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" PHARMACEUTICAL . COMPCUNDS "

* * *x k * %

The present invention relates to new drugs for systemic
use and nbn systemic use, znd the composizion thereof, to Be
used in oxidative stress and/or endothelial dysfuntions cases.

By oxidative stress it is meant the generation of free
radicals or radicalic compounds, which causes injury both of
the cell and that of the surrounding tissue (Pathophysioclogy:
the biological pasis for disease in adults and children,
McCance & Huether 1998 pages 48-34).

‘By endothelial dysfunctions it is meant meant those
relating to the wvasal endothelium. The damage of the wvasal
endothelium is known as one of those important events that can
cause a series of pathological processes affecting wvarious
organs and Dbody apparatuses, as described hereinafter
(Pathophysiology: The biological basis for disease in adults
and children, McCance & Huether 1998 page 1025).

As known, the oxidative stress and/or the endothelial
dysfunctions are associated to varioﬁs pathologies as reported
hereinafter. The oxidative stress can also be caused by
toxicity of a great variety of drugs, which significantly éf-
fects their performances.

Said pathological events are of a chronic, debilitating

character and are very often typical of the elderly. As already
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said, in said pathological conditions the drugs used show a

remarkably worsened performance. |
Examples of pathological situations caused by the oxida-

tive stress and/or by the endothelial dysfunctions, or present
in elderly, are the following:

- For the cardiovascular system: myocardial and wvascular
ischaemia in general, hypertension, stroke, arterioscle-
rosis, etc.

- For the connective tissue: rheumatoid arthritis and con-
nected inflammatory diseases, etc.

- For the pulmonary system: asthma and connected
inflammatory diseases, etc.

- For the gastrointestinal system: ulcerative and non ul-
cerative dyspepsias, intestinal inflammatory diseases,
etc.

- For the central nervous system: Alzheimer disease, etc.

- For the urogenital system: impotence, incontinence.

- For the cutaneocus system: eczema, neurcdermatitis, acne.

- The infective diseases in general (ref.: Schwarz-KB, Brady
"Oxidative stress during viral infection: A review" Free
rgdical Biol. Med. 21/5, 641-649 1996). |
Further the ageing process can be considered as a true

pathologic condition (ref. pathophysioclogy: the Dbioclogical

pbasis for disease in adults and children, pages 71-77).

The known drugs when administered to patients having
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pathologies associated to oxidative stress and/or endothelial
dysfunctions, show a lower activity and/or higher_toxicity.

This happens for example for drugs such as the
anﬁiinflammatory, cardiovascular drugs, respiratory apparatus
drugs., central nervous system drugs, pone system drugs,
antibiotics, urogenital, endocrine drugs, etc.

Drug research is directed to find new molecules having an
improved therapeutic index (efficacy/toxicity ratio) or a lower
risk/benefit ratio, also for pathological conditions as those
above mentioned, wherein the therapeutic index of a great
pnumber of drugs results lowered. In fact in the above mentioned
conditions of oxidagive stress and/or endothelial dysfunctions,
many drugs show a lower activity and/or higher toxicity.

For instance antiinflammatory drugs, such as NSAIDs and
anticolitic drugs, such as 5-aminosalicylic acid and its
derivatives, show the following drawbacks. NSAIDs result toxic
particularly when thé organism is debilitated or affected by
morbid conditions associated to oxidative stress. said condi-
tions are for example the following: age. pre-existing ulcer,
pre-existing gastric bleeding, debilitating chronic diseases
such as in particular those affecting cardiovascular, renal
apparatuses, the haematic crasis, etc. ("Misoprostol reduces
serious gastrointestinal complications in patients with
rheumatoid arthritis receiving non-steroidal anti-inflammatory

drugs. A randomized, double blind, placebo-controlled trial."
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F.E. Silverstein et Al., Ann. Intern. Med. 12374, 241-9, 1995;
Martindale 3la ed. 1996, pag. 73, Current Medical Diagnosis and
mTreatment 1998, pages 431 and 7%4).

The administration of anti-inflammatory drugs to patients
in the above mentioned pathologiéal conditions can be made only
at doses lower than those used in therapy in order to avoid
remarkable toxicity phenomena. Thus anti-inflammatory,activity
results poor.

Beta-blockers, used for the angina, hypertension and
cardiac arrhythmia treatment, show side effects towards the
respirator? apparatus (dyspnoea, bronchoconstriction), and
therefore fhey can cause problems in patients affected by
pathologies to said organs (asthma, pronchitis). Therefore be-
ta-blockers further worsen respiratory diseases such as asthma.
Therefore in asthmatic patients doses of said drugs must be
used reduced in order not to jeopardize even more the respi-
ratory functionality. Thus the efficacy of the beta-blockers
results very reduced.

antithrombotics, such as for example dipyridamocle,
aspirin, etc., used for the prophylaxis of thrombotic
phenomena, haQe the same drawbacks. In patiénts affected by
pathologies connected to oxidative stress and/or endothelial
dysfunctions, the therapeutic action or the tolerability of
these drugs, as in the case of gspirin, is greatly reduced.

Bronchodilators for example salbutamol, etc., are used in
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the asthma and bronchitis treatment and drugs active on the
cholinergic system are used in pathologies such as urinary
incontinence. Their administration can produce similar side
effects affecting the cardiovascular apparatus, causing
problems poth to cardiopathic and to hypertensive patients.
cardiopathies and hypertension are pathologies associated, as
above said, to the oxidative stress and/or endothelial
dysfunctions. Also these drugs show the same drawbacks as those
above mentioﬁed.

Expectorant and mucolytic drugs, which are used in the
therapy of inflammatory states of the respiratory organs, show
drawbacks in patients affected by the above described condi-
tions. Their administration can give rise to heartburn and
gastric irritability, particularly in the elderly.

Bone resorption inhibitors, such as diphosphonates (for
example alendronate, etc.) are drugs showing high gastro-
intestinal toxicity. Therefore also these drugs can show the
same drawbacks as those above mentioned.

Phosphodiesterase inhibitors, such as for example
sildenafil, =zaprinast, used in the cardiovascular and
respiratory system diseases, are charaterized- by similax
problems as to tolerability and/or efficacy in the ment ioned
pathological conditions of oxidati&e stress and/or endothelial
dysfunctions.

Antiallergic drugs, for example cetirizine, montelukast,
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etc. show similar problems in the mentioned pathological
conditions, particularly for that it concerns their efficacy.

Anti-angiotensin drugs, £.i. ACE-inhibitors, for example
enalapril, captopril, etc., and receptor inhibitors, for
example losartan, etc., ére used in the cardiovascular disease
treatment. Their drawback is to give side effects to the
respiratory apparatus (i.e. cough, etc. } in the above ment ioned
pathological conditions.

Antidiabetic drugs, both of the insulin-sensitizing and of
hypoglycaemizing type, such as for example. sulphonylureas,
tolbutamide, glypiride, glyclazide, glyburide, nicotinamide
etc., are jneffective in the prophylaxis of diabetic
complications. Their administration can give side effects, such
as for example gastric lesions. These phenomena become more
intense in the pathological conditions above mentioned.

Antibiotics, for example ampicillin, clarihtromycin, etc.,
and antiviral drugs., acyclovir, etc., show problems as regards
their tolerability, for example they cause gastro-intestinal
irritability.

Antitumoral drugs, for example doxorubicine, daunorubicin,
cisplatinum, etc., have high toxicity, towards different
organs, among which are stomach and intestine. Said toxicity is
further worsened in the above mentioned pathologies of
oxidative stress and/or endothelial dysfunctions.

Antidementia drugs for example nicotine and colino-
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mimetics, are characterized by a poor tolerability especially
in the above mentioned pathologies.

The need was felt to have available drugs showing an
improved therapeutic performance, i.e. endowed both of a lower
toxicity and/or higher efficacy, so that they could be
administered fo patients in morbid conditions of oxidative
stress and/or endothelial dysfuﬁctions, without showing the
drawbacks of the drugs of the prior art.

It has now surprisingly and unexpectedly found that the
aforementioned problems evidenced the administration of drugs.
to patients affected by oxidative stress and/oxr endothelial
dysfunctions, oOr to the elderly in general, are solved by a
novel class of drugs as described hereinafter.

An object of the invention are compounds or their salts
having the following general formulas (I) and (II):

\—(B)pg—C-N(O)s - (1)
wherein:
s = is an integer equal to 1 or 2, preferably s = 2;
o = 0 or 1;
A = R—T,-, wherein

R is the drug radical and

T, = (CO)y OF (X)¢., wherein X = 0, S, NRycs Ryc is Hor a

1inear or branched alkyl, having from 1 to 5 carbon atoms,

or a free valence, t and t’ are integers and equal to zero

or 1, with the proviso that £t =1whent’ =0; = 0 when
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B

is

' = 1;

-Py—X,—Ty; - wherein

Ty and Ty; are equal or different;

Tg= (CO) when t = 0, TB = X when t’ = 0, X being as above
defined;

Tpr = (CO)ex ©F (X)exx Wherein tx and t>§{ have the 0 or 1
value; with the proviso that tx = 1 when txx = 0, and tx
= O when txx = 1; X is as above defined;

X, is a bivalent bridging group as defined below;

the bivalent -T,-Y- radical, ‘wherein

, Tc'= (CO) when tx = 0, Tc = X when txx = 0, X being as

above defined;

Y is:
1T“-"IX IR'rnx

- -1Clprx— Y>—I[Clp11x-0- (IIT)
! !
Rrixe Reprrx:

wherein:

nIX is an integer betweén 0 and 3, preferably 1;
nIIX is an integer between 1 and 3, preferably 1;
Rprxs Rprxes Rerrxe Rezzzes equal to or different from
each other are H or a linear or branched C,-C4 alkyl;
preferably Rpix, Rprxss Rrrixs Rerrxe are H.

v} is a saturated, unsaturated or aromatic
heterocyclic ring containing at least one nitrogen

atom, preferably one or two nitrogen atoms, said ring"
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having 5 or 6 atoms.

is Y,, selected from the following:

an alkylenoxy group R'O wherein R’ is 1linear or
branched when possible Cy-Cyy, preferably having from
1 to 6 carbon atoms, most preferably 2-4, or a
cycloalkylene having from 5 to 7 carbon atoms, in the
cycloalkylene ring one or more carbon atoms can be
replaced by heteroatoms, the ring can have side

chains of R’ type, R’ being as above defined; or

wherein n3 is an integer from 0 to 3 and n3’ is an

integer from 1 to 3;
(cm

Tlmvo -

= i
S
coeE (C-'-2 )n3—
wherein n3 and n3’ have the above ment ioned meaning
|
(CHz'CH'CHz'O)nf: -

I
ONO,

- (CHz'CH'CHz'O)nf: h
|

ONO,

Printed from Mimosa 00/11/28 09:34:10 Page: 11



WO 00/61541 PCT/EP00/03239
wherein nf‘’ is an integer from 1 to 6 preferably from
1 to 4;

- -{(CH-CH,-O)ps-

|
Rif

- - (CH,-CH-0)p¢"
|

Ryt

wherein Ryy = H, CH; and nf is an integer from 1 to
6; preferably from 1 to 4;
preferably Y = -¥5 = R'O- wherein R’ is as above defined;
preferably R’ is a C1-Cq4 alkyl;
a—C,—B; (I1)

|
N(O)g

wherein:

Cy = ’Tcx—‘;'—dlcn'

wherein Tgp and Tgyp are equal or different,

T.;= (CO) when t = 0, Ty = Xwhen t’ =0, X being as above
defined;

Tery= (CO)er OF (Xderrs wherein tI and tII have the 0 or 1
value; with the proviso that £I = 1 when tII = 0; tI =0
when tII = 1; X is as above defined;

Y’ is as v above defined, but with three free valences
instead of two, preferably:

- a -R’0O- group wherein R’ is as above defined,

preferably an alkyl from 1 to 6 carbon atoms, most

preferably 2-4; or

10
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/ I
)
A
~(C=® a _
2'n32 (C'dz) o3

—~C—
n3*

wherein n3 is an integer from 0 to 3 and n3’ is an

integer from 1 to 3;

((]I':Ez)ns-'—u—
=)
-((:.—:2 n3 /\
cicH (C‘iz) as”

wherein n3 and n3’ have the above mentioned meaning;

|
- (CHz'CH'CHz’O)nf;'
|
ONO,

wherein one hydrogen atom on one of the carbon atoms
is substituted by a free valence;
- '(CHz'CH'CHz'O)nfu'

I
ONO,

wherein nf’ is an integer from 1 to 6 preferably from
1 to 4; wherein one hydrogen atom oOn one of the
carbon atoms is substituted by a free valence;

- -{CH-CH,-O)p¢-

|
Ry

11
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wherein one hydrogen atom on one of the carbon atoms
is substituted by a free valence;
- ‘(CHz'CH'O)nf"
|

Ryt

wherein Ry¢ = H, CHj and nf is an integer from 1 to
6; preferably from 1 to 4; wherein one hydrogen atom
on one of the carbon atoms is substituted by a free
valence;

preferably Y' = - R'O- wherein R’ is a linear or

. |
pranched C,-Cy. the oxygen which in Y’ is covalently

1inked to the -N(O)g group is at the end of the free
pond indicated in C, formula;
By = ~Tarr—X2a
wherein X, is a monovalent radical as defined below, Tprr
= (cO) when tI = 0, Tarr = X when tII = 0, X being as
above defined;
- Xq, bivalent radical, is such that the corresponding pre-
cursor of B: -Tg—Xo—Tp1- meets tést 5 but not test 4,
precursor in which the Ty and Ty free valences are each

saturated with -0Z, -Z, Or with -zi-n-zI1, 2! and A

l .
being equal or different and have the Z values as defined

below, depending on the fact that Ty and/or Tgy = CO or X,
in connection with the values of t, t', tx and txx;
- the precursor of C when b0 = 0 is of -T.-Y-H type wherein

the T, free valence is saturated with -0Z, -7, or with

12
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-z1.8-2iI, 2! and 2z°- being as above defined, meets
|
test 5;

- X, monovalent radical, such that the corresponding pre-
cursor of B, -Tp;;—X,. meets test 5 but not test 4,
precursor wherein the free valence of Tgr: is saturated

with -0%Z, -2 or with -z--N-2%%, 2! and 7zIl peing equal or
|
different and having the Z values as defined below,

depending on the fact that Tgyy = CO or X, in connection
with the values of tI and tII;
- the drug A = R—T,-, wherein the free valence is saturated
as indicated hereinafter:
- when t’ = O with:
- 0-Z wherein 2 = H or Ry, Rj. being a linear or
when possible branched C;-Cpg alkyl, preferably
C;-Cg, or with

- 7I1-N-2¥X, 2T and 2! being as above defined,
]

- when t = 0 with -2, wherein 2 is as above defined,
with the proviso that the drug is not a steroid,

is such as to meet at least one of tests 1-3;
- wherein test 1 (NEM) is a test in vivo carried out on four
groups of rats (each formed by 10 rats), the controls (two
gréups) and the treated (two groups) of which one group of the
controls and one group of the treated respectively are
administered with one dose of 25 mg/kg s.c. of N-ethylmaleimide

(NEM), the controls being treated with the carrier and the

13
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treated groups with the carrier + the drug of formula A = R-
T - wherein the free valence is saturated as above indicated,
administering the drug at a désé equivalent to the maximum one
tolerated by the rats that did not receive NEM, i.e. the
highest dose administrable to the animal at which there is no
manifest toxicity, 1.e. such as to be symptomatologically
observable; the drug complies with test 1, i.e. the drug can be
used to prepare the compounds of general formula (I) and (II),

when the group of rats treated with NEM + carrier + drug shows
gastrointestinal damages, or in the group treated with NEM +
carrier + drug are observed gastrointestinal damages greater
than thoée of the group treated with the carrier, or of the
group treated with the carrier + drug, O of the group treated
with the carrier + NEM;

- wherein test 2 (CIP) is a test in vitro wherein human
endothelial cells from the umbilical vein are harvested under

standard conditions, then divided into two groups (each group
replicated five times), of which one is treated with a mixture

of the drug 104 M concentration in the culture medium, the

other group with the carrier; then éumene hydroperoxide (CIP)

having a 5 mM concentration in the culture medium is added to

each of the two groups; the drug meets test 2, i.e. the drug

»can‘be used to prepare the compounds of general formula (I) and

(IT), if a statistically significant inhibition of the

apoptosis (cellular damage) induced by CIP is not obtained

14
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with p < 0.01 with respect to the group treated Qith the
carrier and CIPF;
- wherein test 3 (L-NAME) is a test in vivo carried out on
' four groups of rats (each group formed by 10 rats) for 4 weeks
and receiving drinking water, the controls (two groups) and the
treated (two groups), of which one group of the controls and of
the treated respectively receives in the above 4 weeks drinking
water added of N-@-nitro-L-arginine methyl ester (L-NAME) at a
concentration of 400 mg/litre, the controls in the 4 weeks
being administered with the carrier and the treated in the 4
weeks with the carrier + the drug, administering the carrier or
the drug + carrier once a day, the drug being administered at
the maximum dose tolerated by the group of rats not pretreated
with L-NAME, i.e., the highest dose administrable to animals at
which no manifest toxicity appears, i.e. such as to be
symptomatologically observable; after the said 4 weeks, the
water supply is stopped for 24 hours and then sacrified,
determining the blood pressure 1 hour before sacrifice, and
after sacrifice of the rats determining the plasma glutamic
pyruvic transaminase (GPT) after sacrifice, and examining the
gastric tissue;. the drug meets test 3, i.e. the drug can be
used to prepare the compounds of general formula (I) and (II),
when in the group of rats treated with L-NAME + carrier + drug,
greater hepatic damages (determined as higher values of GPT)

and/or gastric and/or cardiovascular damages (determined as

15
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higher values of blood-pressure) are found in comparison in
comparison respectively with the group treated with the carrier
.aloné, or with the group treated with the carrier + drug, or
with the group treated with the carrier + L-NAME;

wherein test 4, which must not be met by the precursors of
B or B, with the free valences saturated as above defined, is
the following: it is an analytical determination carxried out by
adding portions of methanol solutions of the precursor of B or.
B, at a 10°4 M concentration, to a methanol solution of DPPH
(2,2-diphenyl-1-picryl hydrazyl - free radical); after having
maintained the solution at room temperature away from light for
30 minutes, it is read the absorbance at the wave length of 517
nm of the test solution and of a solution containing only DPPH
in the same amount as in the test solution; and then the
inhibition induced by the precursor towards the radical
production by DPPH is calculated as a percentage by means éf
the following formula:

(1 - RAg/AL)X100

wherein A, and A, are respectively the absorbance values of the
solution containing the test compound + DPPH and that of the
solution contgining only DPPH.
The criterium for acceptance of the compounds according to this
test is the following: test 4 is met by precursor compounds if
the inhibition percentage as above defined is higher than or

equal to 50%; the precursor of B or B; must not meet test 4;

16
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wherein test 5 is the following: it is an analytical
determination carried out by adding aiiquots of 10°¢ M
methanol solutions of the precursor of Bor By oxr of C = -T-Y-
H, having the free valence caturated as above indicated, to a
solution formed by admixing a2 2 @M solution of desoxyribose in
water with 160 mM of phosprate buffer and 1 mM of the salt
Fell (NH,),(SOz),; after havin thermostatted the solution at
37°C for one hour, are added, in the order, aliquots of agqueous
solutions of trichloroacetic acid 2.8% and of thiobarbituric
acid 0.5 M, heating is effected at 100°C for 15 minutes and the
absorbance of the solutions is then read at 532 nm; the
inhibition induced by the precursor of Bor By ox C = -TC-Q-H
in the confront of radical production by Fell is calculated as
a percentage by means of the following formula:

(1 - 2,/A.)X100

wherein Ag; and A are respectively the absorbance values of the
solution containing the tested compound and the iron salt and
that of the solution containing only the iron salt, the
compound meets test 5 when the inhibition percentage as above
defined of the precursor of Bor B or C = -T.-Y-H is higher
than or equal to 50%;
provided that in the compounds of formula (I) the following
drugs under the following conditions are excluded:
- when bo = 0 and C = -Tc-Yo-, witb the free valence of Y,

saturated as above indicated, s = 2, the drug of formula A =

17
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R—T;-, as above defined, has not to belong to the following
classes: drugs for use in incontinence, antithrombotic drugs
(ACE-inhibitors), prostaglandins;

- when bo = 0 and C = -Tc-¥Y-, with the free valence of ¥
saturated as above indicated, and s = 2, the drugs of formula
A = R—T,;- belonging to the class of non steroid
antiinflammatory drugs.

