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-COMPOUNDS 

Field of the Invention 

The present invention relates to novel compounds which are aminospiropiperidine 

quinazoline derivatives. The invention also concerns related aspects including processes 

s for the preparation of the compounds,. compositions containing them and their use as · 

pharmaceuticals. There are also provided chemical intermediates useful for the production 

of the compounds. 

Background of the Invention 

io Nitric oxide is produced in mammalian cells from L-arginine by the action of specific nitric 

oxide synthases (NOSs). These enzymes fall into two distinct classes - constitutive NOS 

(cNOS) and inducible NOS (iNOS). At the present tim~ two constitutive NOSs and one 

inducible NOS have been identified. Of the constitutive NOSs, an endothelial enzytiie 

.(=NOS) is involved with smooth muscle relaxation and the regulation of blood pressure 

is and blood flow, whereas the neuronal enzyme (ncNOS) serves as a neurotransmitter and 

appears to be involved in the regulation of various biological functions such as cerebral 

ischaemia. Inducible. NOS has been particularly implicated in the pathogene8is of 

inflammatory diseases. Regulation of these enzymes should therefore offer considerable 

potential in the treatment of a wide varlety of disease states (J. E. Macdonald, Ann. Rep. 

20 Med. Chem., 1996, 31, 221 -230). 

WO 97/14686 discloses, amongst other compounds, aminospiropiperidine quinazoline 

derivatives of the following formula: 
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R2{). /R3 
I ·N 
N . · .. 

~N 

wherein R3 represents various substituents, for 0use as pharmaceuticals. The treatment or 

prophylaxis of inflammatory conditions is disclosed as a particular pharmaceutical use. 

s Disclosure of the invention 

According to.the present invention, there is provided a compound of formula (I) 

(I) 

wherein: 

10 R 1 and R2 independently represent hydrogen, Cl to 6 alkyl, C2 to 6 alkenyl, C2 to 6 

alkynyl, Cl to 6 alkoxy, Cl to 6 alkyltbio, halogen, hydroxy, trifluoromethylor amino; 

R3 represents one or more substituents independently selected from hydrogen, Cl to 6 

alkyl, C2 to 6 alkenyl, C2 to 6 alkynyl, Cl to 6 alkoxy, Cl to 6 alkylthio, halogen, 

is hydroxy, triflu0romethyl, amino, cyano, nitro, trifluoromethoxy, metbanesulphonyl, 

sulphamoyl, -NR4R5
, -COOR6

, -CONR7R8
, benzyloxy, phenyl, or a 5-membered 

heterocyclic aromatic ring containing 1 to 3 heteroatoms which may be the same or 

different and are selected :from 0, N and S, which phenyl or 5-membered heterocyclic 

aromatic ring is optionally substituted, the optional substituents being Cl to 6 alkyl, 

20 halogen, cyano, nitro, hydroxy, Cl to 6 alkoxy, trifluoromethyl and trifluoromethoxy; 
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R4, R5 and R6 independeirtlytepresent hydrogen-or Cl to 6 alkyl; 

R7 and R8 independently represent hydrog~ Cl to 6 alkyl or phenyl, which phenyl is 

s optionally substituted by one or more groups mdependently selected from Cl to 6 alkyl, 

halogen, cyano, nitro, hydroxy, Cl to 6 alkoxy, trifluoromethyl and trifluoromethoxy; 

X represents -(CH:Vn-, wherein nrepresents zero or 1; and 

10 A represents an aromatic carbocyclic ring or a 5- or 6-membered heterocyclic aromatic ring 

containing 1 to 3 heteroatoms which may be the same or different and are selected from 0, 

NandS; 

or a pharmaceutically acceptable salt, enantiomer, racemate or tautomer thereof. 

ts The compounds of formula (I) and their pharmaceutically acceptable salts, enantiomers, 

racemates and tautomers have the advantage that they are potent inhibitors of the inducible 

isoform of the enzyme nitric oxide synthase (iNOS) present in macrophages • 

. The invention further provides a process for the preparation of such compounds or a 

20 pharmaceutically acceptable salt, enantiomer, racemate or tautomer thereof. 

2S 

30 

According to the invention there is also provided a compound of formula (I), or a 

pharmaceutically acceptable salt, enantiomer, iacemate or tautomer thereof, for use as a 

medicament. 

Another aspect of the invention provides the use of a compound of formula (I) or a 

pharmaceutically acceptable salt, enantiomer, racemate or tautoiner thereof, in the 

manufacture of a medicament, for the treatment or prophylaxis of diseases or conditions in 

which inhibition of nitric oxide synthase activity is beneficial. '· 
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A more pamcular aspect of the invention provides the use of a compound of formula (I) or 

a ph8Irn~eutic8I~y acceptable salt, erianti~nier, laceµiate or. tautomer thereof, in the 

·· manufacture of a medicament, for the treatment or prophylaxis of inflammatory disease. 

s ·. AccOrdirig to the invention, there is also provided a method of treating, .or reducing the risk 

of, diseues or' ~nttitions in which inhibition of Dime oxide synthase activity' is beneficial 

10 

Which. co.tnprises:·administering to a person suffering from or at risk of, said disease or 

conditiori, a therapeutically effective amount of a oompound of formula (I) or a 

·pharmaceutically acceptable salt, enantiomei', racemate or tautomer thereof. 

More particularly, there is alSo provided a method of treating, or reducing the risk of, 

inflammatory disease in a person suffering from or at risk of, said disease, wherein the 

method comprises administering to. the person a therapeutically effective amount of a 

compound of formula (I) or a pharmaceutically acceptable salt, enantiomer, racemate or 

15 tautomer thereof. 

· The compounds of the present invention may also be used advantageously in combination.·· 

with a second pharmaceutically active substance, particularly in combination with a 

selective inhibitor of the inducible isoform of cyclooxygenase (COX-2). Thus, in a further 

20 aspect of the invention there is provided the use of a compound of formula (I) or a 

pharmaceutically acceptable salt, enantiomer, racemate or tautomer thereof, in combination 

with a COX-2 inhibitor for the treatment of inflammation, inflammatory disease atid 

inflammatory related disorders. And there is. also provided a method of treating, or· 

reducing the risk of, inflammation, inflammatory disease and inflammatory related 

2s · .disorders in a person suffering from or at risk of, said disease or condition, wherein the 

method comprises administering to the person a therapeutically effective amount of a 

compound of formula (I) or a pharmaceutically acceptable salt, enantiomer, racemate or 

tautomer thereof in combination with a COX-2 inhibitor. 

30 Preferably, A in formula (I) represents a benzo ring. 
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Preferably, R 1 in formula (I) represents hydrogen. Alternatively, it is preferred that R 1 in 

formula (I) represents 'tluoro. 

s Preferably,· R2 in formula (I) represents fluoro. 

In another preferred embodiment, n in formula (I) has a value of zero. 

Particular compounds of the invention include: 

10 (R*R*)-4'-amino-5'-tluoro-l,3,4,10a-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)quinazoline ]-6-one; 

(R*S*)-4' -amino-5' -tluoro-1,3,4, 1Oa-tetrahydrospiro[pyrido[2,1-a]isoindole-

2~2;(1 'H)quinazoline ]-6-one; 

(R*R*)-4-amino-5-fluoro-3b' ,4' ,6', 7' -tetrabydrospiro[quinazoline-2,5'(2H,9'H)-thieno[3,2-

1s a]indolizine]-9'-one; 

{R*S*)-4-amino-5-tluoro-3b',4',6',7'-tetrahydrospiro[quinazoline-2,5'(2H,9'H)-thieno[3,2-

a]indolizine )-9' -one; 

(R*R *)-4-amino-5-tluoro-6', 7' ,9' ,9a' -tetrahydrospiro[quinazoline-2,8'(2H,4'H)-thieno[2,3-

a]indolizine ]-4' -one; 

20 (R*S*)-4-amino-S-tluoro-6', 7' ,9',98!-tetrahydrospiro[ q~line-2,8'(2H,4'H)-thieno[2,3-

a]indolizine ]-4' -one; 

(R*R*)-4'-amino-7-chloro-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l-a]fsoindole-

2,2'(1'H)-quinazoline ]-6-one; 

(R*S*)-4'-amino-7-chloro-5'-tluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

2s 2,2'(1 'H)-quinazoline )-6-one; 

(R*R*)-4'-amino~8-chloro-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1'H)-quinazoline )-6-one; 

(R*S*)-4'-amino-8-chloro-S'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1'H)-quinazoline ]-6-one; 
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(R*R*)-4'-amino-9-chloro-5'-fluoro-1,3A,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)-qujnaz,oline J-6-one; 

(R*S*)-4' -amino-9-chloro-5' -fluoro-1,3,4, 1Ob-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1 'H)-quinazoline )-6-one; 

s (R*R*)-4'-amino-10-chloro-5'-fluoro-1,3,4;10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

, 2,2'(1 'H)-quinazoline )-6-one; 

(R *S*)-4' -amino-I O-chloro-5' -fluoro-1,3,4,1 Ob-tetrahydrospiro[pyiido[2,1-a]isoindole-

2,2'(1 'H)-quinazoline]-6-one; 

"(R*R*)-4' -amino-7 ,8-dichloro-5' ~fluoro-1,3,4,1 Ob-tetrahydrospiro[pyrido[2,l-a]isoindole-

10 2,2'(l'H)-quinazoline]-6-one; 

(R*S*)-4' -amino-7,8-dichloro-5' -fluoro-1,3,4,1 Ob-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1 'H)-quinazoline ]-6-one; 

{R*R*)-4';.amino-7-methyl-5'-fluoro-1,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

. ·2,2' (1 'H}-quinazoline ]-6.;.one; ·· 

1s · ·. (R*S*)4' -amino-7-methy_l-5' .;.fl\ioro-1,3,4, i'ob-tetfahydrospiro[pyrido[2, 1-a]isoindole-

2,2'(1 'H)-quinazoline ]-6-one; 
-. .. 

