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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'®-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 Ieuciné. 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. Only one OT receptor has so far been well characterised, while
three VP receptors are known. These are designated the Vy,, V4 and V; receptors.
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central mode of action.

Vasopressin acts on the blood vessels, where it is a potent vasoconstrictor, and on the
kidneys, where it promotes water reuptake leading to an antidiuretic effect.

Oxylocin agonists and antagonists

A number of peptide analogues of OT are known in the literature. These include both
agonists and antagonists. OT and its agonists are used, for example, to accelerate
labour and fo increase uterine muscle tone to confrol post-parium bleeding, and one
antagonist, atosiban, has recentiy.be;i:— i'egistered as a treatment for pre-term fabour.
However, the peptidic nature of these compounds means that they are not likely to be
bioavailable after oral dosing or to cross into the CNS. In order to get drugs that can be
given orally and to be able fo exploit the central effects of OT, attention has increasingly
turned to non-peplides. 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 antagonist 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 utifity 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. |




'is NRI1R S or a fused polycyclic group are novel. They are selective and
pot ent oxytoci n agoni sts. Pharmaceutical conpositi ongs Bhcenttids hogpnpounds
are useful in-‘the treatnent of, inter alga, erectile dysfunction. 16
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| NVENTI OWaeaeigdesent i nvention relates to a series @CTi@ae8m i de oxytocin
agoni sts and to pharmaceutical conpositions conprising such conmpounds. The
conpositions are useful for the treatnment of certain physiol ogical
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A is CHp, CH(OH), NH, N—alkyl, N~(CH2),—R¥, O or S; A% is CH,, CH(OH), C(=0) or NH;
A%is S, NH, N-atkyl, -CH=CH- or -CH=N—; A* and A® are each CH or N; A® is CH,, NH,
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be identified for OT were the uterus, where it is ingybeahedr bdod he onset
and progress of |abour, and mamrary gl ands, where it iIs invofved in the
regulation of mlk expression. OQher organs al so express Ol receptors, and
it is cMOPKR Or has a range of. physi ol ogi cal roF@’E’GFWé{Fs"Have not been
fully elaborated yet. In particular, it has been suggested that Ol acting
inthe CNSis inyolved in the erectile response in males, and in the
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therapeutic utility in npl'e and fenal e sexual dysfunction, particularly
O-benzyl or F, or R* and R’ together are =0, -O(CH,),0~ or -S(CH,),S~ and R%is a

group accor_ding to one of general formulae 10 to 25.
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mal e erectile dysfunction, in pronoting |abour, in controlling post-partum
bl eeding, in increasing mlk let-down as well as a [¢pb&imik 206er

i ndi cations. 2 16 Decenber 2005 WO 03/000692 SUMVARY OF THE | NVENTI ON

PCT/ GBO2102872 We descri bé herein a series of potent and specific OT

recept oV s. An  enbodi ment may conprise novel PEHRBBMISR according to
general fornula 1, and pharmaceutically acceptable salts thereof. & R3 1
In general formula 1, G is a group according to general formula 2 or 3. Rs
N7 R2 & idCHJgroup according to geﬂ&"b)e formula 4, 5; 6, 7, 8 or R4 .
i N Res 4 LA NEBRRI I -A ND 1 6fy >—N*R"R‘2R‘3
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R'is H, a!kyi or any group as defined above for R®%; R®, R® and R'® are independently H or

" alkyl, or R® and R together may be ~{CHz)— R, R, R™ R and R" are all alkyl, or

R" and R™ together or R" and R™ together may be —{CHp)y— R', R and R™ are

independently H or alkyl, or R" and R* together may be —(CH,)~; R*, R®, R*, R®? and

R® are all alkyl, or R™ and R® together or R*' and R% together may be —(CH,)—; R* and

- R® are independently alkyl, Ar or -{CHz)~Ar; R® is H, alkyl, optionally substituted

phenyl, pyridyl, thienyl, OH, O-alkyl, NH, NH—alkyl, N(alkyl)z, CO.H, CO»-alkyl, CONH,,

- CONH-alkyl, CON(alkyl)z, CN or CFs, and R¥ is OH, O-alkyl, O~CO-alkyl, NH,,
NH-alkyl or N(alkyl).

Ar is thienyl or optionally substituted phenyl.
‘ais2or3,bis1,20r3;cistor2, dis1,20r3:eistor2;fis 1, 20r3;gis4;50r6; h

is1,20r3;iis1,2,30r4;jis4,50r6,kis1,20r3;lis1or2;mis1,20r3,and nis 2,
3ord.
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\ Alt) A | All- \A5 NJ 6 9 A" is CH2, CHOH), NH Nabkyl beNz()@"Z)" R27 0
or S A2 is CH2, CH(OH), C(=O) or NH. A3 is S, NH Nalkyl,

-CH=N--; A4 and A$ are each CHor N, A6 is CH2, NH 1 6 Decenber 2005_. V\D
03/ 000692 PCTI GBO2102872 N-al kyl or 0; A7 and A" are Cor N, A8 and A9 are
CH, N, 1N rsNﬁﬁeth)d?ﬂ%&@ptHseﬁ mﬁhtnbﬁ ther@h‘sfﬁdwde@d cobhpodhld abbdréiRg X¢R26 or S
Al2 and AA{% are N1or agé?A are, NHL N-CH3, S, Nor CH
pr ovi dSEFH I Myl %P@h?HB?FeHH@"BPC@m hefeeT i s NH, N (CH2)m R26 or S
that A7 and A" are not both Si rrultaneously N, that neither A" nor Al' is
N. if one of A8, A9 and AT i R°NH, N-(CI—|2)§1R26 or S; that if A is -CH=CH

then ABis N Ais CHa boh,ﬁand A" arReC that if A10 i s not -CH=CH-
then one of A8, A9 and O ?

wherein:

G'is selected from a group according to general formula 2 and a group according to
general formula 3;
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G? is selected from a group according to general formula 4, a group according fo
general formula 5, a group according to general formula 6, a group according to
general formula 7, a group according to general formula 8 and a group according to

general formula 9;
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A'is selected from CHy, CH(OH), NH, N-alkyl, N(CH,),-R?, O and S;
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AQis NH N(CH2)mR26 or S or one of A7 and A" is N, that not nore than
one of Al4, Al5 and A16 is NH, N CH3 or S; that Al2;@pgd.cAk3r 86 not both
simultaneously N, that if one of Al4, Al5 and Al16 is NH, N-CH3 or S then
Al2 and Al13 are both C, and that one of Al4, A15 and A6 is NH NCH3 or S
or one of A°2 and A3 is N X1 is O or NH X2 is NR1$, CH NR17 RAS,

-CH CHARl deléttSd frblrh%l—%’@@l(oﬁﬁm RRalkR1 29 CR, NRY, CHafd BN *R21R 2R23 and Y is 0
or SO R, R2 and R3 are ea H, al kyl, O0-alkyl, F, d or Br; R4 and R5 are

each H, 0-al kyl 0- benl—l,)éo or F, or R4 and R5 together are —0, -Q(CH2) aO
Cor ( @HZ%Sd@ie(éf‘i@mF@lzb§ Hy (C6e@) artlHdi ng t o one of general formulae 10 to
25. -(CH2)b-NRSR9 - (CH2)b-N° R' RI2R13 10 11 12 )Q2) (CH2) CH /NRLO Q

Decentor SHOR s S as st ke ABs T Nt Oy O -NeRILRIZRLS
A* and A® are each selected from CH and N;
Afis selected from CH,, NH, N-alkyl and O;
A” and A" are selected from C and N;
A% and A® are selected from CH, N, NH, N(CH,),R* and S;
A is selected from —CH=CH-, CH, N, NH, N(CH,)R® and S;
A% and A® are selected from NH, N-CHs, S, N and CH;
A¥ A" and A™® are selected from NH, N-CH, S, N and.CH;

X' is selected from O and NH;

X2 is selected from NR'®, CH-NR"R'®, CH- CHzNR’TRw N*R™¥R?,
CH-N'RZ'R#R? and CH-CH.N'R¥*R”R%;

Y is selected from O and S;
R', R%and R® are each sélected from H, alkyl, O-alkyl, F, C! and Br;

R* and R® are each selected from H, O-alkyl, O-benzyl and F, or R* and R® together
are =0, -O(CH,),0- or =S(CH,),S-;

R® is selected from a group according to general formula 10, a group according to
general formula 11, a group according to genéral formula 12, a group according to
general formula 13, a group according to general foomula 14, a group according to
general formula 15, a group according to general formula 16, a group according to
general formula 17, a group according to general formula 18, a group according to
general formula 19, a group according to general formula 20, a group according to

6a



JC (CH2) f CH)---CHZNR8Rs (CH2)f (CH2)1 24 22 CH2)e CH2NRBRO (CH2)f JCH
C > CH2N+R11R12R13 (CH2)f (CH2)f 25 CH2N{ RL1R12R13;f{Bedesatdr 280Kyl or any
group as defined above for R3; R5, RO and Rl are independently H or alkyl,
or R8 and R9 together may be -(CH2)9 ; R', R12, R13, R14 and R15 are all
aI kyI or R 11 and R12 together or R14 and Rt5 together may be -(CH2)9 ;

grafforfhtia e 61%&%6 L thYgehle forhbig! toget her may
be -( ° “R19 aé;i Qﬁ% a)r?((ja R23 alrﬂézglé}{da Iua%lg?&é’ﬁ and R20

t oget F%nga‘@rﬂ”'%ﬁﬁ R22 together may be -(CH2), ; R24 and R25 are

- independent |y al kyl, -@a)0reRe (CH2) k- Ar;  Rgsu)i-8'rbReral kyl, optionally
substituted ~phenyl, pyridyl, thienyl, OH O alkyl, NH2, NHalkyl,

N(al kyl) 2, C02H, CO2-alkyl, CONH2, CONHalkyl, CON(al kyl)2, CN or CF3r and
R27 is OH O-alkyl, O- | kyl, NH2, NH al or N(alkyl)2. Ar is

t hi enyI or optional | Y st tuted phenyl.<CHa

’;f
. alkyl
12 13
chl{zr:R“’ cg CHzL‘R“R’s
N/ NP
(CH,), (CH,),
14 15
CH,), CH,)
CH2-< %JR” CH2—< %r:‘R‘“R“*‘
(CH,), {CH,),
16 17
/(CHz}e }CHz)e
C'{ NRSRQ c N+R11R12R13
(CH,), (CH,),
18 ) 19
i) CtL),
CH2—< >—NR3R9 cuz—< >—N‘R“R‘2R‘3
_ (CH,), ' (CH,),
20 21
CHy), (CH,),
cil CH,NR'R cit >—CH2N*R"R‘2R“‘
(CH,), (CH,),
22
CH,), cnz)
CHz——< >—CH2NR3R ~< >—ca NRURTR"
(CH,), (CH,),
24 ' . 25

R’ is selected from H, alkyl and any group as defined above for RE;

R®, R® and R are independently selected from H and alkyl, or R® and R® together
may be ~(CH.)—;

R", R®, R, R"™ and R" are all alkyl, or R"" and R* tfogether or R™ and R"™
together may be «(CHa);—;
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ai s2or 3, bi s1, 2or 3; ci slor 2, di sl, 2or 3; ei slor2;fisl, 2or3;gis4,50r6;h is
1,20r3;iisl,2,30r4;jis4,50r6;kisl, 2or3;lisl or 2; mijgpdectitRf2dys and n is
2, 3 or 4. 5 16 Decenber 2005 In a first aspect of the present invention,
there is provided a conpound according to general fornula 1, or a
pharmaceutically acceptable salt thereof wherein: G is selected froma.

gr oup (€ CR”dR%rQRIé‘O ahf ﬂ@%ﬁ%nd‘e%?‘eé'cefeec@aﬂ&n% UL AUBIAC Sl NGyt Qre gener al

formula’3; R S se froma group”according to general

f or nultegetheranayr e Chikor ding to general formula 5, a group according to
general fornula 6, a group according to general fornula 7, a group
according to general fornmula 8 and a group according to general formula 9;
24 N R°, RPARA, R apd B° rey all, alkyl, oCR Sand R? together or R*' and R?

together may be {(CHy)—
R* and R® are independently selected from alkyl, Ar and—(CH,)—Ar;
R® is selected from H, alkyl, optionally substituted phenyl, pyridyl, thienyl, OH,
O-alkyl, NH; NH-alkyl, N(alkkyl), CO.,H, COjalkyl, CONH,;, CONH-alky],
CON(alkYi)za CN and CF3; '
R* is selected from OH, O-alkyl, O-CO-alkyl, NH;, NH-alkyl and N(alkyl),;
Ar is selected from thienyl and optionally substituted phenyl;
ais2or2,bis1,2o0r3;cis1or2,dis1,20r3;eis1or2;fis1,20r3;gis4,50r
6 his1,20r3;1is1,2,30r5;jis4,50r6;kis1,20r3;lis1or2;mis 1, 2 or 3;
andnis 2, 3 or 4; '
provided that:

~ not more than one of A%, A% and A" is NH, N(CH,).R® or S:
A’and A" are not both simultaneously N;
neither A” nor A" is N if one of A%, A%and A" is NH, N(CH.)mR® or S;

if A1 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,)R*® or S or one
of A”and A" are N; '

not more than one of A", A and A" is NH, N-CH or S:

A" and A" are not both simultaneously N;

6¢



< :jl:l: 56 14 fl112A16 A 7 8 A" is selected fromCH2, CH(OH), NH,

N-al kyl, N-(CH2)n-R27, 0 and S; 9 6 16 Decenber 2005160136ée§1b%9h@(§5t ed from

CH2, CH(C]—I) NH, N-aIkyI N(CH2),, R7, 0 and S; A2 is selected from CH2,

CH(O—I) C(=0) and NH, A3 is selected fromS NH, N-al kyl, -CH=CH and
A4 and A5 are each selected fromCH and N, A6 is selected from

e AR e 92 d N A8 and A9
are SQ'F%N KA AN O N80 of b lnchiee SR £ bltbdie ehka 2 an

fro 2)n, R2fi and S; A 0 is selected from
CH=CH- CH, N, NH, N(CH2)nR26 and S; Al2 and A13 are selected from NH,

éof'x"afr«x a‘ah'A'ﬁ%‘NHNéng.dsé;i&@afw%oem%from NH, N-CH3, S, N and
)?f'ls sélected from’'0 and NH X2 Is selected from NRL6, CH NR 17R78,

CH-CHZNR17R18 N+R1 R20, CH N+R2' R22R23 and CH CH2N+R21 R22R23; Y is-
sel eCtlﬁda EE%U%S‘%(%&B? thB' re§int AREnlth, M&e Q@%Pov’ft@deﬁtﬁﬁﬂnﬁédémlddl al kyl ,

al ky and R5 are each selected fromH, O alkyl,
ObenppmmmﬂOIFWh'ﬁh cpmpm Fepmpoyed ge defingd@beve. - o CH2) a0- or - S(CH2)aS-; R6
is selected froma group according to general formula 10, a group.according

to
- In a third aspect of the present invention, there is provided a use for a compound as

deﬁnéd above, which is as a component in the manufacture of a pharmaceutical

composition.

in a fourth aspect of the present invention, there is provided one or more optical

isomers of a compound as defined above.