The drugs of the proviso to be excluded, as said, are the
following: drugs for use in incontinence as described in the
patent application WO 98,/09948, antithrombotic drugs (ACE
inhibitors) as described in the patent application WO
98/21193, prostaglandin derivatives as described in the patent
application WO 98/58910. There are excluded also non steroid
antiinflammatory (NSAIDs) as déscribed in WO 95/30641,

WO 94712463, WO 95/09831 respectively.

Preferably the precursor compound of B or B; (precursor of
the X, or X, radical in the formulas (I) and (II) xrespe-
ctively), is selected from the following classes of compounds:

- Aminoacids: aspartic acid (PI). histidine (PII),

5-hydroxytryptophan (PIII), 4-thiazolidincarboxy1ic acid

(PIV), 2~oxo-4-thiazolidincarboxylic acid (PV)

' OH

o .
o I AN
: OH (o
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mono and polyalcohols or thiols: 2-thiouracil (QI)., 2-
mercaptoethanol (QII), esperidine (QIII), secalciferol
(QIV), 1-a-OH vitamin D2 (QV). flocalcitriol (QVI), 22-
oxacalcitriol (QVII), the vitamin D3 derivative esterified
with the vitamin A radical (QVIII), the compound of
formuia (QIX), 24,28-methylene-1a-hydroxyvitamin D2 (QX)
the compound derived from la,25-dihydroxyvitamin D2 (QXI),

2-mercaptoimidazol (QXII )

: ?%i A
X . SH
hr/ SH
(Q1) ' . (QIT)
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The drug precursor compounds either of B or B;, or of
C = -T.-Y-H are prepared according to the known methods in the
prior art, and described for example in "The Merck Index, 1l2a
E4d. (1996), herein incorporated by reference. When available,
the corresponding isomers and optical isomers can be used.

The derivative of vitamin D3 with retinoic acid (QVIII)
is prepared as described in JP 53039261 (ref. C.A. 119 117617);
the compound of formula (QIX) according to EP 562,497; 24,28-
methylene-1a-hydrovaitamin D2 (QX) according to EP 578,494;
the derivative compound of dehydroxyvitamin D2 (QXI) according
to EP 549,318.

The tests carried out to identify the drug corresponding
to the R radical of the formulas (I) and (II) are in detail the
following:

Test 1 (NEM): evaluation of'the gastrointestinal damage
from oxidative stress induced by free radicals formed following
administration of ‘N-ethylmaleimide (NEM) (H.G. Utley, F.
Bernheim, P. Hochstein "Effects of sulphydril reaéents on pe-
roxidation in microsomes" Archiv. Biochem. Biophys. 118, 239-32
1967).

The animals (rété) are distributed in the following groups
(no. 10 animals for group):

A) Control groups:

1° group: treatment: only carrier (aqueous suspension 1% w/v
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of carboxymethylcellulose, dose: 5 ml/Kg when the

drug is administered by os, or a physiologic solution
when parenterally administered, i.e. by subcutaneous,
intraperitoneal,intravenousorintramuscularroute),

20 group: treatment: carrier as above defined + NEM,

B) Groups treated with the drug:

group I: treatment: carrier + drug,

gruppo II: treatment: carrier + drug + NEM.

The administration routes are those known for the drug,
and can be the oral or subcutaneous, intraperitoneal,
jntravenous or intramuscular route.

The NEM dose is of 25 mg/kg in physiologic solution {sub
cutaneous route) and the drug is administered one hour later,
in suspension in the carrier, as a single dose which
corresponds to the maximum one, or the highest still tolerated
by the animals of the group of rats not pretreated with NEM,
i.e. the highest administrable dose to said group at which
there is no manifest toxicity in the animals, defined as a
toxicity that is élearly recognizable for its symptoms. The
animals are sacrificed after 24 hours and then one proceeds to
the evaluation>of the damage to the gastrointestinal mucosa.

The'drug meets test 1, i.e. it can be used to prepare the
compounds of general formula (I) and (II), when the group of
rats treated with NEM + carrier + drug shows gastrointestinal

damages, or in said group the gastrointestinal damages noticed
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are greater than those shown by the group treated with the
carrier alone, or the group treated with carrier + drug, or the.
group treated with carrier + NEM, even though the drug
pharmacotherapeutic efficacy, assayed by using specific tests,
is not significantly reduced.

Test 2 (CIP): Protection parameter of endothelial cell
against the oxidative stress induced by cumene hydroperoxide
{CIP).

Human endothelial cells of the umbilical vein are prepared
according to an usual standard procedure. Fresh umbilical veins
are filled with a 0.1% by weight collagenase solution and
incubated at 37°C for 5 minutes.

Afterwards the veins are perfused with medium M 189
(GIBCO, Grand Island, NY) pH 7.4 further added of other sub-
stances, as described in the examples. The cells are collected
from the perfusate by centrifugation and harvested in culture
flasks T-75, pretreated with human fibronectin. The cells are
then harvested in the s-;-ame medium, further added with 10 ng/ml
of bovine hypothalamic growth factor. When the cells of the
primary cell culture (i.e. that directly obtained from ex-vivo)
form a single layer of confluent cells (about 8,000,000
cells/flask), the culture is stopped and the layers washed and
trypsinized. The cellular suspensions are transferred into the
wells of a cell culture plate having 24 wells, half of which is

then additioned with the same culture medium containing the
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drug at a 10°4M concentration, and harvested in a thermostat at
37°C at a constant moisture. Only the cells coming from said
first sub-cultures are used for the experiments with cumene
hydroperoxide (CcIP). The célls are identified as endothelial
cells by morphological examination and by their specific
immunological reaction.towards factor VIII; said cultures did
not show any contaminations from myocytes or fibroblasts.

pefore starting the test, the cellular culture medium is
removed and the cellular layers are carefully washed with a
physiologic éolution at a temperature of 37°C. The wells of the
culture plate are then incubated for one hour with CIP at a 5
mM concentration' in the culture medium. The evaluation of
cellular damage (apoptosis) is carried out by determining the
per cent variation of the DNA fragmentation with respect to the
control group (treated with CIP alone), evaluating the

fluorescence variation at the wave length of 405-450 nm. 5
replicates for each saﬁple are carried out.
| The drug meets the test, i.e. it can be used for preparing-
the compounds of general formula (1) and (IX), when a statisti-
cally significant inhibition of apoptosis (cellular damage)
induced by CIP with fesbéct to the group treated with CIPvalone
is not obtained at D < 0.01.

Test 3 (L-NAME): evaluation of the endothelial dysfunction
induced by administratAion of L-NAME (Nw-nitro-L-arginine-methyl

ester) J. Clin. Investigation 50, 278-281,1992.
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The endothelial dysfunction is evaluated by determining
the damage to the gastrointestinal mucosa, the hepatic damage
and blood hypertension induced by administration of L-NAME.

The animals (rats) are divided in groups as herein below
shown. The group receiving L-NAME is treated for 4 weeks with
said compound dissolved ét a2 concentration of 400 mg/litre in
drinking water. The following groups are constituted (No. 10
animals for group):

A) Control groups:

1° group: only carrier (agueous suspension 1% w/v of carboxy-
methylcelluloSe, dose: S5 ml/Kg when the drug is
administered':by os, phisiologic solution when
administered parenterally),

2¢ group: carrier + L-NAME,

B) Groups administered with the drug:‘

3° group: carrier + drug,

 4° group: carrier + drug +. L-NAME.

The administration'foutes are those known for the drug.,
and can be the oral or subcutaneous, intraperiteneal,
intravenous oY intraﬁuscular route. The drug is
administered at that ﬁbée which results the highest still
tolerated by the animals of the group of rats not pretreated
with L-NAME, i.e. the highest administrable dose at which there
is no evident toxi;ity in the animals, i.e & toxicity

recognizable for its symptoms. The drug is administered once a
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day for 4 weeks.

AL thé end of the four weexs treatment access to water is
prevented and after 24 hours the animals are sacrificed.

One hour Dbefore the sacrifice blood-pressure is
determined, and 2 blood pressure increase is teaken as an
evaluation of the damage to vascular endothelium. The damage to
the gastric mucosa is evaluated as jllustrated in test 1 (see
example Fl1). The hepatic damage is determinec by evaluation of
the glutamic-pyruvic transaminase (GPT increase) after
sacrifice.

The drug meets test 3, i.e. it can be used for preparing
the compounds of general formula (I) and (II), when in the
group of rats treated with L-NaME + drug + carrier it is found
an higher hepatic damage (GPT) and/or an higher gastric damage
and/or an higher cardiovascular (blood-pressure) damage in
comparison to that of the group treated with the carrier alone,
or of the gioup treated with carrier + drug, or of the group
treated with carrier +‘L-NAME; even if the drug pharmaco-
therapeutic efficacy, ‘assayed by specific tests, is not
significantly reduced.

uUnder the .conditions jndicated in the above described in
vivo tests 1 and 3 the therapeutic index of the drug is reduced
since the usual doses at which the drug can be effective are no
longer tolerated.

It has been found by the Applicant that the precursors of
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B or B, do not meet test 4 reported hereinafter while they
meet, as said, test 5.

Test 4 is a colorimétric test which must not be satisfied
by the precursor of B or B; (precursor of the X; or Xg; of the
formulas (I) and (II) respectively). The inhibition of the
production of radicals from DPPH (2,2-dipheny1-1-picryl-hyd-
razyl) is described ;n' M.S. Nenseter et Al., Atheroscler.
Thromb. 15, 1338-1344, 1995. 100 uM solutions in methanol of
the tested substances are prepared, and an aliquot of each of
said solutions is added to & DPPH solution in methanol 0.1 M.
After having stored the solutions at room temperature away from
light for 30 minutes, ﬁheir absorbances are read at the wave
length of 517 nm, together with that of the corresponding DPPH
solution at the same concentration. The absorbance decrease
with respect to that ofvthe solution of DPPH at the same con-
centration of the test solutions is determined. The
effectiveness of the tested compound in inhibiting formation of
radicals by DPPH is expressed by the following formula:

'- (1 A /A )X100
wherein Ay and A, are respectively the absorbance values of the
solution containing the test compound together with DPPH and of
the solution containing only DPPH. Test 4 is satisfied when the
inhibition is equal or greater than 50%.
Test 5 is a coiorimétric test wherein 0.1 ml aliquots of

10°¢4 M methanolic solutions of the tested products are added to
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test tubes containinq a solution formed by 0.2 ml of 2 mM
desoxyribose, 0.4 ml of phosphate buffer pE 7.4 100 mM and 0.1
ml of 1 mM Fe'(NH,),(SO,), in 2mM HCl. The test tubes are then
maintained at 37°C for one hour. Then in each test tube 0.5 ml
of a 2.8% soluticn in water of trichloroacetic acid and ¢.5 mi
of an agqueous 0.1 M solution of thiobarbituric acid are added,
in the order. A reference blank is formed zy adding to a test
tube containing only the above described aqueocus solution of
reactants 0.1 ml of methanol. The test tubes are closed and
heated in an -oil _bath at 100°C for 15 minutes. A pink
coloration is developed the intensity of which is proportional
to the quantity of desoxyribose undergone to radical oxidative
degradation. The soiﬁtions are cooled at room temperature and
their absorbances are read at 532 nm against the blank. The
inhibition induced by the precursor of B or B, or C = -T,-¥-H
in the confront of radical production by Fe™ is determined by
means of the following formula:

(1 - A,/A.)X100
wherein A, and A, are respectively the absorbance values of the
solution containing thé tested compound + the iron sait and
that of the solution containing only the irom salt, the
compound meets test 5 when the inhibition percentage of radical
production as above defined from the precursor of B or B, cr C
= -T.-Y-H is higher than or equal to 50%.

Unexpectedly the invention products of the formulas (I)

30

Printed from Mimosa 00/11/28 09:35:10 Page: 32



WO 00/61541 PCT/EP00/03239

and (II) have an improved therapeutic index, in oxidative
stress conditions, compared with the precursor drugs.
For illustrative purposes the above mentioned tests are

referred to the following compounds (see the Examples):

Test 1: precursor drug:vindomethacin

- Maximum administrable dose to rats: 7.5 mg/Kg p.O. By
administering a higher dose & toxicity 1is nanifésted,
chgracterized.by enteropathy, tremor, sedation until deéth
(within 24 hours).

- The group of rats treated with NEM + indomethacin at the
above mentioned dose shows gastrointestinal damages.
Since indomethacin in the groups treated with NEM causes

gastrointestinal‘damages, it meets test 1. Iindomethacin can

therefore be used as a drug for preparing the compounds (I) and

(II) of the present'invéhﬁion.

Test 2: pPrecursor dru§é§ indomethacin, paracetamol and mesala-

mine .

Indomethacin éndv;paracetamol meet test 2 since the
cellular damage (apoptdéis) inhibition induced by CI? is not
significantly differeﬁt with respect to that of the controls.

Therefore' the above drugs can Dbe used as drugs for
preparing ﬁhe compounas (I) and (II) of the present invention.

On the contrary mé;éiamine does not meet test 2, since it

inhibits the apoptosis induced by CIP. Therefore mesalamine
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according to test 2 cpuld not be used as a precursor to prepare
the compounds (I) and (II) of the present invention. It has
been however found that mesalamine submitted to test 1 causes
gastrointestinal damages.

Thus also mesalaxﬁine can be used as a precursor for
preparing the compounds (I) ané (II) of the present invention.
Test 3 (L-NAME) precurosr_drugs: paracetamol, simvastatin,
omeprazole

paracetamol and simvastatin meet test 3 since they cause
gastric and hepatic daﬁéées greater than those induced both by
1L-NAME + carrier and byAthe drug + carrier.

Therefore they can’be used as precursors to prepare the
compounds (I) and (II) of the present inventidn.

On the contrary it has been found that omeprazole neither
causes gastric nor hepatic damages, nor influences blood-
pressure. According to test 3 omeprazole could not be used as
a precursor for prepariﬁg the compounds (I) and (II) of the
present invention.

Test 4 (test for théz'ﬁrecursor of B 'andA B,): precursor
combound: N-acetylcysteine and 4-thiazolidincarboxylic acid

N-acetylcysteine in said test inhibits of 100% the pro-
duction of radicals induced by DPPH. Since said percentage is
higher than the 1imit of 50%, said drug cannot be used in the
present invention as preéursor of B or B,y.

4-Thiazolidincarboxylic acid does not inhibit at any
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extent the production 6f radicals induced by DPPH (Table V).
Thus the drug does not meet test 4 as reguested by the instant
invention and it could be used as a precursor of B or B; if it
meets test 5.

Test 5 (test for the precursor of B, B; and C= -Tg-Y¥-H):
precursor compound: 4-thiézolidincarboxylic acid

Table III relating to this test shows that the 4-
thiazolidincarboxylic acid meets test 5 since the % inhibition
is of 100%. Therefore tﬁe compound can be used as precursor of

B or of B-.

v3 in formula (III) is preferably selected from the

following:
— N — \ N N
L EF Ty T R Gy S
LN 2,2 (7 / B N ST N
N N N N N N N n
= ol - H H = 2} | 43
(¥z) (¥2) {2z (¥2) (¥s) (25} (¥7} (vz)
s . Iy L
N & N L J i T
C Ty T 2 N . TN N
Dyt N N =0 B '
(¥e) (nc) (v21) (vi2) (o () (v2s)

The most preferred of v3 is Y12 (pyridyl) substituted in
positions 2 and 6. The bonds can also be in asymmetric posi-
tion, for eXAmple ¥12 (pyridyl) can be substituted also in
position 2 ané 3; Y1 (pyrazol) may be 3,5-disubstituted.

The compounds according to the present invention of for-

mula (I) and (II) can be transformed into the corresponding
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salts. For example one way +o form salts is the following: when
in the molecuie one nitrogen atom sufficiently basic to be
salified, by reaction in organic solvent such as for example
acetonitrile, tetrahydrofuran, is present, iz is reacted with
an equimolecular amount of the corresponéing organic or inor-
ganic acid. To form the salt, preferably in the formula of the
jnvention compound Y or Y’ of formula (III) is present.

Examples of organic acids are: oxalic, tartaric, maleic,
succinic, citric acids.

Examples of inorgénic acids are: nitric, hydrochloric,
sulphuric, phosphoric acids.

The derivatives according to the invention can be used in
the therapeutic indications of the precursor drug, allowing to
obtain the advanﬁages exemplified hereinafter for some groups
of these drugs:

- Anti-inflammatory drugs NSAIDs: the invention compounds
result very well tolerated and effective, even when the
organism is debilitated and is under conditions of
oxidative stress. Said drugs can be used also .in those
pathologies wherein inflarmmation plays & significant
pathogenetic role, such as for instance, but not limited
to, in cancer, asthma, miocardic infarction.

- Adrenergic blockers, of a- oOr B-blocker type: the action
spectrum of the compounds of formula (I) results wider

than that of the starting drugs: to a direct action on the
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smooth musculature the inhibition of the nervous beta-
adrenergic 'signals governing the contraction of the
hematic vessels is associated. The side effects (dyspnoea,
bronchoconstriction) affecting the respiratory apparatus
are lower.

- Antithrombotic drugs: the antiplatelet activity is
potentiated and in the case of the aspirin derivatives the
gastric tolerability is improved.

- Bronchodilators and drugs active on the cholinergic
system: the side effects affecting the cardio-vascular
apparatus (tachycardia, hypertension) result lowered.

- Expectorants and mucolytic drugs: the gastrointestinal
tolerability results improved.

- Diphosphonates: the toxicity relating to the gastrointe-
stinal tract is drastically lowered.

- Phosphodiesterase (PDE) inhibitors (bron;hodilators): the
therapeutic efficacy is improved, the dosage being equal;
it is therefore possible, using the compounds of the
invention toiédminister a lower dose of the drug anq
reduce the side éffects.

- Anti leukotrienic drugs: better efficacy.

- ACE inhibitors: better therapeutic efficacy and lower side
‘"effects (dyspnoea, cough) affecting the respiratory
apparatus. |

- antidiabetic drugs (insulin-sensitizing and
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hypoglycaemizing), antibiotic, antiviral, antitumoral,
anticolitic drugs, drugs for the dementia therapy: better
efficacy and/or tolerability.

The drugs which can be used as precursors in the general
formula of the compoundé of the inveqtion are all those meeting
at least one of the above menticned tests i, 2, 3. Examples of
precursor drugsbwhich can be used are the following:

For anti-inflammatory/analgesic drugs, the following can
for example be mentioned:

anti-inflammatory drugs: aceclofenac, acemetacin, acetyl-
salicylic acid, 5-amino-acetylsalicylic acid, alclofenac, almi-
noprofen, amfenac, bendazac, bermoprofen, a-bisabolol, bromfe-
nac, bromosaligenin, bucloxic acid, butibufen, carprofen,
cinmetacin, clidanac, clopirac, diclofenac sodium, diflunisal,
ditazol, enfenamic acid, etcdolac, etofenamate, felbinac,
fenbufen, fenclozic acid, fendosal, fenoprofen, fentiazac,
fepradinol, flufenamic acid, flunixin, flunoxaprofen, flur-
biprofen, glucametacin, glycol salicylate, ibuprofen, ibupro-
xam, indomethacin, indoprofen, isofezolac, isoxepac, isoxicah,
ketoprofen, ketorolac,'lofnoxicam, loxoprofen, meclofeﬁamic
acid, mefenamic acid, meloxicam, mesalamine, metiazinic acid,
ﬁofezolac, naproxen, niflumic acid, oxaceprol, oxaprazin,
oxyphenbutazone, parsalmide, perisoxal, phenyl -ace-
tylsalicylate, olsalazine, pyrazolac, piroxicam, pirprofen,

pranoprofen, protizinic acid, salacetamide, salicilamide O-
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acetic acid, salicylsulphuric acid, salsalate, sulindac, supro-
fen, suxibuzone, tenoxiéam, tiaprofenic acid, tiaramide,
tinoridine, tolfenamié acié, tolmetin, tropesin, xenbucin,
ximoprofen, zaltoprofen, zomepirac, tomoxiprol;

analgesic drugs: acetaminophen, acetaminosalol, aminoc-
hlorthenoxazin, acetylsalicylic 2-amino-4-picoline acid, ace-
tylsalicylsalicylic acid, aﬁileridine, benoxaprofen benzylmor-
phine, 5-bromosalicylic aéetate acid, bucetin, buprenorphine,
butorphanol, capsaicine, cinchophen, ciramadol, clometacin,
clonixin, codeine, desomorphine, dezocine, dihydrococdeine,
dihydromorﬁhine, dimepheptanol, dipyrocetyl, eptazocine,
ethoxazene, ethylmorphine, eugenol, floctafenine, fosfosal,
glafenine, hydroccdone, hydromorphone, hydroxypethidine, ibu-
fenac, p-lactopheneﬁide, levorphanol, meptazinol, metazocine,
metopon, morphine, nalbuphine, nicomorphine, norlevorphanol,
normorphine, oxycodone, oxymorphone, pentazocine, phenazocine,
phenocoll, phenoperidine, phenylbutazone, phenylsalicylate,
phenylramidol, salicin, éalicylamide, tiorphan, tramadol, dia-
cerein, actarit.

