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BACKGROUND

Neurophyseal hormones

The neurophyseal hormones oxytocin (OT) and vasopressin (VP) are cyclic nonapeptides

secreted by the posterior pituitary gland. The structure of oxytocin is shown below.
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Oxytocin — cyclo"8-Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly-NH,

Vasopressin differs from oxytocin in that it has phenylalanine at position 3 in place of
isoleucine and arginine at position 8 in place of leucine. Both hormones are synthesised
in vivo as larger precursors, neurophysins, which are subject to post-translational
processing to release the mature peptides. OT and VP act through a family of

heptahelical receptors.
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expression. Qther organs al so express Ol receptors, and it is clear that Or
has a range of physiological roles that have not been fully el aborated
yet. In particular, it has been suggested that OT acting in the CNS is
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However nature of these conpounds neans that they are not
likely uosazserequurwm luabtoetwarf erdersopfamagitidegaieatarowbicbds censislentewttn @ i nt o
t he CNSC?HQﬂgg (ﬁgghgft drugs that can be given orally and to be able to
exploit "The central ects of OT, attention has increasingly turned to
non-peptides. As a result, there are many publications descri bing

non- pepti de OT antagonists in early-stage devel opnent. So far, however,
there have been no reports of non-peptide OT agonists. This is not
unexpected, as it is generally held that it is easier to find a receptor
ant agoni st than an agonist. So there remains a need for non-peptide OT
recept or agoni sts. Such conpounds should preferably be selective for the
Ol receptor over the VP receptors. They could be expected to show

t her apetﬁ M alddniss LRy nRLeoand femal e sexual dysfunction, particularly
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agonists and anfagonists. OT and its agonists are used, for example, to accelerate
labour and to increase uterine muscle tone to control post-partum bleeding, and one
antagonist, atosiban, has recently been registered as a treatment for pre-term labour.
However, the peptidic nature of these compounds means that they are not likely to be
bioavailable after oral dosing or to cross efficiently into the CNS. In order to get drugs
that can be given orally and to be able to exploit the central effects of OT, attention has
increasingly turned to non-peptides. As a result, there are many publications describing
non-peptide OT antagonists in early-stage development. So far, however, there have
been no reports of non-peptide OT agonists. This is not unexpected, as it is generally

held that it is easier to find a receptor antagdnist than an agonist.

So there remains a need for non-peptide OT receptor agonists. Such compounds should
preferably be selective for the OT receptor over the VP receptors. They could be
expected to show therapeutic utility in male and female sexual dysfunction, particularly
male erectile dysfunction, in promoting labour, in controlling post-partum bleeding, in

increasing milk let-down as well as a number of other indications.
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We describe herein a series of potent and specific OT receptor agonists. In a first
aspect, the present invention comprises novel compounds according to general formula

1, and pharmaceutically acceptable salts thereof.
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G' is a group according to general formula 2, 3, 4,5, 6 or 7.
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Al is CH,, CH(OH), NH, N-alkyl, O or S; A% is CH,, CH(OH), C(=0) or NH; A% is S, NH,
N—alkyl, ~-CH=CH- or —-CH=N—; A* and A® are each CH or N; A’ is CH,, NH, N-alkyl or O;
A7 and A" are C or N: A? and A® are CH, N, NH, N(CH2)qR” or S; A® is -CH=CH-, CH, N,
NH, N=(CH,)¢~R” or S: A" and A™ are N or C and A", A" and A™ are NH, N-CH,, S, N
or CH, provided that not more than one of A%, A’ and A" is NH, N—(CH,)q—R" or S; that A’
and A" are not both simultaneously N: that neither A” nor A'" is N if one of A%, A® and A"
is NH, N=(CHo)¢~R” or S; that if A'® is -CH=CH- then A% is N, A® is CH and both A” and
A™ are C: that if A' is not -CH=CH- then one of A%, A® and A" is NH, N-(CH2)s~R” or S

3



A is CH2, CH(OH), NH Nalkyl, 0or S5 A2 is CH2, CH(OH), C(=O or NH A3
is S NH Nalkyl, -CH=CH or -CH=N; A4 and A5 are each CHor N, A6 is
CH2, NH, WoaBkw3ior 0; A7 and All are C or N, A8 and A9 &C&/GId2/05§93 NH,
N(CH2)dR7 or S; A0 is -CH=CH, CH, N, NH, N (CH2)d-R7 or S; Al2 and A13
are N or C and Al4, Al15 and Al6 are NH, NNCH3, S, N or CH, provided that
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Ala A15 and A16 is NHL NCH3 or S then Al2 and Al13 are both C and that
one of éﬁ\ﬂs oAknnd Al6 is NH, NCH3 or S or one of Al2 and Al3 is N X1
is 0 or R1, R2 and R3 are each H, alkyl, O-alkyl, F, d or Br. RA is H,
al kyl, optionally substituted phenyl, pyrldyl thienyl or fury[, or is

-(CH2) e gV d Rb ea’d%h bng qfutqrapby aI kyl, Ar or -(CH2)f-Ar, where
Ar is optiona??IR sthlq:tlut ed pheﬁ@l or thienyl. R? and R8 are each

i ndependently H, aI kyI optionally substituted phenyl, pyridyl, thienyl or
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pharnac i'cal ‘conposSitions novel c unds, |ch co os”¥ions
ar e usefsubstitotedtphenylrogdhiiemyht of , inter alia, male erectile dysfunction. In
further aspects, the present invention conprises the use of such
conpositions in therapy and therapeutic nethods using the conpositions.
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I nventi Oor} UI'C})'W 'cﬁ—?,s qkﬁl S- a‘ﬁ( 17')6 agﬁr Rﬂn%ﬁ Ii%;]q\l(éh&ﬁz NH-acyl, N(alkyl)-acyl,

CO,H, CO,—-alkyl, CONH,, CONH-alkyl, CON(alkyl),, CN or CFs.

aistor2, bis1,2o0r3,cisfor2,dis1,20r3;eis1,2or3andfis1, 2 or 3.

In a second aspect, the present invention comprises pharmaceutical compositions of
these novel compounds, which compositions are useful for the treatment of, inter alia,
male erectile dysfunction. In further aspects, the present invention comprises the use of
such compositions in therapy and therapeutic methods using the compositions.

DETAILED DESCRIPTION OF THE INVENTION

In a first aspect, the present invention comprises novel benzyl carbamates and ureas

according to general formula 1.



according to general fornmula 1. 4 WD 03/016316 PCT/ @GB02/03593 Gl R3 2 OR
1(CH2)a X N, '"NR- Y (CH2)b O 1In this general fornula the substituents
R1, R2 amsiOR3/0ai3e6 i ndependent |y sel ected from hydrogen (FCT/GHoRgB59gr oups,
al koxy (0-al kyl) groups, and the hal ogens fluorine (F), chlorine (C) and
bromne (Br). Preferably, at least one of R, R2 and R3 is H and at | east
one is not H Mre preferaply, one of Rl, R2 and R3 is an al kyl group or a
hal ogen and the others aBGe HRMost preferably, R is nethyl or O and R2
and R3 are both H The |inpking|gro X1 is selected fromoxygen (0) and
unsubstituted nitrogend < : E{Iabl Y, (G\HZ)QIH. The integer a may be |
or 2, and the integer b may 2 or, 3. refﬂl;algty aislandb is 2
such that this ring is a pipstaziwe. Xne §uent R4 is selected fromH,
al kyl groups, optionally substjtuted phenyl *"pyradyl, thienyl, furyl,
pyrrolyl, pyrazolyl, imdazolyg' oxazoly), isoxazolyl, thiazolyl and

i sothiazolyl groups, a group-(CO-0O(CH2)eR8 where e is 1, 2, 3 or 4, a
group -(CH2)eR8, where e is 1, 2, 31or 4, -CH2-CH=CH CH2-R8,
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groups. Suitable
The linking group X' is selected from oxygen (O) and unsubstituted nitrogen (NH).

Preferably, X' is NH.

The integer a may be 1 or 2, and the integer b may be 1, 2 or 3. Preferably ais 1 and b

is 2 such that this ring is a piperazine.

The substituent R* is selected from H, alkyl groups, optionally substituted phenyl, pyridyl,
thienyl, furyl, pyrrolyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl and isothiazolyl
groups, a group-(CO)-0O—(CH,).R?® where e is 1, 2, 3 or 4, a group —(CH,)R®, where e is
1, 2, 3 or 4, -CHp-CH=CH-CH,-R?, -CH,-C=C-CH,-R®, ~(CH,)¢-CH(OH)-(CH),-R®, where

g and h are independently 1 or 2,

~-(CH)-O-(CH,)-R® where i and j are independently 1 or 2,and CHZ-—A—R8

R® is selected from H, F, CF3, alkyl groups, O-alkyl groups, S-alkyl groups, O-acyl groups,
hydroxyalkyl groups, amino groups such as NH,, NH-alkyl, N(alkyl),, 1-pyrrolidinyl, 1-
piperidinyl and 4-morpholinyl, NH-acyl, N(alkyl)-acyl, CO,H, CO-alkyl, CONH;, CONH-
alkyl, CON(alkyl);, CN and optionally substituted phenyl, pyridyl, thienyl, furyl, pyrrolyl,
pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl and isothiazolyl groups.  Suitable
optional substituents for the phenyl, pyridyl, thienyl, furyl, pyrrolyl, pyrazolyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl and isothiazolyl groups in R* and R?® include F, Cl, Br, CF,,



optional substituents for the phenyl, pyridyl, thienyl, furyl, pyrrolyl,
pyrazolyl, imdazolyl, oxazolyl, isoxazolyl, thiazolyl and isothiazolyl
groups i wBd3an31e8 i nclude F, C, Br, CF3, 5 WO 03/0163P6TREBN2GEO2/ 03593
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general formulae 6 and 7,
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In general formula 2, R® and R® are independently selected from alkyl, Ar and —(CHaz)Ar,
where f is 1, 2 or 3 and Ar is selected from thienyl and optionally substituted phenyl.
Suitable substituents for the phenyl group are alkyl groups, OH, alkoxy groups, halogens,
NH,, NH-alkyl and N(alkyl),. The phenyl group may be substituted with up to three such

substituents which may be the same or different.

In general formula 3, Al is selected from CH,, CH(OH), NH, N-alkyl, O and S. A? is
selected from CH,, CH(OH), C(=0) and NH, and c is 1 or 2, preferably 2. It is preferred
that when A2 is NH then A is CH,. It is also preferred that when A? is C(=0) then A’ is
NH or N-alkyl.



where f is 1, 2 or 3 and Ar is selected fromthienyl and option
substituted phenyl. Suitable substituents for theyphenyl groﬁpalalrg al kyl
groups, GWpoalksxy groups, hal ogens, NH2, NH-al kyl and NeairkgBopA3ssThe
phenyl group may be substituted with up to three such substituents which
may be the sane or different. In general fornula 3, A is selected from
CH2, CH(OH), NH, N-alkyl, 0 and S. A2 is selected from CH C(=0
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N(alkyl)- acy? Coﬁ Soz-alﬁ?%ﬁﬂz, CONH-alkyl, CON(alkyl),, CN and NO,. The
phenyl group may have up to three such substituents which may be the same or different.

The ring constituted by A7, A, A°, A’ and A'! is aromatic, and accordingly the groups
must satisfy certain requirements. When A’ is ~-CH=CH- the ring is a six-membered
ring. As such, it can only comprise atoms of the type —-C(R)= and -N=. Hence A’ and
A" must both be C and A® and A must be either CH or N.  We have found that suitable
activity is only obtained when A®is N and A’ is CH.  When A" is not -CH=CH- then the
ring is a five-membered ring. In this case one, and only one, of the atoms in the ring
must be S or a trigonal nitrogen. In this context, a “trigonal nitrogen” is a nitrogen atom
linked covalently to three different atoms. Two of these atoms are the immediate
neighbours to the nitrogen atom in the five-membered ring. The third is a hydrogen,
carbon or other atom linked to the five-membered ring. Thus it follows that, when A is
not —CH=CH— then one (and only one) of A7, A%, A°, A" and A" must be S or a trigonal
nitrogen. Hence the selection of A, A®, A’ A" and A" is subject to the following
restrictions.

1) I A™is not -CH=CH- then one of A’, A° and A™® is NH, N—(CH,)¢—R" or S or one of

ATand A" is N.
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formulae 5 and 7, Al e l,ected f d and
A6 aree3elREedio PG NSCRAnECMN AP ey o3 &f donfie

colnst | tfllemambareantid @Fd féovﬁrer@i’mst &d mnmgamlndnl;smn’eh@r er trigonalbritrogen. and
only one, S or trigon Qltgog t 3, Al4,
AL5 andHgngs the S§'861j‘%rb% Ao A 86\_‘? fg % 8@?1?‘5%. onsﬁ&%%&ﬁ%&&pﬁ%\l a Al5 and
AL6 is NH HrEEBaTrAB pH AOﬂi%Nlil b@d@-lpcmds &dénd of A2 an@ A'NetN.nor e t han one of

Ala Al5 ‘and Al6 is NH NCH3 or S. 3) Al2 and Al3 may not both
si mul tah)eou@btymbr@thﬁnnwe PFAGRA " @nd A is NRLNHride A% is NH, N-CH3 or S then

Al2 and f‘l dQ\Oi H\ag;not both simultaneously be N.
4)  If one of A™, A and A" is NH, N-CHs or S then A™ and A" are both C

As used herein, the term “alkyl” is intended to designate lower alkyl groups, i.e. saturated
hydrocarbon groups of between one and six carbon atoms, including linear, branched
and cyclic alkyl groups. Examples of “alkyl” include, but are not limited to: C; - methyl,
C, - ethyl, Cs - propyl, isopropyl, cyclopropyl, Cs - n-butyl, sec-butyl, isobutyl, tert-butyl,
cyclobutyl, cyclopropylmethyl, methylcyclopropyl, Cs =— n-pentyl, neopentyl,
cyclopropylethyl, dimethylcyclopropyl, and Cs — n-hexyl, cyclohexyl, bicyclo[3.1.0]hexyl.

The term “alkenyl” denotes a lower alkenyl group, i.e. a mono-unsaturated hydrocarbon
group of between two and six carbon atoms, including linear, branched and cyclic alkenyl
groups. Examples of “alkenyl” include, but are not limited to: C, - vinyl, C; - allyl, 1-
methylvinyl, 1-propenyl, C4 — but-3-enyl, but-2-enyl, methallyl.

The term “alkynyl” denotes a lower alkynyl group, i.e. an unsaturated hydrocarbon group
of between two and six carbon atoms which includes a carbon-carbon triple bond,
including linear, branched and cyclic alkynyl groups. Examples of “alkynyl” include, but

are not limited to: C, - ethynyl, Cs - propargyl, 1-propynyl.



As used herein, the term"alkyl" is intended to designate |ower alkyl
groups, i.e. saturated hydrocarbon groups of between one and six carbon
at ons, | rwbwdiongg1é i near, branched and cyclic al kyl group®CTE®RRP8®3 of
“al kyl" include, but are not limted to: C1 - nmethyl, C2 - ethyl, C3 -
propyl, isopropyl, cyclopropyl C4 - n-butyl, sec- butyI isobutyl

tert- butyl cIobut , C clopro | met hyl rreth
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n- hexyl Wg}d&@ﬁﬁéms %&Y&dléﬂe@l By QIdreY groupSh®H)er m géhd&@lny&bf madentiaas a

| ower a keny group, i.e. nono- unsat ur at ed h dro E'” @8 et ween
Y

two andons Btydé%%éfpué’t‘%‘ﬂ@e ’fiﬁ?@h%?%aw padsylar g7 F\'?:ﬁ‘ Oé?‘fégnyl
gr OUps @Fanpt%m&&s oalhb@rrwawn @%dﬂé%clb@% Kt @ré1abt Frhitdd ©d hydroxy@ethylvi ny!

h -
o hall (oCHTe Harimaei rEHIaaB: Bvirasir LGSRy begvfres iy
unsat ur H ARG R h@ﬂy&bgu@-peﬁfyn bgcm@n(@mr%wsm) camhen ahgddxyhi ch

i ncl ude carbon carbon triple including l'inear, branched and
cyclic @MClQhﬁW' groups. Exanpl es of "al kynyl " incl ude, but are not limted
to: C2 - et hynyl, C3 - propargyl, 1-propynyl. 8 WO 03/016316 PCT/ GB02/ 03593

The term' hydrgxyal kyl " denotes an al kyl u s def d ab i ch
one or Hg &rpT anhederWFﬂso@eQﬁO‘éQBr@“Qe%‘fh@% %cgdﬂb? 2 ‘Iéfge p 8’:’/%6%5 C]I—I;: I'n

gener al py3ekarBBH Rolddpbr faeselomcc%bh 4l fidyper @t t
particul Brcar bonogﬂ)gml\lf\ft hin the o9 ara\?y’ yer é“‘?p@ﬁdp Exaniples

dr oxal
hydr oxy@l RgY gficsepdnslyds, o, ansufota '}é't%f‘ol f%f“ﬁ'bda‘*’teg}? Hvall% ﬁf%{‘/land
( HOCH2) mcgﬂ,{wgroxyet hyl (CH3CH(OH)), 2-hydroxyethyl (HOCH2CH2),
1, 2-di hydroxyet hyl (HOCH2CH(OH)) 4- hydr OXy - 2-pentyl (CH3CH(OH) CH2CH(CH3)),
and 4-hydroxy- cyclohexyl. The term"acyl" denotes a group R-C(=0, where R
is H, aTﬁ@tcHFn%bﬁﬁdsoécéU’r'&ﬂé %Qh@fbresfé‘hﬂrrﬂ@ﬂf &ﬁ@eﬁ@‘aw Xtoméan@ Uaslcsr&bv@gemar bon

atons or a pyridyl or thien grou rou d but
are not aﬂomrﬁlﬂ%a%abe C?Rﬁqlﬁ/P ‘%é@ C%'t}?i“vsélqgwt?‘ FH%VFZ %!S ﬁﬁﬁ] %ﬁ%i’&ﬂu 3 Tﬁe
conpoungdsq ag M- R@idt BhédphoRE asiBiNAcdtio e, trmno@ﬁaéﬁcﬂédld/ béﬁﬂma!aadambkm c
nitrogen atomand so are capable of formn I(&n saf.lnts w th iC

aci ds saef @glc% Jemebs jagid, methanesquI}omc ac% & compoun 58
the present invention may also contain an acidic group, such as a carboxylic acid group

at R” or R® These compounds may exist as inner salts (zwitterions) or as salts such as
sodium, potassium, magnesium, calcium or tetra-alkylammonium salts. To the extent
that such salts are pharmaceutically acceptable, they are included within the scope of the

present invention.

The compounds according to the present invention may have one or more stereogenic
centres (“asymmetric carbon atoms”) and so may exhibit optical isomerism. The scope
of the present invention inclides all epimers, enantiomers and diastereomers of
compounds according to general formula 1, including single isomers, mixtures and

racemates.

Particularly preferred embodiments within the present invention are those compounds
that combine two or more of the preferred features described above. One such

particularly preferred embodiment is a urea according to general formula 8.



acid, sul phuric acid, phosphoric acid, acetic acid, trifluoroacetic acid,
benzoic acid, maleic acid, citric acid, fumaric acid, nethanesul phonic
aci d and wbe3slidse¢e The conpounds of the present inventi oRCFEGB033CconNt ai n
an acidic group, such as a carboxylic acid group at R7 or R8 These
conpounds may exist as inner salts (zwitterions) or as salts such as

sodi um potassium nagnesium calciumor tetra-al kylamoniumsalts. To the
extent that such salts ar@ pharnaceutically acceptable, they are included
within the scope of the pgesent invention. The conpounds according to the
present invention may hayé nmor e sterzegéNQg centres ("asymmetric
carbon atons") and so nmay ex opt|HaI The scope of the
present invention includes al 52 tggyrs and di astereoners of
conpounds according to gener al ornu a 1 |nc g single isoners,

m xtures and racenmates. Particgliarly prejerred enbodi nents within the
present invention are those conpounds that conbine two or nore of the
preferred features described above. OBe such particularly preferred

IeD?J?' ;) CCiS:BO / %‘?@%‘ ru%as a%—l% ﬁ'\'eﬂ-&l %’Pﬁpeﬁe f % %éﬂgl? r&%I%ﬂéﬁ'ﬁlgener al

formula 8, RAis nethyl or R4, a and b are as previously defined.

More pr ore ;raree erresd lgalUrSQa@go(rgﬁg't&gerﬁe(?alqgmlgb formula 9. Gl 4 O N-R

N/R4

H
N N\)
R'A \[c])/

9

In general formula 9, R, R* and G' are as previously defined.

Another particularly preferred embodiment is a compound according to general formula
10, which corresponds to a compound according to general formula 1 in which G'isa
group according to general formula 6 wherein A%, A’and A™ are all CH, A® is NH, A” and
A" are both C, A%is N(CHy)qR" and A® is N.

7
((%f12)d-Fi
o AN\
N R/
2
o R r(CHz)
X! N~R
e
R’ o)
10

In general formula 10, R', R? R®, R* R, A’, X, a, b and d are as previously defined.

10



NYN 1ARO 9 Ingeneral fornula 9, RA R4 and Gl are as previously
defined. Another particularly preferred enbodinment is a conpound accordi ng
t o gener avofoeonash@ 10, which corresponds to a conmpound a®CorGhEomg3ive
general formula 1 in which Gl is a group according to general fornula 6
wherein A4, ASand A10 are all CH A6 is NH, A7 and All are both C A% is

N(CH2)dR7 and A9 is N. (.CH2)d- , -
e R A e R s e R T - A R N
and d are as previously defi ”?@H )CIFQRX/\O 03/016316 PCT/ GB02/ 03593 A nost

preferred embodi ment is a conpourd according to general fornula 11.
(CH2)d-R7 HNON N3 N g ~N

11
In general formula 11, R", R*, R”, A% and d are as previously defined.

Individual preferred compounds within the invention include:

5-(4-(4-cyclopropylmethylpiperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1 -methyl-
4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-benzylpiperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1 -methyi-4,10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(3-hydroxybenzyl)piperazine-1 -carbonylaminomethyl)-3-methylbenzoyl)-1-methyl-
4 10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(3-hydroxymethylbenzyl)piperazine-1 -carbonylaminomethyl)-3-methyibenzoyl)-1-
methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

1-methyl-5-(3-methyl-4-(4-(4-picolyl)piperazine-1-carbonylaminomethyl)benzoyl)-4, 10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(2-hydroxyethyl)piperazine-1 -carbonylaminomethyl)-3-methylbenzoyl)-1-methyl-
4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

11



4 OHNRNYN 1ARO 11 In general fornmula 11, Ra, R4, R7, A3 and d
are as previously defined. Individual preferred conpounds within the
i nvent i orwDRGIues PCT/GB02/03593
5- (4- (4-cycl opropyl net hyl pi per azi ne- 1- car bonyl am nonet hyl ) - 3- et hyl benzoyl )
-1-met hyl - 4, 10-di hydropyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne,
5-(4- (4-benzyl pi perazi ne- 1- car bonyl am nonet hyl ) - 3- net hyl benzoyl ) - 1- net hyl -

, 10-  di hyrctropGr(anostoy | Bt-@-BHretSjtbieropy wirgsaiee-15- (4- (4- ( 3- hydr oxybenzyl ) pi

e O A e ot

5-(4-(4-(3-hydroxynet hyl benzyl ) pi per azi ne- 1- car bonyl am nonet hyl ) - 3- net hyl be
nzoyl . i e, 1

et nyi S B rgpt i flhian ARy W*%ﬁ?ésm%m@h%@%%@w

- car bong il eudihydropy tazblpffehpli§ 15)beszadigeepine, and

di hydr opyr azol o[ 5, 4-b] [ 1, 5] benzodi azepi ne,

5- (4- (4-(2-hydroxyet hyl) pi perazi ne- 1- car bonyl am nonet hyl ) - 3- net hy

benzoy| §-{4-(4vex- hwrexyemo@demmeobyaramyl@p@omeﬂ]ymS slpﬁylb@amséhbmqﬁ@ﬂ- 11 WO
03/ 0163}&8 dgvd@%%nyflg% Wk é]g5ﬂg%2€?ﬁé1y -4-(4-(3-(nethylthio)propyl)

pi per azi Zoy 10- di hydropyrazol o[ 5, 4-b] [ 1,
5] benzodi azepi ne,

5- (4- (4-(2-am noet hyl ) pi perazi ne- 1- car bonyl am nonet hyl ) - 3- net hyl
benzoyl ) - 1-net hyl - 4, 10-di hydropyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne, and

5- ( 4- (4TK- dmmboony@td“fyth)eppmeaizumuenﬂxem:aadmohyl alrepamdebhydst?n@rcke@hmlcal

benzov! | TTBhIN. . et GeBbi IEaBYA AR ALduring] BY Cetlale? il 1 4 el ne

The co n-can ared by standard chem cal
considered to consist of three component parts:

e Component C' corresponding to G’
« Component C? corresponding to the substituted benzoyl unit

e Component C® corresponding to the saturated heterocycle

Component C!
Component C3

(CHy),

A

R e

Component C2

Intermediates corresponding to these components are prepared and then assembled to

give the final product. These three components are:

(1) for C', a secondary amine Gl—H

12



mani pul ations. In general, conpounds according to general fornula I can be
considered to consist of three conponent parts: Conponent C correspondi ng
to GL Cowpeeni3d1€C2 corresponding to the substituted benzeglr/GBwn3s93
Conmponent C3 corresponding to the saturated heterocycle Conmponent C G R3
Conponent C3 2 ~(CH2)a NR4 X11/ N, (CH2)b Conmponent C2 RO

I nter medi at es corresponding to these conponents ar e; prepar ed and then
assenmbled to give the final product. These tBHee Ronmponents are: (i) for
C, a secondary amine GL H 12 WO 03/016316 P /GBZ/ 0393 OHR3I R2 O
(i1) for C2, a substituted benzoic acid XSOR or C3, a
nonosubgi) i t yoed?, asdtubstitied bep@bi2eaid 4 R heterd g HN i N

N (CH2

R

(i)  for C°, a monosubstituted saturated (C\H2)a
heterocycle HNL N—R*

(CH,),

It will be recognised that the substituted benzoic acid that serves for C? has two functional
groups, one of which will need temporary protection during the assembly of the final
compound. The principles of functional group protection are well known in the‘art and
are described in, for example, J.F.W. McOmie, “Protective Groups in Organic Chemistry”,
Plenum Press, 1973; T.W. Greene and P.G.M. Wuts, “Protective Groups in Organic
Synthesis”, 2" edition, John Wiley, 1991; and P.J. Kocienski, “Protecting groups”, Georg
Thieme Verlag, 1994. The carboxylic acid group will usually be protected as an ester,
such as the methyl, benzyl or tert-butyl ester. The primary amine of the benzoic acid
(when X' = NH) will usually be protected as a carbamate derivative such as the tert-butyl
carbamate (BOC derivative), the benzy! carbamate (CBZ or more simply Z derivative) or
the 9-fluorenylmethyl carbamate (Fmoc derivative). When X' = O the resulting alcohol
function will usually be protected as an ester such as an acetate, or an ether such as a
methoxymethyl, tetrahydropyranyl or trialkylsilyl ether. ~ Other functional groups may
require protection. For example, the group G' may include one or more primary or
secondary amino groups which may need protection. In the following general description
of the synthetic methodology it will be assumed that such protection is used when

necessary.

