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" PHARMACEUTIC2L COMPOUNDS"

« % * *x * *

The present invention relates to novel drugs for systemic
use and non systemic use, and the composition thereof, to be
used in oxidative stress and/or erndothelial 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 (Pathophysiology:
the Dbiological pasis for disease in adults and children,
McCance & Huether 1998 pages 48-54).

‘By endothelial dysfunctions it is meant those relating to
the vasal endbthelium._The damage of the vasal endothelium is
known.as one of those important events that can cause & series
of pathological processes affecting various organs and body
apparatuses,’ as described hereinafter (Pathophysiology:'The
biolqgical 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 various pathologies as reported
hereinafter. The oxidative stress can also be caused by
toxicity of a great variety of drugs, which significantly af-

fects their performances.
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said pathological events are of a chronic, debilitating
character and are Vvery often typical of the elderly . As
already 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 vascular
ischaemia in general, hypertension, stroke, arterioscle-
rosis, etc.

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

- Foxr 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, ipcontinence.

- For the cutaneous system: eczema, neurodermatitis, acne.

- The infective diseases in general (ref.: Schwarz-KB, Brady
"Oxidative stress during viral infection: A review" Free
radical Biol. Med. 21/5, 641-649 1996).

Further the ageing process can be considered as a true

pathologic condition (ref. pathophysiology: the biological
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basis for disease in adults and children, pages 71-77).

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

This Thappens for exzmple for drugs such as the
antiinflammatory, cardiovascular drugs, respiratory apparatus
drugs, central nervous system drugs, bone system drugs,
antibiotics, urogenital, endccrine 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
number of drugs results jowered. In fact in the above mentioned
conditions of oxidative 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 the 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
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rheumatoid arthritis receiving non-steroidal anti-inflammatory
drugs. A randomized, double blind, placebo-controlled trieal."
F.E. Silverstein et 21., Ann. Intern. Med. 123/4, 241-9, 1655;
Martindale 3la ed. 1996, pag. 73, Current Medical Diagnosis and
Treatment 1992, pages 431 and 794).

The administration of anti-inflammatory drugs to patients
in the above mentioned pathological 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
respiratory apparatus (dyspnoea, bronchoconstriction), and
therefore they can cause problems in patients affected by
pathologies to said organs (asthma, bronchitis). Therefore be-
ta-blockers further worsen respiratory diseases such as asthma.
Therefore in asthmatic patients reduced doses of said drugs
must be used 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 dipyridamole,
aspirin, etc., used for the prophylaxis of “thrombotic
phenomena, have the same drawbacks. In patients affected by

pathologies connected to oxidative stress and/or endothelial

dysfunctions, the therapeutic action or the tolerability of
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these drugs, as in the case of aspirin, is greatly reduced.

Bronchodilators for example salbutamol, etc., are used in
the asthma and pronchitis treatment and drugs active on the
cholinergic system are used in pathologies such as urinary
cholinergic incontinence. Their administration can produce
similar side effects affecting the cardiovascular apparatus,
causing problems both to cardiopathic and to hypertensive
patieﬁts. 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 mentioned.

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 similar
problems as to tolerability and/or efficacy in the mentioned

pathological cdnditions of oxidative stress and/or endothelial
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dysfuntions.

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

Anti-angiotensin drugs, £.i. ACE-inhibitors, for example
enalapril, captopril, etc., andé receptor inhibitors, for
example losartan, etc., are used in the cardiovascular disease
treatment. Their drawback is to give side effects to the
respiratory apparatus (i.e. cough, etc.) in the above mentioned
patholqgica; conditions.

Antidiabetic drugs, both of the insulin-sensitizing and of
hypoglycaemizing type, such as for example sulphonylureas,
tolbutamide, glypiride, glyclazide, glyburide, nicotinamide
etc., are ineffective 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
jirritability.

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
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oxidative stress and/or endothelial dysfunctions.

antidementia drugs for example nicotine and colino-
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 to .patients in morbid conditions of oxidative
stress and/or endothelial dysfunctions, 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/or endothelial
dysfunctions, or to the elderly in general, are solved by a
novel class of drugs as described hereinafter.

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

A—B—C-N(O)g (1)
wherein:

is an integer equal to 1 or 2, preferably s = 2;

s
A = R—Ty-, wherein

R is the drug radical and

Tl = (CO)p o (X)¢r: wherein X = O,AS, NR;c: Ric is Hor a
linear or branched alkyl, having from 1 to 5 carbén atoms,

or a free valence, t and t’ are integers and equal to zero
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or 1, with the proviso that £ = 1 when t* = 0; t = 0 when
£ = 1;
B = -Tg—X;—Tp1"~ wherein

Ty and Typ are equal or different;

Tg= (CO) when t = 0, Tg = X when t' = 0, X being as above
defined;
Tagr = (CO)ex OF (X)) pxx 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

Te = (CO) when tx = 0, T¢ = X when txx = 0, X being as
above defined;

v is an alkylenoxy group R'O wherein R’ is linear or
branched when possible C;-Cyo. 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 Dbe substituted by
heteroatoms, the ring may have side chains of R’ type, R’

being as above defined; or

TTIX fTIIx

-{Clnix— Y3“—'[C]n1—1x'0- (IIT)
I ]
Re1x- Rprrx’

wherein:

nIX is an integer between 0 and 3, preferably 1;
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aIIX is an integer petween 1 and 3, preferably 1;

Rprxr Rpize s RTIIXC Rpppxe ¢ equal to or different from each
other are H or a linear OT pranched C,-C4q alkyl: prefe-
rably Rpgyxs Rpixes Rriixe Rrizze 8%€ H.

v3 is a saturated, unsaturated or aromatic heterocyclic
ring containing at least ore nitrogen atom, preferably one

or two nitrogen atoms, said ring having 5 or 6 atoms.

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

integer from 1 to 3;

% ) —0 —
(CH,) ;570

coar  (By) 5~

wherein n3 and n3’ have the above mentioned meaning

|
- (CH2"CH'CH2’O)nfr'
|
ONO,

= "(CHz‘CH"CHz'O)nf:'
l k
ONO,

wherein nf’ is an integer from 1 to 6 preferably from

9
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1 to 4;

- ’((i:H‘CHz‘O)nf'
Ryg

- '(CHz'CH'O)nf'
]
Ryt

wherein Ry = H, CH; and nf is an integer from 1 to
6; preferably from 1 to 4;
preferably Y = -R'0O- wherein R’ 1is as above defined;

preferably R’ is a C,-Cq alkylene;

A—C.—B, (II)
l
N(O)g

wherein:

¢ = 'TCI——?{’_——TCII-

wherein T¢p and Tepp are equal or different,

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

'I‘CII='(CO)tI or (X)yrr, wherein tI and tII have the 0 or 1
value; with the proviso that tI = 1 when tII = 0, and tI
= 0 when tII = 1; X is as above defined;

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

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

preferably from 1 to 6 carbon atoms, most preferably

10
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2-4, or

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

integer from 1 to 3;

(Tﬁz)na'
' 7
”(Cﬂz)r\
cbor (CH)) =

2'n3

wherein n3 and n3’ have the above mentioned meaning;

I
- (CHz'CH‘CHz'O)nf:'
|
ONO,

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

|
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;

11
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- ‘(CH’CH2'O)nf‘
|
Rie

wherein one hydrogen atom on one of the carbon atoms
is substituted by 2 free valence;
- - (CH;-CH-O)pe "

|
Rif

wherein R,y = H, CH; 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 bond
indicated in ¢, formula;
By = ~Tprr—X2a
wherein X,, is a monovalent radical as defined below,
Ty = (CO) when tI = 0, Tgry = X when tIl = 0, X
being as above defined;
X,, bivalent radical, is such that the corresponding pre-
cursor of B: -Tg—X;—Tg1~ meets the test 4, precursor in
which the Ty and Tyr free valence are each saturated with

-0z, -2, or with .z1.5q-2z11, zI and 2! being equal
|

or different and have the 2Z wvalues as’ defined below,

depending on the fact that Ty and/or Tpy = CO or X, in

12
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connection with the values of t, t*, tx and txx;

p.OW monovalent radical, such that the corresponding pre-
cursor of B; -Tpry— X2z Meets the test 4, precursor wherein
the free valence of Tgry is saturated with.-oz, -Z or with

.gI.n-2IT, 2! and 217 peing equal or different and
|

having the z values as defined below, depending on the
fact that Tgrp = CO or X, in connection with the values of
tI and tIl;
- the drug A = R—T,-, wherein the free valence is saturated
as indicated hereinafter:
- when t’ = O with:
- 0-Z wherein Z = H or Rjz, Ria being a linear or
when possible branched C;-Cy alkyl, preferably
C,-Cgs, Or with

- pI.N-zII, 2! and z'! being as above defined,
|

- when t = 0 with -2, wherein Z is as above defined,
with the proviso that the drug is not a steroid, is such to
meet at least one of the 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 Jroup 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-

13
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Ty - wherein the free valence is saturated as above indicated,
administering 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, 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 + dxrug shows
gastrointestinal damages, or in the group treated with NEM +
carrier + drug are observed gastrointestinal 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"4 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
(11), 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

14
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carrier and CIP;

- 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
treatéd (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-w-nitro-L-arginine methyl ester (L-NAME) at a
concentration of 400 mg/litre, the controls in the 4 weeks
being administered with thevcarrier 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 hoﬁrs 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 caraiovascular damages (determined'as

higher values of blood-pressure) are found in comparison in

15
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comparison respectively with the group treated with the carrier
alone, or with the group treatad with the carrier + drug, or
with the group treated with the carrier + L-NAME;
- the precursors of B or B- with the free valences saturated
as above defined must meet test 4: it is an analytical
determination carried out by adding portions of methanol
solutions of the precursor of E cr B: at a 1074 M conicentration,
to a methanol solution of DPPH (2,2-diphenyl-1l-picryl hydrazyl
- free racdical); 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 - a5/A.)X100

wherein Ag and A, are respectively the absorbance values of the
solution containing the test compound + DPPH a_nd that of the
solution containing only DPPH;
the precursor complies with test 4 when the percentage of
inhibition as above defined is equal to or higher than 50%.

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

- 2minoacids, selected from the following: L-carnosine

16

Printed from Mimosa 00/11/28 09:20:21 Page: 18



WO 00/61537 PCT/EP00/03234

(formula CI), anserine (CII), selenocysteine (CIII),
selenomethionine (CIV), penicillamine (CV), N-acetyl-
penicillamine (CVI), cysteine (CVII), N-acetyl-
cysteine (CVIII), glutathione (CIX) or its esters,

preferably ethyl or isopropyl ester:

17
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CH,
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(CIII) (CIV) (CV)
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(CVI) (CVII) (CVIII)
SH
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NH, 0
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selected from the following

hydroxyacids,
acid (formula DI), ferulic acid (DII), gentisic acid

(DIII), citric acid (DIV), caffeic acid (DV), hydro

18
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caffeic acid (DVI), p-coumaric acid (DVII), vanillic
acid (DVIII), chlorogenic acid (DIX), kynurenic acid

(DX), syringic acid (DXI):

0
o _OH ~ il
¢ o
|
N
I HO I/ Ho\l/\)\on
/\/\ 0O l\/l\
HO \ OH ~cn, = oK
OH
(DI) (DII) (DIII)

rWCOOH
hooc 1

Z
Hooc/\\i/\ COOH HO
OH OH
(DIV) (DV)

' CocH c\ooH
EO l
" OB HO . t4eC
’ cH
{DVI) (DVII) (DVIII)
HO, CCCH
>, oH
S
B e
R fe) OH
: Vs .
2 oH N COoR
HO
(DIX) (DX)
19
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(‘)OOH

m
P
MeO /\I/\OMe

0)51
{DXI)

- Aromatic and heterocyclic mono- and polyalcohols,
selected from the following: nordihydroguaiaretic
acid (EI), quercetin (EII), catechin (EIII), ka-
empferol (EIV), sulphurethyne (EV), ascorbic acid (E-
VI), isoascorbic acid (EVII), hydroguinone (EVIII),
gossypol (EIX), reductic acid (EX), methoxy-
hydroguinone (EXI), hydroxyhydrogquinone (EXII), pro-
pyl gallate (EXIII), saccharose (EXIV), vitamin E
(EXV), vitamin A (EXVI), 8-quinolol (EXVII), 3-
ter-butyl-4-hydroxyanisole (EXVIII), 3-hydroxyflavone
(EXIX), 3,5-ter-butyl—p-hydroxytoluene (EXX), p-ter-
butyl phenol (EXXI), timolol (EXXII), =xibornol
F(EXXIII), 3,5—di-ter-butyl-4-hydroxybenzyl-thio-
glycolate (EXXIV), 4’ -hydroxybutyranilide (EXXV),
guaiacol (EXXVI), tocol (EXXVII), isoeugenol (EX-
XVIII), eugenol (EXXIX), piperonyl alcohol (EXXX),
allopurinol (EXXXI), conyferyl alcohol (EXXXII), 4-
hydroxyphenetylalcohol(EXXXIII),p-coumaricalcohol

(EXXXIV), curcumin (EXXXV):
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(EXXXV)

- aromatic and heterocyclic amines, selected from the
following: N, N’ -diphenyl-p-phenylenediamine (MI),

ethoxyquin (MII), thionine (MIII), hydroxyurea (M-

Iv):
H L
l;ll RN N\/?_nzu
ohbud g
S ‘\/\N ™ Hac/\o Z ]/
(MI) (MII)

H, NIy | © HN

o—Z
T X

(MITI) (MIV)

- Compounds containing at least a free acid function,
selected from the following: 3,3’ -thiodipropionic

acid (NI), fumaric acid (NII), dihydroxymaleic acid
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(NIII), thiocctic acié (NIV), edetic acid (NV),
bilirubin (NVI), 3,4-methylen~:iiox'jcinnamic acid (NVI-

I), piperonylic acid (WVIII

~S HOGCC H HOOC COOH
HOOC ~"cooH bt =
CCOH RO  OH
(NI) (NII) (NIIT)
MCGC
HOCCT._ N
(\/\/\/ o~ \/\j/\cooH
/ COOH
s—$ o0H HOOC
(NIV) (NV)

COOH COOH

(NVI)
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The above mentioned precursors are prepared according to
the known methods in the prior art, for example described in
»The Merck Index, 12a Ed. (199£), herein incorporated by re-
ference. When available, the corresponding isomers and optical
isomers can be used.

Tests 1-3 that are carried out for selecting the precursor
drug (hereafiter indicated in the tests also as "drug") to be
used for the synthesis of the products of the invention are in
details 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 reagents on pe-
roxidation in microsomes" Archiv. Biochem. Biophys. 118, 29-32
1967).

The animals (rats) are distributed in the following groups

{(no. 10 animals for grbup):
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A) Control groups:

1° group: treatment: only carrier (aqueocus suspension 1% w/v
of carboxymethylcellulose, dose: 5 ml/KQ when the
drug is administered by ©s, or a physiologic solution
when parenterally'administered, i.e. by subcutaneous,
intraperitoneal,intravenousorintermuscularroute),

2° 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,
intravenous 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 clearly 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
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rats treated with NEM + carrier + drug shows gastrointestinal
damages, or in said group the gastrointestinal damages noticed
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 wveins are perfused with medium M 199
(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 centrifugat&on and harvested in culture
flasks T-75, pretreated with human fibronectin. The cells are
then harvested in the same 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 (aboutA 8,000,000
cells/flask), the culture is stopped and the layers washed and

trypsinized. The cellular suspensions are transferred into the
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wells of a cell culture plate having 24 wells, half of which is
then additioned with the same culture medium containing the
drug at a 10°%M concentration, and harvested in a thermostat at
379C at a constant moisture. Only the cells coming from said
first sub-cultures are used for the experiments with cumene
hydroperoxide (CIP). The cells are jdentified 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.

Before starting the test, the cellular culture medium is
removed and the cellular layers are carefully washed with a
physiologic solution at a temperature of 37°C. The wells of the
culture plate are then jncubated 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 sample are carried out.

The drug meets the test, i.e. it can be used for preparing
the compounds of general formula (I) and (II), when a statisti-
cally significant inhibition of apoptosis (cellular damage )
induced by CIP with respect to the group treated with CIP alone
is not obtained at p < 0.01.

Test 3 (L-NAME): evaluation of the endothelial dysfunction
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induced by administration of L-NAME (N¥-nitro-L-arginine-methyl
ester) J. Clin. Investigation 90, 278-281,1992.

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 disscolved at a 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: 5 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 routes are those known for the drug,
and can be the oral or subcutaneous, intraperiteneal,
intravenous or intramuscular route. The drug is
administered at that dose 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
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is no evident toxicity in the animals, i.e a toxicity
recognizable for its symptoms. The drug is administered once a
day for 4 weeks.

At the end of the four weeks treatment access to water is
prevented 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
evaluation of the damage to vascular endothelium. The damage to
the gastric mucosa is evaluated as illustrated in test 1 (see
example Fl). The hepatic damage is determined 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 + carriexr 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 group 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.

Under the conditions indicated 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
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longer tolerated.

Test 4 is a colorimetric test which affords to establish
whether the precursor of B or B; (precursor of the X; or X;, of
;he formulas (I) and (II) respectively), inhibits the
production of radicals from DPPH (2,2-diphenyl-1l-picryl-hyd-
razyl) (M.S. Nenseter et Al., Atheroscler. Thromb. 15, 1338-
1344, 1995). 100 pM solutions in methanol of the tested sub-
stances are prepared, and an aliquot of each of said solutions
is added to a DPPH solution in methanol 0.1 M. 2fter having
stored the solutions at room temperature away from light for 30
minutes, their 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 of the solution of DPPH at the same concentration 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 - Ag/A.)X100
wherein Ag and A, are respectively the absorbance values of the
solution containing the test compound together with DPPH and of
the golution containing only DPPH.

The B or B; Dprecursor satisfies test 4 if their
effectiveness in inhibiting radical production as above
defined, is equal to or higher than 50% at the indicated

concentration (107% M).
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Unexpectedly the products of the invention of the formulas

(I) and (II) in oxidative stress conditions have an improved

therapeutic index 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: indomethacin

- Maximum administrable dose to rats: 7.5 mg/Kg p.o. By
administering a higher dose a toxicity is manifested,
characterized by enteropathy, tremor, sedation until death
(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. Indomethacin can

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

(II) of the present invention.