For | respiratory and urogenital apparatus drugs
(bronchodilators and drugs active on the cholinergic system,
expectorants/mucolytics, antiasthmatic/antiéllergic antihi-
staminic drugs), the following can be mentibned:
broncodilators and drugs active on the cholinergic system:

acefylline, albuterol, bambuterol, bamifylline, bevonium methyl
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sulphate, bitolterol, carbutercl, clenbuterol, chlorprenaline,

dioxethedrine, difylline, ephedrine, epinephrine, eprozinol,

etafredine, ethylnorepinephrine, etofylline, fenoterol,
flutoprium bromide, hexoprenaline, ipratropium bromide,
isoetharine, isoprotenerol, mabuterol, metaproterenol,
oxybutynin, oxitropium bromide, pirbuterol, procaterol,

protokylol, proxyphylline, reproterol, rimiterol, salmeterocl,
soterenol, terbutaline, 1-teobromineacetic acid, tiotropium
bromide, tretoguinol, tulobuterol, zaprinast, cyclodrine, NS-
21, 2-hydroxy-2,2-diphenyl-N-(1,2,3,6-tetra hydro-pyridin-4-
ylmethyl Yacetamide;

expectorant /mucolytic drugs: ambroxol, bromhexine, do-
miodol, erdosteine, guaiacol, guaifenesin, iodinated glycerol,
letosteine, mesna, sobrerol, stepronin, terpin, tiopronin;

antiasthmatic/antiallergic antihistaminic drugs:
acrivastine, alloclamide, amlexanox, cetirizine, clobenzepam,
chromoglycate, chromolyn, - epinastine, fexofenadine,
formoterol, histamine, hydroxyzine, levocabastine, lodoxamide,
mabutercl, metron s, >monte1ukast, nedocromil, repirinast,
seratrodast, suplatast tosylate, terfenadine, tiaramide,
urushiol, bromhexine.

For cardiévascuiar drugs (ACE-inhibitors, beta-blockers,
antithrombotic and vasédilator drugs, antidiabetic and hypo-
glycemic drugs), the following can be mentioned:

ACE-inhibitors: alacepril, benazepril, captopril, cero-
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napril, cilazapril, delapril, enalapril, enalaprilat, fo-
sinopril, imidapril, lisinopril, losartan, moveltipril, na-
phthopidil, perindopril, quinapril, ramipril, spirapril, temo-
capril, trandolapril, urapidil;

beta-blockers: acebutolol, zlprenolol, amosulalol, aroti-
nolcl, atenolcl, betaxolol, vevantolol, bucumolol, bufetolol,
bufuralol, bunitrolol, buprancicl, butofilol, carazolol, car-
reolol, carvedilol, celiprolcl, cetamolol, dilevalol, epanclol,
esmolol, indenolol, 1abetalol, mepindolol, metipranolol,
metoprolol, moprolol, nadolol, nado#oiol, nebivolol, nifenaloi,
nipridalol, oxprenolol, pentutolol, pindolol, practolol,
pronethalol, propranolol, sotalol, sulfinalol, talinolol, ter-
tatolol, tilisolol, timolol, toliprolol, xibenolol;

antithrombotics and vasodilators: acetorphan, acetylsali-
. cylic acid, argatroban{&bamethan, benfurodil hemisuccinate,
benziodarone,betahistine,brovincamine,hmfeniode;citicoline,
clobenfurol, clopidogfel, cyclandelate, dalteparin, dipyrida-
mol, droprenilamine, enoxaparin, fendiline, ifenprodil,
iloprost, indobufen, isbogrel, isoxsuprine, heparin, lamifiban,
midrodine, nadroparin, nicotinoyl alcohol, nylidrin, ozagrel,
perhexiline, phenylpropanolamine, prenylamine, bapéveroliné,
reviparin soaiunl salt, Eidogrel, suloctidil, tinofedrine,
' tinzapérin, triflusal, xanthinol niacinate;
antiéiabetic drugs : acarbose, carbutamide, glibornuride

glybuthiazol{e). miglitol, repaglinide, troglitazone, 1-butyl-
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3-metanyl-urea, tolrestat, nicotinamide.

For antitumoral d;ugs, the following czn be mentioned:
ancitabine, anthramycin, azacitidine, azaserine, 6-azauridine,
bicalutamide, carubicin, carzinophilin, -~ chlorambucil,
chlorozotocin, cytarabine, daunorubicin, defosiamide, deme-
colcine, denopterin, 6-diazo-5-oxo-L-norleucine, docetaxel,
doxifluridine, doxorubicin, drcloxifene, edatrexate, eflorni-
thine, enocitabine, epirubicin, epitiostancl, etanidazole,
etoposide, fenretinide, fludarabine, fluorourzcil, gemcitabi-
ne, hexestrol, idarubicin, lonidamine, mannomustine, melphalan,
menogaril, 6 -mercaptopurine, methotrexate,- mitobronitol,
mitolactol, mitomycins, mitoxantrone, mopidamol, mycophenolic
acid, ninopterin, nogalamycin, paclitaxel, pentostatin, pira-
rubicin, piritrexim, plicamycin, podophyllic acid, porfimer
sodium, porfiromycin, propagermanium, puromycin, ranimustine,
retinoic acid, roquinimex, streptonigrin, streptozocin, te-
niposide, tenuazonic acid, thiamiprine, thioguanine, tomudex,
topotecan, trimetrexate, tubercidin, ubenimex, yinblastine,
vincristine, vindesine, vinorelbine, zorubicin.

For antiulcer drugs the followiné can be mentioned: ¢&-
acetamidocaproic acid, arbaprostil, cetraxate, cimetidine, eéa-
bet., .enprostil, esaprazole, irsogladine, ndsopfostol,' ome -
prazole, ornoprostil, pantoprazole, plaunotol, rioprostil,
rosaﬁrostol, rotraxéte, sofalcone, trimoprostil.

among anti-hyperlipidemic drugs (statines) the following
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can be mentioned: atorvastatin, cilastatin, dermostatin,
fluvastatin, lovastatin, mevastatin, nystatin, pentostatin,
pepstatin,'privastatin sodium, simvastatin.

Among antibiotic/antiviral drugs the following can be me-
ntioned:

antibiotics: amdinocillin, amoxicillin, ampicillin, apa-
1cillin, apicycline, aspoxicillin, azidamfenicol, azidocillin,
azlocillin, aztreonam, benzoyipas, benzyl penicillinic acid,
biapenem, bicozamycin, capreomycin, carbenicillin,
carindacillin, carumonem, cefaclor, cefadroxil, cefamandole,
cefétrizine, cefazedoﬁe, cefazolin, cefbuperazone, cefclidin,
cefdinir, cefditoren, cefepime, cefetamet, cefixime, cefmeno-
xime, cefmetazole, cefminéx, cefodizime, cefonicid, cefopera-
zone, ceforanide, ceﬁbtaxime, cefotetan, cefotiam, cefoxitin,
cefozopran, cefpimizole, cefpiramide, cefpirome, cefprozil,
cefroxadine, cefsulodin, ceftazidime, cefteram, céftezole,
ceftibuten, ceftiofur, ceftizoxime, ceftriaxone, cefuroxime,
cefuzonam, cephacetrile sodium, cephalexin, cephaloglycin,
cephaioridine, cephalosporin C, cephalothin, cephapirin sodium,
cephradine, chlorémphenicol, chlortetracycline, cinoxacin,
clavulanic acid, clometocillin, cloxacillin, cyclacillin,
'cycloserine,.demecloc§cline, dicloxacillin, epicillin, fenbe-
cillin, flomoxef, floxacillin,.etacillin, imipenem, lenampi-
cillin, loracarbef, lymecycline, mafenide, mecloéycline,-mefo-

penem, metampicillin, methacycline, methicillin sodium, mezlo-
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cillin, minocycline, moxalactam, mupirocin, myxin, negamycin,
novobiocin, oxacillin, panipenem, penicillin G potassium salt,
penicillin N, penicillin O, penicillin V, phenethicillini
potassium szlt, pipacycline, piperacillin, pirlimycin, porfi-
romycin,propicillin,quinacillin,ritipenem,rolitetracycline,
sancycline, sedecamycin, spectinomycin, sulbactam, sulbe-
nicillin, temocillin, tetracycline, ticarcillin, tigemoném,
tubercidin, azithromycin, clarithromycin, dirthromycin,

enviomycin, erythromycin, josamycin, midecamycin, miokamycin,

oleandomycin, rifabutin, rifamide, rifamycin, rifaximin,
rokitamycin, spiramycin, troleandromycin, viomycin,
virginiamycin;

amikacin,apramycin,arbekacin,dibekacin,dihydrostreptomyéin,'
fortimicins, gentamicin, micronomicin, neomycin, netilmicin,

paromomycin, ribostamycin, sisomicin, spectinomycin,

streptomicin, tobramycin, trospectomycin;

bacampicillin, cefcapene pivoxil, cefpodoxime proxetil,
panipenem, pivampicillin, pivcefalexin, sultamicillin,
talampicillin;

carbomycin,.dlindamycin, lihcomycin, mikanycin, rosaramicin,
ciprofloxacin, clinafloxacin, difloxacin, enoxacin,
enrofloxacin, fleroxacin, flumequine, grepafloxacin,
lomefloxécin,' nadifloxacin, nalidixic acid, norfloxacin, -
ofloxacin, pazufloxacin,ipefloxacin} pipemidic acid, piromidic:

acid, rufloxacin, sparfloxacin, tosufloxacin, trovafloxacin,
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clomocycline, guamecycline, oxytetracycline, mnifurpirinol,
nifurprazine; p-aminosalicylic acid, p-aminosalicylic acid
hydrazide, clofazimine, deoxydihydrostreptomycin,. ethambutol,
glyconiazide, isoniazid, opiniazide, phenyl aminosalicylate,
rifampin, rifapentine, salinazid, 4-4’-sulfynyldianiline,
Acediasulfone, dapsone, succisulfone, p-sulfanilylbenzylamine,
thiazolsulfone, acetyl sulfamethoxypyrazine, mafenide, 4’-
(methylsulfamoyl) sulfanilanilide, salazosulfadimidine,
sulfabenzamide, sulfacetamide, sulfachlorpyridazine,
sulfachrysoidine, sulfacytine, sulfadiazine, sulfadicramide,
sulfadimethoxine, sulfadoxine, sulfaethidole, sulfaguanidine,
sulfaguanocle, sulfalene, sulfamerazine, sulfameter,
sulfamethazine, sulfamethizole, sulfamethomidine,
sulfamethoxazole,sulfamethoxypyridazine,sulfamethylthiazole,
sulfametrole,sulfamidochrysoidine,sulfamoxble,sulfanilamide,
2-p-sulfanilylanilinoethanol, N4-sulfanilylsqlfanilamide,
sulfanilylurea, N-sulfanilyl-3,4-xylamide, sulfaperine,
sulfaphenazole, sglfaproxyline, sulfapyrazine,
sulfapyridine,sulfasomizole, sulfasymazine, sulfathiazole,
sulfathiourea, sulfisomidine, sulfisoxazole, 4-sulfanilamido
salicylic acid; negamycin, carumonan, cloxygquin, nitroxoline,
aréinine, metronidazole;

antiviral drugs: acyclovir, amantadine, cidofovir, cytara-
bine, didanosine, dideoxyadenosine, edoxudine, famciclovir,

floxuridine, ganciclovir, idoxuridine, indanavir, kethoxal,
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lamivudine, MADU, penciclovir, podophyllotoxin, ribavirin, ri-
mantadine, saguinavir, sorivudine, stavudine, trifluridine,
valacyclovir, vidarabine, xenazoic acid, zalcitabine, zidovudi-
ne.

Among bone résorption inhibitors (diphosphonates) the
following can be mentioned: alendronic acid, butedronic acid,
etidronic acid, oxidronic acid, pamidronic acid, risedronic
acid.

Among antidemence drugs the following can be mentioned:
amiridine, lazabemide, mofegiline, salbeluzol, oxiracetam,
ipidacrine, nebracetam, tacrine, velnacrine.

The preferred substances are the following:

among anti-inflammatory drugs: acetylsalicylic acid, 5-
aminoacetylsalicylic acid, carprofen, diclofenac sodium, diflu-
nisal, etodolac, flufenamic acid, flunixin, flurbiprofen,
ibuprofen, indomethacin, indoprofen, ketoprofen, ketorolac,
lornoxicam, loxoprofen, meclofenamic acid, mefenamic acid,
meloxicam, mesalamine, naproxen, niflumic acid, olsalazine,
piroxicam, salsalate, sulindac, suprofen, tenoxicam,
tiaprofenic acid, tolfenamic acid, tolmetin, zomepirac, tomoxi-
prol;

among analgesic drugs: acetaminophen, acetylsalicylsalicy-
lic acid, benoxaprofen, buprenorphine, butorphanol, capsaicin,
diacereine, dihydrocodeine, ethylmorphine, eugenoli, phenylbuta-

zone, meptazinol, morphine, nalbuphine, pentazocine, thiorphan,
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tramadol, actarit.

Among respiratory and urogenital apparatus drugé:
(bronchodilators, drugs active on the cholinergic system,
expectorants/mucolytics, antiasthmatics/antiallergic antihista-
minic drugs):

bronchodilators and drugs active on the cholinergic
system: albuterol, carbuterol, clenbuterol, difylline,
etofylline, fenoterol, ipratropium bromide, metaproterenol,
oxybutynin, pirbuterol, salmeterol, terbutaline, tiotropium
bromide, zaprinast, cyclodrine, NS-21, 2-hydroxy-2,2-diphenyl-
N-(1,2,3,6-tetrahydro-pyridin-4-ylmethyl)acetamide;

expectorant /mucolytic drugs: ambroxol, bromexine, guaia-
col, scbrerol;

antiasthmatic/antiallergic antihistaminic drugs:
cetirizine, chromoglycate, histamine, levocabastine,
lodoxamide, montelukast, terfenadine, bromexine.

among cardiovascular drugs:

ACE-inhibitors: captopril, enalapril, lisinopril, losar-
t;n, ramipril;

beta blockers: élprenolol, atenolol, bupranolol,
labetalol, metipranoiol, metoprolol, pindolol, prépranolcl, ti-
molol;

antithrombotic and vasoactive drugs: acetylsalicylic acid,
acetorphan, argatroban, clopidogrel, dalteparin, dipyridamole,

enoxaparin, heparin, iloprost, midodrine, ozagrel,
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phenylpropanolamine, trifusal;

antidiabetic drugs: toliesta;, nicotinamide.

Among antitumoral drugs: anthramycin, daunorubicin, doxo-
rubicin, epirubicin, fluorouracil, methotrexate, vinblastine.

Among antiulcer drugs: cimetidine, omeprazole, pantoprazo-
le.

among antihyperlipidemic drugs: lovastatin, pravastatin
sodium, simvastatin.

Among antibiotic/antiviral drugs:

antibiotic drugs: amoxicillin, ampicillin, aztreonam,
biapenem, carbenecillin, cefaclor, cefadroxil, cefamandole,
cefatrizine, cefoxitin, clavulanic acid, dicloxacillin, imi-
penem, meclocycline, methacycline, moxalactam, panipenem, sul-

bactam, azithromycin, erythromycin, josamycin, miockamycin, ri-

fabutine, rifamide, rifamycin, gentamicin, paromomycin,
sisomicin, bacampicillin, ca:bomycin, clindamycin,
ciprofloxacin, clinafloxacin, difloxacin, enrofloxacin,

lomefloxacin, nadifloxacin, norfloxacin, ofloxacin, pipemidic

acid,
apicycline, clomocycline, oxytetracycline, nifurpirinol,
nifurprazine, isoniazid, rifampin, rifapentine, dapsone,

thiazolsulfone, sulfamethoxazole, sulfamoxole, metronidazole,
arginine;
antiviral drugs: acyclovir, famciclovir, ganciclovir, pen-

ciclovir, ribavirin, vidarabine, zidovudine.
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Among bone resorption inhibitors: alendronic acid, etidro-
nic acid, pamidronic acid.

among antidementia drugs: oxiracetam, tacrine, velnacrine.

The above mentioned substances, A Precursors, are prepared
according to the methods known in the prior art. See for
example in "The Merck Index, 12a Ed. (1996), herein in-
corporated by reference. When available, the corresponding
isomers, comprising optical isomers, can be used.

Tomoxiprol is obtained according to the method describeid
in EP 12,866.

The compounds of formula (I) ox (II) are prepared with
synthesis methods mentioned below.

The choice of the reactions for each method depends on the
reactive groups present in the precursor drug molecule, in the
precursor compound of B or By, which can be, as above men-
tioned, bivalent or monovalent, and in the precursor compound
of C.

The reactions are carried out with methods well known in
the prior art, which allow to obtain bonds among the precursor
drug, the precursor drug of B or B; and the pr'ecursor compound
of C as above defined.

When the reactive functior.x of the precursor drug (for
example -COOH, -OH) is engaged in a covalent bond, for example
of ester, amide, ether type, said function can be restored with

the methods well known in the prior art.
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Some synthesis schemes for obtaining the compounds of the

invention are reported hereinafter:

2A) Synthesis of the compounds of formula (I).

1.

la.

la.1l

Synthesis of the compound obtained by reaction between the
precursor drug and the compound precursor of B.
When the drug has general formula R-COOH and the functio-
nal group of the precursor compound of B which binds
itself to the drug carboxylic function has the formula XZ,
X being as above defined and Z = H, the reactions carried
out depend on the nature of the second reactive group
present in the precursor_compound of B.
wWhen the second reactive group present in the precursor
compound of B is a carboxylic group, the synthesis general
scheme expects‘the initial formation of the halide of the
R-COHal acid (Hal = Cl, Br) and the subseguent reaction
with the HX grou§ of the precursor compound of B:

RCOOH ----—+ RCOHal + H-X-X,-COOH ----

R-T, - Tg-X,-COOH (IA.1)

X,, Ty, Tp being as above defined.
When in the two reaction compounds other functional groups
COOH and/or HX are present, they must be protected before
the reaction acdordiﬁg to the methods known in the art;
for example as described in the volume by Th. W. Greene:
nprotective groups in organic synthesis", Harward Univer-

sity Press, 1980.
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la.2

The RCOHal acylhalide is prepared according to the methods
known in the prior art, for example by thionyl or oxalyl
chloride, P or pV halides in inert solvents under the
reaction conditions, such as for example toluene, chloro-
form, DMF, etc.

Specifically, if the HX group of the precursor compound of
B is NH,, or OH or SH, the precursor drug of formula R-
COOH is first converted into the corresponding acyl halide
RCOHal, as above mentioned, and then reacted with the HX
group of the precursor compound of B in the presence of an
organic base, such as triethylamine, pyridine, etc. using
an inert solvent in the reaction conditions such as
toluene, tetrahydrofuran, etc. at a temperature in the
range 0°C-25°C.

Alternatively to the previous synthesis, the precursor
drug of formula R-COOH can be treated with an ggent act-
ivating the cafboxyl group selected.frcm1N,N’-carbonyldii-
midazol (CDI), N-hydroxybenzotriazol and dicyclohexylcar-
bodiimide in solvent such as for example DMF, THF, chlo-
roform etc. at a temperature in the range -5°C - 50°C and
the obtained compound let react in situ with'the reactive
function of the precursor compound of B for obtaining the
compound of formula (IA.1).