(i) Preparation of secondary amine for C!

Acyclic secondary amines corresponding to HNR®R® are well known. Many are items of
commerce. Those that are not may be prepared according to published methods or by
simple modification of such methods. Some particularly useful methods are listed below.

a) Alkylation
R—NH, + c—R®* —— >N~

13



It wll be recognised that the substituted benzoic acid that serves for C2
has two functional groups, one of which will need tenporary protection
during thwoassedsid y of the final conpound. The princi pl epCofGHoanzBonal
group protection are well known in the art and are described in, for
exanple, J.F.W MOme, "Protective Goups in Organic Chemstry", Plenum

Press, 1973; T.W. d P.GM Wits, "P t] i i
Synt hesi s" . GHIF BAFERGh o GRAIARILY, e el HHES AN Jhbe AelelIC ) g

groups”, Georg Thieme Verlag, 1994. The carboxylic acid group will wusually
be protected as an ester, such as the nmethyl, benzyl or tert-butyl ester.
The primar) BRAYRAVEAMIMRIBenzoi ¢ acid (when X1 = NH) will usually be
protected as a carbanate derivative,such as the tert-butyl carbamate (BCC
derivative), the benzyl carbanate'%CBZ or nore sinplyyZ derivative) or the
9-fl uorenyl syl ..carbgmat e ( Fno¢/ derivative). en = 0 the resulting

al cohol  fun o Q& ahsualé prot ect ed asRZ2~e sych as an acetate,
or an ether such as a nethoxynet %b, t et rahydropWN anyl Br trial kylsilyl
ether. Other functional groups may ' require protection. For exanple, the
group GL may i ncl e or nore, primary or secondary am no groups which
may need pro?@ﬁ??gﬁsH?ﬁC?%@“¥Hp?8gﬁﬂg general description of the synthetic
nmet hodol ogy it will be assunmed that such protection is used when

necessary. (i) .Preparation of secondary amine for C Acyclic secondary

am nes cor9e EYCH® HNRSRS are wel | known. Many are items of commerce.
Those that are not gy be prepared according to published nethods or by
sinpl e nodi fication|of such ods. ;Sone particularly useful nmethods are
listed bel ow..sa) Alkylation R~rs«H £ - RS H 13 WO 03/ 016316
PCT/GBOZ/OSSdﬁ\\ thod is only applicab

al kyl ation can b )

in cases where further
avoi d

(where R®CH, corresponds to R°)
The starting amide can itself be prepared using well known methods.

0
/JL\ 0 N=C—R"
Cl R® . -~ R //H\\ -+
N Y .
H R%-OH
RE—NH,

Secondary amines corresponding to C' where G'' is a group according to general
formulae 3 — 7 are generally not commercially available.  They can be prepared
according to published methods, or by obvious modifications of such methods.
Particularly useful methods are described in: Aranapakam et al., Bioorg. Med. Chem.
Lett. 1993, 1733; Artico et al., Farmaco. Ed. Sci. 24, 1969, 276; Artico et al., Farmaco.
Ed. Sci. 32, 1977, 339; Chakrabarti et al., J. Med. Chem. 23, 1980, 878; Chakrabarti et
al., J. Med. Chem. 23, 1980, 884; Chakrabarti et al., J. Med. Chem. 32, 1989, 2573;
Chimirri et al., Heterocycles 36, 1993, 601; Grunewald et al., J. Med. Chem. 39, 1996,
3539: Klunder et al., J. Med. Chem. 35, 1992, 1887; Liegéois et al., J. Med. Chem. 37,
1994,519;CNagbenﬂm>etaL,J.Het(Shem.19,1982,1501;VVﬂghtetaL,J.Med.Chem.
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b) Reductive amnation Ra Ra R5 NH2 + OR5 ==( b HRb R (where RaCHRb
corresponds to R6) c¢) Amde reduction O R5 LiIAIH4A RNR N Ra H H (where
RaCH2 corwepondse t o R6) The starting am de can itself bePpTagBIRMO85%8SI NY
wel | known nethods. 0 O NCRa 70 O Ra RS ~-- ++\ HRa RS OH R5 NH2
Secondary am nes corresponding to C where G' is a group according to

gener al re n |aI ey can
be prep&?’eggé@c%b?r if%arf’%[ ﬁ% (;‘FlegdlL%Iét gjédggéggfiﬁy ohé Iﬁt‘é@ﬁ&%ﬁélfpm%{&l ons of
such netppitation, Mbﬁdwuhaumeuwwoamahods are described in: Aranapakam et
al., Bioorg. Med. Chem Lett. 1993, 1733; Artico et al., Farmaco. Ed. Sci.
24, 1969, 276; Artico et al., Farmaco. Ed. Sci. 32, 1977, 339; Chakrabarti

et al., (i PrbMathanub'&’t(&uteﬂ%ﬁzoi&E&dfdﬁ(éfkrabarti et al., J. Med. Chem 23,

1080, 884, SRKTaReLLiac oL Blresnahoil X PE Moy SnerbfRer 287 S TRl | o oF

3539 Kltmyyd@h ie¢ pedpared) usivg ubiEhedm&bodsl 89 2bvidi@B8variatipesyebschehetiods. J.
Med. Chef‘We r%a?ih challenge is generally the elaboration of the —CH,X'H functionality at the 4-

position. Some useful transformations are listed below.

a) Bromination/Substitution

MeO R’
RZ
0
3 3 /N3
MeO R MeO R C
R? R? NaN, &' H,
NBS
0 0 7
Br
CH, o T~ MeO R°
R’ ' M NaoAc R
0]
C/OAC
R
b) Sandmeyer reaction/reduction
MeO R’
2 2
R® HNO R H 5 R
———
NH, CUCN CN i
R‘l

(iii) Preparation of heterocycle derivative for C°
Certain heterocycles corresponding to C?, particularly N-aryl piperazines, are items of

commerce. Other heterocycles can be prepared according to the methods described in

the literature. Useful transformations include the following.
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1994, 519; d agbemro et al., J. Het. Chem 19, 1982, 1501; Wight et al.,
J. Med. Chem 14 WO 03/016316 PCT/ GB02/03593 23, 1980, 462; Yananoto et
al ., Tet.wbDeBwi1632¢l, 1983, 4711; and International patent PappiBocasioon,

publ i cation nunber W09/06403. (ii) Preparation of substituted benzoic acid
for C2 Substituted benzoic acids corresponding to C2 are not generally
iLenB of commerce, but they can be prepared using published nmethods or

obvi ous vari . The main challenge is generally the

el aborati %?1 %Wgﬂj% &f(fl—éwﬁe?ﬁ(kctl onality at the 4- pogi ti"on%J Sone ugef ul
transformations are |isted Rl a) Brom nati on/Substi tution MO R3 Ra

IVEORSIVEORSCA OR2NBSOR2NaN3R1 HBr MMOR3 R R 2 NaOAc
R O1l ~ H b) Sandn:eyer)reactlo /re/ngctlaﬁ MeO R3 MO R3 MeO R3
O R2 HNC2 oaz; 'NH CuCN CN / NH2p@~ ii) Preparation of

het er ocycl e derlva bve f or REGHC:f t ai n het ero&bcl es corresponding to C3,

particularly N-aryl piperabiaBe¢gCNare items of comerce. Qther heterocycles
can be prepared according to the methods described in
(where PG is a protecting group and R*CH, is R%)

b) Acylation/reduction

Qs 1. RACOCI Qo
/N\ /NH /N\ /N\/R
PG G
Os 2. LIAIH, O
c) Reduction
/_( )a-1 (
PG—N O — - [
\ PG/N\ /N\R4
OsN LiAIH, O
R

With the three components, suitably protected if necessary, in hand, the assembly of the
final compound requires the formation of two bonds: between C' and C?, and between C?
and C®. These bond-forming steps may be taken in either order. Thus, the following

sequences can be proposed:

c'+C?— Cc'c?— c'cc?
c?+C® > Cc’c* - clcxc?

(i) Formation of C'-C? bond
The bond between C' and C? is a simple amide bond. The chemistry for making such

bonds from a carboxylic acid and a secondary amine is well known in the art of organic
synthesis, and particularly in the field of peptide synthesis. The carboxylic acid may be
converted into a more reactive species such as an acid chloride (using, for example
oxalyl chloride or thionyl chloride) or a mixed anhydride (using isobutyl chloroformate).
This reactive species is then added to the secondary amine in a suitable solvent,

generally an aprotic solvent such as dichloromethane or dimethylformamide, in the
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the literature. Useful transformations include the follow ng. 15 WO
03/016316 PCT/ GB02/ 03593 a) Alkylation or reductive al kylation RACH2CI -~a
or AN, ,Wblo030i63%f N /R PG - ()b RACHO/ PG ()b NaBH3CRCTidB#I@3PE i S a
protecting group and RACH2 is R4) b) Acylation/reduction /-( Ca 1. RACOC
/[-(~a A PGN ,NHPGN NOR ( )b 2. LiAIHK4 ( )b ¢c) Reduction ~( )a 1 ~a
PGNOPG-N R4 ()b N4 LiAIH4A )b R Wth the three conponents, suitably
protected if necessary, in hand, the assenbly of the f| nal conpound
requires the formation of two bonds bet ween C and , and between C2 and
C3. TheBespoeriot » PAsH GU et pafcéﬁnwhy'aww@w”@%»eﬁﬂd the (RACtiph i

foll ow c3
S PntEiFREE Sl Ry ORatlogk a0 e pebolg SR BYeg D

si npl e ahe ddolvendf. teTierathenard rthe fiore abwaty faueR rea@mswﬂlr@ﬁﬁeadm H&(yl iC
gﬁadpii‘?ﬁ%ﬂﬁﬁf@iﬂ“@w L. o peptide synt hes: 5. The carboxyl | & actd my
e

Alternatively, the carboxylic acid and the secondary amine may be mixed in a suitable
solvent as above, optionally in the presence of a base, and a condensing agent added.
Suitable condensing agents include carbodiimides, such as dicyclohexylcarbodiimide
(DCC) and N-ethyl-N'-dimethylaminopropylcarbodiimide (EDC, also WSCD for water-
soluble carbodiimide), phosphorus reagents such as (benzotriazol-1-yloxy)-
tris(dimethylamino)phosphonium hexafluorophosphate (BOP), (benzotriazo|-1.-yloxy)-
tripyrrolidinophosphonium  hexafluorophosphate (PyBOP®) and bromotripyrrolidino-
phosphonium hexafluorophosphate (PyBroP®), and ureas such as O-(benzotriazol-1-yl)-

N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU).

(ii) Formation of C*-C® bond
The bond between C? and C? is a carbamate (when X' = O) or a urea (when X' = NH).

The first step in the formation of this bond is genérally to react the heterocycle derivative
with phosgene or a phosgene equivalent such as trichloromethyl chloroformate,
bis(trichloromethyl)carbonate or carbonyldiimidazole.  Again, an aprotic solvent and a
tertiary amine base will generally be used. The intermediate formed in this step is
usually not isolated. The alcohol (X' = O) or amine (X' = NH) is added and the reaction
is allowed to continue, directly forming the carbamate or urea. As an alternative, when
X' = NH the reactive intermediate may be formed by the reaction of C? with the phosgene

equivalent and the amine added in the second part of the synthesis.

The compounds according to the present invention are useful in human and animal
therapy. When so used, they will generally be formulated in an appropriate manner.
Thus a second aspect of the present invention is a pharmaceutical formulation that
includes a compound as described above as an active ingredient. A third aspect of the
present invention is the use of a compound according to the first aspect in the

manufacture of such a composition.
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converted into a nore reactive species such as an acid chloride (using, for
exanpl e oxalyl chloride or thionyl chloride) or a mxed anhydride (using

i sobutyl wbloswod3es mate). This reactive species is then agded:R00/05398
secondary amne in a suitable solvent, generally an aprotic solvent such
as dichi oronmet hane or dinethylformamde, in the 16 WO 03/016316

PCT/ GB02/ 03593 presence of a base such as triethylam ne or

4-di net hyl am nopyri dine, and the reaction is allowed to proceed at a

t enper ueragcﬂggé%ho&nﬁ%gpc&ﬁ;qh% B?eslgg{ Ipb&gnoﬂ%g'} b& rés@ﬁte%c?rl\ ‘éﬁ\morm thheischoi ce

of terrp or the reaction wl epend on the
react i virfiowroih théertt wsoc exqropienths . forthulatianampy &k ypresemniectas Bé?@}?tb E2RRMY and

the secon\g//(?qrryﬂ?prr{)lgrsl{g?rgﬂé/reg% E%Iét?o%&&tﬁpéh%&@tgr% SRbLEm sk RRAEIch as

opt i onaPf ence’ condensi ng agent added.
Sui t abl @n edmkwmpatgh agbs @rmnlatlcm'dmllmmjly.lmlmon%g@mo%exmplents such

di cycl o

N- et hyI %‘eg H@i”lgﬁg%gt& opy'l éagggtél dxﬁﬁaedsarztEDseregfss grevs\grélstnf/egr flevl\\lgq[ng? -

sol ubl ea@@m@@duum diep, pPHosphbe fsrm@atipeisspregetedsis(déaielt on eapshle1thel oxy) -
tris(dimeth lta%{]yl %rﬁ@ﬁ&%ﬂ&hb@oﬂ ?‘Ho\’é’ Eg&ﬂ%%@ RakR Ql%q@lease of the active

(benzot?ﬁﬁ i pyrro oni um hexaf | uor ophosphat e
( PngP( s;)éc:l@ndudﬂ‘r mtaoamg ook pdhym@r ttmharsqnh@lnb!@mt ey BH| b selghls b avieal
( Py r OP&( P’ég ﬁ%scdsalt’iﬁg r(nﬁﬁ eﬁjgﬁuéﬂt 15’15 tlné")ﬂr%vents the release of the

) yI ur oni exafluoro .. (i1) Formation of
cz cs( bectd/e'léimnbmrtde bmrwa@bmucalmsdtso:e|aa§eaw Ib@ﬁme@ (Waefprulatiopayr g
urea [ t ReRd
gener a: Eﬁ; ”g;‘r"% rig% ctb%erﬂ_ﬂiiedroggrglls%ﬁaggra%% z%lewé%%hébgﬁ%égenmffgr t|f§it(1ats)sgene
equi val ukation i BiNO edditionAl acthlecaashnsr mat e
bi s(trichloromethyl)carbonate or carbonyidiimdazole. Again, an aprotic
solvent and a tertiary am ne base will generally be used. The i nt er medi at e
formed imfurihies aspegs,i the mussent inventian rerppasesdtheTuse ofl wisAgtoMpRsitiony)anst ani ne

(X1 = Nﬁ%}.ﬂ %ﬂﬂg gan@'aenéshgf %8%9& in urﬂgh%\“@%nﬁrﬁ’aﬁﬁ’éﬁb&%d rﬁ’éth@&‘é by

form ng € or urea ternatlve
react i verebintentt imchvértgesunhyuseeofftoe mmpbgntlwseamcta@mp@mdéf @QG\HPWOP'P@ phosgene

equi val gnt pl‘:’leréceintt PEeRB"520565 4il LOERRCOHMo AR ceplortHRnRI) RESIS the
compositions are useful in the treatment of conditions for which inadequate oxytocin-like
activity is implicated in the pathophysiology. Such conditions include, but are not limited
to: sexual disorders such as male erectile dysfunction, ejaculatory disorders and female
sexual dysfunction, cancer of the prostate, breast, ovary and bones, osteoporosis, benign
prostatic hyperplasia, post-partum bleeding, and depression. The compositions may
also be used to induce labour or delivery of the placenta, to decrease arterial blood
pressure, to decrease exaggerated responses to stress and to increase the nociceptive

threshold.

In a preferred embodiment, the composition is used to treat male or female sexual

dysfunction, and more preferably erectile dysfunction.

When used as therapeutic agents, the compositions of the present invention may be
administered by any appropriate route that is known in the art.  For example, they may
be administered by the oral, buccal, sublingual, rectal, intravaginal, nasal, pulmonary or
transdermal routes. Alternatively, they may be given by injection, including intravenous,
subcutaneous and intramuscular injection. The amount given will be determined by the

attending physician taking into consideration all appropriate factors. Generally a single
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The conpounds according to the present invention are useful in human and
ani mal therapy. Wen so used, they will generally be fornmulated in an
appropri awe opaniies . Thus a second aspect of the present POT&RROSIBS a
pharmaceutical fornulation that includes a conmpound as descri bed above as
an active ingredient. A third aspect of the present invention is the use

of a conpound according to the first aspect in the manuf aCW}jé’g of such a
conposi gessnwill cpmpris® Betvess 151 PErnede8Pmgsrrgieratpiy behyasasimg 8 ¥BY.difng to

the presgapt domRhé OnTﬁ@Mo&enﬂS/%E@\t/eﬁfioh B Sie beEdBidrat rebéateéﬂ?OV\WHeﬁ t he
art. For exanple, the fornulation be presented as a fabl ﬁ%?%?' sul e,

powder , Sieip prRRSEtaY it raaxéamgl\@a|q§tr%%ardﬂte§‘@§‘-béH§h 8% ONER: tyvige or | ex
form sughyas oﬁaerﬁgﬁ@%cx&d%ttsmae dhitfoRrodigad-aed.wi | | general I'y include one
or nore excipients, such as diluents, bulking agents, binding agents,

di spersants, solvents, preservatives, flavoring agents and the |like. Were

the for gyl ghi et SeihRAEAL Ble@ative fodBh&ited® aoﬁﬁ@m&yeoet the adﬁmstmt@ntcﬁ ahay
optlona y 1hclude one or nore agents to control the rel eas&y t he active

speci esderaiciosas Bochis F‘ﬁé‘%‘fOfa?dﬁb'l"ﬁﬁ%tlontthﬁtact"ée PORBII% BFRETY ‘F‘Hﬁfhﬂﬂq but
sol ubl e,r@ aMeatkk 8t b.oeégrlauahe Rblymar Couch fROREFHyrb& Wt Sandylycoié aé.ug

coati ng prevents the rel ease of the active qgent in the stomach but
al | ows pog thefasasiatip ig given fiteet s15e8r ’%éon§rWu°§P|%HePr%§;f frop ¥8ighude one

or nor e afdidjeAndlre BAKHIBERL YRl FRirldégarEEVE species. Preferably the
fornulatlon i'ncl udes no such a dltlonal active agents. In further aspects,
the present invention conprises the use of such conpositions, and hence of

the conppundiddingt BEsdripi&tid Qlﬁ\"’thérnllllhéif%ﬂ ﬂ*ﬂdh@ﬂbllmhcf} Reampis, anthneichods of
treatment involving such use of the conpositions an ounds The

conpountensied tp gemgpetsainthg ?R@ﬁ?ti%‘rpfé'?‘%miﬁ%@t@ﬁtb%ﬁat té’é'f‘% ? SEORSYEIEO N
receptor agonists, and so the conpositions are useful in the treatnent of
condi tions for which i nadequat e oxytocin-like activity is inplicated in

t he pat FSPWMRE? ogy. Such conditions include, but are not linmted to:
sexual disorders such as nale erectile dysfunction, ejaculatory disorders
and femal e sexual dysfunction cancer of the prostate, breast, ovary and

bones, ageé@\@mr@s@re\ﬂ%tmngﬁa%% 488% hyperpl asia, post - partum bl eedi ng,
and depggssi on. plRg -GAHPRSIdUES Rfay B further denoted as n (normal, i.e. unbranched),

i (iso) and t (tertiary)

DIEA N,N-diisopropylethylamine

DMF dimethylformamide

Et ethyl

EtOAc ethyl acetate

HOBt 1-hydroxybenzotriazole

HPLC high pressure liquid chromatography

h hour(s)

Me methyl

MS mass spectrum

NMR nuclear magnetic resonance spectrum — NMR spectra were recorded in

CDCIl; unless otherwise indic;ated
OVA ornithine vasotocin analogue

pet. ether petroleum ether boiling in the range 60-80°C

Ph phenyl
Pn pentyl
Pr propyl
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al so be used to induce | abour or delivery of the placenta, to decrease
arterial blood pressure, to decrease exaggerated responses to stress and
to i ncreawe Bloes3moci ceptive threshold. In a preferred enipadiGEIRiN3S98he
conposition is used to treat male or femal e sexual dysfunction, and nore
preferably erectile dysfunction. Wen used as therapeutic agents, the
conpositions of ;th pr?sent i nvention may be adm nistered by any
appropri&fe rout®AWIOHE known in the art. For exanple, they may be

admi ni stggsed by vidier-s¥@le chruegimhide SAHtHyROUE-dintetittisthinopropylpoaaidiimide nasal ,
pul nonary or tragsdﬁ{ | routes. Alternatively, they may be given by

i nj ection, incl MPIRGNPAE? avenous, subcut aneous and i ntranuscul ar

i njection. The anobunt given will be determ ned by the attending physician
taking into consideratiop all appropriate factors. Generall single 18
WO 03/ 0 E53TBISRCT? QS6STRR B YTESE & l”ierE‘SHﬁ?“iSse @%TE\%LE#SO?%%F@‘Q%Q‘ROO@,
pr ef er ablasehehvétion bréBestided POBEmMSIEs 1@61 134 conpound. The dose may be

gi ven on a single occasion or repeatedly. Wien given repeatedly, it nmay be
given at regular intervals, such as once, twice or three tinmes daily, or
on demand, according to the condition being treated. For |long-term
treatnent an alternative to repeated dosing nay be the admnistration of a
depot dose. For this nethod of administration the active agent is generally
introduced into a matrix of biodegradabl e polyner, such as a copol ynmer of
| actic and glycolic acids, and the fornulation is given either s.c. or
i.m so as to forma deposit fromwhich the active agent is released as

t he pol yner degrades. The foregoing description is further illustrated in
the follow ng exanples, which are intended to denonstrate the application
of the invention but not to limt the scope thereof. EXAMPLES The
foll ow ng abbrevi ati ons have been used: Bu butyl - al kyl residues may be
further denoted as n (normal, i.e. unbranched), i (iso) and t (tertiary)
DI EA N, N-di i sopropyl et hyl am ne
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DVF di met hyl formam de Et ethyl EtQAc ethyl acetate HOBt

1- hydr oxybenzotri azol e HPLC hi gh pressure |iquid chromatography h hour(s)
Me met hylwONBonase spectrum NVR nucl ear magneti c resonanc@CIGBIR08898- NVR
spectra were recorded in CDClI3 unless otherw se indic;ated OVA ornithine
vasot oci n anal ogue pet. ether petroleumether boiling in the range 60-80C
Ph phenyl Pn gﬁntyl Pr propyl 19 WO 03/016316 PCT/ GB02/ 03593 THE

t et rahy WSCD wat er - sol ubl e car bodii m de

( N- et hyl+-BeiRA-d| 10edihyt copyraspiofsyd-plf b5 ehizb diadepinky dr ochl ori de Exanpl es 1-9
describe the synthesis of internedi ates. Conpounds according to the
present invention are des ed in Exanples 10 to 134. 20 WO 03/016316
PCT/ GB02/ 03593 Exanpl e

1- Benzyl - 4, 10-Q@&hydr opyr 4NN, 5] be o' azepi OEt NHNH2 N_
OEt CEt l ?\(OE’(