(R *R *)-4' -amino-8-methyl-5'-fluoro-1,3,4, 1 Ob-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1 'H).;quinazoline ]-6-one; · 

· · ·· · (R *S*)-4' -amino-8-methyl-5'-:fluoro-i,3,4, 1 Ob-tetrahydrospiro[pyrido[2,l-a]isoindole-

20 2,2'(1 'H)-quinazoline ]-6~ne; 

··(R*R*)-4'-amino-8-methoXy-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)-quinazoline ]-6-one; 

(R*S*)-4'-amino-8-methoxy-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)-quinazoline ]-6-one; 

2s (R*R*)-4'-amino-8-cyano-S'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1'H)-quinazoline )-6-one; 

(R *S*)-4' -amino-8-cyano-5' -fluoro-1,3,4,1Ob-tetrahydrospiro[pyrido[2,1-a ]isoindole-

2,2'(1 'H)-quinazoline )-6-one; 

(R *R*)-4' -amino-8-cyano-S' ,8' -difluoro-1,3,4, 1 Ob-tetrahydrospiro[pyrido[2, l-a]isoindole-

30 2,2'(1 'H)-quinazoline )-6-one; 

·,, 
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(R*S*)-4' -amino-8-cyano-5' ,8' -ditluoro-1,3,4,1Ob-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1 'H)-quinamline]-6-one; 

(R*R*}4'-amino-5'-fluoro-7,8,10,10a-tetrahydrospiro[pyrido[3,4-a]indoliiine-9,2'(1'H)­

quinazoline ]-5-one; 

s (R *S*)-4'-amino-5' -fluoro-7,8, 10,1 Oa-tetrabydrospiro[pyrido[3A-a]indolizine-9,2'(1 'H)­

quinazoline ]-5-one; 

(R*R*}4'-amino-S'-fluoro-6b,7,9,10-tetrahydrospiro[naphtho[2,l-a]indoliZine-8,2'(1'H)­

quinazoline ]-12-one; 

(R *S*}4' -amino-5' -fluoro-6b, 7,9,10-tetrahydrospiro[naphtho[2, 1-a]indolizine-8,2'(1 'H)-

10 quinazoline]-12-one; 

and pharmaceutically acceptable salts, enantiomers, racemates or tautomers thereof. 

Unless otherwise indicated, the term "Cl to 6 alkyl 11 referred to herein denotes a straight or 

branched chain alkyl group having from 1 to 6 carbon atoms or a cyclic alkyl group having 

1s from 3 to 6 carbon atoms. Examples of such groups include methyl, ethyl, n-propyl, i­

propyl, n-butyl, i-butyl, t-butyl, cyclopentyl and cyclohexyl. 

Unless otherwise indicated, the term "C2 to 6 alkenyl 11 referred to herein denotes a straight 

or branched chain alkyl group having from 2 to 6 carbon atoms and including one double 

20 bond or a cyclic alkyl group having from 3 to 6 carbon atoms and including one double 

bond. Examples of such groups include ethenyl, 1- and 2-propenyl, 2-methyl-2-ptopenyl,. 

2-butenyl, cyclopentenyl and cyclohexenyl. 

Unless otherwise indicated, the term " C2 to 6 alkynyl 11 referred to herein denotes a 

2s straight or branched chain alkyl group having from 2 to 6 carbon atoms and including one 

triple bond. Examples of such groups inclUde ethynyl, 1- and 2-propynyl and 2-butynyl. 

Unless otherwise indicated, the term "Cl to 6 alkoxy" referred to herein denotes a straight 

or branched chain alkoxy group having from 1 to 6 carbon atoms. Examples of such groups ·,. 

Jo include methoxy, ethoxy, n-propoxy, i-propoxy, n·butoxy, i,;.butoxy, s-butoxy and t-butoxy. 
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Other groups, for example, alkylthio, are to be interpreted similarly. 

The process mentioned ~ve, for the preparation of compounds of the invention, or a 
. . 

s pharmaceutically acceptable salt, eDantiomer, racemate or tautomer thereof comprises 

reaction of a compound of formula (Il) 

(II) 

wherein R1 and R2 are as defined above, 

10 with a compound of formula (Ill) or a protected deriyative thereof 

IS 

R3 (Ill) 

wherein R3
, A and X are as defined above. 

The reaction may be carried out in a polar solvent, for example, methanol, ethanol, 

acetonitrile, dimethylfonDamide or dimethylsulphoxide at a suitable tempera~ generally 

between 20 °C and the boiling point of the solvent, or without solvent at a temperature 

generally between 20 °C and 200 °C. We have found that it is sometimes convenient to use 

10 the compounds of formula (III) in a protected form, for example as an acetal such as the 

diethoxy acetal. The process is then preferably carried out in the presence of an acid catalyst. 

The required acetals may be formed by reacting an unprotected compound of formula (III)· 

with an alcohol such as ethanol using methods that are well known in the art. 
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The present invention includes compounds of fonnula (I) in the form of !laltS, in particular 

acid ~tion salts. Suitable salts include those formed with both organic and-inorgamc 

acids. Such acid addition salts will normally be pharmaceutically acceptable although salts 

of non-pharmaceutically acceptable aeids may be of utility in the preparation and 

s purification of the compound in questlon. Thus, preferred salts include those form¢d from · 
hydrochloric, hydrobroniic, sulphuric, phosphoric, citric, tartaric, lactic, pyruvic, acetic, 

succinic, fumaric, maleic, methanesulphonic and benzenesulphonic acids. 

Salts of compounds of formula (I) may be fonned by reacting the free base, or a salt, 

io enantiomer, racemate or tautomer thereof, with one or more equivalents of the appropriate 

acid. The reaction may be carried out in a solvent or medium in which the salt is insoluble or 

in a solvent in which the salt is soluble, for example, water, dioxane, ethanol, tetrahydrofuran 

or diethyl ether, or a mixture of solvents, which may be removed in vacuo or by freeze 

drying. The reaction may also be a metathetical process or it may be carried out on an ion 

1s exchange resin. 

Novel intermediates of formulae (II) and (Ill) form another aspect of the invention. 

Compounds of formula (II) may be prepared using methods such as those described in WO 

20 97114686. 

2S 

The preparation of compounds of formula (III) is either known per se or may be achieved 

using methods well known in the art. For example, compounds of formula (Ill) may be 

obtained by cyclisation of a compound of formula (IV) 

(IV) 
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wherein R3
, A and X are as defined above and Mis an alkali or alkali .earth.metal • 

. . Examples· of such metals M include lithium, sodium, potaSsiiim· or magnesium. 

Compounds of formula (IV) may be formed in situ by treatment of a compound of formula 

s (IV') 

(IV') 

wherein Hal represents a halogen atom, particularly bromine or iodine, 

10 · · with the metal M or an organometallic derivative or salt thereof, using procedmes well 

: known to the art. The reactions are best carried out in an aprotic solvent such as ether, 

tetrahydrofuran or diglyme at temperatures between -100 °C and 30 °C. 

IS . 

20 

· Compounds of formula (IV') may be prepared by reaction of the compound of formula (V) 

0
£r M 

with an acid derivative of formula (VI) 

L 
(VI) 

wherein R3
, A, X and Hal are as defined above, and L is a leaving group. The reaction may 

be performed in an organic solvent, for example ethanol, dichlorometbane or 

·. 
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dimethylformamide at a temperature between 0 °c and the boiling point of the solvent The 

reaction may.be. catalysed by th~ addition of a base; bases that maybe used include· organic 

amines (for example, trietbylamine or pyridine) and alkali metal hydroxides, alkoxides or 

hydrides. Suitable leaving groups include b81ogen (especially chlorine) and imidazole. 

s These acid derivatives may be prej;ared from the corresponding acid (compounds of 

formula (VI) wherein L is OH) using methods well known in the art. 

Intermediate compounds may be used in protected form. Protecting groups and details of 

processes for their removal may be found by reference to the standard text "Protecting groups 

io in Organic Synthesis", 2nd Edition (1991) by Greene and Wuts. 

The compounds of the inventi<;>n and intennediates thereto may be isolated from·their 

reaction mixtures and, if necessary further purified, by using standard techniques. 

is The compounds of formula I may exist in enantiomeric forms. Therefore, all enantiomers, 

diastereomers, racemates and mixtures thereof are included within the scope of the invention. 

The various optical isomers may be isolated by separation of a racemic mixttire of the 

compounds using conventional techniques, for example, :fractional crystallisation, or HPLC. 

20 Intermediate compounds may also exist in enantiomeric forms and may be used as purified 

enantiomers, diastereomers, racemates or mixtures. 

25 

The compounds of formula (I) may exist in alternative tautomeric forms. Compounds of 

formula (I) are provided in another tautomeric form or as a mixture thereof. 

The compounds of formula (I), and their phannaceutically acceptable salts, enantiomers, 

racemates and tautomers, are useful because they possess pharmacological activity in 

animals. In particular, the compounds are active as inhibitors of the enzyme nitric oxide 
' synthase. More particularly, they are inlu"bitors of the inducible isoform of the enzyme nitric · 



W099/01455 
12 

PCT/SE98/01206 

oxide synthase present in macrophage! and as such are predicted to be useful in therapy, for ,, -

example, as anti-inflammatory llgents. 

The compounds and their pharmaceutically acceptable salts, enantiomers, racemates and 
. . 

s taUtomers are indicated for use in the treatment or prophylaxis of diseases or conditions in 

which synthesis or oversynthesis of nitric oxide synthase forms a contributory part. -In 

particular, the compounds are indicated for use in the treatment of inflammatory conditions in_ -

. mammals including man. 