A further embodiment may comprise pharmaceutical compositions of these novel
compounds, which compositions are useful for the treatment of, infer alia, male erectile
dysfunction. Further embodiment may comprise the use of such compositions in

therapy and therapeutic methods using the compositions.

DETAILED DESCRIPTION OF THE INVENTION

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

according to general formula 1.

In this general formula the substituents R', R* and R® are independently selected from
hydrogen (H), alkyl groups, atkoxy (O-alkyl) groups, and the halogens fluorine (F),
chiorine (CI) and bromine (Br). Preferably, at least one of R', R* and R® is H and at least
one is not H. More preferably, one of R, R? and R® is an alkyl group or a halogen and
the others are H. Most preferably, R' is methyl or Cl and R? and R? are both H.
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-general fornmula 11, a group according to general. fornmula 12, a group
according to general fornula 13, a group according {@De&Rfepbodsor nul a 14,
a group according to general formula 15, a group according to general
formula 16, a group according to. general formula 17, a group according to
general formula 18, a group according to general formula 19, a group
according to general formula 20, a group according to 6a 16 Decenber 2005
general formula 23, a group according to general formula 24 and.a group
according to general fornmula 25, -(CH -NRRR 10 12 CHA CQ ,NRs (CH2)d 14
- C') CHF (CH2)d 16 CH2) CH-NRW (CH2)f I8 NR RO -(CH2)b-N+R'R 2R13 11 ,
2)c The substituents R* and R® may be independently selected from H, O-alkyl, O-benzyi

and F. Altematively, R* and R® together may be =0 so as to form (fogether with the §

R® together may be —O(CH,),0- or -S(CH_).S-, where ais 2 or 3, so as to form (fogether
with the carbon atom to which they are attached) a 1,3-dioxolane, a 1,3-dithiolane, a 1,3-
dioxane or a 1,3-dithiane. Preferably, both R* and R® are H or one is H and the other is
O-alkyl. More preferably, both R* and R® are H or one is H and the other is methoxy.
Furthermore, in embodiments where one of R* and R® is F, it is preferred that the other

carbon atom to which they are attached) the carbonyl group of a ketone. Finally, R* and ;
|
!
!
|
|
should also be F. ;
|
1
|
i

The iinking group X' is selected from oxygen (O) and unsubstituted nitrogen (NH).
Preferably, X'isNH. '
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-2 C N#R14R15 CH (CH2)d 17 )CH2)e (CH2)f N+R111R12R13 19 N+R11R12Rls 21
YCH2)fI G >CH2NR8Ra (CH2)f ). CH a )CH>__ CH2ZN+RyRIZRber 066412) 1 22
CHA CH -< >-CH2NReRg' CHZ )r 24 25 R7 is selected fromH,.al kyl and any
group as defined above for R, RS, RO and R10 are independently sel ected
fromH wWod3@u32 , or RS and R9 together nmay be --( CPLH/GBI2ZA282PHA

Y is selected from O and sulphur (S).

The group G' is a mono- or disubstituted nitrogen atom, such that the C(=Y)-G' bond is
an amide or thioamide bond. A requirement of G is the presence of at least one basic
nitrogen atom or a quaternary salt derived from such a basic nitrogen atom within the
group. The basic nitrogen atom may be present as a primary, secondary or tertiary
amino group or a pyridyl nitrogen. When G' includes more than one such basic nitrogen
atom then these may be the same or different. Accordingly, G' is selected from an
acyclic group according to general formula 2 and a cyclic group according to general

formula 3. .
6 CH
/R /( \2)h2
N : N X
\ 7 N/
R (CH,),
2 - 3

in general formuta 2, R® and R” may be the same or different. R’ is selected from a

group according to one of general formulae 10 to 25.

—{CH,)e—NR°R®

“'(CHz)b—N+R1 ‘|R12R13

10 1
BN X
;(cHz)h P '(CHZ)D -
N 'r
alkyl
12 13
C"\{z N CH,),
cH NR" CH NR"R"™
N /S N S
(CH,), (CH,),
14 15
CH,) CH,)
CH; \2h;:R1° CH \grs;*R“R‘s
2 e 2 /
(CH,), (CH,),
16 17



> -CH2N+R'R12W T (CH2) f R11, R12, R13, R14 and R15 are all al kyI or R f
and R12 together or R14 and R15 together may be -(q@ ember 2005
'R16, R17 and R18 are independently selected fromH an Qﬁewy%pZ%B%CRﬂ and
R18 together may be -(CH2); ; R19, R20, R21, R22 and R23 are all -al kyl, or
R19 and w0 oxgeéaisher or R2' and R22 together may be - PCTEBP2O2872R24 and R25
are independently selected fromalkyl, Ar and--(CH2)k Ar; R26 is selected
fromH, alkyl, optionally substituted phenyl, pyridyl, thienyl, OCH-

O al kyl , NH2, JKyl, N(al kyl)2, CO2H, (Imp-al kyl, CONH2, CONH al kyl ,

- CON( al kyl ) 2, a 8 CFNQR R27 is selectg qg %1 kyl, OCOalkyl, NH2,
NH al kyl and R is selected ro t hi ﬁi/ d optionally

- substituted phqmq ais2or2, bis 1, 2or3(GH3 1 or2, dIS 1,20r3;eis 1 or2;fis
1, 20r 3; gi s4, 5or é hi s1, 2or3;1is1, 2,3o0r5;]is4,50r6; kisl, 2or3;lislor2;
m'sl 20r3; and n M8 2, 3 or 4; provi ded that 19not nore than one of A8, A9
and A0 is NH, N '3 rrR26 or S; A and All not both si mul t aneously N,

nei t her A7 nor A N if one of A8, A9 0 i's e 2N CHZ)rTR26 or S;
IR N, A9 iGH R RIRA | Al 6 C if ALO
)5

i S not CH:ClgI- t C
A7 and All are N f nore than one of Al4, and A16 is NH N-CH3 or S;
Al2 and Al3 are notzoboth si mul taneously N, 6c J,6 Decenber 2005

if ALO is
ne of A8, A9 and Al i N( CH2) nR26 or S or one of

CH), et
cHl >—CH2NR"R9 et >—CH N'R"R"R"
((:Hz)f (CH,)
23
Ci,)e
CH; >‘CH NR’R® - CH; >—CH N'R"'R™R"
(CH,), (CH,),
24 25

In the above it will be noted that, for each of the groups that includes a basic nitrogen
atom (i.e. for general formulae 10, 12, 14, 16, 18, 20, 22 and 24) there is a corresponding '
quatemary derivative (i.e. 11, 13, 15, 17, 19, 21, 23 and 25 respectively). For the
polymethylene spacer groups bis 1,20r3;cis1or2,dis1,2or3; e is1or2andfis 1,
20r3. R% R?andR™ are independently selected from H and alkyl. Alternatively R® and
R® together may be a polymethylene chain —(CHa),—, where g is 4, 5 or 6, so as to form,
together with the nitrogen atom to which they are attached, a pyrrolidine, piperidine or

| perhydroazepine ring. R, R}, R, R" and R* are all alkyl, or R"" and R™ together or
R™ and R" together may be —(CH)s—, again altowing for pyrrolidine, piperidine and

perhydroazepine rings.

For the groups according to general formulae 12 and 13, the attachment to the pyridine
ring may be at the 2-, 3- or 4-position. ‘ '

R may be any of the foregoing groups described for R®, or it may be a non-basic group -
selected from H and atkyl.



if one-of Al4, Al5 and A16 is NH, N CH3 or S then Al2 and Al13 are both C
and one of A14 Al5 and Al6 is NH N CH3 or S or ong; Bfcef b% g@ggAB is N
In a second aspect of the present invention, there is provi

pharmaceutical conposition which conprises a conpound as defined above. In
a t hi r dV0388469%f the present invention, there is pr8(T&B8RE3 dse for a
conpound as defined above, which is as a conponent in the manufacture of a
pharmaceutical conposition. In a fourth aspect of the present i nvention,
there Insthegoupdecréingtogenetal Brophaidcblis 1i Zonderd bis a2cd3mpdund’ s defi ned

- above. u r 416 C &8s phas t 18 C, itions of
‘these ﬁeé?/cé‘{tﬁg%rrf)h%zﬁggé E&ﬂfpsnﬁﬁ( %gglﬁ |§nsgh§r g@fjgg I~klga‘?oré?‘trélrﬁfeh':étreat ment of,
inter edrieapontingeyuatesthy gmupsjpd&‘fR%tﬁlmN REGPRA and cBHbee MRARFRE. conpri se t he

gzrerpgfsf{tﬁlu %tr:rs @T%GQE%E’%E?%&’ E@?@@?ﬂ?‘?ﬁ@%@gi‘ Eht? rs gggef:{] © t he

pr esenmay be etGHpn whergiris 4e5omhseth thehRY, R'E andbthemiteegem atdmuoadich according to

gener Q egs R, R2 and
R3 ar gh%a'reer%lﬁ ntT%}' PM&F a;py?rsome h L%H@Hr ; &O%égﬁl% rﬁ'go{}%s aI koxy
(0-al km",)R’d.rlbzﬁp&d R%irace alrakyh ar Bb“@mdagﬂtemtheﬁ@rﬁ )and Rc%mtheténqy@e) and brom ne
(Br). (k%f erably, at least one of RL, R2 and R3is Hand at |least one is
not H. Fé preferably, one of R, R2 and R3 is an al kyl group or a hal ogen
and the others are H Mst preferably, R is nmethyl or d and R2 and R3
are bat.h 2 i £ be
i ndep%@eﬁ??@esé %%Bgn?r om E&&@U&Fuﬁrmgg( %ﬁ?yﬁorﬁg%gﬁq?@l t’iag%(natl vely, R4
-~ and R5G isgeeidntad fmwabelcmcQ@L@sawdmértmgeﬂ%@]eft)wa\%A # Hused bicyelier bon atom to
- Wwhich { ) R ] ricfelik 9P dccdrdif@ld ¥, R4 and
ahi ch qﬁerﬁgp/a@cfoﬁd.r?g b Qfoﬁme@r%ew( a&fa?wge@i il §1RP Boodding Y. Ré and
form (mesgalfv@nula%\ﬁﬁm ‘he carbon atomto which they are attached) a
1, 3-dioxol ane_2a 1, 3- d|th|olane 1a 1 3-

R’
N/ 7 f” s A
\R25
\\ (CH2)| I "
4 5 6

A\;;’j__ AT 5 At
N | N\//
9

7 8
In general formula 4, R* and R® are independently selected from alkyl, Ar and
—(CH2)-Ar, where k is 1, 2 or 3 and Ar is selected from thienyl and optionally substituted
- phenyl. Suitable substituents for the phenyi group are alkyi groups, OH, atkoxy 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.



_di oxane or a 1,3-dithiane_ Preferably, both R4 and R5 are H or one is H and

the other is Oalkyl. Mre preferably, both R4 and ne is H
and the other is nethoxy. Furthernore, in enbodi nenf%gD%egl}ﬂeélrgdrjloesoof R4 and
R5 is F, it is preferred that the other should also be F. The |inking
group X'wpgieeedect ed from oxygen (0) and unsubstit ut ETARIVGFEN ( NH) .
Preferably, X1 is NH 6e 16 Decenber 2005 WD 03/000692 PCT/ GB02/02872 Y is
selected fromO and sul phur (S). The group G is a nono- or disubstituted
ni t r ogam gaiersh forsuths.t Alais stibetefranl)GHG CHE@HY, N8I, Naaikynil-deHgy-RPhicoani de bond.
A requir ne basic _nitrogen atom or

: a quat é\"ﬁgg‘}”é‘% ane#’?%/tgg%f $%ﬁ§ﬁg%e§&5§ts"i°begﬁ P@‘g@h 95 B W[Pﬂ’i n the

gr oup. (Pheokagi)araipss NEE NHatigh ame W(dkypr eFdn seladedirpmiCHy §H(GHIcondary or

tertiar m r or .a rid i trogen. n,G .bn es,.frore than one
such bedrar i gad 8 i ptrb R Ha R el bara A P PREatny

Accor diiggHy, it @ aldoprefetratthativien adisaC(=0pthgrcAl is Njravbpaliagicor di ng t o gener al
formula 2 and a cyclic group according to general fornula 3. NR6. NR
CKr~ z 7 (CH2); 2 3 1In general fornmula 2, R6 and R7 may be the sane or

di f f er emigendfal fosnuiad 6C6 endf9, oxh s selgeted fromc8oNH| Ngalky, oCie=CH- geher al
For .rrul Q%Hég—-tagd %5én& %_}%)eg&thRe?&:?ed(f%ﬁl\zz:ﬁ -amﬁlwazg%%ne& (()am%%dir-ntgnct:,l_|A
Alis S and A* and A® are both CH, so as to form a thiophene ring.  In another preferred
embodiment, A® is ~CH=CH- and A* and A® are both CH, so as to form a benzene ring.
in another preferred embodiment, A® is -CH=N- and A* and A° are both CH, so as to
form a pyridine ring. In another preferred embodiment, A is -CH=CH-~, A*is CH and A®

is N, again o0 as to form a pyridine ring.

In general formulae 6 and 7, A® is selected from CH,, NH, N-alkyl and O, A’ and A" are
selected from C and N, A® and A® are selected from CH, N, NH, N-(CH,)—R* and S and
A is selected from -CH=CH-, CH, N, NH, N~(CH,),—R* and S, where mis 1, 2 or 3
and R® is selected from H, alkyl, optionally substituted phenyl, pyridyl, thienyl, OH,
O-alkyl, NH,, NH-alkyl, N(alkyl},, CO;H, COz-alkyl, CONH,, CONH-alkyl, CON(aliyl),,
CN and CF.. Suitable substituents for the phenyl group are atkyl groups, OH, alkoxy
groups, halogens, NH,, NHuaIkyl and N{akkyl);. The phenyl group may be substituted
with 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 AT, A%, A®, A" and A" must be S or a trigonal

10
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nittogen. Hence the selection of A7, A’, A% A™ and A" is subject to the following

restrictions. '

1) If A" is not ~CH=CH- then one of A%, A’ and A™ is NH, N~(CH,)s—R% or S or one
of A”and A" is N.

2)  Not more than one of A%, A® and A" may be NH, N<(CHz)—R® or S.

