicbRe Edsshtifily LM drdvib&IréHah Mekt RSP aipiin thihi@bctiated BRME body.
true but the r %9% fu he?n%ﬁ%hgnq}c}tgea&%&l 5 %% ! %eberecunrts)orr%as!irﬂ:t r.%rretgt} iI tggae%g'ger group
unexpected. The four ester groups fhn sB apr € Susce PPEre 10 _
hydr ol ysi s D§rodsfihe sampoys fat sanseiteeriq Aanp yithasnipt ich el pragrugsithegsborenotentially
met abol i t egnterfgtetwithraatiediogica brocessks dt hvesiffemntdeviiy: dheolityossgindiomwnctt 1© becoming widely
| sosor bisde a2aaabubé tebiibibgy d@EbEL herbih@s thY Sy McBlo§y t5:R FARER poARes®Bth aspirin and
fol | oned by Eﬁ%ﬁh&&; aphy, which allows the separation and
measur enent of _each of the nmetabolites as they evol ve and decay. Mny
experiments wer Be YRt iegerpide-diAtrbinets GBA %%T%'ﬁH'E)EHE‘@@B’O‘F’HFE)'”V%“Q““ n
bi ol ogi cal ovedlénd duhiewriteedtdedsspigt.opped at successive tinme points and
E he metabolite Is{ﬁio)ﬁddg&asﬁﬁﬁféléfslﬁﬂ 15had 1ol Cster BRRpsPbrRTocMd oh Bich odAd o 8RR A
i Me COyrs . . i
for | SOA aﬁﬂg‘éﬁﬁsgﬁéﬁﬁ%ﬂﬁ?ﬁ%‘é@g@%§ 08 B ot e Ho AR R R Rt
30di sappearratc&@ B LSRN QR det ek oapP LGB SHERTPPIOBY * tsicRRChed Y
caref ul ex&#enw: diealy Hom {908 deeragiogragridn. Fhat/ie pdrtly tupbyt theireatysechaniye transpiied torpe
concent r at in@fe iGer8sting i@ thekfactéd. Sie faulr kbt gloli if1BDA sulcGiakle Ratiireljss appenkad
and second l\n}ﬁh b Bo?en%ﬂ@&m{:@l Jrrgw gstér n@tasdclit%ﬁ .U%ﬁiiel?éll%ﬁtﬂ&?ﬁ'@ Waﬁﬁ?eﬁgta@@(ggo?%%de

nmet abolj.te. Thi s was_a surpri si an i signiflcan In

111 ndiBat @B PIGHE o S PR S N 2p [ARPL DY RROS AN ED ApytTdcE Ereton
human pl as#ed ReagHRMeNf eapieof fhe Imetabaligs fsithsirioBEMd decaie Meny [gxperineals et conisted i
met abol i t e wakh IS8DAas intfadiBed @b biolaricaltriedia g redatidnatoppae btalodstiie@ite pintt DDA

35 were i NdRREREGHEIY mSXRLI Y S theBRFor BYHatd Al d iRy colfEdireRd 8 BRAdiysil

prodrugs by incubating themin asma and fol | ng their hydrolysis
Dy HPLe RIS i esess B st 55 Bt e W e Tl Yo el
2), tur¥ted diseppearancegEIsPhend g deperspriceel BsPie O WeR AEpralheinas v Ehesei cpves fryeals
key human phetsing: thodgitin dokegatiasoriivedtodisditer thepatant DA hi dssgpearédtand Scondly its
conver Leg |pgd'k%+\&éd EI‘F ri?esa% Hi%aBpe@JatQ:@gf anJtl:neh mgtlaﬁ)llitg.ai{hﬁ Weda slurpris_Ing a?d highiy significant
i sosor bi de-5:sal i.c i s rolys o xcl usively. alo

i e pat b RO oAb el ool A et 18D b SR bk ot Bl
overal | i nd¥@sd &am {RA e 8@ s¥hepirerea ppebeippiifiiathes: gl Stha potayl mgepaitenef 1TPA
precur sor MerealdégeutgntasmthEiism ol ediueted byiHPIS” anespiliD@bdrigeby incubating them in plasma and
i sosor bi detgo@sRhdiiniRdyRr By 1L, IdhY balide, (shsoiae-2-2dpirinate-5-salicylie (9855 2)PRFEd out to
found t hat bQ %g?‘ngstgllfeachsvnarogug%olzw IoldléStln ﬁeekI eﬁzt}rdaxelg%ar %d@ el %n%e}n)ﬂbman
group of thé aspiri AAT BOTFe BTY LS Bindas Sy aspFr "AAr e Qé'lggﬁA , ich'is
att ached aP§3diis fopyeriest largalyie asgiamalong it Be Fasriss isgsprpigked- slicylate. It is hydrolysed almost
aspi ri nat eefshugalyiabyd tis eati{ h BABYd BubhFselntioB(f@ote 48hen ef fici ently det aches

aspi ri mof r om i $RSeRIALsIZRSRY thit RedoRide-di-aspifAate (1SDA, 16) acts as a precursor to a true
2009/ 080793CT/ ERZOQ8/ Q85 AordBuS ALk SRSl o SDA under goes
It has been found that human plasma BuChE first selectively removes the acetyl group of the
aspirinate of isosorbide-di-aspirinate (ISDA), which is attached at position-5, thus generating isosorbide-2-

aspirinate-5-salicylate (ISAS). Human BuChE then efficiently detaches aspirin from isosorbide-2-aspirinate-5-



10W9817673. Although it is a potential netabolite no one could have
anticipated that it would be a prodrug. Ot her actual or potenti al

met abol i t eWOFPUNUEHAS (f or exanpl e the 5-aspirinate, 2- afHTEMEABA6H14
2-salicylate-5- aspirinate) were each®synt hesi sed and characteri sed.
None of these acted as aspirin prodrugs in human plasna.

Advant ageouicyate (ISREIS0A ndergoas hygireilvhis aienn pthsr perelielsoutrs {Rigdte Stiseaimpifistpiersion offis
an i nhi bi t ofbr cafity)usdreiR nftlaaérededdy rebagiesd egapitinmn isbsdlde-2 dsphifatE DEAIFFRNISAS), nor
(Figure 6),pAPReARGs ?&Qb&&@fn%bﬁﬁéa%sé&dmﬁ ha@grpﬁﬁiﬁda I?I(‘g)grs%ca{elragésﬁk! igﬁlasglg)tém

downst r eam pr.oduct s ¢luding, thr ane A7 _an i al dehyde.

P o0 GampormRaTEER S el apiat OB Do G S BPO R B O Brag 0%
concent rlat i R§eediag algagiuemiodddin seicrath pashwap Iiddchegause THRA hogrtigypseirin poleceiprjtachéd
i sosor bi de-if2-oves ikl inrtisel s@ictBst Sanbd i€30y4. 84y sbdBAGyyrichabit@SY pirifed chiydE ghiutions
desirabl e fyQmeandid@naE8YHAREBHneRAlRE in®limdH Bl rjes%orgiﬁlégolr{hggni?@lgacrcm?te
subj ect of orbgt%lng’glsl&snvglﬁ%{dga]tl gns. I g has al so been shown tha

i sosor bi de-2VAEPICT AT 81BYTIRELITE P HPUCS 1 SAS) needs to be activated
by esterases t &oekiider2-grrgatshapintitedIHe) vt destripasdn Isternationg) Bebigation Maav e

i ntrinsioc M@Bﬂg?xatho@mtiiswi [iagintlahﬁhtaibslite_tdﬂmn@(fomﬁ mvaarpiﬁmbrdugt it MWuidIbEalpS&Sg.
under goes etk Qk4Sdr Sotbrial HdBUMeDAr QA (0 dckingie thed fspilidafe2- Qbinmte dTh 34kt Rk 5-

it is stable.in the presence  of cal, (i tiv rot eases and
t onards est’@ r[rggg)swefreoel%%hcfyr%ﬁes'ﬁeﬂC%a}lr%:)&eef"feg'. Orgglﬁqﬁﬁiagtf{)ass e @ﬁ%‘is in human
aggr egat i oP®f®nar ds ar achi doni ¢ acid i n human whol e bl ood (i npedance
met hod) w t h andl@e@osk, 1355 (BN sigAiSq@ntlyinprepole@Iin aspirh hs & inbtle lof Husiar2Batgidvl
|( %?32} jvlﬁa: Sa@g\éffaﬂ‘icﬂ%héé@bd cBIIaQé’nQM?Péd),%P Eﬁheara%lfa&?%&iol%ﬁ?tt F&?&i%h} iRhibW MK