OEt
NC
O
F
NO,
—N —N
N \ —~— @\ N \
~ SN
N N
NH, NO,
2 0 OFEt 2 0 OEt
H N
H NS d “N
SO e
N N
H o H

1A: Ethyl 5-amino-1-benzylpyrazole-4-carboxylate

Benzylhydrazine dihydrochloride (4.29g, 22mmol) was added to a solution of ethyl
(ethoxymethylene)cyanoacetate (3.38g, 20mmol) and triethylamine (6.15ml, 44mmol,
2eq) in ethanol (40ml) and the mixture was heated at reflux for 18h. The solvent was
removed in vacuo and the residue was purified by flash chromatography on silica gel
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NCO ONH2 FNXR2 NN HH NH2 OCEt N2 OCEt cl:I:1TLr N NONOH 1A
Et hyl 5-am no- 1-benzyl pyrazol e- 4- car boxyl at e Benzyl hydr azi ne

di hydr ochwormsaies3fél. 299, 22mmol ) was added to a sol uti on ofPCetdBok/03593

(et hoxynet hyl ene) cyanoacetate (3.38g, 20nmmol) and triethylamne (6.15m,
44mmol, 2eq) in ethanol (40m ) and the m xture was heated at reflux for
18h. The solvent was renoved in vacuo and the residue was purified by
flash chromatography on silica gel 21 WO 03/016316 PCT/ GB02/03593 (el uant

60% pet (c|@iMB0AAEE0 ethBLoREIyRBEtateP td/yietth @l@@éi&w@dnamrﬁmw ds ethgns- fi ed

as ethyl 5- am no-1-benzyl pyrazol e- xylate (4.3g, 88%. | B: Ethyl
1- benzyPmﬂ"c{'?‘beﬂ@ﬂﬁyéﬁ%ﬁhcégﬁ%%'f‘f%ﬂéﬁogé$g car boxyl at e Sodi um hydri de (60%
di spersion in oil, 520ng, 13mml ) was added portionwi se to a suspension of

ethyl 5-a min o- benzyl %razole - carboxyl ate f2 29, 9mmmol) in
anhydr odB: E‘I‘H@(W} 542 -itropharylamiQPErazale-4erERRAS warm t o room

terrper afs BRinPRGdrRle! (6"0‘%?1 dlécp%Fsm%mt Bi?nsz'lmﬁd Uniime!) Mds éﬂl@@lzl%]ﬁoﬂv&s@@&a 9ol )

was ad and the resultant pl € suspension was stirred at room

t enper aﬂﬁl@nﬁ@ﬂ of gthy! $- W'Kﬂé@?%@yr%@i@ﬁ GO (A 629 HEmmabldi ?W é‘ﬁt? t he

sol vent Tp@s3pRiFoHEFC, N T‘?‘u@%’i?turér Was LESVEHS Wasn ¢ ﬁ)%ﬁ?ﬂ erhtQreehity StirRet at e
and the solution was washed with 3M KHSO4i sat. and brine, dried

over NafS@h Hied tHHeOr- F&rpéﬁﬂeﬁe\ﬂé@ﬁé Ol was &G@eq/véEd 5‘0@ ﬁ%antbc}eqn ash
chr omat ?Iﬁﬁ’@gé{sﬁéﬂs@hl\/{le?sastgﬁéd ét%é‘lﬁﬁ%mﬁé%’uﬂ@tfm egmer {14 3% s hivhs é@@dﬁl{oe) to
yield ethyl 1- benzyl-5-(2'-nitrophenyl am no)pyrazol e-4-car boxgl ate (2.5q,
769 .  quench the reaction and the solvent was removed in vacuo. The residue was lssolved

in ethyl acetate and the solution was washed with 0.3M KHSO,, sat. NaHCO; and brine,

dried over Na,SO, and concentrated in vacuo. The residue was purified by flash

chromatography on silica gel (eluant 75% pet. ether/25% ethyl acetate) to yield ethy! 1-

benzyl-5-(2'-nitrophenylamino)pyrazole-4-carboxylate (2.5g, 76%).
MS [M+H]* 366.8

1C: Ethyl 5-(2'-aminophenylamino)-1-benzylpyrazole-4-carboxylate

Ethyl 1-benzyl-5-(2'-nitrophenylamino)pyrazole-4-carboxylate (2.5g, 6.8mmol) was
dissolved in ethyl acetate/ethanol (1:1, 100ml) and hydrogenated over 10% Pd/C catalyst
for 70 minutes. The mixture was filtered through Celite® filter agent and the filtrate was
concentrated in vacuo to give a white solid identified as ethyl 5-(2'-aminophenylamino)-1-

benzylpyrazole-4-carboxylate (1.5g, 86%).
MS [M+H]" 337.2

1D: 1-Benzyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepin-4(5H)-one

A solution of ethyl 5-(2'-aminophenylamino)-1-benzylpyrazole-4-carboxylate (1.75g,
5.2mmol) in acetic acid/ 2-propanol (1:9, 40ml) was heated at reflux for 3 days. The
solvent was removed in vacuo and the residue was azeotroped with toluene to give an
off-white solid that was purified by flash chromatography on silica gel (eluant 35% pet.
ether/65% ethyl acetate) to yield a white solid identified as 1-benzyl-4,10-dihydro-
pyrazolo[5,4-b][1,5]benzodiazepin-4(5H)-one (780mg, 52%).

MS [M+H]" 291.1
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M5 [ MtH] + 366.8 1C. Et hyl

5-(2' - am nophenyl am no) - 1- benzyl pyr azol e- 4- car boxyl at e Et hyl

1- benzyl -WO(03/01431é r o phenyl am no) pyrazol e- 4-car boxyl at e PRTER263¥8MDI )
was dissolved in ethyl acetate/ethanol (1:1, 100m ) and hydrogenated over
10% Pd/ C catalyst for 70 m nutes. The m xture was filtered through
Celite(r) filter agent and the filtrate was concentrated in vacuo to give
a white solid identified as ethyl 5-(2'-am nophenyl am no)- 1-

benzyl pyEar-Beazyl-4; t0-dihgydrapyratdlofiy4-bH6 %G bendodiazeidine 337. 2 | D

1- Benzy| - 4, 10-di hyd razol o 4-h e di -4 - ol ution
of et f}ﬂ"Aﬁi‘* &égiq}gy ntcgﬁéﬂ@fﬁﬁ %gsje‘idgbnznw %y?‘g%oisg%égp béﬁljll bést(?‘gﬁ_(@@%g? |
5. 2mol dinjdroppratdie[5aebil, 5Pepzanfrepin-4(3HPonel OTBPm@as2. Aemadd iat amtydraus for 3

d . T | ved_| : d with
e e G0l S Se! FRVE THR YRS, Afet iy SR Ao EARE 1R Wi
chr onat pghafibyedto sodlitcacgaltetipbranme. 35 Fartter portenharl/iAb(8drhy.| 2.ametodt e) to

by azor s e ot b Bk L BRed LTk 7 BeChur e lgoz00 4

22 WO 087C) 3534 amr(ahi£802ti &8 619d) was Bdded dropwise over 10min and the mixture was

1-B | -4, 10-di hyd | 0.5, 4:-Db [ | & ' ,
e Lt A SRR oy F10 bRl BEGA AR A Bk A
di hydr ofiysragehiodr thelfiltfate blds ennoatitamepinivadybid) giome WHBGelid id2nifmtiods) 14 n

o ¢ ey ol Bl g0 SR s RO B U e A U her

portion of LiAIH4 (90nmg, 2.5mol) was added and the m xture was heated at
refl uxemer&_ﬁh %Qe m xture was cooled to O0C, 35% amonia solution (I m)
was add \M"g over 10m n and the m xture was stirred at room
tenperature for 1h. The resulting suspension was filtered through Celite(r)
filter agent and the filtrate was concentrated in vacuo to give a white
solid identified as 1-

benzyl - 4, 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne (450ng, 60% . MS

[ MtH] + 276. 9
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23 WD 03/016316 PCT/ GB02/ 03593 Exanple 2

1- Met hyl - 4, 10- di hydr opyr azol o[ 4, 5-c] pyrido[ 2, 3-b][1, 4] di azepine ~N N | /
\N-N OEt WDOBIOB316 N N NH2 O NO2 HO CEt N N\N ':: N N HPCWGBop#3H2 0 OEt
CxtPN N H 2A: Ethyl

1- met hyl - 2- (31-ni tro- 21- pyri dyl am no) pyr azol e- 4- car boxyl ate Sodi um hydri de
(60% di EQ&J{,@ KUY inoil, 600nmy, 15mmvl) was added portionwi se to a
suspension ethyl 5-ami no- 1 -meth razol e-4-ca rboxyl ate (1.69qg,
10mm|)1iMethahhyﬂfcbhnsdwplEra(ZQBﬁ&,)5 dpyw@é'ﬁ'lgﬁh“]d'a?@'%s stirred for 2h at
roomtenperature then 2-chlqro-3-nitropyridine (1.58g, 10mml) was added
and the resulting deep red/ sugpension was stirred at roomtenperature for
18h. 1 M KHSO4 was added tpQ quench the reacti on\and t he sol vent was
renoved in M The resi dugX [ Nn et'’Ry+N acetate and the

sol ution wgs washedQfftt h 0. 3y KHSH satl NaHCC3 and Wrine, dried over
Na2SO4 arrd ated in VAIOL0. The re 1fied by flash

chr omat ogr aphy ilica_gel (eluani 30% pet. her/yY0% et hyl acetate) to
give ethyl 1Nhgethyl-2-(3'-nitro-2'-pyridyNeayi no) py 4- car boxyl ate
(1.959, 67%9. MS [MHH + 292.0 24 WO 03/ 016316 PCT/GBOZ/ gij

\
N N N SN \N’N\
= H
N H
A NH, o7 TOEt
\
N— N
=
N
H

2A: Ethyl 1-methyl-2-(3'-nitro-2'-pyridylamino)pyrazole-4-carboxylate

Sodium hydride (60% dispersion in oil, 600mg, 15mmol) was added portionwise to a
suspension of ethyl 5-amino-1-methylpyrazole-4-carboxylate (1.69g, 10mmol) in
anhydrous THF (15ml) at 0°C. The mixture was stirred for 2h at room temperature then
2-chloro-3-nitropyridine (1.58g, 10mmol) was added and the resulting deep red
suspension was stirred at room temperature for 18h. 1M KHSO, was added to quench

the reaction and the solvent was removed in vacuo. The residue was dissolved in ethyl
acetate and the solution was washed with 0.3M KHSO,, sat. NaHCO; and brine, dried
over Na,SO, and concentrated in vacuo. The residue was purified by flash
chromatography on silica gel (eluant 30% pet. ether/70% ethyl acetate) to give ethyl 1-
methyl-2-(3'-nitro-2’-pyridylamino)pyrazole-4-carboxylate (1.95g, 67%).

MS [M+H]" 292.0
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2B: Ethyl 2-(3'-amno-2'-pyridylamno)-1-nethyl pyrazol e-4-carboxylate A

sol ution of ethyl

1- net hyl -WoO(03/0143ié r o- 2' - pyri dyl am no) pyr azol e- 4- car boxyl atlP€T(GB09/68593

6. 7mmol ) in ethanol (100m ) was hydrogenated over 10% Pd/ C catal yst for 3h.

The reaction mxture was filtered through Celite(r) filter agent and the

filtrate was concentrated in vacuo to give a white solid identified as

et hyl 2-(3'-am no-2'-pyridylam no)-1-nmethyl- pyrazol e-4-carboxylate (1.5q,
869 . 2@B: Ethyl 2- (3’-am|no-2' pyrldylammo) -1-methylpyrazole-4- carboxylate

go:vﬁt Ih g:g\ 8?'“@?']’1)/? et lp%r Ioi 43 %lt%l Qyp))rlgﬂg%in%&]rggdl %%]bt’é ZH é&’& one A

2- (3" - agi7AMa) i gtHadyl ellmoﬁﬂ)))wé.s mpdioy bmated ok 1 @%cRd/Bosatalgstefol Bh5g,The

5. .75mmol ) i.n tic ac el 5 for 3
days. T Ct'g'&W’gHﬁe s fi eé%&@%‘%ﬁhe?)ﬁ% w?éér?gg't’th ndV\@% ﬂB%Zé wgg%élzéeeﬁr? o)éed with
t ol uenej, Vh&uo foe@l/élléewW@é sémr idehftbdbys efgr g8 adrhing &t -ponidyfandin)et-hettgli- and
then fl ash chrorrat {3@'5 GJI lica gel (eluant 95% chl orof orm 4%

met hanoP)!’erf’%?ef’c%qu e a white solid identified as

1- rret hyI -4, 10-di hydropyrazol o[ 4, 5-c] pyri do[ 2, 3-b] [ 1, 4] di azepi n-4(5H) - one

56 459 . 20: ., . .
(1 et hy|2C411%9@Nh§ldpt$’d9¥%f?8b"&'[z&'°i4é]ch“%%[ff"@-[bﬂdiazﬂp&?'ﬁ%'BT% Li Al H4
(365ny, AlQBRELY Heshaddqd-Rambloap gh@ﬂsarhmo 1mmm&amre-afcaabdmbteyl(+ ég 10-
d|hydropyrazolo[4 5-C] pyrido[ 2, 3- 4]d|az é 60ng, 6nnDI)
in anhﬁcVM’QOWMEa?eJGn%)'d/aIPV%”B\/é ateﬁh { 1e E’Eijr ga%sljsp Si on

was heatgfeft wak ‘?EIInWecf @ va8ib aFﬂﬂ'Qhé Qéﬁ&u@ﬂva‘é/aﬁze@%b@ﬂ with BGenad 3G%
ammoni a solution (1 m dr opwi se ove t hen t he

wa adde
i xt ur e refdusswas padfied Q’Y Eﬁ?%ﬁ%‘l‘?ﬁ@?%frﬁ%eth%'?o‘ ai‘dﬁhenl'ﬂ%S'T é%’ﬂﬁ“? fe9PRY Pensi on
was fil Eﬁ&&g)etl heRdahoss) bm@r@rc}rmM%trﬂéthag@mt% au&dt:ct haidf ith tgivat @ wisite solid

concentrate Il N vacuo to ve a Ite so | ent | f
- ot hyndemtin@d by ety fd el By ol B b AR ep e S B o,
789% . I\/% 45% 02 1. 25 WD 03/016316 PCT/ GB02/ 03593 Exanple 3 tert-Butyl

4- ami nonet hyT - 3 chI or obenzoat e OO—| O0O0O0O0O0

2D: 1-Methyl-4,10-dihydropyrazolo[4,5-c]pyrido[2,3-b][1,4]diazepine

LiAIH4 (365mg, 10mmol) was added portionwise to a suspension of 1-methyl-4,10-
dihydropyrazolo[4,5-¢c]pyrido[2,3-b][1,4]diazepin-4(5H)-one  (560mg, 2.6mmol) in
anhydrous THF (30ml) at 0°C over 10 minutes. The resulting suspension was heated at
reflux for 18h. The reaction was cooled to 0°C and 35% ammonia solution (1ml) was
added dropwise over 10 minutes, then the mixture was stirred at room temperature for
1h. The resulting suspension was filtered through Celite® filter agent and the filtrate was
concentrated in vacuo to give a white solid identified as 1-methyl-4,10-dihydro-
pyrazolo[4,5-c]pyrido[2,3-b][1,4]diazepine (410mg, 78%).

MS [M+H]* 202.1.
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I<\V 1 VI'Va d d d Br HZN 3A tert-Butyl 3-chloro-4-nethyl benzoate
Thi onyl chloride (11 m, 150mvl) was added to a suspension of

3- chl or o-weormwksslic benzoic acid (5.12g, 30mmol) in tol uenectamokp3snd t he
m xture was heated at reflux for 2h. The solvent was renoved in vacuo and
the resi due was azeotroped with toluene three tinmes, then dissolved in
anhydrong(a‘ll;{ﬁe 40m ) and cooled to OC. Lithiumtert- butoxide (2.4qg,
30mmol ) was "‘added and the m xture was stirred at roomtenperature for 3
days. WegByighi-pmimemethyéd-chterobrazaadévent was renoved in vacuo. The

residue was dissolved in ethyl acetat Thg sol ution wgs waghed with 0.3M
KHSXi sgt. OEHCO3 and. briGwe, dried o and concentraf in vacuo
to give a gale yellow qgu ?Eﬁﬁlfled as ert but yl
3-chl oro- 4-|met hyl benzoat g (5 g, 79% . 3B~tert-Butyl
4- brono 3- chl qr obk€nzvat e _N- Br onmo
2,2'-azo P-m et hyl p ponitrile) (334ny

i Qg 4- et hyl bgnzodile (5. 4g,
carbon tetrjachl Jlde (75 ) and the m xtufe was heated at reflux for 18h.
The sol vent! was renoved i'n vacuo and tdye“resi due was pHrNfi ed by flash
chromat ography on silica gel (eluant 95% pet. ether/5% Bt hyl acetate) to
give a vgmttg,.tsmjtym bﬂﬁ,lﬂéuf.mgﬂ-,yﬂfenzbgfet butyI 4- br onorret hyl - 3- chl or obenzoat e

5.79, 789 tert - But 4- hy| - hi o]
s Oat CHhi SRIOLHS D] 150NN WS BOGRA 31 24 SURRSRORBY By P-oaoir g

benzoat %eﬁwée@%md]@ 10O hmeMSin d6ld&k @'561!)'[&1@1 e hiiuee Was hshieti rag defltx fooom
temperature _for 2h. The solvent was reppved in vacuo a ‘ﬂ”&é?‘il due was

triturat?dd wf hensqiveétt f{AS regtoNed 7 YagHan eﬂguemsda%ea HE’? gene

tert- buttmeellnrﬁég ResrebiRYbIved FhamiyahrRZOH e4dmdl) 2ed coddldto 026. OHIGh2G316

PCT/ GB02/ 0359
butox1de (2.4g, 30mmol) was added and the mixture was stirred at room temperature for

imde_(4,279 pl ) and
2.4mmol ) we ded to a

3 days. Water (5ml) was added and the solvent was removed in vacuo. The residue
was dissolved in ethyl acetate.  The solution was washed with 0.3M KHSO,, sat.
NaHCO; and brine, dried over Na,SO, and concentrated in vacuo to give a pale yellow

gum identified as tert-butyl 3-chloro-4-methylbenzoate (5.4g, 79%).

3B: tert-Butyl 4-bromomethyl-3-chlorobenzoate

N-Bromosuccinimide (4.27g, 24mmol) and 2,2'-azo-bis(2-methylpropionitrile) (394mg,
2.4mmol) were added to a solution of tert-butyl 3-chloro-4-methylbenzoate (5.4g,
23.8mmol) in carbon tetrachloride (75ml) and the mixture was heated at reflux for 18h.
The solvent was removed in vacuo and the residue was purified by flash chromatography
on silica ge! (eluant 95% pet.ether/5% ethyl acetate) to give a white solid identified as

tert-butyl 4-bromomethyl-3-chlorobenzoate (5.7g, 78%).

3C: tert-Butyl 4-aminomethyl-3-chlorobenzoate

Ethanol (100ml) was saturated with ammonia, then fert-butyl 4-bromomethyl-3-chloro-
benzoate (5.7g, 18.7mmol) was added and the mixture was stirred at room temperature
for 2h. The solvent was removed in vacuo and the residue was triturated with diethyl
ether to give a white solid identified as tert-butyl 4-aminomethyl-3-chlorobenzoate (4.1g,
91%).
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Exampl e 4 4-(tent-Butyl oxycar bonyl am nonet hyl ) - 3- chl orobenzoic acid 0 Owe 0
oH oo d d 0d Br 0 HA4A Methyl 4-brononet hyl -3-chl orobenzoate To a
sol uti on wb oaw1d3yé 3- chl or o- 4- net hyl benzoate (5.0g, 27.1 meolGBoM33ar bon
tetrachl oride (50m ) were added N bronosuccinimde (5.8g, 32. Omol) and
2,2'-azo- bis(2-nethylpropionitrile) (0.442g, 2.70mvl). The m xture was
heated at reflux for 18h, then allowed to cool to roomtenperature and
concentrated in vacuo. The residue was purified by flash chronat ography on
silica Esdmpret4 pet. ether -* 5% ethyl acetate/95% pet. ether) to give an

2 (1 ont PSR H TR PR e R e e i 4™ To & satulated

sol ution of ammoni a in ethanoly (17 was added net hyl @ [@oimet hyl -

3- chl or obefizQat ©Me om Exanpl e 42 g, 20.9mmmol). The m xtljure was stirred
at room tenperature for 1h and then concentrated in vacuo, . The residue was
triturated wiih diethyl ether ahdthe resultant white cry S were
filtered off 34 washed with diethyl ether. To a sq on of this
solid in w 100m ) were ad @l utions of di-tert ) icgar bonat e
(5.0g, 23.Om™ (? di oxan (100 ar@! sodi um hydd oxi d8 .B6g, ~ 46. Ommol )
in water (100Mm). lne m xture wag stirred at roo ertpﬁ\r\at e for 18h and
then concentrated in vacuo. Thg aqueous residue was Qcidi¥ied with citric
acid and extracted with chloroforn 2-propanol. The organic |ayer was
washed t@ y@;lqrbromd,ﬁghypy_%mdvgg%oawd concentrated in vacuo to give a
white so entifred as 4-(tert-but

car bonyframan@ﬁblﬂlﬁ'yl pt ﬁ@WVbr%@’éﬂ@cﬁ ge ﬁ'ﬁf'tlfn@a%g (5.890427- 1omald 53/ Fie%6

PCT/ GBO?;%% ﬁ? r'é added N-bro osuccmlmlde (5.89, 32.0mmol) and 2,2'-azo-
4-(tent oxyca am nonet 6/ 5” 3-nitrobenzoic acid
m

bis(2- methylproplomtrlle) (0.442g, 2.70mmol). The mixture was heated at reflux for 18h,
then allowed to cool to room temperature and concentrated in vacuo. The residue was

purified by flash chromatography on silica (eluant pet. ether — 5% ethyl acetate/95% pet.
ether) to give an oil identified as methyl 4-bromomethyl-3-chlorobenzoate (5.969, 84%).

4B. 4-(tert-Butyloxycarbonylaminomethyl)-3-chlorobenzoic acid

To a saturated solution of ammonia in ethanol (170ml) was added methyl 4-bromomethyl-
3-chlorobenzoate from Example 4A (5.5g, 20.9mmol). The mixture was stirred at room
temperature for 1h and then concentrated in vacuo. The residue was triturated with
diethy! ether and the resultant white crystals were filtered off and washed with more
diethyl ether. To a solution of this solid in water (100ml) were added solutions of di-tert-
butyl dicarbonate (5.0g, 23.0mmol) in dioxan (100ml) and sodium hydroxide (1.86g,
46.0mmol) in water (100ml). The mixture was stirred at room temperature for 18h and
then concentrated in vacuo. The aqueous residue was acidified with citric acid and
extracted with chloroform/2-propanol. The organic layer was washed with water, dried
over MgSOQ,, and concentrated in vacuo to give a white solid identified as 4-(tert-butyloxy-

carbonylaminomethyl)-3-chiorobenzoic acid (2.8g, 67%).

27



O CHOOH ONX®2 NX2 ~L )~N Br OH 4-Brononethyl -3-nitrobenzoic acid
(4.75g, 18.2mvol) was reacted follow ng the nethod of Exanple 4B to give a
yel | ow sowodsiodgend i fi ed as 4- (tent-butyl oxycar bonyl am noneCiytB0283593
nitrobenzoic acid (2.6g, 49% . Exanple 6 4-Cyano-3-nethyl benzoic acid Br 0O
OH CN CN To a solution of 4-brono-2-nethyl benzonitrile (2.0g, 10.2mml) in
THE (10 m%.‘ ﬁé[ -78C wunder a nitrogen atnosphere was added dropw se a 2.5M
sol ut i ofr*8f"P -Butyl lithium (4.48m , 11.2nmmol). The m xture was stirred at
- 78C f on-(terhBatdoxyrambpuylaminamethyhed-nidtrobhearpieraald oxi de (5g) in THE (50m).
The m xture was allowed to warmto room t enpegpt ur gy, Vater was added
(200n) and the n‘ixt@ (@d extracted with diethyg~€ther (3 times). The
aqueous | ayer was acidijffied by addition of concentrated HCI and extracted
with chloroform (3 ti ). The conbi ned chl or of gpgmextracts were washed

cuo to give a white

Q

with water, dried ove SO4i and concentr at ed
ano- 3-Tret’hyl benzoic a 20, 73%. 28 WO

solid identified as y
03/ 016316 PCT/ GB02/ 035€ apl e 7 4-Cyano-Q- nethyl be¥2ei c acid Br 0 CH
CN CN 4-Bronp-3-methyll benzonitrile {\4.0g,|{10. 2/mol) was reacted
followi ng the nethod o Example 6. T u as triturated with hexane
to giveayellowsodeidentified as 4- H

4-Bromomethyl-3-nitrobenzoic acid (4.75g, 18.2mmol) was reacted following the method
of Example 4B to give a yellow solid identified as 4-(tert-butyloxycarbonylaminomethyl)-3-
nitrobenzoic acid (2.6g, 49%).