When the precursor compound of B contains two functional

groups XZ, equal to or different from each other, X being
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as above defined and Z = H, the precursor drug having for-
mula R-COOH is first treated with an agent activating the
carboxyl group, as above described in 1a.l, and then with
the precursor compound of B, after having protected one of
the two reactive HX groups, for example by reaction with
acetyl or ter-butyloxycarbonyl, restoring the initial
function at the synthesis end. The scheme is the

following:

- - - R-Tl‘TB"Xz'XH (IA.2)

wherein X, T;, Tp, X, a¥Ye 2as above defined and G is a
protective group of the HX function.

Nitroxyderivative synthesis.

when the compound obtained at the end of the previous step
1a. has formula (IA.1), the acid can be converted into the
corresponding sodic salt and then one can follow the known
pfior art methods for preparing the final compound, for
example according to one of the following synthesis

schemes:

A.) R'Tl'TB'Xz'COONa + R4"X1'R3 --co

R-Tl-TB-XZ-TBI_TC-Xl-REt (1A.1b) """ -

R-T; -Tg-Xy-Tpy-Te-Y-NO;

wherein T, Tg, X2. Tpr. Tc are as above defined, R, is se-

lected from Cl, Br, Y is as above defined, X; is the ¥
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2a.2

radical ‘free from the oxygen atom, Ry is Cl, Br, Iodine,
OH. When R; = OH the compound of formula (1lA.lb) is
shbmitted to halogenation, for example with PBry, PClg,
SoCl,, PPh; + I,, and then reacted with AgNO; in organic
solvent such as acetonitrile, tetrahydrofuran. If Ry is
cl, Br, Icdine, the compound of formula (1A.1lb) is
directly reacted with AgNO; as above mentioned.
B.) R-T;-Tg-X,-COONa + Hal-Y-NOp ---
R-T,-Ty-Xy-Tpr-Te-Y-NO,
C.)
R-T;-Tp-X2-COCL + Rg-X;-R3-~R-Ty-Tg-Xp-Tpr-Tc-¥1-Ry (1a.1c)
AgNO4
R-T, -Tp-X5-Tpr-Tc-X3-Ry ~---- -R-T; -Tp-Xy-Tpr~Te-¥-NO,
wherein Ry = OH or NHRjc, Rycs R3 and the other symbols
being as above defined.
The above shown réactions are well known in the prior art.
See for example the patent applications in the name of the
Applicant WO 94/12463, WO 95/09831 and WO 95/30641.
When X, is a linear C; alkyl, the corresponding acid R-T;-
Tg-X,-COOH is reacted with triphenylphosphine in the
presence of an halogenating agent such as CBr, or N-bro-
mosuccinimide in tetrahydrofuran obtaining the compound
{1A.1c) wherein Ry = Br.
when the compound obtained at the end of the previous step

1a has formula (IA.2), the corresponding nitroxyderivative
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1b.

1b.1

is obtained by treating an halogen-carboxylic acid of for-
mula Hal-X,-COOH, X; being as above defined, first with an
agent act;vating the carboxyl group as described in 1A.1,
and then with the compound of formula (IA.2), obtaining an
halogen derivative, which is isolated and then dissolved
in organic solvent, (ref. paragraph 2a.l), and treated
with silver nitrate. The global reaction scheme is the
following:

1) CDI, 2) R-T;-Ty-X,-XH
Hal-X.-COOH ----------=-==-c----==--= ~

R-T,-Tg-Xy-Tg:-Tc-Xy-Hal ------ -
R-T;-Tg-X5-Tar-Tc-Y-NO,
wherein T., Ty, X, Tpz. Tc, Y are as above defined.
Alternatively, the halide Hal-X.-COCl can be used, wherein
Hal is preferably bromine, which is reacted with the
compound of formula (IA.2).
When the drug precursor has the reactive function EHX,
wherein X is as above defined, instead of a carboxylic
group, the two functional groups present on the precursor
compound of B can be the following:
A carboxylic group, which reacts with the HX function of
the drug precursor, and a HX group, th.e latter reactive
group of the precursor compound of B being equal to or
different from the functional group of the drug precursor.

The formula of the precursor compound of B is of the H-X-
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X,-COOH type, wherein Z and X, are as above defined. The
H-X- function of the precursor compound of B is protected
according to the known prior art methods and the carboxyl
group is reacted, as above mentioned, according to the
following‘scheme: |
H-X-X,-COOH ----~ G-X-Xz-COOH 4+ R-XH ---—
R-T;-Tg-Xp-X-G -~~~ R-T,-Tg-Xy-X-H (1B.1)
at the end of the reaction the HX function of the pre-
cursor compound of B is restored.
When the precursor compound of B contains two carboxylic
groups, it is treated with an equimolar amount of an agent
activating the carboxyl group under the conditions
previously described in la.l, and then reacted with the
reactive HX function of the drug precursor molecule.
Possible other reactive functions of HX type present in
the two compounds must be protected as previously
mentioned. Lastly a compound of formula R-T,-Tg-X,-COCH
(1B.2) is obtained.
Nitroxyderivative synthesis.
To obtain the final nitroxyderivative starting from the
compound of formula R-T,-Tg-Xp-X-H (1B.1), obtained at
the end of the synthesis described in 1b.1, the (1B.1)

compound is reacted with an halogenacid of formula Hal-X;-

COOH which has been treated as previously described in

paragraph 1a.1, 6r with the corresponding»halogenacid
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chloride. The resulting compound is dissolved in organic
solvent, for example acetonitrile or tetrahydrofuran and
reacted with silver nitrate.

To obtain the final nitroxyderivative starting from the
compound of formula R-T;-Tpg-X;-COOH (1B.2), obtained at
the end of the synthesis described in 1b.2, the acid is
transformed into the corresponding sodic salt, it is
reacted with a Ry-X;-Rj3 compound, previously defined in
the reaction A. scheme of paragraph 2a.1l, obtaining
according to the same process therein mentioned the final
nitroxyderivative. Alternatively, when X, is a linear C,
alkyl, the acid (1B.2) is reacted with triphenylphosphine
in the presence of an halogenating agent such as CBry or
N-bromosuccinimide in tetrahydrofuran and the resulting
compound dissolved in orgénic solvent for example
acetonitrile, tetrahydrofuran, is reacted with silver
nitrate.

Alternatively to the synthesis process according to 1lb.1l
and 2b.1, it is possible to react in a first step the HX-
function of the precursor compound of B HX-X,-COOH with
the acyl chloride of an halogenacid of formula Hal-X;-CO-
C1, wherein Hal is preferably Br, and subsequently the
carboxylic function of the so obtﬁined compound, with the
drug precursor R-HX. In the third and last step the -Hal

group is substituted with -ONO, according to the process
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B)

la.

described in 2b.l. The reaction scheme is the following:

HX‘Xz“COOH + Hal-Xl-COCl hlialiaiend Hal'xl‘Tc'TBI'X2'COOH

R-XH
Hal-X,-Te-Tpr-Xp-COOH (2B.3) ---~ Hal-X,-Tc-Tpr-X2 Tg-T1°R

Hal'xl'Tc'TBI'Xz’TB'Tl‘R """ e OzN'Y'Tc‘TBI'Xz‘TB"Tl’R

wherein Te, Tprr Ter Tir X2v X,, Y are as above defined.
In the previous scheme the nitration can alternatively be

carried out on the acid compound of formula {2B.3).

synthesis of compounds of formula (I1).

when the drug precursor is of formula R-COOH and the
precursor compound of B contains oniy one functional
reactive group of formula XH, X being as above defined, R-
COOH is initially converted into the corresponding acyl-
halide, cor treated with an agent activating the carboxyl
group as described in la.l, and then reacted with the HX
function of an halogen-acid compound, said function being
equal to or different from that present on the precursor

compound of Bj, said halogen-acid having the formula:

HX-X,’-COCH
| (IIA.1)
Hal .
wherein X,’ is v’ as above defined without the oxygen atom
through which the -NO, group is linked, X and Hal are as
above defined.

The compound (IIA.l) can be obtained with the known method

of the prior art. For example when X = NH, it can be
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obtained from the corresponding hydroxy -aminoacid,
protecting the aminic group by the corresponding ter-bu-
tyloxycarbonyl derivative and transforming the hydroxyl
function into halogen group as described for the
halogenation of the compound (1A.1b) in 2a.1. The free
carboxylic function of the compound resulting from the
reaction with the molecule of the drug precursor is
reacted with the function present in the molecule of the
precursor compound of B,, as previously illustrated in
1a.1 for the reaction between the R-COOH acid and the
precursor compound of B. In the final step the halogen
atom (Hal) present on the radical X‘; is substituted with
an ONO, group by adding AgNO; to an organic solution of
the compound. The reaction scheme is the following,
exemplified starting from the RCOCl acid halide:

R-COC1 + HX-X;’-COOH-- R-Tl-TCI-)‘(l’-COOH (IIA.2) +HX-Xpa-~

|
Hal Hal

R-T;-Ter-Xy ' ~Terr-Teri¥za + AONO3™™ R-Ty-Tcr-¥1” ~Terr~¥2a
Lal gnoz

when the drug precursor and the precursor compound of B;

contain each a reactive group of general fo£mu1a XH, the

two groups in each of the two molecules being equal to or

different from each other, wherein X is as above defined,

the synthesis is carried out starting from an halo-

gendiacid compound of formula
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3a.l

HOOC-X, / - COOH

]
Hal

% peing as above defined, said compound being prepared
from the corresponding hydroxy-diacid as described for the
halogenation of the compound (1A.1b) in 2a.l. The
halogendiacid compound is treated with an equimolar amount
of an agent activating the carboxyl group, under the
conditions previously described in la.l., and then it is
reacted with the reactive function of the drug precursor
molecule. In the subsequent step the second carboxylic
function is treated with an activating agent, as pre-
viously made for the first, and reacted with the

precursox compound of B, according to the following

scheme:
CDI, HX-R
HOOC-X, ' ~COOH = --======="""" ~ HOOC-X,’-Tgr-Ty-R ---=
] |
Hal Hal
CDI, HX-Xg,
HOOC’X:L' -TCI-TI-R """""" - X2a‘TBII'TCII‘x1' -TCI-TI—R
! |
Hal Hal

The halogen atom is then substituted with the ONO, group
as above mentioned.

synthesis of the 'nitroso (s=1) derivatives of formula (I).
The compound of formula (1A.1b) wherein Ry = OH is reacted
with sodium nitrite in a solvent formed of a mixture of

water with tetrahydrofuran in the presence of hydrochloric
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acid. The reaction is widely illustrated in the prior art.
The general scheme is the following:

R-T,-Tg-Xy-Tpy ~Tc-Xy-OH + NaNOp ------- -~ A-B-C-NO

WHen the compound obtained at the end of step A in la.2
has formula (IA.Z) the corresponding nitroso derivative is
obtained by treating an hydroxyacid of formula HO-X,-COOCH,
X, being as above defined, first with an agent activating
the carboxyl froup, as described in la.l, then reacting it
with 1A.2 and the resulting product with sodium nitrite as
described in 3a.l.

To obtain the nitroso derivative starting from the
compound of formula R-T;-Tg-Xp-XH (1B.1) obtained at the
end of the synthesis described in 1b.1l, the compound
(1B.1) 1is reacted with an hydroxyacid as described in
3a.2.

To obtain the nitroso derivative from the compound of
formula R-Tl-TB-xz-COOH (1B.2) obtained at the end of the
synthesis described in 1b.2, the acid is transformed into
the sodic salt and reacted with a compound Hal-X,-OH, as
previously described, and the obtained alcohol ig treated
as described in 3a.l.

Synthesis of the nitroso derivatives of formula (IT)
when the drug is of formula R-COOH and the precursor
compound of B; contains only one function reactive group

of formula XH, X being as above defined, R-COCH is ini-
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tially converted into the corresponding acyl-halide or
rreated with an agent activating the carboxyl group as
describied in la.l, and then reacted with the HX function
of an hydroxy—acid compound, said function being equal to
or different from that present on the precursor compound
of B4, said hydroxy-acid having the formula:
HX-X,’ - COOH

| (4A.1)

OH
wherein X,' is Y’ as above defined without the oxygen atom
through which the -NO group is 1inked, X is as above
defined.
The free carboxylic function of the compound resulting
from the reaction with the drug molecule is reacted with
the function present in the molecule of the precursor
compound of By, as previously i1lustrated in la.l for the
reaction between the R-COOH acid and the precursoxr
compound of B. In the final step the alcohol is
transformed into the nitroso-derivative as described in
3a.l.
The reaction sdheme is the following, exemplified starting
from the RCOCl acid halide:
R-COC1 + HX-X,’-COOH-- R-Tl-TCI-X‘l’-COOH (4A.2) + HX-Xp-~

I
OH CH

R'Tl'TCI'Tl"TCII'TBII‘XZa + NaNOj-- R_TI'TCI;?l"TBII'Xza

OH ONO
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4b.

when the drug and the precﬁrsor compound of B, éontain
each a reactive group of general formula XH, the two
groups in each of the two molecules being equal to or
different from each other, wherein X is as above defined,
the synthesis is carried out starting from an hydroxy-

diacid compound of formula

HOOC- X, - COOH

|
OH

X, being as above defined, said hydroxydiacid compound is
treated with an eguimolar amount of an agent activating
the carboxyl group, under the conditions previously
described in la.l., and then it reacted with the reéctive
function of the drug molecule. In the subsequent step the
second carboxylic function is treated with an activating
agent, as previously made for the first one, and reacted
with the precursor compound of B; according to the

following scheme:

CDI, HX-R
HOOC-X, " -COOH =---==-=---="" ~ HOOC-X,’-Ter-Ty-R ---=
| |
OH CH
CDI, HX-Xj,
HOOC'Xl"'I‘CI-Tl'R """""" had XZa'TBII‘TCII'Xll'TCI'Tl'R
| I

OH CH

The obtained compound is reacted as described in 3a.l.

The compounds object of the present invention are formu-

lated in the corresponding pharmaceutical compositions for

parenteral, oral and topic use according to the well known
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methods in the art, together with the usual excipients; see for
example the volume "Remington’s Pharmaceutical Sciences 15a
E4."

The amount on molar basis of the active principle in these
formulations is the same, O lower, in comparison with that
used of the corresponding precursor drug.

The daily administrable doses are those of the precursor
drugs, OY optionally lower. The daily doses can be found in the
publications of the field, such as for example in "Physician’s
pesk reference”.

The following examples have the purpose to illustrate the
invention and are not to be consiodered as limitative of the
same.

EXAMPLE 1
Synthesis of the 3—[Z-fluoro-a-methyl—(1,1'-bipheny1)-4-ace-
tyl]thiazolidin-4-carboxylic acid 4- (nitroxy)butyl ester (NO-

Flurbiprofen), compound NCX 2002

CH, (5
N
. i (NCX 2002)
. o7 TOCH,IONO,

starting from flurbiprofen (formula IX) and the precursor of B

is (L)-4-thiazolidin carboxylic acid (formula PIV)
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CH S
F § OH (\7
W\/ i N
)l N
NN Z~0H
| 0
=
(IX) (PIV)

a) Synthesis of 3-[Z-fluoro-a-methyl-(l,l’-biphenyl)-4-ace-
tyl]thiazolidin-4-carboxylic acid

To a solution of 2-fluoro-a-methyl- (1,1’ -biphenyl)-4-ace-
tic acid (10 g, 41 mmoles) in toluene (100 ml) and N,N-
dimethylformamide (10 ml) cooled at 0°C, oxalylchloride (3.52
ml, 82 mmoles) is added. After 2 hours at room temperature, the
solution is evaporated at reduced pressure. The obtained
residue is dissolved in acetone (50 ml) and the solution is
added to a solution of 4-thiazolidincarboxylic acid (5.44 g, 41
mmoles) and triethylamine (14.9 ml, 106 mmoles) in acetone (50
ml) cooled at 0°C. After 2 hours the solution is acidified with
HC1 4 N, concentrated under vacuum, the residue is treated with
ethyl acetate and.the organic phase is washed first with HC1 2
N, then with water. The organic phase is anhydrified with
sodium sulphate and evaporated at reduced pressure. By .
crystallization with ethyl acetate/n-hexane 9.4 g of the
éxpected product in the form of a white solid having m.p.
142°C-147°C, is obtained.
14-NMR (CDCly): 7.74-7.62 (4H, m), 7.35 (2H, t), 7.18-7.13

(2H, m), 5.06 (1H, m), 4.63 (1#, d), 4.42 (1K, a), 4.14
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(1H, q), 3.13 (2H, m), 1.53 (34, d).
b) Synthesis of the 3-[2-fluorc-a-methyl- (1,1’ -biphenyl)-4-ace-
tyl]thiazolidin-4-carboxylic acid 4-(bromobutyl)} ester

To a solution of the acid cbtained in the previous step a)
(9.43 g, 26.24 mmoles) in tetrahydrofuran (150 ml)
triphenylphosphine (13.76 g, 52.49 mmoles) and carbon tetrabro-
mide (17.4 g, 52.49 mmoles) are added. The reaction mixture is
let under stirring for 24 hours at room temperature. The
solvent is removed by evaporation at reduced pressure. The
obtained crude product is purified by chromatography on silica
gel eluting with n-hexane/ethyl acetate 8/2. 2.25 g of the
ester are obtained in an oil form.
c) Synthesis of the 3- [2-f1uoro~a-methy1- (1,1’ -biphenyl) -4-ace-
tyl]thiazolidin-4-carbcxylic acid 4-(nitroxy)butyl ester

To a solution of the ester obtained at the end of the
previous step (2.6 g, 5.26 mmoles) in acetonitrile (20 ml)
gilver nitrate (1.07 g, 6.3 mmoles) is added. The reaction
mixture is heated for 4 hours under reflux away from light. The
formed salt 1is removed by filtration and the solution is
evaporated at reduced pressure. The obtained residue is
purified by chromatography on silica gel eluting with n-
hexane/ethyl acetate 7/3. 0.84 g of the 3-[2-fluoro-a-methy1—
(1,1’ -biphenyl)-4 -acetyllthiazolidin-4 -carboxylic acid
4- (nitroxy)butyl ester are obtained in an oil form.

1H-NMR (CDCl3): ~.56-7.09 (8H, m), 5.77 (1H, ad), 4.67
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(2H, &), 4.51 (2H, t), 4.24 (2H, t), 4.15 (1H, 4). 3.30-3.17
<2H, m), 1.74-1.70 (4H, m), 1.52 (31, 4).

EXAMPLE 2

Synthesis of the 3-(6-méthoxy-a-methyl-2-naphthalenacetyl)
thiazolidin-.tl -carboxylic acid 4- (nitroxy)butyl ester (NO-Napxo-

xene) (NCX 2001)

e
N i I N (NCX 2001)
. ‘ ! ,
HCw AR 0 5 O(CH,),OMNO,

starting from naproxene {formula vI) and the precursor of B is

(L)-4-thiazolidin carboxylic acid {formula PIV)

' S
H
& L/
NS

‘ Hac\om | | O>\OH

(VI) (PIV)
a) Synthesis of the 3-(6-methoxy-a-methy1-2-naphtha1enacety1)
thiazolidin-4- carboxylic acid
To a solution of 6-methoxy-a—methyl—2-naphthalenacetic
acid (4.02 g, 17.5 mmoles) in toluene (30 ml) gnd N,N-dimethyl-

‘formamide (0.3 ml) cooled at 0°C, oxalylchloride (2.92 ml,
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34 .06 mmoles) is added. After 2 hours at room temperature, the
solution is evaporated at reduced pressure. The obtained
residue is dissolved in acetone (50 ml) and the solution is
added to & solution of 4-thiazolidincarboxylic acid (2.33 g.
17.5 mmoles) and triethylamine (6.34 ml, 45.5 mmoles) in
acetone (50 ml) cooled at oec. Aafter 2 hours the solution is
acidified with HCl 4 N, concentrated under vacuum, the residue
is treated with ethyl acetate and the organic phase is washed
first with HCl 2 N, then with water. The organic phase is
anhydrified with sodium sulphate and evaporated at reduced
pressure. 4.43 g of the expected prodﬁct are obtained in the
form of a white solid having m.p. 165°C-168°C.
1-NMR (CDClj): 7.75-7.66 (3H, m), 7.34 (1H, 4a), 7.14-7.11 (2H,
m), 5.14 (1H, m), 4.80-4.61 (2H, m), 4.07 (1H, q), 3.91 (3H,
s)., 3.30-3.23 (2H, m), 1.53 (3H, 4).
b) gynthesis of the 3-(6-methoxy-a-methyl-Z-naphthalenacetyl)
thiazolidin-é—carboxylic acid 4 - (bromobutyl) ester

To a solution of the acid obtained in the previous step a)
(4 g, 11.6 mmoles) in tetrahydrofuran (50 ml)
triphenylphosphine (6.07 g, 23.1 mmoles) and carbon tetrabro-
mide (7.66 g, 23.2 mmoles) are added. The reaction mixture is
left under stirring for 24 hours at room temperature. The
solvent is removed by evaporation at reduced pressure. The
obtained crude product is purified by chromatography on silica

gel eluting with n—hexane/ethyl acetate 7/3. 2.25 g of the
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ester are obtained in an oil form.
c) Synthesis of the 3-(6-methoxy-a-methyl-2-naphtha1enacety1)
thiazolidin-4-carboxylic acid 4-(nitroxy)butyl ester

To a solution of the ester obtained at the end of the
previous step (2 g, 4.16 mmoles) in acetonitrile (20 ml) silver
nitrate (0,85 g, 5 mmoies) is added. The reaction mixture is
heated for 5 hours under reflux away from light. The formed
salt is removed by filtration and the solution is evaporated at
reduced pressure. The obtained residue 1is purified Dby
chromatography on silica gel eluting with n-hexane/ethyl
acetate 7/3. 0.99 g of the 3- (6-methoxy-a-methyl-2-
naphthalenacetyl)thiazolidin-4-carboxylic acid 4-(nitroxy)butyl
ester are obtained in an oil form.
1H-NMR (CDCls): 7.66 (3H, m), 7.38 (1H, m), 7.15 (2H, m), 5.06
(1H, dd). 4.66 (2H, &), 4.51 (2H, t), 4.25 (2, t), 3.98
(1H, q), 3.92 (3H, s), 3.13 (2H, d), 1.84 (4H, m), 1.53
(34, 4).

