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MM compared with 5 pM for aspirin in human platelet aggregat|on to arachidonic acid in platelet rich plasma).

The results taught that for an ester of aspirin, ability to inhibit platelet aggregation or thromboxane synthesis

correlates with ability to produce aspirin: an inefficient prodrug makes for an ineffective inhibitor of platelet

aggregation. The low level of aspirin release and lack of potency precluded isosorbide-mono-nitrate aspirinate
25 (ISMNA) from being a viable drug candidate for humans.

International Publication No. W09817673 discloses the di-aspirinate of isosorbide and two mono-
aspirinate esters of isosorbide, namely isosorbide-2-aspirinate and isosorbide-5-aspirinate. Isosorbide-di-
aspirinate (ISDA), the principal subject of WO9817673, was not ostensibly any different from the many other
earlier ester prodrug candidates that have been tested.
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with at | east one nitric oxide rel e&s group. The present invention also

relates to pharmaceutically acceptabl e salts and/or hydrates of the
conpounds descri bed herein. WO 2 80795 PCT/ EP2008/ 068114 7 Used
herein, the term"al kyl" include of aHseri es of unival ent groups of

the general fornula “: 0
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wherein Y is
a C; — Cg alkyl ester, a C; — Cg alkoxy ester, a C;3 — Cyo cycloalkyl ester, an arylester, a C; — Cg
alkylaryl ester or —C(O)OR™9, 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.
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(1) wherein Y is '

The preferred —C(O)OR™ groups of the invention are iso-oxazoleoate, oxazoleoate or thiadiazoleoate.
Suitably, all of these compounds actively release aspirin 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 C, to Cg alkyl nitrate ester, a C3 — Cyo cycloalkyl nitrate ester or a C; — Cg alkyl nitrate ester.
In one embodiment, the isosorbide aspirinate compound has the general structure as shown in

general formula (I)



a Cl - C8 alkyl ester, a C1 - C8 al koxy ester, a C3 - Cl10 cycl oal kyl ester,
a Cl - C8 cycl oal koxy ester, which can be unsubstituted or substituted

wi th ONO2Awoanosaisoasyl ester or a Cl - C8 al kyl aryl estecr/emeshssian 5 be
unsubstituted or substituted with at Beast one nitric oxide rel easing
group. However, nost preferred are conpounds having esters conprising
5-menbered heterocyclic rings which be selected fromthe group

consi sting of oxazol eoate, isoxazol ea%%yand t hi adi azol eocate. In a preferred
enbodi ment, the isosorbide aspirinateconpound has the general structure as
shown in general fornmula (1) O OO 10 Y (I) whereinYis aCl -

C8 al kyl ester or a Cl1 - C8 al kox e15, Whi ch can be unsubstituted or
substituted with ONO2i or a C3 - Cloo%‘!;jzr?yl ester or a Cl1- C8

cycl oal koxy ester, which can be unsubsti 8 or substituted with ONO2i or
15 an unsubsti t ut ed or a substituted arylegtar, alkylaryl ester, benzoate,

a nicotinate, oxazol eoate, isoxazoleate, thiadilazol eoate group, whi ch may
be substituHer@ Yoy at | east one of the group corrprl sing hydroxi de,

-Br, a Cl - al nz 1 - aI I I ] NH2
_NC2, - ONO2, Fe c?réf&k%&%%z &4 o%@g efﬁi(? 5 'b?ﬁ%%féy %o&?%ﬁﬂwﬁ%g%
(CHZ) nONOPVHsh cag t@l‘”i“b%@tqqé?r%ﬁ?t' d"@@@@PZr Wé?%tﬁrﬂq@ aFSéiEY'@rV'(%teral'\’R'Wcaﬁ)r a
Cl - C3 alteoxybgjtutadpr sunstiidd, withieBledsOone 2@ricARid@relasng gtoop.t he invention there is

provi ded ani S%Q/E\QF %st%ﬁa%rr’é& Q@E&np%ﬁ%ﬁpﬁ’émg eiﬂé}é’!: nsﬁrﬂ% rgé?%@r%@heteré&énlz'ﬁrﬁds” e as

shown in ral nmu

b o SR B e ot e o ot Doy it B ek, e

ri ng havi ng at Iheasferre@gnhodimettcheisaerbidhasgiditpst jompauedihes the ganershsthigre@f sholve
ring systaemyendbirshhuealy be unsubstituted or substituted with at |east one
nitric oxide releasing group. WO 2009/ 080795 PCT/ EP2008/ 068114 9 In a
preferred enbodinent, the nitric oxi reI easi ng group nmay be selected from
the group consisting of: -NO2, - (CH2) nONC2,

-OC(O[(CH2) nlcyci j cONO2, - OCOAr OCOAr (CHZ)nO\Ioz Particul arly,
preferred conpounds include an i e aspirinate conpound having the

general structure as shown in generalO fw (1*)  oHO O
[O)-

10 Hoy (1)

wherein Y is

a C; — Cg alkyl ester or a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONO,; or
a C; — Cyo cycloalkyl ester or a C; — Cg 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; — Cs alkoxy, benzyloxy, -NHC(O)R, -NH,, -NO,, -ONO,, —
(CH3),ONO,, —OC(O)[(CH2)mlcycicONO;,, -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

6}
o H
’—EO

e}
o
H

Yo
wherein Y is
—C(O)OR™I, 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.



O 5Y(1*) wherein Yis O OO0 OO02ND @2NO/ Y I or X wherein X and Y
are i ndependent selected fromO, S and N. In another enbodi nent, there is
provi ded wocospsordd whi ch has a general structure as sheoewEPdoosbhEsigener al
formula (1) o HO OOY(l) whepsein Yis a Cl - C8 alkyl ester or a
Cl - C8 al koxy ester, which can be unsubstituted or substituted with ONOZ2i

or  an unsubst it WtRe:E efbodiMBRlthd MiEBiRNYESSE Sbup Ry o beicidh &8 trRlgroupenzoat e,

ni coti nate, oxazol eqat 15 i 4o t.hi adi a e ) ich may
be’ subst i CaPENEy S001 Bt hEONE RrBlEsap e By EEPREROr AR P RO
-Br, a Cl - C8 Faltiyfrly, yseizeg icompaundy includggin ispdeticy aspisingie AP \naving NCET) R,
-NH2, - NOZtruct®NéLshown i Garl@IreMOR (1+y OC( O) [ (CH2) nj cyci ; cONO2, - OCOAr ONC2,
-OCQAr (CH2)nONO2 or a C1 - C5 hal ogl kyl ester, wherein Ris a Cl - C8

al kyl or a C1 - C8 al koxy group, n=1-8, m=3-10. Ot her preferred conpounds
are illustrated by the general strycture as shown in general formula (1)
Q oHO OO 20 Y (I) wherei ns WD 2009/ 080795 PCT/ EP2008/ 068114 10
S84

a ClL - C8 alkyl ester or a C1 - koRy ester, which can be unsubstituted

or substituted with ONO2i or a C3 - €1 yePoal kyl ester or a Cl- C8 cyclo
al koxy ester,, which can be unsubstitut®&d or substituted with ONO2i or an
unsubstituted or a substituted aryl estgg%g&(yl aryl ester, benzoate or
ni cotimate group, which nay be 5 substituted ky)at | east one of the group
conpri si ng,Axpraxide, a C1 - C8 al kyl, benzyl, a Cl - C8 al koxy,
benzyl oxy, -NHC(O R, -NH2, -NO2, -ONO2, -(CH2)n ,
-OC(O[(CH2) mcycii cONO2, - OCOAr ON@, -OCOAr (
hal oal kyl ester, wherein Ris a Cl - al kyl or
n=1-8, m=3-10. O her preferreg unds &xNO |

?or I/av

X~

structure as shown in general () o
or

or aCl- G5
Cl - C8 al koxy group,
ated by the general

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)

M)
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 least one of the group comprising
hydroxide, -Cl, -Br, a C; — Cg alkyl, benzyl, a C; — Cs alkoxy, o-benzyloxy, -NHC(O)R, -NH,, -NO,, -ONO,, —
(CH3),ONO,, —OC(O)[(CH2)mlcycicONO,,  -OCOArONO,, -OCOAr (CH,),ONO; or a C; — Cs haloalky! ester,

wherein R is a C; — Cg 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 Yo

wherein Y is



o HO OO 10 Y (I) wherein Yis a Cl - C8 al koxy ester, which can be
unsubstituted or substituted with ONO2i or a C3 - Cl10 cycloal kyl ester or a
Cl- C8 cywbao@ldsorwy ester, which can be unsubstituted oprcsmpsioshossied with
15 ONO2i or an unsubstituted or a sub®tituted benzoate or nicotinate group,
whi ch may be substituted by at |east one of the group conprising

hmarZOXi dﬁOZ aQJI —TC, 593/ ket Wi a c, 08D ZNdxy efter Ganich c%e@h%@%%tedtbe%&klﬁé%lth'dNU%p) R,

- 0coAr (CHR) ff 1°8¥C'°ékytis)[er?f§ aF%C%% L’g‘%f"er 'C%?i‘ LWH%SP S'Wteﬁ’e“%g [tpsg With g
al kyl or @NGt o C8 al koxy group, n=1-8, n=3-10. Further preferred conpounds
are i | | ust r ataadndalstitul@ ogesIBstiatedSiyl aitt, WIkE aftSes® ) OdMMoatd br Giestiadt@rodpPWiEH reay bk )

CX su Qa&ex byg Jac)leastvgﬂc?{)f%mn tp % %hyd rog@esgkk O%Xalﬁlgtogr{zw aV@ i—(\Ch aIE&{) be

unsubstlt uns

substi t ut éﬁ%@ﬁzé‘&?@%r“% Bt i Meee (Ghuy> W %KCMVC'E@‘O@UbSQQW'@G ‘B@PAét
| east one (Ciof).ONDeorgriou Ps lmatpyl eserng hydroxide, -d, -Br, a Cl- C8 al kyl,

b(egz%I) ) O%Ogl whg%ma{l&(é)l(lﬁCSQn(P%PZ(YJ—%XIkoxyW%EQL m=Ng2, -N02, - ONQR, o &
Cl - C5 halo ho%ﬁeeééf{%iﬁ Weaf I%trﬁ%@t%%iera'g&%ﬁﬁéwwé‘) ”%(ae” %)f””g\loaél koxy

group, n=1-8, n¥3-10. 30 In a prefer® enbodi nent, the isosorbide
aspirinate conpound may have the generlal structure as shown in general
formula (1) WD 2009/ 080795 PCT/ ERPZ0987068114 11 OH O OHY (I) wherein
Yis aCl - C8 alkyl ester or a ( oalhoxy ester, which can be

unsubstituted or substituted with ofe; an unsubstituted or a
substituted aryl ester, alkyl aryl esteK, Jensoate or nicotinate group,
whi ch may be 5 substituted by at |east 2 the group conpri sing
hydroxjde, -d, -Br, a Cl - G alkyl, benzyl,ya ,Cl - C8 al koxy, benzyloxy,
“NHC(O'R - NH2, -NCR2, -ON02, - (CH2)nONCR2, -Oc( O (CH2) i cycij cONCR,

- OCOAr ONO2, - OCOAr (CH2)nONO2 or a Cl1 - C5 hal oal kyl ester, wherein Ris a
Cl - C8 alwgleinoris a C1 - C8 al koxy group, n=1-8, nm=3-10. \Were benzyl oxy

substituent ia'SCI — Cs alkoxy ester, which can be unsubstituted or substituted with ONO,; 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 one
of the group comprising hydroxide, a C; — Cg alkyl, benzyl, a C; — Cg alkoxy, benzyloxy, -NHC(O)R, -NH,, -
NO,, -ONO,, —(CH,),ONO;, —OC(O)[(CH2)m]cycicONO,, -OCOArONO;, -OCOAr (CH;),ONO; or a C; — Cs haloalkyl
ester,
20 wherein R is a C; — Cg alkyl or a C; — Cg alkoxy group, n=1-8, m=3-10.

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

M)
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; — Cg alkoxy, o-benzyloxy, -NHC(O)R,
-NH;, -NO;, -ONO;, —(CH,),ONO;, “OC(O)[(CH2)m]lcycicONO,, -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.
30 In a preferred embodiment, the isosorbide aspirinate compound may have the general structure as

shown in general formula (I)



used on an aryl ring, it is preferred that it is an o-benzyl oxy
substituent. 10 In a particularly preferred enbodi nent, the conpound may
have t he weneswmiso®sr uct ure as shown in general fornmul apCir)EPebo®ocsD10 Y (1)
wherein Yis a Cl1 - C8 al kyl ester, which can be unsubstituted or
substituted wth ONO2i or 15 an unsubstituted or a substituted benzoate or
ni cotinate group, which may be substdtuted by at |east one of the group
conprising hydroxide, a ClL - C8 al kyl;J benzyl, a C1 - C8 al koxy, benzyl oxy,
-NHC(O R, -NH2, - N2, -ON02, -(GHR) 2, -OC(O[(CH2)n]cyci;cOND,

- OCOAr ONO2, - OCQAr (CH2) nONO2 or 1- C5 hal oal kyl ester, wherein Ris a
Cl - C8 alkyl or a C1 - C8 al kox DO, n:e|1 8, nm=3-10. V\here benzyl oxy
substituent is used 20 on an aryl ri preferred that it is an
o-benzyl oxy substituent. In a still fd& ther| epbodi nent the conpounds may
have the general structure as shown in gérer formula (1)  oHO OO
Y (1) wherein Y is an unsubstituted or a stbsvityted benzoate or nicotinate
group, whi ch ey be substituted by at 25 | east one of hydroxide, a Cl1 - C8
al kyl, CL “n®€8Ydi kyoxy, benzyloxy, -(CH2)nONO®2 (n =1 - 8), C3 - C10 WO
2009/ 080795 RCCI’/—IEP@@@&&(D 68104 Cs 3lRoxg yatdrodlidk yén esheibstioutediva bubstitigd with SINGE; .or