Example 6
4-Cyano-3-methylbenzoic acid

Br O OH
CN CN

To a solution of 4-bromo-2-methylbenzonitrile (2.0g, 10.2mmol) in THF (100ml) at —78°C
under a nitrogen atmosphere was added dropwise a 2.5M solution of n-butyl lithium
(4.48ml, 11.2mmol). The mixture was stirred at —78°C for 1h and then poured onto solid
carbon dioxide (5g) in THF (50ml). The mixture was allowed to warm to room
temperature. \Water was added (200ml) and the mixture was extracted with diethyl ether
(3 times). The aqueous layer was acidified by addition of concentrated HCI and
extracted with chloroform (3 times). The combined chioroform extracts were washed
with water, dried over MgSO., and concentrated in vacuo to give a white solid identified

as 4-cyano-3-methylbenzoic acid (1.2g, 73%).
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cyano- 2- net hyl benzoic acid (0.96g, 59% . Exanple 8

4-(tert-Butyl oxycarbonyl am nonet hyl ) -2-fl uorobenzoic acid Br 0 OH0 Ow F
FF OOWwWOoONs3IteF OON HBr 8A 2-Fluoro-4-nethyl benPorGEeiosss3

4- Br ono- 3-f | uor ot ol uene (8.33g, 44.07mml) was reacted foll ow ng the method
of Exanple 6 to give a white solid identified as 2-fluoro-4-nethyl benzoic
aci d (4§§‘99" %% . 29 WO 03/016316 PCT/ GB02/03593 8B. Methyl

2- 11 uor 624" Het yl benzoate To a sol ution of 2-fluoro-4-nethyl benzoic acid
(6. 04g, 43ya®x2rariethylbetndioaeid (80nl) was added thionyl chloride (65m,
89.11 mmol ). The m xture was heated at refl4x fngZ.Sh, cool ed and
concentrated in vacuo. The Bésidue was di ssoRy€d i n di chl oromet hane (50m)
and net hanol (50m ) was added. The m xture was$ stirred at roomtenperature
for 2.5h and then concent d-in vacuo. Thefesidue was dissolved in

di chl oronet hane (100m ), ed w-th—>sat ur pt ed|jsodi um bi carbonate sol ution
and brine, dried over My and concentratgd ji’n vacuo to give a tan solid
identified as nethyl 2-fluorjo-4- nethyl benzoalfe (5.07g, 77% . 8C. Met hyl

4- br ononet hyl - 2-f | uor obenzoaiNe Met hyl 2-fl uor gaf- et hyl benzoate (5. 07g,

30. 16nmmol ) was reacted followi ng the nethod of Exanple of 4A. The product

Was  pur igf g eeh oy ridtdaberzBhigIBL @9k 2Ry a0l ividsC fedcaldu edllowindOMeeaitodaekt at e/
80% pet. ether) to 'give an oil_ identified as net heYl 4br?goé’rewg/4 -2-
f | uor ob&EXamRle ( 5. @g;ro@@z;@was triturated with hexane to give a yellow solid identified as 4-

cyano-2-methylbenzoic acid (0.96g, 59%).

Example 8
4-(tert-Butyloxycarbonylaminomethyl)-2-fluorobenzoic acid

ar O _OH O _OMe
F F F
—_— ——
Oy -OH O _OMe
F F
-
<L
0~ N
H Br

8A. 2-Fluoro-4-methylbenzoic acid
4-Bromo-3-fluorotoluene (8.33g, 44.07mmol) was reacted following the method of
Example 6 to give a white solid identified as 2-fluoro-4-methylbenzoic acid (4.89g, 72%).
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8D. 4-(tert-Butyl oxycarbonyl am nonet hyl)-2-fl uorobenzoic acid Methyl 4-brom
o nethyl-2-fl u o robe nzoate (5.99g, 24.13mvl) was reacted follow ng the
nmet hod ofwBxatnpd3es 4B. The product was recrystallised frompdirGanbpes. et her
to give white crystals identified as

4-(tert-butyl oxycarbonyl am nomet hyl ) - 2-fl uorobenzoic acid (2.46g, 38%.

Exanpl e oic acid Br Br 0 OH NH2 CN CN 9A

4- Brom)8§ Mem%g[}ﬁy?rgenzoﬁlgg+£%gg8rom) 2,6-di methyl aniline (4.49qg,

22. 4nmoltp anesuttonke 12-lyoroA- mamglbelﬁmqld 4849, chtimmebtretlugpar( emhorasc aci d
(8.0M) dd u SHonigat rl.gg?@e ion and
t hen coS\iﬁg%j ﬁ%or&gchlﬂn &%Ibﬁgg | ur#‘%lrﬁgﬁrg V\;a% d ”Bﬂl& ?ﬁ 30 WO
03/ 0163 60| ENGBAHRBEAB imataetio. 5rﬂT)e vesiduehwas aﬂsﬁ@ﬁtedr@pdw@@rowtfa@et o

mai nt ai n [a

stir red(%(i '\g 3@%3‘?3@3 (rgir?n%t“}eageaéjrq thﬁéﬁ&ﬁ‘éﬁﬁe\gﬁ seﬁ %Cat Fgggll t gn 0 sol id
sodi um lpreasthanathen cbheentexded i waagucsoITLm residuawas lﬁ@sobladéﬁdlp?dﬁmm@e to a
solutio f co r i . a i 650,
6. 1 bl o WE et BB f9fulgfed SHl ) oM nbcC SR A IRV ASER e S0

M nut es MgSi,| ane donoentried andaduveto gixe ratanesblidi id?ﬂ’flﬂéﬂ LP@_n@e(th t21f|r¢9§3)-4- The
conbi ned ?@y@b racts V@O%g#:ﬁ';ped with water and brine, dried over MyS™, and

concent "4t ?%03 clo residue was purified by flash chromatography on
silica (eluant 5% ethyl acetate/ 95% pet. <ether) to give an orange solid

i denti f'8§df3hwb'§fp%f%99‘ gbqﬁ}opgégﬁgé%u trile (3.2g, 68%. 9B

4- Cyano- AERZorYC“acid -2, 6-di net hyl benzonitrile (3.20g,
15. 2nmolNet2- ﬁmﬂedethwlbématag(&W@ @@ﬂl@mﬂncd)‘ waﬂm%foéowgghe/meéhqdan
solid identifled 4- h%’nsﬁﬁ;éﬁ)l ﬁf(arrple
10 4- (3 ﬁmP% c’fazﬁol‘ pef%ézlpr%dﬁit car g&ﬁy no ?t@gfaggj (e 7e

20% ethyl acetate/ 80% pet. ether) to give an 0|I ldentlﬂe as methyl 4- bromomethyl 2-

fluorobenzoate (5.9g, 80%).

8D. 4-(tert-Butyloxycarbonylaminomethyl)-2-fluorobenzoic acid
Methy! 4-bromomethyl-2-fluorobenzoate (5.9g, 24.13mmol) was reacted following the
method of Example 4B. The product was recrystallised from dioxan/pet. ether to give

white crystals identified as 4-(tert-butyloxycarbonylaminomethyl)-2-fluorobenzoic acid

(2.46g, 38%).

Example 9
4-Cyano-3,5-dimethylbenzoic acid

@) OH
Br
~ Q-
CN CN
9A. 4-Bromo-2,6-dimethylbenzonitrile
4-Bromo-2, 6-dimethylaniline (4.49g, 22.4mmol) was taken up in water (25ml) and

concentrated hydrochloric acid (8.0ml) was added. The mixture was sonicated to form a
fine suspension and then cooled to 0°C. A solution of sodium nitrite (1.67g, 24.2mmol) in
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t et rahydr ot hi eno[ 3, 2- b] azepi ne hydrochloride SO NrN,H NY N CH3 O
OA: 4-(3-Met hyl - 4-cyanobenzoyl)-5,6,7,8-tetrahyd roth ieno[ 3, 2-b] azepi ne
Thi onyl cWbesiods14¢ 5nl, 68.55nmpl ) was added to a stirred POTGBII08F?3 Of
4-cyano- 3- met hyl benzoic acid (1.43g, 8.90mmwl) in dichloronmethane (20m).
The m xture was heated at reflux for cool ed to roomtenperature and

2h,
con trat i d
Chen di walst Jarml R eh AR lFRe S e To PERBEIBE ke Rl S RIEE G
?gdgg t@etalggh iocseed Fak mlxtomhwés Sjrfad7at®-5%Cefor anyrdnutemaeddﬁ@ mmptmgidvme
. 369, et
CSomt S st sodut GERPPual.: ok Balih seflon VA Hh adeba Dfrligrol fon?
M KHSO% %\a'écblumr?d)f dl\laiﬂﬁéB cyaaiddrRreg, tme]mmohcaam pataseiumm cyaride. (S'BISQ,
resi due _was ri |e I I ()
e oncl pebmetdtein wetsr Mg o081 o The PR eabo M9 as 0 § PG oh B BMkSor | «
|2 dg]nt if bmv@lstfélco((c)asan%ﬁad exiracisanatretoLeyk )2 Sintesy., 8Fhe emmlahgaﬂ exirdttenwefe,
-b] azepi ne . 0
i nonet h@’?g"@e-“fﬁé"t'tay‘g%t&ﬁ 9””? éir'7él8‘§vteét'\5nga§1%r%}dhconcgfgaffdb‘f’a‘ﬁaecﬁpne he
C?bzl E g lrds)dUéh/l/&E b@ﬁlehwghydbﬁiomd@;rsﬂg/ oril diliG@4feiazing 5%eathy ddetdte/ 5% sl ut i on
0 -(3- cyanobe ,.8-tet i
(1. 70g. 5enombina o hae s Ur s B - siphicd AR B SRt a T aa 68RL 0
f58 6§gm)l) was added portionw se athC aﬂd the m xture was stlrred at 0C
or n at o er at 2 S d
t hen adagdagﬂ’ rﬂo'?f’h}yé '%J%‘?Pregrfor 38tnu:1a: ﬁenaggggiag[nr ;?Lgr: ge e
vacuo. FHBrofest elu&nwaylbamﬁtmenedow tS2mololevas teheted feliawingthednethod of
chl or of m ‘-Ie-:t togcﬁ% %?%rﬁ%ﬂﬁr %%etggg 4\-’gy£1rr110 Qré &%e%e%ggi%%@fdr@rﬁ?%%). vacuo.

to gl ve
4- (4-am nonet hyl - 3- net hyl benzoyl ) -5, 6, 7, 8- tetrahydrothi eno[ 3, 2-b] aze pi ne
(1.12g, 659%.
Example 10
4-(3-Methyl-4-(piperazine-1-carbonylaminomethyl)benzoyl)-5,6,7,8-
tetrahydrothieno[3,2-blazepine hydrochloride

-
s 0
=
N K\N/H
H
s
CH, o}

10A: 4-(3-Methyl-4-cyanobenzoyl)-5,6,7,8-tetrahydrothieno[3,2-b]azepine

Thionyl chloride (5ml, 68.55mmol) was added to a stirred suspension of 4-cyano-3-
methylbenzoic acid (1.43g, 8.90mmol) in dichloromethane (20ml).  The mixture was
heated at reflux for 2h, cooled to room temperature and concentrated in vacuo. The
residue was azeotroped with dichloromethane then dissolved in dichloromethane 20mi.
The resulting solution was slowly added to a stired solution of 5,6,7,8-
tetrahydrothieno[3,2-blazepine (1.36g, 8.90mmol) and triethylamine (3.70ml, 26.54mmol)
in dichloromethane (30ml). The mixture was stirred at room temperature for 24h,
washed with 1M KHSO,, saturated NaHCO; and brine, then concentrated in vacuo. The

residue was purified by flash chromatography on silica gel (eluant 25% EtOAc/pet. ether)
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| OC:

4-(4-(4-(tent-Butyl oxycarbonyl) pi perazi ne-1-car bonyl am nonet hyl ) - 3- net hyl -
benzoyl ) -wP®3/M1814 et r ahydr ot hi eno[ 3, 2- b] azepi ne 1, 1' - Car pocmydRibRioss9dazol e
(234nmg, 1.45mml) was added to a solution of 4-(4-am no-

met hyl - 3- net hyl benzoyl ) -5, 6, 7, 8-t etrahydr ot hi eno[ 3, 2- b] azepi ne (400ng,
1.33mmol) and DI EA (0.3nl, 1.72mmol) in DWVF (20n1) and the m xture was

stirred at roomtenperature for 30mn. tert-But
b o som TaavackeeldanBertaet it crb el Fe PSR il £ 20 1
tenper ay ﬁyofr&hle%épibf‘die&%%l?@@ atiegh. i n vacuo. The residue was taken up

in chloro ormand he sol uti on was washed with 1M KHSO4 and brine, then
concentrated in vacuo. The residue was purified by flash chromatography on

zis' i40t(”1 8. Lﬁi-ﬂﬁﬁﬁoﬁé%ﬁsﬁ?ﬁé{wﬂknzeyb@é 7 8xegangdtiiehbEs, Bbldzdpingent i fi ed

but yl ox@@%‘%‘@n?ﬂ"?@i%é‘ﬁé&h)’ﬁ@ti @érgoryI4mmdhuasyrgdes. e AR Yy# 35, 6, 7, 8

" Egt Rﬁ;\x@{y%*& SRk Ss 8ZeRichan| &38| 86BazebMe: (1.70g, 5.70mmol) in

pera 1- b | h
rot hi en@F'G‘aBD'b](g%'bl ﬁél%ngdroggg@ﬁi?‘dé’%%@g[ : é,ﬁzg?eé‘sz ol Sind” Sdadsft ranyd

ﬁeg ‘Zlogl l‘lg&ijéﬁvhs@'& YIOXNE AR Riab Btifréd hNEClfoe aoﬂawbﬁm Refeichperatdremet hyl -

et rahydr ot hi eno[ 3, 2-b
HCI / di o%eaRh. (ﬁ@mryteﬂe@ﬂ@pnw%aﬂwéerwawll%zw%@% %Fgg'x%?nwﬁ‘m%%dl 5y 4N

concent é@%fﬁdth'eﬂ é’o?ﬂ%léﬁ‘tfatgb% VaREb. duaﬁéaﬁeswu%s\why@deotromewm|tds|ned1ee/tmt er and
| yophi |l 1 sed Ive a white _solid identifie

4- ( 3- ma@*i;ﬂdeﬂ Wgh [seloa9fPrB- 1 T@ar%ﬁﬂsa‘f‘ﬁrﬁo‘ﬂ%ﬁ I W‘Hb RYTS, A £0RCeNRIG LI ahydr o

thi eno-  f 32 %GQ'Wﬁté‘)é‘éF@CI@érﬁﬁéd@és?Q ABmiAeMethy B2 matyI3#rR3RBR56,7,8-
PCT/ GBOZ% 0359319 ' ' go i( 7?'(?&1@ ?4) 1. 832’&1 QEB(ZH m,

2.17 (3Htra§ydrowlwl3z2%ﬂ@me (174)29 66%5-3.10 (4H, n). 3.35-3.45 (2H. ),
3.50-3.64 (4H, n), 4.16 (2H, s), 6.26 (1 H br s), 6.85-7.10 (4H, m), 7.24

1 H brs 9. 28

(5 (4- (41@904'&%(4569&%%&!%’%%@%”%”{3%é?'ﬂEANP%W ﬁ%‘f’ﬁ%@ %MT benzoyl )

- 1- et Qyhsdhiyle) s d dLystr sidraaidid[3,29]8 ¢ pinB] benzodi azepi ne
1 1’-Carbonyldimidazole (234mg, 1.45mmol) was added to a solution of 4-(4-amino-
methyl-3-methylbenzoyl)—5,6,7,8—tetrahydrothieno[3,2-b]azepine (400mg, 1.33mmol) and
DIEA (0.3ml, 1.72mmol) in DMF (20ml) and the mixture was stirred at room temperature
for 30min. tert-Butyl piperazine-1-carboxylate (281mg, 1.50mmol) was added and the
mixture was stirred at room temperature for 24h then concentrated in vacuo.  The
residue was taken up in chloroform and the solution was washed with 1M KHSO, and
brine, then concentrated in vacuo. The residue was purified by flash chromatography on
silica gel (eluant 75% EtOAc/pet. ether) to give a white solid identified as 4-(4-(4-(tert-
butyloxycarbonyl)piperazine-1 -carbonylaminomethyl)-3-methylbenzoyl)-5,6,7,8-
tetrahydrothieno[3,2-b]azepine (588mg, 86%).

10D: 4-(3-Methyl-4-(piperazine-1-carbonylaminomethyl)benzoyl)-5,6,7,8-
tetrahydrothieno[3,2-b}azepine hydrochloride

A solution of 4-(4—(4-(tert-butyloxycarbonyl)piperazine-1-carbonyIaminomethyl)?3—methyl-
benzoyl)-5,6,7,8-tetrahydrothieno[3,2-blazepine (588mg, 1.15mmol) in 4N HCl/dioxan
(10ml) was stirred at room temperature for 30min then concentrated in vacuo. The
residue was dissolved in acetonitrile/water and lyophilised to give a white solid identified
as 4-(3-methyl-4-(piperazine-1-carbonylaminomethyl)benzoyl)-5,6,7,8—tetrahydrothieno-
[3,2-blazepine hydrochloride(393mg, 76%).

32



O HNNH-~NV H3C 1\ CH3 NO NJ Y N 11A

5- (4- Cyano- 3- net hyl benzoyl ) - 1- net hyl - 4, 10- di hydr opyr azol o[ 5, 4-b] [ 1, 5] -
benzodi azwpion®16Biné onyl chloride (1.8nl, 27mmol) was addedPCo/GB02W03I98ed
suspensi on of 4-cyano-3-nethyl- benzoic acid (1.29g, 8 Ompol) in toluene
(25m ). The m xture was heated at reflux for 2hr, cooled to room
tenperature and concentrated in vacuo. The residue was azeotroped with
tol uene then dissolved in dichloronmethane (10m ). The resulting solution
was added to a stirred suspension of 1-nethyl-4,10-di hydropyrazol o[ 5, 4-

o] Ly SAERHREEARRLS, Laors PATTH) 1000 SN S nia o8 2Tl

t enper amnyreosd-ado (4Hom¢e313$-3t4éc(2Hnm\)a'i:6@>3 6RHéHY erevtlm@(zhw) 0B26 (tH, dred

bet ween ous phase was extracted with
chl or of%ggf {Op‘:‘*g@&ﬂa?gﬁgﬂg%)g)(@%“%@ﬁﬁ?ﬁ@ﬁ or gani ¢ phases were washed
with sat. NaHCO3 and brine, dried over Na2SO4 and concentrated in vacuo.
The reshggﬁ\{lyﬁs;_p {I ed by flash chromat ography on silica gel (eluant 5%
met hanol' ¢ f to give a pale yellow solid identified as

5- (4-cyano-3- m et hyI

benzoyl ) - 1- net hyl - 4, 10- di hydr opyr azol o[ 5, 4-b] [ 1, 5] benzodi azepi ne (2. 4q,
87% . 33 WO 03/016316 PCT/ GB02/03593 11 B: 5-(4- Am nonet hyl - 3-nethyl
benzoyl Exdmpietttyl -4,10-d i hydropyrazol o[ 5, 4-b][1, 5] - benzodi azepine

cobal t(L1) gRi e 0{0 ’%%ﬁ‘o@gr@%k% i1 220 orfy MR e thFR-20 e 1l h R0 e e- col d

solutio

benzoy| methytat 10ty didpytainldiSoppi[d Spbeizediadep|ne, 5] benzodi azepi ne (1. 15g,
3.35mmol ) in nethanol (35nl). Sodi um borohydride (1.27g, 33.5mml) was
added portionw se at ) he m xture was stirred at RT for 1 hr, then
quenched with 1M K d cgncentrated in vacuo. The aqueous residue was

iltered through Ce ite(r) filter agent.
G , et her (2 basified with
2M NaOH and extract&Nwi th chlor ThH

H,C—N, CH, o

11A: 5-(4-Cyano-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]-
benzodiazepine

Thionyl chloride (1.8ml, 27mmol) was added to a stirred suspension of 4-cyano-3-methyl-
benzoic acid (1.29g, 8.0mmol) in toluene (25ml). The mixture was heated at reflux for
2hr, cooled to room temperature and concentrated in vacuo. The residue was
azeotroped with toluene then dissolved in dichloromethane (10ml).  The resulting
solution was added to a stirred suspension of 1-methyl-4,10-dihydropyrazolo[5,4-
b][1,5]benzodiazepine  (1.6g, 8mmol) and triethylamine (1.4ml, 10mmol) in
dichloromethane (15ml). The mixture was stirred overnight at room temperature then
concentrated in vacuo. The residue was partitioned between chioroform and 0.3M
KHSO,. The aqueous phase was extracted with chloroform/2-propanol (80:20). The
combined organic phases were washed with sat. NaHCO; and brine, dried over Na,SO,
and concentrated in vacuo. The residue was purified by flash chromatography on silica
gel (eluant 5% methanol/chloroform) to give a pale yellow solid identified as 5-(4-cyano-3-
methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine (2.4g, 87%).
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organi ¢ phase was dried over Na2SO4 and concentrated in vacuo to give a
pale brown solid identified as 5-(4-am nonet hyl - 3- net hyl

téi(r)}()zoyll)l-\gormmwue 4, 10-di hydropyrazol o- [5, 4-Db][1, 5] benzoaicazsgwizs9é 745y,
g (4- (lél)'(éért myl oxycar bonyl ) pi per azi ne- 1- car bonyl am nonet hyl ) - 3- net hyl -
enzoyl yaa: BREMhingmbeh '3haﬁ<éi &ehol-Prefinyld fo-ahhaRARRARASIB! 48] 11,5 .
1,1 Carbonétfdllmdazosge1 W ?) evglsd[a degtoaso@[ﬁtlg]rg 01] 5-
(am norrb?hmqla@nm hyl benzoyl) 1 rret hyl - 4 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] ben
20 0 gl CAIRDhe AaiHERD )i d. Phis) mslaahed@o 5 TR EAuRYFof 201 ) .

The sol ution ter lﬁeram ne- 1- car boxyl at e

(91ny, (-a@Emecd-nelfeyibendedd!- W@ﬁ’i@vléls’iQ-¢IhYF§0M§Z<&Q{ﬁt4r lleBlberzodiAZAPING he i xt ur e
was Conﬁﬁaéa%a%g%ﬂlggl VRACKMEHARE 3%, feéb&kUﬁa M@%h&&l&%”ﬁ@/g‘ B3gMhab9fsm The

solutio_ ' . W|thvvaer an brine, dried and concentrated in vacuo.
The resiadded parsiopuise fat 88C lay\d fthexgtixtererwarstisiadeas iR & 1hsi thew quepahedavitiant

100% £ HF st %%‘ng@ﬁ& E{n%) ol 0 fle/Sofe il fe3icha! udh 'dﬁagalv§.{heqm as

5-(4-(4- 0X car era2| ne- carbon am nonet 3- et hyl be
Qéﬁ’g') KHS@t wrmmmd)ﬂthrhgdhmpgha(:zaiata)[fﬂitexlag]eptl 5le€eﬁ!zr@tﬁ waepyasbed 6y,
257 3. il S04 I omb then basied Wity P NBQH PR sy rasied wit epiojofgn.  The

di hydr opygmblm{sa vadHfidd bydreNz.Sd, aarepcanechiyated ¢hvastodie gve olpsia brovef

5(4(4 ony rbon -1- t hyl -
benzoyl oK HEERYEa S0 S A o Be bl s BT o e o et o
0. 29mm|544b|]{1 Sden=Ctiiazk piveafT 46ianba%has stirred at room tenperature for
30m n then concentrated in vacuo. The residue was azeotroped w th diethyl
ether to give a white solid identified as 1

- met hy| 43¢ 8-(axd-(tert-Butyboxyeasminybpiperazinedraraonylemindmethyheamefhyl- 4, 1

o vo osfoftiii iyl tiei bRt =~

5-(4-( 4-1Qy4ﬂantmnytmyhﬂwzbyel A7 pegazo. 4émhM)arVM1y¢®edndqe@th)wien mef h§+(4-

gglnﬁ? ?/l)) Pome%ll) 91ygoen¥8/r P—Hew q[OSdlﬁyop&gy]razﬂl&g qztﬂﬂ ﬂggr&'one To a

1- met hyldidzepide (e50myd,-014 3rpinpk raad iDNEA 1(0.d sl Kb Sigrhznd) firo BdtF Dinlb e Rz golytion

& 10- i v IpXEa80 b8k, TeRblr BhBRDFRY. 828R e WHRG LSS Q88
and stirring was continued for 72h. The mixture was concentrated in vacuo and the

residue was taken up in chloroform. The solution was washed with water and brine,
dried and concentrated in vacuo. The residue was purified by flash chromatography on
silica gel (eluant 100% EtOAc then 10%methanol/EtOAc) to give a white solid identified
as 5-(4-(4-(tert-butyloxycarbonyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[5,4-b]{1,5]benzodiazepine (160mg, 66%).