EXAMPLE 3

SynthesisoftheB-(6-methoxy-a-methy1-2-naphtha1enacetyl)-(R)-
2-oxothiazolidin-4-carboxylic acid 4-(nitroxy) butyl ester

(NCX 2150)

‘ 0 S
CH, |
| 1
m (NCX 2150)
HCx AN O 7TOCHIONG,
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starting from naproxene (formula VI) and the precursor of B is

(L)-2-oxo-4-thiazolidin carboxylic acid (formula PV)

| nN
/\/\/\/OH }\
H=C\OW g : O of
(VI) (PV)
a) synthesis of the 3- (6-methoxy-cx-methyl-2-naphthalenacetyl)-
(R)-2 -oxothiazolidin-4-carboxylic acid
To a solution of 6 -methoxy-a-methyl-2-naphthalenacetic
acid (7.0 g, 30.4 mmoles) in toluene (100 ml) and N,N-dimethyl-
formamide (10 ml) cooled at 0°c, oxalylchloride (5.23 ml, 61
mmoles) is added. After 2 hours at room temperature the
solution is evaporated at reduced pressure. To the solution of
the obtained residue dissolved in tetrahydrofuran (50 ml) a
mixture is added consisting of 2-oxothiazolidin-4-carboxylic
acid (4.07 g, 27.6 mmoles) , 4-dimethylaminopyridine (0.84 g,
6.9 mmoles), triethylamine (7.69 ml, 55.2 mmoles) in
tetrahydrofuran (50 ml) cooled at -10°C. The mixture is left at
room temperature for 24 hours. The reaction mixture is washed
with HC1 5%, then with water. The organic phase is anhydrified

with sodium sulphate and then evaporated at reduced pressure.
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The obtained residue is purified by chromatography on silica
gel eluting with methylene chloride/methanol 95/5. 6.79 g of
the expected product are obtained in the form of an amorphous
solid.
b) Synthesis of the 3-(6-methoxy-a-methyl-2-naphthalenace-
tyl)—(R)—2-oxothiazolidin-4-carboxylic acid 4-(bromobutyl)
ester

To a solution of 3-(6-methoxy-a-methyl-2—naphthalenace-
tyl)-(R)-2-oxothiazolidin—4-carboxylic acid (6.79 g, 18.9 mmo-
les) in tetrahydrofuran (100 ml) triphenylphosphine (9.91 g
37.8 mmoles) and carbon tetrabromide (12.53 g, 37.8 mmoles)
are added. The reaction mixture is léft under stirring for 16
hours at room temperature, then the solvent is removed by
evaporation at reduced pressure. The obtained crude product is
purified by chromatography on silica gel eluting with n-
hexane/ethyl acetate 7/3. 1.83 g of the ester are obtained in
the form of an oil.
c) Synthesis of the 3-(6-methoxy—a-methyl-2-naphthalenacety1)-
(R)-2-oxothiazolidin-4-carboxylic acid 4-(nitrobutyl) ester

To a solution of the ester obtained at the end of the
previous step (1.7 g, 3.44 mmoles) in acetonitrile (20 ml)
silver nitrate (0.82 g, 4.81 mmoles) is added. The reaction
mixture is heated for 6 hours under reflux away from light. The
formed salt is removed by £filtration and the solution is

evaporated under pressure. The obtained residue is purified by

68

Printed from Mimosa 00/11/28 09:36:59 Page: 70



WO 00/61541 ' PCT/EP00/03239

chromatography on silica gel elutiné with n-hexane/ethyl
acetate 7/3. 0.77 g of 3-(6-methoxy-a-methy1-2-naphtha1enace-
tyl)-(R)-2-oxothiazolidin-4-carboxylic acid 4-(nitroxy)butyl
ester are obtained in an oil form.

1g-NMR (CDClj): 7.74-7.67 (3H, m), 7.47 (1H, m) 7.14-7.10 (2H,
m), 5.28 (1H, dd), 4.12-3.51 (5H, m), 3.90 (3H, s)., 3.63 (1H,
ad), 3.33 (1H, dd), 1.55 (3%, 4), 1.30-1.23 (4H, m).

EXAMPLE 4

synthesis of [2-[(2,6-dichloropheny1)amino]-benzeneacetyloxy]-

(L)-histidine 4- (nitroxy)butyl ester

H , s
N\/COZ(Cdz)-O NOZ

/\/\/
b L
e
Cl\/\\/Cl ﬁ

wherein the precursor drug of the invention compound is
diclofenac of formula (XXIX) and the precursor compound of B is

(L)-histidine of formula (PII):

/) COOH Oori

. NH,
NH 0 \

a) synthesis of_[2-[(2,6-dichlorophenyl)amino]benzeneacety-
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loxy] (L)-histidine

To a diclofenac solution (3 g, 10.13 mmoles) in te-
trahydrofuran (50 ml) cooled at 0°C, 1,1’ -carbonyldiimidazol
(L.69 g, 10.13 mmoles) is added under stirring. After 10
minutes the solution igs treated with (L) histidine (1.57 g.
10.13 mmoles) and left uﬁder stirring at room temperature for
4 hours. The reaction mixture is concentrated under vacuum,
treated with methylene chloride and then washed in seguence
with HC1 1% and then with water. The organic phase is
anhydrified with sodium sulphate and evaporated under vacuum.
The obtained residue is purified by chromatography on silica
gel column, eluting with ethyl acetate. [2-[(2,6-
dichlorophenyl)amino] benzeneacetyloxy] (L)-histidine is
obtained.
b) synthesis of [2-[(2,6-dichlorophenyl)amino]benzeneacetY’
loxy] (L)-histidine 4;bromobutyl ester

To a solution of [2-[(2,6-dichlorophenyl)amino]benzenea-
cetyloxy] (L) -histidine (5 g. 11.54 mmoles) in tetrahydrofuran
(100 ml) triphenylphosphine (9.08 g, 34.62 mmoles) and carbon
tetrabromide (11.48 g, 34.62 mmoles) are added under stirring.
The reaction mixture is ieft at room temperature for 24 hours,
then the solvent is removed by evaporation at reduced pressure.
The obtained crude product is purified by chromatography on
silica gel eluting with n-hexane/ethyl acetéte 1/1. (S)-[2-

[(2,6-dichlorophenyl)amino]benzeneacetyloxy] (L)-histidine 4-
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bromobutyl ester is obtained.
c) Syntheéis of [2-[(2,6-dichlorophenyl)amino]benZeneacety-
loxy] (L)-histidine 4-nitroxybutyl ester

To a solution of [2—[(2,6-dichlorophenyl)amino]benzenea-
cetyloxy] (L)-histidine 4 -bromobutyl éster (3 g, 5.28 mmoles)
in acetonitrile (30 ml) silver nitrate (1.79 g, 10.56 mmoles)
is added. The reaction mixture is heated under reflux for 6
hours sheltered from the light, the formed salt is removed by
filtration and the solution is evaporated under reduced
pressure. The obtained residue is purged by chromatography on
silica gel column eluting with n-hexane/ethyl acetate 1/1. [2-
[(2,6-dichloropheny1)amino]benzeneacetyloxy] (ﬁ)-histidine 4-
nitroxybutylester is obtained. vield 35%.

EXAMPLE 5

Synthesis of 5-[[4-oxo-(4-nitroxybutyloxy)butanoyl]amino]—

1,2,3,4-tetrahydroacridine

0
O(CH,).ONO
HNJ\/\( i 2
0
NS
A
N

wherein the precursor drug of the invention compound is tacrine
of formula (XXXV) and the precursor compound of the bridging

group B is succinic acid of formula (RI):
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ey ;

X N :
} hOOC\/\COOH
=
Z N
{ XXXV) (RI)

a) Synthesis of succinic acid 4-chlorobutyl monoester

To a solution of succinic anhydride (2 g, 19.98 mmoles) in
chloroform (30 ml), cooled at 0°C, N,N’ -dicyclohexylcarbo-
diimide (4.2 g, 20.35 mmoles) end 4-dimethylaminopyridine (100
mg, 0.8 mmoles) are added under stirring. After 30 minutes 4-
chlorobutanol (2.1 g, 19.35 nmoles) is added. The reaction
mixture is left at room temperature for 7 hours under stirring,
then it is acidified with HCl 5% and it is extracted with ethyl
acetate. The organic phase is washed with brine, anhydrified
with sodium sulphate and evaporated at reduced pressure. The
crude product ié purified by chromatography on silica gel
column eluting with methylene chloride/methanol 8/2. Succinic
acid 4-chlorobutyl monpester is obtained.
b) Synthesis of 5-[[4-Oxo-(4-chlorobutyloxy)butanoyl]amino]-
1,2,3,4-tetrahydroacridine

To a solution of succinic acid 4-chlorobutyl monoester
(2.9 g, 10.02 mmoles) in N,N-dimethylformamide (30 ml), cooled
at 0°cC, N,N’-dicyclohexylcarbodiimide (2.2 g, 10.66 mmoles) and
4-dimethylaminopyridine (100 mg, 0.8 mmoles) are added under
stirring. After 5 minutes tacrine (2 g, 10.08 mmoles) is added.
The reaction mixture is left at room temperature for 24 hours,

then acidified with HCl 5% and extracted with ethyl acetate.
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The crganic phase is washed with zZrine, anhydrified with sodium
sulphate and evaporated at_reduced pressure. The crude product
is purified by chromatography ©on silica gel eluting with
methylene chloride/methanol €/2. 5-[[4-oxo~(4-chlorobutylcxy)-
butanoyl]amino]-1,2,3,4—tetrahydroacridine is obtained.

c) synthesis of 5-[[4-0xo-(4-ni:roxybutyloxy)butanoyl]amino]-
l,2,3,4-tetrahydroacridine

To a solution of 5—[4-oxo-(4-chlorobutyloxy)buta-
noyl]-amino]-1,2,3,4-tetrahydrca:ridine (3 g, 7,71 mmoles) in
acetonitrile (50 ml) silver nizrzte (1.79 g, 10.5¢ mmoles) is
added under stirring. The reacticn mixture is neated under
reflux for 36 hours away from i1ignat, the formed salt is removed
by filtration and the solutiocn is evaporated at reduced
pressure. The obtained residue is purified by chromatography on
silica gel column eluting with ethyl acetate. 5-[[4-ox0-(4-
nitroxybutyloxy)butanoyl]amino]-1,2,3,4-tetrahydroacridine is
obtained. Yield 27%.
EXAMPLE 6
synthesis of [4-amino‘[4-oxo-(4-nitroxybutyloxy)butanoyl]-1-

hyroxybutyliden] biphosphonic acid

I O(CH,).ONO,

wherein the precursor drug of the invention compouné is

73

Printed from Mimosa 00/11/28 09:37:13 Page: 75



WO 00/61541 PCT/EP00/03239

alendreonic acid of formula (XXXVI) and the precursor compound

of the bridging group‘B is succinic acid of formula (RI):

NH HOOC_~cooH

(XXXVI) (RI)
The c¢ompound is synthetized following the synthesis
procedure reported in Example 5. Yield 19%.
EXAMPLE 7

synthesisof [4-0x0O- (4 -nitroxybutyloxy)butanoyl 4-(2-amino-3,5-

dibromophenyl)-methylamino] cyclohexanol ester

)
o I
Cr N ToeH.oNo;
BTW\N -7 O
| | H
=

NH,
Br

wherein the precursor drug of the invention compound is am-
broxol of formula (XITI) and the precursor compound of the

bridging group B is succinic acid of formula (RI):

. o
HOOC
Br l:::]/ ~"COOH
AN NT
N .

=
NH,

Br
(XII) (RI)
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a) Synthesis of 4-( (2-'I‘ert-butoxycarbonylamino-3 ,5-dibromophe- .
nyl)methylamino] trans cyclchexanol

To amixture of 4-[ (2-amino-3, 5-dibromophenyl )methylamino-
Jjcyclohexanol (5 g, 13.22 mmoles) in dioxane (35 ml) and water
(50 ml), triethylamine (3.31ml, 23.7 mmoles) and di-tert-butyl
dicarbonai:e (3.46 g, 15.86 mmoles) are added under stirring.
aAfter 24 hours the solution is concentrated under vacuum,
treated with HC1l 1% until having neutral pH in the solution,
and it is extracted with ethyl acetate. The organic phase is
anhydrified with sodium sulphate and evaporated under vacuum.
4-[(2-tert-butoxycarbonylamino-3,5-dibromopheny1) methyl ami-
nojcyclohexanol is obtained which is used without further
purification.

b) Synthesis of [4-Oxo—(4-chlorobutyloxy)butanoyl]-4-(2-tert-
butoxycarbonylamino-3 ,5-dibromophenyl) methylamino} cyclo-
hexanol ester

To a solution of succinic acid 4-chlorobutyl monoester (4
g, 19.18 mmoli) in tetrahydrofuran (40 ml), 1,1’ -carbonyl-
diimidazol (3.4 g, 20.96 mmoles) is added under stirring. After

10 minutes the solution is treated with 4-[ (2-tert-butoxycarbo-
nylamino-3,5-dibromophenyl) methyl amino)cyclohexanol (9.8 g,
20.5 mmoles) and it is jeft at room temperature for 4 hours.
The reaction mixture is concentrated ‘under vacuum, treated
with methylene chloride, washed with HCl 1% and then with

water. The organic phase'is anhydrified with sodium sulphate
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and evaporated under vacuum. The obtained residue is purified
by chromatography on. silica gel column, eluting with n-
hexane/ethyl acetate l/l; [4-oxo-(4-chlorobutyloxy)butanoyl~4-
(2-tert-butoxycarbonyiamino-3,S-dibromophenyl) methylamino]
cyclohexanol ester is obtained.
c) Synthesis of [4-Ox§;(4-nitroxybutyloxy)butanoyl-4-(Z-tert-
butoxycarbonylamino-3,5-dibromophenyl) methylamino]
cyclohexanol ester

To a solution ci [4-oxo-(4-chlorobutyloxy)butanoyl-4-(2-
tert-butoxycarbonylamino-3,s-dibromophenyl) methylamino]
cyclohexanol ester (4 g, 5.98 mmoles) in acetonitrile (70 ml)
silver nitrate (1.5 g, 8.83 mmoles) is added under stirring.
The reaction mixture igs heated under reflux for 24 hours away
from light, the formed salt is removed by filtration and the
solution 1is evaporaéed at reduced pressure. The obtained
residue is purified by chromatography on silica gel eluting
with n-hexane/ethyl 'acetate 7/3. [4-ox0-(4-nitroxy-
butyloxy)butanoy1-4-(2‘tert-butoxycarbonylamino-3,5-
dibromophenyl) methylamino] cyclohexanol ester is obtained.
d)synthesisof[4-[4-Oxo-(4-nitroxybutyloxy)butanoyl](2-amino-
3,5- dibromo phenyl) methylamino] cyclohexanol ester

To a solution of {4-oxo-(4-nitroxybutyloxy)butanoyl-4-(2-
tert-butoxycarbonylamino-3,5-dibromophenyl) methylamino]
cyclohexanol ester (3.2 g, 4.6 mmoles) in ethyl acetate (50

ml), cooled at 0°C, ethyl acetate/HCl SN (6.5 ml) is added
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under stirring. The 'solution is left at 0°z for 4 hours, the
precipitate is filtered. The obtained crude zroduct is treated
with ethyl acetate and with 5% scdium bicarzonate, then with
water. The organic phase is anhydrified wizn sodium sulphate
and evaporated at reduced pressurxe. [4-oxo- (4-nitro-

xybutyloxy)butanoy1-4-(2-amino-3,5-dibrcmo prenyl) methylamino]

LY

cyclohexanol ester ig obtained. Yield 17

PHARMACOLOGICAL TESTS

EXAMPLE

Acute Toxicity

Acute toxicity has been evaluated =¥ administering to a
group of 10 rats weighing 20 g & single &cse of each of the
tested compounds, by cannula, by CS ig an ac:eous suspension of
carboxymethylcellulose 2% w/v.

The animals are kept under observation Zor i4 days. In no
animal of the groub toxic symptoms agppeared even after
administration of a 100 mg/Kg dose.

EXAMPLE F1

Test 1 - experimental model in vivo witx N-ethylmaleimide
(NEM): study of the gastric tolerability of some drugs screened
as precursors of the compounds of the invertion.

The animals (rats, weight about 200 g) are distributed in
the following. groups (Nb. 10 animals for group):

a) Control groups:

1° group: treatment: only carrier (agqueous suspension 1% w/v
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of carbox&methylcellulose, dose: 5 ml/Kg when the
drug is administered by 0Os, physiologic solution when
by parenteral route),

2° group: treatment: carrier + NEM,

B) Groups administered with each drug:
group I: treatment: carrier + drug,
group II: treatment: carrier + drug + NEM.

The drugs assaved in this experiment are the following
(Table I): indomethacin, ambroxol, mesalamine, sodic alendro-
nate, tacrine, omeprazol, miscprostol.

Indomethacin, ambroxol ané alendronate are administered by
os, mesalamine by intracolonic (rectal) route and tacrine, ome-
prazol, misoprostol by subcutaneous route.

The maximum tolerated dose, determined by administering
each substance by the above said routes to the animals not
treated with NEM, is reported in Table I. With higher doses
than those reported in the Table, enteropathy, diarrhoea,
depression, tremor and sedation have appeared in the animals.

In this experimental model the animals are at first
treated with NEM by subcutaneous injection at -a dose of 25
mg/kg in physiologichsolution. The drug is administered one
hour later, in suépenéion in the carrier. Animals are sacrifi-
ced after 24 hours and evaluation of the damage to the
gastrointestinél mucosa is made by counting the number of rats,

inside each group, with lesions to the stomach at a visual
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inspection. The total number cf said rats is then divided by
the total number of rats of the group.and multiplied by 100.
The thus obtained percentages are reported in Table I. The
Table shows that in the groups of rats treated with said drugs
without NEM, no gaétric lesicns were detectable.

All the rats of group II (treated with NEM) showed gastric
lesions after administration with the following drugs: indo-
methacin, ambroxol, mesalamine, sodic alendronate, tacrine.
Said drugs therefore' can be used in the synthesis of the
products of the invention.

Omeprazol and misoprostol cannot instead be used, on the
basis of the results provided in test 1, for preparing the
products of the invention.

EXAMPLE F2

Test 2 (in vitro): inhibition of apoptosis (DNA fragmentation)
induced in the endothelial cells by CIP in the presence of some
drugs screened as preeursors of the compounds of the invention.

The following precursor drugs (Table II): indomethacin,
paracetamol, clopidogrel, salbutamol, ambroxol, sodic alen-
dronate, diphylline, cetirizine, enalapril, nicotinamide, am-
picilline, aciclovir, mesalamine, tacrine, simvastine, ome-
prazol have been tested.