Test 2: precursor drugs: indomethacin, paracetamol and mesala-

mine
Indomethacin and paracetamol meet test 2 since the

cellular damage (apoptosis) inhibition induced by CIP is not
significantly different with respect to that of the controls.
Therefore the above drugs can be used as drugs for
preparing the compounds (I) and (I1) of the present invention.
On the contrary mesalamine does not meet test 2, since it

inhibits the apoptosis inducéd by CIP. Therefore mesalamine

34

Printed from Mimosa 00/11/28 09:21:09 Page: 36



WO 00/61537 PCT/EP00/03234

according to test 2 could not be used as a precursor to prepare
the compounds (I) and (II) cf the present invention. It has
been however found that mesalamine submitted to test 1 causes
gastrointestinal damages.

Thus also mesalamine can be used as a precursor for
preparing the compounds (I) and (iI) of the present invention.
Pest 3 (L-NAME) precursor drugs: paracetamol, simvastatin,
omeprazole

Paracetamol and simvastatin meet test 3 since they cause
gastric and hepatic damages greater than those induced both by
L-NAME + carrier and by the drug + carrier.

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

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 preparing the compounds (I) and (II) of the
present invention.

Test 4 (test for the precursor of B and B, used as bivalent
linking bridge): precursor N-acetylcysteine

.N-acetylcysteine inhibits of 100% the production of
radicals induced by DPPH, therefore it meets test 4. Therefore
it can be used as precursor of B or B;.

In formula (III) v3 is preferably selected from the

following:

35

Printed from Mimosa 00/11/28 09:21:12 Page: 37



WO 00/61537 PCT/EP00/03234

7R N V)
el S~ B SNV 7 [~ ' /—N ©
R T U i S T oty e Y o Vi L3
S \,)-KN/'Q,/.K,/; N RNl
(ra )

) (¥2) () (ze)  (1S) (¥z) (x7) (ve)
ooy s ey L3 Y
N K ‘/,?"4 . l J :\ Z N . N M

t N 1 hy N i H ' H H
(¥3) (n1c) (x11) (¥z2) (113 (Y1s) (v1s)

The most preferred of vi ig Y12 (pyridyl) substituted in
positions 2 and 6. The bonés can also be in asymmetric posi-
tion, for example Y12 (pyridyil) can be substituted also in
position 2 and 3; Y1 (pyrazcl) may ke 3,3-disubstituted.

The compounds according =c the present invention of for-
mula (I) and (ZI) can be trznsZormed into the corresponding
salts. For exawple one route tc fcrm the salts is the follo-
wing: when in the molecule one nitrogen atom sufficiently basic
to be salified, in organic sclvent such as for example
acetonitrile, tetrahydrofura=, is present, it is reacted with
an equimolecular amount of the corresponding organic or inor-
ganic acid. To form the salt, preferably in the formula of the
invention compounds Y or Y’ of formula (III) is present.

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

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

The derivatives according to the invention can be used in

the therapeutic indications c¢i the precursor drug, allowing to

obtain the advantages exempliiied hereinafter for some groups
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of these drugs:

- Anti-inflammetory 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 inflammation plays a significant
pathogenetic role, such as for instance, but not limited
to, in cancer, asthma, miocardic infarction.

- Adrenergic blockers, of a- or B-blocker type: the action
spectrum of the compounds of formula (I) and (II) results
wider than that of the starting drugs; to a direct action
on the 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-
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stinal tract is drastically lowered.

- Phosphodiesterase (PDE) (bronchodilators) inhibitors: the
therapeutic efficacy is improved, the dosage being equal;
it is therefore possible, using the compounds of the
invention to administer a lower dose of the drug and
reduce the side effects.

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

The drugs which can be used as pPrecursors in formulas (I)
and (II) of the compounds of the invention are all those
meeting at least one of the above mentioned tests 1, 2, 3.
Examples of precursor drugs which can be used are the
following:

For anti-inflammatory/analgesic drugs, the following can
for example be mentioned:
anti-inflammatory drugs: aceclofenac, acemetacin, acetyls#li-
cylic acid, 5-amino-acetylsalicylic acid, alclofenac, almi-
noprofen, amfenac, bendazac, bermoprofen, a-bisabolol, bromfe-

nac, bromosaligenin, bucloxic acid, butibufen, carprofen,
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cinmetacin, clidanac, clopirac, diclofenac sodium, diflunisal,
ditazol, enfenamic acid, etodolac, etofenamate, felbinac,
fenbufen, fenclozic acid, £fendosal, fenoprofen, fentiazac,
fepradinol, flufenamic acid, flunixin, flunoxaprofen, f£lur-
biprofen, glucametacin, glycol salicylate, ibuprofen, ibupro-
xam, indomethacin, indoprofen, isofezolac, isoxepac, isoxicam,
ketoprofen, ketorolac, lornoxicam, loxoprofen, meclofenamic
acid, mefenamic acid, meloxicam, mesalamine, metiazinic acid,
mofezolac, naproxen, niflumic acig, oxaceprol, oxaprozin,
oxyphenbutazoﬁe, parsalmide, perisoxal, phenyl ace-
tylsalicylate, olsalazine, pyrazolac, piroxicam, pirprofen,
pranoprofen, protizinic acid, salacetamide, salicilamide O-
acetic acid, salicylsulphuric acid, salsalate, sulindac, supro-
fen, suxibuzone, tenoxicam, tiaprofenic acid, tiaramide,
tinoridine, tolfenamic acid, tolmetin, tropesin, xenbucin,
ximoprofen, zaltoprofen, zomepirac, tomoxiprol;

analgesic drugs: acetaminophen, acetaminosalol, aminochlor-
thenoxazin, acetylsalicylic 2-amino-4-picoline acid, acetyl-
salicylsalicylic acid, anileridine, benoxaprofen benzylmorphi-
ne, 5-bromosalicylic acetate acid, bucetin, buprenorphine,
butorphanol, capsaicine, cinchophen, ciramadol, clometacin,
clonixin, codeine, desomorphine, dezocine, dihvdrocodeine,
dihydromorphine, dimepheptanol, dipyrocetyl, eptazocine,
ethoxazene, ethylmorphine, eugenol, floctafenine, fosfosal,

glafenine, hydrocodone, hydromorphone, hydroxypethidine, ibu-
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fenac, p-lactophenetide, levcrphanol, meptazinol,'metazocine,
metopon, morphine, nalbuphine, nicomorphine, norlevorphanol,
normorphine, oxycodone, oxymorphone, pentazocine, phenazocine,
phenocoll, phenoperidine, phenylbutazone, phenylsalicylate,
phenylramidol, salicin, salicylamide, tiorphan, tramadol, dia-
cerein, actarit;

for respiratory and urogenital apparatus drugs (bronchodilators
and drugs active on the cholinergic system,
expectorants/mucolytics, antiasthmatic/antiallergic antihi-
staminic drugs), the following can be mentioned:
broncodilators and drugs active on the cholinergic system :
acefylline, albutercl, bambuterol, bamifylline, bevonium methyl

sulphate, bitolterol, carbuterol, clenbuterol, chlorprenaline,

dioxethedrine, difylliné, ephedrine, epinephrine, eprozinol,

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

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

expectorant /mucolytic drugs: ambroxol, bromhexine, domiodol,

erdosteine, guaiacol, guaifenesin, iodinated glycerol, leto-
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steine, mesna, sobrerol, stepronin, terpin, tiopronin;
antiasthmatic/antiallergic antihistaminic drugs: acrivastine,
alloclamide, amlexanox, cetirizine, clobenzepam, chromoglycate,
chromolyn, epinastine, fexofenadine, formoterol, histamine,
hydroxyzine, levocabastine, lodoxamide, mabuterol, metron s,
montelukast, nedocromil, repirinast, seratrodast, suplatast
tosylate, terfenadine, tiaramide, urushiol, bromhexine;

for cardiovascular drugs (ACE-inhibitors, beta-blockers,
antithrombotic and vasodilator drugs, antidiabetic and hypo-
glycemic drugs), the following can be mentioned:
ACE-inhibitors: alacepril, benazepril, captopfil, ceronapril,
cilazapril, delapril, enalapril, enalaprilat, fosinopril,
imidapril, 1lisinopril, losartan, moveltipril, naphthopidil,
perindopril, quinapril, vramipril, spirapril, temocapril,
trandolapril, urapidil;

beta-blockers: acebutolol, alprenolol, amosulalol, arotinolol,
atenolol, betaxolol, bevantolol, bucumolol, bufetolol,
pufuralol, bunitrolol, bupranolol, butofilol, carazolol, car-
teolol, carvedilol, celiprolol, cetamolol, dilevalol, epanclol,
esmolol, indenolol, 1labetalol, mepindolol, metipranolol,
metoprolol, moprolol, nadolol, nadoxolol, nebivolol, nifenalol,
nipridalol, oxprenolol, penbutolol, pindolol, practolol,
pronethalol, propranolol, sotalol, sulfinalel, talinolol, terx-
tatolol, tilisolol, timolol, toliprolol, xibenolol;

antithrombotic and vasoactive drugs: acetorphan, acetylsa-
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licylic acid, argatroban, bamethan, benfurodil hemisuccinate,
benziodarone,betahistine,brovincamine,hmfeniode,citicoline,
clobenfurol, clopidogrel, cyclandelate, dalteparin, dipyrida-
mole, droprenilamine, enoxaparin, fendiline, ifenprodil,
iloprost, indobufen, isbogrel, isoxsuprine, heparin, lamifiban,
midrodine, nadroparin, nicotinyl alcohol, nylidrin, ozagrel,
perhexiline, phenylpropanolamine, prenylamine, papaveroline,
reviparin sodium salt, ridogrel, suloctidil, tinofedrine,
tinzaparin, trifiusal, xanthinol niacinate;

antidiabetic drugs: acarbose, carbutamide, glibornuride
glybuthiazol(e), miglitol, repaglinide, troglitazone, l-butyl-
3-metanyl-urea, tolrestat, nicotinamide;

for antitumor drugs, the following can be mentioned:
ancitabine, anthramycin, azacitidine, azaserine, 6-azauridine,
bicalutamide, carubicin, carzinophilin, chlorambucil,
chlorozotodin,'cytarabine, daunorubicin, defosfamide, deme-
colcine, denopterin, 6-diazo-5-oxo-L-norleucine, docetaxel,
doxifluridine, doxorubicin, droloxifene, edatrexate, eflorni-
thine, enocitabine, epirubicin, epitiostanol, etanidazole,
etoposide, fenretinide, fludarabine, fluorouracil, 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
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sodium, porfiromycin, propagermanium, puromycin, ranimustine,
retinoic acid, roguinimex, streptonigrin, streptozocin, te-
niposide, tenuazonic acid, thiamiprine, thioguanine, tomudex,
topotecan, trimetrexate, tubercidin, ubenimex, vinblastine,
vincristine, vindesine, vinorelbine, zorubicin;

for antiulcer drugs the following can be mentioned: €-
acetamidocaproic acid, arbaprostil, cetraxate, cimetidine, eca-
bet, enprostil, esaprazole, irsogladine, misoprostol, ome-
prazole, ornoprostil, pantoprazole, plaunotol, rioprostil,
rosaprostol, rotraxaﬁe, sofalcone, trimoprostil;

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

among antibiotic/antiviral drugs the following can be mention-
ed:

antibiotics: amdinocillin, amoxicillin, ampicillin, apal-
cillin, apicycline, aspoxicillin, azidamfenicol, azidocillin,
azlocillin, aztreonam, benzoylpas, benzyl penicillinic acid,
biapenem, bicozamycin, capreomycin, carbenicillin,
carindacillin, carumonam, cefaclor, cefadroxil, cefamandole,
cefatrizine, cefazedone, cefazolin, cefbuperazone, cefclidin,
cefdinir, cefditoren, cefepime, cefetamet, cefixime, cefmeno-
xime, cefmetazole, cefminox, cefodizime, cefonicid, cefopera-

zone, ceforanide, cefotaxime, cefotetan, cefotiam, cefoxitin,
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cefozopran, cefpimizole, cefpiramide, cefpirome, cefprozil,
cefroxadine, cefsulodin, ceftazidime, celteram, ceftezole,
ceftibuten, ceftiofur, ceftizoxime, ceftriaxone, cefuroxime,
cefuzonam, cephacetrile sodiurm, cephalexin, cephaloglycin,
cepnaloridine, cephalosporin C, cephalothin, cepnapirin sodium,
cephradine, chloramphenicol, chlortetracycline, cinoxacin,
clavulanic acid, clometocillin, cloxacillin, c¢yclacillin,
cycloserine, demeclocycline, dicloxacillin, epicillin, fenbe-
cillin, flomoxef, floxacillin, hetacillin, imipenem, lenampi-
cillin, loracarbef, lymecycline, mafenide, meclocycline, mero-
penem, metampicillin, methacycline, methicillin scdium, mezlo-
cillin, minocycline, moxalactam, mupirocin, myxin, negamycin,
novobiocin, oxacillin, panipenem, penicillin G potassium salt,
penicillin N, penicillin O, penicillin V, phenethicillin
potassium salt, pipacycline, piperacillin, pirlimycin, porfi-
romycin, propcillin, guinacillin, ritipenem, rolitetracycline,
sancycline, sedecamycin, spectinomycin, sulbactam, sulbe-
nicillin, temocillin, tetracycline, ticarcillin, tigemonam,
tubercidin, azithromycin, clarithromycin, dirithromycin,
enviomycin, erythromycin, josamycin, midecamycin, miockamycin,

oleandomycin, rifabutin, rifamide, rifamycin, rifaximin,

rokitamycin, spiramycin, troleandromycin, viomycin,
virginiamycin;

amikacin,apramycin,arbekacin,dibekacin,dihydrostreptomycin,

fortimicins, gentamicin, micronomicin, neomycin, netilmicin,

44

Printed from Mimosa 00/11/28 09:21:38 Page: 46



WO 00/61537 PCT/EP00/03234

paromomyCin, ribostamy/cin, sisomicin, spectinomycin,
streptomicin, tcoramycin, trospectomycin;

pacampiciliiz, cefcapene pivoxil, cefpodoxime proxetil,
panipenem, vivampiciliiin, pivceialexin, sultamicillin,

carbomycin, crindamycin, iincomycin, mikamycin, rosaramicin,

ciprofioxaciz, clineficoxacin, . difloxacin, enoxacin,
enrofloxacin, fleroxacin, flumeguine, grepafloxacin,
jomeflioxacin, rzdifioxacin, nalidixic acidé, norfloxacin,

ofloxacin, pazud -cxacin, peflcxacin, pipemidic acid, piromidic

acid, ruflecxacin, sparfioxacin, cosufloxacin, rrovafloxacin,
clomocycling, guamecycline, oxytetracycline, nifurpirinol,
nifurprazine; p-zminosalicylic acid, p-aminosalicylic acid

hydreazide, clcfazimine, deoxydi hydrostreptomycin, ethambutol,
glyconiazicde, jecmizzid, opiniezide, phenyl eminosalicylate,
rifampin, rifapentine, salinazid, 4-4'-sulfynyldianiline,

Acediasulfone, dapsone, succisulfone, p-sulfanilylbenzylamine,
thiazolsulicne, acetyl sulfamethoxypyrazine, mafenide, 4°'-
(methylsulfamoyl)sulfanilanilide, salazosulfadimidine,
sulfabenzamide, sulfacetamide, sulfachlorpyridézine,
sulfachrysoidine, sulfacytine, sulfadiazine, sulfadicramide,
sﬁlfadimethoxine, sulfadoxine, sulfaethidole, sulfaguanidine,
sulfaguanole, sulfalene, sulf&merazine, sulfameter,
sulfamethazine, sulfamethizole, sulfamethomidine,

ulfamethoxazole, sulfamethoxypyridazine, sulfamethylthiazole,
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sulfametrole,sulfamidochrysoidine,sulfamoxole,sulfanilamide,
2-p-sulfanilylanilinoethanol, N%-sulfanilylsuifanilamide,
sulfanilylurea, N-sulfanilyl-B,4-xylamide,' sulfaperine,
sulfaphenazole, sulfarroxyline, sulfapyrazine,
sulfapyridine,sulfasomizole, sulfasyxazine, sulfathiazole,
sulfathiourea, sulfisomidine, sulfisoxazole, 4-sulfanilamido
salicylic acid; negemycin, carumonan, cloxyquin, nitroxoline,
arginine, metronidazole;
antiviral drugs: aciclovir, amantadine, cidofovir, cytarabi-
ne, didanosine, dideoxyadenosine, edoxudine, famciclovir, flo-
xuridine, ganciclovir, idoxuridine, indanavir, kethoxal, lami-
vudine, MADU, penciclovir, podophyllotcxin, ribavirin, rimanta-
dine, saquinavir, serivudine, stavudine, trifluridine, valacy-
cloyir, vidarabine, xenazoic acid, zalcitabine, zidovudine;
among inhibitors of the bone resorption (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-inflammatories: acetylsalicylic acid, 5-
aminoacetylsalicylic acid, carprofen, diclofenac sodium, diflu-

nisal, etodolac, flufenamic acid, flunixin, flurbiprofen,
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ibuprofen, indomethacin, indcprofen, ketoprofen, ketorolac,
lornoxicam, loxoprofen, meciofenamic acid, mefenamic acid,
meloxicam, mesalamine, naproxer, niflumic acid, olsalazinre,
piroxicamn, salsalate, suvliindac, suprofen, tenoxicam,
tiaprofenic acid, coclfenamic acié, tolmetin, zomepirac, tomoxi-
proi;

among analgesic drugs: acetaminophen, acetylsalicylsalicylic
acid, bencxaprofen, puprenorphine, butorphanol, capsaicin,
diacereine,dihydrocodeine,ethylmorphine,eugenol,phenylbuta-
zone, meptazinol, morphine, nalbuphine, pentazodine,.thiorphan,
tramadol, actarit;

among respiratory and urogenital apparatus drugs: (bronchodila-
tors, drugs active on the cholinergic system, expectorants /
nmcolytics,antiasthmatics/antiallergicantihis;aminicdrugs):
bronchodilators and drugs active on the cholinergic system:
albuterol, carbuterol, clenbuterol, difhylline, etofylline,
fenoterol, ipratropium pbromide, metaproterencl, 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, guaiacol, so-
brerol;

antiasthmatic/antiallergic antihistaminic drugs: cetirizine,
chromoglycate, histamine, levocabastine, lodoxamide, montelu-

kast, terfenadine, bromexine;
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among cardiovescular drugs:
ACE-inhibitors: captopril, enalapril, lisinopril, losartan,

ramipril;

Beta blockers: iprenolol, atenolol, bupranolol, labetalol,

v

metipranolcl, mezcprolol, pindolcl, propranolol, timolol;
antithrombetic and vasoactive drugs: acetylsalicylic acid,
acetorphan, argatrokan, clopidogrel, dalteparin, dipyridamole,
enoxaparin, heparin, ilcerost, midodrine, ozagrel,
phenyipropanolamine, trifusal;

antidizbetic érugs: . £glres=at, nicctinamide;

among antitumor &rugs: ancthramycin, daunorubicin, doxorubicin,
epirubicin, flucrouracyi, metnotrexate, vinblastine;

among antiulcer drugs: cimetidine, omeprazole, pantoprazole;
among antihyperlipidemic érugs: lovastztin, pravastatin sodium,
simvastatin;

among antibiotic/antiviral drugs:

antibiotic drugs: amoxicillin, ampicillin, aztreonam, biapenemn,
carbenecillin, cefaclor, cefadroxil, cefamandole, cefatrizine,
cefoxitin, clavulanic acid, éicloxacillin, imipenem, meclocy-
cline,Amethacycline, moxalactam, pvanipenem, sulbactam, azi;hro-
mycin, erythromycin, josamycin, miockamycin, rifabutine,
rifamide,' rifarmycin, gentamicin, paromomycin, sisomicin,
bacampicillin, -carbomycin, clindamycin, ciprofloxacin,
;linafloxacin, difloxacin, enrofloxacin, lomefloxacin,

nadifloxacin, noriloxacin, ofloxacin, pipemidic acid,
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apicycline, clomocycline, oxytetracycline, nifurpirinol,
nifurprazine, isoniazid, rifampin, rifapentine, dapsone,
thiazolsulfone, sulfamethoxazole, sulfamoxole, metronidazole,
arginine;

antiviral drugs: aciclovir, famciclovir, ganciclovir, penci-
clovir, ribavirin, vidarabine, zidovudine; |

among inhibitors of the bone reabsorption:'alendronic acid,
etidronic acid, pamidronic acid;

among antidemence drugs: oxiracetam, tacrire, velnacrine.