10 Conditions that may be specifically mentioned are: 

osteoarthritis, rheumatoid arthritis, rheumatoid spondylitis, gouty arthritis and other arthritic 

conditions, inflamed joints; 

-1s , ~czema, psoriasis, dermatitis or other inflammatory skin conditions such as sunburn; 

· inflammatory eye conditions including uveitis and coajunctivitis; 

lung di$orders in which inflammation is involved; for example, asthma, bronchitis, pigeon 

20 fancier's disease, farmer's lling, acute respiratory distress syndrome; 

bacteraemia, endotoxaemia (septic shock), aphthous ulcers, gingivitis, pyresis, pain and 

pancreatitis; 

2s conditions of the gastrointestinal tract including Crohn's disease, atrophic gastritis, gastritis 

varialofonne, ulcerative colitis, coeliac disease, regional ileitis, peptic ulceration, irritable 

bowel syndrome, damage to the gastrointestinal tract resulting from infections by, for -

example, Helicobacter pylori, or from treatments with non-steroidal anti-inflammatocy drugs; 

30 and other conditions associated with inflammation. 

'· 
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The compotmds will also be~ in the treatment and alleviation· of acute or persi•t 

inflammatory or neuropathic pain or pain of a central origin. 

s .. The compotmds of formula (I) and their pharmaceutically acceptable salts, enantiomers, .· 

.. racemates and tautomers may also be useful in the 1rea1ment or prophylaxis of diseases or 

conditions in addition to those mentioned above. For example, the compolllids may be_ useful 

in the 1rea1ment of atherosclerosis, cystic fibrosis, hypotension associated with.septic and/or 

toxic shock, in the treatment of dysfunction of the immune system, as an adjuvant to short-

10 term immunosuppression in organ transplant therapy, in the trea1ment of vascular 

complications associated with diabetes and in cotherapy with cytokines, for example 1NF or 

interleukins. 

The compounds of formula (I) may also show inhibitory activity against the neuronal isofonn · 

is of nitric oxide synthase. Thus they may also be useful in the treatment of hypoxia, for ·· 

example in cases of cardiac arrest and stroke, neurodegenerative disorders including nerve 

degeneration and/or nerve necrosis in disorders such as hypoxia, hypoglycaemia, epilepsy, · 

and in external wounds (such as spinal cord and head injury}, hyperbaric oxygen convulsions 

and toxicity, dementia, for example pre-senile dementia, Alzheimer's disease and AIDS-

20 related dementia, Sydenham's chorea, Parkinson's disease, Tourette's Syndrome, Huntington's 

disease, Amyotrophic Lateral Sclerosis, Korsakoffs disease, imbecility relating to a cerebral 

vessel disorder, sleeping disorders, sc.hlzophrenia, depression, autism, seasonal affective 

disorder, jet-lag, depression or other symptoms associated with Premenstrual Syndrome 

(PMS), anxiety and septic shock. Compounds .. of formula (I) may also be expected to show 

2S activity in the prevention and reversal of tolerance to opiates and diazepines, treatment of 

drug addiction, trea1ment of migraine and other vascular headaches; neurogenic inflam­

mation, in the treatment of gastrointestinal motility disorders, cancer and in the induction of 

labour. 

30 For the above mentioned therapeutic indications, the dosage administered will, of course, 
vary with the compound employed, the mode of administration and the treatment desired. 
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. However, in_ general, satis£actoey results are ob~d when the compounds are administered 

. at adosage of the solid fonp. of between lm.g and 2000 mg per day. 

The compounds of formula (I), and phannaceutically acceptable derivative8:thereof, may be 

. s used on their own, or in the form of appro~ pharmaceutical compositions in which the 

compound or derivative is in admixture with a pharmaceutically acceptable :adjuvant, diluent 

or carrier. Administration J.WlY be by, but is n'?t limited to, enteral (including oral, 

sublingual or rectal), intranasal, intravenous, topical or other parenteral routes. 

· Conventional procedures for the selection and.preparation of suitable pharmaceutical· 

· 10 · formulations are described in,· for example; •iPharmaceuticals -The Science of Dosage 

Form Desig11S", M. E. ·Aulton, Churchill Livingstone, 1988. The pharmaceutical 

composition preferably comprises less than 80% and more preferably less than 500/o of a 

compound of formula (I), or a pharmaceutically acceptable-salt, enantiomer, racemate or 

tautom.erthereof. 

lS 

There is also provided a process for the preparation of such a phannaceutical c<>mposition 

which com~es mixing the ingredients. · 

The compounds of formula (I), and phannaceutically acceptable derivative$ thereof, may also 

20 be advantageously used in combination with a COX-2 inhibitor. Particularly preferred COX-

2 inhibitors are Celecoxib and MK-966. The NOS inhibitor and the COX-2 inhibitor may 

either be formulated together within the same pharmaceutical composition for administration 

in a single dosage unit, or each component may be individually formulated such that separate 

dosages may be administered either simultaneously or sequentially. 

2S 

The invention is illustrated, but in no way limited, by the following examples: 

Preparation I 

Jo 2,3-Dichloro-6-iodobenzoic acid chlOride 
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a) 2,3-Dichloro-6-iodobenzoic acid, 

n-Butyllithium (1.45M solutio~ in hexane, 19.4 mmol, 13.4 ml) was added dropwise to a 

stirred solution of diisopropylamine (21.4 mmol, 3.0 ml) in THF (90 ml) atO 0 c. After 30 

minutes, the solution was cooled to -78 °C and a solution of 1,2-dichloro-4-iodobenzene 

s · (5.30g,19.4 mmol) in THF (.lOml)was addecldropwise. After 10 minutes, solid:'carbon 

dioxide was added cautiously and the mixture allowed to wann to room temperature over 

16 h. The mixture was diluted with water and extracted twice with ethyl acetate. The 

aqueous layer was acidified with dilute aqueous hydrochloric acid and then extracted twice 

with ethyl acetate. The extracts were dried over sodium sulphate and evaporated to give 

10 the title compound as a yellow solid (3.59 g). 300 MHz 1H NMR (<it;-DMSO) 11.S (lH, 

br.s), 7.82 (lH, d, J 8.4 Hz), 7.44 (lH, d, J 8.4 Hz). 

b) 2,3-Dichloro-6-iodobenzoic acid chloride 

DMF (one drop) was added to a stirred solution of 2,3-dichloro-6-iodobenzoic acid (1.53 g, 

4.83 mmol) and oxalyl chloride (2 ml) in ethyl acetate (20 ml). After 2 hours; the solution 

ts was evaporated and the product was used immediately. 

Preparation 2 

3-Cyano-6-iodobenzoic acid chloride 

20 a) 2-Amino-5-cyanobenzoic acid methyl ester 

2-Amino-5-bromobenzoic acid methyl ester (4.6 g, 20 mmol) and copper (I) cyanide (3.6 g, 

40 mmol) were heated at 200 °C in N-methylpyrrolidinone (20 ml) for 4 h. After cooling 

to room temperature, the solution was diluted with water, extracted with ethyl acetate, the 

aqueous extract acidified with 2N hydrochloric acid and filtered. The organic layer was 

2s separated, dried over magnesium sulphate and evaporated. The residue was purified by 

flash column chromatography on silica eluting with 50% ethyl acetate in hexane to yield 

the title compound as a colourless oil (1.0 g). MS {+EI) m/z 176 [M+]. 

b) 2-Iodo-5-cyanobenzoic acid methyl ester '· 

_Sodium nitrite (0.8 g, 11.4 mmol) in water (1-0 ml) was added dropwise over 1 O minutes to 

30 a stirred solution of2-amino-5-cyanobe.nzoic acid methyl ester (2.0 g, 11.4 mmol) in water 
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(30 ml). and cone. sulphuri~ acid (15. ml) at.() °C. Mer a further 15 minutes at 5 °C, a 
solution of potassiwn iodide (3.5 g, 2_1 J1llllOl) in water (30 ml) was quickly added and the 

mixture allowed to warm to room tem~. 10% Aqueous sodium thiosulphate was ·• 

~the~ extracted with ethyl acetate, ~~ extract dried over magnesium sulphate 

s and evaporated. The residue was purified by flash column chromatography on silica 

eluting with 20% ethyl acetate in hexane tO yield the title compound as a colo1Jrless oil 

(2.8 g). MS (+El) m/z 287 [M+]. 

'c) 2-lodo-5-cyanobenioiC acid 

A solution of sodium hymrixid.e (0~44 g, l1 mmol) in water (10 ml) w8s added to 2-iodo-5-

10 cyanobenzoic acid methyl ester (2.7 g, 9.4 mmol) m methanol. The mixture was stirred for 

20 h, then most of the solvent was evaporated and the residue acidified with 2N 

hydrochloric acid. The resulting preeipitate was filtered off and dried to give a white solid 
. m .. ·.· . + .:' 

(1.7 g). MS (-Cl) /z 272 [M-H] . . 

d) 2-Iodo-5-cyanobenzoic acid chloride 
. . . . . . ' 

is This~ prepared by the method of Preparation l(b) and was used directly. 

20 

Other acid chlorides are either known per se or were prepared from the known acids by the 

method of Preparation l(b). 