11D: 1-Methyl-5-(3-methyl-4-(piperazine-1-carbonylaminomethyl)-benzoyl)-4,10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine hydrochloride

A solution of 5-(4-(4-(tert-butyloxycarbonyl)piperazine-1-carbonylaminomethyl)-3-methyl-
benzoy!)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine (160mg, 0.29mmol) in
4N HCl/dioxan (15ml) was stirred at room temperature for 30min then concentrated in
vacuo. The residue was azeotroped with diethyl ether to give a white solid identified as
1-methyl-5-(3-methyl-4-(piperazine-1-carbonylaminomethyl)-benzoyl)-4,10-dihydro-
pyrazolo[5,4-b][1,5]benzodiazepine hydrochloride (130mg, 90%).
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triethylamne (0.5m, 3.59mmol) in THE (10m ) were added

cycl opr opanecar boxal dehyde (14ng, 0.20mvpl) and sodi um cyanobor ohydri de
(15ny, O.womawigdi@nd the resulting mxture was stirred aPCTaEBWROZIIPer at ur e
for 24h then concentrated in vacuo. The residue was dissolved in ethyl
acetate and the resulting solution was washed with saturated NaHCO3, water

and bri{ygs: 50km(arty%mb.@wﬁﬁéthyﬁﬁwazmewacmMWmnnemetme) Swmmethylur i fi ed by
0
I,Vlh?f 2 (szlga{lgern;}i[)-get;q:;‘{)h:y)(édiOatglhydropygazolcg[‘i‘wl4{J Bﬂ]i 5 0e(?z Fa@%Bf%'e’ EtOAc) to give a
>- §ﬁ l(gr&Yéﬂs%Rﬁl?lﬁ)%fnﬁtrﬁé(ﬂh?“ﬂl@g mﬁthwlpmarrab:mewl eailrbg?nmhmy;n)etf@*) -benzoyl)-
met hyl benzoyl ) - 1- [ ol o i ne
(35my, S 855nyioRyRRR A N BlReso s a2pR e oy ocns o) BPSERELFESR, "y
S) 2290 f%thg‘%ﬁ'g”é@ 5l 3%9n{radﬂl) ursTHFzm-Bl)(néke addedJa&Joﬂrupaneaarﬁaxa(lmyde
4.23 (2@4m§) 0233"?80' f”ﬁ 506"“”3 %ﬂ”‘gﬁ%%ygﬁd%ﬁ%ﬁ%geg ”403% a“%glfgge(sﬁﬁ.lhé
21233( 1r|2>|z!turél)wasz S%CV aﬂ-4o&n’h thp@iaturE be-ZZhZI.Te(m Zid,nceljtrq:b@dnm VBcud. Mrfihe =
anmpl e i.ne n nom
- 3- net h@ﬁb"éﬁz‘ﬁ% )d‘sfoé\‘ﬁfi I etﬁ?l %Cé%ﬁﬁ% '6‘%5'{5% % B/f %]' [%a%fgéﬁ%doﬁ“"azep. ne
O HN r’:' %‘étﬁr’é"zéd Nﬁi—ldﬁ@ watEB&ndNorife;idiried aNd'EOneerﬁmlted inoracab. The residue was
1- nmet hy 3- net erazi ne: \
R AR A ppvzs?rbéwaweL?eiﬁ%""Wﬂﬂfoﬁfﬂ?@%@e 2
8 ZOHTg\bvhnt@@Gl(;dzﬁldelnﬁﬁéwlam- oy P&megbazon?%ﬁbﬁb@ﬂﬂammOmtwl)gﬁdeg
enzal dehyde sodi um

cyanobom@ﬁv&}eﬂa@” n%wy?ﬁvg&%ﬁﬂg?pyéﬂ@l?[ﬁyﬁg %ftx?n@%?ézegp égﬁm%s Stirred at
roomtenperature for 24h then concentrated in vacuo. The residue was

'H NMR: d;-MeOH 5 0.14 (2H, q, J=4.7Hz), 0.51-0.59 (2H, m), 0.82-0.95 (1H, m), 2.15

(3H, s), 2.28 (2H, d, J=6.7Hz), 2.52 (4H, J=4.9Hz), 3.43 (4H, t, J=4.9Hz), 3.80 (3H, s),

3.95 (1H, d, J=14.4Hz), 4.23 (2H, s), 5.78 (1H, d, J=14.6Hz), 6.61-6.74 (2H, m), 6.99 (2H,

s), 7.03 (1H, s), 7.05-7.14 (1H, m), 7.19-7.24 (2H, m) ppm.

MS: [M+H]" = 514.3

* Example 12
5-(4-(4-Benzylpiperazine-1 -carbonylaminomethyl)-3-methylbenzoyl)-1-methyl-4,10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine

oy LG

H C"N\ = o)

To a solution of 1-methy|-5-(3—methyl-4-(piperazine-1-carbonylaminomethyl)—benzoyl)—
4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine hydrochloride (100mg, 0.20mmol) and
triethylamine (0.5ml, 3.59mmol) in THF (10ml) were added benzaldehyde (21mg,

35



di ssolved in ethyl acetate and the resulting solution was washed with
saturated NaHCO3, water and brine, dried and concentrated in vacuo. The
resi due vwae opatdsfié ed by flash chronmat ography on silica gecCT(Gaoaasio35%
met hanol /Et OAc) to give a white solid identified as

5- (4- (4-benzyl pi perazi ne- 1- car bonyl am nonet hyl ) - 3- net hyl benzoyl ) - 1- net hyl -

(%a g'Mcgﬁ@nga?@géﬁﬁn%y%&éoréﬂgmaéquﬂaepmmrﬁ@hgd Rl 9sultibbl rNNRJreS 2.10

(3H, s)waﬁstg@d(atlro@m @mpgeﬂweafnﬁ%h &%Q{’CQQ@"QW“ §Ctios J% é%g‘)“? T’fsl m,
5. 88 ( %;Wf%’l Sﬂwyiﬁcé’:té'{é)and%é@es(ultm? soﬁJtlbn@v&ZN&héé WiBHatumhted NS G,, 96 ( 3H,

?S’ 5- (4w4tm: gad d‘?o&@%ﬁeﬁﬂ/lc?meﬂérﬁ@fﬁ /ﬁevafuo PPhhe reSldlLe wl;_aﬂs purlfleé_’ %y%lasﬁxarrpl €

car bonyé{ﬁ%ﬁ@ﬁﬁip@?’l% sl élQﬁﬂ@N |rr)e“cﬂernol/E’cOAc) to give a white solid identified

met hyI
IN Y 48C I ee%%l&p%@%x?nesi T T e R ML R e U AL
tert- Bu(g %q%‘gg(’,g{%(ggumg %Bé,@gddgg%e@ae@@;gn g,2990mol ) was added to a sol ution

of mcres and tri et hyl ani ne (4m, 28.7mmmol) in
di chl oronet hane (50m ) at 0OC. The mxture was stirred at roomtenperature

for 24h h [ |
chr omat ShAMER,S areaeT s 68 % 3?“1%?%2%@%&?5%** Risaiivies
ggl)/s)un@ys Di B/%d@rh‘tldléﬂﬂa%‘* ¢28ri- 2% U2NI ain)mé}tfi?iy‘l1 68 ([t 8%% ﬁtsél Me d,(3. 60g,
3-(tert- Ig\uﬁ%/l%il %ﬁgh%ﬁs yl oxy) gggzy‘%) bér-g%G 9e6 (3K, m), 6.98-7.11 (2R, m), 7.15-

7.34 (5H, m) ppm. :

MS: [M+H]" = 550.2

Example 13
5-(4-(4-(3-Hydroxybenzyl)piperazine-1 -carbonylaminomethyl)-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine

O

HN N H (\N "
NTBQA@

—=

H3C"N\N/ CH, o)

13A: 3-(tert-Butyldimethylsilyloxy)toluene

tert-Butyldimethylsilyl chloride (3.00g, 22.00mmol) was added to a solution of m-cresol
(2.00g, 18.00mmol) and triethylamine (4ml, 28.7mmol) in dichloromethane (50mtl) at 0°C.
The mixture was stirred at room temperature for 24h then concentrated in vacuo. The
residue was purified by flash chromatography on silica gel (eluant 10% EtOAc/pet. ether)
to give a colourless oil identified as 3-(tert-butyldimethylsilyloxy)toluene (3.60g, 88%).
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N- Bronosucci ni m de (2.90g, 16.20mmol) and Al BN (266ng, 1.62mmol) were added
to a stirred solution of 3-(tent-butyldinethylsilyloxy)toluene (3.60g,

16. 20nmol woim/oesidbon tetrachl oride (120m ) and the m xt uPeTwEm2hzssed at
reflux for 24h, then allowed to cool to roomtenperature and concentrated
in vacuo. The residue was purified by flash chromatography on silica gel

(el uant 4 gyc4. %@@@)dlhﬁtW|¥iﬁ/l§xﬂBbﬁzW|b?§ﬁlldB| ldentlfled as 3-

ttbtdthIII | bromd 13C._{ent-Butyl
A (3 Iy ChSFRTOBRGSI T (e IRGOTIRAl BEkDIE (2085 | A B RBAY 0%

di spersg de @o%hbn &OBQk@m@JtQIdWhﬁQIQI%Qy)RQuéHeOm\B?f ﬂ@2@mn’$dl)l i e@risopl uti on
of tert- X QNgeram ne- 1- car boxyl at %? é % g Cre m Xture
was al | tsieahlppd 1r2|9mlbar}dot5ﬁ1n?'@h'f%‘ﬁ’a§ beated akreflyk foridanthgn @fpwgq t9rFogt to
3-(tert roolHPtté(lJnHér@ﬁIrQYérﬁi 'c?z!rHé@th)a{é@l”W Vaduoom dee( Aesttitig, wis Jnmed )byl fadiVF

(10m ) was dropwi se and t xture was stirred at ro rrflte%ﬁrature
for 24hChWt3éQ9r@H§’ %[HE'&? Qﬁﬁﬂluﬁ'ﬂié:yﬁﬁo?%ﬁ”@) iRgive @ qugless Pl BsRTTEY: pour ed
into Et %ﬁ-rbu BIGRMNISX | B¥BfmideN@dBgdswdel.n sat urated NaHCG3 and bri ne,

t hen concentrated |n vacuo. The residue was purified by flash
chromat ography on silica gel (eluant 40% Et OAc/ pet. ether) to give a |ight

brown oksgi Hz‘?ﬂBh{y'l ﬂQ3ﬂﬁjd’§'@i§belﬁH§'l¥;Blperazme 1-carboxylate
4- ( 3- hydr oxybenzyl ) pi per azi ne- 1- car boxyl at e

1- ( 3- Hy Seeikiblyirige)(pPeee.a59 % clispersien b | dPr@g‘%O'%gﬂaﬁt%dg?{g BP%‘PBY"FE‘HB@I

4- ( 3- hy drit QI YN@RFEY D) te RIBE)| bipetaziR-1-darbeRyiAexy DM G0ty K40C. 6Tﬁ@lﬁ’fmhbe in 4N
HCl / di oxan (10n1 was stirred at roomterrperat re for 30m

concent Was edllawed Ja M THe "3Q8R | lgoPerRiWe oVt rRy 82 7 hs%'t@f’hﬁfrbfe (Rt to
give a %ﬂyrdﬁnétﬁblgwbld%g%étnkgl Bﬁbnﬂéelﬁc( fwdorﬂwaemzxdwpl(ﬁemzwae added
di hydrochlorid t'% % ﬁ%be@?{) éze ded
razi ne- @fqpﬁﬁ'%@[y} 1) 'inﬁdlﬁ'ﬁéﬁﬁﬁyﬂ"eﬁ' ?ﬁré? RyempeRiy of)?fg ;)'p aqde

0-di hydéﬁ@m@mtwews éﬂrielj ot Q@ﬂmbaqaepseaantolatbmmwh@ RYdahi phabanhe
(15ng, 0.09mmo|) was added to a stirred solution

(am noniepRed with gaiuraieh NaFEHsand brgeHpeD ﬁo'l‘??”H?Wd? Mﬁil‘ﬁoaz?)-h% [asidpenyqs,

5] benzollo_ur%éélz&pﬂa&\ CRbnBegrapMP Bieliba e (@Jzﬁi\ A((I% EtohciRed &ten) Jo give DVF
(5 he solution was stirred for CE ég drox t?ﬁ'nz'\)feﬁgﬁ %ﬁ?%ﬁ' ne

di hydr olightdrrpwe of sdamgjfiechas éamvbuty! 4redshyiery®@an2y P?fﬁ‘zr‘ g2 & ded at

roomtegpgyature for 24h. The m xture was

13D: 1-(3-Hydroxybenzyl)piperazine dihydrochloride

A solution of tert-butyl 4-(3-hydroxybenzyl)piperazine-1-carboxylate (1.94g, 6.60mmol) in
4N HCl/dioxan (10ml) was stirred at room temperature for 30min then concentrated in
vacuo. The residue was triturated with diethyl ether to give a white solid identified as 1-

(3-hydroxybenzyl)piperazine dihydrochloride (1.10g, 63%).

13E: 5-(4-(4-(3-Hydroxybenzyl)piperazine-1-carbonylaminomethyl)-3-methyl-
benzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine
1,1'-Carbonyldiimidazole (15mg, 0.09mmol) was added to a stirred solution of 5-(4-
(aminomethyl)-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b]{1,5]benzo-
diazepine (31mg, 0.09mmol) and DIEA (0.1mi 0.57mmol) in DMF (5ml). The solution
was stirred for 1h, 1-(3-hydroxybenzyl)piperazine dihydrochloride (27mg, 0.10mmol) was
added and stirring was continued at room temperature for 24h.  The mixture was
concentrated in vacuo and the residue was taken up in EtOAc. The solution was

washed with saturated NaHCO; and brine, then concentrated in vacuo. The residue was
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concentrated in vacuo and the residue was taken up in EtOAc. The sol ution
was washed with saturated NaHCO3 and brine, then concentrated in vacuo.
The resi dwe was3dy WO 03/ 016316 PCT/ GB02/ 03593 purified Ip¢TidBN2/03593
chromat ography on silica gel (eluant 20% nethanol /Et OAc) to give a white
solid identified as

5-(4- 4 |
ot oyl DEEEVI 3 RO not o Bt ) BfsS SR (A AT @ﬁfﬁé’%‘%”ﬁﬁfﬁdﬁ%%'é% e

(45ny, @bRg solid fidextified &s25-146(4- @-%/yogc,vxy enzy]) pingrazine-1-satponylpminogieliy ey t
J=4. 7H2Pn’eﬁ%lbb%ﬁ%§)ﬁ_ﬁ n%,)th)g%,]‘gpcz @égﬁazﬁé [5, 43p ?175]6%|4201=11az€plnéi‘454n|_§|'¢1])%) 4.22

(2H, s) 6.62- 6.79 6. 99
(2H, s), 7.03-7.27 (6H, ppm M5: [|\/H—I]+ 566 1 Exarrple 14

i ol e b b -

benzoyl) opyfrazo nzodi azepi ne
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3-(br oggkg %@1 %“i %%% ??é%b £§g§7mp§ﬁ was added to a stirred solution
of tert-butyl piperazine-1-carboxylate (1.00g, 5.37mmol) and triethylam ne
(1.50n i.@ ilrm?éé“ n di chl oromet hane (20ml). The sol ution was stirred at
room t efrpé tu 24h then concentrated in vacuo. The residue was
purified by flash chromat ography on silica gel (eluant EtOAc) to give a
white solid identified as tent-butyl 4-(3- (m ethyl

oxycar bonyl ) benzyl ) pi per azi ne- 1- car boxyl ate (1.55g, 86% . 14B: tert-Butyl

4- ( 3- caEgampbetéy| ) pi per azi ne- 1- car boxyl at e Lithi um hydroxi de nonohydr at e

339ny, t hyl
bxyca’t BT Pybrdiinathyfiin py SpSfiie, Roaflar Binimbothy ek B U
THE ( 16mhiodpt-methyl4, (lQ{dﬂ)ydl’ﬁhﬁrxmq}iﬁ,ﬁcﬁ[hél@egmcilﬁﬁpla‘% room t enperat ure

for 24h then acidified to pH5 with 0.3M KHSO4 and extracted successively
wi th chloroform g 0

HN _ | H\”/OAQ/\OH

HSC’N\N/ CH,

14A: tert-Butyl 4-(3-(methyloxycarbonyl)benzyl)piperazine-1-carboxylate

Methy! 3-(bromomethylbenzoate) (1.23g, 5.37mmol) was added to a stirred solution of
tert-butyl piperazine-1-carboxylate (1.00g, 5.37mmol) and triethylamine (1.50ml,
10.74mmol) in dichloromethane (20ml). The solution was stirred at room temperature for
24h then concentrated in vacuo. The residue was purified by flash chromatography on
silica gel (eluant EtOAc) to give a white solid identified as tert-butyl 4-(3-
(methyloxycarbonyl)benzyl)piperazine-1-carboxylate (1.55g, 86%).

14B: tert-Butyl 4-(3-carboxybenzyl)piperazine-1-carboxylate

Lithium hydroxide monchydrate (339mg, 9.27mmol) was added to a solution of tert-butyl
4-(3-(methyloxycarbonyl)benzyl)piperazine-1-carboxylate  (1.55g, 4.63mmol) in THF
(10mli) and water (2mi). The solution was stirred at room temperature for 24h then
acidified to pH 5 with 0.3M KHSO, and extracted successively with chloroform and
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38 WD 03/016316 PCT/ GB02/ 03593 dichi oronet hane. The conbi ned extracts were
concentrated in vacuo to give a white solid identified as tent-butyl

4- ( 3- car bwoybBemays ) pi pe razi ne-1-carboxylate (1.09g, 74% PCTAZED2/0888t - But yl
4- (3- (hydroxynmet hyl ) benzyl ) pi perazi ne-| -carboxyl ate | sobutyl chl orofornmate
(0.47ml, 3.64mpl) was slowy added to an ice-cold solution of tert-butyl

4-(3-ca pi vactb anehify -
met hyl n%?@ﬁ%lgé’r{e) ﬂfﬁ E%bmgd %Xﬁ)gét?ﬁ’@bgo?i%ﬁ&@?he solrmtgg%egﬂ/ sI stirred

at 0C fenlid idehiifind aadert- h@u"fﬁ t:@"b@wbemé)pmer%%*% %@Xﬂa@é& -ce-col d
solution of sodium borohydride (313ng, 8.27mmol) in water (10m ). The

stirred mxture was allowed to warmto roomtenperature over 2h and then
concentﬂ@@e@rﬁ-auﬁvhédé (thQXV%FMB’%ﬂ)P'Pa?éW%bC?FPQ’_‘W@&E and the solution

was was 81 Eﬂo@?&agﬁt@g@mﬁl rses4rn.%e|> Q/Pé%cﬁ&ﬁlfyaécﬁféd toMarVREURId Jdietidresi due

was puri omat ogr ap on silica gel (eluant-EtQAc) to give

a whi tete@‘dbutﬂ .eé':h@arbpweagylmerewm-wamowﬁteny Qﬁ@yn@t?hW"j"Ol) and N-
benzyl ) pid rﬁ&' nshnm wéa&e»(.a?r@m,wz@%Thew@dt.owesétmgarawmmyl)

benzyl)p| razme roc hi oride A solution of tent-b 3/
4- ( 3- (hg@mwyn@tthsyn )flltb@ﬁzyl Ype gitraig i wate added é%raBoB‘?WCOQt legesp pE Sodigm75 Ml )
in 4N H J.)r[oﬂ 2/3(1%9[)@1, )sﬁﬁ%nas i kAREbral ORMOM HRITBRTERL Hi@ubOkadtBlldviad hen

In acuo. e

concentrate resi due was azeotroped with toluene to give a
whi t e sohimd to ireemttempertug ove( 2b (aﬁgidhwymeﬁyﬁg%ﬁm%u pEiS Fsiiie was
di hydr O&n('eﬂrdgqﬁ etdA8Thd tﬁé%btléﬁ@as%ésﬂeé ‘Q\nt(‘\:iﬂd'fhﬁdér‘i&(um fh¢h concentrated

benzyl 1- y| thy
panz byl Jn isatet e wSEbediaRRI GRS PAIBFDPROMART P AR A AT EOA

Comi noRiD e & bt ainefi- 5- (4-
Lo o B B o g angraze . o111,

5] benzocar@pé}ﬂ@t}@l a%DFOQS?fﬁj/) 0.10mml) in DVF (3m ). The solution was stirred
for 1h, a solution of 1-(3-(hydroxynethyl) benzyl) pipe razi ne

di hydrochl oride (31 ng, 0.11 mmvol) and DI EA. (54 30mmol ) in DVF (2ml)
was addédDaﬂnﬂ3t(H@VWXWWIMZEW'PP@F%d‘IhMSFﬂc %rr‘r‘beer ature for 24h then

concent 1, &%ﬂmbﬁ %13%"/‘? buﬂ}hetl (Beéﬂygllb‘i‘(yﬁwéfff@l)bélﬁyl)ﬂp@rﬂklﬂéﬂtwrMWmde Bemgpl uti on

was washe rine and concéntrated in vacuo. The r Sld]y \ga rt)urlfled
0.75mmol) in 4N HClidioxan (10ml) was stirred at room temperature for 45min hen
concentrated in vacuo. The residue was azeotroped with toluene to give a white solid

identified as 1-(3-(hydroxymethyl)benzyl)piperazine dihydrochloride (158mg, 75%).

14E: 5-(4-(4-(3-Hydroxymethylbenzyl)piperazine-1 -carbonylaminomethyl)-3-methyl-
benzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1 ,5]benzodiazepine
1,1-Carbonyldiimidazole (20mg, 0.12mmol) was added to a solution of 5-(4-
(aminomethyl)-3-methylbenzoyl)-1-methyl-4,1 0-dihydropyrazolo[5,4-b][1,5]benzo-
diazepine (35mg, 0.10mmol) in DMF (3ml). The solution was stirred for 1h, a solution of
1-(3-(hydroxymethyl)benzyl)piperazine dihydrochloride (31mg, 0.11mmol) and DIEA
(54pl, 0.30mmol) in DMF (2ml) was added and the mixture was stirred at room
temperature for 24h then concentrated in vacuo. The residue taken up in chloroform and
the solution was washed with brine and concentrated in vacuo. The residue was purified
by flash chromatography on silica gel (eluant 7% methanol/chloroform) to give a white
solid identified as 5-(4-(4-(3-hydroxymethylbenzyl)piperazine-1-carbonylaminomethyl)—B-
methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine (27mg, 50%).
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by flash chromat ography on silica gel (eluant 7% nethanol/chloroform to
give a white solid identified as 5-(4-(4-(3-hyd roxymethyl benzyl) pi
perazi newOb3no@16 bo nyl am nonet hyl)-3- et hyl PCT/GB02/03593
benzoyl ) - 1- met hyl - 4, 10- di hydr opyrazol o[ 5, 4-b][ 1, 5] benzodi azepi ne (27ny,
50% . 39 WD 03/016316 PCT/ GB02/03593 1H NVMR 6 2.00 (3H, s), 2.32-2.36
(4H, M 1y R é”zééééﬁﬂn )32- 2”)3@%@1%(2#}, 3®2r3 35@3408)43@(% 3), %161 ©H, B), d,
J=14.6Hz), 4.10-4 'S n, {; é‘%(l ngBﬂg&
(11-1, @91 (3H1d. EAHEHD, 50074%2)(1(141513) 4rﬁ6 b‘ms> 28-BoRrl . 15360 41 etanpl e
15 1-Methy) 3r2); 6 Boeidisir fm (bl 4- i col y1 ) pi pe

razi ne- 1- car bonyl anmi norret hyl ) benzoyl) -

4, 10-di hydropyrazol o[ 5,4-b][1, 5] benzodiazepine 0O HNNH N/ NN iN

H3C- N Pn%:lﬁ? 4o a solution of

1- met hy 3- %yl 4- (pi perazi ne-1-carbonyl am nonet hyl ) - benzoyl ) -

4, 10-di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne hydrochl ori de (100ny,
0.20mml ) and triethylamne (0.5nl, 3.59mmol) in THE (10mM ) were added

4- pyri di necar boxal dehyde (21 ng, 0.20mvl) and sodi um cyanobor ohydri de
(15ny, Examplwl§ and the resulting mixture was stirred at roomtenperature
for 24h4themn 9'@5%%?1(-41@4 M@W{pé’?ﬁﬁneﬂe&&bﬁyl\éﬁﬁndm%ﬂqﬂl)bedzdm) -et hyl

acetate and e resul ut| on was washed with saturated NaHCO3, wat er
and bri #e0- @ihv@wpem@zq!@ﬁd’ehl[? 21enzPAiazeRNS. The residue was purified by
flash chromat ography on silica gel (eluant 10% 30% net hanol / Et QAc) to give

a white solid identias bmethyl 5- (3-net hyl - 4- (4-(4-pi conI) pi pe

razi ne- 1-
car bonyl am nomet hyl )k S i hydr opyr az 5, 4<b] 5] benzodi azepi ne
(33ng, 30%. N
HN I
N

H3C/N\ /
N

To a solution of 1-methyl-5-(3-methyl-4—(piperazine-1-carbonylaminomethyl)—benzoyl)-
4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine hydrochloride (100mg, 0.20mmol) and
triethylamine (0.5ml, 3.59mmol) in THF (10mi) were added 4-pyridinecarboxaldehyde
(21mg, 0.20mmol) and sodium cyanoborohydride (15mg, 0.24mmol) and the resulting
mixture was stirred at room temperature for 24h then concentrated in vacuo. The
residue was dissolved in ethyl acetate and the resulting solution was washed with
saturated NaHCO;, water and brine, dried and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (eluant 10%-30% methanol/EtOAc) to give
a white solid identified as 1-methyl-5-(3-methyl-4-(4-(4-picolyl)piperazine-1-
carbonylaminomethyl)benzoyl)—4,10-dihydropyrazolo[S,4-b][1,5]benzodiazepine (33mg,
30%).