The above mentioned substanées, precursor drugs, are
prepared according to the methods known in the prior art. See
for example in "The Merck Index, 1l2a E4d. (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) or (II) are prepared with
synthesis methods mentioned below.

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

The reactions are carried out with methods well kﬁown in

the prior art, which allow to obtain bonds among the precursor
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drug, the precursor dérug of E or B; and the precursor compound
of C as above defined.
When the reactive function of the precursor drug (for

example -CCOE, -Ox) is involved in a covalent bond, for example

"

of ester, amide, ether type, szid function can be restored with

the methods well known in the prior art.
Some synithesis schemes for cotaining the compounds of the

invention are rerorted hereinziter:

A) Synthesis of the compocunds of formula (I).

1. Synthesis of the compound obtaineé by reaction between the
precursor drug and the compound precursor of B.

1a. When the drugc 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 which
take place é&epend on the nature of the second reactive
group present in the precursor compound of B.

1a.1 When the second reactive group present in the precursor
compound of B is a carboxylic group, the synthesis general
‘scheme exbects the initial formation of the halide of the
R-COHal acid (Hal = Cl, Br) and the subsequent reaction
with the HX group of the precursor compound of B:

RCOOH ---— RCOHal + H-X-X,-COOH ----
R-T, -T5- X, - COOH (I2.1)

X5, T,, T3 being as above defined.
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When in the two reaction compounds other functional groups

- COOH and/or HX are present, they must be protected before
the reaction according to the methods known in the art;
for example as described-in the volume by Th. W. Greene:
"pProtective groups in organic synthesis”, Harward Univer-
sity Press, 1980.

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 toluemne, 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 agent act-
jvating the carboxyl group selected.frcmrN,N'-carbonyldii~
midazol (CDI), N-hydroxybenzotriazol and dicyciohexchar-

bodiimide in solvent such as for example DMF, THF, chlo-
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la.2

2a.1

roform etc. at a temperature in the range -5°C-50°C and
the obtained commpound reacted in situ with the reactive
function of the precursor compound of B for obtaining the
compound of formula (Ia.1).

when the precursor compouné of B contains two functional
groups X%, equal to or different from each other, X being
as above defined and 2 = H, the precursor drug having for-
mula R-COOH is first treatec with an agent activating the
carboxyl group, as above described in la.l, and then with
the precursor compound of B, after having protected one of
the two reactive HX groups, for example with acetyl or
ter-butyloxycarbonyl, restoring the initial function at

the synthesis end. The scheme is the following:

RCOOH ----=----==-=--=" - R-T.-Ty-Xy-X-G ----- -

<--m=  R-Ty-Tz-X,-XH (IA.2)

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

Nitroxyderivative synthesis.

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

A.) R-T,-Tp-X;-COONa + R,-Xy-Ry ---—
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R-T‘;-TB-XZ-TBI-TC-XI-R3 (1A.1b) """ hd

R'Tl 'TB'Xz’TaI'Tc'Y‘NO2

wherein T;, Tz, X5, Tg;, Tc are as above defined, R, is se-

lected from Cl, Br, Y is as above defined, X; is the Y
radical free from the oxygen atom, Ry is Cl, Br, Iodine,
OH. If R; = OH the compound of formula (1A.1lb) is subje-
cted to halogenation, for example with PBr;, PClg, SOCl,,
PPh; + I,, and then reacted with AgNO; in organic solvent
such as acetonitrile, tetrahydrofuran. If Ry is Cl1l, Br,
Iodine, the compound of formula (1A.1b) is directly
reacted with AgNO, as above mentioned.

B.) R-T,-T3-X,-COONa + Hal-Y-NO, ---

R-T-Tg-X,-Tpr-Te~Y-NO,

c.)

R-T,-T5-X,-COCl + Rg-X;-Ry-=R-T;-Tg-X,-Tpr-Tc-X1-R3 (12.1c)
AgNO,

R-T,-Tp-Xp-Tpr-Tc-%3-R3 ----- ~R-Ty -Tg-X5-Tpy-Tc-Y-NO,
wherein R; = OH or NHR)., Ryc, R3 and the other symbols
being as above defined.

The above shown reactions 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;-

T3-X,-COOH is reacted with triphenylphosphine in the
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2a.

1b.

2

presence of an halogenating agent such as CBr, or N-bro-
mosuccinimide in tetrahydrofuran obtaining the compound
(1A.1lc) wherein R3 = Br.

When the compound obtained at the end of th previous step
1a has formula (IA.2), the corresponding nitroxyderivative
is obtained by treating an halogen-carboxylic acid of for-
mula Hal-X,-COOH, X, being as above defined, first with an
agent activating the carboxyl group as described in 1lA.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-Ty-Ty-X,-XH
Hal-X;-COOH ----=====-----c-s=o--c=-- -

R-T,-Tg-X,-Tgr-Te-Xy-Hal ------ -

R-T; -Tg-Xy-Tgy-Tc-¥Y-NO,
wherein T;, Ty, X3, Ty, Tc, ¥ are as above defined.
Alternatively, the halide Hal-X,;-COCl can be used, wherein
Hal is preferably bromine, which is let react with the
compound of formula (IA.2).
When the drug precursor has the xeactive function HX,
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:
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1b.1 A carboxylic group, which reacts with the HX function of

1b.2

2b.

2b.1

the drug precursor, and a HX group, the 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-X,-COOH type, wherein X and X; are as above defined.
The H-X- function of the precursor compound of B is prote-
cted 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-X;-COOH + R-XH ---—

R-T,-Tg-Xp-X-G ----— R-Ty-Tp-X;-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;-COOH
{1B.2) is obtained.
Nitroxyderivative synthesis.

To obtain the final nitroxyderivative starting from the
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2b.2

2b.3

compound of formula R-T--Tg-X,-X-H (1B.1l), 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 la.l, or with the corresponding halogenacid
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.-Ty-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 R,-X;-Ry compound, previously defined in
the reaction A. scheme of paragraph 2a.l1l, obtaining
accordingAto the same process therein mentioned the final
nitroxyderivative. Alternatively, when X; is a linear C,
alkyl, the acid (1B.2) is reacted with triphenyl-phosphine
in the presence of an halogenating agent such as CBr, or
N-bromosuccinimide in tetrahydrofuran and the resulting
compound dissolved in organic solvent for example
acetonitrile, tgtrahydrofuran, is reacted with silver
nitrate.

Alternatively to the synthesis process according té 1b.1
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

56

Printed from Mimosa 00/11/28 09:22:12 Page: 58



WO 00/61537 PCT/EP00/03234

the acyl chloride of an halogenacid of formula Hal-X,;-CO-
Cl, wherein Hal is preferably Br, and subseguently the
carboxylic function of the so obtained compound, with the
drug precursor R-HX. In the third and last step the -Hal
group is substituted with -ONO, according to the process

described in 2b.1. The reaction scheme is the following:

HX-X,-COOH + Hal-X;-COC1 ---= Hal-X;-Tc-Tpy-X,-COOH
R-XH
Hal-X,-Tc-Tg-Xp-COOH (2B.3) ---~ Hal-X;-T¢-Tpr-Xp-Tp-T1-R
AgNO
Hal'xl'Tc'TBI 'XZ'TB'TI'R """ - OZN‘Y-TC-TBI 'X2 'TB'Tl'R

wherein Tc, Tpy. Tps T1, X2, %3, Y are as above defined.
In the previous scheme the nitration can alternatively be

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

B) Synthesis of compounds of formula (II).

la.

when the drug precursor is of formula R-COOH and the
precursor compound of B, contains only one functional
reactive group of formula XH, X being as above defined, R-
COOH is initially converted into the corresponding acyl-
halide, or treated with an agent activating the carboxyl
group as described in 1a.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 B,, said halogen-acid having the formula:
HX-X, ' -COOH
] (IIA.1)

Hal

wherein X,’ is Y’ as above defined without the oxygen atom
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1b.

group is 1inked, Z and Hal are as
above defined.
The compound (IIA.1l) can e ozrzined with the known method

of the prior art. For exzxoie wnen X = NH, it can be

obtained from the correspencing hvdéroxy-aminoacid,

o

protecting the aminic group Ty the corresponding ter-bu-
tyloxycarbonyl derivative and transfcrming the nydroxyl
function into halogen groly &= described for the
halogenation of the compound (1lx.1b) in 2a.1. The free
carboxylic function of the compcund resulting from the
reaction with the molecule ocf the drug precursor is
reacted with the functicn presenc in the molecule of the
precursor compound of =2, == previously illustrated in
1a.1 for the reaction Datween the R-CCOH acid and the
precursor compound of BE. 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 frcm the RCOC1 acid halide:

R-COC1 + HX-X,’-COOH-= R-T.-Tcy-X;’-COOH (IIA.2) +HX-Xp5""

]
Hal Hel

R'Tl’Tcz‘lxl"Tcn'Tan'X;.a + AGNO3--— R‘Tl'TCI'fl"Tan'xza

Hal ONO,

When the drug precurscr and the precursor compound of B;

contain each a reactive group of general formula XH, the

58

Printed from Mimosa 00/11/28 09:22:18 Page: 60



WO 00/61537 PCT/EP00/03234

two groups in each of the two molecules being egual to or
different from each other, wherein X is as above defined,
the synthesis is carried out starting from an halogenacid

compound of formula
HOOC-X. ' -COCH
Il-Ial

X,’ being as above defined, said compound being prepared
from the corresponding hydroxy-diacid as described for the
halogenation of the compound (1A.1b) in 2a.1. The
halogendiacid compound is treated with an equimolar amount
of an agent activating the carboxyl group, under the
conditions previously described in 1a.i., 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

precursor compound of B,y according to the following

scheme:
CDI, HXZ-R

HOOC-X,’ -COOH -=------==-"-=" ~ HOOC-X,’-Tgr-Ty-R ---=

| |

Hal Hal

: CDI, HX-Xgs

HOOC-}|(1 f-Ter-Ty-R ----7777777° - Xza-Terz~Terr ‘X:|L ‘-Tcr-T17R

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).
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3a.l

3a.2

3b.1

3b.2

4)

The compound of formula (1A.1lb) wherein R; = OH is reacted
with sodium nitrite in a solvent formed of a mixture of
water with tetrahydrofuran in the presence of hydrochloric
acid. The reaction is widely illustrated in the prior art.
The general scheme is the fcllowing:
R-T;-Tg-Xy-Tpr-Tc-X;-OH + NaNOp ------- -~ A-B-C-NO

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

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

To obtain the nitroso derivative from the compound of
formula R-T,-Tg-X,-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 is treated
as described in 3a.l.

Synthesis of the nitroso derivatives of formula (II)
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4a.1 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-COOH is ini-
tially converted into the corrsponding acyl-halide or
treated 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 By, said hydroxy-acid having the formula:

HX-X,  -COOH
l (42.1)
OH

wherein X,’ is Y' as above defined without the oxygen atom
through which the -NO group is linked, 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 B;, as previously illustrated in la.l for the
reaction between the R-COOH acid and the precursor
compound of B. In the final step the alcohol 1is
transformed into the nitroso-derivative as described in
3a.1l.

The reaction scheme is the following, exemplif ied starting
from the RCOCl acid halide:

R-COC1 + HX-X;’-COOH-- R-Tl-TCI-xll'-COOH (42.2) + HX-Xg5-—

|
OH OH
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R'Tl'TCI'ﬁll'TCII'TBII-XZa + NaNOp-- R'Tl'TCI'f1"TBII'X2a

OH ONO

when the drug and the precursor compound of B; contain
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 1la.l., and then it is reacted with the
reactive 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 Bg according to

the following scheme:

CDI, BX-R
HOOC-X, * -COOH == == ==--===="-= ~ HOOC-X,’-Ter-Ty-R ---=
I |
OH . OH
CDI, HX-Xp,
HOOC‘XI' 'TCI'Tl'R """""" -> XZa'TBII'TCII'Xl' 'TCI’Tl‘R
| ]
OH OH

The obtained compound is reacted as described in 3a.l.
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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
methods in the art, together with the usual excipients; see for
example the volume "Remington’s Pharmaceutical Sciences 15a
EQ."

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

The daily administrable doses are those of the precursor
drugs, or in the case lower. The daily doses can be found in
the publications of the field, such as for example in "Physi-
cian’s Desk reference".

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

EXAMPLE 1

synthesis of (S,S)-N-acetyl-s-(6-methoxy-a-methyl-2-naphthalen

acetyl)cisteine 4- (nitroxy)butyl ester (NCX 2101) having for-

mula
CH, NHCOCH,
_ ‘ s _A_ _O(CH,),0ONO,
T 0] \/\g/
HC g N O (NCX 2101)
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The precursor is naproxene (Formula VI), thea precursor of

B is N-acetylcisteine (formula CVIII)

?H: HS/\;/CO"H
WOH NHCOCH,
H3C\o/\ X O
(VI) (CVIII)

a)Synthesisof(S,S)-N-acetyl-s-(6-methoxy-a-methyl-2-naphtha-
len acetyl)cisteine

To a solution of 6-methoxy-oa-methyl-2-naphthalenacetic
acid (10 g, 43.4 mmoles) in chloroform (100 ml) and N,N-dime-
thylformamide (6 ml), 1,1’ -carbonyldiimidazole (CDI) (7.04 g,
43.4 mmoles) is added. After 15 minutes the obtained solution
is treated with (S)-N-acetylcisteine (7.08 g, 43.4 mmoles) and
left at room temperature for 12 hours. The reaction mixture is
washed with HCl 5%, then with water and lastly with brine. The
organic phase is anhydrified with sodium sulphate and then
evaporated at reduced pressure. The obtained residue is
purified by chromatography on silica gel eluting with ethyl
acetate. 11.66 g of the expected product in the form of a white
solid m.p. 122°-126°C, is obtained.
1H-NMR (CDCl;): 7.71-7.65 (3H, m), 7.34 (1H, &d), 7.16-7.09
(24, m), 6.36 (1H, d), 4.67 (1H, m), 4.00 (1H, q), 3.90
(3H, s) 3.32 (2H, t), 1.84 {(3H, s), 1.59 (3H, d).

b) Synthesis of (S,S)-N-acetyl-s~(6-methoxy-a-methyl-2-napht-
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halen acetyl)cisteine 4- (bromobutyl) ester

To a solution of (S,S)-N-acetyl-s-(6-methoxy-a-methyl-2-
naphthalenacetyl)cisteine (11.3 g, 30.1 mmoles) in tetrahydro-
furan (200 ml), triphenylphosphine (23.7 g, 90.3 mmoles) and
carbon tetrabromide (28.85 g, 90.3 mmoles) are added. The re-
action 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 chromato-
graphy on silica gel eluting with n-hexane/ethyl acetate 7/3.
4 g of the ester in the form of a white solid with m.p. 67°-
71°C, are obtained.
c) Synthesis of (S,S)-N~acetyl-s-(6-methoxy-a-methy1-2-napht-
halen acetyl)cisteine 4-(nitroxy)butyl ester

To a solution of the ester obtained at the end of the
previous step (1 g, 1.96 mmoles) in acetonitrile (20 ml), sil-
ver nitrate (0.66 g, 3.92 mmoles) is added. The reaction mix-
ture is heated for 7 hours under reflux away from light. The
formed salt is 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. 0.47 g of (S,S8)-N-acetyl-S-(6-methoxy-a-
methyl-2-naphtha1enacety1)cisteine 4-(nitroxy)butyl ester in
the form of a white solid m.p. 56-59°C, are obtained.
1H-NMR (CDC1l3): - 7.80‘7.68 (3, m), 7.37(1H, d4), 7.20-7.13 (2H,

m), 6.12 (1H, d) 4.40 (2H, da), 4.26 (1H, m), 4.15-3.87 (3K,
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m), 3.92 (3K, s), 2.33 (24, é), 1.86 (3H, 4), 1.74-1.67 (4H,

m), 1.61 (3H, 4).