3) A7 and A" may not both simultaneously be N.

4)  Neither A7 nar A" may be N if one of A%, A° and A is NH, N(CH)uR? or S.

In a preferred embodiment, A® is NH.  In another preferred embodiment, A® is NH or
N—{CH2)x—R?. In a more preferred embodiment, A® is NH or N~(CHp),—R%, A is N and
A% is CH.

In general formulae 8 and 9, A" and A*® are selected from N and C and A", A™® and A™®

are selected from NH, N-CH,, S, N and CH. Again, these atoms constitute an aromatic

five-membered ring and so there must be one, and only one, S or trigonal nitrogen.
Hence the selection of A", A®, AY, A™ and A" is subject to the following restrictions.

1)  Oneof A", A% and A" is NH, N-CH; or S or one of A and A is N.

2)  Not more than one of A¥, A" and A" is NH, N-CH; or S.

3)  A"and A" may not both simultaneously be N.

4) tfone of A% A® and A" is NH, N-CH; 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, - methyi,
C, - ethyl, C; - propyl, isopropyl, cyclopropyl, C, - n-butyl, sec-butyl, isobutyl, teri-butyt,
cyclobutyl, cyclopropylmethyl, methylcyclopropyl, Cs — n-pentyl, neopentyl, cyclopenty},
cyclopropylethyl, dimethylcyclopropyl, and Cs — n-hexyl, cyclohexyl, bicyclo[3.1.0]hekyl.

Those compounds according to the presént invention that contain a basic nitrogen atom
are capable of forming addition salts with protic acids such as hydrochloric acid, sulpﬁuric
acid, phosphoric acid, acetic acid, triflucroacetic acid, benzoic acid, maleic acid, Gitric
acid, fumaric acid, methanesulphonic acid and the like. Those compounds that contain a
quaternary nifrogen atom will exist as salts with an appropriate counterion such as
chloride, bromide, iodide, sulphate, phosphate, acetate, trifluoroacetate, benzoate,

11
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(CH2)f . 22 CH) e CH { > CH2NRBRO 24 PCT/G|302102872 )CH2)e CH
?--NtRIIRI2Rla (CH2)1 (CH2)1 21 )CH2)e CH CH2N' % ]ﬁé{e@b%r 266812) 1 (CH2) f
25 23 CH2 N+R11 R12R13 In the above it will be noted t ror each of the
groups that includes a basic nitrogen atom (i.e. for general fornulae 10,
12, 14, wOa3/6q0892 20, 22 and 24) there is a correspondP@HGBeME@r nary '
derivative (i.e. 11, 13, 15, 17, 19, 21, 23 and 25 respectively). For the
pol ynmet hyl ene spacer groups b is 1, 2 or 3; cis 1 or 2, dis 1, 2 or 3; a
is 1 Qnalaatandtrétej mnfarate Znethargsul@nalSardnitie ke ailke codepedsientiey sel ect ed

from H and al k n ve e b ol ynet hyl ene
chain P 5n er¥hon mary a?s 6%51 érﬁa(ﬁﬁc gi%gg ﬁ%h ta?% %%Wi'&%d g‘?ot?p &
R . These compounds may exlst as inner salts (zwmenons) 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 fo the present invention all have at least one stereogenic
centre (“asymmetric carbon atom”) and so may exhibit optical isomerism. The scope of
the present invention includes 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 thicamide according to general formula 26.

G’ R
0
R™ jcl/ 1
S G

26
In general formula 26, R™ is methyl or Cl and R* is H or O-methyl. G' and G? are as

previously defined.

Another particularly preferred embodiment is an amide according to general formula 27.

G2 R4A
O
)D\JH N
R" \([)]/‘ 1
o G

27
In general formula 27, R", R*, G' and G are as previously defined.
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together with the nitrogen atomto which they are attached, a pyrrolidine,
pi peridi ne or perhydroazepine ring. R', RS2, R13, e all

al kyl, or R11 and R12 together or Rl14 and R16 togefﬁéﬁ%@ggo-%( CH2) 9 ,
again allow ng for pyrrolidine, piperidine and perhydroazepine rings. For
t he gr owposmemenr di ng to general fornmulae 12 and 13, pdeGBR020hnent to the
pyridine ring may be at the 2-, 3- or 4-position. R7 may be any of the
foregoi ng groups described for R6, or it nay be a non-basic group selected
fr om Hhritér phttivbiarySpréerérempiinmert @05 chifp QB4 A0RHERy RFdneROBEARR72 I n the

gr oup 2aeccordi ng to general formula 3, his 1, 2 or 3and i is 1, 2, 3 or 4.
X2 i's “*selected fromthe basic groups NR 6, CH NR'R18 and CH CH2NR 7R18 and
the corresponding g#aternary groups R 9R20, CH N R27R 2R23 and

CH - CH2N+R21R22R23. | R16, R' and R18 ate independently selected fromH and
al kyl, or RL7 and ?°8.te%ether may RCH2): , where j is 4, 5 or 6,.
such that R', Rl18%and itregen to which they are attached nmay
constitute a pyrrolidi 5 di per hydroazepine ring. R 9, R20,
"R21, R22 and R23 are all , R19 and _R20 together or R21 and R22
together may be -(CH2)ig' The grgpup 'N{?\dis tituted nitrogen such
that the C(=0-Q& bond is an am de bpnd. iN~Sel ected froman acyclic
group according to general formula 4, a fused/bicyclic group according to
general formulae 5, 7 and 8, and a fused tricyclic group according to
general fornulae 6 and 9. R24 3 Apg N A\VA2 R25 4 A 4 |

in general formula 28, R', R*, R®, R, G and Y are as previously defined.

Another particularly preferred embodiment is a compound according to general formula
29. '

\ .
' N N RdA
R'A \g/. 1
Y G

29
In general formula 29, R™, R*, R®, A%, G and Y are as previously defined.
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"% (CHA 5 A8 A3 A~A7--\A9 14110 11 AAS~A-A789 In general
formula 4, R24 and R25 are independently selected fr 5%6 5and _

- -(CH2)Kk-Ar, where kis 1, 2 or 3 and Ar is selected fromthienyl and
optionally substituted phenyl. Suitable substituents for the phenyl group
are al kmogomdyss. OH, al koxy groups, hal ogens, NH2, PEHGEIZO2$72and

“N(al kyl)2. The phenyl group may be substituted with up to three such
substituents which may be the sane or different. 9 16 Decenber 2005 WO

03/ 0004 9 sPréleB ahbatAvientisa gepeuad adcomdimy tagenerabforingla 88 ect ed from CH2,

- CH(OH), NH, N-alkyl, Ng(CH2),, R27, 0 and S, where nis 2, 3 or 4 and R27
is selected fromOH, B Xy groups, acyloxy (0-CO-alkyl) groups, NH2, .
NH- al kyl and N(al kyl) 2. is selected fromCH2, CH(OH), C(=0) and NH, and
| is 1 or nore prefeiabl \%N It is preferred that when A2 is NH then A\ is
CH2. It is also pgeferr tlhhat when A2 is C(=0) then A is NH or N-alkyl.

I n general formu 5 6j@nd 9, A3 is selected fromsS, NH N-alkyl, -CHCH
and -CH=N- and nd A are each selected fromCH and N. In a preferred
enbodi ment, A3 i'S”S #Md A4 and A5 are botda CH so as to forma thiophene
ring. In another prefefred enbodinent, s -CH=CH and A4 and A5 are
both CH so as to f ene ring.

30
in general formula 30, R', R*, R'®, R®, A% and Y are as previously defined.

Individual preferred compounds within the invention include:

4-methyl-1-(N-(2-methyi-4-(2,3,4,5-tetrahydro-1,5-benzodiazepin-4-on-1-ylcarbonyl)-
benzylcarbamoyl)-L-thioprolyljperhydro-1,4-diazepine, '

4-methyl-1-(N-(2-methyl-4-(1-methyl-4, 10-dihyd ropyrazolo[5.4-b]{1 D]benzodiazepin-5-vi-
carbonyl)benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine,

4 4-dimethyl-1-(N-(2-methyi-4-(1-methyl-4,1 O-dihydropyrazolo[5,4-b][1 .5]benzodiazepin-
. S-ylcarbonyl)benzylcarbamoy!)-L-thioprolyl)perhydro-1,4-diazepinium iodide,

4-methyl-1 -(N-(2-methyl-4-(5,6.T,B-tetrahydrothien0[3,2-b]azepin—4—ylcarbonyl)benzyl-
carbamoyl)-L-thioprolyl)perhydro-1,4-diazepine,

4-methyl-1 -(N—(2-methyl-4-(5.6.7.8-tetrahydrothieno[_a,2-b]azepin-4-ylcarbonyl)benzyloxy-
carbonyl)-L-prolyl)perhydro-1,4-diazepine, :

(4R)-N*(2-chioro-4-(5,6,7,8-tetrahydrothieno[3,2-blazepin-4-ylcarbonyl)benzyl-
carbamoyl)-4-methoxy-L-proline-N-methyl-N-(2-picolyl)amide, and

14




I n another preferred enbodi ment, A3 is -CH N and A4 and ‘A5 are both CH, so
as to forma pyridine ring. In another preferred enogi r 265 1S _
-CH=CH, A is CHand A5 is N, again so as to forrn a pyri |ne ring. In
general fornulae 6 and 7, A6 is selected fromCH2, NH, N alkyl and 0, A7
and A" aY@3/e¥Pected from C and N, A8 and A9 are sel BETISBON R CH, N, NH,
N(CH2)mR26 and S and A 0O is selected from-CH=CH, CH N, NH N (CH2) m
R26 and S, where mis 1, 2 or 3 and R26 is sel ected fromH, alkyl,
optionally substituted phenyl, pyridyl, thienyl, OH  0-al kyl, NH2,

NH al kyl \ £ERH % R CO\I(aI kyl)2, CN
and CF%‘“‘@EI g{%ﬁ.—&q s‘tl tutg%d'?’gﬂr%b g& ﬁ'}? group{’?% al kyl groups, OH,
al koxycargamwh%-mhfabxydemly')m}mwﬂdiaﬁ}mpbﬂfimﬂ N(al kyl )2. The phenyl group may
be substituted wth up to three such substituents which may be the sane or
different. The ring constituted by A. A8, A9, A0 and A" is aromatic, and
accordingly the groups nust satisfy certain requirenents. Wen Al is
--CH=CH the ring is a six-nenbered ring. As such, it can only canprise
atons of the ty %R)— and -N=, Hence A7 and, K A" both be C and A8
and AQTFﬂlsGPmB@Jr@Ft‘Pfe ecRiesgnt Nvefio, S be GRIRBATEH 4V E%?‘faé‘bl emigd i vity is
only O%ﬁpmgﬁbnwhenn%eh@aw cﬁﬂﬂomﬁslzﬁ:c@ﬁlng%egen‘érallfemﬁlm 4 GFGg- then the
ring is a fiv 8 this case one, and only one, of the at ons
in thec‘?"isﬂﬁredﬁ%%‘fnsﬁgdgo%rm'g ?WQ@H nitrogen. In this context, a "trigonal
- nitrogen' |@on@meﬁtmmme@bﬁmngtble‘iked coval ently to three different atons.
Two of these atons gre the s. to the nitrogen atomin

t he flve-ma‘fgﬂ‘i‘mD rqar‘far.reSPﬂ'é‘J"f%tPﬂlf EstQRﬂ{}%P ant carbon or other atom

- linked te t(tlﬁnﬁm&!rﬂﬂqeaﬂaﬁpeﬁﬂaﬁgtﬁgnep?hd&hnetunftol | ows that, when A10 is not
-CH=CH thep on rd onl ne) Qf A7, A8, 9. A10 and A" nust be S or a
trigonal °1@%@°@§%@?ﬂ%@f§1%‘§3/ 000692 PCT/ GB02102872 nitrogen. Hence
the selection of A, 9. A9, Al and A" is subject to the follow ng
restrictions. 1) If ALDis not --CH=CH then one of 9. A9 and AlO |s NH,

N(CH2)",-R26 or S or one of A7 -and;A" is N

Component C1
Component C?

Component C4

Intermediates corresponding to these components are prepared and then assembled to
give the final product. These four components are:

iy for C', a secondary amine GXH

OH R

(i)  for C? a substituted benzoic acid
| X—H
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-2) Not nore than one of A8, A9 and A°0 may be NHL N(CH2)mR26 or S. 3) A
and All may not both sinultaneously be N. 4) Neither y be Nif
one of A8, A9 and A0 is NH NCH2),,RRGor S In a %)Gf’é%%bgg\benigadl ment ,
A6 is NH. In another preferred enbodinment, A8 is NHor N (CH2),,,-R26. In
a nore moed3deosexd enbodi ment, A8 is NH or N—(CHZ)m R2BCT/@B02{03870 and At is
CH 1In general formulae 8 and 9, Al2 and AS3 are selected fromN and C and
Al4, A'5 and Al6 are selected fromNH NCH3, S, N and CH Again, these
atoms constitute an aromatic five-menbergd ring and so there nmust be one,
.and only one, S or trigonal nitrogen. Rbence the selection of Al, Al3, Al4
, Al5 and Al6 is subject to the follown Stl’lé&ll ons. 1) One of Al4, A5
and Al@i)i sfoNg?®, a\Nor@lid8 derivativeor one of A' 2 2) Not nore than one
of Ai4, Al5 and A16 is NH, NCH3 or S. 3)p nd A13 may not both :
simul taneously be N. 4) If one of Al4, Al and @\l is NHL N-CH3 or S then

A" 2 and A73 are both C As used herein, term"alkyl" is intended to

desi gn 0 ou sat £d hydrocarbon groups of between
one anﬁssikfﬁ%ﬁmﬁ‘?{%&@"ﬁﬂwﬁ’&ﬁg He , branched and cyclic alkyl
groups. Exanples of "alkyl" include, but are not Iim'ted to; C, - nethyl,

C2 - ethyl, C3 i sopropyl, cycl opropy - n-butyl, sec-butyl,
i-sobut K wil b@éﬂ@@b@?@/ihaythéwhst%@ﬂ?Pﬂzot%ﬁﬂddﬁ g drf@i W?"“e deYatiy? fafcl opr opyl | cs

- N-pegt MJ:tn ﬁh@/@p@ﬁtmhcnoﬁa r&nﬁnhytl will ﬁééﬂ'l@mf@ﬁw' fé)tilon dirimgt gl cycl opr opy!