0 : synt hesi S S, -
vy ot udpHereor e NAR U Rl 2 UBRRREVEE BLE) Bivbers spattpyeghger
i s specifi GHFIROERTPERICRY CHpEnirRtionsITEMG 22 Pree eeBUTOR 8re3t% PRie/fead isosorbide-2-
pl asma, andsHirests-Sisaiplatd (J5AS)Ieh aspirib Fthdupiedesabre frgyad drugdevelobBertt pdint of iy, is
human car beuing siefessBecof(ohdomg invdlig@&RL fit hbdiso BER SRR Hat iQRIidAeLds@iinate-5-
M Cr OSOFES ... ; i, om
"sosor b1 do A0 RASHRKRN A ALy 0] RS Gl s EABRABR L el
and advant dGEEGRolg P! agivitrsgd b fetlorey LB YIRS UaPRdPRR Y RlIYES iy Han opdwith a
respect t o hahlie of <R @ingteh éiis siable hitheelegentemf tyoirmbdigestine protaasel andioeadsesterases found
as pib:‘i n. Qmmme-ﬁéﬂldyﬁﬂﬁﬁtfgﬁat&l@ a@d&@at@ﬁﬂvﬂ’ﬂs dr&enibidhlacd i Burk MROINEd iSpedance
stabl e un n ngl s 1 . . .
down 1 idf;gjhgﬂ Rhor £ E‘?“@.‘*Jﬁ;ﬁi& 1Ly bEER 21 b1k obd Bl Pl bR
sal i cyl¥c d818MEEYL BrasiPthy WhalsRlipodiand iRyt yethesis Birwashe] Platethe similarity
of substrate pEEresEfieeshpwthelijospriidegamsiringiy-5GHoRteHASBuUCkHHCIlg acetey by two
sur pri si nghumah ehaymishBIChEE Ydish agenal dhd lebseragidh TR Wiltkhé Smé Peifwal B/B rétia by fhukn
i's metabol 'c§€d§yléf€%@é-é‘§kjé)/prés&t%%tésﬁr}él épﬁhelia?’ﬁicr%&Hgs. %cl)b @RIt tggenzymes can

conpounds that are ei r..lnonocuous or rpaceut | c we N
oy ot ar 1 St S Rt SR S el e R e Rk P se:

i tsel f 30t s PefieatdBrabrRNiFe7YTR &neien WibYTesPert I9gnarbe ethgrdglisehall cgmpprshia ansl releafth e
di scovery edpirih3ABhanadiaitiye tkthedtiorcs thadied Bmfodtid i§ dtsbleihdeltbeditiond FoiB th the lumen

aspirin relaase tah bl SRR SpidhEHer bBRfiod B wAltharh RS EAmeRARERE: LIMME LAr ty
et al. 2008 | sosggflgéuge- as
%

: 2- rinate-5-salicylate (lSAS) a n.
aspirin prodrigTBaty SuE AR @hessbrﬁlﬁﬁt'tﬁ%r-s‘g’-s’traﬁ?ﬂ%‘fr?%?/‘l" Séegﬂ%?PY ?%%ar@%“(t%ﬁﬁ
prodrug nolMECHREsIHES fethei agtpnigesge e catroind fepiiat ireaiTiens risjabplisedtementuallytts spcylic
si t e 0f35t heddanaosobis, bonplresthanastier inhduclsor Pieertadaficahf well EHagicterad while 15AS
ek oy s v e o
from aspir F'%COW?{) f& A%?ngt%ﬁé( 'néh acﬁnigget?sl oL érﬂ%ﬁtl'p%g%di i) }”Héﬁ?e\g??}%sf”g o5 %frﬁsd in our
aspirin ac&sf ragerdtiptarty ¢t of #i0®loduces a new and highly effective
carrier type f olsosadpe-p-papirigates-pidyieta (lissd) bags 4s @n aspitim@odrcietaase eiispsosthe-5-
drugs. 48hi SaiidyRitedBribl R HelpRBlg M8 bls afhRh ddoR8 of BYAEN @Ry to WM Rctive site of the
2009/ 0807 gﬁ%ca-rl;/cgﬁ)%ﬁgsé{'agesﬁ; i.;sl'faleca2 u%e 8 this that it unde;lg;ge% vgw %Eié hy%%lyg'g. ?r?eelsosaosrbic}e%-

salicylate portion or carrier group of ISAS suceessfully promotes its own detachment from asplrin while at the

same time suppressing hydrolysis of the aspirin acetyl group. It introduces a new and highly effective carrier
type for aspirin and potentially for other carboxylic acid drugs. This is an important insight for the invention.



The aspirin rel ease characteristics of a range of 25 esters is shown

in Table 2 along Wi th sonme sel ected exanples as structural formnul ae
with percePLY¥ 4B rin release in Figure 7. It has bediTSH3Ms 6H &t

the group 15at the 5-position markedl¥ influences the direction of
hydrol ysis (Figure Sand exanples in Figure 9). a 0 0 0 5 OR The
unsubstituted confjound (i sosorbide-2-aspirinate, 17) is not an
aspirin prodrug kmgjcaging that 5- substitution is required for
aspirin release. In ge eral it was found that S|gn|fh8ant aspirin

rel ease occurs w n&q9te and nicotinate esters. ﬁh% dom nant
hydrolysis site i e f conmpounds substituted Oal i phatic
esters was at the usual eyl efter (cT Conpounds 4, fn bl e

2). It was al so found thatH ampyl ers in which the pheﬁylo was
substituted at the 2- and 3- pbsiltions were nost proguctlveO
exanpl e, conpound 1 und&nrgoes groly5|s al ong the prdfictive aspirin

pat hway to ar Ouﬁﬂe @Jgs%n dAbse as\ﬁg\lr%ﬂgr%/ nQéng E QlycoEaP ;Q[%? Q%@%%ah%ta structure for

The nost effici

t co (0]
compl et e coRVEF EB@WE‘E%P%E 7@%%“'%""@?1@”%?’5% Esrﬁ?tér Bt ﬁer”?eﬂa%tﬂ Fofeovat there wos
but yryl cholvigess Wﬂ'@@awf absitlyen B O0Bripestien igaiticd fop ?ﬁd“”” release because ISMNA (in
| sosor bisde-vhicaspbkilingtas oplaed with ¥ Ingrtte) i db#Sispird) prddhug inmed@lpebhd. The@bncltisalns

Pﬁggngi t t gstﬁaégewtrzt@@hétxon%t.b%%ﬁ Lrbéukﬁvsﬁlmén %E%lﬁd%g %Wr&temmaﬂﬁs were

i
SRS not R R S sl B SRR SR B LB Y orotp o
ortho or nét'eaFSWdfg” Pleasiphcharp@ersiss of thecwdes pigrp (Figure 7 ¢nd Tpble 2). Thenoyel psgiripestegh yere
t o a favourtesddd éy acubaingéere nthuadn plabre salotion @@ BdaguEingthe dntvent @M@ yimprodidad &lative

ki nd of jor enpt.e m@lQ‘QFﬂBQ& OfQ(;mpBlhﬁ a:ﬂi@o‘aﬂo te QIanﬁfsolﬁﬂrZ Yﬁ@s@&h%@r&reﬁt%ha%&@rﬁ%@*y rapfl
a 0 CH 10Tr}|l§;d$ro[y5|stto i e?ent Eﬁ%rg_s al?n)r_} r!-;e A ameE roctes s%r%‘e Vl;f]ith rttaease rates a%proacﬁngetge productivity

carrier gI’OUf) P SIS a ecorre
of ISAS (Table 2 and Figure 7).

The aspirin release characteristics of a range of 25 esters is shown in Table 2 along with some selected
examples as structural formulae with percentage aspirin release in Figure 7. It has been shown that the group
13 at the 5-position markedly influences the direction of hydrolysis (Figure 8 and examples in Figure 9).

O
0 H
b “‘go
C (2
0: 5
H &R

The unsubstituted compound (isosorbide-2-aspirinate, 17) is not an aspirin prodrug indicating that 5-
substitution 1s required for aspirin release. In general it was found that significant aspirin release occurs with
5- benzoate and nicotinate esters. The dominant hydrolysis site in the case of compounds substituted with
20 aliphatic esters was at the usual acetyl ester {cf Compounds 4,5, 23 in Table 2). It was also found that aryl
esters in which the phenyl group was substituted at the 2~ and 3- positions were most productive. For
example, compound 1 undergoes hydrolysis along the productive aspirin pathway to around 60%.
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The invention al so provides for pharmaceutical conpositions
conprising a conpound of the invention 25 which may be adapted for
oral admi nWX0&88MWSas a capsule or tablet or for percuRGHERINS/068114
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The invention also provides the use of the compound to achieve anti-platelet activity and/or other
aspirin type activities such as anti-pyretic and/or anti-inflammatory activity.