Elementary analysis:

Calculated C: 56.08% H: £.73% N: 5.71% S: 6.51%
Found C: 55.95% H: £.68% N: 5.60% S: 6.35%
EXAMPLE 2

synthesis of (S)-N-acetyl-s-{a-methyl[4-(Z-methylpropyl) ben-

zene) acetyllcisteine 4- (nitroxy)butyl ester (NCX 2111) having

formula
CH, NHCOCH,
5. _\_ _O(CH,).ONO
' 0 0

e
H,C

(NCX 2111)
The precursor is ibuprofen (Formula VII), the precursor of

B is N-acetylcisteine (formula CVIII)

cI:H3 GO
CH. & OH HS i
3 i I ] NHCOCH,
(VII) (CVIII)

a) Synthesis of (S)-N-acetyl-S- {o-methyl[4- (2-methylpropyl)
benzene Jacetyl}cisteine

To a solution of a-methyl[4- (2-methy1propyl)benzene] ace-
tic acid (10 g, 48 .48 mmoles) in chloroform (100 ml) and N,N-

dimethylformamide ( 6 ml) 1,1'- carbonyldiimidazole (7. 86 g,
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48.48 mmoles) is added. After 1 hour the obtained solution is
treated with (S)-N-acetylcisteine (7.91 g, 48.47 mmoles) and
1eft at room temperature for 24 hours. The reaction mixture is
washed with HCl 5%, then with water and lastly with brine. The
organic phase is anhydrified with sodium sulphate and then
evaporated at reduced pressure. The obtained residue is
purified by chromatography on silica gel eluting with ethyl
acetate. 13.3 g of the expected product in the form of an oil
are obtained.
1H-NMR (CDCly): 10.17 (1H, s) 7.13 (2H, d) 6.54 (1H, 4), 4.76
(1H, m), 3.93 (1H, aq). 3.42-3,30 (2H, m), 2.49 (2H, 4),
1.85-1.83 (4H, m), 1.55 (3H, 4), 0.93 (6H, 4).
b)Syntheisof(S)-N-acetyl-s-{a-methyl[4-(2-methylpropyl)-ben-
zenelacetyl}cisteine 4- (bromobutyl) ester

To a solution of (S)-N-acetyl-S-{a-methyl[4-(2-methylpro-
pyl)benzenelacetyl}cisteine (12.8 g, 36.4 mmoles) in te-
trahydrofuran (100 ml), triphenylphosphine (28.65 g, 109.23
mmoles) and carbon tetrabromide (36.23 g, 1059.23 mmoles) are
added. The reaction mixture is let under stirring for 48 hours
at room temperature. The solvent is removed by evaporation at
reduced pressure. The crude product is purified by
cbrométography on silica gel eluﬁing with cyclohexane/ethyl
acetate 1/1. 5.79 g of the ester in the form of an oil are
obtained.

c) Synthesis of (S)-N-acetyl-s-{a-methyl[4-(2-methy1propy1)
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benzene lacetyl}cisteine 4- (nitroxy)butyl ester

To a solution of the ester obtained at the end of the
previous step (5.5 g, 11.3 mmoles) in acetonitrile (100 ml)
silver nitrate (2.69 g, 15.8 mmoles) is added. The reaction -
mixture is heated for 24 hours under reflux away from light.
The formed salt is removed by filtration and the solution is
evaporated at reduced pressure. The obtained residue is
purified by chomatography on silica gel eluting with cyclohexa-
ne/ethyl acetate 7/3. 1.18 g of (8)-N-acetyl-S-{a-methyl{4-(2-
nethylpropyl)benzene]acetyl}cisteine4-(nitroxy)buty1esterin
the form of an oil are obtained.
1H-NMR (CDCl3): 7.27-7.09 (4H, m), 6.19 (1H, d), 4.75 (1H, m),
4.47 (2H, t), 4.15-4.02 (2H, m), 3.86 (1K, q), 3.31 (2H, 4),
2.44 (2H, 4), 1.89 (3H, d4), 1.86-1.76 (5H, m), 1.51 (3H, 4),
0.89 (6H, 4).

Elementary analysis:

Calculated C: 56.39% H: 6.88% N: 6.00% S: 6.84%
Found C: 56.22% H: 6.79% N: 5.88% S: 6.92%
EXAMPLE 3

Synthesis of (S)-N-acetyl-S-[1-(4-chlorobenzoyl)-5-methoxy-2-
methylle-indol-3-acetyl]cisteine 4- (nitroxy)butyl ester (NCX

2121) having formula
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Cl
0]
(NCX 2121)
0
S/YZL
O((3H2)4ONO2
}QCOCHN
The precursor is indomethacin (Formula VIII), the pre-
cursor of B is N-acetylcisteine {formula CVIII)
Cl
o) CO,H
j HS
N CH, NHCOCH,
| Q
H.C<
3770
OH
(VIII) (CVIII)

a) Synthesis of (S) -N-acetyl-S-[1-(4-chlorobenzoyl) -5-methoxy-
2-methyl-1H-indol-3-acetyl Jcisteine

To a solution of 1-(4-chlorobenzoyl)-5-methoxy-2-methyl-
1H-indol-3-acetic acid (10 g, 28.00 mmoles) in chloroform (100
m}l) and N,N-dimethylformamide (2 ml) 1,1’-carbonyldiimidazole
(4.53 g, 28.00 mmoles) is added. After 1 hour the obtained
solution is treated with (S)-N-acetylcisteine (4.56 g, 28.00
mmoles) and left at room temperature for 24 hours. The reaction
mixture is washed with HCl 5%, then with water and lastly wi;h

brine. The organic phase is anhydrified with sodium sulphate
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and then evaporated at reduced pressure. The obtained residue
is purified by chromatography on silica gel eluting with ethyl
acetate. 7.79 g of the expected product in the form of a yellow
solid m.p. 129°C, are obtained.
1g-NMR (DMSO-dg): 12.90 (1H, s), 8.21 (1H, &), 7.69-7.64
(4H, m), 7.06 (1H, a)y, 6.96 (1H, d), 6.73 (1H, ad), 4.33
(1H, m), 4.02 (2H, s), 3.77 (3H, s), 3.33-2.96 (2H, m), 2.22
(3H, s), 1.78 (3H, s).
b) Synthesis of (S)-N-acetyl-s-[1-(4-chlorobenzoyl)-5-methoxy-
2—methyl-1H-indol-3-acety1]cisteine 4- (bromobutyl) ester

To a solution of (S)-N-acetyl-s-[1-(4-chlorobenzoy1)-5-
methoxy-2-methyl-1H-indol-3-acetyl]cisteine (3.09 g, 6.14 mmo-
les) in.N,N’dimethylformamide (50 ml), sodium ethylate (0.42 g,
6.14 mmoles) and, after 30 minutes, 1,4-dibromobutane (2.18 ml,
18,00 mmoles) dissolved in 25 ml of N, N dimethylformamide, are
added. The reaction mixture is left under stirring for 20 hours
at room temperature, then it is diluted with ethyl ether and
washed with water. After the organic phase has been anhydrified
with sodium sulphate, the solvent is removed by evaporation at
reduced pressure. The obtained crude product is purified by
chromatography on silica gel, eluting with cyclohexane/ethyl
acetate 1/1. 1.7 g of the ester in the form of a yellow solid
with m.p. 130°-134°C are obtained.
c) Synthesis of (S)-N-acetyl-s-[l-(4-chlorobenzoyl)—5-methoxy*

2-methyl-1H-indol-3-acetyl]cisteine 4-(nitroxy)butyl ester
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To a solution of the ester obtained at the end of the
previous step (1.6 g, 2.5 mmoles) in acetonitrile (30 ml)
silver nitrate (0.6 g, 3.51 mmoles) is added. The reaction
mixture is heated for 8 hours under reflux away from light. The
formed salt is removed by Zfiltration and the solution is
evaporated at reduced pressure. The obtained residue 1is
purified by chromatography on silica gel eluting with
cyclohexane/ethyl acetate 4/6. 1.2 gof (S)-N-acetyl-S-{1-(4-
chlorobenzoyl)-S-methoxy-Z-methyl-lH-indol-3—acetyl]cisteine 4-
(nitroxy)butyl ester in the form of an oil are obtained.
lg-NMR (CDCl3): 7.66 (2H, 4). 7.48 (2H, 4), 6.90 (2H, m), 6.68
(1, m), 6.14 (1, d), 4.77 (1H, m), 4.43 (2H, t), 4.08
(2H, m), 3.87 (2H, s), 3.83 (3H, s), 3.34 (2H, &), 2.38
(3H, s), 1.90 (3H, s), 1.78-1,70 (4H, m).

Elementary analysis:
Calculated C: 54.24% H: 4.88% N: 6.80% S: 5.17% Cl: 5.72%
Found C: 54.32% H: 4.93% N: 6.91% S: 5.13% Cl: 5.84%

EXAMPLE 4

Synthesis of (S)-N-acetyl-[2-fluoro-a-methy1-(1,1'-biphenyl)—é-
acetyl]cisteine 4- (nitroxy)butyl ester (NCX 2131) having for-

mula

CH, NHCOCH,

CO,(CH,),0NO,

(NCX2131)
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The precursor is flurbiprofen (Formula IX), the precursor

of B is N-acetylcisteine (formula CVIII)

CH,
FF OH CO,H
HS
A O NHCOCH,
(IX) (CVIII)

The NCX 2131 compound is synthetized according to the
process described in Example 1. The substance appears as an
oil. Yield: 26%
1H-NMR (CDClj): 7.41-7.38 (6H, m), 7.10 (2K, m), 6.22 (1H, d4),
4.78 (1H, m), 4.46 (2H, t), 4.13 (2H, t), 3.92 (1H, qa), 3.36
(2, 4), 1.93 (3H, d), 1.76 (4H, 4), 1.55 (3H, 4).

Elementary analysis

Calculated C: 56.91% H: 5.37% N: 5.55% S: 6.33% F: 3.75%
Found C: 56.99% H: 5.41% N:5.66% S: 6.41% F: 3.83%
EXAMPLE 5
Preparationcﬁftrans—3-[4-[a-methy1-[4-(-2-methylpropyl)benze-
nej acetyloxy]-3-methoxypheny1]-2-propenoy1 4- (nitroxy) butyl

ester (NCX 2210) having formula:

CH, OMe
0 (NCX 2210)
CH, l o
O NP

HC CO,{CH,),ONO,

The precursor is ibuprofen (Formula VII), the precursor of
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B is ferulic acid (formula DII):

?H3 OM
OH ©
CH, H l
/l\i//L§;/ﬂ é O\Vrn§j
H,C L\<§§<\<§?~\
COOH
(VII) (DII)

a) Synthesis of trans-3-[4-[a-methyl-[4-(-2-methylpropyl)
benzene]acetyloxy]-3-methoxypheny1] -2-propenoic acid

To a solution of a-methyl-[4-(2-methylpropy1)benzene]ace-
tic acid (5.03 g, 24.4 mmoles) in tetrahydrofuran (100 ml) and
N,N-dimethylformamide (5 ml) 1,1-carbonyldiimidazole (4.25 g,
24.8 mmoles) is added. After 1 hour the obtained solution is
treated with ferulic acid (4.90 g, 25 mmoles), sodium ethylate
(89 mg) is added and left at room temperature under stirring
for 12 hours. The reaction mixture is washed with HC1l 5%, then
with water and lastly with brine. The organic phase is
anhydrified with sodium sulphate and evaporated at reduced
pressure.

The obtained residue is purified by chromatography on
silica gel, eluting with ethyl acetate/n-hexane 7/3. 5.1 ¢ of
trans-3-[4-[a-methyl-[4-(-2-methylpropy1)benzene] acetyl]-3-
methoxyphenyl ] - 2-propenoic acid as white solid, with m.p. 131°-
137°C, are obtained.
ly-NMR (CDCl;): 7.72 (1H, d), 7.32 (2H, dad), 7.26 (1H, m),

7.16-7.07 (4H, m), 6.98 (1H, d), 6.37 (1H, d), 3.99 (1H, Q),
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3.73 (3H, s), 2.47 (2H, d4), 1.88 (1H, m), 1.63 (3H, 4), 0.92
(6H, 4).

b) synthesis of trans-3-[4-[o-methyl-[{4-(-2-methylpropyl-
)benzene]acetyloxy]-3-methoxyphenyl]-2-propenoyl 4 -bromobutyl
ester

To a solution of trans-3-[4-[o-methyl-[4- (2-methylpropyl) -
benzene Jacetyloxy] -3-methoxyphenyl]-2-propenoic acid (5.33 g,
14 mmoles) in N,N-dimethylformamide (130 ml), sodium ethylate
(1.2 g, 16 mmoles) is added under stirring. After 1 hour to the
obtained mixture 1,4-dibromobutane (10 g, 46 mmoles) is added
and let react at room temperature for 12 hours. The reaction
mixture is washed with HC1l 5%, then with water and lastly with
brine, the organic phase is anhydrified with sodium sulphate
and evaporated at reduced pressure. The obtained residue is
purified by chromatography on silica gel eluting with n-
hexane/ethyl acetate 8/2. 4.46 g of trans-3-[4-hydroxy-[a-
methyl-[4-(-2 -methylpropyl)benzene Jacetyl]-3 -methoxyphenyl]-2-
propenoyl 4 -bromocbutyl ester are obtained.
c) Synthesis of trans-3- [4-[a-methyl-[4-(-2 -methylpropyl )benze-
nelacetyloxyl-3 -methoxyphenyl]-2-propenoyl 4- (nitroxy) butyl
ester

To a solution of trans-3—[4-[a-methy1-[4-(-2-methylpro-
pyl)benzenelacetyloxy ]-3-methoxyphenyl]- 2-propenoyl 4-bromo-
butyl ester (4 g, 7.72 mmoles) in acetonitrile (70 ml) silver

nitrate (2.58 g, 15 mmoles) is added. The reaction mixture is
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heated under reflux for 2 hours away from light. At the end the
formed salt is removed by filtration and the solution is
evaporated at reduced pressure. The recovered residue 1is
purified by chromatography on silica gel, eluting with n-
hexane/ethyl acetate 8/2. 2.4 g of trans-3-{4-[a-methyl-[4-(-2-
methylpropyl)benzene]acetyloxy]-B-methoxyphenyl]-Z-propenoyl 4-
(nitroxy) butyl ester as an oil, are obtained.

1x-NMR (CDCl3): 7.62 (1H, d), 7.32 (2H, d4), 7.15 (2, &), 7.16-
7.05 (2H, m), 6.96 (1H, 4), 6.35 (1H, 4), 4.51 (2H, t), 4.24
(2H, t), 3.99 (1H, q), 3.74 (3H, s), 2.48 (2H, d), 1.85-1.83
(5H, m), 1.62 (3H, d4), 0.92(6H, d).

Elementary analysis:

Calculated C: 64.91% H: 6.66% N: 2.82%
Found C: 64.83% H: 6.52% N: 2.69%
EXAMPLE 6

Synthesis of trans-3-[4-[2-fluoro-a-methyl-(1,1’-biphenyl)-4-
acetyloxy]-3-methoxypheny1]-2-propenoyl4-(nitroxy)butylester

{NCX 2216).having formula:

?Ha OMe
Y an
i 1
I/Y\/] © Z N C0,(CH,),0NO,
=

{NCX2216)
The precursor is flurbiprofen (formula IX), the precursor

of B is ferulic acid (forxrmula DII)
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OMe
HO

N Co0H

(IX) (DII)

The NCX 2216 compound is synthetized according to the
process described in Example 5. The total process yield is 32%.
The substance appears as an amorphous solid.
1H- NMR (CDC13): 7.40-7.25 (SH, m), 7.07-7.01 (2H, d), 6.98
(1H, m), 6.38 (1H, 4), 4.44 (2H, t), 4.46 (2H, t), 4.21
(24, t), 4.04 (1H, q), 3.73 (3H, s), 1.72‘(4H, m), 1.65
(3H, 4).

Elementary analysis:
Calculated C: 64.79% H: 5.25% N: 2.62% F: 3.53%
Found C: 64.85% H: 5.31% N: 2.74% F: 3.48%

EXAMPLE 7

Preparation of N- (4-nitroxybutyryl)-B-alanyl {({L)-histidine 4-

acetamido phenyl ester (NCX 2160) having formula:

O
PPl
Hac)J\m ©

wherein the precursor is acetaminofen (paracetamol) having

NHCO(CH,),NHCO(CH,),ONO,

AN
\ N
N—/

(NCX 2160)
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formula (X) and the precursor of B is (L)-carnosine (NCX 2053)

having formula (CI):

NHCO(CH,)NH,
o.
o l N OH H
/U\ ~ O A
N
H,C Pf\_l‘ \—/
N
(X) (CI)

a) Synthesis of N-(4-bromobutyryl)-ﬁ-alanyl (L)-histidine

To a solution of carnosine (5 g, 22.1 mmoles) in N,N-di-
methylformamide (80 ml), triethylamine (4.62 ml, 33.1 mmoles)
and 4-bromobutyrylchloride {chloride of 4-bromobutyric acid -
83.85 ml, 33.1 mmoles) are added. The solution is left under
stirring for 24 hours at room temperature, then it is diluted
with ethyl acetate and the organic phase is washed with water.
The organi.c phase is then anhydrified with sodium sulphate and’
evaporated at reduced pressure. The obtained crude product is
purified by chromatography on silica gel eluting with ethyl
acetate, obtaining the final product.
b) synthesis of N-(4-bromobutyryl)°B-alany1 (L)-histidine 4-
acetamidophenyl ester

To a solution of N-(4-bromobutyryl) -B-alanyl (L)-histidine
(3 g, 8 mmoles) in chloroform (50 ml) and N,N-dimethylformamide
{4 ml), paracetamol (1.21 g, 8 mmoles), N,N-dicyclohexyl

carbodiimide (1.65 g, 8 mmoles) and dimethylaminopyridine (0.04
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g, 0.36 mmoles) are added under stirring. The mixture is let
react at room ;emperature for § hours. Lastly it is filtered,
diluted with chloroform and washed with water. The organic
phase is anhydrified with scéium sulphate and evaporated at
reduced pressure. The obtained crude product is purified by
chromatography on silica gel, eluting with ethyl acetate/n-
hexane 7/3. N- (4 -bromobutyrvyl)-S-alanyl (L)-histidine 4-
acetamido phenyl ester is obtzined.
c) Synthesis of N- (4-nitroxybutyryl)-B-alanyl (L)-histidine 4-
acetamidophenyl ester

To a solution of N-{4-bromobutyryl)-£-alanyl (L) -histidine
4-acetamido phenyl ester (4 g, 7.87 mmoles) in acetonitrile (70
ml), silver nitrate (1.87 ¢, 11 mmoles) is added under
stirring. The reaction mixture is heated for 5 hours under
reflux, away from light. At the end the formed salt is 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 3/7. The
expected product is obtained with an yield of 17%.