"H NMR: § 2.13 (3H, s), 2.34-2.49 (4H, m), 3.29-3.47 (4H, m), 3.76 (3H, s), 3.96 (1H, d,
J=14.8Hz), 4.25-4.27 (2H, d, J=4.7Hz), 4.50-4.60 (1H, m), 5.90 (1H, d, J=14.4Hz), 6.25
(1H, s), 6.63-6.71 (2H, m), 6.84 (2H, s), 6.92 (1H, s), 7.00-7.12 (2H, m), 7.25 (5H, s), 8.53
(2H, d, J=5.9Hz) ppm.
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IH NVR. 5 2.13 (3H, s), 2.34-2.49 (4H, m), 3.29-3.47 (4H 3.76 (3H s
3.96 (1H, d, J=14.8Hz), 4.25-4.27 (2H, d, J=4.7Hz), 4.50-?60 (11-(1, ’rr),)’
5.90 (11-wpodjp1adsal4. 4Hz), 6.25 (1 H, s), 6.63-6.71 (2H, ®CI/GBBA3I2H, s),
6.92 (1 H s), 7.00-7.12 (2H, m, 7.25 (5H, s), 8.53 (2H, d, J=5.9Hz) ppm
40 WD 03/016316 PCT/ GB02/03593 Ms: [M+H + = 551.1 Exanple 16
5-(4-(4\,'?:2[,\,1#51955% hyl ) pi per azi ne- 1- car bonyl am nonet hyl ) - 3- net hyl benzoyl ) -
1- met hyl -4, 10-di hydropyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne O ~,OH HN N H ~N
NYN HGCGN i CH3 0N 1,1'-Carbonyl diimdazole (20ng, 0.19mmvl) was
gdded lt;) a solution of 5-(4- (am nonethyl)-3-nethyl

enzoyl ) -1-nmet hyl -4, 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzo- di azepine (31

0. 09mmdiXemmed®F (3m ). The sol ution was stirred at room tenperatuge fg!rg’
1h, a Sﬁ@%ggm&mm%yétayhy@emwb)m-_bn@ﬁmmmﬁetﬁiﬁ»@neﬂwmm-1Fn DVF
(2nml) waS added and stirri ng[ cont i ng@d far 72h. The sol ution was

_ was
concentmethwh4i18-dibydropyEazeIqRd-PIELPIRGBZANEZHRPE t i oned bet ween chl or of orm

and brine. The organic.]ayer was separated and concentrated in vacuo. The
resi due was purifieg

| as chromat ography on silica gel (eluant 7%
met hanol / chl or of or iveba white solid identified ag ( i
5- (4-(4-(2-hydroxyet hyFypl perazi -car bonyl aniwo | OBt net hyl -

| o[ 5,,4-b] [1, 5]'"®enzodi azepi ne (22ny,
.9 6H, , 2,91-3.01 (1H, m,

.9 . 1" m, 4.20-4.23 (2H, ,
m, Gﬁﬁ 7.25 (9H, m ppm ( "

48% . 1H NMR 5 2. G9N(3H,
3.33-3.62 (6H, ), 3.
5.00-5.03 (1 H, . m,

( HZE,

1,1-Carbonyldiimidazole (20mg, 0.18mmol) was added to a solution of 5-(4-
(aminomethyl)-3-methylbenzoyl)-1-methyl-4,1 0-dihydropyrazolo[5,4-b][1,5]benzo-

diazepine (31mg, 0.09mmol) in DMF (3ml). The solution was stirred at room
temperature for 1h, a solution of 1-(2-hydroxyethyl)piperazine (13mg, 0.10mmol) in DMF
(2ml) was added and stirring was continued for 72h. The solution was conéentrated in
vacuo and the residue was partitioned between chloroform and brine. The organic layer
was separated and concentrated in vacuo. The residue was purified by flash
chromatography on silica gel (eluant 7% methanol/chioroform) to give a white solid
identified as 5-(4-(4-(2-hydroxyethyl)piperazine-1-carbonylaminomethyl)—3-methyl—
benzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1 ,5]benzodiazepine (22mg, 48%).

4 NMR: § 2.09 (3H, s), 2.42-2.59 (6H, m), 2.91-3.01 (1H, m), 3.33-3.62 (6H, m), 3.67
(3H, s), 3.93-3.98 (1H, m), 4.20-4.23 (2H, m), 5.00-5.03 (1H, m), 5.84-5.90 (1H, m), 6.64-

7.25 (9H, m) ppm.

MS: [M+H]" = 504.2
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M5 [MrH] + = 504.2 41 WD 03/016316 PCT/ GB02/ 03593 Exanple 17
1- Met hyl - 5- (3- et hyl - 4- (4-(3-(nmethyl th
i 0) propylwpiop@razé ne- 1- car bonyl am nonet hyl ) - PCT/GB02/03593
benzoyl ) - 4, 10- di hydr opyrazol o[ 5, 4-b] [1, 5] benzodi azepine O N N-S,CH3 HN H
NN H3CG 1\ i CH3 ON To a solution of
i- ggt gy xagmB%WEt h?/l [gl ( piprar azi ne- 1- car bonyl am nonet hyl ) - benzoyl ) -

, 10- di hydr opyrazol o[ 5, 4- 1, 5] benzodi azepi ne hydrochl oride. (10
0. 20mmo Jhathit 5 mathy i GG B RSB BIRIBP A B ey TR N e
3- (et hMéﬁng‘i)_)at 164 &86%:@9856@624(@[’11,5]%&}3&926]31@ and sodi um
cyanobor ohydri de (15nmg, 0.24mml) ~ and the resulting m xture was stirred at
room t enperature 4h then concentrated in vacuo. The residue was

(a4

di ssolved in ethy ) at éDand the resulting solution was washed with
saturated NaHCGB, atgr and brine, dried and concentrated in_vacuo. The
residue was purifiégd by'NTash-Ch

onat ographme/(@ﬂuant 20%
sol i dHi den :ijd as

propyl ) pi per azi ne- ¥-<af bonyl am nhonet hyl )
benzoyl ) - 4, 104diHNIr opyr azol o[ 5¥4:- bl [ 1, 5p benzodi azepi ne (41 ng, 38%. 1H
NVR 5 1.63-1.80 (3N~ m, 2.04-2.32 (4H, m, 2.33-2.42 (6H, m, 2.48 (2H,
t, J=6.7Hz), 3.29-3.39 (4H, m, 3.71 (3H, s), 3.93 (1 H d, J=14.4Hz),
4.12-4.30 (2H, m, 4.57-4.70 (11-1, m, 5.85 (1H, d, J=14.6Hz), 6.44

11-1, &), .65% (36, ] o g ) )
(7- 1 Zé ?Zﬂg%@tlo@r ot nf-%il\i/a'éhylﬂo' h(ﬂ?_-@n%ﬁyiﬁf)%efr)&ﬁwe 1f8arbdhyRehrirorf@hyIR bnAdlt)

4,10-dihydropyrgzpolo[5,4-b][1,5]benzodiazepiné hydcfi%ochloride (100mg, 0.20mmol) and
triethylamine  (0.5ml, 3.59mmol) in THF (10ml) were added 3-(methylithio)-
propionaldehyde (21mg, 0.20mmol) and sodium cyanoborohydride (15mg, 0.24mmol)
and the resulting mixture was stirred at room temperature for 24h then concentrated in
vacuo. The residue was dissolved in ethyl acetate and the resulting solution was
washed with saturated NaHCO;, water and brine, dried and concentrated in vacuo. The
residue was purified by flash chromatography on silica gel (eluant 20% methanol/EtOACc)
to give a white solid identified as 1-methyl-5-(3-methyl-4-(4-(3-(methylthio)-
propyl)piperazine-1-carbonylaminomethyf)benzoyl)-4,1 0-dihydropyrazolo[5,4-b][1,5]-
benzodiazepine (41mg, 38%).

'H NMR: 5 1.63-1.80 (3H, m), 2.04-2.12 (4H, m), 2.33-2.42 (6H, m), 2.48 (2H, t,
J=6.7Hz), 3.29-3.39 (4H, m), 3.71 (3H, s), 3.93 (1H, d, J=14.4Hz), 4.12-4.30 (2H, m),
4.57-4.70 (1H, m), 5.85 (1H, d, J=14.6Hz), 6.44 (1H, s), 6.59-6.71 (2H, m), 6.83-6.88 (2H,
m), 6.92-7.08 (2H, m), 7.14-7.27 (2H, m) ppm.

MS: [M+H]" = 548.0
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WO 03/ 016316 PCT/ GB02/ 03593 Exanple 18
5-(4-(4-(2- Am noet hyl ) pi per azi ne- 1- car bonyl am nonet hyl ) - 3- net hyl
benzoyl ) -weo oawid3yé - 4, 10- di hydr opyr azol o[ 5, 4- b] [ 1, 5] benzodipaTaiBone3593
di hydrochioride ffThO HNNHN NN H3CN i CH3 0 N 18A: Benzyl
4- (2- hydr oxyet hyl ) pi perazi ne- 1- car boxyl ate Benzyl chloroformate (3.40m,
24. 00mMmoEampre 1 oW y added to an ice-cold stirred solution of
1-(2- hydroxi/ﬂegt hél ). pi perazi ne (2.60qg, 20. OOmml%mgnd DIEA (7.0n, 40. Omol)
in di chl stbiftAnrineetiiiyiperazingrd carhenvigraingmerigb-3rpethyitanzgybdom
t enper at pefhydiach 0-dihiyBF s ralo B b NSTbeizaarize pRieadindro¢AldHile The residue
was purified by flash chromatography on silica gel (eluant 6%
met hanol / chl or of orm gi ve a colourless gum identified as benzyl
4- (2- hydr oxyet hyl ) pi ne-®- carboxyl ate (4.80g, 91 % . 18B: Benzyl
Hcar boxyl ate Carbon tetrabrom de (7.23g,

N stirred so i 0 szl
4- (2- hydr oxyet hyl ) piHpr azi ne-1 - gxyl aHe (4]80g,} 18.20mmol) in
di chl or onet hane (50ni)\ The& sol uN o was -BtjreNd f 5mi n,
tri phenyl phosphi ne (5, 22.70nmml ) was ded,” and the m xture was
al l oned to war m HoCrdbm tenper at urgqand stigred for 3h. Silica gel was
added and the sol vent WS renoved in°vacuo. The residue was p.udifi.ed by
flash chromat ography on silica gel (eluant 50% Et OAc/ pet. ether) to give a
colourless gumidentified as benzyl
4-(2-br Ofmté%zpph-w@h@afdi@ehﬁ)%ﬁﬁ&éﬁh@ﬁ%ér%oﬂﬁate 58% . 18C Benzyl
4-(2-(terf- but¥ oxycar boGr%‘I1 ani no) et hyl %pl per azi ne- 1- car boxyl at e -Benzyl
4- ( 2- br oReEYhFhiopTRERal9 (Fedfmlc 2AR00ynell svass siewdy adged5amdN josneRld el to an
i ce-col ds&@tdﬁrcﬁt1e{i-mw&ybw)&be@mr@z.@og,nzcﬁ@dnﬁﬁh@b AnGDTEA (7 DR 40.0thtoB Was

allowed to. warmto roomteéenperature and stirred for 4h, then concentrated
in vacuoh dighdorpeethgpe (75ml).  The mixture was allowed to warm to room temperature and

stirred for 24h then concentrated in vacuo. The residue was purified by flash
chromatography on silica gel (eluant 6% methanol/chloroform) to give a colourless gum
identified as benzyl 4-(2-hydroxyethyl)piperazine-1-carboxylate (4.80g, 91%).

18B: Benzyl 4-(2-bromoethyl)piperazine-1-carboxylate

Carbon tetrabromide (7.23g, 21.80mmol) was added to an ice-cold stirred solution of
benzyl 4-(2-hydroxyethyl)piperazine-1-carboxylate (4.80g, 18.20mmol) in
dichloromethane (50ml). The solution was stirred for 5min, triphenylphosphine (5.95¢g,
22.70mmol) was added, and the mixture was allowed to warm to room temperature and
stirred for 3h. Silica gel was added and the solvent was removed in vacuo. The residue
was purified by flash chromatography on silica gel (eluant 50% EtOAc/pet. ether) to give
a colourless gum identified as benzy! 4-(2-bromoethyl)piperazine-1-carboxylate (3.45g,
58%).

18C: Benzyl 4-(2-(tert-butyloxycarbonylamino)ethyl)piperazine-1-carboxylate

Benzyl 4-(2-bromoethyl)piperazine-1-carboxylate (3.45g, 10.55mmol) was added to an
ice-cold saturated solution of ammonia in ethanol (60mi). The mixture was allowed to
warm to room temperature and stirred for 4h, then concentrated in vacuo. The residue
was triturated with diethyl ether. The resultant solid was suspended in dichloromethane
(75ml) and triethylamine (2.25ml, 16.00mmol). The suspension was cooled to 0°C and
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was triturated with diethyl ether. The resultant solid was suspended in

di chl oronethane (75m) and triethylamne (2.25nl, 16.00mmol). The
suspensi owowas1@soe®l ed to 0C and 43 WO 03/ 016316 PCT/ GB02/,03EOR2/03593
di-tert-butyl dicarbonate (2.40g, 11.00mml) was added. The m xture was
allowed to warmto roomtenperature and stirred for 24h then concentrated

I n vacugqy t%%&&é’rgsgat&% 4ogken obRridh ﬁé@%edeJ heTﬁé"rﬁ&thF&“w&@%ll&\ﬁé&“%ﬂ wi th
sat ur at ed then concentrated in vacuo. The residue was
puri fi edvay tblragh tempeﬁamre@ndﬁhye@fprMm than cgegentratedditvagug. The residue

met hanol / %h(% énrglhgﬁmet ch' e 30X Bbh WYsAN4aHeH R éét@%té%ﬁNQﬁ@éXlanﬂl t(r%‘egt ert-

but yl oxyc m no) et hyl |pera2| ne- 1-carboxylate (2.6

t ert - Buttlydn QOI’(CEntwtpérlaz/ﬁﬂlyq émerrys@a@ masmUsTiey &y Hgeh cmgﬂ'%%eréw ‘Pfhﬁ'djﬁﬁgh a
degasse&:a@b&gﬂt a8, o tlba%%ﬁé’ljlx ?‘%Tc(r% ch Ghvka yellowbgum |dent|ﬂed2es6 b%nzyl 4- {2 (ten‘-)

but yl ox onylam no pi pefazine-1-carboxylate ( I n

met hano|butch5®nar)oomdwmobﬁt pirEvazyag-I saraenylste @£09088°C500ny) for 2h. The
reaction mxture was filtered through Celite(r) and the filtrate was

concentrated in vacuo to give a yellow gum identified as tert-butyl
2-(1-pi ;ﬂ@Daz¢rr&>at9tﬂtangﬂl-mebazrmwl)et ce@gmasq% 18E:

5-(4-(4 ty ar, n pi i ng- | rb J P no-
met hyl )}g%nec‘{eh gﬁzodﬁ%éq tm % Bg%éb\é gr o%ﬂtgéol 0 5berf%gi] [?Q% %enzodl az
gpl( Ze bunylowwbonyaminoirﬁthﬂmaéazqrzesﬂnyar@xwtmd ¥Ogas - ahtip asdAndli on of
penzoyl Yot eR S B ANguT, o SSer GO0Ta) o %) pane e SIS, oy
0. 09mm|f)’te@|ddhlq§h Geitd® and th:e Srateorgs pwqgwa*\egm)vacqm@ gie @tyeﬂjﬁw A
stirred (?é?ﬁllflé@ as té%’é dutg . 4- |%e|(a¥|n8f)&ﬁ§l@§rb5%la)ee(1k6dg gppam ate (22ng,

0. 10mol stirri was conti nued at room tenperature for
24h. The mxture was concentrated in vacuo and the residue was taken up in

Et CAc. gq Yh! JQ?te‘Hﬁﬁu oM ﬂnﬁ@e‘tﬁﬁf;ﬁﬁe%@i‘ﬁ@%c%@n?fahﬂﬁo- t hen

concentrate resi due was purified ¥ flash chromat ography on

silica wthyﬁfﬁnmﬂhﬂb%mwﬁmﬂﬂﬁﬂt%?"tYG"QjPWéZ‘é°[ [4.54bgnzgdiareRine i ed as
5- (4- (4~ 4: dérS@ﬁyﬂ?i’rﬁlé@% C%@P@‘yba@rﬂ?ﬁ&} hybd PLB&EAZioNes 1solution of 5-(4-

car bonyl am nonet’hyl )

benzoyl )Yaminesieiy)- &m@hﬂbmvlww%wrd@[frsduw@qomrasylo SethlEbalbasehi ne (44ny,

81 9. diazepine (31mg, 0.09mmol) and DIEA (0.1ml, 0.57mmol) in DMF (5ml). The solution
was stirred for 1h, tert-butyl 2-(1-piperazinyl)ethylcarbamate (22mg, 0.10mmol) was
added and stirring was continued at room temperature for 24h.  The mixture was
concentrated in vacuo and the residue was taken up in EtOAc. The solution was
washed with saturated NaHCO; and brine, then concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (eluant 20% methanol/EtOAc) to give a
white solid identified as 5-(4-(4-(2-(tert-butyloxycarbonylaminoethyl)piperazine-1-
carbonylaminomethyl)-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]-
benzodiazepine (44mg, 81%).

18F: 5-(4-(4-(2-Aminoethyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-
methy!-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine dihydrochloride

A solution of 5-(4-(4-(2-(tert-butyloxycarbonylaminoethyl)piperazine-1-carbonylamino-
methyl)-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine
(42mg, 0.07mmol) in 4N HCl/dioxan (5ml) was stirred at room temperature for 30min then
concentrated in vacuo. The residue was dissolved in acetonitrile/water and lyophilised to
give a white solid identified as 5-(4-(4-(2-aminoethyl)piperazine-1-carbonylaminomethyl)-
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18F: 5-(4-(4-(2-Am

i noet hyl ) pi per azi ne-1-car bonyl am nonet hyl ) - 3- net hyl benzoyl ) - 1-

met hyl - 4, WO-odioksgdlé opyr azol o[ 5, 4-b] [ 1, 5] benzodi azepi ne di hpdTaao0sivde A
sol ution of

5-(4-(4-(2-(tert-butyl oxycarbonyl am noet hyl ) pi perazi ne- 1- car bonyl am no-

nethyl)-_-gmjjf% 4 = 1t byl s Al rfyd A=b] [ 1, 5] benzodi az
epi ne (%?ﬁg, L‘g%ﬁﬁ&ﬁ“ﬁ 4[4‘@ %?ﬁ;{)}é’%ﬁﬂé[?%ﬁlf}?%@@kﬂ %r&?% eat room

t enper atdibysiréahiorgend Aimgh¥ve)- concentrated i n vacuo. The resi due was

di ssolved in acetonitrile/water and | yophilised to give a white solid
identified as 5-(4-(4-(2-am noethyl) pi perazi ne-1-car bonyl am nonet hyl) 44 WO
03/ 016316l PUR:GBR2A7 (3599), 3BW@BAYKH, m), 3.41-3.50 (1H, m), 3.56-3.72 (4H, m), 4.00

benzoyl ) s L- net -4, 10- dihy razol [ L, L [ )

di hydr oc(:haﬁogﬁd‘gé% é@'ﬂgg’ gf@o YRR 4%[92(2%[1%)Bé;@s@?%?go?@%%g%ﬁ% ,

3. 41- 3. 5@H( dhi, 6.83-7.13. (86; B8),7215-F128 (1, md. V66 (1FRH, J5§.9HZ), GO (1H; &) pm), 4. 26
(2H, s), 4.83-4.89 (2H m, 5.88 (11-1, d, J=15Hz), 6.83-6.84 (2H m,
6.92-7.13 (4H m, 7.15-7.28 (1 H nm, 7.36 (1 H d, J=7.9Hz), 7.96 (1 H,
s) ppm MS&EM{HIHH]503.5503. 5 Exanpl e 19

1- Met hyl - 5- (3- et hyl - 4- (4- et hyl per hydr o- 1, 4- di azepi ne- 1-

car bonyl am nonet hyl ) benzoyl ) - 4, 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne
ON :YOOH3 HC3 NCH3 0 1,1'-Carbonyl diimdazole (37nmg, 0.23nmmpl) was
added t )%n?]élle%i on of 5-(4- (am nonethyl) - 3-net hyl

benzoyl ) -"1I- et hyl - 4, 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzo- di azepi ne (75ny,
0. 22l 9-MethyigH 3¢ ethyl-4{Hanstby iperbydraek4-diazeping-f-or 1 h, a sol uti on of

OO R e R S i

concentrated in vacuo the residue was purified by chronmat ography on
silica gel (eluant 30// 1/ 1 chlorof orm net hanol / concentrat ed

anmonia) to give a whix lid|l dentified as 1-nethyl-
N (\
HN H N—CH,
g
0

H3C’N\N/ CH,

1,1-Carbonyldiimidazole (37mg, 0.23mmol) was added to a solution of 5-(4-
(aminomethyl)-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzo-
diazepine (75mg, 0.22mmol) in DMF (2ml). The solution was stirred for 1h, a solution of
1-methylhomopiperazine (27mg, 0.24mmol) and DIEA (31mg, 0.24mmol) in DMF (1ml)
was added and stirring was continued for 24h. The mixture was concentrated in vacuo
and the residue was purified by chromatography on silica gel (eluant 30/2/1 - 1/1/1
chloroform/methanol/concentrated ammonia) to give a white solid identified as 1-methyl-
5-(3-methyl-4-(4-methylperhydro-1,4-diazepine-1-carbonylaminomethyl)benzoyl)-4,10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine (38mg, 36%).

'H NMR: 5 1.80-1.99 (2H, m), 2.10 (3H, s), 2.35 (3H, s), 2.51-2.69 (4H, m), 3.39 (2H, t,
J=5.9Hz), 3.45-3.68 (2H, m), 3.63 (3H, s), 3.95 (1H, d, J=14.6Hz), 4.23 (2H, t, J=4.2Hz),
4.65-4.75 (1H, m), 5.85 (1H, d, J=14.6Hz), 6.65-6.75 (2H, m), 6.76-6.88 (2H, m), 6.90-
7.09 (2H, m), 7.11-7.22 (2H, m) ppm.
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5- (3-net hyl - 4- (4- et hyl per hydro- 1, 4-di azepi ne- 1- car bonyl am nonet hyl)
benzoyl ) -4, 10- di hydropyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne (38ng, 36% . 'H
NVR: 5 1.80-030881¢ 2H, m), 2.10 (3H, s), 2.35 (3H, s), 2.5PCT/E»20393 m),
3.39 (2H, t, J=5.9Hz), 3.45-3.68 (2H, m, 3.63 (3H, s), 3.95 (1H d,
J=14.6Hz), 4.23 (2H, t, J=4.2Hz), 4.65-4.75 (11-1, m, 5.85 (1H, d,

J=14. 6Hz), 6.65-6.75 (2H, m, 6.76-6.88 (2H, m, 6.90- 7.09 (2H m,
7.11-7.22 (2H m) ppm 45 WO 03/016316 PCT/ GB02/03593 Ms: [M+H + = 488.2
Exarrp| e% M+H]+ 488.2

5- (4- (4-(2-Hydroxyet hyl ) pi perazi ne-1- car bonyl am nonet hyl ) - 3- et hyl
benzoyl)-1- nethyl-4,1 0-di hydropyrazol o[ 4, 5-c] pyrido[ 2, 3-b][1, 4] di azepi ne
/ O NHH3C Y CH3 ON 20A: 5-(4-Cya n o-3-m ethyl

benzoyI)Eg 4 byl - 4, 10- di hydropyrazol o [4, 5-c] pyri d 0[2 3 -

b][1, 4] di aze i ne Thi on chloride (0.6nml, 9, 00 3 aﬂd a
suspensisod- (df(zﬁywawtgyl)WB?WF'l%ﬁ‘faf honylargi mﬁij r5Z°Vl3 It ol uene
(10m) . J&eymaxbidisydvep ){ﬁﬁékﬂd 53é]pyf@$ﬂzbﬂibﬂ0ﬂ]cﬂbzerﬁhé OWE‘d to cool and

concentrated in vacuo. The residue was azeotroped wi th toluene and then

taken up in dichioro ne (5ml). The solution was added slowly to a
stirred solution of O

1- net hyl - 4, 10-di hyd zol of|4, 5-c] pyrido[ 2, 3-b] [1, 4] di azgpi ne (400ny,
2.00mmol ) and triethyl/am n 35 hane (5nl).
The mxture was stHyNed at then concentrated in
vacuo. The residue i , aphy on silica gel

(el uant 5% net hanol/ of orm to give an |prange solid identified as

5- (4- cyano- 3- netmyt—ﬁéngp l)-1- ')
met hyl - 4, 10- di hydr opyr &0l o[ 4, 5- c]py?ldo[z 3-b][1, 4] di azepi ne (500ny, 73%.