30 In a particularly preferred embodiment of the invention the composition includes another pharmaceutical
entity, especially a therapeutic oil, typically a fish o1l such as cod liver oil, or a vegetable oil such as evening
primrose oil. In this case the composition may be in the form of a capsule having a retaining shell containing
a filling including the active ingredients. The filling may include a suspending agent such as one selected from
one or more of colloidal silicon dioxide, hydrogenated vegetable oils (optionally in combination with beeswax),

35 high melting point partial glycerides, and/or lecithins. The filling may also include an antioxidant such as one
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Figure 7: Examples of alternative 5-esters incubated in human plasma solution from Table 2. The %
values represent the amount of hydrolysis occurring at sites A, liberating salicylate ester, and site B
liberating aspirin. This figure illustrates the aspirin release dependence at position 2 on the structure
of the ester at the remote position 5.
35 Figure 8: The 5-susbtituent ‘R’ decisively influences the hydrolysis pathway
Figure 9: Showing the disappearance of isosorbide-2-aspirinate-5-(3-nitroxymethyl)-benzoate following
incubation in the presence of microsomes from the human intestinal epithelium and the liberation of
aspirin, salicylic acid and the nitrate-substituted isosorbide carrier.
Figure 10: Synthesis of I1SAS 2 from ISMN by coupling to protected salicylic acid followed by de-benzylation.
40  Figure 11: Synthetic route for the preparation of Is-2-aspirinate-5-(3-nitrooxy-methyl)benzoate 21
Figure 12: Synthetic route for preparation of 2-chloromethylbenzoy! chloride
Figure 13: Direct synthesis of nitrate-substituted 5-esters
Figure 14: Synthesis of 3-nitroxybenzoate ester of isosorbide-2-aspirinate by esterification with a
chloromethyl benzoate and exchange of halide with silver nitrate.



aspirin produced. Figure 22:
I's-2-aspirinate-5-(3-nitromnethypbenzoate (21) (1x10-1 in FILM
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Figure 33: PAC-1 expression in response to collagen in platelet rich plasma with test compounds 2, 31-33,
aspirin. This figure shows the extent of glycoprotein expression in platelet rich plasma. Glycoprotein
35 expression is required for cross linking of platelets in full aggregation and the data shows that the
compounds of the invention are more potent than aspirin in suppressing this expression in plasma
preparation.
Figure 34: P-selectin expression to collagen in platelet rich plasma with test compounds 2, 31-33, aspirin. P-
selectin is another glycoprotein whose expression correlates with platelet activation. The compounds of
40 the invention are far more potent than aspirin at inhibiting platelet activation in plasma preparations.
Figure 35: P-selectin expression to collagen in washed platelets with test compounds 2, 31-33, aspirin. Here
again in washed platelets there is some dampening of glycoprotein expression (significant difference with
collagen (***P<0.001). However In washed platelet suspensions which lack esterases the compounds are
not as effective as aspirin.



Gener al experinental approaches :Materials 5-1 SMN was obt ai ned
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sel ectivel yfm%ne%%é&gstmhet&eat ment with palladi umon carbon under an

at nosphere o ydrogen generating the key internediate _ _
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6.52 and 6.52 Hz, ArH3), 8.02 (1H dd, 31.52 and 2.0 Hz, ArH1).
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| sosor bi de- 2-aspirinate-5-proprionate 5

| sosor bide-2-aspirinate 17 (0.3 g, 0.98 mml) was dissolved in

di chl orome‘t’vf’?a?ﬁQ—?P %55 m ) to which was added proprionic HHFIEEE G 14
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3 5.5 afld 5.0 HI°® ?‘@F‘Prtﬂ’ isosgrbigs2-pspiiate7 (1-&p4 325 mmpl) inglichlarppetizpne GO @D pas
Hz, Aril - 1-a8&led betzokyacif 0-50408§8 mfol)20CC((1.B4g, §.49 Bndd).abdDgaRd0.BB & 2.1 Homol ATiZH-
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| sosor bi de-2-aspirinate-5-[iso-nicotinate] 8

| sosor bi de-2-aspirinate 17 (0.2 g, 0.65 mol) was dissolved in

di chl or omeVRFAYYB5 i ) at OC to which was added DCC ( FCTERZ008(6854
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1710. 7 (SC_oy'ns 'rmwe&sﬂce CéQ%@tO@ﬁrrﬁ@') andPM©(062&r%P8mh The (egtiQy) \GRRel was
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aromatic), @Weﬂ? aéFE'JH@E@)['SQ:'mOﬁHEHRWB: Requires: 541.1475 (P/1LF23),
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(Ar2C-3 ) 18831264 @fc-1) 12532 %rlég (B8 5)2@nd]A%% -6 127(3?\'(&3@ 128,064 nd

(A2 ) %?? 6%%28“3(%% e K5ch ooy lfé%’l(a @Aﬁa% by 5% o
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tol uene ( 1%CE1 (}44 t2 20 tl)(?an A(f’ 0. O%jmmq a%e re(a Lon vessgl was st rred W&Po 1%n
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Isosorbide-2-aspirinate-5-[4-methylbenzoate] 14

A solution of isosorbide-2-aspirinate 17 (0.2 g, 0.65 mmol) was dissalved in toluene at 09C to which
was added triethylamine (0.13 mls, 0.98 mmol) and 4-toluoy! chloride (0.93 ml, 0.78 mmol). The reaction



33 3.9 (1H, mISH 69, 4.07 (2H, 2xdd, ISH1/H 19, 4.3 (1H, q, |SH3),
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C-4), 133. 98, sitBBte@ uBUANROTH) mil68te03 x COCDANGHIGRORIC sob6& (27m). The
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concent r at ol afF’Mq*'?“F NesfOat59d otyeng f?ﬁ‘O‘@H MRe tsgield prgud sacaprysiannii Pudisetionbe

2:1) Rf = @ol@ntodrogitugapBP&emsticaai! uging l@kdne arivRyl GeefCXE2 3 eldOOsHiR compound 15
0 9 Il 181§ 2% lebioaMds dil whlluned ¥dekysthiddd in @haddl affoadd p ;%ducgg;\@gb)crys s%fﬂ
S an
(ko 5 b o8 ol 1rhand 1302 4630, reg E S igc O
s, H5), 7.060% ﬁeq”des OW (M 7*2@6':‘3(J |~I48°t0922A'?4 +|2|§) "’!%@(@R@'a 12 34 (&HFS—B’COCHs)
7.95( 1K, d,4.0A4HH, ISH-3)C4 BIMRH pip e £2CR063). arti0SHMNZS.0491Hamd 5.’D€)ar(d3)0®zﬁ$l1 5), 5.45
(1|28%:55§ CH) (2128, 1%@26:%0@%3? 10 (ﬁ92€c96165r§@-010z AR, I3%1 (1'3393@)1 .3), 83 @A Ar§H
(59, 78 3o Sl s i 555 kg s if% #3302 5 B0 A5
150. 19 3 E“AI t(z”lj‘d J 38 3nd7s04 A ASHICHNd A pon bb?s@ﬁl (Ari’ Hyg70.26 (ISC-1),
30( 0COcyc| GpTofierid)74.88 EBDIDINE), B0.55(150-4) 8568 (1569 pL28 YaAQ D SN 22386 6ArC20)
I43 osr bi g e- 2a5Ridd- Tl &-d5), (3889ANT2), B! @ﬂ{l&;%b)z aRINLC-6), 1%3 sd7 (?rlc 4), t1?10 32 (Ar,C-4),
cyanoben were reacted together
accordi ng tzl%%éggidﬁ %@%&@ﬁ? 169%%%%6]'}3 a yellow oil after flash
chr omat ogr &PTH '%%aﬂ"f PeaO™ Hex 1:4. LK NVR (CDC13, 400 MHz) 6 8.2
(2H, d,353= 8. 5 Piztirred Soiugor( of BtetylalicyicBeBorde {m. ¢, B8.6E9/mol,7408g CZMImdoh B= 35
%OlHZ%LH 7d@|cl(1&é‘d1etrﬁﬁa (164 I BwdsiZreated. with téthylanfned .. 141,19 @lmol, 8=60728 gl .9.11mI HZk 4
(1H d, 3= mn%l)' Tfe ﬁxﬁ?e w S %bé;%oﬁzd;nﬂﬂsw§m% 19(1]1[5?5‘(8&“@ %:%ﬁ%dl)mbadﬁﬁqz he
6 169. 3, 1§%“‘ 8e sir66§ at1r°°“1f§ﬁp kirq &yt an potdsted gy ot M'itsff wgs waghsd wigh HCl (2M)
125. 7, 1235% NaljQrgard wateq Pried ovel Sogiurg sulf@§arp cor@@htrated B an &, ThE WaDrecryEBIliBd sihg BQt
72.7, ™. 3 ethdddl (Erystatldbn dafche) quieibhild G0SB1Y.g of Wiowtdlysthi6: qrbié i SishiB&d ihB@Rnolfethyl
found 438. %Jeﬁ?é-a:f)',‘@d/c wag%a)ﬂlea %Q%Mrd’g%hororg\ﬁasg:tacﬁe%: slciﬁred (J;'érniéht §t%’momiore§ b?ﬂ.c
(hexane/ethyl acetate 2:1) to determine reaction completion. Mixture was filtered and the solvent removed.