Wier e benzyl QX Yinse bR tdd bedbstiak afypasnd amﬂ altyhﬁteﬁ gém&tm n.cdtlhat& §ro@>r ffiéhHdet O

be o- t%en sts?{i}{ad byelf!:leaatt%)né/bf tﬁerperougoer;%%rq%h dI‘OXI etm? %! goal Vi, nzyb 68 EhY (I )

general® struc

wherein Y ﬁ'kngaf?ﬁna'mw\ﬁﬂ@&t Rich: ZIaO"éqg:bé@Hzftn%%d'O& KefzdrdoedPNGhi ¢ RGAERND:, -

group, whiadoAn@y,)loeos oast; Hautamd kipygstead | east one of hydroxide, Cl - C8

al kyl Cl - %e@'n@?ﬁ%—@akﬁ@?é’& OXQQ alk%%gp) rr\q\l%if'lo V\Awere bé")zyloxg:gubstlt%ps

cycloal kyl ester or hal oal kyl ester group Is
feature ofUtH¥ aEBWH@&ﬁH%preﬁe%"éj tFﬁil'td? @0%?4"'(’%%“'%&9 be G, Br or F. 10 I n
an enbddi ment vheratitulady gefapoiemdoditamh theserspoandyadydatekid geegalewcturm stmaindn
substituenfendrg rpbid @ply G, Br or F. Chlorine and brom ne are the nost
preferred hal o substituents. However, hal oal kyl esters having Br
substituents are particularly preferr

Yo
wherein Y is
a C; — Cg 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,, -

NO,, -ONO,, —(CH,),ONO;, —OC(O)[(CH2)m]cycicONO,, -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. Where benzyloxy substituent is used
20 on an 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 (I)

MY
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; — Cg alkyl, C; — Cs alkyoxy, benzyloxy, —(CH,),ONO, (n = 1 = 8), C3 — Cy



Sui tably, the conpounds of the invention have a high degree of
conplenentarity to the active site of the human carboxyl esterases and so
st eer s hywoabywsiss7oal ong t he i deal pathway, |iberating agpirmprooshss114

Advant ageously, the conpounds can be gpecifically activated by nore than
one human enzyne, since if a patient has aberrant enzynme function with
respect tQyQdfyl <38 Rl Sstérl Wy beh B0k IRLRSR LR fSUAE off BL &RADEUNd ASIPprEfeied to
Furthernnre,_% e aspirin prodrug conpounds are stabl e under conditions
found in tRE PURER of the G tract but breaks down rapidly after

absor pti on i ntSgtablehpforpelsts @ dinitventias pey are thegenFralstriréire wdhaimtingreye ringe
from t hesgnconpounds since they are stable towards noisture and so can
successfully be used in fornul ati onsgywhere noi sture may be encountered. A
noi sture stable aspirin prodrug is agvantageous for nmany reasons including
the possibility of forrmulation in gQlution and transdermal fornms. One of
the problens with transdernal deI y of aspirin is that noisture from
skin causes hydrolysis of the aspieFnfepat in the patch. Suitably, the
moi sture stable conpounds will not reduifes tective noisture-proof 25
pharmaceuti cal packaging for storage. {‘:I;Ff erred enbodi nent, the group
Y may be selected fromthe group consistiong f: 0OOHOCH OOO OO0O
CHh OO0 O0OO0OCHAa ONOOOONEZ OO OOOCQIOIO/ | OOO/ N aw O
[ O/ M QudefdVBs anQnQb%ﬁeerglsﬁb'stﬁﬂte&eM oQﬂQtipate%]rQJp?wrQﬁ_n%y@e CIER &Y W

and O1 / 30, The conpoun of the invention, en Y in_the general
formul a (1551002 PURTRLEnE G By ConSPReS SOVASE HARr AT 1 SOF 6ot b co. t he
conpounds aredatcd seteraps pdlgaikyl eptar. human pl asna t o sone vari ous degree and thus

ﬁl | are ag:(t | VanhelQ AR &80 §38 E}gﬂ&éﬁ%&ﬁ%k&%aﬁb& thehw_&olégmuﬂt may dsbecuseemodtj Indg
00 07870 i1 broikee R g Bl bbBLisI5eg SRS B bl e TR

/ C Me Nd¥ or FChlorine gnd frprujnepipgine mogoRreE ey ilaguigstifuenss. Howgveng hatgatkyl pstergingyipe By |
00 substituents are particularly preferred.

Suitably, the compounds of the invention have a high degree of complementarity to the active site of
the human carboxylesterases and so steers hydrolysis along the ideal pathway, liberating aspirin.

15 Advantageously, the compounds can be specifically activated by more than one human enzyme, since
if a patient has aberrant enzyme function with respect to one, another is likely to compensate and release
aspirin.

Furthermore, the aspirin prodrug compounds are stable under conditions found in the lumen of the GI
tract but breaks down rapidly after absorption into the bloodstream to aspirin.

20 Further advantages arise from these compounds since they are stable towards moisture and so can
successfully be used in formulations where moisture may be encountered. A moisture stable aspirin prodrug is
advantageous for many reasons including the possibility of formulation in solution and transdermal forms. One
of the problems with transdermal delivery of aspirin is that moisture from skin causes hydrolysis of the aspirin
depot in the patch. 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:
0O OH
O  CH, o o) o]
k@ )K@ ) LCHB B \N/
14 14 14 14 14 14 14
o o o@ O N, O OMe O o o o
=N OMe Me NO,
14 14 14 14 14 14 14 14
(o]
0  OAc o O/U\/Br o o ONO, o o)
SeRac IR e cle e ie s WS
(o]
7 7 7 1] 1 ONO: and OLONOZ.
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.



O HNSONOOJ~ Nr 0" / O/ON 5 0'ON0O2 0O HSC and HSC are particularly
preferred, since the conpounds conprising these any of these groups show
activiti ewoabos/gomat er than or equal to 15% aspirin rel egsEpPRovshesTan

pl asma. I n another preferred enbodi merst, the conpounds of the invention
conprise those that have aspirin release activities greater than or equal

to the 15%| eVQiowexﬁé@%%d:o%buﬁd@%a%‘%%bs@iuerﬁ%@écEeHfﬁro@%he%rdﬁﬁ&&@&ln@@ﬁ of 10 the
initial ester concentration in gwlgs nmeasured by HPCL at peak aspirin

production follow ng addifti®n o can ate es ers t§ buffered human pl asma
at 37C at pH 7.4 (phosphﬁlféf i nﬁo p nts, the conpounds
may have the general struc eas ,ener Ia(I) A oHO
OO0Y (I) 15 wherein Y is an ‘unsubstituted or a substltuted benzoate or

ni cotinate group; IQ)h mag uhst i d hy at |east one ob hydroxide,

met hyl, benzyl o Be, Jim@ @&e@ CH2ONCR.
Wher e benzyl o substlt e i sk used an aryl ng, it pref ed that

it is an o-benzyl oxy subs’tl tuent. In a spéci fic enbodi rrent ’ the corfpounds
may have the general structur as_ shoun in general 20 forrrula ()  oH
O OO0OY (I) W 2009/087 35 PCT/ 208i08114 14 wherein Y is an
unsubstituted or a subst ted bcen at e® or i Nat group, which may be
substituted by at Ieast ne of hydr OX|,de -CI met h %énzyl oxy, nethoxy,

-NHC(O) CH3, -0OC(O CH2Br, -NO2, -CH2ONOZ. he ere benzyl oxy substituent is
used on an aryl ring, it IS prefrredcha Nius a\ enzyl oxy
substituent. The nost prefeerred’i r“q)’ e a rinate npounds have one of
t he folsl owi ng structureSO%Y’NHO HO® 5%8°CH gdd ) O( COHO
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
°,
-0
0
07 :
MY
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)CHs;, -OC(O)CH,Br, -NO,, -OAc.
—CH,0NO;. 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 (I)



ON OO(IlIl), o0/ HO 0O=N 0O(IV), 100 \ O0OHO 0OO0O0O CH3
(V), WD 2009/ 080795 PCT/ EP2008/ 068114 15 OY¥ OHOO CH3 O (M), or o~
C OH O wWwo@@@w@s2 (VII) Aternatively, the isosorbipde/Ersmsnssiat e
conpound may have any one of the strumtures selected from 5 the group
consistingof: Y o 1 HI / OHOOOH 1CH3 OOH O CH3 (M I1) (IX) O OY

wherein Y is an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at
least one of hydroxide, -Cl, methyl, benzyloxy, methoxy, -NHC(O)CHj3, -OC(O)CH,Br, -NO,, —CH,ONO,. Where
benzyloxy substituent is used on an aryl ring, it is preferred that it is an 0-benzyloxy substituent.

The most preferred isosorbide aspirinate compounds have one of the following structures

. H
- B O
(0]
0~
H o
5 e} OH (11),
OY
(0]
°,
%, B 0o
(0]
N
GQ s
H o) A
o (11D),
OY
(0]
O H
< H 0o
(0]
0 : ZZN
Aoy “~ |
© (1v),
10
OY
(0]
O H
< = fe)
(0]
07
H o
0 C



OO0/ HH O=0 000O0=/1 -/71 HOCH3B HOCHONO ONHC(OCH3 0 OH
(X) and (XI) In another aspect of the invention, there is provided a
carrier cwopowngofosr a drug having the general structureTaP2608068114 N
general formula (I11) WO 2009/ 080795 PGT/ EP2008/068114 16 X HO OY (I1)
wherein Yis a Cl1 - C8 al kyl ester, a Cl - C8 al koxy ester, a C3 - Cl10
cycl oal kyl ester, an arylester, a8 Cl- C8 alkylaryl ester or -C(OORrin9
wherein Rrin9 is a 5-nenbered aroﬁ)t(ic or nonaromatic 5-nmenber ring having
at |l east one 5 heteroatom substytubed for a carbon of the ring system

whi ch can be unsubstituted orstitut ed with at |east one nitric oxide
rel easing group, and X is the>~d bl etule. In this aspect, a preferred
enbodi ment provides a carrier conpQupt a ditlg having the general 10
structure as shown in general formnul | X Q OY (Il) wherein Yis a
Cl - C8 alkyl ester, a C3 - Cl10 cyclo%l,j<y e @ an arylester or a C1 - C8
al kyl aryl ester, which can be unsubstitfted>Ns substituted with at | east
one nitric oxide releasing group, 15 and X lls the drug nolecule. Preferred
carriers of the invention may have the genefal stf{eture as shown in
general farmula (I1) XHO OY (Il) 20 wherein Yis a Cl - C8 al kyl
ester, which can be unsubstituted or substituted with ONO2i or a C3 - C10
cycl oal kyl ester, which can be ungubstituted or substituted with ONO2i or
an unsubstituted or a substi edoaryl ester, alkyl aryl ester, benzoate or
ni cotinate group, which may substituted by at | east one of the group
conprising hydroxide, a Cl - al Kyl 5 benzyl, a Cl - C8 al koxy, 25

benzyl oxy, -NHO(OR, -NH2, -NOZ2, O ( CH2) nONCR,
-OC(O[(CH2) nlcycii cONO2, - OCOAr Az r CH2) nONO2 or a Cl1 - C5
hal oal kyl ester, ° i \

(0]

ONO.

2 (VII)
Alternatively, the isosorbide aspirinate compound may have any one of the structures selected from

5 the group consisting of:
OY
(0]
5 T
@QNO—, H O H
3O % :_0
07 : <
H o ° H
CH, o OH
O OH o cH,

(Vi (IX)

O  NHC(O)CH, O 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)



wherein Ris a C1 - C8 alkyl or a C1 - C8 al koxy group, n=1-8, n¥3-10. In
ot her enbodi nents, the carrier of the invention may have the general
struct ur ewve0®mswnsi n general fornmula (11) X HO O 30p¥T(BPR)osé3114
2009/ 080795 PCT/ EP2008/ 068114 17 wwsrein Y is a C3 - Cl0 cycl oal kyl
ester, which can be unsubstituted or substituted with ONO2i or an
unsubstltuted or a substituted benzoatg or nicotinate group, which nmay be
substituted by at | east one of the conprising hydroxide, a CL - C8
al kyl, benzyl, a Cl - C8 al koxy, bengyl|ox -NHC(O R, -NH2, - 5 NO2, -ONO2,
(CHZ)nO\ICJZ -OC(O[(CH2) njcyc, ; cC B r ONO2, - OCQAr (CHZ)nO\ICJZ or a
Cl- C5 haloal kyl ester, wherein Ris d )C8 aIkyI or a Cl - C8 al koxy
group, n=1-8, ne3-10. In conmpounds whi ch conprlse a hal oal kyl ester
functlonaPmEWBJbs the hal o substituent may be C, Br or F, however Br is
nore partiacul-ds byl gateef efr-ed.alkdy efidy afi-ageodsdlly), estehen agpstariat, piCodiylag/! ester

conmpounds de—C(bBH?{r”‘g %@@ﬁm@mls@@%eﬂber@w@r@a@ oh%qgr&%af.s BlﬁweﬁﬁBéﬂ riflg hac;.h@/gmgag%ﬁgl n,
yet W | l ga 91 sgbsptuted Po¥a C bo%stt%e r|nghs stgem WhIC garr]1 ear?subs ] u{%or SD&)S%%ET‘% W|t9a

| i ber at’e asp 7 ot &nt1ar pharnaco 've Ieties.
The prefeHﬁ@UNEOWﬁ@ﬂﬁﬁﬁbﬁmgﬂﬁwllnventlon liberate nitric oxide in addition
to aspirinndThus in this aspect, the conpounds of the invention are

advant ageous SUﬂE%eEQ?XmB&&N'de better aspirin 15 prodrug conpounds, in
particular a prodru ound capabl e of releasing both aspirin and nitric
oxi de.  Prodrug" Hlés\ﬁsfteé%a REGEN "é‘b(":}ci'm‘?fléP@‘él%‘l@S A QBB CPMRRYK fPriafirigdaVivg 1 S eloxi de
(NO are péandureessshown imdanamtfageyd) Such conpounds are likely to be |ess
toxic but have a greater spectrum ofx pharmacol ogi cal actions and efficacy
than their individualized conmponents,3 use aspirin and nitric oxide have
synergi stic effects in cardiovascul@r |di 9ease and cancer applications. 20
A nitric-oxide releasing aspirin est St in the first instance be an
ester capabl e of undergoing conversion t pirin in the key plasm

hydrol ysis nodel or simlar biologically relévant nodel. The carrier of

the i nventf6i"™"dy have a nitric oxide rel easing group which conprises a

ni trate estergCa Ghkylest€8a &d kG cyroakylaester, amatlestsr oaa C3- Gs all Orylosptet, @ikctkeah be
nitrate eshehbst@ltedor SebstitutbeBuitt K )ehst et itAd &id€ fieBding Jrath! her advant ages resul t
fronlt@e fagt that the prod rugs of the invention are stable in the
presence of® 25 typi cal digestive proteases and towards enzynes found in
mucosal CACO Xig®kHwg mggeulemay be hydrol ysed to aspirin by human esterases
especi al | y BuCHzfard cdofiersof ki itvBiten asiRed the bdmeraGsBtidtire bs shewh il ganerat frehugener al
structure as shown in general forrmula (I11) XHO OY (Il) 30 wherein Y is
a Cl - C8 alkyl ester, which can be unsubstituted or substituted with ONO2
or a C3 - Cl10 cycl oal kyl ester, whioch Gan. be unsubstituted or substituted
with ONO2i or an unsubstituted or a $ {tuted arylester, alkylaryl ester,
benzoate, a nicotinate, oxazol eoate,l il|soyazol eate, thiadiazol eoate group,
whi ch may be substituted by at |east @Wneof the group conprising 35
hydroxide, -C, -Br, a C1L - C8 al kyl, anzyhi a Cl - C8 al koxy, benzyl oxy,
-NHC(O R, - NH2, NKQ -ONO2, - (CH2)nChK2 -aixc»[(CHZ)n]cyC| cONO2,

