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production may be involved in a number of condmons including conditions which involve
systemic hypotension such as septic shock and therapy with certain cytokines, and many
inflammatory diseases such as arthritis. -

The synthesis of NO from L-arginine can be inhibited by the L-arginine analogue,
NG_monomethyl-L-arginine (L-NMMA), and the therapeutic use of L-NMMA for the
treatment of septic (toxic) shock and other types of systemic hypotension has been
proposed (WO 91/04024 and GB-A-2240041). The therapeutic use of certain other NO
synthase inhibitors apart from L-NMMA for the same purpose has also been proposed in
WO 91/04024 and in EP-A-0446699.

It has recently become apparent that there are at least three isoenzymes of NO synthase
(reviewed in Knowles and Moncada, Biochem. J. (1994) 298, 249-258) as follows:

(1) a constitutive, Ca*™ /calmodulin dependent enzyme (eNOS) which is present in
vascular endothelial cells, and that releases NO in response to receptor or physical

stimulation.
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even. great rapeutic enefl asier to use. Patent application
PCT/ GB9202387 di scl oses a group of ami dino derivatives of the fornmula (0)

[err] - The NO synthase inhibitors proposed for therapéutic use so far, such as L-NMMA and
nitroarginine, are non-selective in that they inhibit all the NO synthase isoenzymes. Use of
- such a non-selective NO synthase inhibitor requires that great care is taken in order to avoid

the potentially serious consequences of over-inhibition of the eNOS including hyp_ertensibn
~ and possible thrombosis and tissue damage. In particular, in the case of the therapeutic use
- of L-NMMA for the treatment of septic and/or toxic shock it has been recommended that
* the patient must be subject to continuous blood pressure monitoring throughout the
treatment. Thus, whilst non-selective NO synthase inhibitors have therapeutic: utility
provided that appropriate precautions are taken, NO synthase inhibitors which are selective
in the sense that they inhibit iNOS to a considerably greater extent than eNOS would be of
even greater therapeutic benefit and much easier to use.

' Patént application PCT/GB9202387 discloses a group of amidino derivatives of the formula
(0) | " '
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" and salts, and pharmaceutically acceptable esters and amides thereof, in which:

Rlisa C1-6 straight or branched chain alkyl group, a C2_5alkenj_rl group,a Co_galkynyl
group, a C3.gcycloalkyl group or a C3.gcycloalkyl Cj.-6alkyl group;



[err] and salts, and pharmaceutically acceptable esters and ani des thereof,
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wherein

Rl is a Cj_g straight or branched chain alkyl group, a C;_galkeny! group, a C2_g alkynyl
group, a C3_gcycloalkyl group or a C3.geycloalkylC)_galkyl group, each optionally
substituted by one to three groups independéntly selected from: halo; -CN; -NO»; a group
-COR2 wherein R2 is hydrogen, C1.g alkyl, -OR3 wherein R3 is hydrogen or C}_g alkyl, or
NR4RS wherein R4 and R are independently selected from hydrogen or Cj._g alkyl; a
group -S(O)mR6 wherein m is 0, 1 or 2, RS is hydrogen, Cj_g alkyl, hydroxy or NR7R8
wherein R7 and R8 are independently hydrogen or C1.g alkyl; a group PO(OR?), wherein
R9 is hydrogen or Cj.¢ alkyl; a group NRI1OR!! wherein R10 and R1! are independently
selected from hydrogen, Cy.¢ alkyl, -COR12 whe_rein Rlz is hydrogen or Cj_g alkyl, or
-S(O)m.-R13 wherein m' is 0, 1 or 2 and R13 is hydrogen or C;.g alkyl; or a group -OR14
wherein R14 is hydrogen, C).¢ alkyl optionally substituted by one to three halo atoms,
Cg.10 aryl or -COR!5 wherein R13 is hydrogen or Cj.¢ alkyl;

pi520r3,qislor2andnisOor1'

and all salts, esters, amides and physiologically acceptable prodrugs thereof.



sel ected from hydrogen, Clerr] alkyl, -CORerr] wherein R err] is hydrogen.
or CJerr] wblog4s3ar [err] wherein m-is 0, 1 or 2 and R err petn en or
Clerr] alkyl; or a group -OR[err] wherein R14 is hydrogen, %?ﬁgggl%ﬁ
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* Most preferably R1 is a methyl or ethyl group optionally substituted by one to three
 substituents independently selected from halo, a group -ORI14 wherein R14 is as
hereinbefore defined or S(O)mR6 wherein m and RS are as hereinbefore defined.

A preferred group of compounds ére those of formula (IA)

Rl | S
- J\ ~(CH,) ~_ ~(CH)._ _CO ;
HN RS . COH
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wherein RL, R2, p and q aro;a as hereinbefore defined.
 Preferably R! is unsubstituted or is substituted by only one group.
Preferred compounds include:

2-Amino-6-(1-iminoethylamino)-4,4-dioxo-4-thiahexanoic acid
2-Amino-6-(1-iminoethylamino)-4-oxo-4-thiahexanoic acid
2-Amino-7-(1-iminoethylamino)-5-oxo-5-thiaheptanoic acid
2-Amino-7-(1-iminoethylamino)-5,5-dioxo-5-thiaheptanoic acid



wherein Rerr], R[err], p and g are as hereinbefore defined. Preferably
Rlerr] is %P gj uted or is substituted by only one group.PEreBesiers
corrpounds i nc ude 2- Ami no- 6- (1-i m noet hyl am no) - 4, 4- di.oxo- 4- t hi ahexanoi ¢
acid 2- Am no- 6- (1-im noet hylam no) - 4- oxo- 4-t hi ahexanoi'c acid

2- A no- 7- (1-i mi noet hyl ami no) - 5- oxo- 5- thghept anoi c acid

2- Am no- 7- (1-i m noet hyl am no) - 5, 5- di oxo-5-t hi ahept anoi ¢ aci d WO 95/ 34534
PCT/ GB95/ 01378 52- Ammo-6-(1-muno-2-ﬂuoroethylammo)-4 4-dioxo-4-thiahexanoic acid
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2-'Amno6(1|mno- - | 0X0-4-1 anolLc acid

2- Ani no- 6- ( 2- ace2oAminoi6-(2- mmhyma m!!‘qﬁ“‘d‘? -diaxo-thigheranoicadd aci d
2- Ami no- 6- (2- ben yA,ms 6-(2-B29R nLlaﬂﬁdz@aylﬁmﬂo)MMofo-ahhﬁMelaexdacl d
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Preferably realf

formul a (I)ﬁmcw%’gg&eanﬁﬁbg P ric centre Inth e | ecu
dependi ng o#nd -@emnwﬁrﬂi@"?ﬂ‘hxlﬁ@n?kﬂs%%x@'ﬂ e’@l’?ﬁ"’fﬁ‘} refera W the
I nt ended tocd d,lﬂgaﬁglhtm%bJ%@mwmrs The conmpounds of formula (I) all
I ncl ude an tric centre in the [err] NH err] group and al though the

natural L or (S) chirality of arginine is preferred, it is again intended
that the foTheitémpdurids &f formulai@) mhy inchsieiarumbes ofresymmeiic kentresrinl the nialatuly

or adm xed aer{)e%dl}/\gpr Oam%rﬁﬂeasé meaning of the various groups and formula (I) is intended to
include all possible isomers. The compounds of formula (I) all include an asymmetric centre

.in the
YCO:H
| - NR
group and although the natural L or (S) chirality of arginine is preferred, it is again intended
that the formula should include all possible isomers, either individually or admixed in any

proportions.

One embodiment of the prlesent invention provides a compound of formula (IB)
R
PN N P rcry~_cost
HN" N \r (®)
. o |
and salts, and pharmaceutically acceptable esters and armdes thereof in which Rl is a C1_g
straight or branched chain alkyl group, a Cp_galkenyl group, a Cz.¢ alkynyl group, a
C3.gcycloalkyl group or a C3-6cycloalkle1_5alkyl group; pis2or3,qislor2andnis 0

or l.

| Another embodlment of the present invention provides a compound of formula ao
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One enbodi ment of the present invention provides a conpound of formula (IB)
[err] anow@akisss4and pharnmaceutical ly acceptabl e esters angcpopdsmatder eof

in which Rlerr] is a (Jerr] straight or branched chain al kyl group, a o,
Clerr]al kenyl group, a Cferr] alkynyl group, a (Jerr]cycloallkyl group or a
Clerr]cycloal kyl ferr]al kyl group; pisg2 or 3, qis 1or 2 and nis O or '
1. Anot her enbodinent of the present |nver]t|on provi des a conpound of

formul a (Mipre g,ieporl pxsZoqb)qhns[ boFg R if\@ ©F534n3ight or branched chain alkyl
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wher ei n )&fﬁsena(ﬁdcﬁkéraﬂ‘]yl@r&fopﬁd&@n&i weyemeszoeéjomo:& dy nn,ofﬁl-@l
al kyl; a grAuRy dmrmdmﬂ WheRelrSRD ané RS aré ind@b&iidehtly By &Béigéxpgﬁgrl £h

al kyl, hydrox n R7 and are | de endent
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esters, a%ﬂchéls‘aB%GSﬁSFﬁyéméﬂeégPé&hYs}O‘aEé@bM&Em; ¢9mdaw theree%of The term

“hal 0" means fluoro, chloro, bromo, or iodo, and preferably fluoro. '
AR L R S B S
al t hough salts of non- pharnmaceutically acceptable salts may be of utility
In the prepapR! &_a‘i’t@ iﬁagdé’ Yhdse' fodfnb® With bbilE organic and inorganic acids. Such acid
- addition salts will normally be pharmaceutically écceptabie although salts of non-
pharmaceutxcally acceptable salts may be of utility in the preparation and purification of the
compound in question. Thus preferred salts mclude those formed from hydrochlonc
* hydrobromic, sulphuric, citric, tartaric, phosphonc lactic, pyruvic, acetic, ‘trifluoroacetic,
succinic, oxalic, fumaric, maleic, oxaloacetic, methanesulphonic, ethanesulphomc p-
toluenesulphomc benzenesulphonic and isethionic acids. Salts of the compounds of
" formula (I) can be made by reacting the appropnate compound in the form of the free base
with the appropriate acid.

Pharmaceutically acceptable esters and amides of the compounds of formula (I) may have
the acid group replaced by -COzR3 where R3 is for example Cj.galkyl, aryl or
 arylCj_3alkyl or -COR# where R4 is the residue of a sultable natural or synthetic amino
. acid. -

' By the term physiologically acceptable prodrug is meant derivatives of compounds of

' formula (T) which have the same physiological function as the free compound of formula (I),

 for example, by being convertible in the body thereto. Such prodrugs may or may not have
activity in their own right. :

A further aspect of the present invention also provides compounds of formula (I) as
hereinbefore defined and and all salts, esters, amides and physiologically acceptable



conpound in question. Thus, preferred salts include those fornmed from
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A further aspect of the present invention provides the use of a compound of formula (I) or a
salt, ester, amide or physiologically acceptable prodrug thereof in the manufacture of a
medicament for the treatment of an inflammatory condition, such as arthritis.