Some dichloromethane added and concentrated, diethyl ether added, allowed to stand for 10-15 mins and
concentrated to white crystals (7.4 g). *H NMR & (CDCl») 400MHz: 2.37 (3H, s, OCOCH3), 3.6 (1H, m, ISH-6),




Hz, 1 Hz), 7.1 (1H, d, 3= 8.5 Hz), 5.45 (2H, m, 5.05 (1H, t, 3= 5
Hz), 4.65 (1H, d, 3= 5 Hz), 41(4Hm) 2.4 (3H, s). 13C NWR (CDCI 3
400 MHz) 6WPF9UH80WEs 3 163.1, 150. 145. 6, 139.5, 1FETEP2G03D6Y14
129.8, 128.5, 127.8, 127.7, 126.8, 12@ 7 125.7, 123.4, 122.1, 85.7,
80.7, 78.12, 77.2, 76.8 73.9, 72.7, 70.5, 20.5. HRVB (El) C28F12408,
[MeH T equi +2@HABSHAD3S7 (Hoxe ISHgd -5 2.3 (1Hag EH:3),@58 (LH10) I8H8H. 68 (IHr e dSHED),
68. 85, H 45.851H, doamg), 3.0 (1881 88y), *bs (H, Q8r-H), 7.57 (1H, t, Ar-H), 8.00 (1H, dd, Ar-H). 3C.NMR

: ZSZ?LPhgez%m%MJ Jloﬂﬁitlze2(548((§cdih )Oﬁ%ﬁ bie@l)l 7k @bc-8273.11 (1SC-5), 78.44 (1SC-2), 81.56

S on o oo CUER s AR A0 o ohel TR LD 5L S
accordi ng tére4e) 1@6”@99@%@%1@?@9%@?&‘) a white solid after flash
chr omat ogr apdaytbive-2-dspifiitataens(3:(2-bleno-aetdxyHieddd 8CDCl 3, 400 MHz) 69.3 (1H

S) 8.9 ( 1H, S) Tgagolt(tlgrll'bf @sortﬁlﬁ ngpﬁlnﬁ@k sal:&lag (6 ﬂfﬂ; Oggimmolg-a(?wd ‘I-BBEFU &) Olfg 6'355

EZ: 23’ 57HS (1H I I d'cF%T gt_[l?_rre (5 ml) gasl_a%c}eg briggusﬁace %Atgld? @Iﬁ mej):—)ane gl'ﬁréaftlon
3= 5 Hz), 41"8918 pasllowgd togir oxerpighf. The repctiompps waghed ‘z'twa(esﬂ x 51)) and HE SRS
(CDCl 3 400 rivhiwgd i6vat@So Beld dospoldd 181463 .cdiguridsS 8l (8,13 A5 MRvR, (kDO 2, 178536an8 1724.3

%2349 7%3é 6;0)12&81 cJ93312‘és43+%312§2L4 é(%mli_okg 118@9 an 1@5% ¢-0/c); %2 6 {€B%: HRMS:
448. 8304, Req“'rés Ei‘zzal%ég%) RIS FJ’E‘%? +f%? %J(%guégaéﬁ)' 47 (4H,

4.05 N 3.M35% &tihd4a2Hs6Crh) -4.63 (1H n12§4 Hi: 49§(¢mm 13- H), 5.40 (2H, m, IS2, 5-H), 7.11
151 sosor bi deH,2-1a9 pid 451kt Ag-H-7(60 22Hch) mwﬁ-nmmy,m Bizr Ardh), 1812 HHOA D £ 5HZ2B-H);

| sosr bi ge- 2uagpbMit"a&ics): bé.of e'b‘é@cﬂggo 8 BraymRl 73.24 (156~ C), 74.69 (154 C), 78.40

2- chl or o- 6- élfg't?tcg%l.l By(‘éés%&r%% 0% 5580 %?%fg\}léﬁﬁbg%s 47 ggg;@%ﬁ 2% g 13945,

reacted to

f oam af t er P9-&sHC4Hr It & lépW?IS% th Et Cac : Hex ;6. 1+1 NMR (CDCl 3,
400 MHz) 68soorifidet-aspithateS=griptopandatSioHz) . 7. 74 ( 1H, s) 7.68 (1H, s)
7.6 ( 1H dt, 3= 82 r,opalae értldiy) chlo?de‘hrh W 1d9.54 E/moBd’J-:lHZji g/ﬁﬂ 3% gﬂJZHmoﬁ]Ivas dReofed
20HZ Ezc)gn(; (éu r(-n i'?'negr@h? e (5ﬁo bl) \%sé?dfg %E g?_fturéﬁlas c%)(ei H& 3? Isoso}'bld5
130 NI\/R FAINABOL M PO f%"@”@ %@0013”“ 15 TECI'O” Wastingd overighisat ropm 4
131. 4, 125 IempertR@:. WaSh@Mh IMHUZO 8), SBNOHAD; (185nI)And 8Per410 )7 DBd over sdgium
75.1, 72. 8,5ulféfard corBntited Hrifed bj-iVian EHrdmatoGgrdghyid{anbieBy! adetteld)1) RSB B:Q%Fe

26:2),685;0 3%86:;:9 %‘érﬁél %%6(&5@5 400!@?2263‘%9%\5%?@ rgi?tqfﬁ' 568, %32 8h; Ldeodd), 3.78

251 sosarbi 8- Bk K 3P . B @13‘05 Bk FHXLPIEAT Blaf S rpd 1SH-3), 4.83 (14, & ISH-)
| sosr bi de- 3-13€4h . 1H2),&-38 TLH 266), FH6 (10, d68-HTeh (LHan &-18, B2dtH b AV, d,
e R S S
gi ve IS SC-9) ) 4 S 2 A 9
\A\‘sthHE; Gac 2 (AC t Illj’l 8 ArC %),,_1 A@%PC f‘—% 19 é(én,_&p)a oséézggfg?%m gdéhgqgmril;&j 78
Asp H3)30 7((2£%0MLoaropade) 1Hz, Benz H2+6), 7.1 (1H, d, 8.5 Hz, Asp 30H2),
.7 (1H, t IsoBwbie:228pirrate-5R@aEKoate52045 (2H, m IS H5 + H2), 5.05 (1H,
t, 3= 5 Hz, IS ﬁé:)rblde‘lz a@énr(atl.'lb&go mg’gU%mlﬁoI:?d4L J_gr)zoy]cﬁlorgé(iiow Ofgrgxmol) were

| S1-H2 +B
W 6|[-|CI real:tgd tgge%er cco dgpg QlVe gé %Vécgll 2?'6% flrwll& r°”§t°f’@§iw§”th EtOac

165. 8, 163.:6ex 1% R (€8 400 M0 82 (2tizd, 1985!1@18 @ (1H1dagl=18, H2112%H28 7.81202d,2=
107. 9, 3506.16Hz)8%66 (1H, B 1= & Hz, A%.Ha), 7.86(1%, dt, 046.5Hz, T2)27.1 @l, @) )= B8 HB, 5. 61212 m),
20. 9, 14. 85 kiRMS, (5 ) G2BHEBA30 5 F{z)'\/ft aH! .ﬁ Qh'iﬁlss 5@(9N|~4'R9é§ch HOMRH 5 160 3,

ggg;zgz HAEE@ QZEH%%B‘}QS%’HEF? e 0853 57'123 - O, 112408 Ss.7, 807, 805,

| sosor bi de722 d@ﬁﬁ‘? &t 05~ 10-53 H{Y¥g ﬁiﬁIcﬂﬁs‘bﬁdﬂ'dﬁbfeﬂ“"@a‘!3§)406§8‘°”"d 438.4183. Anal.
| sosr bi de- Zx88%mN rdquiat € 6276, H288, ND3.200f 6D CsRd6) H: Arsd, N: 2.97.

3- et hygh- i %szgpﬂm@%r(pgﬁ@%egmﬁgyﬂ (127 ng, 0.72 mmol) wer e react ed

together accor dis gbl&e% aspnrmate?? (%0 mg, g gmmorS%no(AIB %(ygylbenzoyﬂ:hlondeglgs mmoﬁ)?vlt’are
reacted together to give 185 mg (65%) of a colourless oil after flash chromatography with EtOac : Hex 1:4.
'H NMR (CDCl3, 400 MHz) & 8.2 (2H, d, J= 8.5 Hz), 8.0 (1H, dd, J= 8 Hz, 1.5 Hz), 7.7 (2H, d, 1=8.5 Hz), 7.65
(2H, d, J=7Hz), 7.6 (1H, dt, J= 8 Hz, 1.5 Hz), 7.5 (2H, 1, 1=7.5 Hz), 7.45 (1H, t, J=8 Hz), 7.35 (1H, dt, 1=6.5




| sosr bi de- 2- aspl rinate 17 (200 ng, 0.65 mmol) and 4N- Boc-i soni pecotic
acid (162 Yr?TCEh 72 mol ) were 10reacted together to give 166 ng (49%
of an off 26’%‘""@9’193after fl ash chronmat ography with NE(H‘FTv’EWO@lw
11-1 NMR (CDCl 3, 400 MHz) 68.1 (1H, d** J= 8Hz, Asp H5), 7.7 (1H, dt,
J= 8Hz, 1.5Hz, Asp H4), 7.35 (1H, t, 3= 1Hz, Asp H3), 7.15 (1H, d,
8.5 Hz, Aspizhz). 74 (8H, 0= 8.5d12), 349 (28, sz5-(P531P|'v|2)1,=552.)5%-65((&%#.3%!*2)34:5(4!41213), 2.4
1Hz) 4.95 ((3H),9).t*C B4R (BDAHZN0 MiG) 61499,3, 4656B5166.1H50.8],1486; 335, 3,9, 139.4HBp .8, Bs.8,
(8H m | Slphg 197 Rbes |1%671'§?7[193*431l21 65?"86’7'%12 379 76%'759%7 70,5205, Hghs

ni p- met hi ne é 9%% ?