Human endotheliai cells of the umbilical vein are prepared
according to a standard method. Fresh umbilical veins are

f£511led with a collagenase solution 0.1% by weight and
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incubated at 37°C for 5 minutes.

Subsequently the veins are perfused with the medium M 199
(GIBCO, Grand Tsland, NY) pE 7.4 with 0.1% (weight /volume) of
collagenase, added with 10% of bovine fetus serum (10
mcg/ml), sodium he.parin (30 mcg/ml), thimidine (2.4
mcg/ml), glutamine (230 nmcg/ml), penicilliin (100 UI/ml),
streptomycin (100 mcg/ml) and streptomycin B (0.125 mcg/ml).
The cells are collected from the periusate by centrifugation at
800 rpm and harvested in culture flasks T-75, pretreated with
human fibronectin. Cells are then harvested in the same medium,
added with bovine hybothalamic growch factor (100 ng/ml). When
the cells of the primary cell culture (the cells directly
removed from ex-vivo umbilical vein) form a single layer of
confluent cells (about 8,000,000 cells/flask), harvesting is
stopped and the layers are washed and trypsinized. The cellﬁlar'
suspensions are trangferred into wells of a culture plate
having 24 wells, half 6f said wells being added with the same
culture medium containing the drug at a 10°“M concentration,
and harvested in a thermostat at 37°C at a constant mois1;ure
(90%), CO, = 5%. when the drug is not soluble in the culture
medium, it is formerly digsolved in a small amount of di-
methylsulphoxide. The maximum amount of dimethylsulphoxide
which can be added té the culture medium is 0.5%. Only the
cells coming from thesé first subcultures are used for the

tests with cumene hydroperoxide (CI?). The cells are identified
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as endothelial cells" by morphological examination and by the
specific irmmunological reaction towards factor VIII; these
cultures did never - show contaminations from myocytes OY
fibroblasts.

Before starting the test, the cellular culture medium is
removed and the cellular layers are carefully washed with a
standard physiologic'solution pbuffered with phosphate 0.1 M pH
7.0, at the temperatﬁre of 37°C. The content of each well is
then incubated for one hour with a cIP suspension in the
culture medium at é 5 mM concentration. Evaluation of the
cellular damage (apoptosis) is carried out by determining the
per cent variation of the DNA fragmentation in the cultures
containing the drug + CIP with respect to the controls treated
with CIP only. caid % variation of DNA fragmentation is
determined by evaluating the fluorescence variation by a BX60
Olympus microscope (Olympus Co., Roma) set at the wave length
of 405-450 nm, of the test samples with respect to the optical
density of the controls. The fluorescence of éach sample was
determined on 5 replicates. Statistic .evaluation has been
made with t student test (p < 0.01).

Results are given in Table II and show that indomethacin,
paracetamol,, clopidogrel, salbutamol, sodic alendronater
diphylline, cetiriziﬁe, enalapril, nicotinamide, ampicilline,
aciclovir, tacrine, omeprazol do not significantly inhibit

apoptosis; these drugs can therefore be used for preparing the
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products of the invencion.

On the contrary ambroxol, mesalamine and simvastatine
inhibit apoptosis. Therefore on the basis of the results of
test 2 these compounds could not e used for preparing the pro-
ducts of the inventicn.

EXAMPLE F3

Test 3 - experimental in vivo model witn N”-nitro-L-arginine-
methyl ester (L-N&ME): gastric tclerability (gastrointestinal
damage incidence}, hepatic (GPT dosage, glutamic-pyruvic
trahsaminase) and‘caréiovascular (pilood pressure) tolerability
of some drugs screened as precursors o tre compounds of the
invention.

The experimental model adopted ie according to J. Clin.
Investigation 90, 278-281,1952.

The endothelial dysfunction is evaluated by determining
the damage induced by L-NAME administration to the
gastrointestinal mucésa, the hepatic damage (GPT increase), and
the vascular endothelium or cardiovascular damage as blood
“hypertension.

The animals (rats, average weight 200 g) are divided in
groups as herein below described. The group receiving L-NAME is
treaéed for 4 weeké with said compound dissolved at the
concentration of 400 mg/litre in drinking water. The following
groups (No. 10 animals for group) are constituted:

A) Control groups:
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1° group: treatment: only carrier (agueous suspension 1% w/v
of carboxymethylcellulose, dose: 5 ml/Kg when the
drug is administered by os, physiologic solution when
by parenteral route),

2° group: treatment: carrier + L-NAME,

B) Groups treated wiﬁh the drug:

3° group: treatment: carrier + drug,

4° group: treatment: carrier + drug + L-NAME.

The drugs used in the test are paracetamol, doxorubicin,
simvastatine, omeprazol and misoprostol. Each drug is
administered once a day for 4 weeks.

The maximum tolerated dose of the drug being administered
to the animals is determined by evaluating, in a separate dose
- scaling up experimeﬁt on untreated animals, the appearance in
the animéls ‘of symptoms such as enteropathy, dlarrhoea,
depression, tremor,lsedation.

At the end of the four weeks access to water is prevehted
and after 24 hours the animals are sacrificed.

One hour before the sacrifice blood pressure is determined
.and a blood pressure increase is taken as an indication of a
damage being occurred to vascular endothelium..

The damage to the gastric mucosa is evaluated as pre-
viously mentioned in tes; 1 (ex. Fl). The hepatic damage is
'determined by evalua%ion after the sacrifice of the glutamic-

pyruvic tfansaminase'(GPT increase).
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The drug meets test 3 and it can therefore be used for
preparing the compoun&é of the invention, when in the group of
rats treated with L-NAME + drug + carrier, an higher hepatic
damage (higher GPT values) and/or higher gastric damage and/or
higher cardiovascular damage (higher blood pessure) are found
in comparison with the group treated with the carrier only, oY
the group treated with carrier + drug, or the group treated
with carrier + L-NAME.

The test results are reported in Table IV. The % gastric
lesions have been de£érmined as in Test 1. The % GPT and %
blood pressure valueéjare referred to the corresponding value
found in the animals of the 1lst group of the control groups.
The average value of the blood pressure in this group was of
105 + 8 mmiHg.

The results obtained show that paracetamol, doxorubicin
and simvastatine cause hepatic damage and gastroenteropathy
(GPT values and the gasﬁric jesions are % higher compared both
with the corresponding groups treated with the drug, in the
absence of L-NAME, and with the conirols treated with L-NAME).

These drugs can therefore be used for preparing the
products of the invention.

Omeprazol and misoprostol should not instead be used, on
thé basis of this tesi, for preparing the products of the
invention.

EX2AMPLE F4
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Test 4: inhibition of the radical production from DPPH of some
substances used as précursors of B or Bl (ref. Formulas I and
ITI of the invention)

The method is based on a colorimetric test in which DPPH
(2,2-dipheny1-1-picf§1-hydrazyl) is used as the compound-
forming radicals (ﬁ.s. Nenseter et Al., Atheroscler. Thromb.
15, 1338-1344, 1995).

Solutiong in methanol of the tested substances at a final
concentration 100 uM are initially prepared. 0.1 ml of each of
these solutions arebadded to aliquots of 1 ml of a methanol
solution 0.1 M of.DPPH and theﬁ the final volume is brought to
1.5 ml. After having»stored the solutions at room temperature

away from light fé; 30 minutes, the absorbance at the wave
length of 517 nm is read. It is determined the absorbance .
decrease with respect to the absorbance of a solution
containing the same concentration of DPPH.
The efficacy of the test compound to inhibit the production-of
radicals, o©Or antiradical activity, is expressed by the
following formula:
(1 - Ag/B)X100
wherein A; and A, are, respectively, the absorbance vaiues of
the solution containing the test compound together + DPPH and
of the solution containing only DPPH.
The éompound toﬁbe used according to the present invention

does not meet test 4 if it inhibits radical production as abo-
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ve defined by 2 percenéage cf 50% or higher.

In Table V the results cbtained with the following sub-
sfances are reported: N:acetylcisteine, cisteine, ferulic acid,
(L)-carnosine, gentisic acid, 4-thiazolidin carboxylic acid and
2-ox0-4-thiazolidincarboxylic acid.

Taeble V shows that:

- N-aéetylcisteiné, cisteine, ferulic acid, (L)-carnosine,
gentisic acié meet test 4 since they inhibit the
production of rédicals induced by DPPH in an extent
higher than 50%, therefore they cannot be used as
'precursors of B or B; of the compounds of the invention.

- 4-Thiazolidin carboxylic acid and 2-oxo-4-
thiazolidincarboxylic acid do not meet test 4.since they

“do not inhibit radical production from DPPH in an extent
equal or higher than 50%, and therefore they can be used
as precursors of coﬁpounas B or B, according to the

present invention, provided they meet following test 5.
EXAMPLE FS
Test 5: inhibition of the radical production from Fe!l from
compounds used as precursors of B, B; or C = “Te-Y-H

0.1 ml aliquoﬁé of 10°* M methanolic solutions of 4-
tﬁiazolidin carboxylic acid and 2-oxo-4-thiazolidin carboxylic
acid are added to test tubes containing an agueous solution
formed by mixing 0.2 ml of 2 mM deoxyribose, 0.4 ml of buffer

phosphate pH 7.4 100 mM and 0.1 ml of 1 mM Fell(NH,),(S04), in
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omM HCl. The test tubes are then kept at a temperature of 37°C
for one hour. Then in each test tube aré added in the Vclprder 0.5
ml of a 2.8% solution in trichloroacetic acid in water and 0.5
ml of an aqueous solution 0.1 M thio barbituric acid. A
reference blank is constituted by subétituting the above 0.1 vml
aliquotsi of the test compound methanolic solutions with 0.1 ml
of methanol. The test tubes are clos.ed and heated in an oil
bath at 100°C for 15 minutes. A pink coloration develops the
intensity of which is proportional to the quantity of
deoxyribose undergone to radical oxidative degradation. The
solutions are cooled at room temperature gnd their absorbances
at 532 nm are read against the blank.

The inhibition induced by the precursor of B or' B, or C~=
-Te-¥-H {(wherein the free valence is saturaped as above
defined) in the confront of radical production from Fe-1 is
determined as a percentage by means of the following formula:

(1 - A5/AL)X100
wherein A, and A, are respectively the absorbance values of the
solgtion containing the tested compound + the iron salt and
that of the solution containing only the iron salt. The results
are reported in Table III, from whi;h it is drawn'that both
acids meet test 5, since they inhibit radical production from
Fe'l in a percentage higher than 50%. Therefore both 4-
thiazolidin carboxylic acid and 2-oxo.-4-thiazolidin carboxylic

acid can be used as precursors of B, By or of C = -T.-Y-H, for

87

Printed from Mimosa 00/11/28 09:37:53 Page: 89



WO 00/61541 : PCT/EP00/03239

obtaining the compounds of the present invention.
EXAMPLE F6
Gastric tolerability test of the compounds according to the
invention in the confront of the corresponding precursor drugs
in conditions of endothelizl dysfunctions induced by L-NAME
(N¥-nitro-L-arginine-methyl ester).

Example F3 was repeated and it was evaluated the gastric
tolerability both of the following precursor drugs and of the
corresponding derivatives according to the present invention:

- piclofenac and the corresponding derivative according to

Ex. 4.
- Ambroxol and the correspending derivative according to Ex.
7.

- Alendronate and the corresponding derivative according to
Ex. 6.

- Tacrine and corresponding derivative according to Ex. 5.
The results are reported in Table VI and show that, by

administering at the same dose the compounds of the invention

and the corresponding precursor drug, gastropathy incidence

results remarkably reduced or disappeared in the groups

treated with the compounds of the invention.
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EXAMPLE 8

Synthesis of 3-[2-(acetyloxy)benzoyl]thiazolidin~4-carboxylic

acid-4- (nitroxy)butyl ester (formula XCI).

S
i
',/\]/— \COZ(CHZLONOZ

A ocock,

(XCI)

starting from acetylsalicylic acid (XCII) and thiazolidin-4-

carboxylic acid (formula PIV)

S ococ, 57 on

(XCII) (PIV)
Compound (XCI) is synthetized according to the scheme given in

Example 3. Yield : 26%.

Elemental analysis

calculated $ C 49.51 H 4.89 N 6.79 s 7.717
found% C 49.57 H 4.94 N 6.70 S 7.73

EXAMPLE 9

Synthesis of 2-(tert-butylamino)-1-[4-hydroxy-3[4-0xo-(4-
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nitroxybutyloxy)butiryloxy]methylphenyl]ethanol of formula

(XCIII)

Jin)zcoz(CHz)z.ONoz y CH,
/\/\/\/N C
0~ 0 T Y cl)H \1/ " (XCIII)
¥ CH;
HO

starting from salbutamol (XXV) and succinic acid (formula RI).

(XXV) (RI)
Compound (XCIII) is obtained according to the procedure
followed in Example 7. Yield : 14%.
Elemental analysis
calculated $ C 55.26 H 7.06 N 6.14
found$% Cc 55.20 H 7.10 N 6.17
EXAMPLE 10
Synthesis of. 3-[[2-[4-{(4-chlorophenyl)phenylmethyl]-1-
pyperazinyl]ethoxy]acetyl]-thiazolidin-4-carboxylic acid-4-

{(nitroxy)butyl ester of formula (XCV)
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O O
g
cl x (/“\N/“\V/O\v/l\N S (XCV)
| N
= 0
-~ 0(CH,) ONO,
X

starting from cetirizine (XIV) and 2-oxo-4-thiazolidin

carboxylic acid (formula PV)

0] COOH
(:l\\_‘{/’:§_\ll (/“\N/A\v/ ~ .
i : O
\_//\/N\) \;\4
H/
“ J—on
1 i o
7
(XIV) {PV)

Compound (XCIII) is obtained according to the procedure
followed in Example 3. Yield : 18%.

Elemental analysis

calculated ¥ C 55.44 H 5.63 N 7.66 Cl 5.65

found$% C 55.48 H 5.60 N 7.61 Ccl 6.71

EXAMPLE 11

synthesis of N[(S)l-[N[l-(ethoxycarbonyl)-3-pheny1propy1]L-
Alanyl]—L-prolinyl] hystidine 4(nitroxy)butyl ester of formula

(XCVIII)
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H
N
COOCH,CH, g )
XCVIII
_H NQ (xevrrT)
}__< CO——ﬁ
Ha(;\ o} CO,{CH,),ONO,

starting from enalapril of formula (XV) and histidine of

formula (PII):

COOCH,CH,
ﬁ N——“l,
v  cooH HNMCOOH
S0 =N
HC HN
{XV) (PII)

Compound (XCVIII) is obtained according to the procedure of
Example 7. Yield : 14%.

Elemental analysis

calculated % C 57.75 H 6.88 N 13.04

found$¥ C 57.85 H 6.95 N 13.01

92

Printed from Mimosa 00/11/28 09:38:06 Page: 94



WO 00/61541 PCT/EP00/03239
EXAMPLE 12
Synthesis of 1-[ (1-methylethyl) amino}-3-(l-naphtalienoxy)-2-[4-

oxo- (4-nitroxybutyloxy)butanoy:joxy propane of formula (XCX)

COO(CH,),ONO,  (XCZ)

Q—
o:<
(e
o=
| X]

starting from propranolol of Iformula (XXIV) 2nd succinic acid

of formula (RI):

Cle
O/\l/\ﬁ/\cH3 | (ﬁ o
OH HO/\/\ﬂ/
‘lli!lli: o]
(XXIV) (RI)

Compound ({XCX) is obtained according to the procedure of
Example 7. Yield : 30%.

Elemental analysis

calculated % C 60.49 H 6.77 N 5.88

found$ C 60.40 H 6.75 N 5.91
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EXAMPLE 13

Synthesis of 3-[a-{2-chlorophenyl)-6,7-dihydro-thiencl[3.2-
¢]pyridine-5(4H)acetyl)thiazolidin-4-carboxylic acid 4-
(nitroxy)butyl ester of formula (XCXII)

s
(

Oig/N
:  COO(CH,),0NO,
/ ” N/W {XCXII)

S”\\//icr/i\;J

starting from clopidogrel of formula (XI) and thiazolidin-4-

carboxylic acid of formula (PIV):

, S
OQ?/OH | r’
N H’N
0 P
S cl
(XI) _ (PIV)

Compound (XCXII) 4is obtained according to the procedure
followed in Example 1. Yield : 15%.

Elemental analysis

calculated % C 51.15 H 4.85 N 7.78 S 11.87 Cl 6.56
found$ C 55.48 H 5.60 N 7.61 S 11.85 C(Cl 6.59

EXAMPLE 14

Synthesis of aN-[l-[S-(2,5-dihydro~5-oxo-3jfurany1)-3-methy1-2-

_benzofuranyl]ethyloxy-4joxo-butanoyl] hystidine 4(nitroxy)butyl
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ester of formula (XCXIV)

(XCXIV)

CCO(CH,),0NO,

starting from benfurodil hemisuccinate of formula (XXXT) and

hystidine of formula (PII)

{XXXI) (PII)

Compound (XCXIV) was obtained following the procedure described

in Example 4. Yield : 35%.
Elemental analysis
calculated % C 56.86 H 5.26 N 9.15_

found$ C 56.92 H 5.29 N 9.10
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EXAMPLE 15
Synthesis of 3-nicotinoyl-thiazolidin carboxylic acid (4-

nitroxy)butyl ester of formula (XCXVI)

0

N I COO(CH,),ONO,
l(\!/\f‘l’l J/ (XCXVT)

< ~
SN s

starting from nicotinamide of formula (XXIZI) and thiazolidin-

4-carboxylic acid of formula (PIV)

0 ( S
Il N
AN NH, H

\ /) - Oi\OH

(XXIII) {PIV)
Compound (XXIII) was synthetized according to the procedure
described in Example 1, using nicotinic acid. Yield 35%
Elemental analysis
calculated % C 47.32 H 4.82 N 11.82 s 9.01

found$% C 47.30 H 4.79 N 11.84 S 9.06
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EXAMPLE 16
Synthesis of 5-methoxy-2-[[[4-0x0-4-(nitroxy)butyryloxy}-3,5-
dimethyl-2-pyridinyllmethyl )sulphinyl]-1H-benzimidazole of

formula (XCXVIII)

OHOCH)Q

o)
r\rN oG 0
/‘\/\/}_S — Co (XCXVIII)
0 N N

|
CH,

starting from 4-hydroxyomeprazole of formula (XXII) and

succinic acid of formula (RI)

N //0 H3?\ OH
| P )—S = ‘ OH
0 N Nt HO ;
CH, N
(XXITI) (RI)

Compound (XCXVIII) was obtained _ following the procedure
described in Example 7. Yield 15%

Elemental analysis

calculated ¥ C 52.64 H 4.97 N 10.23 S 5.86

found% C 52.68 H 5.01 N 10.15 S 5.81

EXAMPLE 17

Synthesis of [1S-[1la,3a,78,88,(25%,45%)]]-2,2-dimethylbutanoic
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acidl,2,3,7,8,8-hexahydro-3,7-dimethy1-8-[2-[tetrahydro-4-[4-
oxo-(4-nitroxybutyloxy)butiryloxy]-6-oxo-2H-piran-2-y1]ethyl]-

1-naphthalenyl ester of formula (XCXIX)

O

" |
k/ I
0 (XCXIX)

starting from simvastatine of formula (XXI) and succinic acid

of formula (RI)

RO ~\©
|
O
0
/>(“\ i
C o OH
r\l/\/ H,
\\“'\)\)
H,C
(XXT) ' (RI)

Compound (XCXIX) was synthetized following the procedure of
Example 7. Yield 12%.

Elemental anélysis

calculated $ C 62.35 H 7.77 N 2.20

found? C 62.50 H 7.81 N 2.17
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EZAMPLE 18
Synthesis of 3-[4-D—a-amincbenzylpenicillaminoyl]thiazolidin

carboxyiic acid 4- (nitroxy)cutyl ester of formula (XCXX)

Hz

"z

;:/\CC‘ s (KCXX)
l_;>—coocnt)ono

starting from ampicillin cf formula (XVI) and 2-o0oxo-4-

thiazolidin carboxylic acié of formula (PV)

NH,
= s
I H 0
B NS Qi:
G \ ch, W

N R oH

© 0
HO
(XVI) (PV)

Compound (XCXX) was obtained following the. procedure of Example
3. Yield 19%.