20A: 5-(4-Cyano-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[4,5-c]pyrido[2,3-
b][1,4]diazepine

Thionyl chloride (0.6ml, 9.00mmol) was added to a suspension of 4-cyano-3-
methylbenzoic acid (322mg, 2.00mmol) in toluene (10ml). The mixture was heated at
reflux for 2h, allowed to cool and concentrated in vacuo. The residue was azeotroped
with toluene and then taken up in dichloromethane (5ml). The solution was added slowly
to a stirred solution of 1-methyl-4,10-dihydropyrazolo[4,5-clpyrido[2,3-b][1,4]diazepine
(400mg, 2.00mmol) and triethylamine (0.35ml, 2.50mmol) in dichloromethane (5ml). The
mixture was stirred at room temperature for 24h then concentrated in vacuo. The
residue was purified by flash chromatography on silica gel (eluant 5%
methanol/chloroform) to give an orange solid identified as 5-(4-cyano-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[4,5-c]pyrido[2,3-b][1,4]diazepine (500mg, 73%).

20B: 5-(4-Aminomethyl-3-methylbenzoy!)-1-methyl-4,10-dihydropyrazolo[4,5-
c]pyrido[2,3-b][1,4]diazepine

Cobalt(ll) chloride hexahydrate (690mg, 2.90mmol) was added to an ice-cold stirred
solution of 5-(4—cyano—3-methylbenzoyl)—1-methyl—4,10-dihydropyrazo|o[4,5-c]pyrido[2,3-
b][1,4]diazepine (500mg, 1.45mmol) in methanol (15ml). Sodium borohydride (570mg,
15.00mmol) was added portionwise and the mixture was stirred at room temperature for

1h. 1M KHSO, was added, the methanol was removed in vacuo, and the aqueous
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20B: 5-(4- Am nonet hyl - 3- met hyl benzoyl ) - 1- et hyl - 4, 10- di hydr opyr azol of 4, 5-
c] pyrido[2,3-b][1,4]diazepine Cobalt(ll) chloride hexahydrate (690ng,

2. 90mol )weas/oudded to an ice-cold stirred solution of PCT/GB02/03593

5- (4-cyano- 3- et hyl benzoyl ) - 1- met hyl - 4, 10- di hydr opyr azol o[ 4, 5- c] pyri do[ 2, 3-
b][1, 4] di azepi ne (500ng, 1.45mmol) in nethanol (15ml). Sodi um borohydri de

(570ng, 48, DAL Rl il OR S RAT AR AR RACWbafd it el Moo bRETED oL

room terrpera ure was renoved in
vacuo, dodHiRewil b sodivae hvmo@@ﬁoa_r&ewr@@ @Bbmmsﬁm r eshelgblovg{grm

filteredf ?&ew%%shgsw briHaSs n%&%{ceﬁﬁ {285 VAP e i S iy

basi fi ec?X SOdI u roxi e and extra th ch?oro orm
The chl cmi&rftlbedn ext rédé@mmree’lhlds'hwthwbtehzwih-hmeéhttﬂ-%@ﬂ@bmrﬁmww[ﬁ Svacuo

;ggggyf)@gﬁ ?ﬁ@ﬁﬂ?@&iﬁkh@aﬂ%ﬂﬁé‘% s SCféy?f”dBFSEE“%i 3. 4] i 2zepi ne
n'g 0

benzoy! 20C; ST AIEHY U HARARLAGINE-F SRR ShnchTRieRdby - e
1, 1' - Cartbmethydid, 1-didnydrepyrageig[4, 9 clipmdol3, 31hd[§ d@ééplns a solution of 5-(4-
am nonet iyl c§ﬂofsﬁ |H>(Aq§agg&|8vl<%o@%ﬁ% f%/rhmgk)[)&_ag' g\rﬂa%@pgo[]a;% Lfbn5 &l myfdo[ 2, 3

-b][1,4]-' drazep e solution was stlrred
for 1h, aame@heiﬂwmrm‘thyluer(zzylwdnemylet Hythpiropyrazelakd, -alewidold 34lltfdl ) and

DI EA (1 i%red at
room 'Ee?p')ereg ”é?(ggﬁ)‘g)oﬂgﬁ Ee'ﬁ%%\ésﬁq?r at eg&%tﬁﬂ\%atgl%" %P{rgs:,%ﬁgi%bgfen up
in chl orb@myur@(ydthyhplpsmzml (68mgas. 10msted)dang RIEAL Bple 0 dAomalloin CXE (%mléd in

(el vant V98, SR HE T RBH o5 AR EREPRRL SR eI R B Re § oe

5- (4- ( 4-va2uo.hyThreoregieilib taRen yeinachilarefotm and the solution was washed with brine and

o hyar onT RSB BTo P45, v o e P e Srrdbooragtyon silsagel

2. 42 (3Helubnt 3% ni:tddrdlcliorafaith) o) give.2@ak. gelo bplidjdendifiisbas8. B&-(2E- m

g €73(9) 5( %UEsz/ﬂhylpﬁlgéré'zigg 12 c_:tarEPn)}Qmmng@gﬁ)é- e@&@%%%a&ﬁ( 18% h]S’é"# 68br s), H

ppm dihydropyrazolo[4,5-c]pyrido[2,3-b][1,4]diazepine (29mg, 58%).
'H NMR: § 2.42 (3H, br s), 2.44-2.60 (7H, m), 3.20-3.40 (4H, m), 3.55-3.65 (2H, m), 3.79
(3H, s), 3.85-4.00 (1H, m), 4.26 (2H, br s), 4.88 (1H, br s), 5.80-5.95 (1H, m), 6.60 (1H, br
s), 6.80- 7.30 (6H, m), 8.00 (1H, s) ppm.
MS: [M+H]" = 505.2
Examples 21 - 134

The following compounds were prepared using analogous methods to those

described
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M5: [MHH] + = 505.2 Exanples 21 - 134 The foll owi ng conmpounds were prepared
usi ng anal ogous nethods to those described 47 WD 03/016316 PCT/ GB02/ 03593
Exanpl es W0 03/08316 O S i N NIR4A R HN'r N(CH2), O a R PR4/GHB2/0p39BHl + 21
1 d CH3 447.3 22 2 A CH3 461.3 23 1 Me CH2CH2CH2CH3 469.3 24 1 Me
CH2CH(CH3) CH2CH3 483.3 25 1 Me CH2--a 467.3 N 26 1 d --- 510.3 OH 27 1
Me CH2 %?én?’ple?ﬂz-%ol Me CH2 \ | OH523.2 CO2Et 29 1 Me CH 539.3 2

—~ @]
S
/
N
K\N/R4
) |
R HN

\”/N\/(CHZ)a
o)
a R' R* MS: [M+H]"
21 1 Cl CHs 447.3
22 2 cl CHs 461.3
23 1 | Me CH,CH,CH,CH; 469.3
24 1 | Me CH,CH(CH3)CH,CHs 483.3
25 | 1 | Me CH2——<] 467.3
N—
26 1 Cl N/ 510.3
OH
27 1 | Me 533.3
CH;
o)
OH
28 1 Me CH2—<\J/\ 523.2
CO,Et
29 1 Me i 539.3
CH2—<]
30 1 | Me CH,CH,0OH 457.2
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30 1 Me CH2CH2OH 457.2 48 WD 03/016316 PCT/ GB02/ 03593 Exanples 31 - 46 O
AANRI Va, NAHBC HN Non{ OH) N2b 0 A3 A6 A8 b R4 MS: [MH + 31 CH
NH N-Me 3WH 0426316 32 CH NH N-Me 3 CH2CH( CH3) CH2CH3 544. 3 PC3BSEDRIOMEE N- N 3
CH2C(CH3)3 544.3 34 CH NH N-Me 3 CH -< 528.3 35 CH N-Me N-Me 1 2 514.3 OH
36 NNHNM 2 CH2 680.2 OH 37 CHN-M N-M 2 CH594.3 2 38 CH NH N-Me 3
S 570.3 _ CH2 33 ChicNH N-Me 2 556.3 40 CH NH N-Me 3 PO2Et 600.3 --< 41 CH
NH N Ve EXARIRIeS 3L "4% 1o N NH N Me 2 CHRCHRNHR 504. 1

\ (CHz)b
o
A A® At b R* MS: [M+H]"
31 | CH | NH N-Me 3 H 4741
32 | CH | NH N-Me 3 | CH,CH(CHs)CH,CHs 544.3
33 | CH | NH N-Me 3 CH,C(CHa)s 544.3
H | NH N-Me 3 :] 528.3
34 | C oh;
35 | CH | N-Me | N-Me 1 514.3
OH
N-M 2 680.2
36 | N NH e oHis
OH
- N-M 2 594.3
37 CH N-Me e CH;
38 | CH | NH N-Me 3 S 570.3
CH2 \ l
39 | CH | NH N-Me 2 556.3
40 | CH | NH | N-Me |3 COE 600.3
41 | cH | NH | NMe | 2| CH: Q 586.3
42 | N NH N-Me 2 CH,CH,NH, 504.1
43 | N NH N-Me 2 CH,CH,CH,NH, 518.3
CH
44 | CH | NH N-Me 2 2 \N 571.4
45 | N NH N-Me 2 < > 572.3
46 | CH | NH | N-CH,Ph | 2 CH,CH,OH 580.2
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43 N NH NMe 2 CH2CH2CHZ2NH2 518.3 44 CH NH N-Me 2 CH2 N 571.4 45 N NH
NMe 2 572.3 _0 46 CH NH N-CH2Ph 2_ 1 CH2CH20OH 580.2 49 WD 03/016316

PCT/ GB02/WB398163Exanpl es 47 -117 O HN 4 JN H3CQ N H3C HRCHGBOQ03FE MS:
[MrHl + 47 H 460.2 48 CH3 474.2 49 CH2CH3 488.2 50 CH2CH2CH3 502.3 51
CH2CH2CH2CH3 516.3 52 CH2CH2CH2CH2CH3 530.3 53 CH2CH2CH2CH2CH2CH3 544. 3
54 CH2CH2CH(CH3) 2 530.3 55 CH2CH(CH3) CH2CH3 530.3 56 CH2CH(CH2CH3) 2 544.3
57 CH2CH2C(CH3) 3 544.2 58 CH2 556.3 59 CH2CH=CH2 500.1 CH3 60 CH2 528.3

CH3  61gxampled 4D3$12

0
N
HN ﬁN/RLt
He—N, H,C  HN N\)
N \H/
0
R* MS: [M+H]"
a7 H 460.2
43 CHa 474.2
49 CH,CH 488.2
50 CH,CH,CH, 502.3
51 CH,CH,CH,CHs 516.3
52 CH,CH,CH,CH,CHq 530.3
53 CH,CH,CH,CH,CH,CHs 544.3
54 CH,CH,CH(CH:), 530.3
55 CH,CH(CHa)CH,CH 530.3
56 CH,CH(CH,CHy), 544.3
57 CH,CH,C(CHa)s 544.2
58 CHZ‘<__—> 556.3
59 CH,CH=CH, 500.1
jCH
60 CHZ—( 528.3
CH,
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50 WO 03/016316 PCT/ GB02/03593 R4 Ms: [MtH + OCH3 62 - | 580.3 CH2 COH
63 - 580.3 CH2 64 CH2 580.2 OH O65 CH2 608.3 OCH NG66 634.2 CH2 S
N 67 8 63wW023/0GHE2 - N--N 68 CH2 \ /| S 634.2 O 69 CH2 \] P64MGH2/083930 CH2 \
| OH 570.2 51 WO 03/016316 PCT/ GB02/ 03593

R* MS: [M+H]"

62 580.3

64 580.2

O—CH,
OH
63 580.3
CH;
OH
@)
O—CH

65 608.3
S/N\\N
66 634.2
CH;
N//N\S
67 634.2
CH;
NQN
68 CH; N é 634.2
0
69 CHz—@ 540.3
0
OH
70 cHz—<\JA 570.2
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R4 MS:
648. 2
553.1
CH2- - <

[MeH + S C02Me 71 CH2 \ | 614.2 S 72 CH2 OH 586.3 O 73 C02Me
CH2 S C 74 CHOH620.2 z S H 75 CH2\ | 538.2 H3C 76 CH N |
Z-WH 03/BT63GH2- - -< 540.2 NUJ S 78 CH2-< | 629.2 NPCTRE02/0%939
587.3 N OH 1~ N
R* MS: [M+H]"
S COMe
71 CHZ,—<\j/ 614.2
s
72 CH2_<\J/\QH 586.3
cl
73 o Aé’/cozwle 648.2
2 \ &
Cl
74 S 620.2
e ] OH
H
N
75 CHZ_@ 538.2
H,G
76 o __<"j 553.1
2N\
H
N
77 CH; \] 540.2
N
S
78 CH; \Nl 629.2
CO,Et
S
79 CH— | 587.3
N OH
O,
80 CH—\ | 509.2
CO,Et




80 CH2T--~_ 599.2 CO2Et 52 WO 03/016316 PCT/ GB02/03593 R4 MS: [ MHH + N

81 CH2 551.3 COREt 82 d NCHOH 83 N581.3 CH2 O 84 CH2 516.3 CH3 CH2
85 CH3 538023/00630 CH2 86 592.2 CH3 87 CH2CH2CO2CH3 546 P8T/@BR205826H2 CO2H
'532.1 89 CH2CH2CH2CO2CH3 560.2 90 CH2CH2CN 513.4 91 CH2CH2N3 529.2 92

CH2-\ 571.2 N

R* MS: [M+H]"
N=—
81 CH?_—<\:/> 551.3
CO,Et

82 _<N:§ 609.1
\_/

83 _d 581.3
\_ 7

84 CH% 516.3

CH,
CH;
85 —>—CH3 530.2
o)
o)
CH;
86 592.2
CH,
87 CH,CH,CO,CHs 546.3
88 CH,CH,CO,H 532.1
89 CH,CH,CH,CO,CHj 560.2
90 CH,CH,CN 513.4
91 CH>CH,N; 529.2

92 CH; \N‘f 571.2
H Y%
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H O 53 WO 03/016316 PCT/ GB02/03593 R4 MS: [MHH + 93 CH2-\ 572.2 OO
CH2-\ CH3 94 0_- 546.3 0 95 CH2---- 608.3 OO 96 CH2-\ 609.3 OO 097
CH2- 557.800BW163161 O CH2--~ CH3 98 0-_/ 560.3 CH3 0 99PCHGHIZA3IR3 O 100
CH2CH2CH2NH2 517.3 101 CH2CH2N( CH2CH3) 2 559. 3

R* MS: [M+HT
93 CH; \O 572.2
o}
CHy—\ CH,
94 o) 546.3
o}
95 CHZ-—\ 608.3
o}
o)
N
720\
96 CHZ—\ — 609.3
0
0
0
97 CH; < 557.3
N
H
0
CH; CH, c60.3
98 o < .
CH,
0
99 CHT{ 572.2
0
100 CH,CH,CH,NH, 517.3
101 CH,CH,N(CH,CH), 559.3
CHZ'—\
N
102 < > 573.2
o}
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CH2 N 102 573.2 O 54 WO 03/016316 PCT/ GB02/03593 R4 MS: [ MtH + CHZ-\

103 N 557.3 104 CH2CH2CH2CH20OH 532.3 105 CH2\/OH 530.2 106 CH2 536.9 OH
[ MtNa] + WHB 030763CH2* 532.3 CH3 OH 108 2F--~ 594.3 OH P09/GR4203H636.2 CH
110 CH2 534.3 OH OH 111 CH2--~ CH3 548.1 O OH CH2* CH3 112 O---C 576.3

R* MS: [M+H]"
CHZ——\
103 b 557.3
104 CH,CH,CH,CH,OH 532.3
OH
105 CH; N/ 530.2
CHy——\ 536.9

107 C

108 CH5~<_®
c
c
H
-

532.3

594.3

109 536.2

110

111 548.1

c
CH;

112 576.3

OH
-
CH,
OH
OH
e
F
OH
H2—<‘ 534.3
OH
OH
2‘_<_ s
o
OH
CH,
o~
CH

3

113 CH,CH,OCHj3 518.2
114 CH,CH,OCH,CHs 532.3
115 CH,CH,OCH,CH,OCHj3 562.3
116 CH,CH,OCH,CH,OCH,CHs 576.3
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CH3 113 CH2CH2OCH3 518.2 114 CH2CH2OCH2CH3 532.3 115 CH2CH2OCH2CH2OCH3
562.3 116 CH2CH2OCH2CH20CH2CH3 576.3 55 WD 03/016316 PCT/ GB02/ 03593 R4
MS: [ MFHWODYP1a3ih - 594.3 z OF 130 NI F F 605.7 ExanpCesB28359320 O N
~RA NN A HCHNN OA8 R4 MS: [MtH + OH 118 CH 550.3 CH2 O 119
CHCH2 -C:H592.3 OCH 3 120 N CH2CH20OH 489. 0

R* MS: [M+H]"
594.3
117 cH;
0
F
130 N= ) F 605.7
IR

Examples 118 - 120

4

o)
N
R
8 \ \)
AN H,C HN\”/N
o)
AS R* MS: [M+H]"
OH
118 | CH 550.3
CH;
o)
119 | CH CH;—@-{ 592.3
O—CH,
120 N CH,CH,OH 489.0




56 WD 03/016316 PCT/ GB02/ 03593 Exanples 121 - 128 O N A6 NRA N H3C HN Y

NO A6 R4 M5 [MFH + OH 584.9 121 NHCH 2 [MtNa]+ O 122 NH CH2 513.3

CH3 123 WH GeRGIH2CH2NH2 514.3 124 NH CH2CH2NH2 500. 3 12P6TGEORIASHYI2 OH

502.1 126 NH CH2CH2CH 501.3 127 NH CH2\~CH OH 128 NH CH 22 533. 3

Exanpl e 129 4- Cycl opr opyl net hyl - pi per azi ne- 1-car boxylic acid 2-net hyl

-4-(5,6,.7, 8-t etrahydr,o- thieno[3, 2-b] azepi ne-4-carbonyl)-benzyl ester 57 WO
G pelrR 2 )

03/ 0163 503 Ss o0 s ~
0
/ N
A (\N/RA'
N H,C HN N\)
\/ 3 \”/
o)
A® R* MS: [M+H]"
OH
121 NH 584.9
M+Na]
CH; [M+Na]
0
122 NH CH2—< 513.3
CH,
123 NH CH,CH,CH,NH, 514.3
124 NH CH,CHNH; 500.3
125 o) CH,CH,OH 502.1
126 NH CH,CH,OH 501.3
CH OH
127 NH N\ /
OH
128 NH CHQ—<_ 533.3
F

Example 129

4-Cyclopropylmethyl-piperazine-1-carboxylic acid 2-methyl-4-(5,6,7,8-tetrahydro-

thieno[3,2-b]azepine-4-carbonyl)-benzyl ester
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NV NV N OOOO 151 1-11:5 CNCO2H S ~OW SO \ "I / ON/N NT
OrNOYNJ O
4- (4- Car bwoyw3®iases hyl benzoyl ) -5, 6, 7, 8-t et rahydr ot hi eno[ 3, PChjGBoepsse A

suspensi on of
4-(4-cyanp-3-nethy|benzoyl)-5,6,7,8-tetrahydrothieno[3 2-b] azepi ne (1g,

3. 3mmuol ) sul phuric acid/ (1:1, 30ml) was he at reflux for
5hr. The sol ution vas to RT, diluted er (20m)
and extr chl or of orm ( ). The conbi phases were
extract ecqw . NaH The canhiyned xtracts were
acidified M KHSO4 and extract'®d with chloroform (3 x}20m ). These

chl orof orm extra
and concentr gy€d
4- (4- car boxy- 3- net
(225ny, 23%. CN CO.H

4- (4- Hydr oxynet hyl - 3- net hyl benzoyl ) -5, 6, 7, 8-t et r ahydr ot hi eno[ 3, 2- b] azepi ne
| sobutyl chloroformate (2501, 2mml) was added to a sol ution of

4- (4-carboxy-3- methyl benzoyl)-5, 6,7, 8-tetrahydrothieno|3, 2-b]azepi ne
(470mg, 1.48mml) and N- nethyl norpholine (2301, 2.1 mml) in THE (15m) at
OC and the mixture was stirred for 58 WO 03/ 016316 PCT/ 2/ 03593

s®
e 9

B e
Ol

4-(4-Carboxy-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-b]azepine

A suspension of 4-(4-cyano-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-blazepine (1g,
3.3mmol) in conc. sulphuric acid/water (1:1, 30ml) was heated at reflux for 5hr. The
resulting solution was cooled to RT, diluted with water (20ml) and extracted with

ere _conbi _ned, wi th brine, driefl over,. Na2SOM

solid idé&ntifl

p
enzoyl )-5,6, 7, 8-t|e ydr ot hi eno[ 3, 2- b]

chioroform (3 x 20ml). The combined organic phases were extracted with sat. NaHCO;
(2 x 20ml). The combined aqueous extracts were acidified with 1M KHSO, and
extracted with chloroform (3 x 20ml). These chloroform extracts were combined, washed
with brine, dried over Na,SQ, and concentrated in vacuo to give a pale brown solid
identified  as 4-(4-carboxy-3—methylbenzoyl)—5,6,7,8-tetrahydrothieno[3,2-b]azepine.
(225mg, 23%).

4-(4-Hydroxymethyl-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-b]azepine

Isobutyl chloroformate (250ui, 2mmol) was added to a solution of 4-(4-carboxy-3-

methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-bJazepine  (470mg, 1.48mmol) and N-

methylmorpholine (230, 2.1mmol) in THF (15mi) at 0°C and the mixture was stirred for
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1 hr. The resultant suspension was filtered and the filtrate was added to a
solution of sodium borohydride (131ng, 3.45mmmol) in water (15nm) at OC.
The sol utwomsmasiectirred at RT for 2hr, then sat. NH4C @EEmigBoa@ssadded
and the THE was renoved in vacuo. The remaining solution was diluted with
wat er and extracted with chloroform (3 x 20m ). The conbined organic

phases Vel e W{)&%Qltyﬂttéﬂjsp@é@em E'fﬁgre‘avé‘ﬁd MNe2fdteanss 6aaSE® & abRMonidh vacuo

to gl ve a pal e Dbrown sol as

4-(4- hychodwymrb@mydrgier@ﬁhmgb@ﬁg@mq) in wa@er7(15ml) at 0°C. The solution was stirred

8-tetra Pbﬁrn‘ﬂ{e% , it q‘llﬁ@ QSrHG wfa%%@ﬁgd afd¥e THF was removed in vacuo. The
4-(4-(1- mda ecar bonyl oxyrre hyl ) - 3- met hyl benzoy I? 8-tetrahydrothie

nol 3, 2- teinaireqy sriutionwasOditesh it Water @agd exEacted wih qhozqfﬁm(? xRQ8)addBE to a
sol ution

ot oxr TRk aapis Aases wers washed with brine, dried over NagSO. and pancentroted
(60ng,  ib.vECHwLd )giviena Diefe bromin) SQdeéentﬁEGﬂr@g -@a@roaymethwe3 gethvidesroxlas
stirred ?ég?’bef”gw ‘ﬁ (?ﬁ?’TE'% FMSE&W@% ved in vacuo and the residue

was puri ica gel (eluant 97%
chl orof orm 3% net hanol ) to gi ve a coI our | ess gumidentified as

4- (4-(1- i -
8- 'Eetgahé/glr ﬁgeno?%pgwgze mey* 8 g%h?&%%@}d,?,sﬁe@aﬂydroth|eno[3,2
4- Cycl opblepgtinet hyl - pi per azi ne- 1- car boxyl ic acid

2TEE il YRR, o S st b

et hyl benm@y¢>9yn4&tlﬁ/l-3~raethvléemm9tﬁ@Fﬁrféﬁ@@@@h@]@%b%@e@&e Ceq), (60mg,
1-cycl opg ?P%‘bﬁ%t ﬁ'_ﬂMFp'(ﬂﬁf) %ngenn(r& g S gﬁ@t@ %tl&%@ﬁ%ed"‘ﬁ?‘l“‘ﬁﬁﬁ%ﬂr at

reflux for m Xt ure was c ntrated 1 n vacuo and purif
flash chfhersalot aysisyemaved Inj \@gug@nd the residte masHPanbed Ehﬂ@ﬁfbms@mtogmhy[ MtH] *

L E&ﬂ?gﬁéaeael](glﬁar]rts%"p ch%romeB%"He%aHo@to give a colourless gum identified as

4-(4-(1 -imidazolecarbonyloxymethyl)-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-
blazepine (60mg, 45%).

4-Cyclopropylmethyl-piperazine-1-carboxylic acid 2-methyl-4-(5,6,7,8-tetrahydro-
thieno[3,2-b]Jazepine-4-carbonyl)-benzyl ester

A mixture of 4-(4-(1-imidazolecarbonyloxymethyl)-3-methylbenzoyl)-5,6,7,8-
tetrahydrothieno[3,2-bJazepine (1.0eq), 1-cyclopropylmethyl-piperazine (1.0eq) and DIEA
(1.05eg) was heated at reflux for 48h. The mixture was concentrated in vacuo and
purified by flash chromatography on silica gel (eluant methanol/chloroform).

MS: [M+H]" = 468

Examples 131-132



59 WD 03/016316 PCT/ GB02/03593 Gl R1L Ms: [M+tH+ S 131/ O 477.6 N 132 N
Me 488.7 N Exanples 133 and 134 Prepared by anal ogous nethods. Exanple
133 H N, WwoM3miidde N O OH NNY O Ms: [MtH ' = 622.7 60 WOTEGBRLS5B36

PCT/ GB02/ 03593 Exanmple 134 HN, N NN\ N~CH HNN FJ

G' R MS: [M+H]*
| S
131 % Cl 477.6
N
@
132 N Me 488.7
C: ~N

Examples 133 and 134

Prepared by analogous methods.