In the alternative there is provided a method for the treatment of a condition where there is
an advantage in inhibiting NO production from L-arginine by the action of NO synthase,
and in particular by iNOS, comprising administering to a mammal in need thereof a
phémaceutically effective amount of a compound of formula (D as hereinbefore defined or
a salt, ester, amide or physiblogically acceptable prodrug thereof. '

Other conditions where there is an advantage in selectively inhibiting INOS include a wide
range of auto-immune and/or inflammatory diseases, such as those of the joint (e.g.
rheumatoid arthritis, osteoarthritis), of the gastrointestinal tract (e.g. ulcerative colitis and
" other inflammatory bowel diseases, gastritis and mucosal inflammation resulting from
infection, the enteropathy provoked by non-steroidal antiinflammatory drugs), of the lung
(adult respiratory distress syndrome, asthma), of the heart (myocarditis), of the nervous
_ tissue (e.g. multiple sclerosis), of the pancreas (e.g. diabetes melitus), of the kidney (e.g.
- glomerulonephritis), of the skin (e.g. dermatitis, psoriasis, urticaria) as well as of
trah_splanted organs (rejection) and multi-organ diseases (e.g. systemic lupus erythematosis).
Furthermore there is evidence for overproduction of NO by iNOS in atherosclerosis.
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As used herein, reference to "treatment" of a patient is intended to include prophylaxis; the
term "mammal” is intended to include a human or an animal.

 The activity of compounds of formula (I) and all salts, esters, amides and physiologically
acceptable prodrugs thereof as NO synthase inhibitors can be determined using isolated
human or rodent enzymes, the rat aortic ring or in vivo in mice according to the methods
described hereinafter. : :

Whilst it may be possible for the compounds of formula (I) and all salts, esters, amides and
~ physiologically acceptable prodrugs thereof to be administered as the raw chemical, it is
preferable to present them as a pharmaceutical formulation. According to a further aspect,

the present invention provides a pharmaceutical formulation comprising 2 compound of

formula (I) and all salts, esters, amides and physiologically acceptable prodrugs thereof,

~ together with one or more pharmaceutically acceptable carriers therefor and optionally one

or more other therapeutic ingredients. The carrier(s) must be "acceptable" in the sense of

. being compatible with the other ingredients of the formulation and not deleterious to the
~ recipient thereof. ' '
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as the raw dbwmdlatin, it is preferable to present themas a phar maceut i cal
formul ation. According to a further aspect, the present invention provides
a pharmaceutical fornulation conprising a conpound of formula (l) and aII

salts, esteFormulationssof:the present imvensionaAuitgble fercprah pdrministigtion Fayhecpresented as
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oil liquid emulsion. The active ingredient may also be presented as a bolus, electuary or

paste.

A tablet may be made by compression or moulding, optibnally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with

" a binder, lubricant, inert diluent, lubricating, surface active or dispersing agent. Mouilded
tablets may be made by moulding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide slow or controlled release of the active

ingredient therein.

Formulations for parenterﬂ ‘administration include aqueous and non-aqueous sterile
injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes which
render the formulation isotonic with the blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include suspending agents and thickening
agents. The formulations may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilised)
condition requiring only the addition of the sterile liquid carrier, for example saline or
water-for-injection, immediately prior to use. Extemporaneous injection solutions and
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di luent, lubricating, surface active or dispersing agent. I\/bul ded tablets
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conmpound an inert id, diTuent. The t tlonal |y
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par ent era}n\%ﬂﬂ{%ﬂe%bgﬁﬁ@aé]eﬂﬁl ude aqueous and. non-aqueous sterile injection

sol uti ons anti-oxidants, buffers, bacteriostats and
sol utes which render the formul ation isotonic with the bl ood of the

i ntended TR cPinBHindsBFthe I\RAHSN JHY be administered orally or via injection at a dose of
~ from 0.1 to 1500mg/kg per day, preferably 0.1 to 500mg/kg per day. The dose range for
adult humans is generally from 5mg to 35g/day and preferably Smg to 2g/day. Tablets or
other forms of presentation provided in discrete units may COnVénienﬂy coritain an amount
of compound of the invention which is effective at such dosage or as a muitiple of the same,
for instance, units containing Smg to 500mg, usually around 10mg to 200mg.

The compounds of the present invention may be administered in combination with one or
more other active ingredients. Such other active ingredients suitable for concurrent
administration will be clear to a physiéian, but could be for example an anti-inflammatory
agent such as a corticosteroid, e.g methylprednisolone. Compounds of formula (I) are
competitive inhibitors with respect to L-argininé and therefore it may not be appropriate of

| course to concurrently treat patients with preparat:ons (e.g. total parenteral nutrition) which
have a high L-argmme content. -

" The compounds of formula (I) and all salts, esters, amides and physiolegibally acceptable
~ prodrugs thereof are preferably ‘' administered orally or by injection (intravenous or
~ subcutaneous). The precise amount of cor_npound' administered to a patient will be the
" responsibility of the attendant physician. However the dose employed ‘will depend on a
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particularly mentioned above, the formulations of this invention may
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formul ation in question, for eghnple those suitable for oral administration
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- Compounds of the formula (II) may be prepared by the reaction of an amino acid of
formula (IIT)

HZN/(CHZ),\S/_(CHz)quozH am
NH,

or a protected derivative thereof, with a compound of formula (IV)

Rl

A

HNZ L @)

where L is a leaving group and R1, p and q are as defined hereinbefore, followed by
removal of any protecting groups present, to give a compound of formula (II).

" Suitable leaving groups L include -OR3 and -SR3 where R3 is a lower alkyl group,
e.g. Cj.4alkyl, preferably methyl or ethyl.

The compound of formula (IIT) will generally be used in a form in which the amino
acid functionality is protected by suitable protecting groups and in this connection
reference can be made to T.W. Greene and P.G.M. Wuts, Protective Groups in
Organic Synthesis, 2nd Edition, John Wiley and Sons Inc., 1991. The protecting
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patient, the precise disorder being treated, and Its severity. Also the

Ceverity. agn?oﬁﬁéam@ﬁ?w@mbﬁ?y bDSsiin e (GAR A ReB Bkl roae an
aspect of t he apidcdditionisplt.c:8.ithe hydrochlarde or hydeaiedide salt. t he preparatlon

t hereof. Conpounds of formula (1) can be prepared: (a) by the oxidation

of a compound_of the forrmula (11). R [err] NH2 The oxidation nmay be carried

out by net hodg?‘ﬁﬁ?ﬁmq‘f'f'59‘.‘5“&)’?‘&8@&%1%!‘%“590 VERLIP (R presgnce obbase, e.g.

oxlyggg rich Cmtkufildmetﬂllwbrogﬁie%ﬁ% by%&lﬁﬂhymmlylﬁefe@dl M&Qta5 PHITIBA YT - d
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by the reacti Eﬁ genetally 2t 4 aEﬁﬂéPr%?qu'feo R WG gp % tf-xgrrp?&x tgmperXture of the
solvent, preferably 0O0C to 500C. The preferred solvent is water although the
reaction may also be carried out in a polar solvent such as a lower alcohol, e.g.
methanol or ethanol, or an amide, e.g. dimethylformamide, either alone or in
admixture with water, and this may be advantageous in certain circumstances.

The compounds of forrula (III) are in general known compounds which can be.
converted into appropriate protected derivatives in known manner. The imidates
and thioimidates of formula (IV) (L is -OR3 and -SR5 respectively) are also in
general known compounds and the reaction of such compounds with a primary
amine is discussed for examplé in The Chemistry of Amidines and Imidates, Vol. 2,
Eds. Saul Patai and Zvi Rappaport, John Wiley and Sons Inc.; 1991.

(b) by the deprotection of a 'cor’nﬁound of fdﬁnula (V) |
| R' ©),
A~ iam~_coe
lﬁx 3 \( 2 \))

g) - NHQ'

wherein R1 n, p and q are as herembefore defined, Q is hydrogen ora carboxyl |
protecting group and Q' is a protecting.group, optlonally followed by conversion
into another compound of formula (I) Examples of suitable protecting groups
include tertbutoxycarbonyl, benzyloxycarbonyl alkyl, tert-butyl, benzyl etc. Other
suitable groups which may be used will be known to one of ordinary skill in the art.
When the protecting group is acid labile, for example as in the case of Q being alkyl,
the reaction may be carried out by acid hydrolysis, for example by reaction with
hydrogen chloride in dioxane, HBr/acetic acid in glacial acetic acid or trifluoroacetic
acid in dichlofomethane, at a non-extreme témperature of from -5°C to 100°C,

HN
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conpounds of fornmula (1V) can W f ore the free base or as an
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base, e.g. an alkali netal hydroxide Such as sodrum hydroxi de, preferably
at a pH of aboutwRerein rl b, an@ andr@raxt lay heneinbefozergefineduwithiar commjuad of formpyla o
the refl ux terrpe(rﬁﬁjre of the solvent, preferably OOC to 50C. The preferred
sol vent is water'although the_neaction may al so be carried out in a polar
sol vent such as a | ower al cohgt, e.g. nethanol or ethanol, or an am de,
e.g. dinethylformam de, eith aloge or in a(d;n)xture with water, and this
may be ‘advant ageous in cerHBn ¥Rcunstances.

wherein R! is as hereinbefore defined, Y is O or S and R16 is C1_g alkyl, phenyl-
C}-g-alkyl, or naphthyl-C;_g-alkyl for example benzyl. The reaction may suitably be
carried out in a polar solvent, for example a Cj_g alcohol such as methanol or
ethanol, at a non-extreme temperature of from -50°C to 150°C, for example -5°C to
50°C such as room temperature. :

" Intermediates of formula (VI) and derivatives thereof wherein the free amino group
is protected are novel and accordingly provide a further aspect of the present
invention. A particulaﬂy preferred intermediate is t—bu_tyl-6-benzyloxycarbonyl
amino-2-t-butoxycarbonylamino—4,4-dioxo-4-thiahexanoate. '

Certain compounds of formula (VII) wherein Y is S are novel, and may be prepared
as hereinafter described. '

Compounds of foﬁnula (VI) may be prepared by the oxidation of a compound of
formula (VIII)

Q"HN, (CHz)p\ S /(CHz)q\l/ Con ~(VID

| o NHQ' |

" wherein p, q, Q and Q' are as hereinbefore defined, and Q" is_g suitable protecting
group, for example benzyloxycarbonyl, followed by removal of the protecting group
Q". The oxidation reaction may be carried out by standard methods known in the
art, for example according to the method described in Tet. Lett. (1981) 22 (14),
1287, or by reaction with m-chloroperbenzoic acid to give the sulphoxide product,
followed by reaction with "Oxone" if the sulphone produét is required. The reaction