Elementary analysis:

Calculated C: 51.39% H: 5.34% N:17.19%
Found C: 51.28% H: 5.28% N:17.06%
EX2AMPLE 8

PreparationcxfN-acetyl~S-[(S)-a-(2-chlorophenyl)-6,7-dihydro-

thieno[3,2-c]pyridin-5(4H)acetyl] (S)-cisteine 4-(nitroxy)
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butvl ester (NCX 2136)
NHCOCH,
O S -O(CH),ONO,
Q.

& N
,l\\V/J (NCX 2136)
S Cl

wherein the precursor is clopidogrel having formula (XI) and

the precursor of B is N-aceticisteine having formula (CVIII):

, CO,H
O;§r,0Pl HS//\\T//
NHCOCH;
N x>
I A
S Cl
(XT) (CVIII)

The compound is synthetized following the procedure re-
ported in Example 1. The yield is of 23%.
Elementary analysis:
Calculated C: 50.55% H: 4.95% N: 7.40% S: 11.24% Cl: 6.22%
Found C: 50.70% H: 4.99% N: 7.60% S: 11.20% Cl: 6.15%

EXAMPLE 9

Preparation of [3-methoxy-4-(4-nitroxybutyryloxy)phenyl]-2-
trans-propenoyl-4-{(2- amino- 3,5-dibromophenyl )methylamino]

cyclohexanol ester (NCX 2161) ~CH,

O N
Br C{ ”
\. N..“

H (NCX2161)
NH,

0]
= OCO(CH,),ONO,
X

|

=

Br
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wherein the precursor is ambroxol having formula (XII) and the
precursor of B is represented by ferulic acid having formula
(DII):

OH OMe

HO
Br

AV
.

Iz

COOH
NH

Br

(XITI) (DII)

a) Synthesis of 4-[(2-ter-butoxycarbonylamino-3,5-dibromophe-
nyl)methylamino] trans cyclohexanol

To amixture of 4-[ (2-amino-3,5-dibromophenyl Jmethylamino-
lcyclohexancl (5 g, 13.22 mmoles) in dioxane (35 ml) and water
(50 ml), triethylamine (3.31 ml, 23.7 mmoles) and di-ter-
butyldicarbonate (3.46 g, 15.86 mmoles) are added under
stirring. After 24 hours the solution is concentrated under
vacuum, a HC1 1% solution until neutral pH (pH=7) is added and
the organic phase is extracted with ethyl acetate. The organic
phase is anhydrified with sodium sulphate and evaporated under
vacuum. 4-[(2-ter-butoxycarbonylamino-3,5-dibromophenyl) methyl
amino]cyclohexanol is obtained which is used without further
purification.

b) Synthesis of (3-methoxy-4-hydroxyphenyl)-2-trans-propenoyl -
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4-[(2-ter-butoxycarbonylamino-3,5-dibromo phenyl)methylamino]
cyclohexanol ester

To a solution of ferulic acid (4 g, 20.5 mmoles) in te-
trahydrofuran (40 ml) cooled at 0°C, 1,1’-carbonyldiimidazol
(3.34 g, 20.5 mmoles) is added. After 10 minutes the solution
is treated with 4-[(2-ter-butoxycarbonylamino-3,5-
dibromophenyl) methyl amino)cyclohexanol (9.8 g, 20.5 mmoles)
and let react at room temperature for 4 hours. The reaction
mixture is concentrated under vacuum, treated with methylen
chloride, washed with a HCl 1% solution and then with water.
The organic phase is anhydrified with sodium sulphate and then
evaporated under wvacuum. The obtained residue is purified by
chromatography on silica gel, eluting with n-hexane/ethyl
acetate 1/1. (3-methoxy-4-hydroxyphenyl)-2-trans propenoyl 4-
[{2-ter-butoxycarbonylamino-3,5-dibromo phenyl) methylamino]
cyclohexanol ester, is obtained.
¢) Synthesis of [3-methoxy-4-(4-bromobutyryl-oxy)phenyl]-2-
trans propenoyl-4-[(2-ter-butoxycarbonylamino-3,5-dibromo-
phenyl) methylamino] cyclohexanol ester

To a solution of (3-methoxy-4-hydroxyphenyl)-2-trans pro-
penoyl-4-[(2-ter-butoxycarbonylamino-3,5-dibromo-phenyl)
methylamino] cyclohexanol ester (4 g, 6.11 mmoles) in tetrahy-
drofuran (80 ml), triethylamine (0.85 ml, 6.11 mmoles) and 4-
bromobutyrylchloride (0.7 ml, 6.11 mmoles) are added under

stirring. It is let react at room temperature for 8 hours and
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then the organic solvent is evaporated at reduced pressure. The
obtained crude product is treated with ethyl acetate and the
organic phase washed with water. The organic phase is
anhydrified with sodium sulphate and evaporated under vacuum.
The residue is purified by chromatography on silica gel eluting
with n-hexane/ethyl acetate 7/3. [3-methoxy-4-(4-bromobu-
tyryloxy)-phenyl]-2-trans propenoyl 4-[(2-ter-butoxycar-
bonylamino-3,5-dibromo phenyl) methylamino] cyclohexanol ester
is obtained.

d) Synthesis of [ 3-methoxy-4- (4-nitroxybutyryloxy)phenyl]}-2-
trans-propenoyl 4-[(2-ter-butoxycarbonylamino-3,5-dibromo
phenyl) methylamino] cyclochexanol ester

To a solution of [3-methoxy-4-(4-bromobutyryloxy)pheny1]-
2-trans—propenoy1-4-[(2-ter-butoxycarbonylamino-3,5-dibromo-
phenyl)methylamino]} cyclohexanol ester (4 g, 4,98 mmoles) in
acetonitrile (70 ml), silver nitrate (0.87 g, 4.98 mmoles) is
added under stirring. It is heated under reflux for 7 hours
away from light and lastly the formed salt is removed by
filtration. The organic solution is evaporated at reduced
pressure. The obtained residue is purified by chromatography on
silica gel eluting with n-hexane/ethyl acetate 7/3. [3-methoxy-
4-(4-nitroxybutyryloxy)phenyl]-2-transpropenoyl 4-[(2-ter-
butoxycarbonylamino-B,S-dibromo—phenyl)methylamino]
cyclohexanol ester is obtained.

e) Synthesis of [3-methoxy-4-(4-nitroxybutyryloxy)phenyl]—2-
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transpropenoyl 4-[(2-amino-3,5-dibromo phenyl) methylamino])
cyclohexanol ester

To a solution of [3-methoxy-4-(4-nitroxybutyryloxy)phe-
nyl]-2-transpropenoyl 4-[ (2-ter-butoxycarbonylamino-3,5-dibromo
phenil)-methylamino] cyclohexanol ester (2 g, 2.54 mmoles)
in ethyl acetate (50 ml), cooled at 0°C and maintained under
stirring, a HCl 5N solution in ethyl acetate (3.17 ml) 1is
added. The solution is left under stirring at 0°C for 4 hours.
Lastly the precipitate is filtered. The obtained crude product
is treated with ethyl acetate, to which a 5% sodium bicarbonate
solution is added. It is shaken and the bicarbonate solution is
substituted with an equal part of water. It is shaken again,
the organic phase is recovered, anhydrified with sodium
sulphate and evaproated at reduced pressure. [3-methoxy-4-(4-
nitroxybutyryloxy)phenyl]-2-transpropenoyl-4-{(2-amino-3,5-
dibromophenyl) methyiamino] cyclohexanol ester is obtained.
Yield: 36%

Elementary analysis:

Calculated C: 47.30% H: 4.56% N: 6.15% Br: 23.31%

Found C: 47.26% H: 4.53% N: 6.00% Br: 23.42%
EXAMPLE 10

Preparation of [4-amino-[[3-methoxy-4-(4-nitroxybutyrylo-
xy)phenyl]-2-trans propenoyl]-1-hydroxy-butyliden]-bispho-

sphonic acid (NCX 2211),
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oSt

PO.H, OCO(CH,),0NO,
HO

ZT

H,O,P

(NCX 2211)
wherein the precursor is alendronic acid of formula (XIII) and

the precursor of B is the ferulic acid (formula DII):

HOMNHz | HO
HZ05” IV
(XIII) (DII)

a) Synthesis of [3-methoxy-4-(4-bromobutyryloxy)phenyl]—2-
trans-propenoic acid

To a solution of ferulic acid (1.2 g, 6.11 mmoles) in
tetrahydrofuran (80 ml), triethylamine (0.85 ml, 6.11 mmoles)
and 4-bromobutyrylchloride (0.7 ml, 6.11 mmoles) are added
under stirring. It is let react at room temperature for 3 hours
and then evaporated at reduced pressure. The obtained crude
product is treated with ethyl acetate and the organic phase
washed with water. The organic phase is then anhydrified with
sodium sulphate and evaporated under vacuum. The obtained

residue is purified by chromatography on silica gel eluting
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with chloroform/methanol 8/2. The [3-methoxy-4-(4-bromobuty-
ryloxy)-phenyl]-2-trans propenoic acid is lastly isolated.

b) Synthesis of the [3-methoxy-4-(4-nitroxybutyryloxy)phenyl]-
2-trans propenoic acid

To a solution of [3-methoxy-4-(4-bromobutyryloxy)phenyl]-
2-trans-propenocic acid (1.5 g, 4.5 mmoles) in acetonitrile (70
ml) silver nitrate (0.87 g, 4.98 mmoles) is added under
stirring. The mixture is heated -under reflux and, under
stirring, it is reacted for 3 hours sheltered from the light.
The formed salt is removed by filtration and the organic phase
is evaporated at reduced pressure. The obtained residue is
purified by chromatography on silica gel column, eluting with
chiloroform/methanol 8/2. The [3-methoxy-4-(4-nitroxybu-
tyroyloxy)phenyl]-2-trans propenoic acid is recovered.
c) Synthesis of [4-amino- [ [3-methoxy-4-(4-nitroxy buty-
ryloxy)phenyl]-2-trans propenoyl]-1l-hydroxy-butyliden] bi-
sphosphonic acid

To a solution of [3-methoxy-4-(4-nitroxybutyroyloxy)-
phenyl]-2-trans propenoic acid (2g, 6.4 mmoles) in N,N-dime-
thylformamide (30 ml), cooled at 0°C, N,N’dicyclohexylcarbodi -
imide (1.3 g, 6.4 mmoles) and 1-hydroxybenzotriazol (1.04 g,
7.68 mmoles) are added under stirring. After 30 ;ninutes
alendronic acid (1.6 g, 6.4 mmoles) is added. The reaction
mixture is left under stirring at room temperature for 7 hours.

At the end it is acidified with a HCl 5% solution and the
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organic phase is extracted with ethyl acetate. The organic
phase is washed with brine, annydrified with sodium sulphate
and evaporated at reduced pressure. The crude product is
purified by chromatography on silica gel column eluting with
methylene chloride/methanol 8/2, obtaining the {[4-amino-[[3-
methoxy-4-(4-nitroxybutyroyloxy)phenyl]-2-trans propenoyl]}-1-
hydroxy butyliden] bisphosphonic acid. Yield: 11%.

Elementary analysis:

Calculated C: 19.71% H: 4.36% N: 5.07% P: 11.17%
Found C: 19.56% H: 4.28% N: 5.04% P: 11,25%
EXAMPLE 11

Preparation of S-[[2-[4- (4-chlorophenyl)phenylmethyl)-1-pipera-
zinyl Jethoxylacetyl] penicillamine 4-(nitroxy)butyl estexr (NCX

2060) having formula

cH,
Ct
\ﬁ l/\NAO(CHZ).,OCHzcos//k/COZ(CHz)‘ONoz
- - l
L\§9“\V/N\\/J

I H,C NH,

@ (NCX 2060)

wherein the precursor is cetirizine of formula (XIV) and the

precursor of B is penicillamine {formula CV):

c ‘
N
\I/ﬁ (\ N7 T0(CH,),0CH,CO0H CH,

e N\/' - _COOH

HS
@ HC  NH,
(XIV) (CV)
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a)Synthesisofs-[[2-[41[(4-chlorcphenyl)phenylmethyl]-l-pipe-
razinyl lethoxylacetyl] N-ter-butoxycarbonylpenicillamine-4-(ni-
troxy)butyl ester

The compoundé is prepared eccording to the procedure repor-
ted in Example 1, by using N-ter-butoxycarbonyl-penicillamine
instead of N-acetyl cisteine.
b)Synthesisofo[[z-[é-[(4-chlorophenyl)phenylmethyl]-1—pipe-
razinyl]ethoxy]acetyl]-penicillamine-é-(nitroxy)butyl ester.

The compound is obtaingd from the previous one by follow-
ing the procedure described in step e) of Example 9 to remove
the protective group ther-butoxycarbonyl and recover the
aminic function. Yield: 26%.

Elementary analysis:

Calculated C: 55.78% H: 6.49% N: 8.43% S: 4,80% Cl: 5.31%
Found C: 55.61% H: 6.31% N: 8.29% S: 4.93% Cl: 5.43%
EXAMPLE 12

Preparation of N-acetyl-S-[(S)-1-[N-[1-(ethoxycarbonyl)-3-
phenylpropyl]—L—alanyl]-L-prolin]cisteine 4- (nitroxy)butyl

ester of formula (NCX 2134)

7N COOCH,CH,
= 0 ) |
N N— CO,(CH,),ONO,
\__< cos” X
SN NHCOCH,
H,C
(NCX 2134)

wherein the precursor is enalapril of formula (XV) and the pre-
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curscr of & ig li-acety._cisteine (formula CVIII):

@1\—" L0 HST Y

i
AN _— N
N N 5 . HCOCH3
N\ é COOH
He O
(Z7) (CVIII)
Tre compcound is synthetized Zollowing the procedure repor-

Calculated C: S5.18% =: 6.7%% N: 8.62% S: 4.91%

'
'

v
o}

[

o}

fe!

(@]
(8]
n
(V8]
<
o
:‘l
[¢)}
[4¢]
w
o

N: 8.71% S: 4.8:t%

'd
I}
(]
'™

aration cif 3-{4- D-a-aminobenzylpenicillaminoyloxy]-3-
methcxyphenyll-2-trans propenoyl 4-(nitroxy)butyl ester (NCX

2080) having formulz

CH,
CH,
0
0\ O—CH,  (NCX2080)
/
0(CH,).ONO2
0

wherein the precursor is represented by ampicilline (formula

XVI) and the precursor of B is ferulic acid (formula DITI):
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: H OMe
Q\c§5J C; \T——Ti;%3<('0¥é \\f/§§j

(XVI) (DII)
The compound is synthetized following the method reported

in Example 5. Yields: 11%.

Elementary analaysis

Calculated C: 56.04% H: 5.33% : g.75% Z: 4.9%%
Found C: 56.15% H: 5.48% X: B.€3% S: 4.83%

h

Preparation e} 9-[[2-[—N-acetyl-s-(4-nitroxybutyroyl)ci-

steinyl )ethoxy]-methyl]guanine cf formula (NCX 2135),

Q
SR
N XN NHCOCH,
2 \CHzo(CHz)zo\/‘\/SCO(CHz)3ON02 (NCX2135)

\

o=

wherein the precursor is aciclovir of formula (XVII) and the

precursor of B is N-acetyicisteine (formula CVIII):

O
H COH
N L~
)\/\ NHCOCH,
HN N
CH,O(CH,),0H
(XV1iI) (CVIII)
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a) Synthesis of N-acetyl-S-(4-bromobutyroyl)cisteine

A solution containing 4-bromobutyric acid (5.1 g, 30.6
mmoles) and 1,1’-carbonyldiimidazole (5.61 g, 34.6 mmoles) in
chloroform (50 ml) is prepared and it is left under stirring at
room temperature for 1 hour. To the reaction mixture a solution
of N-acetylcisteine (5 g, 30.6 mmoles) in N,N-dimethylformamide
(5 ml) containing sodium ethylate (50 mg) is added. It is let
react under stirring and after 24 hours the solution is washed
with HC1 1% and then with brine. The organic phase is
.anhydrified with sodium sulphate and evaporated at reduced
pressure. The obtained crude product is purified by
chromatography on silica gel column, eluent ethyl acetate/chlo-
roform 7/3, lastly obtaining N-acetyl-S-(4-bromobutyroyl)
cisteine.
b) Synthesis of N-acetyl-S-(4-nitroxybutyroyl)cisteine

To a solution of N-acetyl-S-(4-bromobutyroyl)cisteine (3
g, 9.6 mmoles) in acetonitrile (70 ml) silver nitrate (1.7 g,
10 mmoles) is added. The reaction mixture is heated under
stirring under reflux for 2 hours away from light. The formed
salt is removed by filtration and the solution is evaporated at
reduced pressure. The obtained residue is purified by
chromatography on silica gel column eluting with ethyl aceta-
te/chloroform 7/3, 1lastly obtaining N-acetyl-S-(4-nitroxy-
butyroyl)cisteine.

c) Synthesis of 9-[[2-[N-Acetyl-S-(4-nitroxybutyroyl)cistei-
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nyl Jethoxy Jmethyl Jguanine

A solution of N-acetyl-S$-(4-nitroxybutyroyl)cisteine (2.8
g, 9.6 mmoles) and 1,1l-carbonyldiimidazol {(1.55 g, 9.6 mmoles)
in tetrahydrofuran (50 ml) is prepared and left under stirring
at room temperture for 1 hour. The reaction mixture is treated
with aciclovir (2.16 g, 9.6 mmoles). After 6 hours of reaction
at room temperature, the solution is evaporated at reduced
pressure, the obtained residue treated with ethyl acetate and
washed with brine. The organic phase is anhydrified with sodium
sulphate and then dried under vacuum. The obtained residue is
purified by chromatography on silica gel column eluting with
ethylacetate.9-[[2~[N-acety1-s-(4-nitroxybutyroyl)cisteinyl-
Jethoxy Jmethyl Jguanine is obtained. Yields: 9%.
Elementary analysis
Calculated C: 35.25% H: 3.95% N: 13.76% S: 47.05%
Found C: 35.38% H: 3.99% N: 13.84% S: 47.20%
EXAMPLE 15
Preparation of trans-3-[4-(5-amino-z-hydroxybenzoyl)—3-metho-

xyphenyl]2-propenoyl 4-(nitroxy) butyl ester (NCX 2212),

% I
0 O\I/\l/\/\O(CHz)_,qu
H,N B x
ZoH

(NCX2212)
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wherein the precursor is mesazlamine of formula (XVIII) and the

precursor of B is the ferulic acid (formula DII):

Q OMe
H,N OH HO A\
“\/\ H /l _
OH \/\/\COOH
(XVIII) (DII)

a) synthesis of trans-3-[4-(5-ter-butyloxycarbonylamino-2-
hydroxybenzoyl) - 3-methoxyphenyl]2-propenoic acid 4-(nitroxy)bu-
tyl ester

The compound is synthetized according to the procedure re-
ported in Example 5, first protecting the primary aminic group
of the mesalamine as described in Example 9, step a).
b) Obtaining of trans-3-[4- (5-amino-2-hydroxybenzoyl)-3-me-
thoxyphenyl]2-propenoyl 4-(nitroxy)butyl ester

The final compound is obtained by hydrolizing the bond
between the aminic function and the N-ter-butoxycarbonyl
protective group as described in Example 9, step e). Yields:
28%.