Preparation· 3 

· l-(2-Bromo-6-chlorobenzoyl)-2,3-dihydro-4-pYridinone 

A solution of 2-bromo-6-chlorobenzoic acid chloride (0.5 mmol) in dichloromethane (5 

ml) was added dropwise to a solution of2,3-dihydro-4-pyridinone (5.1 mmol, 495 mg) arid 

2s triethylamine (1.2 ml) in dichlorometbane (20 ml). After stining for 30 minutes, the 

solution was diluted with water, separated, the aqueous extract further extracted with 

dichloromethane, the combined organic eXtracts combined and washed with brine, dried 

over sodium sulphate and evaporated. The residue was purified by flash column '· 

·chromatography on silica eluting with 30% ethyl acetate in hexane to yield the title 

30 compound as a pale yellow oil (629 mg). MS (+cl) m/z 316 [M+Ht. 
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The following intermediates were similarly prepared :from 2,3-dihydro-4-pyridinone and 

the appropriate acid chloride: 

s (i) . l-(2-Bromo-S-methylbenzoyl)-2,3-dihydro-4-pyridinone: colourless oil, MS (+El) 

m/z 293/295 [M+). 

(ii) · l-(3-Bromo-4-pyridinoyl)-2,3-dihydro-4-pyridinone: white solid, MS.(+EI) m/z 

280/282 [M+]. 

10 

(iii) 1-(2,3-Dichloro-6-iodobenzoyl}-2,3-dihydro-4-pyriclinone: white solid, MS (+EI) 

m/z 395/397 [M+]. 

(iv) · l-(5-Cyano-2-iodobenzoyl)-2,3-dihydro-4-pyriclinone: colourless oil, used without 

is purification. 

(v) l-(2-Methyl-6-iodobenzoyl)-2,3-dihydro-4-pyridinone: MS (+El) m/z 341 [M+]. 

(vi) l-(2-Bromo-3-chlorobenzoyl)-2,3-dihydro-4-pyridinone: MS (+EI) m/z 313/315 

20 [M+]. 

(vii) 1-(2-Bromo-4-chlorobenzoyl}-2,3-dihydro-4-pyridinone: MS (+EI) m/z 314 [M+). 

(viii) l-(2-Bromo-5-chlorobenzoyl)-2,3-dihydro-4-pyridinone: MS (+El) m/z 314 [M+]. 

25 

(ix) l-(2-Bromo,;.3-thienoyl)-2,3-dihydro-4-pyriclinone: MS (-Cl) m/z 2841286 [M-Ht. ·-. 
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(x) l-(2-Bromo-5-methoxybenzoyl)-2,3-dihydro-4-pyridinone; MS (+EI) m/z 309/311 

(xi) 1-(2-Iodo-1-naphtboy•}'.2,3-dihydro-4-pyridipone: :MS ( .. Cl) m/z 376 [M-Ht~ 

.··· ''· "'5 .· 

: ·.'···. 

<·~ : . . 
10 

(xii) 1-{2-Iodo-3-thienoyl).;,2,3.;dihydro4-pyridinone: colourless oil : 300 MHz 1H 

NMR Cd6-DMSO) 7.55 (lH, d, i s.4 Hz), 7.47-7.~3 OH, m), 7.00 (lH, d,J 5.4 Hz)l> 5.40 

(lH, d, J 8_.1 Hz), 4.18 (2H, ~' J 7.2 Hz), 2.68 (2H, t, J 7.2 Hz). 

Preparation 4 

(±)-7-Chloro-l,3,4110b-tetrahydropyrido[2,l .. a]isoindole-2,6-dione 
·',: ·'' : :. 

A~ of l-(2-bromo-6-chlorobenzoyl)-2,3~dihydro-4-Pyridinone (Preparation 3) (300 
i ·. •. '. ;· .. ~ . : .· ~ . '.· . . . . 

__ mg, 0.954 mmol), triethylamine (0.39 mmol,_0.54 ml), formic acid (0.05 JD}, 1.3 mmol) 
... ·;· . . . ~ . . 

.· ._ ~s . _ and di(triphenylphosphine) diacetoxypalladium (47 mg, 0.063 mmol) in DMF (3 ml) was 

heated to 80 °C for 2 h. The cooled solution was filtered ~ough celite, diluted with water, .. ... . . 

extracted twice with ethyl acetate, the extracts dried over sodiUm. sulphate and evaporated. 

The residue was purified by flash column chromatography on silica eluting with 50% ethyl 

acetate in hexane to yield the title compound as a cQlourless oil (70 mg). MS (+Cl) m/z 

20 235/237 [M+Ht. 

The compounds of Preparations 5 to 7 were synthesised using the method of Preparation 4: 

Preparation 5 

25 

(±)-7,8-Dichloro-l,3,4,10b-tetrahydropYrido[2,l-a]isoindole-2,6-dione 

From 1-(2,3-dichloro-6-iodobenzoyl)-2,3-dihydro-4-pyridinone. White solid. MS (+El) m/z 

269/271 [M+]. 

.. 

'· 
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Preparation 6 

(±)-8-Chloro-l ,3,4, 1Ob-tetrahydropyrido[2,1-a]isoindole-2,6-dione 

s From l-(2-bromo-5-chlorobenzoyl)-2,3-dihydro-4-pyridinone. Colourless oil. MS {+EI) 

m/z 235/237 [M+). 

Preparation 7 

10 (±)-3b,4,6, 7-tetrahydrothieno[3,2-a]indolizine-529-dione 

IS 

From 1-(3-bromo-2-thienoyl)-2,3-dihydro-4-pyridinone. Colourless oil. MS (+cl) m/z 208 

[M+Ht. 

Preparation 8 

(±)-8-Methyl-1,3,421Ob-tetrahydropyrido[2,1-a]isoindole-2,6-dione 

A mixture of l-(2-bromo-5-methylbenzoyl)-2,3-dihydro-4-pyridinone (1.19 g, 4.03 

nunol), tri-n-butyltinhydride (1.14 ml, 4.24 mmol) and·azobis(isobutyronitrile) {AIBN, 66 

mg, 10 mol%) in toluene (40 ml) was heated at 95 °C for 2 h, cooled, evaporated and. 

20 purified by flash column chromatography on silica eluting with 30% ethyl acetate in 

hexane to yield the tide compound as a pale yellow oil (276 mg), MS (+EI) m/z 215 [M+). 

The compounds of Preparations 9 to 12 were prepared using the method of Preparation 8: 

2S Preparation 9 

{±)-8-Cyano-l,3,4,l Ob-tetrahydropyrido[2, 1-a]isoindole-2,6-dione: 

·prom l-(5-cyano-2-iodobenzoyl)-2,3-dihydro-4-pyridinone. MS (-CI) m/z 226 [M+]. 
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Preparation 10 

i . . . . 

(±):7,8,10,10a-TetrahydropYrido[3,4-a)indolizine-5,9-dione 

From l-(3-bromo-4-pyridinC>yl)-2j-clihydro4-pyridinone. MS(+EI) m/z 202 [M+] • 
. .. 

5 

. PreparaticSn 11 · · 

(±}· 7~Methyl~1,3,4, l Ob-tetrahydropyrido(2, 1-a)isoindole-2,6-dione 

From 1-(2-Methyt-6:iodob~yl)-2,3-dlllydro-4-pyridinone. MS (+EI) m/z215 [M+]. 

10 

Preparation 12 

(±)-6b2 7 ,9, l O-tetrahydronaphtho[2, l-a]indolizine-8, 12-dione 
. .. : . . .· ·. : . m + 

From l-(2-iodo-1-naphthoyl)-2,3-dihydro-4-pyridinone. MS (+cl) /z 252 [M+H] . 

15 

Prepanrtion 13 

(±)-8-Methoxy-l,3,4,10b-tetrahydropYrido[2,l.;.a]isoindole-2,6-dione 

Butyl lithium (3.1 ml, 0.9 Min hexanes,_2.8 mmol) was added dropwise to a solution of 

20 l-(2-bromo-5-methoxybenzoyl)-2,3-dihyciro-4-pyridinone (O~ 75 g, 2.4 mmol) in THF (20 

ml) at -78 °C. After stining for 2 h, the reaction Was q~ched with water, extracted with 

ethyl acetate, the extract dried over magnesium sulphate and evaporated. The residue was 

purified by flash column chromatography on silica eluting with 50% ethyl acetate in 

25 

hexane to yield the title compound as a colourless oil (240 mg). MS (+EI) m/z 231 [M+]. 

The compounds of Preparations 14 to 16 were prepared using the m~od of Preparation 

13: 
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, Preparation 14 

1 O-Chloro-1,3,4,l Ob-tetrahydropyridof2,l-a]isoindole-2,~dione 

From l-(2-bromo-3-chlorobenzoyl)-2,3-dihydro-4-pyridinone: colourless oil. MS (+El) m/z 

s 2351237 [M+]. 

Preparation 15 

9-Chloro-1,3,421 Ob-tetrahydropyrido[2, l-a]isoindole-2,6-dione 

10 From l-(2-bromo-4-chlorobenzoyl)-2,3-dihydro-4-pyridinone: colourless oil. MS (+EI) m/z 

235/237 [M+]. 

Preparation 16 

ts 6, 7 ,929a-Tetrahydrothieno[2,3-a]ilidolizine-428-dione 

From l-(2-bromo-3-thienoyl)-2,3-dihydro-4-pyridinone. MS (+CI) m/z 208 [M+Ht. 

Example 1 

20 (±)-(R*R*)-4'-Amino-5'-fluoro-l,3,4,10a-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)guinazoline J-6-one 

A solution of2-amino-~fluorobenzamidine (0.13 g, 0.61 mmol) and l,3,4,10a­

tetrahydro[pyrido[2,1-a]]isoindole-2,6-dione (0.12 g, 0.59 mmol)(J.C.S. Perkin Trans. I, 
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1984, 2477; Tetrahedron, 1993, 2239)in ethanol (15 ml) was stirred at reflux for 18 h..The 

mixtµre was cooled and fil~d to,give a yellow solid (0.1 g), which was pmified by flash 

cQlumn chromatography on neutral alumina, eluting with dichloromethane/methanol (99:1 

to 95:5) as eluent to afford a single diastereoisomer of the title compound( containing the 

s RR and SS enantiomers), as a yellow solid (0.05g). M.p. 207-209°C. 