:(r:]gor dﬁ'ﬁ-ﬁamt"b qﬁ'@ éé‘){@%’ge %vgﬂ? P@%Cf’lﬁe}%gq% WH ‘a\p BQ&?C (’erhfiﬁg%ggzd; om are
capabl ghofh uf tAE léh@ﬁd ardiebdred Malbi exattiplells PVRINICOMIS | “Bbteutie Graspdindr ochl or i ¢
 Benzoi @Al dnefid: P el AerE Y, GedBiag Bl FbEhESI hon e
acid a@féupshen | Grig&nic Eyn&&eaﬁfpmﬂoeﬂm il Witegt 4P91; sandqBat &opiangki.ni tr ogen at om
I oGO3 G PR REARARO0E SrERAPL O PRS0, L% o
11 16 t{éemeuebted a2 @6 BsM0 s087 S006 SRICHe@ROR/te2BTtY ester.  The secondarv

amine of the proline and the primary amine of the benzoic acid (when X' = NH) wili

usually be protected as a carbamate derivative such as the tert-butyl carbamate (BOC

derivative), the benzyl carbamate (CBZ or more simply Z derivative) or the o-

fluorenylmethyl carbamate (Fmoc derivative). When X' = O the resulting alcohol function

will usually be protected as an estér such as an acetate, or an ether such as a

methoxymethyl, tetrahydropyrany! or triakylsilyl 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
24 25
i R R
RA-NH, + c—R® ——> >N~
_ : H
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-mal eate, citrate, fumarate, methanesul phonate and the |ike. The conpounds
of the present invention may al so contain an acidi ¢;@halihbesd605 as @
carboxylic acid group at Rte. These conpounds nmay exi st as Inner salts
(zwitterions) or as salts such as sodium potassium magnesium cal cium
or tetrav@bdopbéarmoni um salts. To the extent that SucRCT&SBIYVESARr e

phar maceutically. acceptable, they are included wthin the scope of the
present invention. The conpounds according to the present invention all
have at | eaFhiseREnhcaliCoMPERIEable i Cadet WhCRIMMAEE bkyistion @ah 68 addidwdl)) and so may
exhibit optical isonmerism The scope of the present invention includes all
epi ners, enantioners and di astereoners of conpounds according to general
fornmul a b) réfub@diafghationgl e i soners, m xtures and racemates. Particularly
preferred enbodi nents within the present invention are those conpounds

that conbine two or nore of the@®preferred f eat ur®s descri bed above. One :
such particylarly preferred odinent is a thipam de according to general
fornul a 26. Rgﬁ‘Nlﬂ-p géner ab mul a26>R #**is pethyl or d and R4A is H or
Onethyl_ G and G are as preyiously defingg” Anogher particularly
preferred enmbodi nent is an am && according tdgeneral formula 27. & A4 R
27 In general formula 27, RA __R4A, G and & are as previously defined.
12 16 Decerfwbere ROGHRS moresopd0ed¥ ) PCT/ GB02/ 02872 Anot her particul arly
preferred enbodi nent is a conpound according to general fornmula 28. 28 in

general formula 28, R, R4, R5, R16, & and Y are as previously defined.
¢) Amide reduction

9]

' i 24
o | LiAlH, R\ P
R\ T N R
3 H

N R
H

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

0
/U\ 0 N=C—R?
o o
~
+ N r?
e H REOH
RE—NH,

Secondary amines corresponding to C' where G? is a group according to general
formulae 5 — 9 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. Scl. 24, 1969, 276; Artico et al., Farmaco.
Ed. Sci. 32, 1977, 339; Chakrabarti ef 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 ef al., Heterocycles 36, 1993, 601; Grunewald et al., J. Med. Chem. 39, 1996,
3539; Klunder ef al., J. Med. Chem. 35, 1992, 1887; Liegéois ef aL, J. Med. Chem. 37,
1994, 519; Olagbemiro et él., J. Het. Chem. 19, 1982, 1501; Wright et al., J. Med. Chem.
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Anot her particularly preferred enbodinent is a conmpound according to
general formula 29. 29 1In general formula 29, R Ad¥&endiRbrod3 C and Y
are as previously defined. 13 16 Decenber 2005 WO 03/ 000692 PCTI GB02102872
A nost preferred enbodi ment is a conpound according to general formula 30.
R26 30 wiousgeeer al fornula 30, RIA, R4A, R s, R26, AXTGBI2M282e as

previ ously defined. Individual preferred conpounds within the invention

i ncl ude:

4-met hpy -11.986 Nedo? vaRBlo- &-41.2 Tat. 4 ef- AT 108BY4T10; dnd intenatindalazegitn- 4- on- 1

. ylcarbon benz Icarb i oprol yl)perhyd ro-1, 4-di azepi ne,
4 et PP %h?we@ W?@(@?‘@

-4, 10- dlhydropyrazolo[S 4-b] [ 1, 5] benzodi

azepi n-5-yl - carbonyl)benzylcarbanDyI) L-t hi oprol yl) per hydro-1, -diazepine,
4, 4-di hyl - . :
SN ( i for G opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepin - 5

yl car ht)]ieerEEIyﬂMMrmyés)mndlmgﬂocszram 9¢t)merﬁl}ydtem51of40rdma$épbuh um i odi de,
4- t
enof 31 SRR YL PR pan o & ARG Bldte of sy ety

) per hymeanamzbhdlenaq ispganerally the elaboratlon of the —CHZX unct:onalsty at the 4-

& et Nesiidn. Moké u %l'lbé'n infafiofb cfe fibbaiahty dr ot hi enol 3, 2-b] azepi n- 4-y! car bon
yl ) be "nzyl oxy- car -L-prolyl)perhyd ro-1, 4-di azepi ne,

(4R) - W (&) @W@F@M@Bﬁt@m?“8 t et r ahydr ot hi eno[ 3, 2- b] azepi n- 4- yl car bonyl ) benz
yl - carbanoyl ) - 4- net hoxy- L- prol i ne- N-nmet hyl - N- (434§ coRyl ) am de, and 14 16
Decenber 2005 WO 03/ 000692 PCT/ GB02102872 1-((4R)-]N=
(2-chloro-4-(5,6,7,8-tetrahydrothieno[ 3, 2-b] azep Bonyl)benzyl -

s

NaN R H,
R’ NBS
MeO R
H, NaOAc

b) Sandrneyer reaction/reduction

MeQ R M

J\@R HNO, ;\@R‘? H: 5
——

(iii) Preparation of proline derivative for C°

Proline and hydroxyproline derivatives are items of commerce. Other proline derivatives
corresponding to C* can be-prepared according to the methods set out in Dugave et al,,
Tet. Lett. 39, 1998, 1169; Petrillo ef al.,, J. Med. Chem. 31, 1988, 1148; and Smith et al,

J. Med. Chem. 31, 1988, 875.
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car banoyl )-4-net hoxy-L- proI yI) 4- (1-pyrrolidinyl)piperidine The conpounds
of the present invention can be prepared. by standarg phemyeaboos
mani pul ati ons. In general, conpounds according to general fornula | can be
considered to consist of four conponent parts: Conponent C corresponding
to 2 won3oesyt C2 correspondi ng to the substitut edPGERBENMRITANI t
Conmponent C3 corresponding to the pyrrolidine unit Conponent C4
correspondl ng to G Corrponent C & R3 L 1 Conponent C3 Conponent C4

i L inedornponent s are prepared and then

asse”beﬁ' tL.éP in & Xﬁov&h?éy leﬁsbsre%ﬁﬁner @g%%a.iaaeranewys@t@aarye (i) for

, a sec %ndar , a su tuted benzoic acid
Decenbmceasrmsuvmomﬂoaw@weib@himmloiemua{emam amgonipm saits (3g)| | ne

deriv g b predp@fed B tredtidy’d ,QecsrREQH riarpaine vilhl ahtextédsl be
recogaé %fﬁ )pr p S ?gbrgt |ldt%utggﬁét%nzm C gm d for C2 and the proline
deri va@flalmlafuaﬂageee both have two functional groups that will need tenporary

protection during the assenbly of the final conpound. The principles of

functi onal gro rotection are known descri bed
e 1 oRMa e oneRe . W oocE et BRI el e BB IR o T
Pl enungrr &ﬁﬁpouﬂ:@?éhuurﬂ's W f@m&meofahmerbommvlbememg ami 67, detwaen C

and C?, and between C® and C*. These bond-farming steps may be taken in any order.

Thus, the following sequences can be proposed:

C'+C? - C'C? - C'cic® » c'c’c’ct
C*+ C* 5 CC* - C¥C’C* > C'ccct
C? + C* —» CC® —» C¥C’C* » c'c’ e ¢!
C%+ C* 5 C3C* - c'c?c® » c'ci et
C'+ C? > C'C% C*+ C* - C°CY C'C? + C°C* - C'CC°C!

(i) Formation of C'-C2 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 peplide synthésis. 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,
gerierally an aprotic solvent such as dichloromethane or dimethylformamide, in the
presence of a base such as triethylamine or 4-dimethylaminopyridine, and the reaction is

- allowed to proceed at a temperature between -20°C and the boiling point of the solvent.
The choice of temperature and the time allowed for the reaction will depend on the

reactivity of the two components.

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.
Suifable condensing agents include carbodiimides, such as dicyclohexylcarbodiimide
(DCC) and N-ethyl-N'-gimethylaminopropylcarbodiimide (EDC, also WSCD! for water-

soluble carbodiimide), phosphorus reagents such as (benzotriazol-1-yloxy)-
‘ 19



G oups.in Organic Synthesise, 2medition, John Wley, 1991; and P.J.

Koci enski, "Protecting groups", Georg Thiene Verl agis Hh8&4ubefho0sar boxylic
acid group will usually be protected as an ester, such as the nethyl,
benzyl or tert-butyl ester. The secondary amine of the proline and the _
pri mar yWAri3eoe®r t he benzoic acid (when X = NH) wi|PCT/GRUAPTy be protect ed
as a carbamate derivative such as the tert-butyl carbamate (BCC
derivative), 'the benzyl carbamate (CBZ or nore sinply Z derivative) or the
9. fl uds(eimydthypiziiind)prosphoaivet ehegaflvotopbiesphatert (BQRPD), (pegetrirzold-wioxyhe resul ting

-~ al cohql. f ' " t ® n : dha@sS an acetate,
or an 'P’ﬁ@?l&éé@ﬁwg\s%'gjn lﬁéﬁgx%ﬁ%ﬁﬁ@ ?ﬁjga?ghecsjarrgp @ﬁﬁ?‘@?%ﬁaal kyl silyl

et her . ptespranivuhexefiusrephosphatedByBral "), anstireasessh 86 &ttheptptiazelrt-Bkanpl e, the
group (B 1(FN-idtametidifiroRil/ HehalifoBhé¥ohste (B TY). secondary amino groups which
may need pfotection. In the follow ng general description of the synthetic
nmet hodol ogy it will be assuned that such protection is used when

necessgf ¥ormafidn dFceAb@id on of secondary amne for C Acyclic secondary

am nes_corresponding to FHNR24R2e ar welﬁg known. re d of
conmer te bomd@&ve@ﬂﬁ ag(?& o %@’“%%?Weg r"e@ﬂgcacgrl\l’e%ira%%ei% pﬁﬁﬂsshed met hods
or byt fireld stepin thef omraitiomof this bentis geatrhltyds reaSilive pywdine derivbtivewithus ef ul
nmet hodg are listed . . yl atid o £ 2 AN H 16 16
Decentd1PS96s %6039'%%‘{’?8’32 W@@?%s%%ﬁ'ﬁ?geé&@ ‘?fg o‘%?y appl i cabl e
i N cassis{trishierometytartmnatel doydagtionydiinidarolee  Againdan aprotic solvent and a

tertiary amine base will generally be used. The intermediate formed in this step is

usuaily not isolated. The alcohol (X' = 0) or amine (X' = NH) is added and the reaction

is allowed to continue, directly forming the carbamate or urea. As an alterative, when

X' = NH the reactive intermediate may be formed by the reaction of C? with the phosgene
equivalent and the proline added in the second part of the synthesis.

(i) Formation_of C*-C* bond

When Y = O, the bond between C® and C? is a simple amide bond, and it may be formed

by the methads described above for the formation of the C'-C* bond. When Y = S, the

bond is a thioamide. This is generally prepared by first making the simple amide and
| then treating this with Lawesson's reagent (2,4-bis(4-methoxyphenyl)-1 3-dithia-2,4-

diphosphetane-2 4-disulfide).

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.

The composition according to the present invention may be presented in any form that is
known in the art. For example, the formulation may be presented as a tablet, capsule,
powder, suppository, cream, solution or s_uspension, or in a more complex form such as

20



b) Reductive anmnation Ra R2” NH2 + O=Z~ ----> R24 Rb (where RaCHRb
nds to R25) c¢) Anmide reduction 0 R24 LiAl H41@BefbeRaod Ra H H N
R H (where RaCH2 corresponds to R25) The starting am de can itself be

correspo

pr epar ed

using well known nmethods. 0 Cd__ ' ~Ra R4 + H Ra R24 NH2

N-C Ra

R24 OH S&r@mimPy ami nes corresponding to C where QPEEGRBIZREAp accordi ng

to gener
can be p

al formulae 5 - 9 are generally not commercially avail abl
repared according to published nmethods, or by obvious

e. They

nodi f i gRbiEeFe phtcs.uctherfetniutedisn willR@nérilyluhdudeyona ve frioke ereipleatis suwhe descri bed

i n: Aran
Far mac8®

339; Chgdatsabmt the like. aWhele thebldrmuGitiomis pesert@iBas adatdet CiraRsuibtoet i

RN Jufing oS B pab g b plELiRa L oy | ©°

- excipients may optionally include one or more agents to control the release of the active

species, such as a coating of a polymer that is insoluble at low pH but soluble at neutral

or high pH. Such a coating (known as an “enteric coating”) prevents the release of the
active agent in the stomach but allows its release in the infestines. The formulation may
also include one or more additional pharmacologically active species. Preferably the

formulation includes no such additional active agents.