Elemental analysis

calculated % C 48.39 H 4.91 N 11.76 s 10.77

founds c 48.43 H 4.99 N 11.71 S 10.74
EXAMPLE 19

synthesis of 9-[[2-[4-oxo-(4-nitroxybutyloxy)butiryloxy]

ethoxy]—methyl]guanine of formula (XCXXI)
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I
N
HN/\H/ \> (XCAXI)
X N

A 0

HN I

e

\
HLO(CHLON
CH,O(CH,); O(CH,),ONO,

o=

starting from acyclovir o formula (#AVII) and succinic acid of

f
i N 9
"I . \ll \> /!!\/\/OH
HJQMN\ RO T
‘ CHO(CH,),0r 0
(XVII) (RI)

Compound (XCXXI) was synthetized following the procedure of
Example 7. Yield : 23%.

Elemental analysis

calculated % C 46.26 E 5.25 N 15.85

found$ C 46.30 H 5.28 N 15.84

EXAMPLE 20

Synthesis of (8S-cis)-10[ (3-amino,2,3,6-tri-deoxy-a-L-1yxo-exo '
pyranosyl)oxy]-7,8,9,10-tetrahydro,6,8,11-trihydroxy-8-[[[4-
oxo-(4-nitroxybutyloxy)butiryl—oxy']methyl-oxo]-1-methoxy-5,12-

naphtacenedione of formula (XCXXII)
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]
O ok ON0;

(XCXXITI)

starting from doxorubicin of formula (XXXII) and succinic acid

of formula (RI)

(XXXII) (RI)

Compound (XCXXII) was synthetized according to the procedure of
Example 7. Yield 10%.

Elemental analysis

calculaied $ C 55.26 ﬁ 5.30 N 3.68

found$ C 55.34 H 5.32 N 3.65
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EXAMPLE F7

Example Fl was repeaced with four groups of rats (each group of

of ten animals), &ll of them receiving NEM, and orally

administered as it follows

a. control group . the vehicle formed of an aqueous
suspension 1i% w/v of carboxymethylcellulose,

b. cne gYouy (grc:o.b - comparative ) adminis;ered at the
came time with 5 mg/Kg (0.02 mmoles/Kg) of flurbiprofen +
2.7 wmg/Kg (0.02 rmoles/Kg) of 4-thiazolidin carboxilic

Aacid in the same apove vehicle,

c. one group (group C - comparative) administered at the same
cime with 7.4 wmg/Kg (0.02 mmoles/Kg) of 4- (nitroxy)butyl
ester of fiurbiprofen, synthetized according to the method
describéd in WO 94/12463, + 2.7 mg/Kg (0.02 mmoles/Kg) of
i-thiazolidin carboxilic in the same above vehicle,

d. one group (group d) administered with 9.8 mg/Kg (0.02
mmoles/Kg) of 3-[2-fluoro—d-methyl-(1,;'-biphenyl)-4—ace-
tyl]thiazolidin—4-carboxylic acid 4- (nitroxy)butyl ester
synthetized as from EX. 1 ( indicated as NO-Flurbiprofen in
Table VII), in the above same vehicle.

The results are reported in Table VII and show that the

mixtures administered respectively to groups b and ¢

(comparatives), differently from the compound of the invention

administered to group 4, were almost ineffective (group b) or

much less effective (group ¢) in reducing gastric lesions.
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Table I
Test 1 : Gastric tolerability of drugs representative of
the drug classes illustrated in the present invention in
animals not treated or treated with NEM (oxidative stress
conditions). The % is calculated from the ratio between
. the number of animals found with gastric lesions and that
total of the group.
Compound dose (mg/Kg) Gastro-enteropathy
/admin. route (% incidence)
without NEM with NEM
carrier 0 0
Indomethacin 7.5/p.o. o] 100
Ambroxol 25/p.o. 0 80
Mesalamine 750/i.c. 0 60
Alendronate 15/p.o. 0 S0
Tacrine l/s.c. 0 100
-Omgprazol 30/s.c. 0] 0
Misoprostol 0.5/s.c. 0 0
pP.0O. = Per os; i.c. = by intracolonic route;
s.c. = by subcutaneous route.
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Table II

Test 2

Inhibition of apoptosis (DNA fragmentation)
induced by CIP in the endothelial cells in the presence
of compounds representative of the drug classes

illustrated in the present invention.

Compound Apoptosis-%
with respect to the controls
treated only with CIP

Indomethacin S5
Paracetamol 120
Clopidogrel 110
Salbutamol S0
aAmbroxol 70
Alendronate 160
Diphylline 95
Cetirizine 115
Enalapril 80
Nicotinamide 98
Ampicilline 94
Aciclovir 95
Mesalamine 74
Tacrine 90
Simvastatine 72
Omeprazol 90
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Table III

Test 5 : Screening of the effectiveness of the listed

substances to inhibit radical production
induced by Fe I
Compound % Radical
Inhibition from rFell
Blank 0]
2-ox0-4-thiazolidin carboxylic acid 100
4-thiazolidin carboxylic acid 100
histidine 90
succinic acid 90
105
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Table V
Test 4: Screening of the effectiveness of the listed
compounds in inhibiting radical production from
DPPH. .
Compound $ inhibition radical
production from
DPPH
Solvent . : 0
N-acetylcisteine 100
Cisteine 100
Ferulic acid . 100
(L) -carnosine 80
Gentisic acid 80
2-oxo-4-thiazolidin 0
carboxylic acid
4-thiazolidin carboxylic 0
acid
histidine 0
succinic acid 0
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Table VI
Study on gastric tolerability of the liéted drugs and
of the corresponding derivatives according to the invention
on animals not treated or treated with L-NAME
animals not animais
treated with treated with
Compound 'L - NAME L-NaAMZ
dose $ " dose %
mg/¥%g gestropathy mg/Kg ceéstropethy
Carrier - 0 - o]
Diclofenac {(comp.) | 20/v.o0. 70 5/p.o. 106
Derivative Ex. 4 20/p.o. 0 5/p.o. 0
ambroxol (comp.) 100 60 . 25 80
p.o. ) pP.o.
Derivative Ex. 7 100 10 25 0
p.o. p.o.
Alendronate 100 90 15 70
(comp. ) p.oO. pP.o.
Derivative Ex. 6 100 20 15 10
p.o. p.o. ‘
Tacrine (comp.) 10/s.c. 80 l/s.c. | 70
Derivative Ex. 5 10/s.c. 20 1/s.c. 0
108
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Table VII

Test on gastric tolerability following oral
administration of NEM (ex. F7)

dose wg/Kg Gastropathy

groups
p.oO.

% incidence

controls
group b - comparative 5(A)+2.7(B) 80
mixture
flurbiprofen (A) +
4-thiazolidin carboxylic acid
(B)
group ¢ - comparative 7.4(C)+ 2.7(B) 20
mixture
flurbiprofen 4- (nitroxy)butyl
ester (C) +
4-thiazolidin carboxylic acid
(B)

group d
NO-Flurbiprofen (ex. 1)
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1.

CLAIMS
Compounds or their salts having the following general

formulas (I) and (II):

A——B}DO—C:-N(O)S (I)
wherein:
s = is an integer egual to 1 or 2, preferably s = 2;
bo = 0 or 1;

A = R—T,-, wherein
R is the drug radical and
T, = (CO)y or (X)¢rs wherein X = O, S, NRyo, Ryc is H
or a linear or branched alkyl, having from 1 to 5
carbon atoms, or a free valence, t and t’ are
integers and equal to zero or 1, with the proviso
that t = 1 when t’ = 0; t = 0 when t’ = 1;

B = -Ty—X,—Tp;- wherein
Tp and Tpy are equal or different;
Tg= (CO) when t = 0, T = X when t’ = 0, X being as
above defined;
Tpy = (CO)ex OF (X)exx wherein tx and txx have the 0
or 1 value; with the proviso that tx = 1 when txx
=0, and tx = 0 when txx = 1; X is as above defined;
X, is a bivalent bridging bond as defined below;

C is the bivalent -T.-¥- radical, wherein
Tc = (CO) when tx = 0, Tc = X when txx = 0, X being

as above defined;
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Y is:
TTIX ?TIIX
- -1Clprx— Y —I[Clpu11x"0- (III)
| [
Reprx- Rprixe
wherein:

nIX is an integer between 0 and 3, preferably 1;
nITIX is an integer between 1 and 3, preferably 1;
Rprxs Rprxes Rprrxe Rrizxes equal to or different from
each other are H or a linear or branched C,-C4
alkyl; preferably Rprys Reprxes Rerixs Rprryxs are H.
v3 is a saturated, unsaturated or aromatic
heterocyclic ring containing at least one nitrogen
atom, said ring having 5 or 6 atoms.
or Y is Yy, selected from the following:
- an alkylenoxy group R‘O wherein R’ is linear or when
possible branched C;-Czq+ preferably having from 1 to
6 carbon atoms, Or a cycloalkylene having from 5 to
7 carbon atoms, in the cycloalkylenic ring one or
more carbon atoms can be replaced by heteroatoms, the
ring can have side chains of R’ type, R’ being as

above defined; or

/ 1
- —(ce_) —0—
| 2 n3!
~ >
"(Chz)zs
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Printed from Mimosa 00/11/28 09:38:55 Page: 113



WO 00/61541 PCT/EP00/03239
wherein n3 is an integer from 0 to 3 and n3’ is an
integer from 1 to 3;

PG}

l

cccs (S )ﬂ—

wherein n3 and n3’ have the above ment ioned meaning

]
- (CHZ-CH-CHZ-O)nf'-
|
ONO,

- - (CH,-CH-CHy-O) ¢+ -
|
ONO,

wherein nf’ is an integer from 1 to 6 preferably from
1 to 4;
- - (CH-CH5-O)ps -

|
Ryf

- - (CH,-CH-O) ¢~
|
Ryg

wherein R,y = H, CH; and nf is an integer from 1 to
6; preferably from 1 to 4;
preferably Y = -R‘O- wherein R’ is as above defined;
preferably R’ is a C;-Cg alkyl;
A—C,;—B; (II)

i
N(O)g

wherein:
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€ = 'TCI—*;"'—TCII -

wherein Top and T¢rp are equal or different,

Ter= (CO) when t = 0, Te; = X when t’ = 0, X being as
above defined;

Terr= (CO)er OF (¥egrs wherein tI and tII have the 0
or 1 value; with the proviso that tI = 1 when tII =
0, and tI = 0 when tIl = 1; X is as above defined;
v’ is as Y above defined, but with three f£free
valences insterad of two, preferably:

- a -R‘0O- group wherein R’ is as above defined,
|

preferably an alkyl from 2 to 6 carbon atoms,

or

7 l
T s
\

wherein n3 is an integer from 0 to 3 and n3’ is

an integer from 1 to 3;

—O—
(Caz)nSf

7z 1
'“‘—’:‘2)33

ctos (CH 2) as

wherein n3 and n3’ have the above mentioned

meaning;
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|
(CH2'CH'CH2 'O)nfl =

l
ONO,

wherein one hydrogen atom on one of the carbon
atoms is substituted by a free valence;
- (CH2’CH'CH2'O)nf: -

|
ONO,

wherein nf’ is an integer from 1 to 6
preferably from 1 to 4; wherein one hydrogen
atom on one of the carbon atoms is substituted
by a free valence;

- (CH-CH,-O)ps-

|
Rif

wherein one hydrogen atom on one of the carbon
atoms is substituted by a free valence;
-(CHZ-CH-O)nf-

klf
wherein Ry = H, CH; and nf is an integer from
1 to 6; preferably from 1 to 4; wherein one
hydrogen atom on one of the ca;bon atoms 1is

substituted by a free valence;

preferably Y’ = - R’O- wherein R’ is a linear
|
or branched C,-C4, the oxygen which in Y’ is

covalently linked to the -N(O)g group is at the

end of the free bond indicated in the formula
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of Cy;
~Tpr1r—X2a
wherein X,, is a monovalent radical as defined below,

Tayr = (cO) when tI = 0, Tgrr = ¥ when tII = 0, X

‘being as above defined;

X,, bivalent radical is such that the corresponding
precursor of B: -Tg—Xy;—Tpr- meets test 5 but not
test 4, precursor in which the Ty and Ty; free
valences are each saturated with -0Z, -%Z, or with -
zl-N-21T,

71 and 2!l being equal or different and havelthe z
values as defined below, depending on whether Tj
and/or Tg; = CO or X, in connection with the values
of t, t’, tx and txx;

the precursor of C when b0 = 0 is of -T.-Y-H type
wherein the T, free valence is saturated with -02Z,

-7, or with .gl.N-zI1, 2! and z!! being as above
|
defined, meets test 57

X2a monovalent radical, such that the corresponding
precursor of By -Tgir—X2a meets test 5 but not test
4, precursor wherein the Tpit free valence 1is
saturated with -0Z, -Z or with -zI-N-211, -2! and
711 peing equal or different and hav;ng the Z values
as defined below, depending on whether Tgrr = CO or
X, in connection with the tI and tII values;

the drug A = R—T,-, wherein the free valence is
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saturated as indicated hereinafter:
- when t’ = O with:
- 0-Z wherein Z = H or Ry,, Ry, being a

linear or branched when possible C;-Cyq
alkyl, preferably C;-Cs, or with

- zI.5-2%-, 2! and 2! being as above
|
_defined;

- when t = 0 with -2, wherein 2Z is as above
defined, with the proviso that the drug is not
a steroid,
is such as to meet at least one of tests 1-3;
wherein test 1 (NEM) is a test in vivo carried
out on four groups of rats (each formed by 10 rats),
the controls (two groups) and the treated (two
groups) of which one group of the controls and one
group of the treated respectively are administered
with one dose of 25 mg/kg s.c. of N-ethylmaleimide
(NEM), the controls being treated with the carrier
and the treated groups with the carrier + the drug of
formula A = R-T,- wherein the free valence is
saturated as above indicated, adminisﬁering the drug
at a dose equivalent to the maximum one tolerated by
the rats that did not receive NEM, i.e. the highest
dose administrable to the animal at which there is no
manifest toxicity, i.e. such as to be

,symptomatologically' observable; the drug complies
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with test 1, i.e. the drug can be used to prepare the
compounds of general formula (I) and (II), when the
group of rats treated with NEM + carrier + drug shows
gastrointestinal damages, OTr in the group treated
with NEM + carrier + drug are observed gastrointesti-
nal damages greater than those of the group treated
with the carrier, or of the group treated with the
carrier + drug, or of the group treated with the
carrier + NEM;

wherein test 2 (CIP) is a test in vitro wherein
human endothelial cells from the umbilical vein are
harvested under standard conditions, then divided
into two groups (each group replicated five times),
of which one is treated with a mixture of the drug
10°¢ M concentration in the culture medium, the other
group with the carrier; then cumene hydroperoxide
(CIP) having a 5 mM concentration in the culture
medium is added to each of the two groups; the drug
meets test 2, i.e. the drug can be used to prepare
the compounds of general formula (I) and (II), if a
statistically significant inhibition of the apoptosis
(cellular damage) induced by CIP is not obtained with
p < 0.01 with respect to the group treated with the
carrier and CIP;

wherein test 3 (L-NAME) is a test in wvivo
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carried out on four éroups of rats (each group formed
by 10 rats) for 4 weeks and receiving drinking water,
the controls (two groups) and the treated (two
groups), of which one group of the controls and of
the treated respectively receives in the above 4
weeks drinking water added of N-@-nitro-L-arginine
methyl ester (L-NAME) at a concentration of 400
mg/litre, the controls in the 4 weeks being
administered with the carrier and the treated in the
4 weeks with the carrier + the drug, administering
the carrier or the drug + carrier once a day., the
drug being administered at the maximum dose tolerated
by the group of rats not pretreated with L-NAME,
i.e., the highest dose administrable to animals at
which no manifest toxicity appears, i.e. such as to
be symptomatologically observable; after the said 4
weeks, the water supply is stopped for 24 hours and
then sacrified, determining the blood pressure 1 hour
before sacrifice, and after sacrifice of the rats
determining the plasma glutamic pyruvic transaminase
(GpT) after sacrifice, and examining the gastric
tissue; the drug meets test 3, i.e. the drug can be
used to prepare the compounds of general formula (I)
and (II), when in the group of rats treated with L-

NAME + carrier + drug, greater hepatic damages
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(determined as higher values of GPT) and/or gastric
and/or cardiovascular damages (determined as higher
values of blood-pressure) are found in comparison in
comparison respectively with the group treated with
the carrier alone, or with the group treated with the
carrier + drug, or with the group treated with the
carrier + L-NAME;

wherein test 4, which must not be met by the
precursors of B or B; with the free wvalences
saturated as above defined, is the following: it is
an analytical determination carried out by adding
portions of methanol solutions of the precursor of B
or B; at a 10"* M concentration, to a methanol
solution of DPPE (2,2-diphenyl-l-picryl hydrazyl -
free radical); after having maintained the
solution at room temperature away from light for 30
minutes, it is read the absorbance at the wave length
of 517 nm of the test solution and of a solution
containing only DPPH in the same amount as in the
test solution; and then the inhibition induced by the
precursor towards the radical production by DPPH is
calculated as a percentage by means of the following
formula:

(1 - Ag/A.)X100

wherein BAg and A. are respectively the absorbance
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values of the solution containing the test compound
+ DPPH and that of the solution containing only DPPH.
The criterium £for acceptance of the compounds
according to this test is the following: test 4 is
met by precursor compounds if the inhibition
percentage as above defined is higher than or equal
to 50%; the precursor of B or B; must not meet test
4;

wherein test 5 is an analytical determination
carried out by adding aliquots of 10°% M methanol
solutions of the precursor of B or By or of C = -T.-
Y-H, having the free wvalence saturated as above
indicated, to a solution formed by admixing a 2 mM
solution of desoxyribose in water with 100 mM of
phosphatev buffer and 1 M of the salt
FeII(NH4)2(SO4)2; after having thermostatted the
solution at 37°C for one hour, are added, in the
order, aliquots of aqueous solutions of
trichlorcacetic acid 2.8% and of thiobarbituric acid
0.5 M, heating is effected at 100°C for 15 minutes
and the absorbance of the solutions is then read at
532 nm; the inhibition induced by the precursor of B
or B, or C = -T.-Y-H in the confront of radical
production by Fell is calculated as a percentage by

means of the following formula:
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(1 - Rg/A-)X100
wherein Ag and %, are respectively the absorbance
values of the solution containing the tested compound
and the iron salt and that of the solution containing
cnly the iron saclt, the compound meets test 5 when
the irhibition percentage as above defined of the

precursor of B or . O C = -T.-Y-H is higher than or

provided that irn the compounds of formula (I) the
£fo0llowing drugs under the following conditions are
excluded:

- when bo = 0 and C = -T¢-Yy-, wherein the free
valence of Y, is saturated as above indicated, s = 2,
che drug of formula A = R—T,;-, as above defined, has
not to belong to the following classes: drugs for use
in incontinence, antithrombotic drugs (ACE-
inhibitorsi, prostaglandins;

- when bo = 0 and C = -T¢-Y-, wherein the free
valence of Y is saturated as above indicated, and s
= 2, the drugs of formula A = R—T;" belonging to the

class of non steroid antiinflammatory drugs.

2. Compounds according to claim 1 wherein the precursor

compound of B or B: is selected from the following com-

pounds:

Aminoacids: aspartic acid (PI), histidine (PII),
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5-hydroxytryptophan (PIII), 4-thiazolidincarboxylic

acid (PIV), 2-oxo-4-thiazolidincarboxylic acid (PV)

¢ T
O 2
N o °
OH NH 2
2
=/
(PI) (PII)
o)
<§
N
H  “cooH
(PIII) (PIV)

S

O::ﬁ:_:zi

H  "cooH

(PV)

- mono and polyalcohols or thiols: 2-thiouracil (QI), .
2-mercaptoethanol (QII), esperidine (QIII),
secalciferocl (QIV), 1-a-OH vitamin D2 (QV),
flocalcitriol (QVI), 22-oxacalcitriol (QVII), fhe
vitamin D3 derivative esterified with the vitamin A
radiéal (QVIII), the formula (QIX) compound, 24,28-
methylene-la-hydroxyvitamin D2 (QX) the compound

derived from la,25-dihydroxyvitamin D2 (QXI), 2-mer-
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3.