- OCOAr *Em@ﬁ%¥w (CH2)nONC2 or a Cl - C5 hal oal kyl ester,

a C; — Cg alkyl ester, which can be unsubstituted or substituted with ONO,; or

a C; — Cyp cycloalkyl ester, which can be unsubstituted or substituted with ONO;; or
an unsubstituted or a substituted aryl 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,, -ONO,, —(CH;),ONO,, —OC(O)[(CH2)m]cycicONO,, -OCOArONO,, -OCOAr
(CH3),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.
In other embodiments, the carrier of the invention may have the general structure as shown in general

formula (II)

30 Yo



wherein Ris a C1 - C8 alkyl or a C1 - C8 al koxy group, n=1-8, m=3-10 and X
Is the drug nolecule Suitably, the carriers of the invention steer

hydr ol ysiwot00dd3e79sor r ect poi nt because of their 40 cowpir@resisassity with
the active sites of human esterases. MO 2009/ 080795 PCT/ EP2008/ 068114 18
In a particularly preferred enbodi ment, the carrier of the invention may
have t he g,ﬁ@%rna{llsstructure as shown in general formula (I1) XHO OY

1) wh Y cl oal t b
lnsbbst € ut off 7 CEBEPRaTEe U CHY GNOBP Y=k GrRat POUCB or o

substituted t?éﬁz%bﬁlt'@teé or dubsHtured aerBoagt B OiRctingth predp, Weish vy be ebgtuted by eidedsionat

| east  onef bk gtddEcddpadiy He@rodte] SC,RICwElr Bexiyi@,c, - €l alkory, Gehzylded -RHKYIR, -Nagnzyl |
a Cl- ] x_\/ | )2~ s )

ot B sl o e 4

hal oal kyI ter, 10 V\,herel n Ris aCl - C8 alkyl or a C1 - C8 al koxy group,
n=1-8, nm=3- 10vhedem Rtih@Cpr @fatkyl pedC:.caipbemdeumhi-tB, canidr i se a hal oal kyl ester

functi onaly, g§Pdhds Dvhléh Jaabrﬁgegua&ﬁkweg@mnc{m| Pp, thd haml%mbs%e&mabmwar Bris
the nore r%artlc | arl ubstituent I n anot her favorable

enbodi ment"> "t He” &P %/%%C%r éﬂﬁﬁgrmy be selected fromthe group consisting
of: XoH x H )AdHntafj}:oG)slyOtheNs;ﬁn(Brc@'ugchrﬂbobndHofCﬂﬁé-ln@nt@n@éd@t aqgeokh I®dvoly§d; Hdd- O = O
OHOOO %) CH3 H

0 chymerypsm yet will uncﬁrgo rapid hydrolysis in the presenceof_ihuman pHsmaQo %era(t?a asp|r|n an

potentially other pharmacologically active moieties. The preferred compounds of the invention liberate nitric
oxide in addition to aspirin.
Thus in this aspect, the compounds of the invention are advantageous since they provide better aspirin

15 prodrug compounds, in particular a prodrug compound capable of releasing both aspirin and nitric oxide.
Prodrug devices capable of releasing both aspirin and nitrous oxide (NO) are particualry advantageous. Such
compounds are likely to be less toxic but have a greater spectrum of pharmacological actions and efficacy
than their individualized components, because aspirin and nitric oxide have synergistic effects in
cardiovascular disease and cancer applications.

20 A nitric-oxide releasing aspirin ester must in the first instance be an ester capable of undergoing
conversion to aspirin in the key plasma hydrolysis model or similar biologically relevant model. The carrier of
the invention may have a nitric oxide releasing group which comprises a nitrate ester, a C; to Cg alkyl nitrate
ester, a C3 — Cyo cycloalkyl nitrate ester or a C; — Cg alkyl nitrate ester.

Further advantages result from the fact that the prodrugs of the invention are stable in the presence of

25 typical digestive proteases and towards enzymes found in mucosal CACO-2 cells, but may be hydrolysed to
aspirin by human esterases especially BUChE and CE-2.In this aspect, the carrier may have the general

structure as shown in general formula (II)

Y1)
30 wherein Y is
a C; — Cg alkyl ester, which can be unsubstituted or substituted with ONO,; or
a C; — 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
35 hydroxide, -Cl, -Br, a C; — Cg alkyl, benzyl, a C; — Cs alkoxy, benzyloxy, -NHC(O)R, -NH,, -NO,, -ONO,, —
(CH3),ONO,, —OC(O)[(CH2)mlcycicONO;,, -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
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.



CH2ZONO2 0 NHC(O CH3 0 OH 15 wherein X is the drug nolecule to be carried
in the prodrug form In another aspect of the invention, there is provided
a drug compeuewbsewspri sing the carrier conpound as desecrThedods@sgisn. | n
anot her aspect still, the invention pmsovi des a pharmaceutical conposition
conprising a conpound as defined above and at | east one pharmaceutically
accept abl e carh b 84ri@laryEpr&biRid@Rbodindft, HHa caidd 3 thé Fkdh&dh S R&E the gbteal SREMRWHMS
and/ or thehco ositions (@tthe invention may be used in-vivo or in-vitro
to reduce CONst PTGEI VE'Bl'at el et gl ycol -protein expression at a | evel where
aspirin has no effect. The conpounds‘and/or the conpositions of the

i nvention nmay al so be used in-vivo o/ =i tro to induce an aspirin like
effect. An aspirin like effect, for ‘exaap)e, is a reduction in
anti-platelet activity or the inhibit9 gn \ of COX products such as

t hr onboxane A2 or nal ondi al dehyde. Advant &gé@dusly, the preferred conpounds
of 25 the ,j/xgRtid on are nore potent than aspirin itself and are greater

i nhi bi tors of n pl atel et regation and WO 9/ 0 5

PCT) EPS008/ 068t Cofhogd st AR ER GRBs P N BRLRMARE 05 or oduct s
(such as t hr orysebEtuRd opmekbsritesirhanzadte e tesoupethich 13y besypesitured By pijeast

pl at el et gny cahegradpebipr@rhy@msitd FCl, & a1 -an @ikl @rnzflsPECLC, bikey,vampoyNUsCOIR, t he

| nvent | on GaMGE.GRedidi), SR -BRHAL] YL xS, BB BB (o P6nd, s £ et ment
of diseases or conditions of synpto {"clddirng cardiovascul'ar “and

cer ebr ovastif'st ¢ di sorders, pain, pyretic, inflanmmation, cancer,

Al zheiter' s divgeab® 97 C,delyeiyl baa C;AIpRKkem goap ses8,gast10i ¢ bl eedi ng by

chem cal | Y kfefpidrdded Bhpbth8s &iidhl e § Rffoalk &St Hadthal\WRup, thlHaloREbsRRS By heO N
and by |ntC$rBf eri ng w tBh. Ehhe secretlon Pf 4t§ pratective barrier. The
solution to THi's (g’vreﬁeﬁl B PP PR PR P erpor ari |y inert by

cheni cal | y at tlagtsthsgfeverarigsikbadinegt B garieh eamppund mavaselacteddtoarthy group ensisting of:
absorption processx @away fromthex vyl nerable sugface of the @ tract. The
key chal l enge in develaping this techneol ogy was to fiond 10 a naski ng group
that is predictabl acc/m tel y(renmoved in bl , an obstacl e nobody

el se had been able °tg pver/cone. EsSen i@@ﬂhe envent i rovides for an
inert formof aspirin tf activated body! rt her
refinement to the design,ga nitric oxi decl-precursor was i ncorporated into
the carrier group to provide further conpounds that cdh rétease NO al ong
with aspirin. Suctfgdl'jalo prodrugs_therefore potentially interfere with

pat hol ogi cal processes at two di ff efent levels. The& nivtro-aspirin approach
i s becom ng w delyl5-accepted b 'he. t echnol ogy described herein is the
only technol ogy that Hveyif y produces both aspirin an O-~0 n human
ti ssue. The hydrol ysis off i Sosorbi de-dj-asp nate (I SDA, @ Table 2) in
human bl ood was investigated-j order tio find®“ut how i?—producesh aspirin.
| sosor bi de-di -aspiyinate (I SDA, *16) has of oueH est er groups,, ong, | ocated on
each of the two aspirin 20 noieties,*and one connecting each of these

noi eties to the isosor bi e. The stradightforward interpretation of its
t one\of | t twoaspirinate esters at
est efase} di ly from|SDA |iberating

aspirin production dgata’ was

positions 2 or 5 is det§ch .

aspirin. That is partly 'the real °mechani sambNvoanspired to be nore
interesting and unexpected. THEfbur ester Jroups in | SDA are suscepti bl e
to hydrolysis by esterases wth a potentially conplex array of ester

met abolsi t egereldXis tratiey yoledule tobe dahries B tizrppodngderol ysed down to i sosorbide 25
and sal i cyli c jRgidther &b&t ¥ iRledtRh &S R0lEdGAUgREM IR @WBHinEYhe carrier

chr omat ogr ar[%h()éh whj ch glhl ows the separation and neasurenent of each of the
net abol i t 8% QWé{?SCEQf "V€"and decay. Many experinents were conducted in
whi ch | SDA wadn prsthergersesd! itietiyerionprevides aphareadéutical qoreositiemeompinng § camaend aat
s:Jccessi Vﬁj_eﬁrieﬂ&bcﬂ@érﬂtaﬁIe@ﬂdjetphe&madéﬁ{cabfél:&ﬁt&ldﬂaMFEEILU’r@xcl’b&atsUI’ ed by HPLC. The

pl ot this i , I rogre

Curve. P ogr ean” By Btesfec, T Epslal oot b R chfs (UGB NA Roy B BGIFRG or
curves shdWinE rsyciosippeasiE 8V PrPEpARPATO A o4 HBHE? 2R SO 845 ri n over
time. A car ef ulhe exgpandedndonthefortpbeioes of the inesntisrevayalssbe usedon-viva angpsvitrotthieduce
aspirin copesitnniad dred. AQESAnMIESrelOof dxsifpi@ fsa@ddutdR inRAY-Sistbiet aafofy @Kk inhibition

di sappear eoq C&?[()jroc?u%tg (s)urclzg laé/thll‘ogwgoxane A2 or malondialdehyde. Advantageously, the preferred compounds of

8

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



peak followed the rise and di sappearance of another netabolite. This was a
surprising and highly significant finding for it indicated that the

aspi rin twetoapsenss after | SDA is added to human pl asnmecwirpbdosnediibe

rel eased fromISDA itself but rather ®roma netabolite of | SDA. Thus, all
of the potential netabolites of | SDA 35 were independently synthesised and

eval uat ed d?ééteHPh-tho%%f @é BbX aownmembﬂda&ts@acﬂ RSOk AL NERbIbAYIRERSTBSs Adids

foIIovmngth One of these,
i sosor bi de? %\Eéf{'\’e p}éga g?' Coé’rOt%r?/eXBreTs&Pe (1SAS, 2), turned out to be the nost

ef fective prodp argﬁhéhm?q e élié!tpeur\dﬁoftﬂwenv@@tw ﬁﬁﬂ‘r’?ﬁﬁseé Instseremserate of Fngflice@ent4A
and B) | rforthiedatmepd digiBdsds tor tto‘a‘dlﬂkﬁﬂMQVrﬁ;&dnshﬁﬂLgﬁb Yardi®va RGP ahd eradloossguiam t h t he

carriery i 5&?5%85@'%‘3? @ﬁ%ld&%ﬁ”&%ﬁ CaAcgr A Fchf%leé/%grddeﬁ% st exclusively al ong

this path In pur t1oh qure e results overall
i ndi cat ed t hat*P'eLSBEHIgES pirediag BY PRI MiptepiKe Ci'B)’f ta%'f‘t§5t'a§ Wl Y eaappEsP t o a
true aspiand by ipledginggith th¢ sscratish abitprdtetivedasior Bhakehuonds tis prohlah és-toregdrt aspiyih at e

(1 SAS, 2) teAqgoersneh%@aqemu qttschaé RETRE gl AR ms B HGBE el .ﬁ%agﬁtp%eﬁ ;sr&%isy

th t
(5D - wiiranirihe e e Gl PR T Ry Rielingh RGP Risd T Cuahi s B3nE
aspi ri Wat e Baskieq qrwt@t is Preplicsatey) and pRsalS!Y BRICHE it bead, asfabstedecapddy elgroiag B¢pa gble
aspirin froolerd0s Esdohtdnthe BspiidhipRALE-for Med @O LOBPT DDt GLIERIGPHL 06H114 20
sal i Cyl ate ( | %ﬁ@mh%@%ﬁerﬂéﬂg@tr%%ﬁgnh?FMr‘B!ok’ ("?eI ?reaJLsgﬂHas%th?JrathzﬁéIttle%grnérg%hS S