The conpounds of formula (111) are in general known conpounds which can be

converte propriate protected derivatives in known ;ﬁ]
|mdatesq‘é¢1§§%ﬁ|§%lmdates of formula (I1V) (L is -OR[err] an

respectively) are also in general known conpounds and the reactlon of such
conpounds with a primary anmine is discussed for exanple in The Chem stry of
Ani di nes and I nmidates, Vol. 2, Eds. Salf Patai and zvi Rappaport, John

]\ch eyI an((jV)SoFsls lsticably d:ﬁﬂéd o(uthh a pdlar Hﬁéﬂw\rxﬂw é)taﬁfgtd ﬁlvj'eﬁbra I@\QEﬂJ%IMI &hich
ormul a err e erein err n, p and q are as
her ei nbef ore oaéf%t#é’af 0}3 |"§'ny%fh5§eé) or- a carboxyl . protecting group and Q
is a protecting group, optionally followed by conversion into another
conmpound of fgf

tert but oxycar bony V?dl %ke‘)rclhze F%%Eggg?éﬁ&ﬁ ﬁﬁg%%ﬂ? %Q%quﬁjsgrhgﬁg& k"é‘f‘ﬁ”"% her
sui t abl e gr oupeviki 5«% fos coramiple; wish cmlmﬁ trags nélydﬁogemﬂonanoyd@nnu in
the art. When |shg wcsromﬁ{pwqoﬁﬁletaeld i 86611, swbh lag métainomarfﬁé Brédendeofi 1€

case of Q bein t he rea e carri out by acid hydrolysis,
for exanple by 3&’%&%&%%‘{%%3@/)5@@%%9 PRz 9’ﬁ di oxane, HBr/acetic acid
in glacial acetic acid or trifluoroacetic acid in dichloronethane, at a .
non-extrene t r,.C to A00Ler WO 95/ 34534
PCT/ GB95/ 0137?@‘%}}@ §r§165ﬁn['faﬂ?(§rr§9{a§b ; Ha dét?y ’#Aﬁé%&ﬂ%"f)r otecting group

i s cleavabl e by hydrogenonS|s for exanple benzyl oxycar bonyl, the

deprotection y be‘&ﬁﬂ Jufd of | ng hydrogen over a catalyst, for exanple
pal | adi um cha;@oal oung for (?( Y) may be prepared by.the

reaction of a corrpound Qi §ef ‘(‘\fl/) ] [er(Ik) _ (

wherein q is herembefore defined and M™ is a suitable cation eg. Na*, with a
compound of formula (X)

L

p

o T Nos0r" o
* wherein p and Q" are as hereinbefore defined, and R17 is a C;_g alkyl group
or an aryl group, followed by protectton of the carboxy and amino groups
with protectmg groups Q and Q' or vice versa.

Compounds of formula (IX) are not normally 1solated and may be prepared
by reductive cleavage of a compound of formula (XI)

HO,C” ™ (CH,),” S‘s’('CH’)q\(CO’H
NH,

X1)

wherein q is as hereinbefore defined.

The cleavage may be carried out by methods known in the art, eg by the use
of sodium in liquid ammonia at a temperature of from -78°C to 09C, and
preferably around -40°C

Compou_ndé_ of fd'rr_nulé:.(D() may'alsd be fdnngd by-: the treatment of a
compound of formula (XII)



0 NHQ wherein n, p, g, Qand Q are as hereinbefore defined, with
a compound _of fornul a (VII) Rlerr] [err] wherein Rerr] is a ore
defi ned, y%e 93:’@?}18 and Rlerr] is (err] alkyl, phenyl- Cl[gcrﬂr‘} B /dl?ﬁ!f
Aapht hyI Clerr]-al kyl for exanple benzyl. The reaction may swtably be
carried out in a polar solvent, for exanple a CJerr] al cohol such as
_nethanol or ethanol, at a non-extrene temderature of from-50[err]Cto
150[err]C, for exanple -5[err]Cto 50[err]C such as room tenperature.

I nternedi ates of formul a (Vlg HT jes t hereof wherein the free
amino group is protected arBSnove accord| nglxampr ovi de a further aspect
of the present invention. A partlcul zmll_}/ preferred internediate is
t-butyl - 6- benzyl oxycar bonyl

am no- 2-t - but oxycar bonyl am no- 4, 4- di oxo- 4-t hi ahexanoate. Certain conpounds
of formula (VIl) wherein Y is S are novel, and nay be prepared as ,

herei nafter descri bed. Conpounds_ of forrrul a (VI) may be prepared by the
oxi dati on of a conpourwitiba seitableingrgavici hage, [@Md) wphydiggen sarhopate. gL hegeagtiong
are as hereinbefore dqgbgﬁgdomqaqunmegoﬁéﬂttég)bgﬁpr otecting group, for
exanpl e benzyl oxycarbonyl, followed by renmoval- of the protecting group Q.
The oxidation reaction nay be carried out by standard net hods known in the

?;Z) f(ir28$><anp|g (#F COnytheré&tnﬁhef %6mp&rdﬂsﬁtbhhﬂd (MI)gehereinBéfore dekngd with2
or by reaction with m oro cid. t ve t.he

sul phoxi de product, fd Hrbls 959“'?’%&8“( %‘?hnﬂ&ff feHon §5 ‘i‘ﬁge SPitd ifl fuitable

product is required. TEobbveneagttolene- at \HOnDB/eUBBE temperature of from 0 to 100°C,

aSUc s R preferably room temperature.

Compounds of formula (X), (XI) and (XII) are commerciaily available or may be
prepared by methods readily known to one skilled in the art

Most intermediates of formula (VII) wherein Y is S are novel. Accordingly the
present invention further provides an intermediate of formula (VII')
_ R!

g VD

wherein R1 and R16 are as hereinbefore defined, and a process for the preparation

thereof with the proviso that:
(@)  the compound of formula (VII') is not 2 2-d1c}ﬂorothlopropxomrmd1c benzyl
ester; and

()  Rlisnot Cy_5 alkyl, cyclopropyl or cyclohexyl.

Preferred intermediates include:
S-benzyl-2-methoxythioacetimidate
S-benzyl-2-fluorothioacetimidate
S-(2-naphthylmethyl)-2,2-difluorothioacetimidate
S-(2-naphthylmethyl)-2-thiomethylthioacetimidate

Intermediates of formula (VII') may by prepared by the reaction of a compound of

formula (XIIT)
R' - |
A, G
S

HN



Is suitably carried out in a polar solvent, for exanple water or a | ower
al cohol’, g¢rdysasqet hanol,” or a nixture thereof. Renoval of pchrsEIsMizgt i N9
group may be effected by standards methods known to one skilled in the art,
for exanple with catalytic transfer hydrogenati on conditions using, for

exanple, formc acid in alcohol, such ag methanol, in the presence of a
sui table catalyst, such as 10% palladi um on charcoal . gﬁ unds of fornmula
(MI11) may be pw@lparrmemoftfnanvlaé?slt Lo rpuisably PhCHa Ly wm ipfs hereimbefare

[err] [err] whefe@héd shd B id8 Exﬂtd&kﬂ&&ﬂ%@hb R eadibldM hhl &oxﬁ%h&raxy &igrst i on

eg. Na+, with a conpound of fornula err] wherein p and Q' are as
herei nbefore defined, and R err] is a (Jerr] alkyl group or an aryl group,
foll owed by pr deupiunds of fbllmlla:zﬂﬂhﬁ)(yreaminmaﬂcinliygwaﬂm of triaypiseo prephred by

groups Q and Q.08 1 MirGGm4 c?;lgsklﬁg dy of formula (1X) are not normally
| sol ated and nay Dbe prepare y reduc |ve cl eavage  of a conpound of formula

“(XI): NH2 [err] [err] wherein q is as hereinbefore defined. The cl eavage
may be carried out by nethods known in the art, eg by the use-of sodiumin

-quuida nia at .a tenper, from rr]Cto Oferr]C, and '
pr ef er.abl N8 PEEsREE INVRALIQR M “O‘E&ﬁiﬁ‘tﬁﬁ@? ‘ﬁ% 9“9%“ PRMBEE, al so be formed
by the treatnent of a corrpound of formul a (XII) _V\D 95/ 34534 _

PCT/ GB9S! Q3 h Sediate A

f
Preparation of t-Butyl-6-amino-2-t-buto carbonvlamino-4 4-dxoxo-4-th1ahexanoat
formate salt - o ' ' (
t-Butyl-6-benzyloxycarbonylamino-z_-t-butOXyCarbonylaminoA,4-dioxo-4-thiahexanoate
152mg) dissolved in 5% formic acid/methanol (8ml) was added dropwise to a stirred
suspension of 10% Pd/C in 5% formic acid/methanol (2ml) at 0°C. The reaction mixture
was stirred at 0°C for 1h then at room temperature for 1-2h. The reaction mixture was
filtered through hyflo, and the catalyst washed with methanol (25ml) and water (25ml). The

- filtrate was concentrated to one quarter volume in vacuo and diluted with water (25ml).
This process was repeated twice then evaporated to dryness in vacuo. The residue was

dissolved in water and lyophilised to give an off-white solid (111mg).

~ Intermediate 1B _
Preparation of S-Benzyl-2-fluorothioacetimidate hydrobromide _
Fluorothioacetamide (3.39g) and benzyl bromide (6.23g) were refluxed in chloroform
(40ml), under nitrogen, for 16h. After cooling, the mixture was diluted with ether (200mi)
and the resulting orange solid filtered off. The solid was washed with more ether and dried
over P205 in vacuo to give 5.19g of the desired product.