In further aspects, the present invention comprises the use of such compositions, and
hence of the compounds of the invention, in-human and animal therapy, and methods of

treatment involving such use of the compositions and compounds. The com'pounds of

the

present invention are potent and selective oxytocin receptor agonists, and so 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 fimited

to:

sexual disorders such as male erectile dysfunction and ejaculatory disorders, 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 agenis, the compositions of the present invention may be

adminis_tered by any appropriate route that is known in the art. For example, they may

-be

administered by the oral, buccal, sublingual, rectal, intravaginal, nasal, puimonary or

transdermal routes. Alternatively, they may be given by injection, including intravenous,
subcutaneous and intramuscular injection. The amount given will be determined by the

éttending physician taking into consideration ali appropriate factors. Generally a single
dose will comprise between 0.1mg and 1000mg, preferably between 1mg and 250mg, of

active compound. The dose may be given on a single occasion or repeatedly. When

21
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al., J. Med. Chem 23, 1980, 884; Chakrabarti at at, J. Med. Chem 32,
1989, 2573; Chimrri at at, Heterocycles 36, 1993, @0becdmivipens d at aL,
J. Med. Chem 39, 1996, 3539; Klunder at at, J. Med. Chem 35, 1992, 1887,
Liegeois at aL, J. Med. Chem 37, 1994, 519; O agbemro at aL, J. Hat.
Chem 19V0ey@P6921501; Wight at al., J. Med. Chem 1FCTEBOEEERber 2005 WO
03/ 000692 PCT/ GB02102872 23, 1980, 462; Yamanoto of al., Tet. Lett. 24,
1983, 4711; and International patent application, publication nunber

VD99 106eB repeateyily At mpxabat;ivematoéglw lirdervalsitsech &meonce, wicgeair thréetimeé® Substit ut ed

- benzoi ¢, Wbbudén&%afnﬂ u5| ngg}thgﬁg%hlgﬁ Gel&ﬁ:. neral 'y items of commerce, but

they can“be prepare ed ne or obvi ous vari ations of such
met hods. The main challenge is generally the el aboration of the -CH2X H

functi %i"o}én%—l/erﬁttreta@ﬁenﬂan ARAakilOB- rep%@féﬁ dH§? Hlay bé Hedapfifi@iations are |isted

bel ow. a om nati on/ Substitution yer reaction/reduction MO R3
MeQ HNdgpyziope jFor this mgthpd of ’éﬂﬁ"'@i?"ﬂ"@l‘ m‘?@cﬂ‘@rﬁ‘ﬂ?att is@g&nerglly intodseed | ne and
hydr ox yfé @lmaiex a%rdd‘ég\*aumpcﬂg&@rl duergs 8 kogonmier bt:acucqriﬂejlyoaroaéddee derivatives

correspondl can repared accordi to, th t hods set out in
Dugave 28§ f%m“gli%tl“" 'i@t"?“ e%’%’ Sfo¥fgM-15PcH tong'%? ialquo%tf d Wﬁfﬁ U%d. chem 31,
1988, L8 agértds Sleabdd Bithapolymel dedriedbs. Chem 31, 1988, 875. 18 16 Decenber
2005 WD 03/ 000692 PCT/ GB02102872

The foregoing description is further illustrated in the following examples, which are
intended to demonstrate the application of the invention but not to limit the scope thereof.

EXAMPLES

The following abbreviations have been used:

Bu butyl — alkyl residues may be further denoted as n (normal, i.e. unbranched),
i (iso) and t (tertiary)

DIEA . N,N-diisopropylethylamine

DMF dimethylformamide

Et ethyi

HOBt 1-hydroxybenzotriazole
HPLC high pressure liquid chromatography

hr hour(s)

Me methyl

MS mass spectrum

NMR nuclear magnetic resonance spectrum
OVA ornithine vasotocin analogue

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

Ph. phenyl

Pn pentyl

Pr propyl

RT roem temperature

THF tetrahydrofuran

‘WSCD water-soluble carbodiimide (N-ethyl-N'-{3-dimethylaminopropyl)carbodiimide
hydrochloride
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- &Y) Preparatlon aration of rins or seconds amne for C4 As noted in (1)
above, many amines are comercially avail abl e and ot hebscaattRr peeyi |y
accessi bl e using well established chem stry. The quaternary anmoni umsalts"
can generally be prepared by treating a primary, secondary or tertiary

am ne WWOLHO@Acess of alkylating agent. Wth the fRICROYMSHhent s,
suitably protected if necessary, in hand, the assenbly of the final
conmpound requires the fornmation of three bonds: between C and C2, between
C2 and C3, and between C3 and C4. These bond-form ng steps may be taken in

any or f o C2 -4 CC2
& acs Bapmpet 3ttt Y pleld ob pRRARs, o BERRRRIRg e, % D
-~ CZC.’B@sentam@ltl@m@Scn@ inExgnples 1CAd9P5. ~ C C2C3 -4 C2C3C4 C + C2 -*
CC; G3+C4 - C3G4;, C2 +C¢4 - CcCcC3A4 i Formation of C-C2 bond The
bond between C and C2 is a sinple am de bond. The chem stry for making
such lEGﬁBElef“rom a car boxylic acid and a secondary amne is well known in

t he artl,ggnz *}hﬂﬂﬁ!s&;,.b]ﬁrsjbﬂ;’tbaiaﬁwlﬁé| y in the field of peptide
synt hesi s. he car oxy c acid may be converted into a nore reactive
speci es such as an aci gzthl oride (using, for exanple oxalyl chloride or

t hi onyl chloride) or :- anhydr| de (uysing isobutyl chloroformate).

This reacti veBtpeci es i to 5 amne in a suitable
sol vent, enerally an aprotic soI vent [6 as dl’chl or onetEhane or

~di net hyl f ofimaniglg, inthe presenge of a ~3 ; i et hyl am ne or
4- di metppyt amytopyri di ne, and the reaction is D proceed at a

t enperature tween -20C and the boiling pgoint of N Bl vent. The choice
. of tenperatu and the tinme allowed for reaction will depend on the
reactivity of the two conponents. Alter] JJer, t he carboxylic acid and
the secondary am ne may be mxed in a suNablsg ol vent as above,
optionally in the presence of a base, andla condénsi ng agent added.

Sui tabl e condensing agents include carbodthldes such as

di cycl ohexyl car bodi i m de

N"‘l\{ -~ /Xi
NH, 0 OFt 0,
N : H N_
™ N N
) ee:
N
0 H

ZT

X

Iz
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ks 8 FE o Tha mikarewes 2pYeh B e Birae Frperaiig apd

-(DCC) and N-ethyl-N -dimet hyl am nopropyl carbodiin de (EDC, also WsCDI for

wat er - sol ubl e carbodiimde), phosphorus reagents sughiDasember 2005

(benzotriazol -1-yloxy)- 19 16 Decenber 2005 WO 03/ 000692 PCTI GB02/ 02872

tris(dinethyl am no) phosphoni um hexaf | uor ophosphat e ( _

(benzot F'&Q??/ Y1 oxy)- tripyrrolidi nophosphoni um hexgﬁ%g%ﬂﬁﬁ’gsphat e

(PyBOP(r)) and bromotripyrrolidino- phosphoni um hexaf | uor ophosphat e

(PyBroP r and, ureas such benzotriazol -1-yl) -
l)-tl‘ﬂtf'r%{wé?ﬁ;ﬁ%"ﬁﬂnw ﬁ‘és{’é&f hosphate (HBTU). (ii) Formation of

' C2 03 B&ginyc d}@z.ﬁwamy@e&mﬂa (@ggnmrﬁaon wag amhiedhaost eol@tivhest dhyi= 0) or a

b
genor sipRrEEpdenRt ernataas) (385, 2piheb vk et Baf 4 n00 ene
gqun ;/??ﬂ:inoetuadml &tﬂlmt)randhhe)mm vas heatbd)atrbﬂuxrfal ¢t t8hr. The solvent wasn R fot .
sl)is\(/enttengﬁ%é %”Pa[ci]é’ 2hd @ﬂeb%gﬂhc? wgg gﬁﬁfegcq}yﬁﬂh cHio ﬁ%?o%ba%hy 6\9%‘" H@I p

Fflary am ne agana e intermediate
for ned(elmnttﬁﬂ"/osp@t@berl‘l@% eftyl atatateiotieldsonaln wallow i igntfisd@s eftwli>= 0) or anine

(x M;&I%L‘sbeﬁgﬂ%pazg@g; éa'&?oxfrl@t@‘%4 b9mgyhs allowed to continue, directly

formn e carbamate or urea. an alternative, when X1 = NH the
reactive internedi ate may be forrred by the reaction of C2 with the phosgene

equi Va{@f&th@ﬁ%&@-@(zﬂhit%na%ﬁﬁtnbybymelesee@adxmt of the synthesis. (iii)

Format 1 on he bond between and, C2 is a sinple

ani de $esium hagigei (ﬁo%a‘iﬂsﬂ?és‘%l"r@'d52@?9ftm“?@)t W%Ed%ﬂ?fti"[}\gﬁeé%@ve for the
for mit%lﬂﬁer%fontd?%thg 5- %an@qqsienzwmeé“zoiéﬁa‘iboxwh@ (2129reinma) ia dnhydpous de. This is

general | repared first maki hﬁn treating this

di phosghetrafen 3-fito@disniirdticfigdne (T26g, mwmpw@ aduzd aind ithgresatanhdeapr esent _
gonor AFEJe GUSREGF R 128 etk AT SpoieBr 1 T &S B sl BlaRe G, L DY Y of
the prres&idh dnd\vieakolcent mmsae;phmdrfnc/acna. c dihefresidad was dissalvedtin ethyl

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

over Na;S0O, and concentrated in vacuo. The residue was purified by flash

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

benzyl-5-(2'-nitrophenylamino)pyrazole-4-carboxylate (2.59, 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, 100mi) and hydrogenated over 10% Pd/C catalyst
for 70 minutes. The mixture was fitered 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-carboxyiate (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,
5.2mmot) 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
24 |



i ncludes a conpound as described above as an active ingredient. Athird
aspect of the present invention is the use of a conmppesnaee200s ng to the
first aspect in the nanufacture of such a conposition. The comnposition
according to the present invention may be presented in any formthat is
known i WQHOWP?  For exanple, the fornulation may bEC P@@W@d as a:

tabl et, capsule, powder, suppository, cream solution or suspension, or in
a nore conplex formsuch as 20 16 Decenber 2005 WO 03/ 000692 PCT/ GB02/ 02872

~an adhefswhie peliddhat viasepufitadriy flesh shromptogragbnen siisa ¢! feivany8Sémetor nore
- exci pi gRLge595 WYl HR8tafd) Itbl%ﬁoea \hhilek!sélﬂ RBRIARES .asDI-BENAN, AUGRYdre- di Spersants,

sol vent's, preservatives, agents and the |ike. Wiere the

f or mul BXFezsiel5.4-bi é@éﬂ@@@z%‘ﬂs’f’)a&ﬂeéf 24Pkul e the excipients may
optional Iy include one or nore agents to control the rel ease of the active
. speci es,  sug a coating of a polyner that is insoluble at |ow pH but
soI ubIQ@Seﬂ'I Hb[}tg?zl or high pH Such a coating (known as an "enteric
coating' ) prevents the rel ease of the active agent in the stomach but

al | ows rel he i | ation may also include one
or mor ??ﬁygﬁiﬁ‘%'}’(&} ?°§5s‘§:*éﬁf§“° r}):?ﬂ\'/aé."8 ggm es. Preferably the

f or mul IaAiI-Q n{365rog,utiiremelp m&a(ﬁddaﬂqtnﬂlpmw taet suspersipanefs 1-bemzy-4i®her aspects,
the pr c O tdnfAltBousand hence of
the olarsrte R 0N SRRRK SRR URE FRoGECDARIOR drbtieutle TE0as of
treat n'ﬂ'd\lf (15t PG gveridminu s heoteselfing %m@nmaéﬁgata%at reBwplel ¥, The
compoyul ﬁHwedttQ%o&rt@ g&m tel‘nﬁé(rﬁﬁt‘é ORA fiftffer ROHIBA bf BAR, ?@inﬁf? Bisy@ndixyt oci n

recept oni st s, I’TpOSI tions are use In the treatnment of

- condi tW dedrenmetwlx?%ﬂéfq’ﬂﬁﬂ%' Fyoftued for Bpice TheFixiFe ¢3S 6804 i cat ed i n

the pagero RSy SHnGthaHy sollﬁléﬁ Wrﬂrwgé éddéﬂ%rdd%sletbﬂ@r 10k afd BeMikiutd wad ed  to:
sexual disorders such_as ma

e erectile d neti o aculatory
di sor dd¥red at BidPeThrs o Kitalesifgrises e R, Waéﬁ ?%5?”9?'}% Fﬁ g‘b’? TAIEM preast ,
ovary ZHachbamese was conparRs M, vaoed tgive prvite ablicCidintified pk asbeazylpost - par t um

abourd S BeRER e Ao SedReRn e e Brierial blood

MS [M+H]' 276.9
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"pressure, to decrease exaggerated responses to stress and to increase the
~nociceptive threshold. In a preferred enbodi nent, tihgEDessmes00PN i s used
to treat male or femal e sexual dysfunction, and nore preferably erectile
dysfuncti on. When used as therapeutic agents, the conpositions of the
present WYQGRMPPBn nay be adninistered by any approp®Ca@¥t%e that is
known in the art. For exanple, they nmay be adm nistered by the oral,
buccal , sublingual, rectal, intravaginal, nasal, pulnonary or transder nal
rout esExatnpl@Znat i vel y, they may be given by injection, including

I Nt ravgIiylg, BHIREreSRSR A5 iyidbRB IS ARIazédiheCt | On. The amount gi ven

wi |l be det'erm ned by the "attending physician taking into consideration
all appropriate factors. rally a single dose will conprise between 0.1
mg and 1.000ny, preferally Qetween 1 ng and 250ng, of active conpound. The

dose may iven on a S gccasi i ré&gaﬂedly. When 21 16 Decenber
2005 WO 03/ 000692 0BETI GBOZJ/ 02872 gi peatiedl\y, it may be given at
regul ar—T vah$S, such agmnce, twise t imes daily, or on denmand,

according t condition Being treatfd. Por I'bng-termtreatment an

al ternati veNHg r%peat ed dosing may be pjhe adm dlﬁtsl on of a depot dose.
For this nethod of administration the active ajent”T's generally introduced
into a matrix of biodegradabl e polynmer, suchyas a copolynmer of lactic and
glycolic acids, and the formulation is give&‘u either s.c. or W so as to
forma deposit fromwhich the active agent Ys rel eased as the pol yner
degrades. The foredoing description is further illustrated in the follow ng

exanpl es, whicpp ar&~,i ntended to de Stpt € application of the

. inventio imt the scopeltherfof. |EXAVPLES The fol | owi ng
abbrevi gfi on$ hav en used: Bu but P si dues may be further
denot ed 'as nor i.e. unbranched),| i iso)iand t (tertiary) DIEA N, N
di i sopro et ' NH

propyTet it i 2 o7 TOEt
H ~
N N N
DS
N F
N
_l

2A: Ethyl 1-methyl-2_-(3'-nitro-2'-.pyridy!amino)pyrazole-4Qcarboxylate

Sodium hydride (60% dispersion in oil, 600mg, 15mmol) was added portionwise fo 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 2hr at RT then 2-chloro-3-
nitropyridine (1.58g, 10mmol) was added and the resulting deep red suspension was
stirred at RT for 18hr. 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-methyt-2-(3'-nitro-2'-pyridylamino)pyrazole-4-
carboxylate (1.95g, 67%).