0P, "o i e SIS e nd LA, Sl U g
154.7, 1550 Cr68.8%3H1: %08 131. 9, 126.1, 123.9, 122.6, 85.9, 80.7, 79.6,
78.5, 77. 2,Isoé6bille-2-ak3ii@te-5/8-cloronftindte) 222. 9, 40. 9, 28.4, 28.1, 27.9,

20.9. HRMB (El) GRGiad330RaN 17[(%'#@ d @HHM £86 é‘ﬁ’ooon%@cﬂwgylchlf)%ﬁgo & 80Hbmd -
é\(r)]alj_ 5. %616% 3302 N orge r%éaccorg ngc%o GI§2 to gwé 256 mg ?7049& aw Nﬁlte 50|I§ after ﬁaanwrinatography

| sosor bi de-9HE§RRF: |[’l‘i‘-é¥é "B NYR{CRE e A HIL B 8 A £ &9 (198), 8.3 (2H, d, 1= 8.5 Hz), 8.0 (1H, dd,
201 sosr 9 del=23-HassiHzj, T&Et(eH, A7)« 2601 5, 7G5 6B, thTanh2) 7.a5\dH, dt, 1=6.5 Hz, 1Hz),7 1(1H d,

m acetzgrzn dobenzg @4@@Hdn (985118, 1= (%HZ? 4B58H) 4, YEE B7) rﬁ%?% i@?%

give 0

VeOH - bow GG ) ?f%&?fa é&%"%ﬁ% my%%%‘f ST g Wa&
Ho+4) , 7. 85018056, &5 768, 34447 2.8,40 41385 HAME(ED Lpbha@iOs, t@*mémwrewsﬁrzm wa
HA), 7.45 (4888295, Ar3i=(; HaeCIND; reqhiiresEl 59.32, 7:.435, N;: 11t fobnd CJ56.20H:, 4.2A5p 3613)
3-_12 I(—Ii-ﬁ | gsols_ﬁlﬁlcﬁ Zl-'gplrlrét%@ (HZ:)ﬂoro% n@tlﬂrlzd'l'ldlrﬁh olaE%j’.’i15 + H2), 5.05 I(éT, Ht2’ 25
f ound 470. 4403 togihope- %émfte%é%%%g ?’eﬁ?"r”é’é‘d <EMogS” Qi%t“‘ﬁplﬁ"”& 93, N 2.98
found C 6far aznoy ﬁtlorlge(%jl@ mg,l\ql 9 rzm@)fswere reacted together according to GP2 to give 196 mg (53%)of a

| sosor bi de-whitefeqm afienfasrech®metngripbnzEi E0eg b Bex2@a theYMRZEDCI;, 400 MHz) & 8.0 (1H, dd, =8
30l Zo?r b|2d€Hz,21 AR I7 74 ualrs@ 7k8 (112507, cmfiﬁ 4918 s W85 Hz)an8h (i, QQQZE-%B 26 REBZ RisG
aci [ r n

ove 346 @6%1?1-%3,%( ,a,Jla"é"?IzFS 4??@ rﬁ)f%Béj(QEtthle 5@%%%&# c93 %5 4]1(%1@ m),
2t Qoc: Hex T 52 e (R T 5 MR e 167 s 102458 G 0gh0. b 1257,
| -15), 7.7 @3BH 1254, 13Qs9p1219|4; 854 80, ,77B. BB, (SAH72.-6170.A3p 8 HB.5. INMSI)(EI) O&:PHDCWQA,-I,

m Asp H2, [ requiresXs2 §53b] fountd62B601) Andh CRHAGND; refdired & 57121, HBN36CKR) 03 tandE
(1H,t,3 sBofif 5,85 HA, 4.65 (1H, d, 3=5.5 Hz, IS H3), 4.1 (4H m

151- H2 r ., 35 Asp-Acet-CH3). 13C NMR
(cbal 3 400 IWE%‘“%%%’@“?%% 5]6‘25“"2‘(2"3%%%64 150.7, 135.8, 134.4, 133.7,
132.9, 131.9, 1Bosride-2imgyinate 17(200 Mg, 065 Hmol) and 26-ethoxyHepByIGhloriiel2577ng, 72, ifmol)
86.1, B81. 1werkBeabipd tédbthér acdotiing to GH2.t8give8s Mg (78%)0Pa vidchib/Rellfvichidafiér2h1 2609,

%g/f”iﬂg r aqugﬁrﬁrﬁatéﬂaﬁhy%%ﬂétoaé QR4 54§M|§f§ga3, My 5520%; 14588, LAY 5 881G

| sosor bi de- 28'23 i ri%ﬁg@ gzsé ’benzlf/'f OB Bxr 25 eyt hzgBenz H2+6), 7.1 (1H, d, 8.5 Hz, Asp
401 sosrfi déi2ps. Zlélgﬁ‘r ¥ P& ez BenpHBgp, 45028 madd 1Syt Fehd ORdibleta y/F baiadEh A6 EtH, d,
acid (182 mea.5K, &813mm5 8HWe,I181- 6 arer], o 8h- 1, 0gR, ladoxy &EL,T BN G, Acer-C8E311.45Q6H, t,
%It \égc3ﬁgxnﬁ {8hNRwoef a”(YWNui DéaQiob 8Bl s, idsas fbs%hfeﬁﬁ‘f’ifswr@@?mi"é b4,
F15), 7.7 i?ﬁz-% 1z§'§ ]égﬁ\g% 3?1«291 NE}’HE 5947%12'%0 64°?|-8| 615 ?%9’ 148. %‘%MS (ED)
(1H, t, 4010, ﬂg-lﬂ-l]mywresﬁog 594@511qmd nay. CgH;@qu:qu@as C80259,Hip 5.6Adqynd C:
F12) " 355 6348, HMy.791 S H2, Bn-CH2), 5.05 (1H, t, 3= 5 Hz, IS H4), 4. 65
b onor 0B07oEERRES ag)pﬁmgﬂ%k 341&%{;%@' odeds o 0Ta1). 2.4 (3, s
pop- Acet - ) ESRAR B CROE G 78D THG e ki g 3iacd g
136.9, 135 02’, nggws@e req_cgeg togethq_‘gq_:orgmg ptHl w glvq_g?@ g (83%) of a white foam after flash
chromatography with EtOac : Hex 1:3. *H NMR (CDCl5, 400 MHz) & 8.55 (1H, s, isox), 8.0 (1H, d, J= 8Hz,
40 Asp H5), 7.65 (1H, dt, 1= BHz, 1.5Hz, Asp H4), 7.3 (1H, t, J= 1Hz, Asp H3), 7.1 (1H, d, 8.5 Hz, Asp H2), 5.4
(2H, m, IS HS + H2), 5.0 (1H, t, J='5 Hz, IS H4), 4.6 (1H, d, J=5.5 Hz, IS H3), 4.1 (4H, m, IS1-H, [a+B],
1S6-H, [a+P]), 3.8 (3H, s, Isox-CHs), 2.35 (3H, 5, Asp-acet-CH). *C NMR (CDCls 400 MHz) & 169.2, 163.0,
160.4, 150.2, 149.6, 133.9, 131.4, 125.6, 123.4, 122.1, 85.6, 80.5, 73.9, 72.7, 70.2, 33.5, 24.5, 20,5, 12.3.
Isosorbide-2-aspirinate-5-(-4-methyl-1, 2, 3-thiadiazole-5-oate) 26



130.2, 129.2, 126.1, 123.9, 122.7, 97.7, 86.1, 81.1, 78.5, 74.7,
73.2, 70.8, 43 9, 20 9. HRVS (El) C29H2509 [ MFH] requires 518. 4344,
found 518. WOIBI/URHES  C29H2609 r equi res C 67.19, H 5. R§/EP0N8 468814
67.35, H 5.18. 35

51 sososr bi de- 2-aspi ri nat e-5-(2-ni trooxy- nmet hyDbenzoate 31

Pht hal i de (m w. $3%iderBegpirpate 175200 3, G653 mothaed 4-methydil, 2, 3-thiadiazole-5-carboxylic acid
di chl or ot r i yereaytephosiphoraaEs MEYE3%IE3. péué)pug:/fmlafterh?sh Biformatod BpiyRh FOWE HEX
Pgag regmﬁt 1189@155»@(((:&@0% Mﬁ&)té‘s ﬁ&lhrcrbf@&%@pn H—fdtcjlaépigq esﬁ]%pfgzzt%ﬁ 1H,
21y Showed: %%fp%iﬁ&gﬂw s i Ao s SR S
was t hat’ of(BdelP it hyt béhzoy$-feig-Gh e [Q'HﬁB 3sfl§b36rﬁdth§9r§tls) (3G s5E)-
was pht hal iade-CcH.0"@nnR (Ch®; bovHzpinespots3.6,RE62.4) 15904) 150/5134.4, 131.8, 126.1, 123.8, 122.5,
triphenyl pty@gpg@,cgrgyjzsﬁ 7L ArHe quggopnt of the phthalide was

nreact ed chloride (Figure 12 mm 189. 04
;/ nol , GOO%ioforEdeofaciF'rs'”sa%ISJ\ngGG 'F%%'a?“ tIe)o4'71)met galngu(lo rr%l)( Tri et hyl ani ne