The following'intennediates were prepared by an analogous method:

Intermediate Name - ' ' - Mpt./,C
2B S-benzyl 2-methoxythioacetimidate hydrobromlde from 140
| 2-methoxythioacetamide. '
3B S-benzyl 2-benzyloxythioacetimidate hydrobromide from - 148-149
2-benzyloxythioacetamide. _ . (dec)
SB .S-benzy! 2-methylthiothioacetimidate hydrobromide from 163-165

2-methylthiothioacetamide. _ (dec)



15 [err] with a suitable i norgani c base, eg sodi um hydrogen carbonate. The
reaction isygadddssf out in a suitable solvent, eg DW (ii) pdychim137s
reaction of a conpound of formula (XI) as herei nbefore defined with a

dui tabl e organi c base eg DBU. The reaction.is carried out in a suitable
solvent eg toluene- at a non-extrene tenperature of fromO to 100[err]C,
preferably room tenperature.. Conpounds ofl 7f or nul a (X), (XI) and (XIl) are
conmrer ci al | ymaphsddiaablce or may - be prepar ed by nethods. readily known to one
skilled in {he arl { |nt|rrred_. f .erelnYlsSare
novel . Acco . f an internediate

Sf formula (VI1") HN SR V\/nereln R[err] and R[err] are as hereinbefore
(o) e "o RABEF S YplatatiRebSRE Fid) %ﬁéw %‘?%'H?s%%l G0 in
benzyl est echloepfarng KJSml) R[aérhqteqi ynegsirefpefor 90 minytes (e dhigpeesamide sequired ~40'
g}’g'eﬁgeryg nngngxﬁéficg 9 in&?fuﬁﬁgg)?éﬁ%_.féaéﬁdmﬁuxmre wrag tthen al(l:%vtved to c{)ol to room
S Rnae e S5 Bt i DEC ANeralt, e SSUAess LR fomed s
S- (2- napht higdyeesiite) supfatd)i Thegirbduct hva@auetedmfﬂaﬁahémhahrmw 0% <etitdr-chiot oot
00 obi SasasindhiREl 8 Bl e R EbhB0uRl 3 SETRPUIGLALs bR ,%x(_géggpa berr]

WD 95/ 34534
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The hydrobromide salt was made by an analagous method in 85% yield; mpt = 184-186°C
dec. -

Example 1

" (a)
- thiahexanoic acid hydrobromide

To Intermediate A (609mg) in ethanol (10ml) at 0°C was added Intermedlate 1B
(407mg) in one portion. The mixture was stirred at 0°C for 1h, then at room
temperature for 2h. The solvent was removed in vacuo and the residue partitioned
between water and ether. The aqueous layer was washed twice more with ether,
then concentrated in vacuo. The residual gum was purified by column
chromatography on silica, eluting with dichloromethane-methanol (8:1), giving a
colourless foam (317mg). .

®)

dihydrobromide :
t-Butyl-2-t-butoxycarbonylamino-6-(1-imino-2-fluoroethylamino)-4,4-dioxo-4-

thiahexanoic acid hydrobromide (300mg) was dissolved in glacial acetic acid
(4.5ml), and cooled whilst HBr in acetic acid (45% w/v, 1.5ml) was added. The
mixture was then stirred at room temperature for 2h. The volatile materials were
evaporatéd in vacuo and the residue dissolved in water. The solution was
evaporated to dryness in vacuo, and this process repeated twice more. Ethanol was
added to the residue and the mixture concentrated in vacuo to an off-white foam.
The material could be further purified by dissolving in a minimum of warm ethanol



with a reagent of formula RL6L', suitably PhCH2L', wherein R16 is as

her ei nbefwpossishs ned and L' is a suitable | eaving group, feer/esssmbm a hal o
atom such as chloro. Conpounds of forrmula (Xl I1) are commercially avail abl e
or may be prepared by nmethods known to one skilled in the art. The present

i nvention will now be illustrated by thlP8 follow ng exanples: Internediate A -
Preparati on of '
t - But yl - 6- ani n@nd precipitating therfsodidt avithethar w- vieldaowhite hygrbseogiccalid (220mg)t e

sal t the dihydrate. . | L . _ _

t - Butyl - 6- benzﬁ oxycar bonyl am no- 2-t - but oxycar bonyl ani no- 4, 4- di oxo- 4-t hi ahe
xanoat e 152ng) dissolved in 5% form c acid/ nmethanol (8m) was added

dr opwi se irge follohiifig esmpaimde wer@prepired Gyoanalagousiméfiodsor ni ¢ aci d/ met hanol

(2m) at O[err]C. The reaction mxture was stirred at O[err]C for |h then

at roomtenperature for -1-2h. The reaction m xture was filtered through
hyfl o, anBxamplecaCampound\Mamed wi t h net hanol (25nm) and water (28fpt)°C The
filtrate yas concentrated to one quarter volune in vacuo and diluted with
water (25m’). This process was repeated tw ce then evaporated to dryness in
vacuo. Thd resi dud-Amigodi-Esisrined-methamyethylamino)-4dptivxe-ded to gi vGlassy

g]j ]Ic?,e\rll\g;/} fa2-81(‘): Lgr'(()é‘?l%oa -e'zci Acﬁ%gi'h ;/?&ﬁdk?i@ﬂﬁ?&bi@? ﬁsa];.nacet am dreeSi?S '399)
and benzyl bromid ‘?@é@&f%‘ﬁ’?wg‘éz&ﬁgsh 8&3@#&%%@%), under
ipon, L oo smtma s giig sty e ST S,
\(/vith m)reget her aﬁ'ﬁb#’g&gaé{fg&Q&Q%thﬁetbglgﬁﬁ{os%"g’f‘h\%oﬁ'199 of the desired {

product. The f ol | thishexpnoit asichditiydrobromide prepared fromi InserneediatesaA ogous et hod:

| nter medi at e Nang,n4 3B Mt./[err]C 2B
S-benzyl 2-nmet hoxytdhl oaceti m date hydrobrom de from 140

2- met hoxyt hi oacet am de. 3B S-benzyl 2-benzyl oxyt hi oaceti m date
hydr obrp%&g_gm 148- 149 2-benzyl oxyt hi oacet ani de. )

(dec) 5B prepargish BERAin TN 00 N RRCHH L HBL R o S OB A UG iE 2

-163- 165 .
- 1.67 hydrochioride 0.33 hydrobromid

" t-Butyl-6-(2-benzyloxy-1-iminoethylamino)2-t-butoxycarbonylamino-4,4-dioxo-4-
thiahexanoate hydrobromide (0.97g) (preparéd by a method analagous to that described in
Example 1A ﬁ'om'Interme.c'liates.A and 3B) was stirred in 4M HCl/dioxane (12ml) at room
- temperature for 6 hours. The solvent was evaporated and the residual gum triturated with
a dry ether (20ml). A white solid slowly formed on standing. The ether was decanted off and
- the very hygroscopic solid washed with fresh ether and dried in vacuo with warming to
65°C.

The following conipound was prepared by an analogous method:

" Example Compound Name . , : Mpt./°C
No. . S
-5 2-Amino-6-(2-methylthio-1-iminoethylamino)-4,4-dioxo-4-

thiahexanoic acid prepared from Intermediates A and 5B

| Example 6




¥\0 95/ 34534 PCT/ GB95/ 01378
17 Inter medwgbg,;,‘g?fr eparation of S benzyl t hi oaceti m dat e hydpor/icBesoides
(internediate) A mxture of thioacetam de (15.0g, 0.20nol) and benzyl
¢hloride (25.3g, 0.20nol) in chloroform (75m) was heated under reflux for
90 m nutes (the thioacetamn de required 41 mnutes to go into solution).

The reaction mxture was then allowed to cool to roomtenperature and was

t hen stood zﬁxaﬁip&r @] (35@(:@ .§hramoldhigna ouixture | af sethano) s14ind) and rweatera §Sml) | waser
on the surf PH%% téf’@p'%rt{tﬁnjeta?xa%ﬁ’mﬁ%fh é"?ﬁ?ﬁfi{e WvérhS%CHaﬂad‘iQn@on carbon

th hl the ti d.(25,5
go I g[l r f es g r [ﬁDieslllﬁéa tm?t E HOlNOY3 [891“8? I&x' efﬁh'ép"ﬁ? dﬂ:}t?tﬁaﬁﬁgﬁn% g\lrjagaﬁlgerqgagf? ﬁ‘)&@l &aghed,
anal agous nRiifiodlatel Bie’Rydidtetatidivasthérepédted asing Festecatalipt(0Pbmg)] for a further

Preparation

f
2- Ani no- 6- (11% hours, The catalystbwe fiterrt qffjand washed with avatsr; apebths sgjvents syaporated.
di hydr obr oniThe resiffual guniButasl Hﬁ’urhtddumhwmﬂblqyimny rof-eihdndl, resulting in the slow

-imno-2-fl orot yl 0 [ ¢

[t er rodi at SORAEBBLPar YSw i e ] ATEABIL, 4RE e D5 BRI ol
1B (407ny) idriedmevasuptal (rom Tempenatute, Yeel éomsl rred at OOC for |h, then at
roomtenperature for 2h. The solvent was renoved in vacuo and the resi due

- partitioned_between water and ether. The aqueous | ayer was washed twi ce
nore with eE¥amplehen concentrated in vacuo. The residual gumwas purified

by col um CM@@E:RE@QF_ Xmiib-64( L limihoeilamint)-4M-divxdi4-tHisHegamsid\di¢ - et hanol
(8:1), giving a colourless foam (317/ng). (b)

2- Am no- 6- (1-i m no- 2-fl uoroet hyl am no) -'4. 4- di oxo- 4-t hi ahexanoi ¢ aci d

di hvdr obr omiMighod A -

t- Butyl - 2- t - but oxy! oxycar bonyl am no- 6-(1-i m no- 2-f| uor oet hyl am no) 4, 4- di oxo- 4-
t hi ahexanoi c acid hydrobrom de (300 ) was di ssol ved in gl aci al acet ic acid
(4.5m ), anda)oolSelZ-( : gtnl] eysteined (45% w/' v, 1.5nm) was added.

" The '

S-(2-aminoethyl)cysteine hydrobromide (12.25g, SOmmol) was dissolved in warm
water (50 mi) and treated with basic copper carbonate (5.85g). The solution was
cooled, and filtered through Hyflo, and the residue was washed with water.

The blue solution of the copper protected cysteine derivative was stirred and cooled
to 10°C. The pH was adjusted to 10 to 11 by the addition of 2N sodium hydroxide
during which ethylacetimidate hydrochloridé (9.375g, 75mmol) was added
portionwise. The temperature was allowed to rise to room temperature and the
solution adjusted to a pH of 3 by the addition of 2N hydrochloric acid. The solution
was applied to a Dowex AG50WX8 column (lOOml bed volume), washed with
water, and eluted with 0.2N Ammonia solution. The ninhydrin positive fractions
were collected and the ammonia solution removed by evaporation in vacuo. The

remaining solution was adjusted to pH 4 by the addition of 2N Hydrochloric acid.