MS [M+H]* 292.0
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DVF dimet hyl formam de Et ethyl HOBt |-hydroxybenzotriazol e HPLC hi gh
pressure |liquid chromat ography hr hour(s) M nethyl s NedisEs 26€Ct rum NVR
nucl ear magnetic resonance spectrum OVA ornithine vasotocin anal ogue pet.
et her petrol eum et her boiling in the range 60-80C Pn pentyl Pr
propyl VRO t enperat ure THE tetrahydrof uran V\SCE)"Q(&FE‘P‘%&?FUM e

car bodi i m de (Met hyl - M (3-di met hyl am nopropyl )carbod.iimde hydrochloride
22 16 Decenber 2005 WO 03/ 000692 PCT/ GB02/ 02872 Exanples 1-10 describe the
synt hesi s of intermedi ates. Conpounds according to the present invention

are degerdhqb 2Narkifd gyl met R-4-carboxylat
1- Benz h?o (Igl ydrop&/)razy:(ljzlqlg[g)l b] ['1,°5] benzo%lgzeaplene NC NHNH2 NO2 OR

solutnon of ethyl 1-methyi-2-(3'-nitro-2"- pyndylamuno)pyrazcle-4—carboxy[ate (1.959,
6.7mmol} in ethanol (100mi) was hydrogenated over 10% Pd/C catalyst for 3hr. The
reaction mixture was filtered through Celite® filter agent and the filtrate was concentrated
in vacuo to give a white solid identified as ethyl 2~(3'-amino-2'-pyridylamino)-1-methyl-

pyrazole-4-carboxylate (1.5g, 86%).

2C: 1-Methyl-4,10-dihydropyrazolo[4,5-c]pyrido[2,3-b][1,4]diazepin-4{5H}-one

A solution of ethyl 2-(3'-amino-2'-pyridylamino)-1-methylpyrazole-4-carboxylate (1.5g,
5.75mmol) in acetic acid/2-propanol (1:9, 50ml) was heated at reflux for 3 days. The
solvent was removed in vacuo and the residue was azeotroped with toluene. The
residue was purified by recrystallization from ethanot and then flash chromatography on
silica get (eluant 95% chloroform/4% methanol/1% acefic acid) to give a white solid
identified as 1-methyl-4,10-dihydropyrazolo{4,5-clpyrido[2,3-b][ 1,4]diazepin-4(5H)-one
(560mg, 45%).

2D: 1-Methyl-4,10-dihydropyrazolo[4,5-c]pyrido[2,3-b](1,4]diazepine
LiAlH4 {365mg, 10mmol} was added porfionwise to a suspension of 1-methyl-4,10-
dihydropyrazolo[4,5-c]pyrido[2,3-b]{1 Aldiazepin-4(5H)-one  (560mg, 26mmol) in
“anhydrous THF (30ml) at 0°C over 10 minutes. The resulting suspension was heated at
refiux for 18hr. The reaction was cooled to 0°C and 35% ammonia solution (1ml) was
added dropwise over 10 minutes, then the mixture was stirred at RT for 1hr.  The
- resulting suspension was fi ltered through Celite® filter agent and the filtrate was
“concentrated in vacuo to guve a white solid identified as 1-methy|—4 10-dihydro-
pyrazolo[4,5-c]pyrido[2,3-b}{1 4]dsazep1ne {(410mg, 78%).

MS [M+H]" 202.1.
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-CEt 23 16 Decenber 2005 WO 03/000692 PCT/ GBO2102872 1A: Et hyl 5-am no-|

- benzyi pyrazol e- 4- car boxyl at e Benzyl hydrazi ne di hydrgebiune2das 299,
22mmol ) was added to a solution of ethyl (ethoxynethyl ene)cyanoacetate
(3.38g, ..20muol él and triethylamne (6.15m, 44mmol, Zeﬂ i n_ethanol (40m)
and t he WH QP& was heated at reflux for 18hr. The sBYVERY %2 renoved in
vacua and the residue was purified by flash chromatography on silica gel
(eluant 60% pet. ether/40% ethyl acetate) to yield a pale yellow solid

i dent i Examaplgd et hyl 5- ami no- 1- benzyl pyr azot e- 4- carboxyl ate (4.3g, 88%.
1B: Et fy-BdiyPRRvethyl-N=(2 picolijcaairty | am no) pyrazol e- 4- car boxyl ate Sodi-um
hydri de (60% di spersion in oil, 520ng, 13mvl) was added portionwi se to a
suspensi on of ethyl 5-am no-|I yl pyrazol e- 4=catboxylate (2.2g, 9muol) in
anhydrous TH1= (30ml) at OC} The} mi xture was|allhwed to warmto room
tenperature and-stirred for r.Nhen 1-fl uor >N trobenzene (1.26g,
9mmot ) was ad %d @and the resul tlant deep purpl e}jsuspension was stirred at
RT for 18hr. IM K to quench the Reaction and the sol vent was
renoved in vacug” The resttue waNHi ssotved in ethyl acetate and the
solution was waghed with 0.3M K , sat. NaHCO3 dnd brine, dried over
Na2SO4 and conce ted in vacyg” The residue wgs pyyified by flash -
chromat ogr aphy on sidica gel (eluanf 75%pet. ether/[25% ethyl acetate) to
yield ethyl i- benzyl-5-(2'-nitro | am no) pyr az 4- car boxyl ate (2. 5g,
76% . M5 [ M+H + 366.8 | C. Et hyl

5-(2' -am nophenyl am no) - 1- benzy[ pyrazol e- 4- car boxyl ate Et hyl

1- benZittebatyt d'ﬁ?@?'@%éﬁfﬁmnﬁﬁéﬁﬁ{)r ‘&%P@deﬂ-'ﬁ'a?rb&g?ﬁ@t golytionzf 26 gmmol ) was

- dissol | Hin@C&60ing/ eiAnEl 4nl MrictdyRiMihe ihydirmaemained over 10%

- Pd/ C c(étﬁmeglog%ﬁt)@[gT@?gereﬁ %ut es. TLe m xture wa ??Iq% red t h?]ough Celitee
filterdighispmetiane (R@)s ; |The gpldtiqRawas S;Hﬁeéhﬁref af?'ézhfi %{'dv‘gelﬁa"'?'& WASve a white
sol i d fefRMdd hivasuas TRé Rasidub wae bisesveaan aattoasTrIE)(410ml) and cooled to

0°C. Sodium hydride (60% dispersion in oil, 200mg, 3mmol) was added, the mixture was

stirred for 30 minutes, and then iodomethane (186pl, 3mmol) was added. The resulting
suspension was stirred at RT for 18hr. The reaction was quenched with water and the
solvent was removed in vacuo. The residue was dissolved in ethyl acetate, washed with
brine, then dried over Na;SO,. The solvent was removed in vacuo and the residue was
purified by flash chromatography on silica gel (eluant 98% chloroform/2% methanol) to
give a yellow gum identified as fert-butyl N-methyl-N-(2-picolyl)carbamate (100mg, 19%).

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

. Oy OH 0 o\]< © 0\'< ° 0\l< |
e Cl Ci | Cl .,
Br HZN

4A: tert-Butyl 3-chloro-4-methylbenzoate
Thionyl chloride {11ml, 150mmol) was added to a suspension of 3-chioro-4-methyl-
benzoic acid (5.12g, 30mmol) in toluene (25ml) and the mixture was heated at reflux for
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“benzyl pyrazol e- 4-carboxyl ate (1.5g, 86%. M5 [ MtH + 337.2 1D

1- Benzyl - 4, 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepigiitSanerones A sol ution
of ethyl 5-(2'-am nophenyl anm no)-1- benzyl pyrazol e- 4- car boxyl ate (1. 75q,

5. 2mmol |n acetic acid/ 2-propanol (1:9, 40ml) was K reflux for 3
days. TRE BBPent was renoved in vacua and the resi8 ﬁ@hﬁg’éﬁéﬂeotroped wth
t ol uene to give an 24 16 Decenber 2005 WO 03/000692 PCT/ GB02/ 02872

off-white solid that was purified &z flash chronat@ogpgaph on silica gel
(el uanghrasdhpaeivent wah MY dntracyd antbe JeuertPsAZEPEPPRd WP delus) | d

i dent i thietkingss, ﬂheh@l%émlred‘hnjdhhﬁﬂrdiusm HF (40mi) and cooled to 0°C. Lithium tert-

I d 8 , 291 11
2" 5 B e g as aRue g 1 Sy i ikl (28
10mmol (Emtyagasasidedl ambiht isolwit was ramaved W pens.i d’ﬂneoésnduebmszr#ésalﬁedﬁ)- :
R PB4 L DB L
heat edowt NagiQ and Carcediited in vabierto give avsle yelow gun td&bltlﬁeﬂ(ﬁﬁ terthyigr at ure. A
furthg‘.g_c};aglrog4 'ﬁ&hﬂéﬁnkbﬁégﬁ“ﬁ%’ 2.5mml)  was added and the mxture was
ux or r.

heat e ref m xture was cooled to O0C, 35% ammoni a
solution (1m) was added dropwi se over 10min and the m xture was stirred

at RT-il?‘rterjtdi'n’inB?@rnBﬁ:‘étHyi-BJ&EIo%b%lﬁ%méon was filtered through Celite(r)
filter agent ‘and fil'trate was concentrated in vacuo to.give a white

solid N@@mspp@umgg (f_z@'gngg,rpmol) and 2,2'-azo-bis(2-rnethylpropionitrile) (394rmg,

4,10- dzzlmé%@%rézmc@&5to4ab4&&.o§]&emqﬂwm:dﬂs4&ﬂé z&wo(ﬁ 4@/5 [ Ml -17"
276.9 75 16 December 2005 WD 031000692 PCTI GB02102 5@”@@1&
e

1- Met h3A-8mmalpindrampariesiariasdn Gom)sind the MR yas hegte at4']e

The solvent was removed in vacuo and the residue was purified by flash chromatography
on silica gel {(eluant 95% pet.ether/5% ethyl acetate) to give a white solid identified as
tert-butyl 4-bromomethyl-3-chiorobenzoate (5.7g, 78%).

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

Ethanot (100ml) was saturated with ammonia, then terf-butyl 4-bromomethyl-3-chloro-
benzoate (5.7g, 18.7mmol) was added and the mixture was sfirred at RT for 2hr. The
solvent was removed in vacuo and the residue was triturated with diethyl ether to give a
white solid identified as fert-butyl 4-aminomethyl-3-chlorobenzoate (4.1g, 91%).

Example 5
4-(tert-Butyloxycarbonylaminomethyl)-3-chlorobenzoic acid
0O OH
0 Cl
B 0 N

: 5A. Methyl 4-bromomethyl-3-chlorobenzoate
To a solution of methyl 3-chloro-4-methylbenzoate (5.0g, 27. 1mmol) in carbon
tetrachloride (50ml) were added N-bromosuccinimide (5.8g, 32.0mmol) and 2,2'-azo-

29




(.-~N O ORI CEt H 2A Ethyl

1-met hyl - 2- (3" -nitro-2'-pyridyl am no) pyrazol e- 4- car bpxpbahterogisim hydri de
(60% di spersion in oil, 600ny, 15mml) was added portionwi se to a

suspenswﬁaﬁ@ﬁ%hyl 5-am no-| - net hyl pyrazol e- 4-car bo§¥{£{a¥;@0§%%699, 10nmmol )

in anh E (15nl) at OC. The m xture was stirre r at RT then
2-chloro-3- nitropyridine (1.58g, 10mvl) was added and the resulting deep

red suspension was .stirred at RT for 18hr. | d to quench

he. r cabEMAMRRP ML G 186 oo cho Beuie b AEREs Six Befihe. vae
- dissol tH@ﬁiaIIoWeﬂgdWéol &S@bmtt@ngﬂdtutém\dﬁﬁhd:ﬁntrﬁlﬂg wegacusva ihe desidutiwal. 3M KHSO?]
sat. NaHCO3 I ne ed over S n centrgted . in vacuo. The
resi d@f\ﬂ%\%b@&ﬁw rgamt%grqp ég%s'k%r(ﬁll’rﬂ%!?é{lﬁtgﬁv’%?ﬁﬂiaE%atﬁ}eé‘P/"(pgf uant 30%
pet. edthéty to fAdamitdilidentfedtas infthyl &-baimometiyli3-thlorobenzoate (5.96g, 84%). |
1-methyl -2-(3" -nitro-2'-py(dyl am no) pyrazol e-4- carboxylate (1.95g, 67%.
MB [ MHH]' 292.0 26 , 16 Decenber 2005 WO 031000692 PCT/ GB02/ 02872 2B: Et hyl
2- (3 SBﬂMMBuqy;axycbrbMImmomeﬂM)W¢m9mbem0®;dbid:ar boxytate A sol ution of

et hyl th - ﬂ?)@g( te (1.95q,
6. 7rrrm]1 asaturé{eﬁéﬁlgﬁon(ng{"?%n%]m B%Hﬁj&{k g;%ag over Tg% rﬁfal yst for
3hr. Thehlombaneoste from Bample Wat-Toi EQ Ellﬂélél)t htheugKuGHas E(R] akiopler agent and

the f 'tl2= P%{afﬁré’%? 1ﬁ|°9r‘fci3meﬁ %ﬁ&ntrét@d Y@%&Qot OTIQH MBidde was tuftursRliwitni dentified as -
et hyl dyl am no? | - et fP yrazol e- 4- car boxyl ate (1.5g,
869) . diethyl ether and the resultant white crystals were fi Itered off and washed with more

1- Vet hydngt efhr. diTBYoRim 876k @btk iR walep YroosfvRrSadiel Soldiichs az@rbm- 4( 5H) - one
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 18hr 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 MgSQ,, and concentrated in vacuo to give a white solid identified as 4-(ter-butyloxy-

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

Example 6
4-(tert-Butyloxycarbonylaminomethyl)-3-nitrobenzoic acid

O._ _OH OxOH

. B
oo N L™

' 4-Bromomethyl-3-nEtrobenzoic acid (4.75g, 18.2mmol) was reacted foliowing the method
of Example 5B to give a yellow solid identified as 4-(fert-butyloxycarbonylaminomethyl)-3-
nitrobenzoic ac&d (2.6g, 49%).