Example2 

(±)-(R*S*)-4'-Amino-5'-fluoro-l,3,4,10a-tetrahydrospiro[pyrido[2,l-a]isoibdole-· 

10 2;2'(1'H)guinazoline]-6-one 

The filtrate obtained after the precipitation of the product of Example 1 was concentrated 

to give a brown oil (0.19 g). Purification by flash column chromatography on neutral 

1s alumina, eluting with dichloromethane/methanol (99:1to95:5) as eluent gave a second 

diastereoisomer of the title compound (containing the RS and SR enantiomers), as a yellow 

solid (0.03g). M.p.184~186°C. 

20 

Example3 

(±)-(R *R *)-4-Amino-5-tluoro-3b' ,4' ,6', 7'-tettahydrospiro[guinazoline-2,5'(2H,9'H)­

thieno[3,2-a]indolizine J-9'-one 

·-
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A solution of 2-amino-6-fluorobenz.amidine dihydrochloride (100 mg., 44 mmol) and 

3b,4,6,7•tetrahydrothieno[3,2-a]indolizine-5,9--dione (Preparation 7, 80 mg, 39 mmol) in 

ethanol (10 ml) was heated at reflux for S h. The solvent was evaporated and the residue 

s separated by chromatography on silica using dichloromethane-methanol mixtures as eluent. 

10 

The first eluted fraction provided the tide· compound (63 mg, 43%) as a pale yellow solid, 

m.p. 193-195 °C. MS (+Cl) m/z 343 [M+Ht. 

Example4 

(±)-{R *S*)-4-Amino-S-tluoro-3b' ,4' t6', 7' -tetrahydrospiro[quinazoline-2,5'(2H,9'H)-.. 

thieno[3,2-a]indolizine J-9'-one 

0 

H 

~N 
F NH2 

The second eluted :fraction from the chromatography described in Example 3 afforded ~e 

1s title compound (33 mg, 22%), m.p. 218-220 °C. MS (+cl) m/z 343 [M+Ht. 

The compounds of Examples S to 30 were made by the method of Examples 3 and 4 using 

the intermediates stated. 

20 The compounds of Examples S and 6 were obtained from 2-amino-6-tluorobenzamidine 

dihydrochloride and 6, 7 ,9,9a-tetrahydrothieno[2,3-a]indolizine-4,8-dione (Preparation 16). 
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Examples 

(±)-(R*R *)-4-Amin.o-5-tluoro-6', 7' ,9' ,9a' -tetrahydrospiro[guinaroline-2,8'(2H;4'H)­

s . . thieno[2,3-a]indolizine J-4'-one 

10 

15 

H 

QYN 
F NH2 

· Obtained as the hydrochloride salt, m.p. >275 °C.·MS (+Cl) m/z 343 [M+Ht •. · ·. 

Example6 

(±)-(R*S*)-4-Amino-5~fluoro-6',7',9',9a'-tetrahydrospiro[quinazoline-2,8'(2H,4'H)­

thieno[2,3-a]indolizine J-4' -one. 

Obtained as the hydrochloride salt, m.p. 225-230 °C. MS (+cl) m/z 343 [M+Ht. 

The compounds of Examples 7 and 8 were obtained from 2-amino-6-fluorobenzamicline 

dihydrochloride and 7-chloro-1 ,3,4,1Ob-ietrahydropyrido[2,1-a]isoindole-2,6-dione 

(Preparation 4). 
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-Example? 

(±)-(R*R*)-4'-Amino-7-chloro-5'-fluoro-123,4,10b-tetrahydrospiro[pYrido[221-a]isoindole-

2,2'(1'H)-quinazoline ]-6-one hydrochloride 

H 

~N 
F NH2 

MS (+CI) m/z371/373 [M+Ht; 300 MHz 1HNMR (d6-DMSO) 7.62 (lH, cl, J 7.5 Hz), 

7.54 (lH, t, J 7.5 Hz), 7.45 (lH, d, J 7.2 Hz), 7.13 (lH, dt, J 6.6, 6.6, 8.1 Hz), 6.59 (lH, s), 

6.40 (lH, cl, J 7.2 Hz), 6.37-6.33 (lH, m), 5.85-5.8 (2H, br.s), 4.79 (lH, dd, J3.3, 11.4 Hz), 

4.12 (lH, dd, J 3.9, 13.8 Hz), 3.40-3.35 (lH; m), 2.60-2.55 (lH, m), 1.91 (lH, d, J 12Hz), 

to 1.37 (lH, dt, J 5.7, 12.9, 12.9 Hz), 1.04 (IH, t, J 11.7 Hz). 

Examples 

(±)-(R *S*)-4' -Amino-7-cbloro-5' -tluoto-1,3,4, 1Ob-tetrahydrospiro[pyrido[2,1-a]isoindole-

is 2,2'(1 'H)-quinazoline ]-6-one hydrochloride 

20 

0 

H 

~N 
F NH2 

MS (+cl) m/z371/373 [M+Ht; 300MHz 1HNMR(~-DMSO) 7.61-7.46 (4H, m), 7.27-

7.20 (2H, m), 6.74 (lH, d, J 8.1 Hz), 6.44 (lH, dd, J 8.4, 12.3 Hz), 4.75 (lH, dd, J 3.6, 3.9 

Hz), 3.32-3.19 (IH, m), 2.0-1.95 (lH, m), 1.5-1.4 (lH, m), 1.3-1.1 (IH, m). 
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The compounds of Examples 9 and I 0 were obtained from 2-amino-6-fluorobenzamidine 

dihydrochloride and 8-chloro-1,3,4, 1 Ob-tetrahydropyrido[2, l-a]isoindole-2,6-dione 

(Preparation 6). 
"·) .· 

Example9 

(±)-(R *R *)-4' -Amino-8-chloro-5'-tluoro-1,3,4, I Ob-tetrahydrospiro[pYrido[2, 1-a]isoindole-

212'(1 'H)-quinazoline J-6-one 

Cl 

10 Obtained as the hydrochloride salt, m.p. 308 °C (dee.). 

Example 10 

(±)-(R*S*)-4'-Amino-8-chloro-5'-fluoro-1,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

1s 2,2'(1 'H)-quinazoline]-6-one 

H 

Q:;N Cl 

F NH2 

Obtained as the trifluoroacetate salt (amorphous) after purification by reverse-phase HPLC. 

MS (+CI) m/z 371 [M+Ht; MS(-CI) m/z369 [M-Ht. 
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The compounds of Examples 11 and 12 were obtained from 2-amino-6-tluorobenzatnidine 

dihydrochloride and 9-chloro-1,3,4, 1Ob-tetrabydropyrido[2,1-a]isoindole-Z6-dione 

(Preparation 1 S). 

···Exampie.11 

(±)-(R*R*)-4'-Amino-9-chloro-S'-tluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1'H)-quinazoline J-6-one 

10 Obtained as the hydrochloride salt, m.p. 225 °C (dee). 

Example 12 

(±)-(R *S*)-4' -Amino-9-chloro-S' -fluoro-1,3,4,1 Ob-tetrahydrospiro[pYrido[2, l-a]isoindole-

1s 2J'(l 'H)-quinazoline ]-6-one 

Obtained as the hydrochloride salt, m.p. 210 °C (dee). 

The compounds of Examples 13and14 were obtained from 2-amino-6-fluorobenzamidine 

1 20 dihydrochloride and 1O-chloro-1,3,4,1Ob-tetrahydropyrido[2,1-a]isoindole-2,6-dione 

(Preparation 14). 
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Ex8mple i3 . 

(±)-(R *R *)-4'-Am.ino-1<k:hloro-5'-tluoro-1,3,4,1 Ob-tetrahydrospiro[pyrido[2, l-

s a]isoindole-2,2'(1 'H}quinazoline ]-6-one 

10 

15 

0 

Obtained as the hydrochloride salt. MS {+Cl) m/z 371 [M+Ht. 

ExaQ:J.ple 14 

(±)-(R*S*)-4'-Am.ino.;tO-chloro-5'-tluoro-1~3,4,10b-tetrahydrospiro[pyrido[2,l­

a]isoindole-2,2'(1'H)-quinazoline ]-6-one 

0 

y;N 
F NH2 

Obtained as the hydrochloride salt. MS (+cl) m/z 371 [M+Ht. 

The compounds of Examples 15 and 16 were prepared from 2-amino-6-fluorobenzamidine 

dihydrochloride and 7,8-dichloro-1,3,4,1 Ob-tetrahydropyrido[2,1-a]isoindole-2,6~dione 

{Preparation 5). 
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:Example 15 

(±)-(R*R*)-4'-Amino-7,8-dichloro-5'-flW>ro~t,3,4,lOb-tetrahydro~iro[pYrido[lzl­

alisoindole-2,2'0'H)-qwnazoline 1-6-one 

·O 

Cl 

Obtained as the hydrochloride salt, m.p. 258-260 °C. 

Example 16 

10 (±)-(R*S*)-4'-Amino-7,8-dichloro-5'-fluoro-l,3,4,lOb-tetrahydrospiro[pyrido[2,l-

a]isoindole-2,2'(1'H)-gwnamline 1-6-one 

Cl 

Obtained as the hydrochloride salt, m.p. 259-261 °C. 

1s The compounds of Examples J 7 and 18 were obtained from 2-amino-6-fluorobenzamidine 

dihydrochloride and 7-metbyl-1,3,4, 1 Ob-tetrahydropyrido[2,1-a]isoindole-2,6~dione 

(Preparation 11 ). 



s 

W099/0i455 
30 

PCT/SE98/01206 

·Example 17 

(±)-(R *R *)-4' -Amino-7-methyl-5'-fluoro-l,3,4; 1 O~tetrahydrospiro[pyrido[2!l;. 

a]isoindole-2,2'(1 'H)-quinazoline J-6-one 

0 

~N 
F NH2 

Ob.tained as the hydrochloride salt, m.p. 201-204 °C. 