~ The solution was evaporated to dryness on a rotary evaporator to give 3g of S-[2-
(1-Iminoethylamino)ethyl]cysteine hydrochloride which was dried in a vacuum
dessicator. ' '

(®)

A solution of S-[2~(i-iminoethylaminb)ethyl]cysteine (3.25g, 10mmol) in 1M
perchloric acid (20ml) was treated with 30% hydrogen peroxide solution (6.8ml,
60mmol) and 0.5M ammonium molybdate (Iml). The temperature of the resulting



m xture was then stirred at roomtenperature for 2h. The volatile materials
were evapgha %139"}' n vacuo and the residue dissolved iin wat e? E?gymgéjtlon
was evapor at'e 0 dryness in vacuo, and this process repea e(f W ce nore

Et hanol was added to the residue and the mixture concentrated in vacua to _
an off-white foam The material could be further purified by dissolving in
a m ni nrum of warm et hanol WO 95/ 345

ECT / GB95/ 01378 r&&tﬁngvaarnWmﬁm‘ediht g@?@ bjewﬁfdﬁdgll_ﬁﬁng}/\/l'ltﬁle réddiioh miLtuyé %ﬁstﬁ'réﬂh' te
ygr oscopi ¢ sol as_t e ovm ng~C ounds were
prepared by andf %38% H’r‘?ﬂ RgHes: aEg FP&Ygl ? "‘%a n"AG°RE {acetate) fon
Mot . /[ err] C No.exghange column (50ml, 60mmol). The ammo acid ‘was eluted from the column

2- A no- 6- (1 | Wiftoaaeeahd\ ey @ivonk s WRbactatba H Mi'rinhyard RN el ABRANO! C

aci d di hydrobrom de ydrate prepare rom_resin and 2B.
NVR (D20) [ err pieid ag qilspdye ol WS Aregied withjethapok and mayorawdaa !(!EEQd)ThCS
2- Ami no- 6- ( 2- a¢esiduay oil tap ﬂﬁﬁidl&’hg)mﬂ@tﬂmﬂed%ﬁﬁﬁhﬂcolﬁnm Shrai

1§Clsthg

. di hydr obrom de pre e ro ar at fon

of 2- Am no- 6- (fpeﬁtéﬁ?{/ %ﬁ&éhﬁﬁ ﬁ%rﬁé%gﬁé%ﬂagﬁ%e%ﬁﬁw%
- 1. 67 hydrochl on;ﬂaoﬁo&ahmxdxznbrmdie
" t-Butyl - 6-(2-benzyl oxy-1-i mi noet hyl ani no) 2-t - but oxycar bonyl ani i no- 4, 4- di oxo
-4- thi ahexanoat e hydrobroni de (0.97g) (prepared by a method anal agous to
t hat descMsthol Bn Exanple 1A from Internediates A and 3B) was stirred in 4M
HCl / di oxane (12m ) at roomtenperature for 6 hours. The sol vent was
evapor at ed and _the . reS|duaI gumtrlturated, with dry ether (20m). A white
solid sl o@ﬂ)y f Sr<ERENZVIOXY QEIYSICYRNCBLDNIR ant ed of f and t he very (
hygroscopic solid washed W|th fresh ether and dried in vacuo-wi th warm ng
to

Liquid ammonia (6L) was stirred in the reactor and L-cystine (300g, 1.25mol) was
added carefully. The reaction mixture was stirred for 1 hour. Sodium (115g, Smol) -
was added a piece at a time over 2 hours. A grey solution was formed.
2-(benzyloxycarbonylamino)eth'ane phenyl sulphonate (836g, 2.5mol) was added
portionwise over 15 mins. The reaction mixture was stifred with ammonia under
reflux overnight. The ammonia was allowed to evaporate off by switching off the
circulation. The reaction was left overnight, then 9 litres of water was added, and
the reaction warmed to 40°C while stirring. The reaction mixture was cooled to
room temperature and filtered. The filtrate was neutralised with dilute sulphuric -
acid. A white/yellow solid was removed by filtration and dried in a vacuum oven at
80°C. 715g of the title compound was obtained. Mpt.= 220-221.5°C

- ®

‘Butyloxycarbonyl anhydride (24g, 0.11mol) was added in 3 portions over 12 hours
to a stirred and ice cooled suspension of finely ground S-(2-benzyloxycarbonylamino
ethyl)cysteine sulphate (39.5g, 0.1mol) in dioxane (400ml) and water (200mi)
adjusting the pH to 9.5 with the addition of approximately 200ml 1M sodium
- hydroxide. The dioXane was removed in vacuo and ethyl acetate added to the
aqueous solution. The aqueous layer was adjusted to pH 2.8 by the addition of
aqueous sulphuric acid and filtered. The filtrate was extracted with ethyl acetate.
The ethyl acetate extracts were combined, washed with water and brine, dried over
sodium sulphate and ﬁltered The solvent was evaporated in vacuo to gtve 42.95g of

the title compound. -



65[err]C. The follow ng conpound was prepared by an anal ogous net hod:

%arr}ol[ gr r m%%:,i\lane PCT/GB95/01378

2- Ami no- 6- ( 2- et hyl t hi o- 1-i m noet hyl ami no) - 4, 4- di oxo- 4- t hi ahexanoi ¢ acid
prepared from Internediates A and 5B Exanpl e 6 Preparation of

2- Ami no- 6- (2- hydr oxy- 1-i m noet hyl am no) - 31 4- di oxo- 4-t hi ahexanoic acid 1. 67
hydrochl ori de 0. 832thedsa) ) 6 B steine tert-butyl ester

PCT/ GB95/ 01378 1 ' ny,
(15m ) and water (5mM) was hydrogenat ed at room tenperature and at rmspherl C
pressure over S5%Apablutidhuosf o8+(2-herxyloxyEeborsd-amingethyB AN bulyivxycadony ) cysteinel 8

hours. The catal és% V\%M&; gyBHze ql hfgdh éyta{%m-ﬁh? little b gnzene

hydr ogenati on wa n repe usi ng cat or a urt
18 hours. The cadistiesk om r¢m¢\teelwdra§¢s oamlwsh& the ﬂbp tionagt Jeflpewas

solvents evapor ajglg d¥8§wrsﬁ%v&uzﬁ iR RNkl diért SUBA bodthlqBLog! v

of ethanol, resulti ng |

et hanol was renp$@mmolngh ﬂfécw%vlm%?%éon &%@3‘5@%#‘@6 f?#@%&i&l&sa’fmfﬂbm

tenperature. Yiefifthéf QhBhgeEwadg BbservedPbe piel AheOfeaction? mixtureo was (cboled to room
-i m noet hyI am n

S-[2-(1-1 mi noet h{W’p&Fﬁ"ﬂfﬁ) é&?‘ﬁ‘}f"‘]r’]t'hg‘%?grﬁé‘%é és%ﬁtr?% @%M%&S?r&s%amed out
Pyr/g;;)l;(rjovn\; flﬁ é;garﬂﬁtjnp dsganiolayervwashed wathl 1034 mcagr(axmmnq boner(2x18mt). The
1 Prered t hr ougradusPRE st et Fhdhed it Tresh ‘lferinike 1. YF 2036 366
solution of the 4csmhinedyrentraess cdriedy over MazfQq,v ireated With sharegaby ﬁ&ﬁ@"cé’!ﬂ ed

thg g }gg(le(fj;] C. Theewigoriied Rtriidseh §ive & PaleQad dil bPhe ddédickiaPRadpuriid 59 diashn
‘chromatograpy over SiO» using 65% cyclohexane-ethyl acetate as the eluant. 2.56g
of the title product was obtained as an almost colourless oil.

'(d) 2-(butyloxycarbonylamino)-6-(benzyloxycarbonylamino)-4,4-dioxo-4-thiahexanoi
acid tert-butyl ester | | -

To S-(Z-benzyloxycarbonylamino)-N-butyloxycarbonylcysteine tert-butyl ester
(454mg, 1.0mmol) in methanol (Sml) at 0°C was added dropwise a solution of
"Oxone" (925mg, 3.0mmol) in water (Sml) over 10 minutes. Throughout the
addition, an exotherm was observed and the temperature was kept below 2°C with
external ice cooling. The reaction mixture was stirred at 0°C for 4 hrs and then the
- allowed to warm to 15°C over 10 hrs. Due to the reaction mixture being very
viscous, additional aliquots of methanol (4nﬂj and water (2ml) were added to
facilitate stirring. A further portion of "Oxone" (308mg, 1.0mmol) in water (1.5ml)
was added and the mixture stirred for a further 14.hrs.' at room temperature. The
reaction mixture was then treated with ether (3x25ml) and the ethereal solution run
off from the solid residue each time. The combined ethereal extracts were dried over
Nay SOy, filtered and evaporated to dryness to give 0.428g of the title compound as
~ a colourless oil that rapidly solidified to a white solid. Mpt.=116-118°C.

(e) 2 buglo_:gycarbgnylanﬁnok6—amino-4,4-dioxo-4-thiahexanoic acid tert-butyl ester

To a solution of 2-(butyloxycarbpnylanﬁno)—&(benzyloxycarbonylamino)-4,4-dioxo-
4-thiahexanoic acid tert-butyl ester (200mg) in methanol (Sml) was added Pd/C
(50%) (Degussa type) (200mg) and the mixture hydrogenated at room temperature



- during which ethylacetimdate hydrochloride (9.375g, 75mml) was added
porti onwi §@ os gtenperature was allowed to rise to room t egRfiEsMizIsand

t he sol ution a Justed to a pH of 3 by the addition of 2N hydrochloric aC|d
The sol ution was applied to a Dowex AGGONK8 colum (100m bed vol une),
washed with water, and eluted wth 0.25 Amonia solution. The ninhydrin
positive fractlons were collected and e ammoni a_sol ution renoved by

evapor at i on i nuntiicn furthes ehangg rwasgobssrvad: obhenseactien umixawie twasprhen filjeredie
Aot oy evapOT A OE PAERE FiyA6lad (0 feile Whdhed Vit BudrRcabidl GRRE) TheD on
y ev i v |
nydrocht o | db. sameRed lidias i pYaoeraph i, APAES P ol 1B the tite compound "
2- Ani no- 6-.( 1- i 43 ancerhbiticatourieds-glasd- di oxo- 4-t hi ahexan0| c acid A solution of
S-[2-(1-imnoet hyl am no) et hyl Jcysteine (3.25g, |Ompl) in 1M perchloric

acid (20m) was treat ed W|th 30% hydrogen perOX|de sol utlgn (6 8nl, 60mmol)
A ey - de h dV\D

and O. 5M(®mm 2-(bu _ Acd-d b : ]
95/34534 . e ,et ,h dr c,ﬂon e ~ PCT/ GB95/ 01378 20

reacti-on was | y water cooling. The reaction m'xture was
stirred at 250C for 2 hours after which tinme it was put on an AG 1X8

]gacet ?L e) i fm wsf;amanwlzwmg«t ; oftl BiiNC)-6- ifﬂso«am-mtaxgm;mwwwdﬂ
rom e Col um e S e I at.e r

s oo eyl eiet Claoane) 4h pregpapol 1l Vas RHAE0 potigawish debmedipte 10

et hanol and r qe02mg). Afet snmngamwc foh 8 Orminutes,aghe vedction mpixwuxé s allywédjo was

puri 1 ed bY. 138k GOLUR SHAIBROMFNY SAbAGLAORA IR UG k) wl? "

el uant to vyiel I m no
4, 4- di oxo- 4- { Hreatedwith watee (21!11) \end rexeragtedayith ether (4x4ml) to remove the benzyl

S— 2-b | |
(2-benzy oxgggrggaay Phd W%@&mo &8 whidhedal#h el Waf R

stirred in th tor an

i

e WaSs

25no d (,) ful
The reaction iFombined %§“§FY4ﬂ°&ie4 &Y-*—‘f—‘iﬂégf‘°°]c8(5’(£‘¥ﬁr$% 9€‘ S‘%SI";{“%"‘[‘J“J Y

as a colourless glass.