Br™
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A solution of ethyl
2-(3'-am no-2' - py(dyl am no) - 1- met hyl pyrazol e- 4- car boxy at&nkel 2005
- 5.75mmol) in acetic acid/2-propanol (1:9, 50m) was heated at reflux for 3
- days. TRg osa@e¥£nt was renoved in vacuo and the resi dpegcpgsgaeot roped with
toluene. The residue was purified by recrystallization from ethanol and
then flash chromat ography on silica gel (eluant 95% chl or of or m 4%
met han Ill%ogcetic acid) to give a white solid identified as
- 1-meth di hydr opyrazol o[ 4, 5-c] pyri do[ 2, 3-b] [ 1, 4] di azepi n- 4(5H) - one

( 560ny4- Cy89¢-3-npithylbenzpistdeyd - 4, 10- di hydr opyrazol o[ 4, 5-c] pyrido [2, 3-b]
[1,4] di azepi ne Li AlHA (365ng, 10mml) was -gdded portionwise to a
suspensi on of 1-methyl-4Bto-
di hydr.opyr azol o[ 4, 5-c] pydi do[ 2, 3-b] [ 1, 4]d azepi n- 4(5H) -one (560ny, 2. 6Mml )
in anhydrous THE (30 r@ OC over 10 wfmtes. The resulting suspension
was heated at reflux f was cooled to 0C and 35%
anmoni a solution (1mM) Was over 10 m nutes, then the
m xture was stirred at RT for 1 hr. The esul ting suspension was filtered
through Celite(r) filterChyent and the fignrate was concentrated in vacuo
to give a white solid identified as 1-nethyl-4, 10-di hydro-
pyr azol®# golgtiat] qf vrhrerpe-2;neetiyfenzonitde é&%l"ﬁ@"‘ﬁ@ﬂ@hﬁ"ﬂ: D) as78°H) © 202. 1.
27 16 &'Pfas mog%gfla‘imx%%l QQQQ%dPﬂﬁW@B/Q%Ealuﬁﬁﬁwh@uﬁl ﬁtﬁu.tn-- But yl

I\I—rretnél-l\l-(Z%;coy )carbamate N 1 NHN N o
“te raokk B mture s Ry Tedats TR for éﬂ%H}&@&O%d afﬁo P?J@ col d
sol ut i Qphaaf dla)ludé qsg)nmnfﬂhwbbrﬁlyrl dihaemixied Wias odedad waatidot lobeit hyl am ne .
]S gfogﬁg%aé{g&?% evgqg?r\)ng?f r&g\%&ggmls]a nde th(g rln?x u%wa )?trac%d%ﬂm%lethw?gthgrt irred at RT
(3 times). The aqueous layer was acidified by addition of concentrated HCl and
extracted with chloroform (3 times). The combined chloroform exiracts were washed

with water, dried over MgSQ,, and concentrated in vacuo to give a white solid identified

as 4-cyano-3-methylbenzoic acid (1.2g, 73%).

Example 8
4-Cyano-2-methylbenzoic acid
Br 0] OH
————
CN "CN

4-Bromo-3-methylbenzonitrile (2.0g, 10.2mmoel) was reacted following the method of
Example 7. The product was triturated with hexane to give a yellow solid identified as 4-
cyano-2-methyibenzoic acid (0.96g, 59%). '
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‘renpved in vacuo. The residue was dissolved in anhydrous THE (10m ) and
cooled to OC. Sodium hydride (60% di spersion in oilsB3QEber360%!) was
added, the m xture was stirred for 30 m nutes, and then |odeomat hane (186
tl, 3 dded The resulting suspension was RT for 18hr.
The rea "3@@“3@5 guenched with water and the sol ven?et\gﬁﬁ%rz%trzmved in
vacuo. The resi due was dissolved in ethyl acetate, washed with brine, then
dried g{P 2SQ4. The solvent was renpoved in vacua and the residue was
purifi | ash chromat ography on silica gel (eluant 98% chl or of orni 2%
- et han«oJ(t)mthtylgiyoarImnylahiimmejhyh-z-ﬂamobélilzyéba}idtert but yl

N- et hyl - N- ( 2- pi col%l ) car bamat ey (10 , 1999 . OEan%a 4 terf-Butyl
"4- am nonet hyl - 3- chltgr obenzoat e G; O ,0 0By ert-Butyl

3-chl or o- 4- net hyl be zoaf_e Thi onyl chI %I‘I de (11 Ommol ) was added to a
suspensi on of 3-cgHf orp- 4- net hyl -~epz06i ¢ aci d_£b~12d, 30mmol) in tol uene
(25mL) and the m was—hreat € reftox fo 16 Decenber 2005 WO
031000642 PCT/ GBO2%02872 2hr ol vent was'enpved in vacuo and the

resi due was azeotropped with toluehe three tined, then dissolved in
anhydrous THE (40m"% and cooled tbo OC. Lithiumflert- butoxide (2.4qg,
30mmol ) was added and the m xture was stirred at, RT for 3 days. Water
(5m) was added and the solvent was renoved inwﬁacuo. The resi due was

di ssolved in ethyl acetate. The solution was shed with 0.3M KHSO4, sat.
NaHCC3 and brine, dried OgvelOMNa2SO4 and conggntrahgd in vacuo to give a
pale yell ow gumidentifiedYas tent butyl 3-chtpfo-4-nethyl benzoate (5. 4q,
79% . 4B: tert-Butyl 4-brogonethyl -3-chl orobenzatelgI\LBrom)succi ni m de
(4.27g9, 24mmol) and 2, 2' ra i'le) (394ny, 2.4mmol)
were added to a sol ution met hyl benzoate (5. 4q,

8r

9A, 2-Fluoro-4-methylbenzmc acid
4-Bromo-3-flucrotoluene (8.33g, 44.07mmol) was reacted foHowmg the method of
Example 7 to give a white solid identified as 2-fluoro-4-methylbenzoic acid (4.89g, 72%).

9B. Methyl 2-fluoro-4-methylbenzoate

To a solution of 2-fluorc-4-methylbenzoic acid (6.04g, 39.18mmol) in toluene (80ml) was
added thionyl chloride (65ml, 89.11mmol). The mixture was heated at reflux for 2.5hr,
cooled and concentrated in vacuo. The residue was dissolved in dichloromethane

~ (50ml) and methanol (50mi) was added. The mixture was stirred at room temperature

for 2.5hr and then concentrated in vacuo. The residue was dissolved in dichloromethane
(100ml), washed with saturated sodium bicarbonate solution and brine, dried over
MgSO., and concentrated in vacuo to give a tan solid identified as methyt 2-fluoro-4-
methylbenzoate (5.07g, 77%). ‘

9C. Methyl 4-bromomethyi-2-fluorobenzoate

Methyl 2-fluoro-4-methylbenzoate (5.07g, 30.'16mmol) was reacted following the method
of Example of 5A. The pi'oduct was purified by flash chromatography on silica (eluant
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- 23,8mmmol ) in carbon tetrachloride (75nl) and the m xture was heated at
reflux for 18hr. The solvent was renoved in vacuo a e.resheue was
purified by flash chronmat ography on silica gel (el ugﬁ?égﬂ}fﬁﬁg?&ejt her / 5%
et hyl acetateo% to give a white solid identified as tent butz¥l

4- br onoMEP MANSZ chi or obenzoate (5.7g, 78% . 4C tert PEHEIZONT -

4- am nonet hyl - 3- chl or obenzoat e Et hanol (100m ) was saturated wi th amoni a,
then tert-butyl 4-brononethyl-3-chl oro- benzoat e@&S.? , 18. 7nmol ) was added
and t ha0¥ sleyh AeetalakBih pety 61O sive Pl Sepiied A medl] ERImoEY Emoved i n

- vacuo afslobdModte ®.0h/8o%ps triturated with diethyl ether to give a white
solid identified as tert-butyl 4-am nonethyl-3-chl or6benzoate (4.1g, 91%.
Exanple 5 4-(fert Butyl oxycarbonyl am nonet hyl ) - 3-chl orobenzoic acid C 5A.
Met hyl gf: prerBRibyycarboniihmircnesizylp2-fudrobenzobd acid on of net hyl

3-chl oro- 4- et hyl ben te (5.0 .1 I I r. oride (50m)
were aligty glﬁ’B? %%f:ﬁ%q]f’{?r ecﬁ'éc’?q%.(éé?’ %rrggﬁ%%%dz%ﬁ%mz@ 16 Decenber
2005 V\@efid(d EaapPGB GBBR pOFE 2vasiredrgstallised froprdpanpétt elnerelp gi@ 4429,

2. 70mmol). The.m. owed to cool
to roo %ee' S?aé tljar%hlrgeﬁdgegf@ﬁ@ﬁ?@%éﬁ%@éﬁ@&”’%héoég?%'gggv\%y purified by
fl ash (4Ggr88%BYr aphy on silica (eluant pet. ether -3 5%ethyl acetate/95%
pet. ether) to give an oil identified as nethyl

4- br ononet hyl - 3-chl or obenzoate (5.96g, 84% . 5B.

4- (fert-Butyl oxycarbonyl am nonet hyl ) - 3-chl orobenzoic acid To a saturated
sol uti gp ,gf,leq@m)ni a in ethanol (1 70m ) was added net hyl 4-brononethyl -
3-chl oro?)enzoate_ from Exar‘rgl_e 5A (5.5g, 20.9mmol). The m xture was stirred
at roofCyrBadSrdimstyiteszoi¢ agid and t hen concentrated in vacuo. The residue
was triturated with_ diethyl ether and the resgplt
filtered off and washed with nore Brdiet hyl ether

solid in water (100m.) were added kol utions of di
(5.0g, 23. 0mol) ixan (100N and sodi um b
—_— E—
NH

OH white crystals were
To a solution of this
-tent butyl dicarbonate
9xi de (1. 864,

2 CN CN

10A. 4-Bromo-2,6-dimethylbenzonitrile |

4-Bromo-2,6-dimethylaniline (4.49g, 22.4mmol) was taken up in water (25ml} and
concentrated hydrochloric acid (8.0mi) 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
water (5mf) was then added dropwise so as to maintain the temperature of the reaction
between 0-5°C. The mixture was stirred at 0-5°C for 30 minutes and then neutralised by
addition of solid sodium bicarbonate. The resulting solution was then added portionwise
to a solution of copper cyanide (2.42g, 27.0mmol) and potassium cyanide (3.65g,
56.1mmol) in water (25mi) at 70°C. The mixture was stirred at 70°C for 30 minutes,
allowed to cool and then extracted with toluene {2 times). The combined extracts were
washed with water and brine, dried over MgSO,, and concentrated in vacuo. The
residue was purified by flash chromatography on silica (eluant 5% ethyl acetate/ 95% pet.
ethér) to give an orange solid identified as 4-bromo~2,6-dimethylbenzonitrile (3.2g, 68%).

10B. 4-Cyano-3,5-dimethylbenzoic acid
4-Bromo-2,6-dimethylbenzonitrite (3.20g, 15.2mmol) was reacted following the method of
Example 7 to give a tan solid identified as 4-cyano-3,5-dimethylbenzoic acid (1.5g, 56%).
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- 46.0mmol ) in water (1C0m ). The m xture was stirred at roomtenperature for
18hr and then concentrated in vacuo. The aqueous relséiﬂgce was @@ dified
with citric acid and extracted with chl oroforrﬂZ-propanoefrf e organic
| ayer d with water, dried over MgJSHi and rated in vacuo
to gi v\é\%‘i'?\vﬂﬁ“?gz solid identified as 4-(tert butyl oxy’?‘?ﬂ‘q’ﬁ&t’”@’&
car bonyl am nonet hyl ) - 3-chl orobenzoic acid (2.8g9, 67% . Exanple 6
4-(tert-Butyl oxycarbonyl am nonet hyl ) - 3-nitrobenzoic acid O OH OOH NO2 NO2 H

. 4-Brononet hyl - 3-ni trobenzoic acid (4.75g, 18.2mvl) was reacted follow ng

" the nmethod of Exanple 5B to give a yellow solid identified as 4-(tort
butyl o ¥car bgpyl am nonet hyl )-3- nitrobenzoic acid (2.6g, 49%. 30 1 6
Decenb®¥ I8 T\Wo 03/ 000692 PCT/ GR02102872 Exanpl e 7
4- Cy anbiethybd Hi{ D oethyl-4-(23,1 5-tBralGNrceNS-Penzodiazepin -oon-tf '

4- br ony- i T iviel B Rk dfhaTHE (100m ) at 78C under
antr 8%%@'%&%%@%\%’% &é%ogg%%&?%réq??g%? ’seol ution of n-butyl 1ithium

(4.48m, 11.2mmoK). The m xture was stirred at -78C.for 1 hr and then
‘poured onfo doli c%r bon dioxide (5g) in THE (50nBOCThe mi xture was

al | one o wapm t tenperature. Water was ed (200m) and the
m xture S tracted\with diethyl ether (3 ti/nes The aqueous | ayer was
acidified addi ti on of concentrated and \ extracted with chloroform (3
times). The conbi ned chl or of or M exXtracts re sh
N
0 .

- O/go ° l IBOC
o8 -~
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with water, dried over MgSO4, and concentrated in vacuo to give a white
solid identified as 4-cyano-3-nethyl benzoic-acid (1 739 anple 8
4- Cyano- 2- net hyl benzoi ¢ acid Br CN CN 4-Br onp- 3- net h&%%&ﬁ%ﬁ%??%e (2. 0g,

| O. 2mmol ). was reacted followi ng the nethod of Exanple 7. The product was
trituratP3WPR hexane to give a yell ow solid identi PEEGBGON2 -

cyano- 2- net hyl benzoic acid (0O 96g, 59%. 31 1 6 Decenber 2005 WO 03/ 000692
PCT/ GB02/ 02872 Exanple 9 4-(tert-Butyi oxycarbonyl am nonet hyl ) -2
fl.uorobenzoic acid Br O,0H O, ,Qye . 2- Fl uor o- 4- net hyl benzoic acid

~ 4-Brono- 3-fl uorotol uene (8.33g, 44N |) was reacted follow ng the nethod

d idgntified as 2-fluoro-4-nethyl benzoic.

or o4f net hyl benzoate To a sol ution of

44 9.9 8mmol) in toluene (80nl) was

added t chiforide (H5m, 89. . The m xture was heated at refl ux
‘ ; +acuor The residue was dissolved in

was added. The m xture was

of Exanple g td?give a white s8
acid (4.89qg, N9 9B. Met hyl

di chl or orte (50nl) and net hafol
stirred at roomtenperature for 2.5hr then concentrated in vacuo. The
resi due was di ssol ved-in dichioronethané” (10Mr ), washed with saturated
sodi um bi carbonate sol ution and brine, {dried over MSO4, and concentrated
in vacuo to give a tan solid identifiecj as net hyl 2-fluoro-4-

' 0
e

NH,

11A: 1-{N-Benzyloxycarbonyl-L-prolyl)-4-{tert-butyloxycarbonyl)perhydro-1,4-
diazepine '

HOB! (3.04g, 20mmol), WSCD (5.3g, 26mmol) and N-benzyloxycarbonyl-L-proline (4.7g,
18.8mmol) were added to a solution of terf-butyl homopiperazine-1-carboxylate (3.8g,
18;8mmol) and triethylamine (5.4mi, 37.6mmol} in dichloromethane (100ml) at 0°C. The
resulting solution was stirred at RT for 18hr.  The solvent was removed in vacuo and the
residue was dissolved in ethyl acetate. The solution was washed with sat. NaHCO; and
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met hyl benzoate (5.07g, 77%9 . 9C. Methyl 4-brononethyl -2- fI uorobenzoate

Met hyl “2-fl uor o-4- net hyl benzoate (5.07g, 30. 16mmol ) g& 5foI | ow ng
the nmethod of Exanple of 5A. The product was purifl §Pr‘? eé 0

chromat ography on silica (eluant 32 16 Decenber 2005 WO 03/ 00. 0692

PCT/ CBOkydmbak920% et hyl acetate/ 80% pet. ether) topgrigogise | identified
as net hyl 4-brononethyl -2- fluorobenzoate (5.99. 80% . 9D.