Example 18. 

10 (±)-(R*S*)-4'-Amino-7-methyl-5'-fluoro-l,3,4,10~tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)-quinazoline]-6-one 

0 

Obtained as the hydrochloride salt, m.p. 215-218 °C. 

1s The compounds of Examples 19 and 20 were obtained from 2-amino-6-fluorobenzamidine 

dihydrochloride and 8-methyl-1,3,4, 1 Ob-tetrahydropyrido[2,l-a]isoindole-2,6~dione 

(Preparation 8). 
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.. Exargple 19 

(±)-(R *R*)-4' -Amino-8-methyl;.5' -fluoro-1,3,4,l Ob-tetrahydtospiro[pyrido[2;1-

a]isoindol~2,2'(1 'H)-quinamlineJ+one• 

Obtained as the hydrochloride.salt, m.p. 238-239 °C. 

·Example20 

10 (±)-(R*S*)-4'-Amino-8-methyl-S'-fluoro-l,3,4210b-tetrahydrospiro[pYrido[2,l-a]isoindole-

2,2'(1'H)-quinazoline J-6-one 

Obtained as the hydrochloride salt, m.p. 222-224 °C. 

is The compounds of Examples 21 and 22 were prepared from 2-amino-6-fluorobenz.amidine 

dihydrochlorlde and 8-methoxy.;l ,3,4, 1 Ob-tetrahydropyrido[2, l-a]isoindole-2,6-dione 

(Preparation 13). 
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Example21 

(±)-(R*R *)-4' -Amino-8-methoxy-5'-fluoro-1 ,3,4,l Ob-tetrahydrospiro[pyrido[2;1-

a]isoindole-2,2'(1 'H)-guinaz.oline]-6-one 

0 

~N OMe 

F NH2 

Obtained as the hydrochloride salt. MS {+CI) m/z.367 [M+Ht. 

Example22 

10 (±)-(R *S*)-4' -Amino-8-meth~xy-S' -fluoro.;. l ,3i4, 1Ob-tetrahydrospiro[pYrido[2,1-

a]isoindole-2,2'(1 'H)-guinazoline ]-6-one 

OMe 

Obtained as the hydrochloride salt. MS (+cl) m/z 367 [M+Ht. 

15 The compounds of Examples 23 and 24 were obtain~ from 2-amino•6-fluorobenzamidine. 

dihydrochloride and 8-cyano-1,3,4, 1Ob-tetrahydropyrido[2,1-a]isoindole-2,6-dione 

(Preparation 9). 
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·~ple23 

· (±)-(R.*R *}4' -Amino·B•cyano-5'-fluoro-1,3,4, 1 Ob-tetrahydrospiro(pyrido[2,l-a]isoindele-

2;1.'(1 'H)-guinazoline J-6-one. 

CN 

Obtained as the hydrochloride salt, m.p. 241 °C (dee). 

Example24 

io (±)-(R*S*)-4'-Amino-8-cyano-5'-fluoro-l,3,4,lOb-tetrahydrospiro[pyrido[2,l-a)isoindole-

2).'(l'H)-quinazoline J-6-one 

CN 

Obtained as the hydrochloride salt, m.p. 290 °c (dee). 

u The compounds of Examples 25 and 26 were obtained from from 2-amino-3,6-difluoro 

benzamidine hydrochloride and 8-cyano-1,3,4, 1Ob-tetrahydropyrido[2,1-a]isoindole-2,6-

dione (Preparation 9). 
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EXample25 

.(±)-(R*R*)-4'-Amino~Bj?Y!D.~S',8'-ditluoro.;l,3,4,10b-tetrahYdrospiro[pyrido(2,l..; 

a]isoindole-2,2'(1 'H)-qninamline J-6-one 

CN 

Obtained as the hydrochloride salt, m;p. 243 °C (dee). 

Example26 

io · ·· (±)-(R*S*)-4'.;Amino-8-cyano~S',8'-difluoro-1 23,4,10b-tetrahydrospiro[pyrido[2,l­

a]isoindole-2,2'(1'H)-qninazolin'e]-6-one 

CN 

M.p. 180 °C (dee). 

is The compounds of Examples 27'.and 28 were obtained from 2-afuino-6-fluorobenzamidine 

dihydrochloride and 7,8, 10, 1 Oa-tetrahydropyrido[3,4-a]indolizine-5,9-dione (Preparation 

10). 

·,_ 
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. Example 27 
"i' ,. . 

.(±)-(R*R*)-4'-Amino;.S'-tluoro-728;lO,lOa-tetrahydrospiro[J?Y!ido[324-a]indolizine-.. 

9,2'(1 'ffl;-qu;naroline]-5-one 

0 

H 

Q=;N 
F NH2 

Obtained as the hydrochloride salt. MS (+cl) m/z 338 [M+Ht; 300 MHz 1H NMR (d6-

DMSO) 8.97 (lH, s), 8.72 (lH, d, J 5.1Hz),7.67 (lH, d, JS Hz), 7.20 (lH, q, J 7 Hz), 6.8 

(lH, br.s), 6.46-6.38 (2H, m), 4.97 (lH, dd, J 3.6, 12 Hz), 4.18 (lH, dd, J 4.5 12.6 Hz), 

3.45 (!H, dt, 3.3, 12.9 Hz}, 2.76-2.72 (lH, m), 1.97 (lH, d, J 12 Hz), 1.45 (lH, dt, J 5.4, 

10 12.9 Hz), 1.10 (lH, t, J 12.0 Hz). 

Example28 

(±)-(R*S*)-4'-Amino-5'-tluoro-7,8110,10a-tetrahydrospiro[pyrido[3,4-a]indolizine-

1s 9,2'(1 'H)-quinazoline ]-5-one 

0 

H 

Q=;N 
F NH2 

MS (+CI) m/z 338 [M+l:It; 300 lV1Hz 1H NMR. (~-DMSO) 8.95 (lH, s), 8.74 (lH, d, J 4.8 

Hz), 7.69 (lH, d, J 5.1 Hz), 7.44-7.25 (3H, m}, 6.78 (lH, d, J 7.5 Hz), 6.52-6.46 (lH, m}, 

4.94 (lH, dd, J 3.6, 12.3 Hz), 4.20 {lH, dd, J 4.8, 13.8 Hz), 3.8-3.43 (lH2 dd, obscured by 



W099/01455 PCI'/SE98/01206 
36 

H20), 2.71 (lH, hr.cl, J 9 Hz), 1.98 (lH~ d, J 13.2 Hz), 1.55 (lH, dt, J 5.1, 12.9 Hz), 1.26 

(lH, t, J 12.9 Hz). 

The compounds of Examples 29 and 30 were obtained from 2-amino-6-fluorobenzamidine 

s dihydrochloride and 6b, 7 ,9,1O-tetrahydronaphtho[2,1-a]indolizine-8,12-dione (Preparation 

12). 

Example29 

10 (±)-(R*R*)4'-Amino-5'-fluoro-6b,7;9,10-tetrahydrospiro[naphtho[2;1-a]indolizine-

15 

8,2'(1'H)-guinazoline )-12-one 

Obtained as the hydrochloride salt, m.p. 208-210 °C. 

Example30 

(±)-(R*S*)-4'-Amino-5'-fluoro-6b,7,9,10-tetrabydrospiro[naphtho[2,l-a]indolizine-

8,2'(1 'H)-quinazoline]-12-one 

0 

20 Obtained as the hydrochloride salt, m.p. 235-237 °C. 
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·l' . .:· 

The.pharmacological activity of compounds according to the invention was tested in the 

following screens. 

Screen 1 

The activity of compounds of formula (I), or a.pharmaceutically acceptable salt, enantiomer 

or tautomer thereof, may be screened for nitric .oxide synthetase inhibiting activity by a 

procedure based on that ofFOrstennann et al., Eur. J. Pharm., 1992, 225, 161-165~ Nitric 

io oxide synthase converts 3H-L-arginine into 3H-L-citrulline which can be separated by.cation 

exchange chromatography and quantified by liquid scintillation counting. 

Enzyme is prepared, after inductio~ :from the cultured murine macrophage cell line J774A•l 

(obtained :from the laboratories of the Imperial Cancer Research Fund). J774A-1 cells are· ·· 

ts cultured in Dulbeccos Modified Eagles Medium (DMEM) supplemented with 10% foetal . 

bovine serum, 4 mM L-glutamine and antibiotics (100 units/ml penicillin G, 100 mg/ml 

streptomycin & 0.25 mg/ml amphotericin B). Cells are routinely grown in 225 cm3 flasks · 

containing 35 ml medium kept at 37 °C and in a humidified atmosphere containing 5% C02• 

20 Nitric oxide synthase is produced by cells in response to interferon-g (IFNg) and 

lipopolysaccharide (LPS). The medium :from confluent culture flasks is removed and 

replaced with 25 ml (per flask) of fresh medium containing 1 mg/ml LPS and 10 units/ml 

IFNg. After a period of 17-20 hours in culture, harvesting of cells is accomplished by 

scraping the cell sheet from the flask surface into the culture medium. Cells are collected by 

2S centrifugation (1000 g for 10 minutes) and lysate prepared by adding to the cell pellet a 

solution containing 50 mM Tris-HCl (pH 7.5 at 20 °C), 10% (v/v) glycerol, 0.1 % (v/v) 

Triton-X-100, 0.1 mM dithiothreitol and a cocktail of protease inhibitors comprising 

leupeptin (2 mg/ml), soya bean trypsin inhibitor (10 mg/ml), aprotinin (5 mg/ml) and 

phenylmethylsulphonyl fluoride (50 mg/ml). 