(mw. 101. f@SfQF%PSPmePt@lH@Q Mg/ h§S, MrEt@pAL 4N-Bog Isgningepi¢ acid\iip3 maciEdrnepi dverehe
M xt ur elwasexedtogdhet o gBEI66GRIRTH) LD viHire vil aftS018sh Turordtsidphy vith BB dDcw
éer Tlh% ¥R, @@d?@n@@?od@%) B8, X1 :-irdeJ vm ASHHsh, 791k, I CB‘REnﬂsﬁiTRs%rrﬁg HEL(1H,
vashed’ 1suith el £ 6o g &?w&mﬂﬁﬁi B A B EL L e
(10 m) ancf %dfied JD%J?' IS5 HBhi AP S PP 53-8 12 1 Ho) BriéBhnelis IS8 timbs it Irsérﬁeﬁﬂﬂﬂ 4 nip
produci ng 78, &1y, ob-mathipe-B\waA (BHes Aspaicét-CH NI Z(4Mvars 4 aib H AL (oig s aEn)e d°C NMR
usi ng hexanesd@ubymzas el3al 896261}, 1588 Ukd.7, A4, 1B141D64, 118.90H>.8 585 AT, 79.6,

solid (Rf 4

30n0 G a3 A TGRS0t SR o OOz o o0l Soay O M e
504 (21 048I BEY 52D 465E oMl e Ty i oogund GF55, PR,
7.12 (1H, @76Ar-H), 7.28 (1H, m Ar-H, 7.42 (1H, m Ar-H, 7.6 (3H,
En 20Ar - H)AIfs??&étng -2bRrnatelgl(m- Aétarhi)ioberiz@a@eWR ppr7n (CDC13) 400MHz: 20. 515
N Tt
123. 42, 128ve B2 RG 9P Givay 98 mg S06oAp A5 sooaterpsh Ghforeogmphy WiddHeg
(AriC-5), B30. ﬁmeﬂmm MHzmqom (0AksP HE AM2-+41, 385 B, 4, Ar RHCABS), 7.6 (1H, dt,
133. 92, 138= 54, 1.9:50as@ Ha) ArS2D00 -7 96:34rH3), ¢ SC@ACEAGNGR)H3), 26514, 8.5 Hz, Asp
Ar OCOCHS) 1289 (2% (Ié\"rl?(u%)oﬁélsaﬁqq ‘@@ﬁ@dﬂ%?xgl]&' ‘%‘%érl’{} %8"\'@@*"1 &,

4 /
Ty ) i%-*&?ﬂ%ﬂ‘ AN P S ) SR B LA L mvglhfoogw%@dsw
t enper at ur d58fhi8d: 198.5t186@1 &3 -4 35 131 @H‘@9 7, \M5& P& Wé\@, 1344, 18red2.21d0.2,85.7,

concenE r at edo.7, Thii s74ue,52 BeoaNst0, b4, e@ls, i1 Rg.ehiMs (EIRC.at,atne [M-49 féhl.)ireﬁ;?d4392
water (2 r 2] 1

brine (2 %nda:zg?og ﬂaggfzw@%m?@@@ Gyfgtg%vwm%g\gﬁbf%tsge% i%psrzoogghczlsgg
an oi | whi ¢R°VAS €0 rb%f'aﬁ erﬂfgﬁ §’ hexane/ et hyl acetate (2:1)
resul ti*fg in 95IsAYPids2- aﬁ@T”F‘fG\N’ (RB%mg, DIBanriPh £ ed M-BenzyioybiivF B1d((BRAL3).88 mmol)
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Isosorbide—2-aspirinate-5-(nitrooxy)-acetate 34
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%?id;gtng fglt(égéa,%'{ﬁmﬁnﬁ ’aﬁgﬁ( -95@8 HRMS: Reayigs AFL.08%AMA, Found: (M"). 5H (400MHz;
CDCL3): 2.36 (3H, s, OCOCH;), 2.68 (1H, d, ] 7.32Hz, IS-H), 3.61 (1H, q, J 6.04, 3.52 and 6Hz, IS-H), 3.92
10 (1H, q,16.04, 3.52 and 6Hz, 1S-H), 4.12 (2H, m, IS-H,), 4.33 (1H, M, IS-H,). 4.58 (1H, d, J 4Hz, 1S-H),
4.67 (1H,t, 15 and 5.04Hz, 1S-H), 5.44 (2H, s, OCH;0), 7.11 (1H, d, 3 8.04Hz, Ar-H), 7.33 (1H, t, 18 and
7.52Hz, Ar-H), 7.59 (1H, t, 7.06 and 8.26Hz, Ar-H), 8.01 (1H, d, J 6.52Hz, Ar-H). §'*C (100MHz; CDCL;):
20.91 (OCOCHs), (CHy), 72.36 (IS-C), 73.41(Is-C), 73.69 (1S-C), 78.96 (I5-C), 82.04 (15-C), 85.64 (Is-
C) 122.77 (ArC-1), 123.89, 126.07, 131.81 and 134.31 (aromatic methine), 150.74 (CO), 163.51
15 (ArOC(O)Me), 169.59 (ArC(O)OR).
Isosorbide-2-aspirinate-5-mononitrate ISMNA
To a solution of 1S-5-MN (5 g, 26.65 mmol) in toluene (100 mi) at 0°C was added triethylamine
(5.52 ml, 3.96 mmol) and acetylsalicyloyl chloride (6.31 g, 31.74 mmol). The reaction was returned to room
temperature and allowed to stir for 6 hours before washing with water (2 x 50 mi), HCi (1 M, 2 x 50 ml),
20 saturated aqueous NaHCO; (2 x 50 ml} and brine (100 ml). The organic phase was dried with Nay504 and
solvent removed in vacuo to vield product as oil. This was crystallised from ethanol to yield 5.42 g of product
as white crystals. (58.05%): m.pt. 82-84°C. IRy (KBr): 1757.6 and 1733.4 (C=0), 1651.8 (NO,), 1261.4
(C(O)OR, aromatic), 915.5 (ONO;) cm™. HRMS: Requires: 376.0645 (M™+23), Found: 376.0640 (M™+23),
"H NMR  (CDCls): 2.37 (3H, s, OCOCH), 3.93 (1H, dd, 6.0, 11.5 and 6.0 Hz, 1S6a-H), 4.09 (3H, m, IS1H
25 [aB]and IS6H [B1), 4.58 (1H, d,  4.5Hz, IS3-H), 5.03 (1H, t, ] 5.0 and 5.5 Hz, 154-H), 5.38 (1H, m, I1S5-H),
5.45 (1M, d,J 3.0 Hz, 1S2-H), 7.12 (1H, d, ] 8.0 Hz, Ar-H), 7.33 (1H, t, 1 7.5 and 8.0 Hz, Ar-H), 7.60, (1H, t,
J7.5 and 8.0 Hz, Ar-H), 8.01 (1H, d, J 7.5 Hz, Ar-H). *C NMR ppm (CDCl): 20.40 (OCOCHs), 68.88 and
72.84 (ISC-1 and ISC-6), 77.50 (ISC-5), 80.83 (ISC-4), 81.08 (ISC-2), 122.19 (ArC-1), 123.41, 125.61,
131.37, 133.92 (aromatic methine), 150.24 (ArC-2), 163.09 (ArOCO(Me)), 169.17 (ArC(O)OR).
30 Experimental Method: Hydrolysis Studies Using Plasma/Enzyme Sclutions
Pooled plasma/serum solutions (4 ml) were prepared to the correct strength by dilution of plasma
with phosphate buffer pH 7.4 (e.g. for a 10% solution 0.4 mi of plasma/serum was added to 3.6 mi of
phosphate buffer pH 7.4). Following equilibration of the plasma/ serum sample at 37+0.5°C 100 pl of &
stock solution of test compound in acetonitrile (1 x 10 M) was added and 250 ul allgucts were removed at
35 specified time intervals. Samples were transferred to 1.5 ml Eppendorf tubes containing 500 pl of a 2%
w/v solution of NnS04.7H,0 (water: acetonitrile, 1:1). Tubes were vortexed for 2 minutes, then centrifuged
at 10,000 rpm for 3 minutes at room temperature. Supernatant was aspirated off and analysed by HPLC.
The concentration of test compound and metabolites were determined with reference to calibration curves
run on that day in the same concentration range and under the same experimental conditions. In order to
40 mimic conditions during the first passage of the drugs after intestinal absorption selected compounds were
Incubated in phosphate buffer at 37°C In the presence of microsomes from human liver (HLM) and intestinal
epithelium (HIM). The metabolic fate of the esters under these conditions was also determined by RPHPLC
by measuring the concentration of drug and metabolites in the medium as a function of time. The identity of
participating enzymes was confirmed by using purified enzyme in the case of plasma (BuChE) and by
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no inhibitor present. DMSQ in high concentrations (above 0.25%) can induce a concentration dependent
change in platelet cytoplasmic ionised calcium. Before each experiment a control was run using PRP to obtain
normal aggregating responses. A sample was also incubated for 10 min at 379C with 10 Il DMSO to ensure it
was having no inhibitory effect on the aggregation response. Two metabolites of ISAS, salicylic acid and