Compounds according to claims 1-2, wherein in formula

(III) v3 is selected from the following:

g WO s B o S s S s g O O o
CoN LD DX Co. Qo K2 (P
S O 8S NG " g
H H H H H ¢ ] =
) (x2) (¥3) (ze)  (¥9) (vs) 7 rvs)

N _A_ e 1’—\/

T Tl N Wi s R A RN~
- ) .0 5 ] L NN N
R N R P2 2 G G

NN N H

9) (¥20) (1) (¥12) (n22) (a2) (¥25)

Compounds according to claim 3, wherein v3 is vi2
(pyridyl), substituted in positions 2 and 6.

Compounds according to claims 1-4 wherein the precursor

" drugs of the compounds of formula (I) and (II) are

selected from the following: anti-inflammatory, analgesic
drugs, bronchodilators and drugs active on the cholinergic
system, expectorant -mucolytic drugs, antiasthmatic-
antiallergic, antihistaminic drugs, ACE-inhibitors, beta-
blockers, antithrombotic drugs, vasodilators,
antidiabetic, antitumoral, antiulcer, antihyperlipidemic,
antibiotic, antiviral drugs, bony reabsorption inhibitors,
antidementia drugs.

Ccempounds according to claim 5, wherein the precursor
drugs are selected from the following: ‘
anti-inflammatory drﬁgs: aceclofenac, acemetacin, acetyl-

salicylic acid, 5-aminoacetylsalicylic acid, alclofenac,
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alminoprofen, amfenac, bendazac, bermoprofen, a-bisabolol,
bromfenac, bromosaligenin, bucloxic acid, butibufen,
carprofen, cinmetacin, clidanac, clopirac, sodium diclofe-
nac, diflunisal, ditazol, enfenamic acid, etodolac, eto-
fenamate, felbinac, fenbufen, fenclozic acid, fendosal,
fenoprofen, fentiazac, fepradinol, flufenamic acid, fluni-
xin, flunoxaprofen, flurbiprofen, glucametacin, glycol
salicylate, ibuprofen, ibuproxam, indomethacin,
indoprofen, isofezolac, isoxepac, isoxicam, ketoprofen,
ketorolac, 1lornoxicam, loxoprofen, meclofenamic acid,
mefenamic acid, meloxicam, mesalamine, metiazinic acid,
mofezolac, naproxen, niflumic acid, olsalazine, oxaceprol,
oxaprozin, oxyphenbutazone, parsalmide, perisoxal, phenyl
acetylsalicylate, pyrazolac, piroxicam, pirprofen, prano-
profen, protizinic acid, salacetamide, salicilamide O-
acetic acid, salicylsulphuric acid, salsalate, sulindac,
suprofen, suxibuzone, tenoxicam, tiaprofenic acid, tia-
ramide, tinoridine, tolfenamic acid, tolmetin, tropesin,
xenbucin, ximoprofen, zaltoprofen, zomepirac, tomoxiprol;
analgesic drugs: acetaminophen, acetamino;alol, aminoc-
hlorthenoxazin, acetylsalicylic 2-amino—4-piccline4acid,
acetylsalicylsalicylic acid, anileridine, benoxaprofen
benzylmorphine, 5-bromosalicylic acefate acid, . bucetin,
buprencrphine, butorphanol, capsaicine, cinchophen,

ciramadol, clometacin, clonixin, codeine, desomorphine,
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dezocine, dihydrocodeine, dihydromorphine, dimepheptanol,
dipyrocetyl, eptazocine, ethoxazene, ethylmorphine,

eugencl, floctafenine, fosfosal, glafenine, hydrocodone,

hydromorphone, hydroxypethidine, ibufenac, p-la-
ctophenetide, levorphanol, meptazinol, metazocine,
metopon, morphine, nalbuphine, nicomorphine,

norlevorphénol, normorphine, oxycodone, oxymorphone, pen-
tazocine, phenazocine, phenocoll, phenoperidine, phe-
nylbutazone, phenylsalicylate, phenylramidol, salicin, sa-
licylamide, tiorphan, tramadol, diacerein, actarit;
bronchodilators and drugs active on the cholinergic
system: acefylline, albuterol, bambuterol, bamifylline,
bevonium methyl sulphate, bitolterol, carbuterol,
clenbuterol, chlorprenaline, dioxethedrine, difylline,
ephedrine, epinephrine, eprozinol, etafredine,
ethylnorepinephrine, etofylline, fenoterol, flutoprium
bromide, hexoprenaline, ipratropium bromide, isoetharine,
isoprotenerol, mabuterol, metaproterenol, oxybutynin, oxi-
_tropium bromide, pirbuterol, procaterol, protokylol,
proxyphylline, reproterol, rimiterol, salmeterol,
soterenol, terbutaline, l-tecbromineacetic acid, tiotro-
pium bromide, tretoguinol, tulcobuterol, zaprinast,
cyclodrine, NS-21, 2-hydr6xy-2,2-dipheny1-N-(1,2,3,6-tetra
hydro-pyridin-4-ylmethyl)acetamide;

expectorant /mucolytic drugs: ambroxol, bromhexine, domio-
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dol, erdosteine, guaiacol, guaifenesin, iocdinated gly-
cerol, letosteine, mesnz, sobrerol, stepronin, terpin,
tiopronin;
antiasthmatic/antiallergic antihistaminic drugs:
acrivastine, alloclamide, amlexanox, cetirizine, cloben-
zZepam, chromoglycate, chromolyn, epinastine,
fexofenadine, formoterol, histemine, hydroxyzine,
levocabastine, lodoxamids, mabutercl, metron s, montelu-
kast, nedocromil, repirinast, serzirodast, suplatast
tosylate, terfenadine, tiaramide, urushiol, bromhexine;
ACE-inhibitors: alacepril, benazepril, captopril, cero-
napril, cilazapril, delapril, enalapril, enalaprilat,
fosinopril, imidapril, iisinopril, losartan, moveltipril,
naphthopidil, perindopril, quinapril, ramipril, spirapril,
temocapril, trandolapril, urapidil;
beta-blockers: acebutolol, alprenolol, amosulalol, aroti-
nolol, atenolol, betaxolol, bevantolol, bucumolol, bufeto-
lol, bufuralol, bunitrolol, bupranoclol, butofilol, ca-
razolol, carteolol, carvedilol, celiprolol, cetamolol,
dilevalol, epanolol, esmolol, indenolol, labetalol, me-
pindoleol, metipranolol, metoprolol, moprolol, nadolol,
nadoxolol, nebivolol, nifenalol, nipridalol, oxprenclol,
penbutolol, pindolol, practolol, pronethalol, propranclol,
sotalol, sulfinalol, talinolol, tertatolol, tilisolol,

timolol, toliprolol, xibenolol;
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antithrombotic and vasoactive drugs: acetorphan, acetyl-
salicylic acid, argatroban, bamethan, benfurodil
hemisuccinatg, benziodarone, betahistine, brovincamine,
bufeniode, citicoline, clobenfurol, clopidogrel,
cyclandelate, dalteparin, dipyridamole, droprenilamine,
enoxaparin, fendiline, ifenprodil, iloprost, indobufen,
isbogrel, isoxsuprine, heparin, lamifiban, midodrine,
nadroparin, nicotinyl alcohol, nylidrin, ozagrel,
perhexiline, phenylpropanolamine, prenylamine, papa-
veroline, reviparih sodium salt, ridogrel, suloctidil,
tinofedrine, tinzaparin, triflusal, xanthinol niacina-
te;
antidiabetic drugé: acarbose, carbutamide, glibornuride
glybuthiazol(e), miglitol, repaglinide, troglitazone, 1-
butyl-3-metanyl-urea, tolrestat, nicotinamide;
antitumoral drugs: ancitabine, anthramycin, azacitidine,
azaserine, 6-azauridine, bicalutamide, carubicin,
carzinophilin, chlorambucil, chlorozotocin, cytarabine,
daunorubicin, defosfamide, demecolcine, denopterin, 6-
diazo-5-oxo-L-norleucine, docetaxel, doxifluridine,
doxorubicin, droloxifene, edatrexate, eflornithine,
enocitabine, epirubicin, epitiostanol, ethanidazole,
etoposide, fenretinide, fludarabine, fluorouracil, gem-
citabine, hexestrol, idarubicin, lonidamine, mannomustine,

melphalan, menogaril, 6-mercaptopuriﬁe, methotrexate,
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mitobronitol, mitolactol, mitomycins, mitoxantrone,
mopidamol, mycophenolic acid, ninopterin, nogalamycin,
paclitaxel, pentostatin, pirarubicin, piritrexim,
plicamycin, podophyllic acid, porfimer sodium,
porfiromycin, propagermenium, puromycin, ranimustine,
retinoic acid, rogquinimex, streptonigrin, streptozocin,
teniposide, tenuazonic acid, thiamiprine, thioguanine,
tomudex, topotecan, trimetrexate, tubercidin, ubenimex,
vinblastine, vincristine, vindesine, vinorelbine, zorubi-
cin;
antiulcer drugs: ¢-acetamidocaproic acid, arbaprostil,
cetraxate, cimetidine, ecabet, enprostil, esaprazole,
irsogladine, misoprostol, omeprazole, ornoprostil,
pantoprazole, plaunotol, rioprostil, rosaprostol,
rotraxate, sofalcone, trimoprostil;
anti-hyperlipidemic drugs: atorvas;atin, cilastatin,
dermostatin, fluvastatin, lovastatin, mevastatin,
nystatin, pentostatin, pepstatin, privastatin sodium salt,
simvastatin;
antibiotics: amdinocillin, amoxicillin, ampicillin, apal-
cillin, apicycline, aspoxicillin, azidamfenicol, azidocil-

1in, azlocillin, aztreonam, benzoylpas, benzyl penicil-

linic acid, biapenem, bicozamycin, capreomycin,

carbenicillin, carindacillin, carumonam, cefaclor,

cefadroxil, cefamandole, cefatrizine, cefazedone,
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cefazorin, cefbuperazcne, cefclidin, cefdinir, cefditoren,
cefepiAé, cefecamer, cefizime, cefmenoxime, cefmetazole,
cefminox, cefodizime, cefonicid, cefoperazone, ceforanide,
cefotaxime, ceifctetan, cefotiem, cefoxitin, cefozopran,
cefpimizole, cefpiramide, cefpirome, cefprozil,
cefrczadine,éefsulc;i:,csftazidime,cefteran,ceftezole,
ceftibuten, cefticfur,  ceftizoxime, ceftriaxone,

cefurcxime, cefuzcnam, cephacetrile sodium, cephalexin,

cephalicglycin, cernazlicoridine, cephalosporin C,
cephalothin, ceghapirin sodium, cephradine,
cnloramphenicol, chlortetracycline, . cinoxacine,
cyprosioxacin, clavulanic acid, clometocillin, clo-

xaciliin, cyclacillirn, cycloserine, demeclocycline, di-
cloxacillin, epicillin, fenbecillin, flomoxef, floxacilli-
n, hetacillin, imipenem, lenampicillin, loracarbef, lymec-
ycline, mafenide, meclocycline, meropenem, metampicillin,
methacycline, methicillin sodium, mezlocillin, mi-
nocycline, moxalactam, mupirocin, myxin, negamycin,
novobiocine, oxaciliin, panipenem, penicillin G potassium
salt, penicillin N, penicillin O, penicillin V, phenethi-
cillin potassium salt, pipacycline, piperacillin,
pirlimycin, porfiramycine, propycillin, quinacillin,
ritipenem, rolitetracycline, sancycline, sedecamycine,
spectinomycin, sulbactam, sulbenicillin, temocillin,

tetracycline, ticarcillin, tigemonam, tubercidin,
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. azithromycin, clarithromycin, dirythromycin, enviomycin,
erythromycin, josamycin, midecamycin, miokamycin, cleando-
mycin, rifabutine, rifamide, rifamycin, rifaximin,
rokitamycin, spiramyvcin, troleandromycin, viomycin,

virginiamycin;

amikacin, apramycin, arbekacin, "dibekacin,
dihydrostreptomycin, fortimicins, gentamicin,
micronomicin, neomycin, netilmiéin, paromomycin,
ribostamycin, sisomicin, spectinomycin, streptomicin,
tobramycin, _ trospectomycin;bacampicillin, cefcapene

pivoxil, cefpcdoxime crroxetil, panipenem, pivampicillin,
pivceialexin, sultamicillin, talampicillin;

carbomycin, clindamycin, ‘ 1incomycip, mikamycin,
rosaramicin, ciprofloxacin, clinafloxacin, difloxacin,
enoxacin,. enrofloxacin, fleroxacin, flumequine,
grepafloxacin, lomefloxacin, nadifloxacin, nalidixic acid,
norfloxacin, ofloxacin, pazufloxacin, pefloxacin,
pipemidic acid, piromidic acid, rufloxacin, sparfloxacin,
tosufloxacin, trovafloxacin, clomocycline, guamecycline,
oxytetracycline, nifurpirinol, nifurprazine;

p-aminosalicylic acid, p-aminosalicylic acid hydrazide,
clofazimine; deoxydihydrostreptomycin, etﬁambutol,
glycéniaZide, _ isoniazid, opiniazide, phényl
aminosalicylate, rifampin, rifapentine, salinazid, 4-4'-

sulfynyldianiline,
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acediasulfone, dapsone, succisulfone, p-sulfanilylbenzyl
amine, thiazolsulfone, acetyl sulfamethoxypyrazine,
mafenide, 4’ - (methylsulfamoyl)sulfanilanilide,
salazosulfadimidine, sulfabenzamide, sulfacetamide,
sulfachlorpyridazine, sulfachrysoidine, sulfacytine,
sulfadiazine, sulfadicramide, °~ sulfadimethoxine,
sulfadoxine, sulfaethidole, sulfaguaniéine, sulfaguanole,
sulfalene, sulfamerazine, sulfameter, sulfamethazine,
sulfamethizole, sulfamethomidine, sulfamethoxazole,
sulfamethoxypyridazine, sulfamethylthizzole, sulfametrole,
sulfamidochrysoidine, sulfamoxole, sulfanilamide, 2-p-
sulfanilylanilinoethanol, Né-suifanilylsulfanilamide,
sulfanilylurea, N-sulfanilyl-3,4-xylamide, sulfaperine,
sulfaphenazole, sulfaprokyline, sulfapyrazine,
sulfapyridine,sulfasomizole, sulfasymazine, sulfathiazdle,
.sulfathiourea, sulfisomidine; sulfisoxazole, 4-
sulfanilamido salicylic acid; negamycin, carumonan,
cloxyquin, nitroxoline, arginine, metronidazole;

antiviral drugs: acyclovir, amantadine, cidofovir, cytafa-
bine, didanosine, dideoxyadenosine, edoxudine,
famciclovir, floxuridine, ganciclovir, idoxuridine,
indanavir, kethoxal, lémivudine, MADU, penci¢lovir/
podophyllotoxin, ribavirin, rimantadine, sagquinavir,
sorivudine, stavudine, trifluridine, valacyclovir,

vidarabine, xenazoic acid, zalcitabine, zidovudine;
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bone resorption inhibitors: alendronic acid, butedronic
acid, etidronic acid, oxydronic acid, pamidronic acid,
risedronic acid;
antidementia drugs: amiridine, lazabemide, mofegiline,
salbeluzol, oxiracetam, ipidacrine, nebracetam, tacrine,
velnacrine;

7. Compounds according to claims 5-6, wherein the precursor
drugs are selected from the following:
anti-inflammatory drugs: acetylsalicylic acid,
5-aminoacetylsalicylic acid, carprofen, diclofenac sodium,
diflunisal, etodolac, flufenamic acid, flunixin, flur-
biprofen, ibuprofen, indomethacin, indoprofen, ketoprofen,
ketorolac, lornoxicam, loxoprofen, meclofenamic acid,
mefenamic acid, meloxicam, mesalamine, naproxen, niflumic .
acid, olsalazine, piroxicam, salsalate, sulindac, supro-
fen, tenoxicam, tiaprofenic acid, tolfenamic acid, tolme-
tin, zomepirac, tomoxiprol;
analgesic drugs: acetaminophen, acetylsalicylsalicylic
acid, benoxaprofen, buprenorphine, butorphanol, capsaicin,
diacereine, dihydrocodeine, ethylmorphine, eugenol,
phenylbutazone, meptazinol, morphine, nalbuphine, penta-
zocine, thiorphan, tramadol, actarit;
bronchodilators and drugs acti_ve on tﬁe cholinergic
system: albuterol, carbuterol, clenbuterol, diphylline,

etophylline, fenoterol, ipratropium bromide, metaprotere-
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nol, oxybutynin pirbuterol, salmeterol, terbutaline,
tiotropium bromide, zaprinast, c¢yclodrine, NS-21, 2-
hydroxy-2,2-dipheny1-N-(l,2,3,6-tetra hydro-pyridin-4-yl
methyl)acetamide;
expectorant/mucolytic drugs: ambroxol, bromexine, guaia-
col, sobrerol;
antiasthmatic/antiallergic antihistaminic drugs:
cetirizine, chromoglycate, histamine, levocabastine,
lodoxamide, montelﬁkast, terfenadine, bromexine;
ACE-inhibitors: captopril, enalapril, lisinopril, losar-
tan, ramibril;
beta blockers: alprenolol, atenolol, bupraﬁolol, labe-
talol; metipranolol, metoprolol, pindolol, propranoclol,
timolol;
antithrombotic and vasoactive drﬁgs: acetylsaliéylic
acid, ace;orphan, argatroban, clopidogrel, dalteparin,
dipyridamole, enoxaparin, heparin, iloprost, midodrine,
ozagrel, phenylpropanolamine, trifusal;
antidiabetic drués: tolrestat, nicotinamide;
antitumoraldrugs:anthramycin;daunorubicin,doxorubicin,
epirubicin, fluorouracyl, methotrexate, vinbiastine;
antiulcer drugs: cimetidiné, omeprazole, pantoprazole;
antihyperlipidemic drugs: lovastatin, pravastatin sodium,
.simvastatin;

antibiotics drugs: amoxicillin, ampicillin, aztreonam,
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enecillin, cefaclor, cefadroxil,
cefamandole, cefatrizine, cefoxitin, clavulanic acid,
dicloxacilliz, imipvener.,, meclocycline, methacycline,
moxzlactamn, panipenem, sulbactam, azithromycin,

ery:hrcmycin,josamycin,mlokamycin,rifabutine,rifamide,

rifamycin, gentamiciz, paromomycin, sisomicin,
bacampicillin, carbemycin, clindamycin, ciprofloxacin,
clinaficxacin, G&ifloxacin, enrofloxacin, lomefloxacin,

nadifloxacin, norfloxacin, ofloxacin, pipemidic acid,
apicycline, clilcmocycline, oxytetracycline, nifurpirinol,
nifurprazine, iscniazid, rifampin, rifapentine, dapsone,
thiazoisulfone, sulfamethoxazole, sulfamoxole,
metronidazole, arginine;

antiviral édrugs: aciclovir, famciclovir, ganciclovir, pen-
ciciovir, ribavirin, vidarabine, zidovudine;

bone resorption inhibitors: alendronic acid, etidronic
acid, pamidronic acid.

Compounds or salts, or their compositions accoxrding to
claims 1-7 for use as drugs;

provided that in the compounds of formula (I) the
following drugs under the following conditions are
excluded:

- when bo = 0 and C = -T.-¥y-, wherein the free
valence of Y, is saturated as above indicated, s.= 2, the

drug of formula A = R—T.-, as above defined, has not to
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10.

belong to the following classes: d:ugs for use in
incontinence, antithromtotic drugs (ACE-inhibitors), pro-
staglandins;

- when bo = 0 ané C = ;TC-Y-, wherein.the free valence

of Y is saturated as abcve indicated, end s = 2, the drugs

‘of formula A = R—T.- belonging to the class of non

steroid antiinflammatory drugs.

Use of compounds or salts, or compositions thereof
according to claims 1-7 for the preparation of drugs for
the therapeutic stress-oxidative application.

- when bo = 0 and C = -T¢-Y,-, wherein the free valence
of ¥y is saturated as above indicated, s = 2, the drugs
of formula A = R—T.- can be drugs for wuse in
incontinence, antithrombotic drués, prostaglandin;

- when bo = 0, C = -T--¥-, wherein the free valence of

.Y is saturated as above indicated, s = 2, the drugs can be"’

non steroid antiinflammatory drugdgs.

Pharmaceutical formulations containing as active principle

the compounds or their salts_of claims 1-7.
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