30 
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For the assay, 25 µI of substrate cocktail (SO mM Tris-HCl (pH 7.5 at 20 °C), 400 µM 

NADPH, 20 µM tlavin adenine dinucleotide, 20 µM tlavin mononucleotide, 4 µM 

tetrahydrobiopterin, 12 µML-arginine and 0.025 mCi L-[3H] arginine) is added to wells of a 

96 well filter plate (0.45µM pore size) containing 25 µI of a solution of test compound in:50 

s mM Tris-HCl. The reaction is started by adding 50 µl of cell lysate (prepared as above) and 

after incubation for 1 hour at room temj>erature is terminated by addition of ~O µI of an 

aqueous solution of 3 mM nitroarginine and 21 mM ~TA. 

Labelled L-citrulline is separated from labelled L-arginine using Dowex AG-SOW. 150 µl of 

10 a 25% aqueous slurry of Dowex SOW (Na+ form) is added to the assay after which the whole 

is filtered into 96 well plates. 75 µl of filtrate is sampled and added to wells of96 well plates 

containing solid scintillant. After allowing the samples to dry the L-citrulline,is quantified by 

scintillation counting. 

1s In a typicBl eXperlmem basal activity iS' 300 dPm per 75 µl sample which is increased to 1900 

dpm in the reagent controls. Compound activity is expressed as IC50 (the concentration of 

drug substance which gives 500A» enzyme inhibition in the assay) and aminoguanidine, which 

gives an IC50 (50% inhibitory concentration) of 10 µM, is tested as a standard to verify th~ 

procedure. Compounds are tested at a range of concentrations and from the inhibitions 

20 obtained IC50 values are calculated. Compounds that inhibit the enzyme by at least 25% at 

100 µM are classed as being active and are subjected to at least one retest 

2S 

30 

In the above screen, the compounds of Examples 1 to 30 were tested and gave IC50 value$ of 

less than 25 µM indicating that they are expected to show useful therapeutic activity. 

Screen2 

Compounds also show activity against the human form of induced nitric oxide synthase as 

can be demonstrated in the following assay. 
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Enzyme is .prepared, after induction, from the cultured hurnan colon adrenocarcinoma cell 

line DLDl.(obtained from the European Collection ofAniuial CellCulture - cell line. 

number 90102S40). DLDl cells are cultured in RPMI 1640 medium supplemented· with 

10% foetal bovine serum, 4 mM L-glutamine and antibiotics (100 units/ml penicillin G, 

s 100 µg1m1 streptomycin anci o.2s µg/ntl amphotericin B). Cells are routinely grown in 225 

cm3 flasks containing 3S ml medium kept at 37 °C and in a humidified atmosphere 

containing S% C02• 

Nitric oxide synthase is produced by cells in response to interferon-y (IFN-y) and 

10 interleukin-Ip (IL-1 p). The medium from confluent flasks is removed and replaced. with 25 

ml (per flask) of fresh medium containing 2SO units/ml IL-1 ll and 1000 units/ml IFN-y. 

After a period of 17-20 hours in culture, harvesting of cells is accomplished by scraping 

the cell monolayer from the flask surface into the culture medium. Cells are collected by · 

centrifugation (lOOOg for 10 minutes) and lysate prepared by adding to the cell pellet a: 

is solution containing SO mM Tris-HCl (pH 7.S at 20°C), 10% (v/v) glycerol, 0.1% (v/v) 

Triton-XIOO, 0.1 mM dithiothreitol and a cocktail of protease inhibitors including 

leupeptin (2 µg/ml), soya bean trypsin inhibitor (10 µg/ml), aprotonin (S µg/ml) and . 

phenylmethylsulphonyl fluoride (SO µg/ml). 

20 For the assay, 2S µl of substrate cocktail (SO mM Tris-HCl (pH 7.S), 400 µM NADPH, 20 

µM flavin adenine dinucleotide, 20 µM flavin mononucleotide and 4 µM 

tetrahydrobiopterin) is added to the wells of a 96-well plate. Test compounds ~ 

preincubated with enzyme by adding together with 40 µl of cell lysate (prepared as above) 

and incubating for 1 hour at 37 °C at the end of which period 10 µl of 30 µM L-arginine 

2s and 0.02S µCi of L-[3H]-arginine in SO mM Tris-HCl is added to start the enzymatic 

reaction. Incubation is continued for a further 1 hour at 37 °C. The reaction is terminated 

by addition of SO µl of an aqueous solution of 3 mM nitroarginine and 21 mM EDTA. 

Labelled L-citrulline is separated from labelled L-arginine using Dowex AG;. SOW. 120 · µl 

30 of a 2S% aqueous slurry of Dowex SOW is added to 96 well filter plates (0.4S µm pore 
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size). To this is added 120 µI of terminated assay mix. 75 µl of filtrate is sampled and 

added to the wells of 96 well plates containing solid scintillant. After allowing.the samples 

to· dry the L-citrulline is q'Uimtified by·scintillation .counting. 

s In a typical experiment basal activity is 300.dpmper 75 µl sample of reagent controls, 

which is increased to 3000 dpm m the preSeDCe of enzyme. Compound activity is 

expressed as IC50 (the concentration of drug substance which gives 50% enzyme inhibi~on 

in the assay) and L-NMMA, which gives an IC50 of about 0.4 µM is tested as a standard to 

verify the procedure. Compo'ilnW! are tested at a range of concentrations and trom the 

10 inhibitions obtained IC50 values are calculated. 

In this screen the compounds of Examples 1to30 give IC50 values less than 25 µM, -

indicating that they are prediCted to show useful therapeutic activity. 
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CLAIMS: 

1. A compound of formula (I) 

R3 

(I) 

s 

wherein 

R1 and R2 independently represent hydrogen, Cl to 6 alkyl, C2 to 6 alkenyl, C2 to 6 · 

10 alkynyl, Cl to 6 alkoxy; Ct to 6 alkylthio, halogen, hydroxy, trifluoromethyl or amino; 

R3 represents one or more substituents independently selected from hydrogen, Cl to 6 

alkyl, C2 to 6 alkenyl, C2 to 6 alkynyl, Cl to 6 alkoxy, Cl to 6 alkyltbio, halogen, 

hydroxy, trifluoromethyl, amino, cyano, nitro, trifluoromethoxy, methanesulphonyl, 

is sulphamoyl, -NR4R5
, -COOR6

, -CONR7R8
, benzyloxy, phenyl, or a 5-membered 

20 

heterocyclic aromatic ring containing 1 to 3 heteroatoms which may be the same or 

different and are selected from 0, N and S, w:hich phenyl or 5-membered heterocyclic 

aromatic ring is optionally substituted, the optional substituents being Cl to 6 alkyl, 

halogen, cyano, nitro, hydroxy, C 1 to 6 alkoxy, trifluoromethyl and tritluoromethoxy; 

R4
, R5 and R6 independently represent hydrogen or Cl to 6 alkyl; 

R
7 and R 8 independently represent hydrogen, Cl to 6 alkyl or phenyl, which phenyl is 

optionally substituted by one or more groups independently selected from Cl to 6 alkyl, 

2S halogen, cyano, nitro, hydroxy, Cl to 6 alkoxy; trifluoro~yl and trifluoi'omethoxy; . 

111111111111111111111111111111 
* C L M S * 

'· 
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X represents -(CH2)0 -, wherein n represents zero or 1; and 

A represents an aromatic carbocyclic ring or a 5- or 6-membered heterocyclic aromatic ring 

s containing 1 to 3 heteroatoms which may be the same or different and are-selected from 0, 

NandS; 

. . . . 

or a pharmaceutically acceptable salt, enantiomer, racemate or tautomer thereof. 

10 

.. ,., 

2. A compound of formula (I), according to Claim 1, wherein A represents a benzo ring. 

3. A compound of formula (I), according to Claim 1 or Claim 2, wherein R1 represents 
.. · 

hydrogen. 

·, ,, ·: .. .· .. ·;. ' .. ·· . . :·.. . . : . : '. ·1 
15 4. A compound of formula (I), according to Claim 1 or Claim 2, wherein R represents 

20 

25 

fluoro . 

. ·.· . . . . ·. . . 2. 
5. A compound of formula (I), according to any one of Claims 1 to 4, wherein R · 

represents fluoro. 

6. A compound of formula (I), according to any one of Claims 1 to 5, wherein X . 

represents -(CH~0- and n represents zero. 

7. A compound of formula (I) which is: 

(R*R*)-4'-amino-5'-fluoro-l,3,4,10a-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1'H)quinazoline ]-6-one; 

(R *S*)-4' -amino-5' -fluoro-1,3:.4, 1 Oa-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1 'H)quinazoline ]-6-one; 
'· 

I 1111111111111 111111111111 1111 
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(R*R*)-4-amino-5-fluoro-3b',4',6',7'-tetrahydiospiro[quinaz.oline-2,5'(2H,9'H)-thieno[3,2-

a]indolizine]-9' -one; 

{R*S*)-4-amino-5-tluoro-3b' ,4' ,6', 7'-tetrahydrospiro[ quinazoline-2,5'(2H,9'H)-thieno{3,2-

a]indolizine ]-9' ~ne; 

s (R*R*)-4-amino-5-fluoro-6',7',9',9a'-tetrahydtospiro[quinazoline-2,8'(2H,4'H)-thieno[2,3-

a]indolizine ]-4' -one; 

(R*S*)-4-amino-5-tluoro-6',7',9',9a'-tetrahydrospiro[quinazoline-2,8'(2H,4'H)-tbieno[2,3-. 

a]indolizine ]-4' -one; 

(R*R*)-4'-amino-7-chloro-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l.;a]isoindole-

10 2,2'(1 'H)-quinazoline ]-6-one; 

(R*S*)-4' -amino-7-chloro-S' -tluoro-1,3,4,1Ob-tetrahydrospiro[pyrido[2,1-a ]isoindole-

2,2'(1 'H)-quinazoline ]-6-one; 

(R*R*)-4'-am.ino-8-chloro-S'-fluoro-l,3,4,lOb-tetrahydrospiro[pyrido[2,1..;a]isoindole-

2,2'(1'H)-quinazoline ]-6-one; 

ts (R*S*)-4'-amino-8-cbloro-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,1-a]isoindole-

2,2'(1'H)-quinaz,oline ]-6-one; 

(R*R*)-4' -amino-9-chloro-S' -fluoro-1,3,4, 1 Ob-tetrahydrospiro[pyrido[2, l .;;a]isoindole-

2,2'(1 'H)-quinazoline]-6-one; 

(R*S*)-4'-am.ino-9-chloro-5'-tluoro-1,3,4,10b-tetrahydrospiro[pyrido[2,1-a]isoindole- · 

20 2,2'(1 'H)-quinazoline ]-6-one; 

(R*R*)-4'-amiD0-10-chloro-5'-fluoro-1,3,4,lOb-tetrahydrospiro[pyrido[2,1-a]isoindole- .·. 