(g

To a solution of 2-(buty10xycarbonyl_amjno)—6-(l-inﬁnoethylaﬁﬁno)—4,4—dioxo-4—
thiahexanoic acid_ t'ert-butyl ester hydrochioride (300mg) in dioxane (15ml) was
added 4N HCldioxane (10ml) and the mixture allowed to stand at room
temperature for 24 hrs. The reaction mixture was then eVapon_‘at_ed to dryness and
the semi-solid residue treated with water (2ml) and evaporated to give a colouless
glass. The crude-product was 'puriﬁed by flash chromatography on SiOz- using
CH3CN : CH3CO2H : H20 (5:2:2) as the eluant to give 172.5mg of the title
compound

(a) S-[2- Iminoethylamino) ethyl] cysteine

S-[2-(Iminoethylamino)ethyl] cysteme (3g, 0. 01 13 mol) was prepared accordmg to
the method described in Example 7, method A, step (a) above.



was added a piece at a tinme over 2 hours. A grey solution was forned.

2- (benzyl ogyssdaesy! am no) et hane phenyl sul phonate (836g, 2mﬁmm7added
portionw se over 15 mins. The reaction m xture was stirred with anmoni a
tnder reflux overnight. The ammonia was allowed to evaporate of f by
switching off the circulation. The reactipn was |eft overnight, then 9
litres of water was added and the reactron warned to 40[err]C whil e
stirring. Tib® reZd imineethylamino)-f-axotdsthiahexancioacid at ure and filtered.
.The filtrate was neutrallsed With dilute sul phurlc acid. A white/yellow

The TS Commeod s Ration ool el ByRsR gerb S wen if 2 ©f
S- (2- benzyl oxy cappdraghlorieacid (30rl) was Btifred )ahdxi}eaardamdy\kmtysﬂ%lmyﬂrogen peroxide
1y BT T 8, Aol A RO e O
S- (2- benzyl oxycamma niyé eesction vashjw\)myetbsl mmﬂemyaﬂm layer sf&oma!_ognmhw nlhe
di oxane (400m )y.%g%@rﬁﬂﬁm& %I but. d%#ﬁ@sﬁmﬁegﬂ}ght Qashed Wit @a&e‘?%né“éﬂﬁéd on

of approxi nat el roxide. Th oxane was renoyed

vacuo and et hyl wite0=1M amraeria 15@“%1% dha senhydap positive | awsdwé&éigeqt@y%ﬂd
}Naft ad] gst $ﬂ t]9 'P? sg{v%mbb!vatpbihlt&ﬂﬂlj[ ¥dc. ?ﬁe afu#e adwlvw&stpuriﬁeamydﬂa%nctolumnt
iltere e filtrate was extrac e ace e
extracts were coffEPRAEPST ¥H\§’&&M"E‘M gﬁdéb]f)l %et aﬂdp%vgtdkzd& ?At?
sul phate and fi |Aﬁﬁxﬁdﬁ-(ﬂilmmedhyhﬂﬁnobeésomﬁ&pmmmdmc|acmlacuo to give 42.95¢g
of the title conpound. WO 95/ 34534

PCT/ GB95/ 01378 21 (c)

S- (2- benzy| MeshodEonyl ani no) - N- but yl oxycar bonyl cyst ei ne tert- butyI ester A

~solution of S-(2-benzyl oxycarbonyl -am noet hyl)-Nbutyl oxycarbonyl cyst'ei ne
(3.98g, 10nmol) in drly benzene (15n1 d )

benzene di @)1 |

sol ution at reflydx- e@@ded dr OpWI se over 20 m nut es N N-d| met hyI for manm de
di-tert butyl acetai EQ 2g, 40mmol). The reaction mixture was then heated
under reflux for 30 mnutes until no

- To a solution of S-(2-benzyloxycarbonylanuno)-N-buty]oxycarbonylcysteme tert-

butyl ester (454mg, 1.0mmol), (prepared as described in Example 7, Method B,
steps (a) to (c)), in dichloromethylene (25nil) at -2°C was added m-
chloroperbenzoic acid (426mg @ 85% =2.10mmol). A slight exotherm was
observed , raising the temperature to +2°C. The reaction mixture was then stirred at
0°C for 1% hrs. After 1 hr the reaction was essentially complete. The reaction
mixture was then extracted with 5% KHCO3 (3x25ml) and the organic layer dried
over Na3SQy, filtered and evaporated to dryness to give a very pale tan oil. The
crude compound was purified by flash chromatography on SiOs usmg 1.25%
MeOH-EtOAcas the eluant to give 395 g of the tltle compound.

(b)  2-(butvloxycarbonylamino)-6-( ber_lglogcarbonylamino )—4,4—dioxo-4—thighexanoic
acid tert-butyl ester

The tide compound was prepared by an analagous m_et_h_od to that described in
Example 7, Method B, steps (e) to (g).

Example 9
Biological Activi :



further change was observed by tlc. The reaction mxture was cooled to room
tenperature, treated with water (15m) and stirred. The phases were

separ at edVOMB45H t he organic | ayer washed with 10% KHOO[ e?FT’G("Q?P’G?ﬁ) and
“brine (2x10m ). The aqueous phases were washed with fresh ether-benzene

(1:1) (2xI5m) and the 4conbi ned extracts dried over [err], treated with
charcoal, filtered and evaporated to dB¢ness to give a pale tan oil.. The

d t 65%
vl ohexanns Siifisn BE pliel niifd W@xﬁ@%% B TIBh bichaibd 3¢
obt ai ned hwnmb&()ﬁdl&@rﬁeepbdr(wm Biachemd32, 8517 -8517), iNOS (Sherman et al. (1993)
2- (butyl ogweﬁé:homl pmooq)m@s)( mémbsxmawpeylamw@a) Arch: Biget? Hloptiysahigxano

dt t-b ty
S (5 bonspE e émﬁ;@ SEheHcactiNity, i roarytosseh o e cpavespinm of £1Chkaayginise fe
( 454y, " lcifoolling s de‘scﬁlmdfhyr&dhnﬁdﬁrét)al A(1937) Bece. didedcat. SpiviliSA 88 5355-1369)&1 of

"xone" (9 t. ut .t he
addi tion, reé% exg@ﬁgr bgp‘lgb r ‘g'(')é ME%EFE%&}TJ% gﬁ%i%@b’? Sliete
with ext erm VA&PI'Eend DM Tﬁfc]‘bﬂcglm (39,000 cpm)vat 361G IThecresutlitstade shownt hr s
and then it hepRl{ gajew to warmto 15C-over 10 hrs. Due to the reaction
m xture being very viscous, additional aliquots of nethanol (4n1) and wat er
(2mM) were added to facilitate stirring. A further portion of "Oxone"
(308ny, IT4MMeP! thhibitiohE Purifidd Hiinan WOS débéagmmesd the nixture stirred for a
further 14 hrs. at roomtenperature. The reaction m xture was then treated
W t h et he+—{3x25Hr—ard—the—et-hereat—sobitton—un—off—fromthe solid
resi due eBedmple Neo. TheParfiddl Hantar EneymeK; QM) act s Sefecevitl foe iNOSas. dRGSOA,

filtered and evaporated to dryness to g| ve O. 4289 of the tit oRound as
a col our+e : 4t [relfiye tq LRV l18¢.

(e) 2- (but yI oxycar baNQSam noLeBIQESn no- 4, nNQSoxo 4 t| ahexan0| c aC| d
tert-butyl ester To a uti on of
2- (butyl oxyczlr bonyl am ?ﬁ?l) 6- (ben223l oxycar bo 8yI am no) -4, 4- &%&3(;

4-t hi ahexanoiZ acid teB®*butyl ester (200nd8 in net hanol 2Bi73] was added

Pd/ C (50% ([gegussa typq) (200nmg)o@nd the rggxture hydrogema[gﬂ at room

t enper atare_. .V 907 345324
pcq-}) GB95/"01%3Mg inhibition was strongly time dependant on iNOS; a Kq value of 0.1uM was

determined suggesting an iNOS vs eNOS selectmty of 790 [>2000-fold greater than
L NMMA]

" Inhibition of recombmant human xNOS was detemuned following expression in a

_ baculovirus/insect cell system (Cha.rles et al (1994) In: The Blology of Nitric Oxide 4,

~ Moncada S., Feelisch M., Busse R. and Higgs E.A., eds., Portland Press, London, pp 316-
320), assaying the insect cytosol for NO synthase ina tmcrotm'e plate assay based on the

~ spectrophotometric assay described prewously (Knowles et al (1990) Biochem. Blophys

“Res.Commun. 172, 1042-1048). The assay was conducted at 379C in reaction mixtures

containing HEPES (100mM), DTT (0.1mM), tetrahydrobiopterin (5uM), NADPH (100
M), haemoglobin (SuM), L-arginine (30pM) and inhibitor (0-300pM), measuring the:
absorbance change at 405-420nm, and determining the steady-state inhibition between 15
and 30 minutes incubation. The results are shown in Table 2 below.

The inhibition of eNOS and iNOS in situ in rat aortic rings was assessed by measuring the
?increases in ring tension caused by NO synthase inhibition._ For studies of basal tone
‘(reflecting eNOS), rings of thoracic aorta with intact endothelium were prepared as
"described previously (Rees et al. (1989) Br. J. Pharmacol. 96, 418-424) and cumulative



22 until no further change was observed. The reaction m xture was then
filtered t hgoug pad of Hyflo and the residue washed with Pcsnth gnol
(;2x2nm ). The co%glgsﬁ'ed filtrates were evaporated to dryness to gl ve%&%m\; of
the title conmpound as an al nost col ourl ess glass. (f)

2- (butyl oxycarbonyl am no) - 6- (1 -im noet hi/éam no) - 4, 4- di oxo- 4-t hi ahexanoi c
acid tert-butyl ester hydrochloride To ol ution of

2- ( but yl oxyeomcémrationrdures-obtaimedror thednldbicors indthee preseneedt thr@ﬁbld d‘oﬁéémrlaﬁér)"

Cooom) A eehegﬂgﬁﬁ‘%@?l%o? Q‘P)W?ﬁdgﬁ"%"%mﬂe oD BEATE fork Getficting.as
al | oned to INQS); ¢ qthﬁhnm-étmydccanugsewm@xpmd te LRS APt jegiml frodr.yrrgymsajﬁhehe
oi l'y resi duge@age bf Fﬁé@iap %xx&&@i ): gg@ £574 haa%td%gcﬁﬂey\;b ﬁh@fs fy @ﬁgéﬂ@é)sh

to renove ‘the, be e org xtracts_were
water (2m) mos ﬁo‘%‘ﬁ% &W&x%?sa g 133.534354 7). Pusng this timg|acpropEssive
gi ve 396ny.leds tofeond bb@mmwsd_am@scmh@ardnee%mha%ﬁs co(xganu,%n&wa%ﬁweré
ol ut i on oftPSh ORREPS §56/h8 FHAGT. TRRESSGHE e MR L IAYE ZHERGS - 4. 4- df oxo- 4-
t hi ahexanoi c acid tert-butyl ester hydrochl oride (300ng) in dioxane (15m)
was added oxane (10m) and e ure allowed to stgnd at r.oom
tenperaturleﬁ%amﬁ%gbhrs The reactlon&%‘;(m was t hen evaporasél ’cvlfyé‘?yness
and the senmi-solid residue treated with water (2m) and evapor atid0$g o gi ve
a col oul ess gl ass. The gk . oduct i fied f. h chronat ogr aphy
on Si2 using [err] [e#r\éc glrnr ' - 2. 9; ggﬁt&he el ﬁlg%js bg&gl ve 172.5ng of
the title 2y, ) QIEIE HING
1-i m noet hyl anijno) - 4- o>505.|41551 hexanq)|7q.0 I\/Et h051>