(Figure 5 is a si ver si on

efficientl® prﬁ‘é‘ieJHH]ei QBRI RS FANF§ITeseO g Ldh PR SEChéﬂ%"ﬂ)PrP?ngif@r%or%%ﬂtqnﬁiuY ate
(1 SAS), nonterfenawgithi athbiegial fraesseb d ovoliiffeast Ipek et nitrp-adpirio lapgdacialk baresiay widely SAS
has ansas paceebt@d B@k@a&ﬁmﬁoa& &sa.t)edaéré?nl.ﬂhmr@,&@@n&ag}éh%t vear.am, Pbdeblof@sSpidnaPh i S
hydr ol yse$ g 60% al ong the aspirin pathway with the remaining 40%5

pr oceedi ng'Af' SNE"Ui¥Foducti ve salicyl ate pathway. |ndeed because I SDA has
two aspirin nﬂ]heb\(girfé'sls eftisosehiesci-adptrigate U8 alld inyaled 4 In nmeloatvwar prestdatedénse i s
30% Usi NnQr&peGing b& henz pidBuckdddpibi.t ors and purified enzyne solutions we

were able to ‘%?otsé?r?hé aa?%mstgggmg' r!aé/foEJ%‘?teP%%E%n& ca@d%ﬁr@acﬁoﬁﬁm r%?rl%o”s' bl e

for the uniq 1y ol 1nesterase (e
Fi gur e205) mﬁ' B E‘ﬂdtﬁ?f‘?j%’”rfc% B Pifatsemaieticy jojtha)ospride cpre Asy Stralohtisyard BEey§tied i n
| nt er nat i arfiad asPurbproduation data Nas that@nd/ M ST HFBirinalé eskeoeUeg hositibnsi 2%0r & ispletaehat byal

mi‘t ab|0| ' tE‘est@@ség'af?ecﬁpﬁvﬂndxsbﬁwb%raa@tés&hrp@ﬁa%g Erh‘@@rue' Hut ﬁﬁ@%ﬂnéa#‘an@m %%guFéd% be O her
actual or ot ent

ot ¢ Pnaee Eese af T iOatet B Gl st Surcs ISRE P EHD L DV B ks A
char act er | v§&d PotRiialy cofplexasakol axer edtabeitead fsimatey atbpfcswft@shwdwym deun to jstsaside.
Ad\éagt?gecm& kavicylid s2BSTHe z)dlr(u;&is ShseHak f:eincz;arﬂiult)vyed 15D ErRoni@dgeipby, whigalldedhd dePar@®n an6)
I NNI DI TOr e,

(HIJ ?agn@rqer}? Lfaérg‘n O?Eha m%?boﬂgggsecgé’?? e\/cicm, ahcﬂ%‘fqg/ IGanQ é&ﬁnlwéaﬁ%f% cgr@u&é’f |$

ADP and arac oni ¢ acl accor
products i Which u%ﬂArY\@s PHPUFAY Ik PiRoge! adl: tﬁ%feé‘ﬁ'(ﬂ’? %ma@%ﬁra@ceswe tﬁle%'”taé?ﬁfé‘hs
consti t ut i meabplit@hetuet meag)iradde HPICO T pivt eftis dxssdivere thite OTCIetRted aihgdiglysat  whi ch

as p' rin Paﬁc?r’la@s &f'\fqu'(;gres;r &?\/egfo?@bﬁ Bre QF&E@]&Q Yn I@Jure's §,Q§rQJr3§| ﬂ1@ CL?rves show the
as pl ri pate-

ug
devel 0 rrerf‘ﬂsa’b"S?rFﬂce éh%ﬁ a@é\}he F%‘)earﬁflf‘i 9 af%ﬁ“ 05?58”“? h‘\ecafﬁ[}?x%fﬁ'{‘at'8? ‘t’)ré*?‘?@eo‘i“ Ke el
i nvest i gattiveigs: ke abririy coicentratinnapntigied barise piter thie gavent FIBA Hed dbappsiypd dnd sgcendly it9 0
sal i cyl at eefd Sinwd tRer@Snd @sab&a@m‘elombm& rRYabBIRd. RiaRRS sL@righg@hd higHlySsignificant

phar macol qgj, ggTjor FM %?etcﬁh %Qﬁé‘%\ggppg%s after ﬂsB&L Jé]:%bf rBInQA ﬁghﬁﬁ! ngé@%bkv' ty a“d

is therefore gs@ er goes Hé
a hal f -1 i"fleeses rqgQISIm\ g rathef frora a @etgpplite of I§Dp uspﬁlléggﬁ@@;erg;ﬁl nfeﬁ?i)l&eépf ISDA
di gestisve vprabdepsesitinsydthésseband sva@stee bettPes asfaopirchrodiugs ARG BN ©® pladrta and

i nhibits %@m{; i mwyggal HERA dn@Wah&s .@Em&tzﬂgahﬁateaézgaﬁt fafd d@le&“%ﬂ bl 1ol ood
(i rrpedancigth I C50 nodel is

As
25 pM bl e o o e s DS B T v v
( TXB2/ whol s thisddnverred lamA te Wtrlhelsmgwﬂbyhewa@bre@sml@t edabitylste. IEﬁrydmyssft alddse s
show t hat dxa@say bbfdeni@pasipblrifitdtenbsoradr Eylrat®. (1 SAS) is specifically

activajed by t n idly,
but Wi h t he S‘I‘Q’Qresﬂ@&%&ll%@@%ﬁﬁat |s§§$%g£&£1sﬁﬁhja@@sﬂb gﬁseas% ?%(.:grg&:g {%
present i rfsPI Fé%‘{”ign%ﬁ m%?ﬂo”ttﬁ@‘PSPrﬁlde Fnaﬂ’l‘rtﬁétéﬁ‘é@'cy'%gs"éb@er vation that two
enzynes can riehee ase faspihet nomér gavme SO fiBi Geeteaspbves thabetybgeal df gl at e

(ISAS) is aggglrllrﬂfe%@’s&s)frbfa@ hleagﬁr%teQﬁgA)aQM@rﬂg SEERH 3t pobflon% #s M&r‘aﬁ@ﬁso%@&de 2-
aberrant enz

C
AN A AR SRR N o3 S B IR o YA IR L
t he conpound is stable under conditions found in the lumen of the G tract
but breaks down rapidly after absorption to well-characterised netabolites:
salicylic acid,



i sosorbide, and of course, aspirin. (The simlarity of substrate preference
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of the GI tract but breaks down rapidly after absorption to well-characterised metabolites: salicylic acid,

not

isosorbide, and of course, aspirin. (The similarity of substrate preference in this regard by CE-2 and BUChE is
very surprising). A further advantage to the compound is that its carrier is metabolised eventually to salicylic

35 acid and isosorbide, compounds that are either innocuous or pharmaceutically well characterised. While ISAS
has significant pharmaceutical merit in itself its discovery points to something more generally valuable.The
discovery of ISAS and the kinetic models for its production and aspirin release in plasma are described in our
recent paper (Moriarty et al. 2008).

Isosorbide-2-aspirinate-5-salicylate (ISAS) acts as an aspirin prodrug because the isosorbide-5-

40 salicylate portion of the prodrug molecule has a high degree of complementarity to the active site of the
human carboxylesterases. It is because of this that it undergoes very rapid hydrolysis. The isosorbide-5-
salicylate portion or carrier group of ISAS successfully promotes its own detachment from aspirin 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.
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The unsubstituted compound (isosorbide-2-aspirinate, 17) is not an aspirin prodrug indicating that 5-
substitution is 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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24 nitroxymethyl derivatives of isosorbide-2-aspirinate-5-benzoate were made which fit the pattern below: These
30 include compounds 20-23 in Table 2.
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35 high melting point partial glycerides, and/or lecithins. The filling may also include an antioxidant such as one
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Asp- acet- —Mﬂﬂm@ﬁ@w&@ﬂ NAVRESCi). 11295 (EH), 2643 GCOCH:5 6996 (15551, 7’2

149. 6, 133159;6), 7320 dsC-9)218.18 (150-23 8el39 (1221) 18,5 3865(63) BA26(ArES), B3.37 AArd2), mSQ
33.5, 24. ;

3-t hi ad| ag(érlcg‘e 1-%3)36122@3 s BRPRE5S) ST SRR IR By S TRl ciocohn, Fra.7

| sosr bi'de-O%IIPPFPAKYe 17 (200 ny, 0. 65 mml) and 4-nethyl -1, 2,

3-t hi adi aZelserbige-Zagphioats b{recyabenzoae e react ed together to give 228 ng (83%

of a pal e pink Itda@rabafagpﬁrnatfelm(szbo B8 D@D S ¥hobdntdYI b HBG 20 md:18%2 mboiBwerd H

NVR (CDCl 3

Lo, Aspeih Loy a2l Gl Rl e fesf gy g6 R
H2), 5.5 (Zl%xlfh HINGRGEPC, 192)‘4“2)3593 (MF}H“U&%’@E dd)Js &lip) 1.5 H2)6h8 @H(dlllf d,
J=5.5 #z, 109zHH3p,(1H) dt] 3£ dHz, 1R Hz), 3B5 KA, fitaie3|Hz, 1 &5, HR(1Had §3Bp Hz3505(2BHn), S,

t hi ad- CH3)5 05%1# t(J3'ﬂ 'Hz$ 4,651, d%C%tHzPﬁ)@H 3G, A\M-Dr s()GQqn\;?R éQQ %‘Wzﬁs 1%@9 7,

163.5, 162.9, 159. ?50 134.,74,7131.8, "126. 123. 8 )5 80. 9,
78.2. 75. 91 3%16@1 1%38133 %,11368 1%9 f314 1298 125.7, 1234 1221, 1174 1163 85.7, 807 805

| sosor bi de~2, &H148, Aat,e03- 0 BBMS (Egm’ilwb@ﬁi\bﬂé:.ﬂé) reQu?feS 43640481 'dend23&4188.r Amalat e
17 (ZooomzaHQO@ﬁecﬁU‘F&Jd 68¢] HANBRES, n@gmhdo@zsgrg%m:a%l,qh:é@?? V\nﬁ’ 0. 7_2I rTm]pl)

ver e reac t oget t o give ngy of an o ite oil after

f1 ash ‘gzohroIFPé BEe Zas‘h’qet @? PeB oS 3:97. 1H NVR (CDOI3, 400 M) 68. 1
(1H, d, J= 8Hz IS%@ﬁeﬂmpmn?teW (29049, §6mmgi-argdpphenylbepayichipride(1Keryg, 072 meol weme ¢ |
J= 1Hz, Aspactdd}qgetheridbgifelilds mg (658:)bf dbjousoiltd®yr, flash. chrofatbyramhy witFarose :Hiex 1:8. H2) ,
5.5, (1H qu’llM go%b'%o MﬁﬁzészéH%Jislk'hz) 8.0 dF, d'é ! Isi )77(§H @5J—(<335'T|rz) s

J=5.5 ke, (2HdJ 7Hz), 76(1{-I dt, J= 8Hz 15Hz)7 (2HtJ]’75Hz)7 tJ 81—Iz)735(1fEI)dtJ =6.5

4. 38,



H), 2.6 (1H m nip-nethine-H, 2.4 (3H, s, Asp-Acet-CH3), 1.7 (4H m 4
ipH, 1.5 (9H s, t-Bu). 13C NWVR 15 (CDClI 3 400 MHz) 6 173.9, 169.8,
163 5, 15%07%p091080798, 134.4, 131.9, 126.1, 123.9, 122.6, p83/EP2008068114 79. 6,
78.5, 77.2, 76.5, 73.9, 73.0, 70.7, 44.9, 40.9, 28.4, 28.1, 27.9, 20.9.

HRVS (EI) C26H33010N, [ MtH] + requires 520.4616, found 520.4631. Anal.

C26H33010N;,r ?HE)H?(&H @ 1685 A, 5.48 28 -1A05. 05\iH, 269 Hfzpu@sigﬁ d, 905 35, 4. HHan Gn)/ B4 N

2.76 Isoso c )

2. 78 L SOS o CARIBEn g I ACEEAMGDRAZORLE) 88 B0 v pos pas
(128 ny, 01272 %I 196.8:\@f-é 1222 diet 1120981 héP-/t §-1gi /e 20D/ 71660, 281> &RWAI t e
sol i d aft ge1) tlashy, BHHOTEGUREG48QM0B3 Vibuinh 4850k . | AnBXAH, B Bduired & a8ISR H: @06 lfdind 400
MHz) 6% O,jﬁgg% @ssp H5, Ar H2+4), 7.85 (1H, d, J= 8 Hz, Ar HB), 7.6 (1H,
dt By 7.45 (1H, t, J=7.5 Hz, Ar H5), 7.35 (1H, t, J=
1Hz, Asp Hegporbige- &Bﬁp('mﬁiﬁf;éﬁch@@'cwat%@p H2), 5.5 (2H m 1S H5 + H2), 5.05
(1H t, J= 5 HdsosibBe-pH3pirindte 85 (260 Mg, (R mdetbanB Gtdalprohi&tikd®chioridie(23Q Md:0.9mmd))S1- H2

iI‘S- gg;i 3] . weke¥85ckdd t({ 'hér%h)orm 6Glo3 |v§256ﬁ§§-?06§§{a Vi olid g‘tj(_egflgs@tﬂwromatography 0.2
a7 gy ethﬁlg'% g g} 88 9611 S i 33y sy iy,

120. 2,1085 37 8 HzpigipHizy, 7.¢@H]dt, J74 He L. 5 Hz 75 (Hpt, 4—1H6)07 3, (1 4t, 2=6.3ity, 5HZ) 1731 @H, dRVB
(El) C24H23GHNVz), [5M5ItﬂH+ni)esq15|(ne$ J4'smz)43$2(1H f,0umdiz 4Q.(441 03, 2.408) s). CRAMR309N

requires G %éjzroéﬂmz)mesﬁ z 312138 {:0ungd & 139% %9 gﬁ4§2@79 129 15.8%2.2,

| sosor bi de I rinat % [foxybenzoat e
| sosr bi de-8-7a8f r{-adPE 47 Zz%d%g% ﬁfﬁ%u%wow%@ﬂzvﬂm@%ﬁ% foundei d
(182 nmg, 04481829151mma) Czlwlﬁosrr@ams@dmnget%waaclc’»dqstdd Age6L20, HERR11W 3gkve 346 ng

(N ﬁ/g‘V% C%E | gsae%.a@z §s<alnhé:ﬂe @Eb@morBJsmhqymnm&w aphy with EtCac: He>§AS 1: EM 1H
m Asp