2,2'(1 'H)-quinazoline ]-6-one; 

(R*S*)-4'-amino-10-chloro-5'-tluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindol~ 

2,2'(1 'H)-quinazoline ]-6-one; 

2s (R*R *)-4' -amino-7 ,8-dichloro-5' -fluoro-1,3,4,l Ob-tetrahydrospiro[pyrido[2, 1-a]isoindole- · 

2,2'(1 'H)-quinazoline ]-6-one; 

(R*S*)-4' -amino-7 ,8-dichloro-5' -fluoro-1,3,4,1 Ob-tetrahydrospiro[pyrido[2,l-a]isoindole-

2,2'(1 'H)-quinazoline ]-6-one; 

(R*R*)-4'-amino-7-methyl-5'-fluoro-l,3,4,10b-tetrahydrospiro[pyrido[2,l-a]isoindole-

30 2,2'(1 'H)-quinazoline]-6-one; 

I lllllll llllll lllll lllll II llll 
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. (R*S*)-4' -alnino-7-methyl-5' •fluoro-1,3,4,l Ob-tetrahydrospiro[pyrido[2,l ;;.a]isoindole-

...... · 2,2'(l'H)-quinazoline]-6-one;, ,, .. 

. · (R*R*}4' .;.amino-8;.methyl-5' ·fluoro-l,3,4, 1 Ob-tetrahydrospiro[pyrido[2,l:~a ]isoindole-

2,2'(1 'H)-quinazoline ]-6-one;. . ... 

s (R*S*}4' -amino-8-methyl-5'-:tluoto-l,3,4,l Ob-tetrahydrospiro[pyrido[2,l·a]isoindble-

2,2'(1 'H)-quinazolilie ]-6-one; · 

(R*R *)-4' -amino-8-methoxy-S' -tluoro-1,3,4, 1 Ob-tetrahydrospiro[pyrido[2, l-a]isoindo~e-

2,2'(1 'H)-quinazoline]-6-one; 

(R *S*)-4' -amino-8-methoxy-5' -:tluoro;.1;3,4,1 Ob-tetrahydrospiro[pyrido[2;1-a]isomdole-

. 10 2~2'(1 'H)-quinazoline]-6-one; 

(R *R *)-4' -amino-8-cyano-S' -fluoro-1;3,4,1 Ob-tetrahydrospiro[pyrido[2, l •a]isoindole-

2,2'(1 'H)-quinazoline ]-6-one; 

(R*S*)-4'-amino-8-cyano-5';;.fluoro-1;3,4, 1Ob-tetrahydrospiro[pyrldo[2,1-a]isoindole-

2,2'(1 'H)-quinazoline]-6-one; :;. 

is.· (R*R*)-4'-amino;;.8~o-5',8'-ditluoi'o-1,3;4,10b-tetrahydrospiro(pyrido[2,l-a]isoindole-

.. ··. 2;2'(l'H)-quinazolilie]-6-one; .. ·. 

(R *S*)-4' -amino-8-cyano-S' ,8' -ditluoi'o-1,3,4,l Ob-tetrahydrospiro(pyrido[2,l-a]isoindole­

.. 2,2'(1 'H)-quinazoline ]-6-one; 

(R*R*)-4'-amino-S'-fluoro-7,8,10,10a-tetrahydrospiro[pyrido[3,4-a]indolizine-9,2'(1'H)-

20 quinazoline ]-5-one; · · 

(R*S*)-4'-amino-S'-fluoro-7,8,10,lOa•tetrahydrospiro(pyrido(3,4-a]indolizine-9,2'(1'H)­

quinazoline]-5-one; 

(R *R*)-4' -amino-S' -fluoro-6b,7,9,10-tetrahydrospiro[naphtho[2,l-a]indolizine-8,2'(1 'H)­

. quinazolilie ]-12-one; 

2s (R*S*)-4'-amino-S'-fluoro-6b,7,9,10-tetrahydrospiro[naphtho[2,l-a]indolizine-8,2'(1'H)- · 

quinazoline]-12-one; 

or a pharmaceutically acceptable salt, enantiomer or tautomer thereof. 

8. A compound of formula (I), according to any one of Claims 1to7, or a 

30 pharmaceutically acceptable salt, enantiomer or tautomer thereof, for use as a medicament. 

'· 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ''" * C L M S 
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9. A pharmaceutical composition comprising a·conipound of formula (I) according to any 

one of Claims 1 to 7, or a pharmaceutically acceptable salt, enantiomer or tautomer thereof, 

in admixture with a pharmaceutically acceptable adjuvant, diluent or cmier. ·. 

10. The use of a compound of formula (Ij accOrding to any one of Claims 1 to 7, or a 

pharmaceutically acceptable salt,··enantiomer or tautomer thereof,. in the manufacture of i 

medicament for the treatment or prophylaxis of human diseases or conditions in which 

inhibition of nitric oxide synthase activity is beneficial. 

11. The use as claimed in Claim 10 wherein it is predominantly inducible nitric oxide 

synthase that is inhibited. 

12. The use of a compound of formula (I) as defined in any one of Claims 1 to 7, or a 

is 'pharmaceutically acceptable salt, enantiomer or tautomer thereof, in the manufacture of a 

medicament, for the treatment or prophylaxis of inflammatory diseases. 

13. The use as claimed in Claim 12 wherein the disease is asthma or rheumatoid arthritis. 

20 14. The use of a compound of formula (I) as defined in any one of Claims J .to 7, or a 

pharmaceutically acceptable salt, enantiomer or tautomer. thereof, in the manufacture of a 

medicament, for the treatment or prophylaxis of pain. 

15. The use of a compound of formula (I) as defined in any one of Claims 1 to 7, or a 

2s pharmaceutically acceptable salt, enantiomer or tautomer thereof, in combination with a 

COX-2 inhibitor, in the manUfacture of a medicament, for the treatment or prophy~ of 

inflammatory diseases. 

16. A method of treating, or reducing the risk of, human diseases or conditions in which 

30 inhibition of nitric oxide synthase activity is beneficial which comprises adtninisterlng a 

therapeutically effective amount of a compound. of formula (I), as defined in any one of 

111111111111111111111111111111 
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Claims 1 to 7, or a pharmaceutically acceptable salt, enantiomer or tautomer thereof, to a 

person suffering from, or at increased risk of, such diseases or conditions ... 

17. A method of treatment according to Claim 16 in which it is predominantly inducible 

s nitric oxide syntbaSe that is inhibited. 

18. A method of treatin& or reducing the risk of, jnflammatory disease in a person°suff~ 

from, or at risk of, said disease, wherein the method comprises administering to the person a 

therapeutically effective amount of a compowid of formula (I), as defined in any one of · 

10 Claims 1 to 7, or a pharmaceutically acceptable salt, enantiomer or tautomer thereof. : 

19. The method of 1rea1ment as claimed in Claim 18 wherein the disease is asthma or 

rheumatoid arthritis. 

. ,.•' 

1s :,20. A method of treating, or reducing the ~o( paininap~n suffering from, or atrisk 

of, said condition, wherein the method comprises administering to the person a 

. therap_eutically effective amount of a compound of formula (I), &S defined in any one of 

.· Claims 1 to 7, or a pharmaceutically acceptable salt, enantiom~ or tautomer thereof. ·· 

. 20 21. A method of treating, or reducing the risk of, intlsµnmatory disease in a person· suffering 

25 

. from, or at risk of, said disease, wherein the method comprises administering to· the person a 

therapeutically effective amount of a combination of a compound of formula (I), as defined in 

. any one of Claims 1 to 7, or a pharmaceutically acceptable salt, enantlomer or tautomer 

. thereof, with a COX-2 inhibitor~ 

22. A compound of formula (III) I 1111111 llllll 11111 1111111 1111 
w C l M S * 

R3 (Ill) 

I . 



WO .9.9/01455 
47 

.. 
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wherein R.3, A and x &rd 'as' definecHn Ciaim 1, 

with the proviso that R3 does not represent hydrogen. 

PCT/Sg.98/01206 

23. A process for the preparation of a compound of formula (I}, as defined in any one of 

· s Claims 1 to 7 ,·or a pharmaceutically acceptable salt, enantiomer or tautomer thereof, 

wherein the process comprises reaction of a compound of formula (II), or a salt thereof: 

NH2 

wherein R1 and R2 are as defined in Claim 1, 

(II) 

10 with a compound of formula (Ill) or a protected derivative thereof: 

(Ill) 

wherein R3
, A and X are as defined in claim 1. 

15 
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