35 Tsosorbide were examined to determine if they had inhibitory effect on platelets. In this model ISAS exhibited
significantly greater potency than aspirin or ISDA in the inhibition of platelet aggregation to all of the
aggregatory stimuli.
Platelet rich plasma Platelet aggregation
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t est edNot tested

R=(1SDA) 16 4.43 mn 51.00/0 O.68

| SMNA, REFERENCE 0.90 min 7.13%0.22 m n5.89%
aspirinate) 17 4.08 mn 2. 95% Not
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histograms were obtained for 10,000 individual events. Data were analyzed using Cytometer RXP software
and expressed as a percentage of control fluorescence in arbitrary units.
Preparation of biological samples for hydrolysis and aspirin-release measurement

Human blood samples were collected by venipuncture into Li-Heparin Sarstedt Monovette tubes (S
ml). Plasma samples were obtained by centrifugation of blood at 10,000 rpm for five minutes and were
frozen in aliquots until required for testing. Pooled human liver microsomes (HLM) were diluted to 5 ml with
phosphate buffer pH 7.4 (0.1M) giving a stock solution of 2 mg/ml. Aliquots were frozen until required for
testing. Pooled human intestinal microsomes (HIM) were diluted to 5 ml with phosphate buffer pH 7.4
(0.1M) giving a stock solution of 80 pg/ml. Aliquots were frozen until required for testing.
Cholinesterase activity

Butyrylcholinesterase (BChE) activity in HLM and HIM was determined spectrophotometrically
(405nm) at 37°C by the Ellman method (Eliman et al., 1964). Butyrylthiccholine iodide (BTCI) (0.5 mM) was
used as the substrate. The reaction took place in a 96-well plate with a final volume of 250 pl. Initially
phosphate buffer pH 8.0 (0.1M) and microsomes were mixed and incubated for 30 mins. DTNB (0.3 mi}
and BTCI were added and the reaction was measured. The assay was also performed using sonication
bursts (4 x 5sec) on the microsomes and placing on ice for 1 min in between. This ensures that the
microsomes are open to penetration by reagents!®. The activity was calculated according to Eqn 1:
Eqn 1

Enzyme activity (umol/L/min) = Sample-Blank

10 -Gtabs coefficient)

Table 2 shows the compounds with numbering and the amount of aspirin as a percentage of the initial ester
concentration in moles measured at peak aspirin production following addition of candidate esters to
buffered human plasma at 37°C at pH 7.4 {phosphate huffer).

Table 2;

Compound

Half-life and molar %
aspirin released in
50 % human plasma

Haif-life and molar %
aspirin released in
10% human plasma

Known compounds

[} A
% 4.43 min 51.0% 0.68 min 60.47%
Aspirinate, R= {ISDA) 16
R = ONO,, ISMNA, REFERENCE 0.90 min 7.13% 0.22 min 5.89%
Unsubstituted, R = H (Isosorbide-2- . a
aspirinate) 17 4.08 min 2.95% Not tested Not tested
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Results of tests in plasma from test animals
Qualitative hydrolysis screening of Is-2-aspirinate-5-sallcylate 2 (0.1mM) was studied using guinea
] pig, hamster, rabbit and monkey plasma. The purpose of this test was to determine a suitable species for
biological testing and preclinical development. The resufts were also expected to confirm the role of the
human enzymes already identified because these are variously distributed in laboratory animals

Table 3: Hydrolysis of Is-2-aspirinate-5-salicylate using various species
Pro-drug conc Plas iri i
v ma source Aspirin Drug disappearance time (min)
0.1 i {
Guinea Pig (v small amounts) present after 1 hr
n
0.1 Rabbit i0
o1 (v smzll amounts)
. Hamster 20

large amoun

0.1 Monkey (rg ) 5
{large amounts)

.O‘nce a gradient method was successfully developed hydrolysis of 2 in 509 rabbit plasma was run as
the rabbit is a potential model for platelet aggregation studies, The Elman assay revealed BChE activity at 1.1
i0 pmc')l/L/mlm. The results suggest that hamster and monkey would make suitable candidates for preclinical
testing, Since plasma from these spedes has similar levels of BuChE to humans the role of that enzyme in
human metabolism is also supported,
Hydrolysis results for Is-2—a5pirinate—5—saIicylate, ISAS (2} in the presence of intestinal or liver
microsomes
15 -Hydrolysis studies in human blood plasma had indicated that ISAS (2) is a successful aspirin pro-
drug This work aimed to broaden the analysis to include Jiver and Intestinal microsomal preparations in order




(mM) (pM (pl4)di sappearance (mn) 0.1410 0.12520 0. 1535 0.195 0.109.4

pM | ef t

0.13410 0.113.02.8pM left 0.11".3310 46 Tabl e 6: Conpari son

of aspirin PPIMICEY®h using different biological sanpl excwinpbookesars

aspi ri nat e- 5- (3- ni t rooxy- met hyl ) benzo#fe 32. Bi ol ogi cal

medi um Conc

drug (mM Aspirin (PM Salicylic acid (PM Drug di sappearace (mm) 50%
HPO. 252618 mq&p‘@w gghgspirin release would occur in other tissues d uring the absorption phase principally at the

10

15

20

25

30

gastric epithelium and later in the liver. When the drug was incubated in the presence of Human Liver
Microsomes and Human Intestinal Microsomes 9 HM and 56 uM of aspirin were produced {Figure 13} and
(Figure 14) respectively, This ralsed the question as to whether this was due to the presence of BChE or to
some other enzyme(s) because whereas human blood contains only butyrylcholinesterase the liver and
intestinal epithelium also contain carboxylesterases (CE)- mainly CE-1 in the liver and CE-2 in the intestine.
The microsomal preparations was therefore pre-incubated with iso-OMPA an established BChE inhibitor prior
to addition of the pro-drug so as to allow sufficfent time to inhibit any BChE that might have been present in
the microsomal preparations. Hydrolysis assays were then carried out as previously described to see what
effect if any there was on aspirin production. The use of the specific BChE inhibitor dig not diminish aspirin
production suggesting that some other enzyme is involved. The Ellman assay was performed on both
microsomal preparations so as to determine what levels of BChE are present, if any. Only minimal amounts
were found (Table 3.1) and could not be attributed to the high levels of aspirin production.

Table 4: BChE activity results for HLM and HIM

HLM Activity Activity HIM Activity Activity
{mg/ml) {(pmol/L/min) (pmol/L/min) (ng/ml) {pmol/L{min) {(pmol/L/min)
No sonication With sonication ‘M9 No sonication  With sonication

0.04 0 - 16 0.16 0.18
0.08 0 - 32 0.33 -
0.2 - 0.93

0.4 2.86 1.68

0.8 4,93 3.03

Blank.female plasma = 14.98 umol/L/min. Plasma contains approx 5 mg/L BChE™! therefore this is the
equivalent of 0.0125 pg/ml BChE.,

Using rabbit liver carboxylesterase, the hydrolysis of the drug was measured and 5.99uM aspirin was
produced (Figure 18)- sirmilar levels to HLM,

BNPP a know carboxylesterase inhibitor was Incubated with HIM and HLM for 10 mins prior to
addition of the drug so as to knock out carboxylesterase activity. A marked decrease in aspirin production was
seen and after 60 mins the drug had not disappeared. It can be concluded that ISAS is a substrate for CE-1
and CE-2 as well as BUChE. These enzymes belong to the same family but have marked difference in
substrate specificity. For example the CE enzymes are inefficient in the hydrolysis of positively charged
substrates such as those favoured by BuChE, including choline esters. These enzymes are not normally
grouped together. Surprisingly in the case of ISAS, CE-2 present in the HIM preparations exhibits the same
specificity and efficiency as BUChE and is as good a vector for aspirin release. The result indicates that more
than one enzyme is capable of releasing aspirin from the compounds.