Example 133

MS: [M+H]" = 622.7
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OOH Ms: [MH + = 586.2 Exanple 135 1In vitro Testing Conmpounds were
assayed to determne their ability to mmc the cellular consequences of
Or stinmulwaDioaniams i ntact cells. In the assay, the conpounasTaiBoRigs93

i nvention cause significant cellular activation at concentrations of 30M
or less. Preferred conpounds cause significant activation at

concent r@ﬂnﬁaﬁ 1@5 300nM or | ess and can induce the sane nmaxinmal effect as
Or. The preferre gonpounds are either significantly | ess active or
conpletely devoid af activity in assays for vasopressin-like activity.
Exanpl e 136 | npyviy®—~hgsting Representative conpounds were tested for
activity in they rine contractility nodel, which is a recognised

test for O e conpounds increased the strength and frequency of
the uteri ontractions at doses bel ow 50ng/ kg. Sel ected conpounds were

t hen give i or i.v. to male rats and the erectil e response was
det er m ned: O 03/016316 PCT/ GB02/ 03593 Exanple 137 Tablet for O al

Pblund of Exanple 11 as

Car boxynet hyl cel g4l 0seC
195. g Total 500. Qg

abl et.s_cont ai ni ng
the active agéht arv phepared fregmt f ol
200.0y Corn starc q k@drox propy! cel
O OH
MS: [M+H]" = 586.2

Example 135

In vitro Testing

Compounds were assayed to determine their ability to mimic the cellular consequences
of OT stimulation on intact cells. In the assay, the compounds of the invention cause
significant cellular activation at concentrations of 30uM or less. Preferred compounds
cause significant activation at concentrations of 300nM or less and can induce the same
maximal effect as OT. The preferred compounds are either significantly less active or

completely devoid of activity in assays for vasopressin-like activity.

Example 136

In vivo Testing

Representative compounds were tested for activity in the rat uterine contractility model,
which is a recognised test for OT agonism. The compounds increased the strength and
frequency of the uterine contractions at doses below 50mg/kg. Selected compounds

were then given either i.c.v. or i.v. to male rats and the erectile response was determined.
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The materials are bl ended and then pressed to give 2000 tablets of 250ny,
each containing 100ng of the conpound of Exanple 11. The foregoi ng
denonst r aWe3i@alé t he conpounds according to the present POT&RIROB9ACt as
agoni sts at the oxytocin receptor and accordingly they may find utility as
pharmaceutical agents for the treatnment of conditions such as sexual

?i solrdergaian]bgdvlpg mal e erectil e dysfunction, ejaculatory disorders and
emal e sex sfunctjon, cancer of the prostate, breast, ovary and
bones, Tsa(bg%ﬂBF é§?'s’?‘f"5%?n‘§?f'cm ostatic hyperplasia, post- partum %I eedi ng,
and depregwto tonfHirtng dopeYnes thEayorapsndbef Exemipleo1i nduthe hethewigent are
delivery of thg_ Itﬁcgé}r a, to decrease arterial blood pressure, to decrease
exagger FeRped QB’b §&¥'MY 'St ress and to increase the nociceptive threshol d.
Tlhe scope of the present invention is further defined in the follow ng
claims. 62 WO 03/016316 PCT/ GB02/ 03593 CLAIMS 1. A co nd according to
gener al forﬁﬁmoﬁ?‘QB{sé)éa“bﬂﬁr"flraceuti cal |y acceptabl e sal ?8&6%ereof GL Rg 2 O
R 1(0;2)a 60Mstén“d_h:?4f (CHiZ)b R O wherein: G is selectedogroma group
according tp genera r a 2, a group according to e al formula 3, a
group accor HV%@XYWO%‘?‘F&P%%W mul a 4, a group acgor di ng {%69 general formula
5, a group eemdxginsthylceligesedadiurhor mul a 6 and a group act®ogli ng to general

formula 7; A8 .
agﬁ%sﬁumssteqa%atg 9 15 3.0g
Lactose 195.0g
Total 500.09

The materials are blended and then pressed to give 2000 tablets of 250mg, each
containing 100mg of the compound of Example 11.

The foregoing demonstrates that the compounds according to the present invention act
as agonists at the oxytocin receptor and accordingly they may find utility as
pharmaceutical agents for the treatment of conditions such as sexual disorders including
male erectile dysfunction, ejaculatory disorders and female sexual dysfunction, cancer of
the prostate, breast, ovary and bones, osteoporosis, benign prostatic hyperplasia, post-
partum bleeding, and depression. The compounds may also be used to induce labour or
delivery of the placenta, to decrease arterial blood pressure, to decrease exaggerated

responses to stress and to increase the nociceptive threshold.

The scope of the present invention is further defined in the following claims.
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RS A\ 2q;,.......... ..., AAL3 A A All-gl Al2-g16 N A4 | | R6 \g5
N(CH2)c N N 2345 A8 AMA314 6/.... , 9AAAI AQgl3:' A 10 g4
gll--A 120083/016386 ~ AN6 7 A is selected from CH2i CHPOHRGBORIBSIBE al kyl ,
0 and S; A2 is selected fromCH2, CH(OH), C(=0O and NH, A3 is selected from
S, NH, Nalkyl, -CHCH and -CH=N-; 63 WD 03/016316 PCT/ GB02/03593 A4 and
A5 are each selected fromCH and N, A6 is selected fromCH2, NH N-al kyl
and 0; @LABMRI A" are selected fromC and N A8 and A9 are selected from
CH N, Ni; NI ARE Rbrdfig 10Adéhdral Beh@at Edhrid pRamiade@dally GbbeptablélEalt
N(CH2) dR7 and S; Al2 and ,813 are selected fromN and C, Al4, Al5 and Al6
are sel ectethefedm NH, NNCH3, S, Nand CH X1 is selected fromO0 and NH

R1, R2 and R3 are each sel ect&d fngm H, alkyl, Oalkyl, F, d and Br;

2

R
O //(C\HZ)E
N— 4
X! No R
\”/ (CHZ)b
1

o)

wherein:

G' is selected from a group according to general formula 2, a group according to
general formula 3, a group according to general formula 4, a group according to
general formula 5, a group according to general formula 6 and a group according to

general formula 7,

2 3 4 5
4 3
A AT 14
3 A6\A7/ ....... \\ AQ / é /A\A15
/A \ / 10 A A
A4\ l ATA \,,_\12__A16
e |
6 7

Al is selected from CH,, CH(OH), NH, N-alkyl, O and S;

A? is selected from CH,, CH(OH), C(=0) and NH;

A% is selected from S, NH, N-alkyl, -CH=CH- and —-CH=N—;
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R4 is selected fromH, alkyl, alkenyl, alkynyl, optionally substituted
phenyl, optionally substituted thienyl, optionally substituted furyl,

opt i onal Iwoalsdsiig ut ed pyridyl, - (CO-0O (CH2)eR8 , -(CH2PER&;B02/03593

- CH2- CH=CH CH2- R8, -CH2-C=C-CH2-R8, -(CH2)9- CH(OH)-(CH2)h-R8, -(CH2);

-0 (CH2) R8 and CH A RB R5 and R6 are independently selected from al kyl, Ar
and - (CH2) fA%ind R areeasklseletied fiondoCHHENdeNkyl , optional |y substituted
phenyl, F, OH, Oalkyl, Oacyl, S alkyl, NH2i NHal kyl, N(al kyl) 2,

NH-acyl, N(al kyl)-acyl, CO2H, CO2-al kyl, CONH2, CONH al kyl, CON(al kyl) 2,

ON, CF3i ophd igralekiedsHips OH, utiadNpalkyi @yl O;optional |y  substituted thienyl
and optionally substituted furyl; R8 is selected fromH, alkyl, alkenyl,

al kynyl, acyl, optionally substituted phenyl, 64 WO 03/016316

PCT/ GBOZ/ 03}.§gghd APiroBakitd reRst ighdiNed pyri dyI optionally substituted
thienyl, optionally substituted furyl, optlonally substituted pyrollyl,

opt i onal |y substituted pyrazolyl, optionally substituted i m dazolyl,

optional |y gubsd At %e;é;éa@zm,ﬁlofq MPINFMNICHY)RUBS BF ut ed i soxazol yl,
optionally substituted thiazolyl, optionally substituted isothi azol yl, F,

OH, hydroxyal kyl, O-al kyl, Oacyl S-al kyl, NH2, NHal kyl, N(al kyl) 2,

1-pyrrolidi gyl sée&b@%hﬂl@%mé @Prmmhln??H Alnagy!, N(al kyl )-acyl, N3,
CO2H, C02-al kyT CONH2,” CONH- al kyT," CON( al 2, CN and CF3; Ar is
sel ected from opt i onal I y substituted thi enyl and optionally substituted

phenyl ; ,ﬁﬂz eﬁ)]lagw Q;esséectg@frgm NhSd &: or 2, di s1, 2or 3; ei s1, 2, 3or 4;
fisi, 20r3an h, and | are all |ndependently 1 or 2 prOV|ded that: not

nore than one of A8 A9 and A10 is NH, N(CH2)dR7 or S; A7 and Al are not

bot h si nul t gnegu e of A8, A9 and Al0 is
NH, N( CH2) d%? A Ségﬁ,&"ﬁ? et(Bé\df&%sd ﬁgﬂ%wkﬂéngAg e:nfgcl%fﬂ A9 is CH and both A7

and A1l are C if A10 is not -CH=CH then one of A8, A9 and Al10 is NH,
N(CH2) dR7 04+ 8 Qfe Bt ANind NH;

R' R?and R® are each selected from H, alkyl, O-alkyl, F, Cl and Br;

R* is selected from H, alkyl, alkenyl, alkynyl, optionally substituted phenyl, optionally
substituted thienyl, optionally substituted furyl, optionally substituted pyridyl, -
(CO)-O—~(CH2)eR® , —(CH2)eR®, -CHx-CH=CH-CH;-R®, -CH,-C=C-CHz-R®, ~(CHz)q-
CH(OH)-(CHo)-R,

'(CHz)i"o"(Ci'lz)j-R8 and CHZ——A— R8

3

R® and R® are independently selected from alkyl, Ar and —(CHz)eAr;

R’ is selected from H, alkyl, optionally substituted phenyl, F, OH, O-alkyl, O-acyl, S-
alkyl, NH,, NH—alkyl, N(alkyl),, NH-acyl, N(alkyl)-acyl, CO,H, COz-alkyl, CONH,
CONH-alkyl, CON(alkyl),, CN, CF3, optionally substituted pyridyl, optionally
substituted thienyl and optionally substituted furyl;

R® is selected from H, alkyl, alkenyl, alkynyl, acyl, optionally substituted phenyl,
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and All is N, not nore than one of Ala Al5 and A16 is NH, N-CH3 or S; Al2
and Al13 are not both sinultaneously N, if one of Al4, Al5 and Al16 is NH,

N- CH3 or Sotohem3sd2 and Al3 are both C, and one of Al4, ACT/GBU/035E i s NH,
N-CH3 or S or one of Al2 and A13 is N. 65 WD 03/016316 PCT/ GB02/03593 2 A
conpound according to Caim1l, or a pharmaceutically acceptable salt

t her eof , whestnallesubse@ssd gyridylp bpthalljReutsstitltdBthienyk optichaally suwmeomﬁyu s not
H 3 A conpo nd

h t | t abl
Sal t t her eofBtonahior gtz oliibrTegaiiiaybas e ByBRaM BRtH AN Blnstufes T °' ©
gr OUpa F, gm@éﬂilyBropﬁﬁﬁiaAM’sebsmmiéero&?ﬁﬁ bptiohally ﬁmﬂmtﬁws?ﬁtzoiyd?p’gortauyany o
recedin ai or. a pharnaceutica S er erein
:Os sel ectg'.J edsytshinied W@FEM oapmﬁljyéerﬁt@{ceg gP yéﬁ:d C% rypéomalﬁﬁ Q_V\@Wpound
accordi ng te_agy Spél@ﬁﬁdmg\llﬂaﬁ’kymmgfkyl% ﬁ'lwframmwu %Lahumﬂcamra%lm sal t

t hereof, wherein X onpound accord to any precedi ng CI aim
or a phar naNbltﬁQYbél(N[Wlhé@\éﬁﬂ:aﬁlCéHs@Qz—a‘kﬁe@@blﬁz, @%BWY@C@(FIKMIMCU is 2.
7 A corrpoun (f?fgordl ng to any preceding Claim or a pharmaceutically
acceptabl e sa 'thereof, wherein G is a group according to general
formula 3. 8 A conpound accordi ng to Claim?7, or a pharmaceutically

acceptabl e ﬁﬁi’s seldd®dHm o M\%ﬁng SiltSd thierd A opmREtARY SRR ey O a1 M 7

or 8, araceut | calr y ac e sa t hereof, ereln I's CH2 and
A2 is NH 10 A compound accor di ng to c ai m 7 or 8, or a pharmaceutically

acceptabl e gal§ i hereof o or%@&ﬁe'l Br & dilssl Iﬁ%d%r eh§ ‘?‘l ¥ o4 Y 3 & %ﬁ‘c@g 11 A

conpound according to an a phar naceut'i cal
accept abl e b,aletndjtar‘%alé@ﬂepamd@ﬂéYhOAg is S and A4 and A5 are both CH 12 A
conpound according to any of Clains 7 to 10, or a pharnaceutically

acceptabl e salt
provided that:

not more than one of A%, A® and A is NH, N(CH,)sR” or S;

A” and A" are not both simultaneously N;

neither A7 nor A'" is N if one of A%, A% and A" is NH, N(CH2)4R’ or S;
if A'® is ~CH=CH- then A% is N, A® is CH and both A” and A" are C;

if A'® is not ~CH=CH- then one of A%, A® and A is NH, N(CH,)sR" or S or one of A’
and A" is N;

not more than one of A", A" and A" is NH, N-CH; or S;
A'? and A" are not both simultaneously N;
if one of A™, A'® and A'® is NH, N-CH; or S then A" and A" are both C; and

one of A" A' and A'® is NH, N-CH; or S or one of A and A" is N.
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t hereof, wherein A3 is -CH=CH and A4 and A5 are both CH 66 W) 03/016316
PCT/ GB02/ 03593 13 A conpound according to any of Clains 7 to 10, or a
phar macewpa®ablégi@ccept abl e salt thereof, wherein A3 is - @8ENsBoatnssIRd and
A5 are both CH 14 A conpound according to any of Clains 7 to 10, or a
pharmaceutically acceptable salt thereof, wherein ABis -CH=CH, A4 is CH
and A5 is N. 15 A conpound according to any of Cains 1 to 6, or a
pharmaceutically acceptable salt thereof, wherein Gl is g{roup accordi ng
to gener2al Acompbandaegording & Waml‘rp@lmﬁh%m?&%ﬁ‘qﬂﬂy%c%t%‘%iﬁ hetgef.a

phar mce“éﬁﬁ%ﬂ;)ﬁﬁ%&é%%ﬁ@b@@ﬁiztanhfrﬁn@ﬂfand MedstoRe AdtH.S and A4 and A5

are both conpound according to Claim 15, or a pharmaceutically
acceptabl e salt thereof, wherein A3 is -CH=CH and A4 and A5 are both CH.

18 A |
ther eg?@ouﬂ%o%ﬁgi@h@&r& @S 8lalh ﬁ%r 20br §pﬁ§@2§%ﬁﬁéﬂllk%@&édatﬂ@ %ﬁg%ocﬁnz al t

accor di ng twheleii eneld, R'oR? anfé)ﬁaﬁwfi Eamiap aled §FURn FeCkand Bransh taar |
wherein A3 | ‘@ers%r’: , A is CHand A5 is N. 20 A conpound according to any
of Clains 1 or a pharnmaceutically acceptable salt thereof, wherein
G is a group according to general fornula 4 or 6 21 A conpound according

to d 20 | 6
N 22 A coa B B e & ey Teart v

accept abl e thereof, whesendR', is wpleeter! fronsa WtNHQB?UPMWQ?@Q R72and R28redt conpound
according to Caim22, or a pharmaceutically acceptable salt thereof,
wherein A9 is N and AlO is CH 24 A conmpound according to C ai m%ﬁl or.a
phar macefit i Aalomposnd épeciBing te any preredied nfgu'almvxﬁ%@ eharmepepicaliy perpPiae 38t Ro

and R3 are Qotd,HuAddind sjHH 67

6 A compound according to any preceding Claim, or a pharmaceutically acceptable salt

thereof, whereinais 1 and b is 2.

7 A compound according to any preceding Claim, or a pharmaceutically acceptable salt

thereof, wherein G' is a group according to general formula 3.

8 A compound according to Claim 7, or a pharmaceutically acceptable salt thereof,

wherein c is 2.

9 A compound according to Claim 7 or 8, or a pharmaceutically acceptable salt thereof,
wherein A" is CH, and A? is NH.

10 A compound according to Claim 7 or 8, or a pharmaceutically acceptable salt thereof,
wherein A' is NH or N-alkyl and A is C(=0).

11 A compound according to any of Claims 7 to 10, ora pharmaceutically acceptable salt
thereof, wherein A® is S and A* and A°® are both CH.

12 A compound according to any of Claims 7 to 10, or a pharmaceutically acceptable salt
thereof, wherein A is -CH=CH- and A* and A® are both CH.
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WO 03/016316 PCT/ GB02/ 03593 25 A compound according to Claim1 or 24, or a
phar maceutically acceptable salt thereof, wherein RL is nethyl or d, R2
and R3 arwoOlewis3ith X1 is NH, ais 1 and b is 2. 26 A conpoelmgBoaog®sdi ng to
Claim 1, or a pharnaceutically acceptable salt thereof, wherein G is a
group according to general fornmula 6, A4, A5 and A10 are all CH A6 is NH,

AZ and Al{ Ar. é’r@%rl?cigccdaﬁné ?chyi)x SEai ﬁ'ISI%? oaﬂfj ofg h%rr@%ce%?c{ﬁty(‘agemgﬂg salt

accordl ng to armaceu acc e salt thereof
wherein Rl ihsremétvw}drelorAe’ —CHZNamId R‘Sam*é b@tbpﬂHC"kl isNH ais 1, bis 2,
GlL is a group according to general formula 6, A4, A5 and Al0 are aII CH,
A6 is NH, A7 and All are both C, A8 is N (CH2)d- R? and A9 is N.
conpoundiacésetipagnd ecardingrta amyedicdaios ¥ tootf, Br ezph@zrn@wtlc@lyrﬁcgeqmimsat hyl

pi per azi ne 3 byl qyl)-1-
met hyl - 4, 10&15?%{f ro %/i?';ﬂ}gfn?g % ]?1% eAnog'ggléazepl ne,
5-(4-(4- benzyl p| pera2| ne-1 -carbonyl am nonet hyl ) - 3- et hyl benzoyl )-1

- met hyl - ?53111*\. 5’59 ? ‘PA Qrgf fACIQr]ir[sj’l & derzf] a"f‘r%s&h{t:i@?lly acc?@taﬁle salt

5-(4-(4- enz perazi ne- 1- car bonyl am nonet yl benzoyl)
-1- nethyl - men@fdumramdws azsbw according o gg]eb@ﬁczraml%@@p

5- (4-(4-(3-hydroxynet hyl

benzyl ) pi per azi ne- 1- car bonyl am nonet hyl ) - 3- met hyl benzoyl ) -

1- met hyl 164 AGodipeydd epsarding toC&im-16] pria Bhayeecediceie peaaptable salt thereof,

1- net hyl - Y {4 er azi ne- 1- car bonyl am nonet hyl )
benzoyl) -4, %g gﬁf%yérsg%éféz%q o[ S%ydbo}rﬂ;fn&}] benzodi azepi ne,

5- (4-(4-(2-hydroxyet hyl) pi perazi ne-1- car bonyl am nonet hyl ) - 3- et hyl

benzoyl) @z

1ot byl 7. @ﬁ@“)&? Ty '*’fég?%@%‘ﬁ?l i5E: afﬂ"ég%sﬁ%éﬁ‘%?ﬁ“é’f‘@”“@%f

car bonyl am Wbmlh& )3 -)ang, @rﬂlﬁqﬁﬂebsﬁh éol o[ 5, 4-b] [ 1, 5] benzodi azepi ne
, 68 WD 03/016316 PCT/ GB02/ 03593

5- (4-(4-(2-am noet hyl ) pi perazi ne- 1- car bonyl am nonet hyl ) - 3- net

benzoyl ) 18 - Aeompound a¢eprding yel EtRiy r1dz o @ prarmasppticaly B@@?Pé%h'%ﬁ@b%ﬁéed
wherein A% is —-CH=N- and A* and A® are both CH.

19 A compound according to Claim 15, or a pharmaceutically acceptable salt thereof,
wherein A% is -CH=CH-, A*is CH and A’ is N.

20 A compound according to any of Claims 1 to 6, or a pharmaceutically acceptable salt
thereof, wherein G' is a group according to general formula 4 or 6

21 A compound according to Claim 20, or a pharmaceutically acceptable salt thereof,

wherein A% is NH.

22 A compound according to Claim 20 or 21, or a pharmaceutically acceptable salt
thereof, wherein A% is NH or N-(CH,)4-R

23 A compound according to Claim 22, or a pharmaceutically acceptable salt thereof,
wherein A% is N and A" is CH.

24 A compound according to Claim 1, or a pharmaceutically acceptable salt thereof,
wherein R is methyl or CI, R? and R® are both H and X' is NH.
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5- (4-(4-(2-hydroxyet hyl) pi perazi ne-1- car bonyl am nonet hyl ) - 3- met hyl benzoyl ) -
1- nethyl -4, 10-di hydropyrazol o[ 4, 5-c] pyrido[ 2, 3-b][1, 4] di azepi ne, and

phar macewpDa®ablegi@ccept abl e salts thereof. 29 At | east on@CopiBocabsmsonmer
of a compound or salt according to any previous claim 30 A pharnaceuti cal
conposition which conprises a conpound, salt or isomer according to any of
Clains 1 to 29 as an active agent 31 A pharnmaceutical conposition according
to Claim30 which is a tablet or capsule for oral admnistration. 32 A
phar maceps i dadongmiupdsictérdimgde Ctaimi ingr 24 oChaharr@dcevticdly anbéptable salt or t he

t r eat ment f le erectile f td200n. e for ot oor

| soner acco r%(g’ WBerSHV&olP nﬁq@ﬁg%%o&n@ﬁs %‘J\/ﬁe\i%ﬁ] vskdg%ﬁ%ggﬁm%gebn@ agl'n t he

V\rr’ﬁnuf acture of a pharnmaceutical conposition. 34 A use according to Cl aim 33
erein e .phar maceut i cal 4 i | ment of

mal e ereé(?i eCO&QPsQfUUﬁ@FF%r |_ng§§%%?%eﬁ, ﬁgg pck)\% "{ﬁé)ceeg]? (l:% e‘%ﬁ%@a%%}gg lé%ﬁ?%&f’sexual

di sorders whihefeic G a gesiptaveordagrtd geseraatarmunlat® Ad, Mearsoh ' iare akeH, 8f issuch

treat ment %‘\‘ﬁ%%&&?ﬁ{%{ ogrgEf‘R‘is%(é‘Hz)gﬂﬁBR&‘Rdis galt or isomer according

to any of

27 A compound according to Claim 1, or a pharmaceutically acceptable salt thereof,
wherein R' is methyl or Cl, R? and R® are both H, X" is NH, ais 1, bis 2, G" is a group
according to general formula 6, A%, AS and A' are all CH, A%is NH, A” and A" are
both C, A% is N-(CH.)¢-R” and A% is N.

28 A compound according to Claim 1 selected from

5-(4-(4-cyclopropylmethylpiperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-benzylpiperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-methyl-4,10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(3-hydroxybenzyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(3-hydroxymethylbenzyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-
1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

1-methyl-5-(3-methyl-4-(4-(4-picolyl)piperazine-1-carbonylaminomethyl)benzoyl)-4,10-
dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(2-hydroxyethyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

1-methyl-5-(3-methyl-4-(4-(3-(methylthio)propyl)piperazine-1-
carbonylaminomethyl)benzoyl)-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,
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29

30

31

32

33

34

35

5-(4-(4-(2-aminoethyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-methyl-
4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine,

5-(4-(4-(2-hydroxyethyl)piperazine-1-carbonylaminomethyl)-3-methylbenzoyl)-1-
methyl-4,10-dihydropyrazolo[4,5-c]pyrido[2,3-b][1,4]diazepine,

and pharmaceutically acceptable salts thereof.

At least one optical isomer of a compound or salt according to any previous claim.

A pharmaceutical composition which comprises a compound, salt or isomer according

to any of Claims 1 to 29 as an active agent

A pharmaceutical composition according to Claim 30 which is a tablet or capsule for

oral administration.

A pharmaceutical composition according to Claim 30 or 31 which is for the treatment
of male erectile dysfunction.

A use for a compound, salt or isomer according to any of Claims 1 to 29, which is as a

component in the manufacture of a pharmaceutical composition.

A use according to Claim 33 wherein the pharmaceutical composition is to be used in

the treatment of male erectile dysfunction.
A method of treating male or female sexual disorders which comprises the

administration to a person in need of such treatment of an effective amount of a

compound, salt or isomer according to any of Claims 1 to 29.
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