& ﬁslog%) no) et hy%c]0 cysteine

S-[2(1 mi noet hyl am no) ethyll cysteine S-[2-{1m ngeth
(3g, 0.0113 nol) was prepared according to the né8*rdehibiignr i bed i n Exanpl e |

7, method A, step (a) above. at 300uM)
' 2 3083(3) 33+13(3) >300(2) >10-fold
(26% inhibition
at 300uM)
3 >300(3) - - -
4 >300(3) - - -
5 9543(3) - - .
6 >300(3) - - .
7 14+0.6 (3) 1.5£0.3 (6) '101£21 (6) ~ 67-fold
8 - 2.740.2 (3) 300 (2) (42% >100 fold
_inhibition at
300uM

The NO synthase efficacy and selectivity data are mean + SEM from (n) experiments, or are
mean * SD if no brackets follows, from a single experiment. :

The inhibition of eNOS and INOS in vivo was assessed by the effects of inhibitors on blood
pressure in either normal (éNOS) or endotoxin shocked (iNOS) conscious mice. Female
CD-1 mice (25-35g) were anaesthetised briefly with isofluorane (2%). Cannula lines were
implanted in the femoral vein, tunnelled subcutaneously to exit at the top of the back and
connected to a swivel tether system for continuous monitoring of blood pressure and for
inhibitor administration respectively. Following recovery from surgery, animals with mean
blood pressures in the normal range (90-110 mm Hg) were used to obtain cumulative
concentration curves for inhibitors on blood pressure either without further treatment



WD 95/ 34534 PCT/G895/01378
23 (b) WoASI348346- ( 1- i mi noet hyl.ani no) - 4- oxo-'4- t hi ahexanoi pcakBYs/dY33®| Ut i on
of S-[2-(1m noethylamnno)ethyl]cysteine (3g, 0.0113 nol) in I MHydrochloric
acid (30nl) was stirred, and then treated with 30% Hydrogen peroxi de
solution (1.5m 11.6nmol). The reactionm xture was | eft overnight, after
which tinme the reaction was shown to be conplete by thin | ayer

chr omat ogf mormal nuse")rasch rer administratiomef linppolysacshariiesd Quiomegkgofil,PSifasthed
with watel aaglogs: %qgtrWetnBugy WIS icPind e dhosl ("siésacea'n&lwgfi difial i \46

fractions_were ecte he sol'vent ev rated-1n vacu e Ccru

b oduct WESaHRle s 5Hect 28 1PIGk BARAIER PYSRIPE gP DSt AT H0OREEa MoeRON o
(9:1) as shveked mivetExample 2hais ablény restor2-fulynthe bided (ptessure to the normal range.

-i m noet hyl am no) - 4- oxo- 4- th| ahexanoi c acid. Method B (a)

2- (but yl-oxycar bonyl am no) - 6- (benzyl oxycar bonyl ani no) - 4- oxo- 4- t hi ahexanoi c
acid tert Igupﬁkctegf &pxam a7 on|endotoninoinduced vascular leakage were assessed in rats as
S-(2- benz I er
(454 b!é arib) ﬁﬁﬁg%‘rﬂféﬂm dg g@wbh})glsng rJ?PK&%EaQSM'l FMF&@ }ﬁ%ﬁﬁkﬂp%“f 3&% dSs%E

to (c)) whtcuﬁre pdmigistered soacurently zzetéremi@om@éaere@um aggravation o

chl or oper ih%%ﬁbtbxﬂﬁinduéeﬂzﬁﬁﬁn@e&ﬁﬁ/ge- valitd msélect&eﬁhmsmrs eyeh RS ITINVIIA.

observed, . raising. the, t re,.to. tion xt ur e _was
Chon st rHOHeRE SpamPlecy (i 2Bplt the |NGS Rpbdatent' delesel PR feabpanzgh
essent i al ERsgofipingtkg. The reaction m xture was then extracted with 5% KHCC3
(3x25n) and the organic layer dried over Na2SO4, filtered and evapor at ed
to dryness to give a very pale tan oil. The crude conpound was purified by'
flash chromatography on Si Q2 using 1.25% MeOH Et OAcas the eluant to give
395g of the title compound. (b)-

2- (butyl oxycar bonl am no) - 6- benzyl oxycar bonyl am no) - 4. 4- di oxo- 4-t hi ahexanoi c
acid tert-butyl ester The title conpound was prepared by an anal agous

met hod to that described in Exanple 7, Method B, steps (e) to (Q).




Exanpl e 9 Biological Activity WD 95/34534
PCT/ GB95/ 0 The i nhi biti on. qf=peFcT
SR s

det erm ned ng preparation o

Bi ochem —32,—8512-8517), T NOS ( She 28 :

11600- 1160| “m ﬁ'i ey ey ar- 2%3) Arch. Bi och. Bi ophys., in
press) as 3 mﬁr Elgﬂ“[activi ty was nitored by the conversion of

[ 14C] - L- args nide LtOMCl rutline as descOUAMSY Schmidt et al. ((1991) Proc.
Natl. Acad. Sci. USA 88 365-369):in reaction mxtures (100[err]l)

contai ni ng- 50mM HEPES pH 7.0, 8[err]M tetrahydrobiopterin, 1nmM NADPH and

0.5[err] M J[lerr] Acamgomdweftbeﬂule@ cpm) at 30[err]C. The results are shown
in Table | below. Table 1: Inhibition of Purified Human NOS | soenzynes

Exanpl e No Purified HurrawEnzyrre Ki (pM Selectivity for i NOS vs.
eNOS [rel ative to LNVMMA] i NOS (!ZJ'I) ")(CHz) nNcgsl 1.9

23 _ 2.6 2,,7\ - LH 79

18 27 [73] BN 10 D 6

11 [30] * This inhibition was sﬁrongly tigre depeNHIgnt on i NOCS; a Kd val ue
. of 0.1pM was determ ned suggesting an i NOS vs eNCS selectivity of 790

[ >2000-fol d greart/lmfemhan L- NMVA] | nhibition of reconbinant human i NOS. was
determ ned foll ow ng expression in a bacul ovirus/insect cell system
(Charles et al

Feelisch M, &119‘952 5:1215 Fﬁ%gﬁzf &(ag&@a];hyllnt o Ig?(?lllfpdleﬂrégiﬁmﬁﬂgﬁ%ﬂ"sp’ ﬁpcé‘%

320), assayi ng tallemyh gRsip, ayCHgOycldaliyl by ot ha@@_@yclaalhyleqmalhyf grqmlpatemch

ot al (1990 B Zoeﬁen@‘”%%b%ﬁﬁiéf R e 3R /0Dt pl it spieied i W6

conducted at 37GCN;rNOzpatgroup fﬁ'QRE weherein R2'is hydrogen, Cl-6 alkyl, -OR-’ ﬁ/erem R3
is hydrogen or Cj.¢ alkyl, or NR4R35 wherein R4 and RS are independently selected
from hydrogen or Cj.g alkyl; a group -S(0)mRE wherein m is 0, 1 or 2, RS is
hydrogen, Cj.¢ alkyl, hydroxy or NR7R8 wherein R7 and R8 are independently
hydrogen or C1._g alkyl; a group P0(0R9)2 wherein R? is hydrogen or Ci-6 alkyl; a
group NRI1OR1! wherein R10 and R11 are independently selected from hydrogen,
Cy.6 alkyl, -COR12 wherein R12 is hydrogen or Cy.¢ alkyl, or -S(O)yR13
wherein m' is 0, 1 or 2 and R13 is hydrogen or C}.¢ alkyl; or a group -OR14
wherein R14 is hydrogen, Cj.g alkyl optionally substituted by one to three halo
atoms, Cg.10 aryl or -COR!5 wherein R13 is hydrogen or C.g alkyl;

pis2or3,qislor2andnisOorl |
and all salts, esters, amides and physiologically acceptable prodrugs thereof.

2. A compound of formula (I) according to Claim 1 wherein Rl is a Cj_4 alkyl group
ora Cy-4 alkenyl or alkynyl group, optionally substituted by one to three groups
independently selected from -CN; a group -COR2 wherein R2 is as hereinbefore
defined, a group -S(O)mR6 wherein m and RS are as hereinbefore defined; a group
NRIOR!! wherein R10 and R1! are as hereinbefore defined; halo; or a group
-OR14 wherein Rl.4 is as hereinbefore defined and all salts, esters, amides and

physiologically acceptable prodrugs thereof.

3. A compound of formula (I) according to claun 1 or 2 wherein the compound is
selected from
Sheet lillai |l|3eein|lie[iliced
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4, A compound of formula (IB)
R'

PN ,<CHZ),,\(",<CH,) Yco H

HN
H

O _
and salts, and pharmaceutically acceptable esters and amides thereof in which Rlisa
'Cj.6 straight or branched chain alkyl group, a Cj.galkenyl group, a C;_g alkynyl
~group, a C3_gcycloalkyl group or a C3_6cycloalkle1-6alkyl group; pis2or3,qis
lor2andnisOor 1.

5. A compound of formula (IC)

/(CHz) SN G /(Cﬂz) CO, H '
NN \( (IC)
0 NH,

wherein nis O or 1; pis 2 or 3; qis | or2;Rlisa Cj.5 straight or branched chain
alkyl group, a C2.5 alkenyl group, a C2.5 alkynyl group, a C3.6 cycloalkyl group or
a C3.5 cycloalkyl C1_6 alkyl group each substituted by one to three groups
mdependently selected from: -CN; -NO»; a group -COR2 wherein R2 is hydrogen,
'Cy-6 alkyl, -OR3 wherein R3 is ‘hydrogen or Cj.6 alkyl, or NR4R> wherein R4 and
RJ are independently selected from hydrogen or Ci6 allcyl a group -S(O)mR5.
~ whereinmis 0, 1 or 2, RO s hydrogen, C1.g alkyl, hydroxy or NR7R8 wherein R7
and R8 are mdependently hydrogen or C}_6 alkyl; a group P0(0R9)2 wherein R9 is
hydrogen or Cy.4 alkvi; a group NR10R11 wherein R10 and R11 are mdependently
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8. A pharmaceutical formulation comprising a compound of formula (I) and all salts,
_esters, amides and physiologically acceptable prodrugs thereof, together with one or
more pharmaceutically acceptable garn’ers therefor and optionally one or more other
therapeutic ingredients. '

9. A process for the preparation of a compound of formula (I) as defined in claim 1 and
all salts, esters, amides and physiologically acceptable prodrugs thereof which

comprises:

(a) by the oxidation of a compound of the formula (II):

R' . |
CO.E
}m)\N,(ag)p\S,(cm)q\r S
NH, _—
wherein R1, p and q are as hereinbefore defined; This Sheet Has Been R

I

(b)  the deprotection of a compound of formula (V)

R o,
HN)\N/ (CH;),,\S/(CHz)q\rCOzQ L))
H i .
0 NHQ'

- wherein R}, n, p and q are as hereinbefore defined, Q is hydrogen or a
‘carboxyl protecting group and Q' is a protecting group, optionally followed
by conversion into another compound of formula (T).