Ar2H), 7.35 ( br‘?% zﬂ?ﬁ'”ﬁfﬁ(l QP%”Q %Tm%d Zr‘be&fs%"‘W’pWRi”ﬁ)“ 7.25 (5H, m

BnH), 5.5 c@@moymwlorids(zmmg 3¢9 "TRR) werdsregd tqogther apcording t&GRAAD giveSIopig, (530)6f5 ( 1H,

d, J=5.5 H?h,lte fo&n'aﬁér flash .cArofdtbdraphy withStedd2 Heazkd 3h NMR SDck20D &Iﬁﬂ%&O(l@l dd, (3%, s,

35 Asp- A T 0)

135 8 134% 4 7143(91%@ 8§ 8?%37 6891‘%{2@& %%'9”% 764153(%“63 ﬁgﬁ% (q*ié%g 6f
123. 9,201 21z71 H§77 17““8‘6318 5¢17), -4 @ﬁ ), 595 (T, £, 335 H2), 4pp @H, = hHz)phi giH, Wnihlvs
(El') C29H26A393H, kK] 3H, 5)efONMR DB 80048443 1606168l 1,5581,4357,.13A% a54.0, CRAHAZB0D
Irgggloi ﬁ.sd% 571zi?r1lzb'|8 120 Q35708041 77 754 728,728 70%%9&2 20.5. HRMS (EI) CyH5oCINOg,

S o R R T B B N R o R o7 2 oo B 2030 {105
ng, 0.88 medll)H AeSBe\: 2Péact ed t oget her according to GP1 to give 346 ng (85%
of a Wi t assebitié2-adplindte-bL-3 S etbhryRiBit@uaphy with EtOCac: Hex 1:2. 1H NWR

'(A\SCIF:))CI E|4) 4(;04%&1205%2%2(%?( h%le g(zgé %E}% n{nﬁa‘ﬁ? c}%thcz(}&éanz(oﬁgglor%%(liém g::? mm%l)

7.1 (1H, dNereg'eg:tepiioge%@cqq ng to GRg. tggw ﬁmgrq4°/?)§ aHfEcouBy]ellw afteg‘la% (lH t, J_
5 Hz, IS Hﬂbomatdgr%y@[tthftoeh Hax 54 .5H lelR(atielg,He;u MHZ). d8.{ aH, d, msmﬂwm) WO(1H, dt,
i209/A 08?7%5 sﬁﬁlsﬁE’Z\Q )Oﬁc%lﬁ t, 3361HE %@1 é i§§ﬁ |d21rizas“e{n§hi+6%2r A1k, ?hHS 5$ig, Asp

p- Ac
136. 9, 3%13932671@% ¥y Be”i'i% 'J'%Ezé“%gg ) §©T§“4)1‘g%( i d
123.9, 122=%p5Ha7S '7'3) 862 @H, r811511Hz WBBJBISG Hi[tllﬂ?l, ethigy-gth), 208, (8 SA@G@C%BM@(GHHRIVB
(El') C29H2608 Hz [t )t PEMMA €BS; @@&Hﬂ)%%g sf 186580163.88166.83330.7Anak, 131.6281H2609
requires
Sososr b dEe3 R TRAPLR U Pk B T PR BB BT R IS T
134. 13g/ ndlsHB08gHE rspiesid 3‘94énfaw19|5€ 196% o‘bf}ai Bﬁ'ézﬁﬂl@r%@ﬁh%?r%n'é 5(% RndE33. 19
g/ nol ,3512.63¢5/+:389mol ) were heated at 180C for 4 hrs with stirring[31.
Col our chqgtg@rb,ggpggpgm@g[ g%eg9|qgggazo|g\@%at§ n over the course of 4 hrs. TLC
(hexane/ et hyl pot NVR det rm ned t ha he top
Spot (P 0. 77) giee TR )tfé%g&‘?‘ihy'dﬁ‘?faé TR SIS s pot
(Rf 0.57) Ow@snrihtviesd reateed 1@ethgrdcdotdiag bzﬁ&lémwp?@ﬁ Mm@ KF3%Q oflalyhitgdaam after flash
t [1 : pheny| phempdagrsshy Sith Fko!acarrgmamwm obci -l(m MpRY B3lsh cie, wasx)LUdo erc ed 8Hz
chl or t n chlo
di ssol@gdh/%éhpﬁi (;:ﬁ%l{%lr-'oc}r%‘et hli-ng 5%5(9%&#5 71%}} tn}t \#Hﬁ;.p%? %43 %flﬁoé ?8?9 Agg)ﬁg
d=0. 726 g/(@f,™ &oUpt HD: 2.0 8Hrkdr P HadS Hé)dﬂlééll'hﬁd PRSP Buf-& (e 1SEHoIoE8) t o
0C. Conpous@H,ld+gIm3w.3t368sdk4Hg/ MeH (3H,B, BpR84-CH;) 1 T NMREDCI; viatsMidel 8l éd. 2amg8.0p he
m xture wagg 4Sishbr@8le a3, 5019911%@5@%?11 Ube1 Q¥Qr4b0hs o Whi | B 2504 8£% e sf oM
light. Thesors%réde 2- aspg' ﬂatgg( 4%1%th9|u1 % 3Wﬂ|ad|e\1,¥aeg ogte) 26



15 with HaO (2M 10 m), 5% NaHCO3 (10 m) and distilled water (10 m) and
dried over sodiumsulfate. Mxture was concentrated producing 769.5 ng of
a br own/ gweeanosish79sThi s was chromat ogr aphed usi ng hexanetetdrydos/ossaes at e
(2:1) resulting in 419.4 ng of a brows solid (Rf 0.38). 1H NWVR 6 (CDCl 3
400MHz: 2.38 (3H, s, OCOCH3), 4.03 (4H m ISH1, ISH 1, ISH6 and

|58£|_l|-26l( )2H 4.66 g;(H’bldg-’Z -abprifatd)7 (200 R, d%"rhmcmanmgﬂhg a1, D 3]t9ac(|a]z!)'lie 5- ca9r§oxz|k:§<|f'h 4),
o2 (ot Dbt Do/t By ook o sl Fioatlonghs Kl pEpiied 3

400MHz: 20k 331"' RARIGEH3S Y00 Mil) 9. K(@szd‘)wzmp WY, 1.1 @8-dt))= 8H7 2. 5'7'78A§P| fSQZJ@f (1H74. 33
(1 I2§C4g) 7t81—llé:|z (N(erQB)Z? 15 (80,4585 @, $§$r|4b)) 5.52H,28 1§ HSEH3) 5.04@R, 21k { i B HE), 265 6) ,
(w1c 9, g Psi dih P lTen Calindo e i by

138. 54, 15958 AF BYBGP iw*%@ Pél—}é §-1 195 1474 A4 338 189! 29
(Ar C( O OR)86.248100, i78)2,\Wa 9, tﬁ2$§@)$ ved, i41. CH3CN THF (6 ml, 4/2 v/v) and treated
Wit h AgNGGsdshbive-2-dDRinde s - Q&Ehsomgéotgte)? g=1.7 rrm)l) and refI uxed for 4

hour s bef re stirrin rooom t enper tected from
ane. "M NEtrRt gt P 2L PEA g et ?“LF%&O"'&%?% Solllor bl 2Tt |
et hyl @cetraqct@d (operheritg giveri@s mat49fe) ehen offf white Pheftepfiagh firemagrirsly widdle@AsREM wi t h
wat er (3 x3:9. MNMR (bpdNeo(MBiz$8) 1 @A, I sHRAsPMBS 7. 8QH) diT=BHE, L BHE Asp H4), 7.35 (1H,

Concent r at ep_, 1HIRIHUS! 19 @R, Phls HQ’”AsS Vel 194“5 QURE pfAP %i et hyl
oot A S sﬁeiaﬁw@mkgh%m+§m&ﬁ%6
and | SH- 6'B), 2.61(165n (rlpHnetidne-H)SH4 B, s, BspoRettCH), 1.7 (4H, GHt @) H), 5.5ALH,(s2Hu).°C THR) |
5.86 (BH, &6sal, 40§MH%/6H7§§ 169.8 3.5 (15kly, @p. 7'°1r34 @1313 138 1 (b, 3. 6@59"&0 7, ?9 é9

2H, Ar
(58 ik ol atnpe ik e ta oo Wil 0. g s .
73. 46 (| SG28¥616:7aung (520 46BEEN) CosHa@ OV TeqUISC: 6011, BCH-49IN:(2168Couad C: 688564679, 8C- 3)
122. 19 (Ar2m6C 2/ C-6), 123.40, 125.66 (Ar2 C-4), 128.76 (ArlC-6),129.77
Arlc 2 1 131.41 (Arl G4 132.44 (Ar2
< 5) s %%‘%b@‘gza%@rﬁ%gi‘s (}”ﬂo%tgg'ﬁgf’?%g’%ég )65 15 O(COAr CHZO)\IOZ) 164, 91
( Ar CEC%HS , 16@502@'(16 Araar@yte]jg (200 mg, 0.65 mmol) and m- acetam|doben20|c acid (128 mg, 0.72 mmol)

| sososr bi d/@rleeasqdltcvgeuha’tteg@ez(ozntgl(ﬁa*’/o@f(g/wmetsbw!Iapterlﬂmmamao@aahy with MeOH : DCM
3- Chl or orrejtéwikhmz@m G4y N«mz %90(3’n W, As:!s&@ RA4295pbs (1A= 338 H8/alhe), OO o= 3. S

mmol ) was sql n t 101. 19

o) ves Lags taterdss i s SOSTELERL ﬁvﬁaﬁ%é& ToL SAmLITL 05 4 %‘wég\

cool ed t o B3G5 SGé'rhrmwﬁwldﬁ iIﬂZ)( MWH 308 51Hz 1§HAp #-65 QHBd 1gp-HZ) IS3H3hmd I(3H, wakS1dld ded

and 40st QQGHB]XIS&HQE[G\A@$ 254 (BR,fspAbp@AketicAQM. 1 @APATaadteHY. BE AMRI(@It; 40dWHzes 169 3
rotecte S t

ﬁaHCCB (10 eéﬁ%éb §1 1%5‘{9'1%“?3(3% 13"1"%18\6@51)%9 15% 195 6"%44( %M4 ?&m%u[ 2 o

M xture B cbﬁnbéf‘rf—% Ee-Bd0fr Pellaét- %uj; » 1P GIRYP (FéhC26|2409N W\T'ﬁ ViRqeires 470.4392,

chr omat ogrfaphazh.4483. n@amezmmm ehytineb Cana et at: @.96,3\: 208 faueds@let 52gf: .09, %0388 ng of

an oil (Rrscgogﬁezgslﬁl NNBS@“ X§0 QEM% 2.37 (3H S, m’ 4. 06 4H m

| SH- 1 | SH-1' 3H ds 3 an 2C ) 3
(1H, t° | SH-4) . Isosr%'i%,gemnata? 2?%5@8?@# %5572% 0:88 mm°9
PCT/ Epzooaove@@s@eal toggtherAccp@iing 14-GP1do giver 346img (&5°/®2>f { White selid aﬁr@rflpyw,chmmarvgrqmw, t,

Ar-H), 7. 5vthEPEe:HER 1:ArH MYR (BcQ 00§ Rik) 318.0 AH- &= 88z A& H5LHL7 SH, m,A6p i, Ar2hBC NVR

CDCl
e 25 e, fr% %Mﬁﬁ?ﬁ@%&g G0 eptls Sl bt @é%ﬁs
122. 18 (Ar(?"| & I7/3aHz685 HAY 295 81, d.P75:5 617 1§ fgipd-E(4h ™, b g: 18I, Pt +6Y, 4%GH 2
(Ar 1C-B), ARBceBOH{ APAIBIBICPCII R0 MED) o 160.26-105.2, 1434, 18117, (1758, 18-40)33.71 BR.0 Z31(9Ar 2
C-5), 133.898g 130.33180.5 fing. 55196 20§ 6112990y 7 k63s1LP 7§ O ﬁ"?%@% o 2h@A HRfs

oy ot Eu bR s Y e e i e o ios & it ¥ 2

refl uxed f@67.28 HouPs before stirring overnight at roomtenperature while
pr ot ect ed IEJS&B“ué2g&atnnat&\/k(ﬁwnglomgnzoa‘té)bbered and concentrated. This was

reconshy tuted Logly, pg%gégisﬁ{rjgl@%m%ﬁggn i il Rolldo e, B0ANLG, B0

was was hed
sul f at e. Cff"l‘f??é FﬂgFta?réﬁFordwﬁ &fefd ithgjveaito ae K85%0 oflhviets slid 81 FpsH ﬁﬁ%ﬁ?%i?ﬁ’éﬂ'%a ng

hexane/ et Hybacaieet:at'e NMR (ADCI;r 488 WiHE)i §1§.0i(1H, 4,84 .88z, igp o), yelepcw Iwelkiz, | 1i.96@, Asp

material . bl % QH(Q%C%S ﬁﬂoﬂvh“zinzAs%%f, 3hk ( O@%“ﬁ)a QQHH\%{; SSH' 1,
lsH 1' | sH 6

o L R e s i35 S s 46? %3 2592 KA 4Lt If&}

7.50 (3H, m Ar-H), 7.65 (1H d, Ar-H, 8.01 (2H broad s, Ar-H. 130 NVR
porn (CDCl 3 400MHz: 20.51 (OCOCH3), 70.37 (CH2ONCR), 72.78 (1SC-1), 73.46
(1SC-6), 74.30 (1SC-5), 78.01 (1SC-2), 80.61 (1SC-4), 15 85.64 (15C 3),
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5), 130.30 (AriC-1), 131.41 (Arl C4), 132.44 (Ar2 C5), 133.25, 133.93,
150. 23 (Ar2000), 163.12 (OCOAr CH2ONC2), 164.71 (ArOCOCH3), 169.28

(Ar C(O) ORyo 2@amoRsbi de- 2- aspi ri nat e- 5- (4-ni t r ooxy- nmet hylcx/Arensosties 33