Elementary analysis:

Calculated C: 56.49% H: 4.96% N: 6.30%
Found C: 56.55% H: 4.82% N: 6.45%
EXAMPLE 16

Preparation of 6-methylen-5-hydroxy-10[2-hydroxy-5-(4-nitro-
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WO 00/61537
xybutyryloxy)benzoyl ]tetracycline of formula (NCX 2163)

(NCX2163)

X" > 0C0(CH,)0NO;

wherein the precursor is methacycline of formula (XIX) and the

precursor of B is the gentisic acid (formula DIII):

F%C\\ /CH3
CH, QH N
‘l z H OH 0
= ” l ‘ ” HO\/\)J\QH
QQQV//~\\M//»Q§:/,4\\\//’\\v/,5”42 u\54l\c
b H
i | onll I
od O CH O 0
{XIX) (DIII)

a) Synthesis of the 5-(4-bromobutyryloxy)-2-hydroxy-benzoic

acid
In a solution of 4-bromobutyrylchloride (3 g, 16.17

mmoles) in tetrahydrofuran (50 ml), cooled at 0°C, triethylam-
and then gentisic acid (2.4 g,

ine (4.5 ml, 32.34 mmoles)

16.16 mmoli) are dropped under stirring. It is let react at oec

o3
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for 4 hours, under stirring, then it is evaporated at reduced
pressure. The obtained crude product is treated with ethyl
acetate, the organic phase Is washed with HC1 1% and then
brine. The organic phase is anhydrified with sodium sulphate
and dried. The obtained resicdue is purified by chromatography
on silica gel column, eluting with methylene chloride/methanol
95/5, obtaining the 5-(4-bromobutyryloxy)-2-hydroxy-benzoic
acid.
b) Synthesis of 5-(4-nitroxybutyroyloxy)-2-hydroxybenzoic acid

To a solution of 5-(4-bromobutyryloxy)-2-hydroxy-benzoic
acid (3 g, 9.6 mmoles) in acetonitrile (150 ml) silver nitrate
(1.7 g, 10 mmoles) is added under stirring. The mixture is
heated under reflux for 7 hours away from light. Lastly the
formed salt is removed by filtration and the solution is
evaporated at reduced pressure. The obtained residue 1is
purified by chromatography on silica gel column, eluting with
methylene chloride/methanol 95/5. In this way the 5-(4-
nitroxybutyryloxy)-2—hydroxy-benzoic acid is isolated at the
pure state.
c)Synthesisof6-methylen-5-hydroxy-10[2-hydroxy-5—(4-nitroxy-
butyryloxy)benzoyl]tetracycline

A solution of 5-(4-nitroxybutyryloxy)-2-hydroxy-benzoic
acid (5 g, 16.4 mmoles) and 1,1’-carbonyldiimidazol (2.67 g,
16.4 mmoles) in tetrahydrofuran (70 ml) is maintained under

stirring at room temperature for 1 hour. Adriamycin (7.2 g,
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16.4 mmoles) is added. It is reacted under stirring fcr 12
hours at rocm temperature. The organic soluticn is then
evaporated at reduced pressure, the obtained residue is trezted
with ethyl acetate and washed with brine. The organic rhnzse,
anhydrified with sodium sulgnate, is dried urder vacuum. Toe
obtained residue is purified by chromatograpny on silica gel
column eluting with ethyl acetate. 6-methylen-5-hydroxy--C[z-
hydroxy-S-(4-nitroxybutyryloxy)benzoyl]tetracycline is

obtained. Yield: 19%.

Elementary analysis:

Calculated C: 55.84% H: 4.40% N: 5.55%

Found C: 55.95% H: 4.55% N: 5.98%
EXAMPLE 17

Preparation of 5-[[3-[3-methoxy-4—(4-nitroxy)but ryloxy Jphenysl -

2-trans-propenoy1]amino]-1,2,3,4-tetrahydroacridine(chzzlé)

OCO(CH,);ONC,
(NCX2214)

wherein the precursor is tacrine of formula (XX) and the pre-

cursor of B is the ferulic acid (formula DII):
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h‘IHz (_)Me
\
() )
i\/\m/= A~ COooH

(X3%) (DII)

porzed in Example 10. Yield: 7%.

Elementary anzlysis
Calculeted C: 6£4.13% H: 5.38% N: 8.34%
round C: 64.28% H: 5.46% N: 8.47%

Prevaration of [15-{ia,3a,78, 8B, (28*,48*)]]-2,2-dimethylbuta-
noic acidé 1,2,3,7,8,8-hexahydro-3,7-dimethyl-8-[tetrahydro-4-
[2-hydroxy-Z- (4 -mitroxybutyryloxy) benzoyl-oxy[-6-oxo-2H-piran-

2-y>iethvl-i-nepnthalenyl ester (NCX 2164)

0CO(CH,),ONO,

0o (NCX2164)
0]
H3C/>(lk%) H
EET) CH,
W / /
H,C’

wherein the precursor is simvastatine of formula (XXI) and the

precurscr of B is the géntisic acid (formula DIII):
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COOH
HO
c/>(u\
Gic , OH
H.C
(XXI) (DIII)

The compound is synthetized following the method described
in Example 16. Yield: 13%.

Elementary analysis:

Calculated C: 63.50% H: 7.06% N: 2.01%
Found C: 63.68% H: 7.21% N: 2.19%
EXAMPLE 19

Preparation of 5-methoxy-2-[[[4-[N-[4-(nitroxy)butyl-B-ala-
nyl](L)-histidinyloxy]-3,S—dimethyl-2-pyridinyl]methyl]sulphi-

nyl]-1H-benzimidazol (NCX 2062)

"—N'

«NHCO(CH,),NHCO(CH,),ONO,

3 (NCX2062)

wherein the precursor is 4-hydroxyomeprazol of formula (XXITI)},
obtained by treating omeprazol as described in Acta Chem.
Scand. 43, 6 1989 pages 549-568 and the precursor of B is car-

nosine (formula CI):
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r’“\vzﬂ OPiC OH §HCO“}32MF
/>—— HOL A
: \ / CHy 0
CH, N 1 NN
(XXII) (CI) N'_/

The compound is synthetized according to the process

described in Example 7. Yield: 25%

Elementary analysis:

Calculated C: 51.97% H: 4.96% N: 16.79% ©S: 4.78%
Found C: 51.81% H: 4.80% N: 16.68% S: 4.92%
EXAMPLE 20

Preparation of N-nicotinoyl-f-alanyl (L)-histidine 4-(nitro-

xy)butyl ester (NCX 2073)

272

\

0

PN
B NH(CH NH
7

N CO,(CH,).ONO;
~N
N
\
-
(NCX2073)

wherein the precursor is nicotinamide of formula (XXIII) and

the precursor of B is carnosine (formula CI):

0 NHCO(CH,),NH,
HO 5
| X7 NH,
— @]

N . SN

N—/

(XXIII) (CI)
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a) Synthesis of N-nicotinoyl-B-alanyl (L)-histidine

To a solution of nicotinic acid (2.5 g, 20.5 mmoles) in
tetrahydrofuran (40 ml) cooled at 0°C, 1,1’ -carbonyldiimidazol
(3.34 g, 20.5 mmoles) is added under stirring. After 10 minutes
to the solution (L)-carnosine (4.6 g, 20.5 mmoles) is added and
it is left under stirring at room temperature for 4 hours. The
reaction mixture is concentrated under vacuum, treated with
methylene chloride, washed with HC1 1% and then with water. The
organic phase is anhydrified with sodium sulphate and
evaporated under vacuum. The obtained residue is
chromatographed on silica gel column, eluting with ethyl ace-
tate. N-nicotinoyl-B-alanyl (L)-histidine is recovered.
b) Synthesis of N-nicotinoyl-B-alanyl (L)-histidine 4-bromobu-
tyl ester

To a solution of N-nicotinoyl-B-alanyl-(L)-histidine (9.9
g, 30.1 mmoles) in tetrghydrofuran (200 ml) triphenylphosphine
(23.7 g, 90.3 mmoles) and carbon tetrabromide (28.85 g, 90.3
mmoles) are added under stirring. Tﬁe reaction mixture is left
under stirring at room temperature for 24 hours. Lastly the
solvent is removed by evaporation at reduced pressure. The
obtained crude product is purified by chromatography on silica
gel columa eluting with n-hexane/ethyle acetate 1/1. N-nicoti-
noyl-B-alanyl-(L)-histidine 4-bromobutyl ester is obtained.
c) Synthesis of N-nicotinoyl-fB-alanyl (L)-histidine 4-nitroxy-

butyl ester
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To a solution of N-nicotinoyl-fi-alanyl (L)-histidine 4-
bromobutyl ester (0.91 g, 1.96 mmoles) in acetonitrile (20
ml) silver nitrate (0.66 g, 3.92 mmoles) is added wunder
stirring. The reaction mixture is heated to reflux under
stirring for 4 hours awaf from light. Lastly the formed salt is
removed by filtration and the solution is evaporated at reduced
pressure. The obtained residue is purified by chromatography on
silica gel column eluting with n-hexane/ethyl acetate 1/1. N-
nicotinoyl-B-alanyl-(L)-histidine 4-nitroxybutyl ester is
obtained. Yields: 32%.

Elementary analysis:

Calculated C: 49.50% H: 5.54% N: 19.32%
Found C: 49.35% H: 5.28% N: 19.17%
EXAMPLE 21

Preparation of N-acetyl-S-{4-nitroxybutyroyl) cisteine 1-[(1-
methylethyl) amino]-3-(l-naphthalen oxy)-2-propanol ester (NCX

2132)

|
O
(NCX2132)
e~ SCO(CH,);0NO,

|
COCH,

wheréin the precursor is propranolol of formula (XXIV) and the

precursor of B is N-acetylcisteine (formula CVIII):
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i
cot
o/\i/\N/\CH3 S/\\/

NF (XXIV) (CVIII)

The compound is synthetized with the process described in
Example 14. Yields: 7%.

Elementary analysis:

Calculated C: 56.04% H: 6.21% N: 7.88% S: 5.98%
Found C: 56.13% H: 6.35% N: 7.91% S: 6.04%
EXAMPLE 22

Preparation of 2-(ter-butylamino)-1-[4-hydroxy- 3-[N-acetyl-S-

(4-nitroxybutyryl)-penici llaminoyl] oxyphenyl Jethanol (NCX

2133)
CH,),0NO,
0 S ¢ 0 OH h CHs
N.| _“cH,
H,C 0
CH
fgcoc’NH HO™ ? (NCX2133)

wherein the precursor is salbutamol (albuterol) of formula (XX-

V) and the precursor of B is N-acetylpenicillamine (formula

CV):
OH n CH, ’
C CH
HO ~_" \‘/ 3 H}:EWCOZH
o CH, NHCOCH;
(XXV) (CV)
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The compound is synthetized by following the procedure re-
ported in Example 14, using N-acetyl penicillamine instead of
N-acetylcisteine. Yields: 43%
Elementary analysis:
calculated C: 53.01% H: 6.86% N: 7.76% S: 5.89%
Found C: 53.19% H: 6.80% N: 7.66% S: 5.72%
EXAMPLE 23
Preparation of 7-[2-hydroxy- 3-[3-methoxy-5-(4-nitrooxybuty-

ryloxy)benzoyl] trans-2-propenoyl]theophylline (NCX 2213)

OH

_CH,
0 //AQy/O 0
H,C— N ~ }—O0CO(CH,),0NO
3N/U\ir> \\/ 2
PP 0
0 >N" N

\
CH,

(NCX2213)
wherein the precursor is the diphylline of formula (XXVI) and

the precursor of B is the ferulic acid (formula DII):

OH
i f/(\,
3N N HO A\
o4l\N/i\&> | A
\ COOH
CH,
(XXVI) (DII)
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The drug is synthetized according to the process described
in Example 9. Yield: 22%

Elementary analysis:

Calculated C: 51.31% H: 4.84% N: 12.52%
Found C: 51.50% H: 4.91% N: 12.68%
EXAMPLE_ 24

Preparation of N-acetyl-S-(2-acety1benzoyl)cisteine 4-(nitro-

xy)butyl ester (NCX2138) of formula

0
il CO.(CH,),ONO,
\' S/\/ 2 214

!
P NHCOCH;

\

OCOCH,
(NCX2138)
wherein the precursor is acetylsalicylic acid of formula (XX-

VII) and the precursor of B is N-acetylcisteine (formula CVII-

I):
i HS/\T/COZH
| ~ OH NHCOCH,
Z™0C0CH,
(XXVII) (CVIII)

The compound is synthetized according to the process de-
scribed in Example 1. Yield 36%.

Elementary analaysis

Calculated Cc: 48.85% H: 5.01% N: 6.36% S: 7.24%
Found C: 48.75% . H: 5.02% N: 6.28% S: 7.12%
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Printed from Mimosa 00/11/28 09:24:22 Page: 105



WO 00/61537 PCT/EP00/03234
EXAMPLE 25
Preparation of 4-[3-[3-methoxy-5-(4-nitroxybutyryloxy)phenyl]-
2-propenoyloxy]-2-methyl-N-2-pyridinyl-2H-l,2-benzothiazin-3-

carboxamide-1,1-dioxide (NCX2215)

Y T
0 l ,/‘ //' Q N
Y Y Y )
Meo/l\/l\/\u/o o Z
O

(NCX2215)

wherein the precursor is piroxicam of formula (XXVIII) and the

precursor of B is ferulic acid (formula DII):

(XXVIII) A (DII)
The compound is synthetized according to the process reported
in Example 9. Yield 18%.

Elementary analysis

Calculated C: 55.11% H: 4.47% N: 8.60% S: 4.90%
Found C: 55.18% H: 4.52% N: 8.71% S: 4.98%
EXAMPLE 26

Preparation of S-[z-[(2,6-dichlorophenyl)amino)benzeneaceti-
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loxylpenicillamine 4- (nitroxy)butyl ester (NCX 2061) of formula

<'|:O'A'(CH2)4ONOZ
H.C
= - NH,
[ €057 “cn

Ao
u\fJ (NCX2061)

wherein the precursor is diclofenac of formula (XXIX) and the

precursor of B is penicillamine (formula CV):

COOH
NH H3C>£H}COZH
C!WCI S,
(XXIX) (cv)

The compound is synthetized according to the process
described in Example 11. Yield 21%.
Elementary analysis
Calculated C: 50.72% H: 5.00% N: 7.75% S: 5.89% Cl: 13.02%
Found C: 50.61% H: 4.89% N: 7.81% S: 6.01% Cl: 13.21%
PHARMACOLOGICAL TESTS
EX2AMPLE
Acute Toxicity

Acute toxicity has been evaluated by administering to a
group of 10 rats weighing 20 g a single dose of each of the
tested compounds, by cannula, by os in an agueous suspension of

carboxymethylcellulose 2% w/v.
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The animals are kept under observation for 14 days. In no
animal of the group toxic symptoms appeared, even after
administration of a 100 mg/Kg dose.

EXAMPLE F1

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

The animals (rats, weight about 200 g) are distributed in
the following groups (No. 10 animals for group):

A) Control groups:

1°© group: treatﬁent: 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: carriexr + NEM,

B) Groups administered with each drug:

group I: treatment: carrier + drug,

group II: treatment: carrier + drug + NEM.

The drugs assayed in this experiment are the following
(Table I): indomethacin, ambroxol, mesalamine, godic alendro-
nate, tacrine, omeprazol, misoprostol.

Tndomethacin, ambroxol and 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
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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 sedaticn 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 physioclogic solutiomn. The drug is administered one
hour later, in suspension in the carrier. Animals are sacrifi-
ced after 24 hours and evaluation of the damage to the
gastrointestinal mucosa is made by counting the number of rats,
inside each group, with lesions to the stomach at a visual
inspection. The total number of 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
mable shows that in the groups of rats treated with said drugs
without NEM, no gastric lesions were detectable.

All the rats of groﬁp 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 synt.hesis 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.
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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 precursors 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 endothelial cells of the umbilical vein are prepared
according to a standard method. Fresh umbilical veins are
f£illed with a collagenase solution 0.1% by weight and
incubated at 37°C for 5 minutes.