ED50 of | nyg REPLACENENT SHEET 27 1. A compound of fornula (1) :
Rlerr] w095,34534 m ﬂfm “ erein R is methyl or b—p@bgg;ﬁt:,lyyl or a
salt, ester, amde l l' I"l"(u m"ry accept abl e prodrug tﬁereof A

corrpound of formula (I) aéco?’dl‘hg o daim-i ein_t he the corrpound IS'

sel ected from 2- Am no- (1-|mnoethyI§61no) 4, ' = anoi ¢ acid;
and 2- Am no- 6- (1-i m no- 2-f [ uor oet hyl ani no) - 4, 4' I C %Héﬁ@eamo']c acid or
a salt, ester, am-de or physiologically accept &= ﬁ- f. 3.

The corrpowﬂd 2Aﬁ\'?ﬂt9x9ne@1&é ofmgﬂt(lvﬁ)am no) - 4,-4- di oxo- 4 thr A el ¢ aci d.
4. The corrpound R

(‘R) - 2- Ami no- 6- ( 1-i mi noet hyl agii no) - 4, 4- di oxo- 4-t hi ahexanoi ¢ aci d. 5. A

conpound of formula (1) AN $I@Ed H(Y”Hﬁ/ of claims 1 to 4 or a salt,

ester, amde or physiol ogi caIIy accept abl e pr odr ug thereof for use in

medi ci ne. 6. whereio REds as heretnbrfiooe defimed, aod Ri%ais (T ).s catkd edri phredyliCy gaiigyl of
claims 1 to 4 Qhh theSitbliso fRat-€r. am de or physiologically acceptable prodrug
thereof in the manufacture of a_medjcanent for the treatnent of a condition

where there is@n oesamagend af fosmuls (MIRYismot AiZdishiprrshigprspianimisiic, fbengyl
arginine by the actdspsp: &id NO synthase. 7. - A pharnmaceutical formulation

conprising a c of f acc rdin ny of claims 1 to 4 or a
“salt, ester, U@p' gﬁ 6‘15?]@% loprop e%’t‘%(%?ée’ﬂfodrug t her eof , toget her
with one or nore phar maceutical ly acceptable carriers therefor and
optionallpf Ones QrodRE Yot HrepAlEhiaR OF lanCinteAAEAR K formula (VIT) as defined in
“Claim 10 which compﬁlses' the reaction of a compound of formula (XIIT) - (
A, e
HN S
thh a reagent of formula R16L', wherein R16 is as hereinbefore defined and L' is a
suitable leaving group. '

12.  Anintermediate of formula (VD

0),
/(CHz)p\’ /(CH,) YC02Q' o
_ (VD)
O NHQ' |
or a protected derivative thereof, wherein n, p, q, Q and Q' are as hereinbefore
defined.

H,N

14, A method for the treatment of 2 condition where there is an advantage in inhibiting
" NO production from L-arginine by the action of NO synthase comprising
administering to a mammal in need thereof a pharmaceutically effective amount of a
compound of formula (I) as defined in claim 1 and all salts," esters, amides and
physiologically acceptable prodrugs thereof.
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28 8. W preparation.of a corrpounﬂgg rrrul a (1
defdi-ned of to 4 or—a salt, ester, amde or ' N'i' SHEEJ‘
accept amg,ﬂ of which conprises: (a). oxi dati on of a conmpoun
of the for mnﬁ r] [err] [err] wherein R is as. here| nbefore
defined; or (b) " the eprotection of a conpound of fo qy v% [err]--.
wherein R, is as hereinbefore defined, I s hydrogen “5“@& e-x“yluunn.r |
protecting group and Q is a protecting oup, option I

conversion into another conpound of forrmula (I). 9. ' qt'gr’m&’%..o
formula (VI) O [err] or a protected derivative thereof, wherein
are as hedei nbéf eampoyed ehfepmula D \wo 95/ 34534

PCT/ GB95/ 01378 29 seLkcted from hydrogen, Cerr] alkyl, -CORlerr] wherein
Rlerr] is hydrogen Cerr] al ky ar [err] einm is 0, 1 or 2 and
Rlerr] is hydrogen QL 9(€Hz3’i‘k .',#' dﬁﬁ’oup -(0?14 wherein R14 is
hydrogen, C 1-6 HMyI tionally ubstltut d by one to three hal o atons,
Cerr] aryl or -COR[er wherein err] isNﬂidrogen or Cl1-6 al kyl; and all
salts, esters, am des and physiol d@i cal |y acceptabl e prodrugs thereof. 6.
A conpound of fmeRM R i§ et P offldréiRéingin claim 1l and all salts, esters,

am des and physi ol ogi cal | y accept abl e rodru&s thereof for use in nedicine.
or a salt, ester, amide or physiologically acceptable prodrug thereof.

A compound of formula (I) according to Claim 1 wherein the compound is selected from

¥

2-Amino-6-(1-iminoethylamino)-4,4-dioxo-4-thiahexanoic acid; and
2-Amino-6-(1-imino-2-fluoroethylamino)-4,4-dioxo-4-thiahexanoic acid

or a salt, ester, amide or physiologically acceptable prodrug thereof.
- 3. The compound 2-Amino-6-(1-iminoethylamino)-4,4-dioxo-4-thiahexanoic acid.
4, The compound (R)-2-Amino-6-(1-iminoethylamino)-4,4-dioxo-4-thiahexanoic acid.

5. A compound of formula (I) as defined in any of claims 1 to 4 or a salt, ester, amide or

physiologically acceptable prodrug thereof for use in medicine.

6. The use of a compound of formula (I) as defined in any of claims 1 to 4 or a salt, ester, amide
or physiologically acceptable prodrug thereof in the manufacture of a medicament for the
treatment of a condition where there is an advantage in inhibiting nitric oxide production from
arginine by the action of NO synthase.

7. A pharmaceutical formulation comprising a compound of formula (I) according to any of
claims 1 to 4 or a salt, ester, amide or physiologically acceptable prodrug thereof, together
with one or more pharmaceutically acceptable carriers therefor and optionally one or more

other therapeutic ingredients.



7. _The use of a conpound nf formula,(l) as defined in claim1 and all

I ts,” esters am des and SI ol ogi cal |l y accept abl _ in
the manuf act u Iﬂ "l:’ t for the treatment opeCEdn Eﬂgﬁ\ﬁgﬁ"fET
P OREGH; 1aQ4 . ipy )

there is an a

by the action of syn hase.” 8. A phar maceutic i si ng
a conpound of fornula (I) and aII salts, esters, an| @g{é;.__ :%QQSI ogijcal l'y
accept abl e prodrugs thereof, together with one or y
accept abl ¢ CafA'p?crcésstf&%@bﬂbarawﬂ d?ﬁtcbﬂﬂalnh)bf(ﬁdmmwa)nasr&ﬂﬁdhem RTamE ttbc

9

i ngredients. 9. A process for the arati a_co of fornu

(1) as definedtpha qutaFﬁﬁ?fla%‘ﬁEi°‘él’l}ys‘§'<'§’gg§lﬁpi‘-?§?p&b p“& @ggeregﬁgﬂgﬂygwgmgﬁ. cally
accept abl e pro@y UgSoliligibs of a Whthsdand 6MAE ifsASla (dqu) by the oxidation of a
conpound of the formula (I1): err] [err] NH2 wherein Rerr], p and q are

as herei nbefore definegl (b) t he deprot ection of a conpound of fornula

(V) (On [err] V\/nerelgs[err n, \rzrﬁg: I_i’]el’el nbefore defined, Qis

hydrogen or a car b?ﬁ)% r ol 12s a pr et | ng group,
optionally foll owe ﬂver si on i to anot er conpound of formula (I).
WD 95/ 34534 : PCT/ GB95/ 01378 10.
An internediate of formula (VI1') wherein R[err] is as hereinbefore
defined, and Rlerr] is Clerr] alkyl or phenyl([err]alkyl wth the proviso

that: (a) t heh GAAROYNLL lﬁ:%u{bgfom"aéﬁné&/ lok' ) is not

2, 2-di chl or ot hi opropt oni m benzyl "ester; and

(b) the deprotection of a compound of formula (V)

R! o)
iy G 08

0 NHQ'

wherein R, is as hereinbefore defined, Q is hydrogen or a carboxyl protecting group and Q°

is a protecting group, optionally followed by conversion into another compound of formula

.

9. An intermediate of formula (VI)

O NHQ'

HN

or a protected derivative thereof, wherein Q and Q’ are as hereinbefore defined.
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A compound of formula (I), wherein R! is a Cy¢ straight or branched chain alkyl group, a CMkenyl group, a C2.salkynyl group, 2

Cia.scycloalkyl group or a Ca.scycloalkyl Ci.salkyl group, each optionally substituted by one to three groups independently selected from:
-CN; -NO; a group -COR? wherein R? is hydrogen, Ci.calkyl, -OR® wherein R is hydrogen or Ci.satkyl, or NR4R?, wherein R4 and R’
are independently selected from hydrogen or Ci.salkyl; a group -S(O)mRS, wherein m is O, 1 or 2, RS is hydrogen, Ci.6 alkyl, hydroxy or
NRR8, wherein R? and R® are independently hydrogen or Ci6 alkyl; a group PO(OR9)1. wherein R? is hydrogen or C1.s alkyk; a group
NRIOR!!, wherein R0 and R!! are independently selected from hydrogen, C1.s alkyl, -COR!2, wherein R12 is hydrogen or Cj.salkyl, or

| -S(O)’ R'3 wherein m’ is 0, 1 or 2 and R' is hydrogen or Cy.¢alkyl; halo; or a group -OR!4, wherein R is hydrogen, C1.6 alkyl optionally
‘substituted by one to three halo atoms, Ce-10 ary! or -COR!S wherein R!5 is hydrogen or C1s alkyl; pis2or3,qisl1or2andnisOor1

and all salts, esters, amides and physiologically acceptable prodrugs thereof; pharmaceutical uses and formulations therefor; and processes
for their preparation are disclosed.