4- chl or onet hyl benzoyl chloride (mw 3689.04 g/nol, 650pl) was dissolved in
di chl or onet hane (10 20 m). Triethylamne (mw 101.19 g/nol, d=0.726

g/ m, 600Qb+a, Be-R, WP sa @Qet@ng t3hﬂMli1(éﬁch4@o &S 5 1608 8580t B53RCis0.7,

Co d 1

Comouns 15,18 AT RSP Lo oo e bR o g e S o B

| i ght. The’4rfi RUresvids, Wels HBYIS Wilt GroH=0h, (V12N r@@'resﬂ§434$%uﬂﬁ5@6§38( #02im ) and
distill ed camteer requles atloy.18mal 5 ds foach @6RBs5, si0sligim sul fate. M xture was

concent, ratlgoqosr%d%q a‘é@ﬁ}a&ﬁ]@%&g n@g@ﬁ%t %?ﬂlegP hexane/ et hyl acetate (2:1)

resulting tn'1 1H 25 NVR 6 (CDCI A 400MHz:
2.35 (3H, s, o@dﬁﬁﬁl@? (m-y: B 184 mol, 339)~gH4-mmoly agfdighlorotyiRhepyiphogRpranasip-g 33313 6
(4H, m Ig$hbl,3123gd= 3R Gl) weiermpdted &5 18DAC (ofl #Hnrs dith 4tiSiHg'2l) Golobr. chahgé RéMn grieen th Slaw

| SH- 5) 7. ang se(e;r H/er fie C(ﬁr'se '694 hrz T éxlaké/etﬁyl ac‘etrat'eu)l) sho]le(ﬂisp()tg 'E‘nd NFR d@fernk'aed tI?at o1

oo i by et es G B citoptiienh ioi isseiho s AN WS BphdeTy 31

(1'SC- 50, 7Bd B bettomGoe(Rf 1) 6% t nhsulpmsphorcws A0 Bt} the pheligewas Aprpacted.2-
C 2/ C6), c]:Bl%mét@ylbe]:%l Blbride AFi@irdC24 Jm. w1138.05 3/ oD Grps d]sgﬁvegﬁw didodfre@ine (1'1(29 77

Ar1C 30
142 20, 198 AL TRARES st i b b e ride s
(ArC(O O?)COOlqdrFP @WF%I(W%3Q%4@WW T 7 fmol) Yﬁs?d \?)‘d the, Figf “t"er‘féaét ed
wi t h  AgNG3stifren atvrooth 68n8ratugd avernight i enmyotectddl. fbmriighl Jhe amdlire @fdeni kg r)fwas wahdtiour s

Rlef ?r e sst IW.{MQW%%%@%@@ ({mmr&ﬁ@m@a RLH (€0 Wybrld%r.m&&r%s& &sdcke Mikdrght -
Xture was

acetate (16° ﬁf}”fenﬁﬁtadd LN R o A o *é“apvv?agfgowa% vf&&wa-'ag It or
(3 x 2 ni )acet@s (&s¥)irgsultifgzin m9)4 reenef achrove Golig VRS 0.38 o nas@trsat ed,
produci ng Gaoc _;)I 49916 In, 1@s1, M DNBH-Ogiaghe 4 86(1A Y, Islm@;asml(m hyth.a0 sti1at®,

2 1 |t fo\ of iyt |3 2.35
(3 s, kﬁ‘z&ﬁﬁg%%ffﬁ Qs et el e b R
d, | 8#03) Ardl),® 1((2_|_I1,.|dd fAr-H) 5Jd|qg9cr|3)5 4285 (Mg, .15 (ISC-1),
| SH 2/ H 5)72.78 (IG@GX 1483 (@KC- 51,\r78|ai). (ISG 2)13&0 !EZI(IHEC 4),, 8548 {I50)-3), 72248 (Ar2E12/Ceh), B4 ,

(7 ngl (~ 12001&56?%2 ;12809 r@iﬁzs% (A c-3Y) 13080 c(5?|‘i30¢3(Aﬁrc 1?131 i@:’ﬂhﬂg aqgm
(1SC- 6) %5%%( A 55 %E%% 1 "lZ%éAr &%3 g%%%é? 82)8@5 %“22 19

(Ar2 c- D1 CACE)ORYI 400 1 nmvas qg@ve@i@w qm\ww (@], 4/2343) A trgatedhBYNO3 my 5. 8( NG 2) |
129. 9225( Argl4g- 959 1.7 MI) 4 réfﬁ&éd@orh) hourlB&orQSUmr@/&érm@rt 41) roorﬂ-&%pér&ur(e&lh% ﬁot&i‘ed

150. 24 ( Arf%%q gﬁt M|Qt€|% (\3;/:,'541’%(9 %%‘ cSHE@q ) is ?v? 4’éc%§st|£ %gt?te E‘Jg%! \%%d water (2
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aggregation was initiated after 10 min preincubation with these compounds
10 To study the aggregatory potency of ADP, the concentration-response (0.3-10uM) curves were
generated. Collagen at different concentrations (3-5 ug/ml) was also used to induce platelet aggregation. The
submaximal concentrations of agonists, i.e. the concentrations that gave approximately 95% of the maximal
aggregation were used to study the effects of inhibitors of aggregation. Results were expressed in per cent
changes in maximal light transmission, with 100% representing light transmission of platelet medium alone.
15 Inhibition of TXB2 synthesis.

Aspirin inhibits platelet aggregation by attenuating cyclooxygenase mediated synthesis of PGH2,
which is converted in cells to the powerful aggregator TXA; by thromboxane synthase. TXA; is highly
evanescent and unsuitable for direct measurement but its metabolite TXB, is generally believed to provide a
useful index of the parent. Aspirin treatment of tissue in vivo or in vitro is reflected in a depression of TXB;. In

20 order to compare the compounds of the invention with aspirin in this regard untreated whole blood was
allowed to clot in the presence of aspirin or the test compounds over the course of 1 hour at 37°C. The
samples were then centrifuged. Serum was collected and TXB, was measured using enzyme linked
immunosorbent assay (ELISA) kits obtained from Cayman Chemicals. The experiments were performed with
aspirin in descending concentration from values that gave complete inhibition of TXB, synthesis. In these
25 assays ISAS was significantly more potent than aspirin as reflected in a lower ICsp.
Flow Cytometry

In order to analyze receptor expression on the surface of individual platelets and to minimize platelet
activation caused by sample preparation procedures, no stirring or vortexing steps were used. The abundance
of activated GPIIb/IIla and P-selectin on the surface of platelets in the presence and absence of inhibitors

30 was measured by flow cytometry. Platelet samples were first activated with agonists either collagen or ADP.
When platelet aggregation reached 50% maximal light transmission the reaction was terminated by 10-fold
dilution with physiologic saline. Resting platelets were used as control. In most of the experiments, platelets
were preincubated with inhibitors for 10min prior to the addition of agonists. Platelet samples were then
incubated in the dark without stirring for 5 min at room temperature in the presence of saturating

35 concentrations (10pg/ml) of P-selectin (CD62P-APC). The activated GPIIb/IIla platelet receptors were
measured using PAC-1 monoclonal antibody at the same concentration as above. PAC-1 specifically recognizes
an epitope on the high-affinity GPIIb/IIla complex of activated platelets at or near the platelet °. Following
incubation, samples were diluted in FACS Flow fluid and analyzed within 5 min using a BD FACSArray (BD
Biosciences, Oxford, UK). Flow cytometry was performed on single stained platelet samples as described

40 before®. The instrument was set up to measure the size (forward scatter), granularity (side scatter) and cell
fluorescence. A two-dimensional analysis gate of forward and side scatter was drawn in order to include single
platelets and exclude platelet aggregates and microparticles. Antibody binding was measured by analyzing
individual platelets for fluorescence. The mean fluorescence intensity was determined after correction for cell

autofluorescence. For each sample, the fluorescence was analyzed using a logarithmic scale. Fluorescence
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p- cyanoberfreraration of biglsgicalsamealgs quthwtrelyﬁ'eanmasalrmrﬁ'e@mewemﬁnizo
p- phenyl benzoattiman Boodlsatiks viessoieeted\it vetipsitted ired LihepsFin Sakdtedt G6movdtia tubds (9
2005/ 08075 PRSP e raf EALEl SRSy b Moo 0
t est ed NOt'n ¢ @gqt%tdttnz'equ?ﬁ fﬁr tﬂ%‘% Po urRPrF@Mer@mr%gmes (ALM) were diluted to 5 'ml with
phosphate buffer pH 7.4 (0.1M) g|V|ng 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.
10 Cholinesterase activity
Butyrylcholinesterase (BChE) activity in HLM and HIM was determined spectrophotometrically
(405nm) at 37°C by the Ellman method (Ellman et al., 1964). Butyrylthiocholine 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 mM) and
15 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:

Enzyme activity (umol/L/min) = Sample-Blank Eqn1
20 10-6(abs 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 buffer).

25 Table 2:
Compound
OY
© Haif-life and molar % Half-fife and molar %
aspirin released in aspirin released in
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o e P o
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3,5 di ethoxybenzoate, OEt Not tested Not tested 3.1 mn <1% OEt Y6 R= 24
3-net hyl i soxazol e-4-oate, O 0 Not tested Not tested <1 min 72% -N R= H3C
25 4- met hwb-2099/080798- t hi adi azol e-5-oate, NON Not tested NRot/EPeaiB@68Ifd ,Yyi n
68% S R= H3C 26 NBOC ni pecotoate, 4 Not tested Not tested 4.1 mn <1%
NBOC R= 22 3-acetam dobenzoate, O H N, f Not tested Not tested 1,3 mn

21% O R=—28 —beozytoxybe Tizoat e, 0 Not—tested Nut tested—>T5mmm T <1%
R OBn 29 R= m benzy enzoate, O OBn ;Not Be$t§g Lt 2i e d 8, <1%
30 VWO 200%08079%.PCT/ EPR008/ 068114 44 %tnﬁgate Holl | conpounds o
Hal f -1 i f e—amd—motar—& 90 Hat- =t fe—andrmot=r "/ﬁa Hasgrrmreteased—n

aspirin rel eased i n)égjO% human pl as /b I a0 R =
mgi%gm%] %D Wmﬂg 12’?!9@?4‘3

ONO2r | SM CtR EﬁEN \ ?90 T'n 7.13% 5. (
i troxyr net-'ﬁﬁ—)iéﬁ-zﬁ‘a‘t—ere’d(l,

)b 3.68 min 18.76% | 0.33 (min) | 27.62%
iso-Micotinate, R= N g
L0
)ﬁ 20.63 min 12.87% | 4.27 (min) | 18.8% %
Benzoyloxy-benzoate, R-— 9
A@ 50.22 min 2.82% 1.55 (min) | 4.68%
2-&minohenzoate, R= 10
OMe
A@ 3.59 min 5.16% 0.99 (min) | 7.08 %
3-Methoxy benzoate, R= 1%
O
*(j e 3.28 min 18.91% | 6.85 (min) | 17.00 %
3-Methoxyhenzoate, R= i2

[e]
)ﬁ 3.17 min 2.53% 1.10 (min) 375 %
4-Methoxy benzoate, R= OMe 3

)ﬁ £.23 min 15.85% 2.16 min 14.48%,
A-Methy! benzoate, Rm Me 14

)@ 2.86 min i8.48% 1.37 min 22.35%
NO

: 15

4~ Natmbenzeate, Rw

4.43 min 51.0% .68 min 60.47%

Aspirinate, R= {ISDA} 16
Unsubatituted, R = H (Isosorbide~-2-~ 4 AS i 5 oo
aspirinate} 17 4.08 min 2.85% Not. tested Not. tested
-{ 3-(2-bromo-acetoxy)i-benzoate,
o]
o OJ\/Br .

1.85 min 74,2% nfa nfa

R i
[¢]
1.9 min <2% n/a nfa

Cyclopropancate, R= M ig
p-cyanobenzoate,

Not tested Not tested 4.3 min

A
iy

o
P

B

R= CN 20
p-phenylbenzoate,

o]
)\@\ Not tested Not tested >1 hour <1%
R Ph2i
&-chioronicitinpate,
e Cl
| _N Not tested | Not tested 1.4 min 45%




Not tested 'Hot tested 302 mn 81%
ONOZ Not tested Not tested 23 man 78%
i t roxynetwpl2pednsomeat e,
( oo, uxy acetate,

(0]

R= 31 -N i troxynet hyl) - benzoat e,
~Z R= 32
0 5.99 nmin 2% Not tested Not tesramP2008ME11R(r) 33
0 3.61 mn <0.5% Not3 tested Not tested ONO2 R@ 34

(4-N

O %

Results of tests in plasma fromtest animals QJalltatlve hydrol y5|s

screeni ng yéhﬁér& ﬁ‘m&'hﬁhk!t?ﬂ&étﬁ S=sattcytate 2 (0 tmM—wag st udredrustg
guinea pig, hamster, rabbit and nonk pl asma; The purlpose of hi s test
was to deter ui tabl e species for 5 biological tlesting and
preclini cal devél/ pnent. The resul ts wel®*8f<o %&fﬁ?@?ed t6onfirfthe role
of the human enzynes already identifiled because these |are vari pusly
distribute®kin | dbor¥ory animals. Tabl e 3: Hydrolysis |of
| s- 2- aspi ri‘néEdeBheatdaty| ate using varj ous spegies - - |- - - - - - - - -
S -- Sttt s s 'NO‘tLe‘sted iNottested | 3.1 <1% - -
- - - - - - ‘ OE-t - - - - - - - - B - - F - - - - - - - - - - - - - -
o __R= 24 o
__ _ _ _ 3-methylisoxazole-4-oate, b - - oo - - << - Pro-drug
conc Plasma sQur Asplrln Drug disappearanceﬂme(m’n) (mv) - - - - -
- - - - - - _P_ - - - - |-Nottested IiNettested -| <imin -1-72%- - - -
e T
- - 0 - 4—methyl12'3'th|ad|azole50ate, I e [
- - - - - - _O_ - - - - — - - - - - - - - - - - - - - - - -
- 0.1 GU| nea P| \pr/esent after 1 hr (v ¥EPFEY andORESY d. 1F§§bbl e (v
smal | amounts SHanster 20 (large jamounts) i0.1 MonkKey 5 (la rqge
anounts) Gee A qradlzent net hod was successful ky devel dped hydrolysis of 2
i n 50% r ab#RAC pdexsigatenas run as the rﬂgbit is a potentifal nodel | for
platel et aggregation studies. The Ellnan assayireveal e BChE activity at
1.1 10 pnol ~ The results suggesjtnd: katid hamsterd and4monkey ! wewded nmake
sui t abl e candi dat e F) r preclinical tlesting. Since plgsma fromthese
species hassim eyel s of BUChE to humans the role |of that enzyne in
human net abesstsuitisienatag® supported. Hyjdrolysisiresults |for
|'s-2-aspirinate- 5- sallcyl ate, I1SAS (2)| in the presence [of intestinal or
liver m crosc drol ysi s studi eshdt festadimaiotdseod |phdsrim had2i%di cat ed
that 1 SAS (2) sugcessful aspirin pro- drug- This work ainmed to broaden
the anal yst= to includeBjver and intelstinal nicrosomnl| preparations in
order WO 20@@?%@8@’#9%205@37 EP2008/ 068114 45 to assess hdw much aspirin
rel ease woul d jpccur in other tissues during thé absorpt|ion phas
principally aAﬂk@\ Not tested | Not tested > Srmin <1%