Subsequently the veins are perfused with the medium M 199
(GIBCO, Grand Island, NY) pH 7.4 with 0.1% (weight /volume) of
collagenase, added with 10% of bovine fetus serum (10
mcg/ml), sodium heparin (50 mcg/ml), thimidine (2.4
meg/ml), glutamine (230 mecg/ml), penicillin (100 UI/ml),
streptomycin (100 mcg/ml) and streptomycin B (0.125 mcg/ml).
The cells are collected from the perfusate 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 hypothalamic growth 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

108

Printed from Mimosa 00/11/28 09:24:36 Page: 110



WO 00/61537 PCT/EP00/03234

confluent cells (about 8,000,000 cells/flask), harvesting is
stopped and the layers are washed and trypsinized. The cellular
suspensions are transferred into wells of a culture plate
having 24 wells, half of 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 moisture
(90%), CO, = 5%. When the drug is not soluble in the culture
medium, it is formerly dissolved in a small amount of di-
methylsulphoxide. The maximum amount of dimethylsulphoxide
which can be added to the culture medium is 0.5%. Only the
cells coming from these first subcultures are used for the
tests with cumene hydroperoxide (CIP). The cells are identified
as endothelial cells by morphological examination and by the
specific immunological reaction towards factor VIII; these
cultures did never show contaminations from myocytes. or
fibroblasts.

Before starting the test, the cellular culture medium is
removed and the cellular layers are carefully washed with a
standard physiologic solution buffered with phosphate 0.1 M pH
7.0, at the temperature of 37°C. The content of each well is
then incubated for one hour with a CIP suspension in the
culture medium at a 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
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with CIP only. Said % 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 each 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 alendronate,
diphylline, cetirizine, enalapril, nicotinamide, ampicilline,
aciclovir, tacrine, omeprazol do not significantly inhibit
apoptosis; these drugs can therefore be used for preparing the
products of the invention.

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

EXAMPLE F3

Test 3 - experimental in vivo model with N¥-nitro-L-arginine-
methyl ester (L-NAME): gastric tolerability (gastrointestinal
damage incidence), hepatic (GPT dosage, glutamic-pyruvic
transaminase) and cardiovascular (blood pressure) tolerability
of some drugs screened as precursors of the compounds of the
invention.

The experimental model adopted is according to J. Clin.
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Investigation 90, 278-281,1992.

The endothelial dysfunction is evaluated by determining
the damage induced by L-NAME administration to the
gastrointestinal mucosa, 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
treated for 4 weeks with said compound dissclved at the
concentration of 400 mg/litre in drinking water. The following
groups (No. 10 animals for group) are constituted:

A) Control groups:

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: cafrier + L-NAME,

B) Groups treated with the drug:

3% group: treatment: carrier + drug,

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

The drugs used in the test are paracetamol, doxorubicine,
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
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scaling up experiment on untreated animals, the appearance in
the animals of symptoms such as enteropathy, diarrhoea,
depression, tremor, sedation.

At the eﬁd of the four weeks access to water is prevented
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 test 1 (ex. F1). The hepatic damage is
determined by evaluation after the sacrifice of the glutamic-
pyruvic transaminase (GPT increase).

The drug meets test 3 and it can therefore be used for
preparing the compounds 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, or
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 determined as in Test 1. The % GPT and %
blood pressure values are referred to the corresponding value
found in the animals of the lst group of the control groups.

The average value of the blood pressure in this group was of
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105 + 8 mmHg.

The results obtained show that paracetamol, doxorubicin
and simvastatine cause hepatic damage and gastroenteropathy
(GPT values and the gastric lesions are % higher compared both
with the corresponding groups treated with the drug, in the
absence of L-NAME, and with the controls 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
the basis of this test, for preparing the products of the
invention.

EXAMPLE F4

Pest 4: inhibition of the radical production from DPPH of some
substances to be used as precursors of B or Bl (ref. Formulas
I and II of the invention)

The method is based on a colorimetric test in which DPPH
(2,2-diphenyl-1-picryl-hydrazyl) is used as the compound-
forming radicals (M.S. Nenseter et Al., Atheroscler. Thromb.
15, 1338-1344, 1995).

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

away from light for 30 minutes, the absorbance at the wave
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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, or antiradical activity, is expressed by the
following formula:

(1 - A /AL)X100
wherein A  and A, are, respectively, the absorbance values of
the solution containing the test compound together + DPPH and
of the solution containing only DPPH.

The compound meets test 4 if radical production
inhibition, as above defined, is equal to or higher than 50%.

In Table V the results obtained with the following sub-
stances are reported: N-acetylcisteine, cisteine, ferulic acid,
(L)-carnosine, gentisic acid.

Table V shows that N-acetylcisteine, cisteine, ferulic
acid, (L)-carnosine, gentisic acid meet test 4 since they
inhibit the production of radicals formed from DPPH by more
than 50%.

EXAMPLE F3

Antiinflammatory activity and gastric tolerability of the
compounds according to the invention in comparison with the
corresponding precursor drugs in conditions of endothelial
dysfunction induced by L-NAME (N¥-nitro-L-arginine-methyl

ester)
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The experimental model of Edwards et Al., J. Pathol. 134,
147-156, 1981 was followed.

Groups formed by 10 rats, having an average weigh of 200
g, have been constituted. The groups have been treated with L-
NAME dissolved in drinking water (400 mg/l) for two weeks,
except one group which constituted the control group.

The drugs were administered by os, at the dose of 10
mg/Kg, in carrier carboxymethylcellulose 1% in water, 5 ml/Kg.

Thus the groups, except the below described control
groups, were treated with the drug + L-MAME + carrier.

The following control groups were formed:
1° control group: treatment: carrier.
2° control group: treatment: carrier + L-NAME.

The drugs used in the experiment are the following: di-
.clofenac and the corresponding thiocester with (4-nitroxy)bu-
tyryl penicillamine (Ex. 26), piroxicam and the corresponding
ester with the p-(4-nitroxy)butyryloxy-ferulic acid (Ex. 25),
the acetylsalicylic acid and the corresponding thioester with
N-acetyl- (4-nitroxy)butyrylcisteine (Ex. 24).

after two weeks from the beginning of the experiment the
animals were subjected to three consecutive injections of air
by subcutaneous route, in the dorsal part of the animal,
according to the following procedure:

- first injection: 20 ml,

- after three days from the first injection: 10 mnl.
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- after 6 deys from the first injecticn: the same amount of
10 ml.
The animals were then fasted until the folilcwing morning. Cne
hour before the percutanecus Injection with carragenine (2 ml
of a 1% carragenine soluticn in water) in the inflammatory
exudate, the treated animzls received by c¢s the carrier or one
of the tested compounds dissclived or suspended in the carrier,
The animals were sacrificed aiter € hours frcm the injection of
the carragenine soluticrn. The inifilammatory exudate was
collected and measured to evaliuate the leucccyte infiltration.

In Table VI the antiinfliz-matory éctivity is expressed as
¢ inhibition of the leucocyte infiltration with respect to the
leucocyte infiltration valiue found in the znimals treated with
the carrier and pretreated with L-NAME, the % inhibition of the
gastrointestinal damage was evaluated as previously described
in Test 1 (ex. 1), and the % blood pressurse was evaluated one
hour before the sacrifice and referred tc that of the 1st
control group (treatment: carrier). In this group of animals
‘the average pressure value was of 108 + 10 nmHg.

Table VI shows that the compounds of the invention are as
active as the corresponding precuréorsiin the antiinflammatory
activity test, but in the confront of the latter they reduce
the damage to the cardiovascular endothelium (lower % increase
of blood pressure with respect to that of the corresponding

precursor), and besides reduce, or do not cive at all, gastric
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damage.
EXAMPLE F6

In a second appptosis experiment indomethacin and the
indcmethacin thioester with N-acetyl-(4-nitroxy)butyrvl
cisteine (Ex. 3) according to the present invention were
compared. The results are repcrted in Table IIXI, and show that
the compound of the invention inhibits, differently from the
precursor, the apcptosis induced by cumene hydrocveroxide (CIP).
EXAMPLE F7 |
Gastric tolerabiiity of some drugs used as precursors and of
the corresponding compounds according to the invention.

The test for gastrointestinalvdamage of Example F5 was
repeated but omitting the pretreatment of animzls with L-NAME.
The tested drugs, thereof zdministered doses and results are
reported in Table VII. From the Table it is drawn that
gastropathy incidence is much lower in the groups treated with
the compounds of the invention in the confront of the groups

treated with the corresponding precursors.
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EXAMPLE 27
Synthesis of (S)-N-acetyl-S-[[1-[5-(2,5-dihydro-5-0ox0-3-
furanyl)-3-methyl-2-benzofuranyl]ethyloxy]-4-oxo-butanoyl]

cysteine (4-nitroxy)butyl ester of formula

“/\/O /C " /O
e //I p \O/AL\//\V/S\V/Ei?OCHs
O>j \CH3 g CO,(CH,),ONO,
/4

"wherein the precursor is benfurodil hemisuccinate of formula

(XXXI) and the precursor of B is N-acetylcysteine (formula

CVIII)
CH
“/‘\/O 30
/2 OH
O
l CH3 Ci COzH
HS
o NHCOCH,
(XXXI)
(CVIII)

The compound is synthetized according to the process
described 'in éxample 4, Yield 25%.
Elementary analysis
Calculated C: 54.19% H: 5.20% N: 4,51% S: 5.17%

Found C: 54.25% H: 5.22% N: 4.47% S: 5.15%
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EXAMPLE 28

Synthesis of (8S-cis)-10{ (3-amino,2,3,6-tri-deoxy-a-L-1lyxo-exo
pyranosyl)oxy]-7,8,9,10-tetrahydro,6,8,11-trihydroxy-8-[[[3-
methoxy-4-(4-nitroxybutanoyl)phenyl]- 2-trans-propenoyl-oxy]
methyl-oxo]-1-methoxy-5,12-naphtacenedione of formula

- 0 m/OCO(CHz):,ONOZ
\/\/\/\

N\ _C
o-tth

wherein the precursor is doxorubicin of formula (XXXII) and

the precursor of B is ferulic acid of (formula DII)

OH ﬁ

~_ . COOHR
M
b Lodh g L~
H,C™ HO
H,C™/ =0 0
> » ~CH,
OH 2
{XXXII) (DII)

The compound is synthetized according to the process described
in Example 9. Yield 11%.

Elementary analysis

Calculated C: 57.88% H: 4.98% N: 3.29%
Found C: 57.91% H: 5.02% " N: 3.27%
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EXAMPLE F8

Example F1 was repeated with four groups of rats (each group of

of ten animals), all of them receiving NEM, and orally

administered as it follows

a. control group : the wvehicle formed of an agqueous
suspension 1% w/v of carboxymethylcellulose,

b. one group (group b - comparative ) administered at the
same time with 5 mg/Kg (0.014 mmoles/Kg) of indomethacin
+ 2.3 mg/Kg (0.014 mmoles/Kg) of N-acetylcysteine in the
same above vehicle,

c. one group (group ¢ - comparative) administered at the same
time with 6.6 mg/Kg (0.014 mmoles/Kg) of indomethacin 4-
(nitroxy)butyl ester, synthetized according to the method
disclosed in WO 95/09831, + 2.3 mg/Kg (0.014 mmoles/Kg) of
N-acetylcysteine in the same above vehicle,

d. one group (group d) administered with 8,7 mg/Kg (0.014
mmoles/Kg) of the indomethacin thiocester with N-acet;.yl- (4-
nitroxy)butyryl cisteine (ref. Ex. 3), in the above same
vehicle.

The results are reported in Table VIII 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 c) 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 % incidence 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. 0 100
Ambroxol 25/p.o. 0 80
Mesalamine 750/i.c. 0 60
Alendronate 15/p.o. 0 90
Tacrine 1/s.c. 0 100
Omeprazol 30/s.c. 0] 0
Misoprostol 0.5/s.c. 0 0
p.o., = per 0os; i.c. = by intracolonic route;
s.c. = by subcutaneous route.
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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 %
SR IR SR oo

Indomethacin 95
Paracetamol 120
Clopidogrel 110
Salbutamol 90
Ambroxol 70
Alendrcnate 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 2 : comparison of the inhibition of apoptosis
(DNA fragmentation), induced by CIP in endothelial
cells in the presence of indomethacin and of a
corresponding ester according to the present

invention.
Compound Apoptosis %
with respect to the
controls treated only
with CIP
Indomethacin (comp.) 95
Indomethacin thioester with N-ace- 20
tyl-(4'nitroxy)butyryl cisteine
(ref. Ex. 3)
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Table V
Test 4: Screening of the effectiveness of the listed
compounds in inhibiting radical production from
DPPH.
Compound $ inhibition radicals from
DPPH
Solvent 0
N-acetylcisteine 100
Cisteine 100
Ferulic acid 100
{L)-carnosine 80
Gentisic acid 80
Penicillamine 100
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Table VII
Test on gastric tolerability of the listed drugs and
of the corresponding derivatives according to
the present invention performed on rats not pretreated
with L-NAME
Compound dose mg/Kg Gastropathy
% incidence
Carrier - -
Diclofenac 20/p.o. 70
Diclofenac 20/p.o. 0
derivative
Ex. 26
Ambroxol 100/p.o. 60
Ambroxol 100/p.o. 10
Derivative
Ex. 9
Alendronate ) 100/p.o. 90
Alendronic acid 100/p.o. 20
Dexrivative
Ex. 10
Tacrine 10/s.c. 80
Tacrine 10/s.c. 20
Derivative
Ex, 17
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Table VIIIX

Test on gastric tolerability following oral
administration of NEM (Ex. F8)
groups dose mg/Kg Gastropathy
p.o.
% incidence
controls - -

group b - comparative 5(a)+2.3(B) 90
mixture

indomethacin (A) +

N-acetylcysteine (B)

group € - comparative 6.6(C)+ 2.3(B) 40
mixture

indomethacin 4- (nitroxy)butyl
ester (C) +

N-acetylcysteine (B)

group 4 10
indomethacin thioester with 8.7
N-acetyl-(4-nitroxy)butyryl
cisteine
128
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CLAIMS
1. Compounds or their salts having the following general
formulas (I) and (II):
A—B—C-N(O)4 (1)

wherein:

s = is an integer equal to 1 or 2, preferably s = 2;

A = R—T;-, wherein
R is the drug radical and
Ty = (CO), or (X)y,, wherein X = O, S, NRjc, Ryc is H
or a linear or branched alkyl, having from 1 to 5
carbon atoms, or & free wvalence, t and t’ are
integers and egual to zero or 1, with the proviso
that £t = 1 when t’ = 0; t = 0 when t’' = 1;

B = -Tg—X,—Tpg1" wherein
Ty and Ty are equal or different;
Tg= (CO) when t = 0, Ty = X when t’ = 0, X being as
above defined;
Tgr = (CO)¢yx OF (X)yxx 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,-Y- radical, wherein
Te = (CO) when tx = 0, T¢ = X when txx = 0, X being
as above defined;

Y is an alkylenoxy group R’O wherein R’ is linear or
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branched when possible C,-C,y, 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
substituted by heteroatoms, the ring may have side

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

TTIX IRTIIX

. “(Clpz— Y3_[lC]nIIX-O- (III)
I
Rerx/ Reprrx:

wherein:

nIX is an integer between 0 and 3, preferably 1;
nIIX is an integer between 1 and 3, preferably 1;
Rprxs Rpix:s Rpprxs Rrrrxe. equal to or different from
each other are H or a linear or branched C;-C, alkyl;
preferably Rprx, Rrrxrs Rerix: Rrrixe are H.

v3 is a saturated, unsaturated or aromatic
heterocyclic ring containing at least one nitrogen

atom, said ring having 5 or 6 atoms.

/ '
-7_-«:8 ) —o—
2 n3!
- /\/
_(CHZ)nB

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

integer from 1 to 3;
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(CB,) 570 —

CCOH (an)rgf'

wherein n3 and n3’ have the above mentioned meaning

I
- (CH,-CH-CH,-O) ¢ -
|
ONO,

- '(CHz'CH'CHz'O)nf:’
|
ONO,

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

|
Ryt

- '(CH2'CfI{‘O,)nf‘
Rif
wherein Ry = H, CH; and nf is an integer from 1 to
6; preferably from 1 to 4;
prefexably Y = -R‘O- wherein R’ is as above defined;

preferably R’ is a C;1-Cg alkyl;

!
N(O)g
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wherein:

G = ’TCI""!I'—'TCII‘

wherein Tq; and Tcp; are equal or different,

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

Tepr= (CO)yyp OF (X)¢7r+ wherein tI and tII have the 0 or 1
value; with the proviso that tI = 1 when tII = 0, and tI
= 0 when tII = 1; X is as above defined;

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

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

preferably an alkyl from 1 to 6 carbon atoms, most

preferably 2-4, or

- 2'n3’

—(CH -
( 2'n3 (CHZ)I13

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

integer from 1 to 3;

(Cﬂz) e
"(Cﬂz)na
cboH (CHZ) ps
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wherein n3 and n3’ have the above mentioned meaning;
I
- (CH,-CH-CHy-0) e -
oo,

wherein one hydrogen atom on one of the carbon atoms
is substituted by a free valence;

- - (CH,-CH-CHy-0) e -

oo,

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,-0)ps-

Rus

wherein one hydrogen atom on one of the carbon atoms
is substituted by a free valence;

- - (CH,-CH-0)p¢-

Rus

wherein R;¢ = H, CH3 and nf is an integer from 1 to
6; preferably from 1 to 4; wherein one iuydrogen atom
on one of the carbon atoms is substituted by a free
valence;

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

branched C,-C4;, the oxygen which in ¥’ is covalently

linked to the -N(O)g group is at the end of the free bond

indicated in the formula of Cy;
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B; = -Tar;—X2a

wherein X,; is a monovalent radical as defined below,

(CO) when tI = 0, Tgyy = X when tII = 0, X

being as above defined;

. O bivalent radical is such that the
corresponding precursor of B: -Tp—X,—Tpy-
meets test 4, precursor in which the Ty and Tp;
free valence are each saturated with -0Z, -Z,
or with -zI-N-2II, 2! and 2z!! being equal or
different anld have the Z wvalues as defined
below, depending on that Ty and/or Tp; = CO or
X, in connection with the wvalues of t, t’, tx
and txx;

X,, monovalent radical, such that the
corresponding precursor of B; -Tpy;—X,, meets
test 4; precursor wherein the Ty;; free valence

is saturated with -0%Z, -2

or with -ZI-N-2TI, 2I and Zz!! being equal or
I
or different and having the Z values as defined

below, depending on that Ty = CO or X, in

connection with the tI and tII wvalues;

‘the drug A = R—T; -, wherein the free valence is

saturated as indicated hereinafter:

when t’ = O with:

- 0-Z wherein Z = H or Ry, Ry, being a
linear or branched when possible Cl-Clo
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alkyl, preferably C,-Cg, or with

- -zI.N-z¥1, 2% and 2!' being as above
defined, !