Table 5: Comparison of aspirin production with different biological samples using ISAS
Biological medium Conc drug Aspirin Salicylic acid Drug
(mM) (uM) (uM) disappearance
{min)
50% Human Plasma (female) 0.1 22 4 10
50% Rabbit Plasma 0.1 2.6 25 20
Carboxylesterase (16.4 u/ml) 0.1 5.7 53 5
HIM {80 pg/mi) 0.1 27 9 5
HIM (40pg/ml)/BNPP(14uM) 0.1 2.2 0 9.4 M left
HLM(0.2mg/ml}) 0.1 9 34 10
HLM/BNPP (11.6uM) 0.11 2.7 3.0 2.8uM left
HLM/iscOMPA {10uM) 0.11 3.5 33 10
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Hydrolysis results for Is-2-aspirinate-5-(4-nitrooxy~methyl)benzoate 33
Table 7: Effect of NO position on aspirin production
Biological source 2-nitrooxy (5) 3-nitrooxy (4) 4-nitrooxy (6)
{pM) (M) (uM)
30% human plasma 10.3 26 2
RIM (80ug/mi) 21.7 20 9.7

Hydrolysis results of non-isosorbide-based reference aspirin esters

The hydrolysis of two non-isosorbide based aspirin esters i.e., 2-methoxyphenyl-2-acetoxybenzoate
(guaicol ester) and 2-acetoxybenzoic acid phenyl ester was evaluated in human intestinal microsomes (40
pg/ml}. Neither of these esters acts as an aspltin prodrug in human plasma j.e. human plasma esterase
action does not cause the release of aspirin from these esters.
Table 8 Aspirin production of non-isosorbide hased aspirin esters in HIM

Biological source Guaicol aspirin ester 2-acetoxybenzoic acid phenyl
o

ro. T
S S

Q

ester {uM)
HIM {40pa/mi) 0.5 (UM) 7.7 (UM)
HIM (20pg/ml) - 5.3 (uM)

The phenyl aspirinates produced negligible amounts of aspirin in contact with human intestinal
microsomes, illustrating that for these substrates the CE-2 preference is slightly different to BUChE, in the
presence of which hydrolysis occurs without the evolution of aspirin. However, relative to ISAS and the
nitroxymethyl analogues there was little aspirin production. In other words these compounds are not aspirin
prodrugs in human plasma and are inefficient aspirin prodrugs in the presence of CE-2. The data jllustrates
that the interaction between CE-2 and the prodrugs of the invention is special in that effective aspirin
production oceurs.

Table 9: Comparison of amounts of aspirin produced from Is-2-aspirinate-5-salicylate and Is-
2-aspirinate-5-(3-nitrooxymethyl)benzoate

Biological medium Is-2-asp-5-salicylate 15-2-asp-5-(3-nitrooxymethyl)benzoate
50% HP 22 21

HLM (0.2mg/ml) 9 5

HLM/iso-OMPA (14.4uM) 8.5 1.4

HLM/BNPP {10.6pM) 2.7 0.3

HIM (80ug/mi) 27 20

HIM/BNPP (11.6uM) 2.2 0.22

HIM/isoOMPA (14.14uM) - 12.7
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and pharmaceutically acceptable salt and/or hydrates thereof.

2. A compound according to claim 1 wherein the aryl ester is substituted at the 2- or 3- position
of the benzene ring with a hydroxide, -Cl, -Br, a C; — Cg alkyl, benzyl, a C; — Cg alkoxy, benzyloxy, -
NHC(O)R, -NH,, -NO,, -ONO,, —{CH2),ONQ3, ~0C(O)[{CHa)m)eyeticONO3, -OCOArONQ, -OCOAr (CH,),ONO,
or a C; — Cs haloalkyl ester, wherein R is a C; — Cg alkyl or a C; — C alkoxy group, n=1-8 and m=3-10.

3. A compound according to claim 2 wherein the aryl ester is a benzoate or a nicotinate.
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with aspirin.) Am Chem Soc. JuI 3;90(14):3817-27. 30Tese1D A, RI cottl

L, Uivi R Med AQ,’B.dOI‘I Do oh | oWTesel
anitric, o] r a sil
ant i pronfe e ect aIt ceI yc e progr s on in

col on adenocarci noma’cel | |irfes. 2003. |rtJ Oncol’ 22(6): 1297 302
Glmer J.F. et al 2003, Pharm Pharnaco 55 10 1351 7. Vel zZquez

C, Praveen JRao PN, Knaus El 05 3 n 16,
48(12) : 4061- Nov &l nster ||nflca or‘f/ s"“‘p@QNg
di d2en- 1 :

a nitric oxi donor iolate I ety: design,
Z 0
o OJKO,NY 0}13’ O)LQ
OJ\/DNOZ' o) ‘ H,C and  HE _
9. An isosorbide aspirinate compound according to any preceding claim having the structure

selected from the group consisting of:



synt hesi s, biological evaluation, and nitric oxide release studies. 3
Med Chem Jun 16;48(12):4061-7. WAl ker 3, Robinson 3, Stewart 3,
Jacob S. 2007 Does enteric-coated aspirin result in a |ower incidence
of gastrointestinal conplications conpared to normal aspirin Interact
Car di ovasc Thorac Surg. Aug; 6(4):519-227"40WIllians F. M 1989.
WIlliams FM More U, Seynmour RA, Mutch EM N chol son E, Wight P,
Wnne H, Blain PGe wins MD. 1989. Benoryl ate hydrolysrs by hunan

pl asma and human lilver.Br. 3. Chin.>Pharnacol . 28, 793-8. 49 d ai ns:

1. An isosorbide 'prrrnate conpo thayi ng the ge structure:

wherein Vis . a4 Cl- C8 aﬂzzltester a Cl- Eggzajhoxy ester, a
ste ch can be

C3 - C10 cycloalkyh s e 3 Cl CB cyclonl kpxy e

unsubstituted or sub Wth ONCZ “brﬁ’[r’g an®ary Y@‘ter, a
Cl-CB al kyl aryl ester i Oh can be uns uted or subsyitut ed
with at least one nitric oxidelel easing gt oup{Mor -C(Q OR’ wheléi n
Rring is a 5-nmenbgred aromatic or_nonaromatic 5-negber ring haying at
| east one heteroat §m substituted Fﬁ/ a carbon of tle ring system

selected fromi oxazol eoat e, zol eoate or t droagol eoate, which
can be unsubsti tdtgd. 8, substit ‘with at, | east dn tric oxide

rel easi ng group; WAl e subs Ktﬁ%bd ith at Ie
al kyl , “bénz a Cl- Cs" ﬁggg
, -0ONQO2,

hydr oxi de, -d, -Br, a
00(0) ((CH2) . y, 1§ 3ONCR, - OB ONCR, -oo‘bAr %)&Hz)r NR or a e cs

benzyl oxy, -NHC(O)R, -N

hal oal kyl ester, mherep is aCl - CB alk or a Cl- C8 al koxy
group, n=1-8 and nFS and mhere n the arylester is
selected fromthe grgnsr sting of: ne t ol uene, xyl ene,
benzoi c acid, benzoaté i nate and h& .-Enzene and
pharnaceutlcally acceptéb(éIgh d/ or hy.n 75° thereof 2. A
conpound according to claifj 2in the ary¢ S substituted
at the 2- or 3- position of tH bE nfene ring mntﬁ xi de, -d,

-Br, a C1- C8 al kyl, benzyl, a Cl CB al koxy, benzyl exY, - NHC(O)R
-NH2, -NO2, -ONOD2, -(CH2)"ONOR, - 0CHt) [ (CH2) njcychcONOR, -00Ar ONCR,
-000Ar (CH2) ONO2 or a € C5 hal oal kyl est wherein Ris a C1 - C8
al kyl or a Cl- C8 al kgxy group, n=1-8 and -10. 3. A conpound
according to claim 2] wierein the aryl es IS a benzoate or a
nicotinate. 50 4. ythotind accor di ng ah receding claim
wherein the nitric oxide e ease ~roup conpwlé%gih nitrate ester, a
Cl to C8 alkyl nitrate est% Wf‘\ C10 cycl daf (}/ rate ester or
a Cl- C3 alkyl nitrate ester 5.7 A%onpound accorgi ng 8o aim 4
wherein the nitric oxide rel eali n§°Yfbup my be sePected from the
group consisting of: -NO2, -0NC2, -(@r12) ONC2,
-0C(0)[ (CH2) n] cyncONC2, -000Ar ONO2 and - at‘f:mr(mz)"moz =g, A
conpound according to any precedi ng claimwherein hal oal kyl ester
hal o substituent is d, Br or F. 7. A conpound according to any
preceding claim wherein Y is 0 02NO or X

10 A pharmaceutical composition comprising a compound according claims 1 to 9 and at least one

pharmaceutically acceptable carrier or excipient.

11. Compound according to claims 1 to 9 for use as a medicament.

12, Compound according to claims 1 to 9 for use in the treatment of cardiovascular and

cerebrovascular disorders, pain, pyretic, inflammation, cancer, Alzeheimer’s disease or dementia



wherein X and Y are independent selected from0O, S and N. 8. A
conpound according to claim7 wherein Y is selected fromthe group
consisting of: 0O O OH HC CNO OO0 ONO,L O CH 9. An isosorbide
aspirinate conpound according to any pregeding claimhaving the
structure selected fromthe group consisting of: 10A pharnaceuti cal
conposition conprising a conpound according clains 1 to 9 and at

| east one pharmaceutically acceptable carrier or excipient.

11. Conpound according to clains 1 to 9 for use as a medi canent.

12. Conpouldd adisepth e rpendacedrding daimsl © Kip theusamufaptutend a medigamest for gfe
cardi ova i R F- T A T o) '

ot 1 amrac s B R B Bl B ool bl iy o
a conpourklzeheicer ddisegsegdrdemsntit. to 9 in t he manufacture of a nedi canent
for the treatnment of cardi ovascul ar and cerebrovascul ar di sorders,
pain, pyretic, inflammtion, cancer, Al zeheiner's disease or

denenti a.