R= OBn 29

R=m-benzyioxybenzoate,

0
)UOB” Not tasted | Not tested 2.5 min <1%
30
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CE- 2 pr ef enbstretes sush sithoghfayoyred bf Bushiriciuding dBoi@h Esters. ihastienzyes esewnt®madly whi ch
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Conpari son of anou aspirin pr %M - 2- as( 3§ | fat g—sa‘Sppgﬁlahgyl ate
and | s-2- (min)
50% Human Plasma (female) 0.1 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/ml) 0.1 27 9 5
HIM (40ug/ml)/BNPP(14uM) 0.1 2.2 0 9.4 UM left
HLM(0.2mg/ml)) 0.1 9 34 10
HLM/BNPP (11.6uM) 0.11 2.7 3.0 2.8uM left
HLM/isoOMPA (10uM) 0.11 8.5 33 10
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(13) : 600- 7. nitfexyorethytanalodBes taerel widdittle aSorincheddoctiot In ¢34 08)s Meeasppounds aremetcdspin sm

(()f aC][ 15(2);] el Qiﬂshtjr'hé}\‘ [f%l%§5rldréﬂ4 |n§f%fe@cta¥p|rln[3r(gj%§ In\i&e pré%@r@e bf' C\EQr T dﬁﬁafé&ragé'éce’
su

hydor sa AL TR ek Eo g Rdpiosotpe et 35 B PR G £RE"

i sosor bi dle@a@@@IO@@’ﬁn rin prodrugs in the dog. Pharm Phar macol 55, 10,

1351-7.  QabR: Gbniparisohf bmbiints bf\dspikialprotubld fréch RIz-WspiMidatel6Qlicylate and Is-2-

| sosor bi de;, el Hydrol ysis kinetics of isosorbide
di aspiri ngatsgﬁiﬁg% Pa{‘rhrb E{enr' )UQ? %kar maceutical. . Sciences...16(4-5)..297-304.

Biological medlum Is-2-asp-5-salicylate Is-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 (10.6uM) 2.7 0.3

HIM (80ug/ml) 27 20

HIM/BNPP (11.6uM) 2.2 0.22
HIM/isoOMPA (14.14uM) - 12.7
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20 wherein Yis a C1 - C8 al kyl ester or a Cl - C8 al koxy ester, which can
be unsubstituted or substituted with ONO2i or a C3 - Cl0 cycl oal kyl ester
or a Cl- W8 2owpalsoBskoxy ester, which can be unsubstitut edTmr2e8ssiins ut ed
with ONO2i or an unsubstituted or a #ubstituted arylester, alkylaryl
ester, benzoate, a nicotinate oxazol eoate, 25 isoxazol eate,

t hi adl azol §gake group, which may be substituted by at | east one of the

group conprrsrng hydroxide, - -Br, a ClL - C8 alkyl, benzyl, a
al koxy, bénzyl Wosormﬁq@e@jrﬁe corN}_q?nd hamthe ge@e@l@tructurf Mgweral formula (I*)
-OC(O [ (CH2) nl cycii cONO2, - OCOAr ONO2 r (CH2)nONO2 or a C1 - C5

hal oal kyl ester, WO 2009/ 080795 PCT/E 2008/ 068114 50 wherein Ris a Cl -
C8 alkyl or a C1 - C8 al koxy grou n21-8, m=3-10. 5. An isosorbide
aspirinate conpound according to imJd or 4 having the general structure
as shown in general forrmula (I) Hd::' OQOY () 5 wiereinYis aCl
- C8 alkyl ester or a C1 - C8 al koxy esvter ich can be unsubstituted or
substituted with ONO2i or an unsubstit t~gr a substituted aryl ester,

al kyl aryl ester, benzoate, nicotinate, oxazel ®@cate, isoxazol eate,

t hi adi azol eoate group, which may be substitut ed! I?)y at | east one of the
group conprheinYgs hydroxide, -d, -Br, a Cl1 - C8 alkyl, benzyl, a C1L - C8

al koxy, o-benzyl exyg, at6EO.R, - CN‘I‘I%xy esM,)%,Q chalkﬁ&t&%%mm C,—Cs
- OO [ ( m%(&lré%lce\éter or —%””9 qe:l%An‘ R f a’s- Gg% ar%)matm or no&irome%&é me{n%er r|né:f§avm%p

hal oal kyl
n=1-8, 3 Eestow heW‘@‘@WﬁbtﬁWHteé@é@)ﬁﬂlP%QfW%r'@ﬂl%ﬁt?ﬁ‘ hish can bHaVFPtP‘fﬁtUEeﬁér gener al
struct ur e sasstisteownh btheagr@ne hiaic oficrraedsiag fbdp. O o HO O O Y (I) vvherel n Y
' S 15 B C_lz %\neﬂow ea@ﬁﬁn%{etomhma% hQ&enHQI%HE)&Jré 55%1&‘/% |95en§Hlt}§Hulta
wi th ONO2i or an unsubstituted or substituted benzoate of nicotina e
group, which nmay be substituted by a east one of the group conprising
hydroxide, -Cl, -Br, a ClL - C8 alkyl, enzyl, a C1L - C8 al koxy,
0- benzyl oxy, - NHC(O R, -NH2, ONO2, - (CH2) nONQ2,
-OC(O [ (CH2) njcycii cONC2, OCOAr COAr (CH2)nONO2 or a ClL - G5
hal oal kyl ester, 20 wherein Ris a Cl tabkyl or a Cl1 - C8 al koxy group,
n=1-8, m=3-10. 7. A conpound according Ko ¢lapm 1 or 4 having the general
structure as shown in general forrrula(l)oii oHO

M)

wherein Y is
a C; — Cg alkyl ester, a C; — Cg alkoxy ester, a C3 — Cyo cycloalkyl ester, an arylester or a C; — Cg
alkylaryl ester, which can be unsubstituted or substituted with at least one nitric oxide releasing group.
15 3. A compound according to claim 1 or 2 wherein the nitric oxide release group comprises a nitrate
ester, a C; to Cg alkyl nitrate ester, a C5 — Cyg cycloalkyl nitrate ester or a C; — Cg alkyl nitrate ester.
4. An isosorbide aspirinate compound according to claim 1 having the general structure as shown in

general formula (I)

M)
20 wherein Y is
a C; — Cg alkyl ester or a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONO,; or
a C; — Cyo cycloalkyl ester or a C; — Cg cycloalkoxy ester, which can be unsubstituted or substituted with
ONO,; or
an unsubstituted or a substituted arylester, alkylaryl ester, benzoate, a nicotinate oxazoleoate,
25 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,, —
(CH3),ONO,, —OC(O)[(CH2)mlcycicONO;,, -OCOArONO,, -OCOAr (CH,),ONO; or a C; — Cs haloalkyl ester,



OOY (l) wherein Y is an unsubstituted or a substituted benzoate or

ni coti nate group, which nay be substituted by at |east one of hydroxide,
Cl - C8 avbyhgy/8d79s C8 al kyoxy, o-benzyl oxy, -(CH2) nONCBCEEPZ003/06818), C3 -
C10 25 cycl oal kyl ester or hal oal kyl 3®ster. 8. A conpound according to

cl ai ns 71 t 0 Ahakemras Hct-hg ahpboat kyd; aRsd gloup)ak 08 shHpstol t uent is C, Br or F.
WD 2009/ 080795 PC . [ . rdi

o cceedi ng ol ai in AL & ARy Hectng GRTE D A GRLENNT Bl oy
0000 O0NFBOUORYB OO0 Bh NC O OCNOBn OONZ OO 0000 OA
OAOOWE OAO-O- M N2 [ I 1 OCEt COO0J --Br vBr OONO2 OOOO
CEt 0 O-0\ O\ ONO2 O\ z ONO OOIOHNOOOOO NNO SNS5

0' ~oNOz 0 FisC and H3C 10. A conp ®according to claim9 wherein Y is
selected fromthe consisting of: Q@QCH 000OCO0- OCH 0- ON '"16 0
0 0000000 ONONOOOEBOWLNC / M/ N , i, 0 OO vBr
OON®2 OO0O10 OO\ O\ ONO2 O/ ONO Y O 0 HNON O

O

M)
5 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,
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; — Cs alkoxy, o-benzyloxy, -NHC(O)R, -NH,, -NO,, -ONO,, —

10 (CH3),ONO,, —OC(O)[(CH2)mlcycicONO,,  -OCOArONO,, -OCOAr (CH,),ONO; or a C; — Cs haloalky! ester,
wherein R is a C; — Cg alkyl or a C; — Cg alkoxy group, n=1-8, m=3-10.

6. A compound according to claim 1 or 4 having the general structure as shown in general formula (I)
N
o]
©, H
7 0
o]
07z
M)
wherein Y is
15 a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONO,; or

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; — Cs alkyl, benzyl, a C; — Cg alkoxy, o-benzyloxy, -
NHC(O)R, -NH,, -NO;, -ONO,, —=(CH3),ONO,, —OC(O)[(CH2)mlcycicONO,, -OCOArONO,, -OCOAr (CH;),ONO, or
a C; — Cs haloalkyl ester,
20 wherein R is a C; — Cg alkyl or a C; — Cg alkoxy group, n=1-8, m=3-10.

7. A compound according to claim 1 or 4 having the general structure as shown in general formula (I)

M)
wherein Y is an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at
least one of hydroxide, C; — Cg alkyl, C; — Cg alkyoxy, o-benzyloxy, —(CH,),ONO,(n =1-8), C3 — Cyg
25 cycloalky! ester or haloalkyl ester.
8. A compound according to claims 4 to 7 wherein the haloalkyl ester halo substituent is Cl, Br or F.



J~~0O0ON_r 0'/ OV NSN o ~ONOx 0 HsC and H3C 15 11. A conpound
accordi ng any preceedi ng clai mhaving the general structure as shown in
general wWormdmos) O o HO OOY (lI) wherein Y is aoTmpeissssiiut ed or
a substituted benzoate or nicotinate gyroup, which may be substituted by at

| east one of hydomXséuele accorihg tolBy: frydeedir@-cRRNAEOXYis sdmbmwythegdshﬁqo@iﬁ@of:
-OC(O CH2Br, -NO2, -CH2ONO2. 20 wherein Y is an unsubstituted or

substituted be ni cot |0nate grop, whi ch jray b tlot ug; y at
| east one ofo h ‘dr mﬂi@g& 2112 Bbx ho Y ,

- OC( O) CH2Br, PCT/ 08/ 0 8114 12 An
i sosor bi de aspl ri nat e corrpound accordl ng to any prec’eedl ng tl ai m having the
structure as shown Qitm:fopmatea €11) oY HO OMH 13. An
i sosor bi de aspi r| doa rF g cI ap toO 1 havi ng the
structure as shown 1), o\ ST N, O Nl ). 14, An

i sosorbi de aspiri nate corrpou(nd accordl ng to cI aims 1 to 12 havi ng the

structure as shown Iin far B(I\é) o\/o v, 000=N 040 O (V). 15. An
i sosor bi de aspi r%@ C nd accgor di cgék@/}ogopo&?ﬁin ng the

structure as sho *formula (V) ono,
14
i § o\ \N\\N o\ ~ o
o o) Y S/ *N/
5 OKONOQI (o] , H3C and H,C
10. A compound according to claim 9 wherein Y is selected from the consisting of:

O OH
o cH, o o} 0
Ok@ o OJK@/% OJK@ Ok@
e
N
14 14 14 14 14
o)
Cl
| N 0 o ‘ S o o@ o o 0
(e} N OJJ\@ _N O% OJUOMe O)b\ OJJ\@\
o] N cl Me NO,
I 14 I 14 14 14 14
0
o O/U\/Br o oNO, o o
aeBRacEacasiavy
ONO.
10 ’ , ,
o] o
N.
0 " O\ \ N O\ Ao
/ /
o o Y s =N

o, U e

I I .

and ™C

15 11, A compound according any preceeding claim having the general structure as shown in general
formula (I)
OY
o]
°,
-0
o]
07z
M)

wherein Y is an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at
least one of hydroxide, -Cl, methyl, o-benzyloxy, methoxy, -NHC(O)CHs, -OC(O)CH,Br, -NO,, —CH,ONO,.

20 wherein Y is an unsubstituted or a substituted benzoate or nicotinate group, which may be substituted by at
least one of hydroxide, -Cl, methyl, o-benzyloxy, methoxy, -NHC(O)CHs, -OC(O)CH,Br, -NO,, —CH,ONO,.



0O 0 OOO0 CH3 16. An isosorbide aspirinate conmpound according to clains 1
to 12 having the structure as shown in 15 formula (VI) WO 2009/ 080795

PCT/ EP20080Q681i8d79553 oY OH OO0 CH3 O O (V). 17. Arcreriamshsgies
aspirinate conpound according to claiszs 1 to 12 having the structure as
shown in 10r maAnasofolide)asgrmatiel céinpoldd@cdrdfig tdanPNcebdifigl Jaim HeBing B sthSQEQE Hode
aspirinate pnqq?a ?d according to clains 1 to 12 having any one of the
structures ed fromthe group consistingof: Y o 1 HI / OH O_O
OO Hol off / CH3 OOH O ET/CHS(VIII)(IX) O-Ovr O/ HI /I H O
= 0 OOHOCH3 HO CH20NO ONHC(OCH3 0 OH (X) and (XI') 10 19. A
carrier conpound for a drug r g the general structure as shown in
general formula (I1) WO 2009/Q80%95 &°CT/ EP2008/ 068114

o(;H[zj(Q

e} OH (1D).
13. An isosorbide aspirinate compound according to claims 1 to 12 having the structure as shown in
5 formula (I1I)

o (111).