- when t = 0 with -%Z, wherein 2 is as above
defined,

with the proviso that the drug is not a steroid, is such
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, administering the dxrug 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 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, oOr in the
group treated with NEM + carrier + drug are observed ga-
strointestinal 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
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+ 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 1is
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 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-w-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
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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 higher values of blood-pressure) are found
in comparison respectively with the group treated with the
carrier alone, or with the g.roup treated with the carrier
+ drug, or with the group treated with the carrier + L-
NAME ;

- the precursors of B or B; with the free valences
saturated as above defined must meet test 4: it is an
analytical determination carried out by adding portions of
methanol solutions of the precursor of B or By at a 1074
M concentration, to a methanol solution of DPPH (2,2-di-
phenyl-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 of the following
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formula:

(1 - 24/2.)X100

wherein 2, and 2. are respectively the absorbance wvalues

of the solution containing the test compound + DPPH and

that of the solution containing only DPPH; the precursor
complies with test 4 when the percentage of inhibition as

above defined is equal to or higher than 50%.

2. Compounds according to claim 1 wherein the precursor
compound of B or B- is selected from the following classes
of compounds:

- Aminoacids, selected from the following: L-carnosine
(formula CI), anserine (CII), selenocysteine (CIII),
selenomethionine (CIV), venicillamine (CV), N-acetyl-
penicillamine (CVI), cysteine (CVII), N-acetyl-
cysteine (CVIII), glutathione (CIX) or its esters,

preferably ethyl or isopropyl ester:

0] OH
| H

\ un NH
<\NJ \“/\/ 2 T]\ \/
0 :
CH,
(CI) (CII)
CHy o
~_-COO0H TH" /}\/"\
HS
HSe s ™" coom ac Lo

NH, i NH,

(CIIT) (CIV) (CV)
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H?'C CH:R /\/(l)l\ /\./ﬁ\
HS><‘/\GH HS ‘ OH HS | OH
lhcoch, NH, NHCOCH,
(CVI) (CVII) (CVIII)

N\AMC/NVKOH

ZIm

{CIX)

- hydroxyacids, selected from the following: gallic
acid (formula DI), ferulic acid (DII), gentisic acid
(DIII), citric acid (DIV), caffeic acid (DV), hydro
caffeic acid (DVI), p-coumaric acid (DVII), vanillic
acid (DVIII), chlorogenic acid (DIX), kynurenic acid

{DX), syringic acid (DXI):

'e) OH O
Y g ]
m /@/\/\ HO l \\ CH
o Y o RO LA
o<
OH CHg3
(DI) (DIX) (DIII)
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- Aromatic and heterocyclic mono- and polyalcohols,
selected . from the following: nordihydroguaiaretic
acid (EI), quercetin (EII), catechin (EIII), ka-

empferol (EIV), sulphurethyne (EV), ascorbic acid (E-
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Vi), isoascorbic acid (EVII), hydroguinone (EVIII),
gossyool (EIX), reductic acid (EX), methoxy-
nydroguincne (EXI), hydroxyhydrcguirone (EXII), pro-
oyl gallate (EXIII), saccharose (EZXIV), vitamin E
(EXV), wvitamin 2 (EXVI), 8-quinolol (EXVII), 3-
ter-butyl-4-hydroxyanisole (EXVIII), 3-hydroxyilavone
(EXIX), 3,5-ter-butyl-p-hydroxytoluene (EXX), p-ter-
putyl phenol (EXXI), timoiol (ZXXII), xibornol
(EXXIII), 3,5-di-ter-butyi-4-nydroxybenzyl-thic-
glycolate (EXXIV), 4’ -hydroxybutyranilide (EXXV),
guaiacol (EXXVI), tocol (EZAVII), isoeugenrol (EX%-
XVIII), eugenol (EXXIX), pirercayl zlcohol (EXXX),
2llopurinol (EXXXT), conyferyl alcchol (EXXXIT), 4-

hydroxyphenetylalcohol(EXXA-;;),p-coumaricalcohol

(EXXXIV), curcumin (EXXXV):
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(EXXXV)

- aromatic and heterocyclic amines, selected from the
following: N, N’-diphenyl-p-phenylenediamine (MI),
ethoxyquin (MII), thionine (MIII), hydroxyurea (M-

Iv):
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- Compounds containing at least a free acid function,
selected from the following: 3,3’-thiodipropionic
acid (NI), fumaric acid (NII), dihydroxymaleic acid
(NIII), thioctic acid (NIV), edetic acid (NV),
bilirubin (NVI), 3,4-methylendioxycinnamic acid
(NVII), piperonylic acid (NVIII):

HOOC ~ H wooc_ __ fOoH
S —
HOOC” ™>""~~""Co0oH = oH
H COOH HO
(NI) (NII) (NIII)
"HOOC

HOOC. _N
NN TSN CooH

\_d HooC”
(NIV)

(NV)
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3. Compounds according to c¢laims 1-2, wherein in formula

(III) Y3 is selected from the following: H
L. N . /Ay N N
CoN, €Y. 5. T, 00, TN, T3 CJ

N N N N N i °N N

H H H H H H H
(Ys) (¥s) (Y7) (¥2)
N T _tlf\)_ _._E\__ kx) o g

. . N
K)-Jél ' Ny ’ H ‘ H

(1) (x2) (x3) (¥4)

(¥9) (x10) (y11) {(x12) (v13) (xa4) {ns)
4. Compounds according to claims 1-2, wherein Y’ = -R‘0O- and
I

Y = -R’0O-, R’ has 1-6 carbon atoms.
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5.

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, anti-asthmatic-
antiallergic, antihistaminic drugs, ACE-inhibitors, beta-
blockers, antithrombotic drugs, vasodilators,
antidiabetic, antitumoral, antiulcer, antihyperlipidemic,
antibiotic, antiviral drugs, bone reabsorption inhibitors,
antidementia drugs.

Compounds according to c¢laim 5, wherein the precursor
drugs are selected from the following:

anti-inflammatory drugs: aceclofenac, acemetacin, acetyl-
salicylic acid, 5-aminocacetylsalicylic acid, alclofenac,
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, lornoxicam, 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-
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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, acetaminosalol, aminoc-
hlorthenoxazin, acetylsalicylic 2-amino-4-picoline acid,
acetylsalicylsalicylic acid, anileridine, benoxaprofen
benzylmorphine, 5-bromosalicylic acetate acid, bucetin,
buprenorphine, butorphanol, capsaicine, cinchophen,
ciramadol, clometacin, clonixin, codeine, desomorphine,
dezocine, dihydrocodeine, dihydromorphine, dimepheptanocl,
dipyrocetyl, eptazocine, ethoxazene, ethylmorphine,

eugencl, floctafenine, fosfosal, glafenine, hydrocodone,

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

norlevorphanol, 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,

149

Printed from Mimosa 00/11/28 09:26:26 Page: 151



WO 00/61537 PCT/EP00/03234

proxyphylline, reproterol, rimiterol, salmeterol,
soterenol, terbutaline, l-tecbromineacetic acid, tiotro-
pium bromide, tretoquinol, tulobuterol, zaprinast,
cyclodrine, NS-21, 2-hydroxy-2,2-diphenyl-N-(1,2,3,6-tetra
hydro-pyridin-4-ylmethyl)acetamide;

expectorant /mucolytic drugs: ambroxol, bromhexine, domio-
dol, erdosteine, guaiacol, guaifenesin, iodinated gly-
cerol, letosteine, mesna, sobrerol, stepronin, terpin,
tiopronin;

antiasthmatic/antiallergic antihistaminic drugs:
acrivastine, alloclamide, amlexanox, cetirizine, cloben-
zZepam, chromoglycate, ' chromolyn, epinastine,
fexofenadine, formoterol, histamine, hydroxyzine,
levocabastine, lodoxamide, mabuterol, metron s, montelu-
kast, nedocromil, repirinast, seratrodast, suplatast
tosylate, terfenadine, tiaramide, urushiol, bromhexine;
ACE-inhibitors: alacepril, benazepril, captopril, cero-
napril, cilazapril, delapril, enalapril, enalaprilat,
fosinopril, imidapril, lisinopril, 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, bupranolol, butofilol, ca-
razolol, carteolol, carvedilol, celiprolol, cetamolol,
dilevalol, epanolol, esmolol, indenolol, labetalol, me-
pindolol, metipranolol, metoprolol, moprolol, nadolol,
nadoxolel, nebivolol, nifenalol, nipridalol, oxprenolol,

penbutolol, pindolol, practolol, pronethalol, propranclol,
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sotalol, sulfinalol, talinolol, tertatolol, tilisolol,
timolol, toliprolol, xibenolol;

antithrombotic and vasoactive drugs: acetorphan, ace-
tylsalicylic acid, argatroban, bamethan, benfurodil
hemisuccinate, 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, phenylpropanoclamine, prenylamine, papa-
veroline, reviparin sodium salt, ridogrel, suloctidil,
tinofedrine, tinzaparin, triflusal, xanthinol niacina-
te;

antidiabetic drugs: 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, dencpterin, 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-mercaptopurine, methotrexate,
mitobronitol, mitolactol, mitomycins, mitoxantrone,

mopidamol, mycophenolic acid, ninopterin, nogalamycin,
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paclitaxel, pentostatin, pirarubicin, piritrexim,
plicamycin, podophyllic acid, porfimer sodium,
porfiromycin, propagermanium, puromycin, ranimustine,
retinoic acid, roguinimex, 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: atorvastatin, cilastatin,
dermostatin, fluvastatin, lovastatin, mevastatin,
nystatin, pentostatin, pepstatin, privastatin sodium salt,
simvastatin;

antibiotics: amdinocillin, amoxicillin, ampicillin, apal-
cillin, apicycline, aspoxicillin, azidamfenicol, azidocil-

lin, azlocillin, aztreonam, benzoylpas, benzyl penicil-

linic acid, biapenem, bicozamycin, capreomycin,
carbenicillin, carindacillin, carumonam, cefaclor,
cefadroxil, cefamandole, cefatrizine,  cefazedone,

cefazolin, cefbuperazone, cefclidin, cefdinir, cefditoren,
cefepime, cefetamet, cefixime, cefmenoxime, cefmetazole,
cefminox, cefodizime, cefonicid, cefoperazone, ceforanide,
cefotaxime, cefotetan, cefotiam, cefoxitin, cefozopran,
cefpimizole, cefpiramide, cefpirome, cefprozil,

cefroxadine, cefsulodin, ceftazidime, cefteram, ceftezole,
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ceftibuten, ceftiofur, ceftizoxime, ceftriaxone,

cefuroxime, cefuzonam, cephacetrile sodium, cephalexin,

cephaloglycin, cephaloridine, cephalosporin C,
cephalothin, cephapirin sodium, cephradine,
chloramphenicol, chlortetracycline, cinoxacin,
cyprofloxacin, clavulanic acid, clometocillin, clo-

xacillin, cyclacillin, cycloserine, demeclocycline, di-
cloxacillin, epicillin, fenbecillin, flomoxef, floxacilli-
n, hetacillin, imipenem, lenampicillin, loracarbef, lymec-
ycline, mafenide, meclocycline, meropenem, metampicillin,
methacycline, methicillin sodium salt, mezlocillin, mi-
nocycline, moxalactam, mupirocin, myxin, negamycin,
novobiocin, oxacillin, panipenem, penicillin G potassium
salt, penicillin N, penicillin O, penicillin V, phenethi-
cillin potassium salt, pipacycline, piperacillin,
pirlimycin, porfiromycin, propicillin, quinacillin,
ritipenem, rolitetracycline, sancycline, sedecamycin,
spectinomycin, sulbactam, sulbenicillin, temocillin,
tetracycline, ticarcillin, tigemonam, tubercidin,
azithromycin, clarithromycin, dirithromycin, enviomycin,
erythromycin, josamycin, midecamycin, miokamycin, oleando-

mycin, rifabutin, rifamide, rifamycin, rifaximin, rokita-

mycin, spiramycin, troleandromycin{ viomycin,
virginiamycin;

amikacin, apramycin, arbekacin, dibekacin,
dihydrostreptomycin, fortimicins, gentamicin,
micronomicin, neomycin, netilmicin, paromomycin,

ribostamycin, sisomicin, spectinomycin, streptomicin,

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

carbomycin, clindamycin, lincomycin, 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, ethambutol,
glyconiazide, isoniazid, opiniazide, phenyl
aminosalicylate, rifampin, rifapentine, salinazid, 4-4°'-
sulfynyldianiline,

acediasulfone, dapsone, succisulfone, p-sulfanilylbenzyl
amine, thiazolsulfone, acetyl sulfamethoxypyrazine,
mafenide, 4’ -(methylsulfamoyl)sulfanilanilide,
salazosulfadimidine, sulfabenzamide, sulfacetamide,
sulfachlorpyridazine, sulfachrysoidine, sulfacytine,
sulfadiazine, sulfadicramide, sulfadimethoxine,
sulfadoxine, sulfaethidole, sulfaguanidine, sulfaguanole,
sulfalene, sulfamerazine, sulfameter, sulfamethazine,
sulfamethizole, sulfamethomidine, sulfamethoxazole,
sulfamethoxypyridazine, sulfamethylthiazole, sulfametrole,
sulfamidochrysoidine, sulfamoxole, sulfanilamide, 2-p-
sulfanilylanilinoethanol, N%-sulfanilylsulfanilamide,
sulfanilylurea, N-sulfanilylfB,4-xy1amide, sulfaperine,

sulfaphenazole, sulfaproxyline, sulfapyrazine,
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sulfapyridine,sulfasomizole, sulfasymazine, sulfathiazole,
sulfathiourea, sulfisomidine, sulfisoxazole, 4-
sulfanilamido salicylic acid; negamycin, carumonan,

cloxyquin, nitroxoline, arginine, metronidazole;

antiviral drugs: acyclovir, amantadine, cidofovir,
cytarabine, didanosine, dideoxyadenosine, edoxudine,
famciclovir, floxuridine, ganciclovir, idoxuridine,
indanavir, kethoxal, lamivudine, MADU, penciclovir,
podophyllotoxin, ribavirin, rimantadine, saquinavir,
sorivudine, stavudine, trifluridine, valacyclovir,

vidarabine, xenazoic acid, zalcitabine, zidovudine;

bone reabsorption inhibitors: alendronic acid, butedronic
acid, etidronic acid, oxydronic acid, pamidronic acid,
risedronic acid;

antidementia drugs: amiridine, lazabemide, mofegiline,
salbeluzol, oxiracetam, ipidacrine, nebracetam, tacrine,
velnacrine.

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
salt, diflunisal, etodolac, flufenamic acid, flunixin,
flurbiprofen, ibuprofen, indomethacin, indgprofen, keto-
profen, ketorolac, lornoxicam, loxoprofen, meclofenamic
acid, mefenamic acid, meloxicam, mesalamine, naproxen, ni-
flumic acid, olsalazine, piroxicam, salsalate, sulindac,
suprofen, tenoxicam, tiaprofenic acid, tolfenamic acid,
tolmetin, zomepirac, tomoxiprol;

analgesic drugs: acetaminophen, acetylsalicylsalicylic
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acid, benoxaprofen, buprenorphine, butorphanol, capsaicin,
diacereine, dihydrocodeine, ethylmorphine, eugenol,
phenylbutazone, meptazinol, morphine, nalbuphine, penta-
zocine, thiorphan, tramadol, actarit;

bronchodilators drugs and drugs active on the cholinergic
system: albuterol, carbuterol, clenbuterol, difylline,
etofylline, fenoterol, ipratropium bromide, metaprotere-
nol, oxybutynin, pirbuterol, salmeterol, terbutaline,
tiotropium bromide, =zaprinast, c¢yclodrine, NS-21, 2-
hydroxy-2,2-diphenyl-N-(1,2,3,6-tetra hydro-pyridin-4-y1
methyl)acetamide;

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

antiasthmatic/antiallergic antihistaminic drugs:
cetirizine, chromoglycate, histamine, levocabastine,
lodoxamide, montelukast, terfenadine, bromexine;
ACE-inhibitors: captopril, enalapril, lisinopril, losar-
tan, ramipril;

beta blockers: alprenolol, atenolol, bupranoclol, labe-
talol, metipranolol, metoprolol, pindolol, propranoclol,
timolol;

antithrombotic and wvasocactive drugs: acetylsalicylic
acid, acetorphan, argatroban, clopidogrel, dalteparin,
dipyridamole, enoxaparin, heparin, iloprost, midodrine,
ozagrel, phenylpropanolamine, trifusal;

antidiabetic drugs: tolrestat, nicotinamide;
antitumoral drugs: anthramycin, daunorubicin, doxorubicin,
epirubicin, fluorouracyl, methotrexate, wvinblastine;

antiulcer drugs: cimetidine, omeprazole, pantoprazole;
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10.

antihyperlipidemic drugs: lovastatin, pravastatin sodium
salt, simvastatin;

antibiotics drugs: amoxicillin, ampicillin, aztreonam,
biapenem, carbenecillin, cefaclor, cefadroxil,
cefamandole, cefatrizine, cefoxitin, clavulanic acid,
dicloxacillin, imipenem, meclocycline, methacycline,
moxalactam, panipenem, sulbactam, azithromycin,
erythromycin,josamycin,ndokamycin,rifabutine,rifamide,
rifamycin, gentamicin, paromomycin, sisomicin,
bacampicillin, carbomycin, clindamycin, ciprofloxacin,
clinafloxacin, difloxacin, enrofloxacin, Ilomefloxacin,
nadifloxacin, norfloxacin, ofloxacin, pipemidic acid,
apicycline, clomocycline, oxytetracycline, nifurpirinol,
nifurprazine, isoniazid, rifampin, rifapentine, dapsone,
thiazolsulfone, sulfamethoxazole, sulfamoxole,
metronidazole, arginine;

antiviral drugs: aciclovir, famciclovir, ganciclovir,
penciclovir, ribavirin, vidarabine, zidovudine;

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

Compounds or salts, or their compositions according to
claims 1-7 for use as 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.
Pharmaceutical formulations containing as active principle

the compounds or their salts of claims 1-7.
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