14, An isosorbide aspirinate compound according to claims 1 to 12 having the structure as shown in

formula (IV)
OY

o)

O H
02O
(0]
@ Y
Ay \I
10 0 (1v).

15. An isosorbide aspirinate compound according to claims 1 to 12 having the structure as shown in
formula (V)

> (V).
16. An isosorbide aspirinate compound according to claims 1 to 12 having the structure as shown in
15 formula (VI)



54 XHO OY (Il) wherein Yis aCl - C8 alkyl ester, a Cl1 - C8 al koxy
ester, a C3 - Cl10 cycloal kyl ester, an arylester, a C1 - C8 alkylaryl
ester or wO2@yWRoTENg, Wherein Rrin9 is a 5-nenbered ar @UEEP2008H068114
nonaromati ¢ 5-nmenber ring having 5 a3 | east one heteroatom substituted for
a carbon of the ring system whio an be unsubstituted or substituted with
at least one nitric oxide releasing group, and X is the drug nolecule. 20.
A carrier conmpound for a drug-asgefding to claim 19 having the general
structure as shown in 10 gen forrrula (Irr)y XHO OY (Il) whereinyY
is acCl- C8 alkyl ester, a C Al Kbxy ester, a C3 - Cl0 cycl oal kyl
ester, a Cl - C8 cycl oal koxy ester® er or a Cl1 - C8 al kyl aryl
ester, which can be unsubstituted or with at | east one nitric
oxide 15 releasing group, and X is theg pcul e. 21. A carrier
according to claim19 or 20 wherein the nv gxi de rel easing group
conprises a nitrate ester, a Cl to C8 al ky} nitrﬂge ester, a C3 - C10
cycloal kyl nitrate ester or a Cl1 - C8 alkyl nitra & ester. 20 22. A carrier
accordi ng ¥o cl/aiisesertide aspigratelyprononiyl ackpedingemeaiag 1 ot 12 (hevingrtiee sygctgh esmhowmin
general fasmukaviill) X HO OY (Il) wherein Yis 25 a Cl - C8 al kyl
ester or a Cl1 - C8 al koxy ester, which can be unsubstituted or substituted
with ONO2i or a C3 - Cl10 cycloal kyl ester or a Cl- C8 cyclo al koxy ester,
whi ch can be unsubstituted or s ituted with ONO2i or an unsubstituted
or a substituted aryl ester, alky] aryl ester, benzoate or nicotinate
group, which nay be substi &d by at | east one of the group conprising
hydroxi de, a C1 - C8 al kyl, | o a,Cl - C8 al koxy, 30 benzyl oxy,
-NHC(O R, -NH2, -NO2, -0ON02, f -OC(O [ (CH2) m cyci ; cONO2,

- OCOAr ONO2, -0OCQAr (CH2) nONO2 oro CS hal oal kyl ester, wherein Ris a
Cl-C8aIkyI or a Cl - C8 al koxy g m=3-10; and X is the drug
nol ecul e. 35 23. A conpound accor di ng Mt havi ng t he gener al
structure as shown in general formula (1) JWO 2009/ 080795 PCT/ EP2008/ 068114

55 XH =0 O
5

ONO; (1),

18. An isosorbide aspirinate compound according to claims 1 to 12 having any one of the structures
selected from the group consisting of:

OY OY

o 0
O',H O H
~3-0 % : 0
o(Ie O(Ie
ot 1
H o Olil
CH, o OH
O OH L

(Vi (IX)

O  NHC(O)CH, O OH

X)
and 0

10 19. A carrier compound for a drug having the general structure as shown in general formula (II)



Y (Il') wherein Yis a Cl - C8 al koxy ester, which can be unsubstituted or
substituted with ONO2i or a C3 - Cl10 cycloal kyl ester or a Cl- C8 cyclo

al koxy eswerpowdsi®l can be unsubstituted or substit ut edpeirtEr2005/06¥02i or an
unsubstituted or a substituted benzoate or nicotinate group, which may be
substituted by at |east one of thexgrqup conprising hydroxide, a Cl1 - C8
al kyl, benzyl, a Cl - C8 al koxy, benzad: , -NHC(O R, -NH2, - NO2, -0ONO2,
-(CH2) nON@2, -OC(O[(CH2)nlcyc; c r ONO2, - OCQAr (CH2)nChK2 or a
Cl- C5 hal oal kyl ester, 10 wherein RS Cl - C8 alkyl or a C1 - C8

al koxy group, n=1-8, n¥3-10; and X is'he grug nol ecule. 24. A carrier
according to claim?22 or 23 wherein the hal oal kyl ester halo substituent is
ad, Br or F®®J85 A carrier conpound according to claim 19 - 22 wherein the
carrier is sel egfedCfakgesteha Cgr dugkoxeastesiass i g cxsfoalky] Sster, dr ayleptexa b xCsH O O
O = O = /alylad tePorl-c@)or iHekelh R K a@-thertdefdd hrofmétic@r £3n&bm&dc & nfonGéd3ing Maving X H

CH3 0 H OOO0OH
0 2 O HOTEAES R B N O b e 5 T A PR e ar ug
nol ecul e. PR Yty 6“@8ﬁﬁ%ﬂﬁﬁ“@€ﬁﬁﬁF@?ﬁ@“%he carrier conmpound according to
claim19-2@d 27. A pharnmaceutical conposition conprising a conpound
accordlng Clahgﬁeémgqm@émﬁnd at | east one 20 pharmaceutically acceptabl e
carrier exci ceordin to to 25 or
a conposi tzloon JE%FH‘PW&“P%%Pgr“?n“é‘;fg'{‘%“ que aV'fbgoﬁesﬂieﬂ?rEJtSFWft“repisa?{‘%”f”é?

gl ycol Wpr oieedrai fasrydd @8si on at a | evel where aspirin has no effect. 29. Use
of a conpound according to clainms 1 X025 or a conposition according to
claim?27 to induce an O,

Y1)
wherein Y is
a C; — Cg alkyl ester, a C; — Cg alkoxy ester, a C3 — Cyq cycloalkyl ester, a C; — Cg cycloalkoxy ester, an aryl
ester or a C; — Cg alkyl aryl ester, which can be unsubstituted or substituted with at least one nitric oxide
15 releasing group,
and X is the drug molecule.

21. A carrier according to claim 19 or 20 wherein the nitric oxide releasing group comprises a nitrate

ester, a C; to Cg alkyl nitrate ester, a C5 — Cyg cycloalkyl nitrate ester or a C; — Cg alkyl nitrate ester.

20
22. A carrier according to claims 19 - 21 having the general structure as shown in general formula (II)
X, H
- E O
07z
A1)
wherein Y is
25 a C; — Cg alkyl ester or a C; — Cg alkoxy ester, which can be unsubstituted or substituted with ONO,; or

a C3 — Cy cycloalky! ester or a C; — Cg cyclo alkoxy ester, which can be unsubstituted or substituted with
ONO,; or

an unsubstituted or a substituted aryl 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,

30 benzyloxy, -NHC(O)R, -NH;, -NO;, -ONO,, —(CH;),ONO,, “OC(O)[(CH2)m]cycicONO,,  -OCOArONO,, -OCOAr

(CH3),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; and
Xis the drug molecule.

35 23. A compound according to claim 1 having the general structure as shown in general formula (I)



aspirin |like effect. WO 2009/ 080795 PCT/ EP2008/ 068114 56 30. Use according
to daim29 wherein the aspirin like effect is a reduction in anti-platel et
activity,woiddsotoson of COX products. 31. Use accordi ngcreErdasmid®s or 30
wherein the inhibited COX products ar® thronboxane A2 or nal ondi al dehyde.
5 32. Use of a conpound accordi ng dai my 1 to 25 in the manufacture of a
medi canment for the treatnent of car cul ar and cerebrovascul ar

di sorders, pain, pyretic, inflammti cer, Al zeeeiner's disease or
denentia. 33. A conmpound according toeclaf ns 1- 25 wherein the

i sosor bi de- 2- aspi rinate group is substitu edgpwi th an alkyl or aryl ester
in positio rYo pronote hydrolysis of the acetyl group at position 2 to
rel ease as 10 34. Use of a conpound having the general structure as
shown in gen@rcal-cﬁéjkwmﬁfséer(v\@cy cande Mnsupstifyted Re sybghtytqdijth ONAgPein Y is a C, - C8
al kyl ester, ac;CciycydoBikdbdedsya €Stag Eyclo@lkéxd esterGliidn CyrthR@ahd( ydtituea bedubstituted with
aryl ester, N, %r C8 alkylaryl ester or -C(OOR '"9, wherein Ru'g ls a

5- marrberedo afomatic or nonaromatic 5-menber ri ng havin 15 at | east one
het er oat om sHSPIUPEY OF DD PHBPPEGT NERBatE PR, WSt enDe FtEiedy At Igfst one
unsubst i t uff &d gorp suipsdingthudrediea @R dalkdylcbesityl, @te- A3 dlkoky baxylae -Nigd(@RsiNAg - gr oup
in the ”ﬁ\@%n@l%z, Qtn,5oKel %C?é)ﬁ(élliz?r]cyc.c o @@é@bﬂ@Véé@Ml(@-ﬁ) NS RF AGLE, hal?@k\n
pyretic, | anmati on, cancer zehei ner' s di sease or dementi a.

of a conpadi tﬁd havi ng t he general structure as shown in general for rruI a (1*)
0 ctHI® O 0 vrerel R(is & §, - QElkyles @i1rs wkoxy gguicn=1-8,08=3l0ky| ester, a C - C8

al koxy est®d x isahdBug mdldc@®.cydoal kyl ester, an arylester, ait, -

al kyl aryl ZgSt erA%@‘ler%o@nﬁ%ﬁ%m%%rgvm"e%nl{hegna|o§lkﬁes§erﬂ§ BLH @%tb"lg or
nonaronati c 5- om substituted for a
carbon of ®he r ﬁ{:i'e%‘;?g‘t"éﬁ? aW'&%tOGQH‘ Ve 20 M8 e (Rite ¢ serteddppdhs etPed wit h
at | east onesisthigtaf:i ¢ oxi de rel easing group in the manufacturer of a

medi cajgent for use in the 25 treatnent of cardi ovascul ar and

cerebrovascul ar disorders, pain, pyretic, inflanmation, cancer, Al zheiner's
di sease or Xdeﬁentl a. 36. i‘» ound accordl ngy to cl ai s >£L tHo 55 or 33

subst anti al descri be Braj n and/ or oy ef erenc
acconpanyi | @€ 37 . o Aconp j on geardin |
substantlaIIyHa debed heer Bi n qnd or Wt Oef ren e to-t 3

acconpanyi ng examyl e 38. Use cording to dai to 37 or
substantial as descridsed iicreiio and/or with reference to th )
acconpanyi ng Hexarrpl es. RECT|FI ED SHEET (RULE 91) |ISA/EP

i O CH, ~5—0 X
-, EO
0% 07:
H
o) © CH,

© ONO,
o] OH
X H
~ I 0o X,_’, H Xy
= (@] % 0
07z o
H H 07 :
o CH, oY a
CH,ONO, o] OH
o] NHC(O)CH,
o OH O  CH,
wherein X is the drug molecule.
26. A drug compound comprising the carrier compound according to claim 19-22.
27. A pharmaceutical composition comprising a compound according claims 1 to 25 and at least one
20 pharmaceutically acceptable carrier or excipient.
28. Use of a compound according to claims 1 to 25 or a composition according to claim 27 to reduce

constitutive platelet glycol-protein expression at a level where aspirin has no effect.
29. Use of a compound according to claims 1 to 25 or a composition according to claim 27 to induce an

aspirin like effect.
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30. Use according to claim 29 wherein the aspirin like effect is a reduction in anti-platelet activity,
inhibition of COX products.

31. Use according to claim 29 or 30 wherein the inhibited COX products are thromboxane A2 or
malondialdehyde. ,

32. Use of a compound accorc!ing claims 1 to 25 in the manufacture of a medicament for the treatment
of cardiovascular and cerebrovascular disorders, pain, pyretic, inflammation, cancer, Alzeheimer’s diéease or
dementia.

33. A compound according to claims 1 — 25 wherein the isosorbide-2-aspirinate group is substituted with
an alkyl or aryl ester in position 5 to promote hydrolysis of the acetyl group at position 2 to release aspirin.

34. Use of a compound having the general structure as shown in general formula (1*)
OY
o
0 o
- ‘:' 0
o]
07 :
H
Yo
wherein Y is

a C; — Cp alkyl ester, a C; — Cg alkoxy ester, a CQ'; Cyp cydoalkyl ester, an arylester, a C; — Cg
alkylaryt ester or ~C(O)OR™, wherein R"™ is a 5S-membered aromatic or nonaromatic S-member ring having
at least one heteroatom substituted for a carbon of the ring system, which can be unsubstituted or
substituted with at least one nitric oxide releasing group in the treatment of cardiovascular and
cerebrovascular disorders,' pain, pyretic, inflammation, cancer, Alzeheimer’s disease or dementia.

35. Use o_f a compound having the general structure as shown in general formula (1*)
OY
o
O o
> H o
o]
07 :
H
Yo
wherein Y is

a C, — Cg alkyl ester, a C, — Cg alkoxy ester, a C; - Cy Cycloalky! ester, an arylester, a C; — Cy
alkylaryl ester or —C(O)OR™?, wherein R"™ is a 5-membered aromatic o nonaromatic 5-member ring having
at least one heteroatom substituted for a carbon of the ring system, which can be unsubstituted or
substituted with at least one nitric oxide releasing group in the manufacturer of a medicament for use in the
treatment of cardiovascular and cerebrovascular disorders, pain, pyretic, inflammation, cancer, Aizheimer’s
disease or dementia. '

36. A compound according to claims 1 to S5 or 33 substantially as descrlbed herein and/or with
reference to the accompanying examples.

37. A composition according to claim 27 substantially as described herein and/or with reference to the
accompanying examples.

38. Use according to claims 28 to 32 or 34 — 35 substantiathy a5 described herein and/or with reference
to the accompanying examples.
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