4- (Pert - But yl oxycar bonyl am nomet hyl ) - 2- f | uor obenzoi ¢ acid Met hyl

4- bronp t@éd &FI Js@%fn?%lﬂ% doncSttrated h Ja R %uvé‘@ afee)%ﬂ(;\?gurf'no' |'owi ng the

~nmethod 0 uct was recrystalTlised from di oxan/ pet. ether
to gi videntifisd t eaScr ys(wahegzwqarmwvlédpralgﬂ-‘* -(tert-butyloxycarbonyljperhydro-1,4-

4- (ten&aﬂ%fr%i@ qg@% nyl am nomet hyl ) - 2-f | uor obenzoi c acid (2.46g, 38%.
Exanpl e ano- 5-d| met hyl befzoic acid Br NH2 CN CN | QA

4- Br ono- 2, 6- di net hyl benxonitri | e 4-Brono- 2, 6-di methyl aniline (4.49q,
22. Anmp|g: 1vwﬁ3ér@y|emydaﬂ;dnm wmuepro[yaa:(&an-amloxgmmmypamdrdww ochloric acid

(8.0mM ) was added. The m xture was sonicated to forma fine suspen5| on and
t hen c@é?‘ﬁ’(ﬂ“‘io OC. A solution of sodiumnitrite (1.67g, 24.2mol) in water
(5nt) Msﬁchm resdgdmtd (679 viestmsd) asst addedi tot ai solutive oferfdengd-e of t he

t t (5 3 t d
thon rouerar DMl iotaiotteltcst - ieBhid] (g, 2ehfop® T TIPS O
sol ut i iolzena 200k andstired atﬁﬁ“ﬁ fayritui then 85°G for 18bn ulhepsvlvent wasgpmpvedy ani de
(2. 429 uo%qm redfdfle RQ& g} ﬁé(s‘?lgﬂh%ﬁ?a(@r%ﬁg on sfﬁ@a &é’ﬂ@bant ogywat er (25m )

at 70 m xture was s
chloroforml2% methanol) to give  1-(N- benzy!oxycarbonyi-L—th[oprolyl)-4—(ten‘-

butyloxycarbonyl)perhydro-1,4-diazepine (8.49, 67%).
MS [M+H]" 447.3

11C: 1-(N-Benzyloxycarbonyl-L-thioprolyl)-4-methyl perhydro-1,4-diazepine

A solution of 1-(N-benzyloxycarbonyt-L-thioprolyl)-4-(tert-butyloxycarbonyi)perhydro-1,4-
diazepine (8.4g, 18.1mmol) in 4N HCl/dioxan (20ml) was stirred at RT for 35min. The
solvent was removed in vacuo and the residue was azeotroped with toluene. The
resulting gum was dissolved in acetic acid/methanol (1:9, 100ml) and stirred at 0°C.
Formaldehyde (20% solution, 8.4ml, 56mmol) was added, the solution was stirred for
20min, then sodium cyanoborohydride (2.35g, 37mmol) was added and the solution was
stirred at RT for 18hr. The solvent was removed in vacuo and the residue was purified
by flash chromatography on silica gel (eluant 96% chloroform/3% methanol/1%
tricthylamine) to give a colourless gum identified as (6.56g, 97%).

MS [M+H]* 362.2

_ 11D: 4-Methyl-1-L-thioprolylperhydro-1,4-diazepine
1-(N-Benzyloxycarbonyl-L-thioprolyl)-4-methylperhydro-1,4-diazepine (3g, 8.3mmol) was
dissolved in ice-cold 30% HBr/acetic acid {20ml). ~ The resulting brown solution was
stired at RT for 3hr, the solvent was removed in vacuo and the residue was azeotroped
With toluene. Sat. NaHCO; (100ml) was added until the solution showed a pH>8. The
solution was washed with diethyl ether (2 x 40ml) then evaporated in vacuo and
azeotroped with toluene. The resulting solid was extracted with hot chloroform (3 x
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“allowed to cool and then extracted with toluene (2 times). The conbi ned
extracts were washed with water and brine, dried ov S

concentrated in vacuo. The residue was purified by %Q%%’%%F%ﬁ@fography on
silica (eluant 5% ethyl acetate/ 95% pet. <ether) to give an orange solid

I dent i f wexhs@soede- br ono- 2, 6- di met hyl benzonitril e (3. 2gpct8802/02849B.
4- Cyano- 3, 5-di net hyl benzoi ¢ aci d 4-Brono- 2, 6-di net hyl benzonitrile (3.20g,
15. 2nmmol ) was reacted following the nethod of Exanple 7 to give a tan

lid : 9 3316
52 0 S Ui b R By ki 5

© 4- et hippthyl-1elihopropdneniydros] ¢ liazepined] 7eq. %4W)dr o- 1, 5- benzod i azepi n-4-on- 1-
y[ carbonyl ) benzyl carbanoyl)-L-th ioprolyi}perhydro-1, 4-diazepine 0 HNN-\
BOC O N 1 34 16 Decenber 2005 WD 03/ 000692 PCTI GBO2102872 NH2
11A; 1M ?I{Mﬂé]n% bxycar bonyl -L-prolyl)-4-(tert

but yl oxycar bonyi ) per hydro-1, 4- di azepi ne HOBt (3.04g, 20mml), WSCD (5. 39,

O L S DR G s BB Sofipapdly Bl vere acdsd to o
Thionyl chloride {0.4ml, 6.0mmol) was added to a suspension of 4-cyano-3-methyl- _
benzoic acid (322mg, 2.0mmol) in toluene (10mi) and the mixture was heated at reflux for
90min, then cooled to RT and concentrated in vacuo. The residue was azeotroped with
toluene then dissolved in dichloromethane {(5mi) and added to a suspension of 2,3,4,5-
tetrahydro-1,5-benzodiazepin-2-one  {324mg, 2.0mmol) and triethylamine (280p,
2.0mmol) in dichloromethane (3ml). The mixture was stirred overnight at RT then
concentrated in vacuo. The residue was partitioned between dichloromethane and 0.3M
KHSO,. The organic phase was washed with sat. NaHCO; and brine, dried over Na;SO4
and concentrated in vacuo to give a red solid identified as 1-{4-cyano-3-methylbenzoyl)-
2,3,4,5-tetrahydro-1,5-benzodiazepin-4-one {(600mg, 98%).

11F:  1-(4-Aminomethyl-3-methylbenzoyl)-2,3,4,5-tetrahydro-1 ,5-benzdd iazepin-4-
one
Sodium borohydride (734mg, 19.3mmol) was added portionwise fo an ice-cold
suspension of 1-{4-cyano-3-methytbenzoyi)-2,3,4,5-tetrahydro-1,5-benzodiazepin-4-one
(590mg, 1.93mmol) and CoCl,.6H,0 (920mg, 3.86mmol) in methanol (10ml).  The
mixture was stirred at RT for 1hr, then quenched with 1M HCl and concentrated in vacuo.
The aqueous residue was diluted with 1M HCI (50ml) and filtered through Celite® filter
agent. The filtrate was washed with diethyl ether (2 x 50ml) then basified with 4M NaOH
and extracted with chloroform (3 x 50mil). The combined 'organic phases were dried over
| Na,SO, and concentrated in vacuo to give a pale yellow solid identified as 1-(4-
aminomethyl-3-methylbenzoyl)-2,3,4,5-tetrahydro-1,5-benzodiazepin-4-one (300mg,
50%).

.1 1G: 4-Methyl-1-(N-{2-methyl-4-(2,3,4,5-tetrahydro-1,5-benzodiazepin-4-on-1-

ylcarbonyl)benzylcarbamoyl)-L-thioprolyl)perhydro-1 JA-diazepine

1,1-Carbonyldiimidazole (18mg, 0.11mmol) was added to a solution of 1-(4-aminormethyl-

3-methylbenzoyl)-2,3,4,5-tetrahydro-1,5-benzodiazepin-4-one (31mg, 0.1mmotl) and DIEA

(54pl, 0.3mmol) in DMF (2mi) under nitrogen gas and the solution was sfirred at RT for
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18.8mml ) and triethylamine (5.4m, 37.6mmml) in dICh| or onet hane (100m ) at
0C. The resulting solution was stlrred at -RT for Pé] Th sg{) nt was
renoved in vacuo and the residue was dissolved in e PF The

sol ution was washed with sat. NaHOOB and 35 16 Decenber 2005 WO 03/ 000692
PCTI GBO®/Oiddébobri ne, dried over sodi um sul phat e andpcnosenksmated i n vacuo
to give a pale yellow gum identified as

1- (N- benzyl oxycar bonyl -L-prolyl)-4-(tert-butyl oxycarbonyl)perhydro-1, 4-

di azepjpe A%olﬂ:ﬁbn é'FQQ%thyl-]}l tRloprétylbSthydro-1 4-d|aze ine (22.7mg, 0. 1mmol) and
- Benzyl ox car bon | -L-t QMPrOl yl)-4-(tert-but %/\gar bonéa_?_Fer hydro- 1, 4-

di azepP ﬁ“’%'f'r 0 e2At) was addgg a"ﬂ@’%‘rﬂ%mw glired @ 180rsol uti on of |
g 'El\l[b&%yhb bﬂﬁh\’dédlkntﬁ'ﬁa@géﬁéveéw( VaR0b and the residue was puni; ied by ( 200m1)
uty oxycar er hydr o- i a ne in ene
and st#3sh ed’ L ?097%8%?’0’0'%%!%”?)@% ‘\?{éog’ removed in
vacuo gaglylafie e&gheEaV\@ﬁitepsmlufnuadnr&y ak| aathyhr-gwa-methaahge,3pns-si | i ca gel
(1el( Kl_agttgﬁmdo[ﬁ é&gﬁ%ﬂ%&éﬂ_nz -ﬂﬁ—a‘%%on)g)b @%ﬁ?moyl)—l.-thloprolyl)perhydro—
but yl oxy-cizbmne/{1¥mer 3026 o- 1, 4- di azepi ne (8.4g, 67%. M5 [ M+H ©~ 447.3 .11C.
1- (N- Benzyl oxycar bonyl - L- thi oprol yl)-4-net hyl perhydro-1. , 4-dirazepi ne A
solution of 1-(N-benzyl oxycarbonyl-L-thioprolyl)-4-(tent -
but yl oM$ §dtoAG3.2per hydr o- 1, 4- di azepi ne (8.4g, 18.1nmol) in 4N HCI'/di oxan
(20m) was stirred at RT for 35mn. The solvent was renoved in vacua and
the residue was azeotroped with toluene. The resulting gumwas dissol ved
in acetic acid/nmethanol (1:9, 100m ) and stirred at 0C_ Fornal dehyde (20%
solution, 8.4nml, 56mmol) was added, the solution was stirred for 20mn,
- then sodi um cyanoborohydri de (2.35g, 37mmol) was added and the sol uti on was
stirred at RT for 18hr. The sol vent was renoved in vacuo and the residue
was purified by flash chromatography on silica gel (eluant 96% '
chl orof orm 3% net hanol / 1% triethylanmine) to give a colourless gum
identified as (6.56g, 97% _ M5 [ MtH] + 362. 2
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1113: 4-Methyl -1 -L-thi oprolyiperhyd ro-1, 4-di azep ine 1-(N

Benzyl oxycar bonyl - L-t hi oprol yl ) - 4-net hyl perhydro- 1, 4- dj azepi n 6%’3_9
8.3mml) was dissolved in ice-cold 30% HBr/acetic a e‘(*’?@’t‘?ﬁ?@ he
resulting brown solution was stirred at RT for 3hr, the solvent was _
r enovedwaoeswese® and the resi due was azeotroped w tPCH/GB@R@RRT2 Sat. NaHCO3
(100m ) was added until the solution showed a pH>8. The solution was
washed with diethyl ether (2 K 40ml) then evaporated in vacuo and
azeot r gpadpleii2zh t ol uene. The resulting solid was extracted with hot

chl or of 6 I 0 02/02872 100m ) and

t he soﬂ%egw'afa@(rg'g"rﬁjgh\)’é'g‘??ﬁ'%@‘%'ﬁégtd@w@%&%gézgpqgg’gv%maﬁ %ﬁlzB%é?ﬁePﬂ'ed as 4-

met hy| §4ddarbadniyl)ognzelcsibpmopl)-tithioprolyipedwdpi-hd-diszeping, 919 . M5 {MrH + 228.1-
11E: 1-(4- Cyano- 3-net hyl benzoyl)-2, 3, 4, 5-t et rahydro-1, 5- benzodi azepi n- 4- one
Thi onyl chloride (0.4nl, 6.0mol) was ad¥ed to a suspensi on of

4- cyano- 3- net hyl - \benzoi c acid (322% 2 Nosol ) in toluene (1 On) and the

m xture was heatedyat reflux for 90 ¢n cooled to RT and concentrated
in vacuo. The fesydu ol uene then dissolved in

di cht or onef hape€ ( and added gensi on of 2, 3,4, 5-
~ tetrahydrd - benfodi azepi p- 2- , 2.0mol) and triethylam ne

The m xture was stirred
e resi due was partitioned
or gani ¢ phase was washed with

(280}i 1, i n di chi or onet hane
over ni ght st/ RTN‘hen concentrat ed i pAkacua
bet ween dichior@nethane and 0.3M K04
sat. NaHCO3 and brine, dried over Na2SO4 pg. concentrated in vacuo to give
ared solid identified as 1-(4-cyano-3-nethyl béi¥oyl) -
2,3,4,5-tetrahydro-1, 5- benzodi azepi n-4-one (600ny, 98% . 11F:

1- (4- Am nonet hyl - 3- et hyl benzoyl ) - 2, 3, 4, 5-t et rallydr o- 1, 5- benzodi azepi n- 4-
one Sodi um bor ohydride (734ng, 19.3mmmol) was added portionw se to an

i ce-cold suspension of

1- (4- cyano- 3- net hyl benzoyl) -2, 3, 4, 5-t et r ahydr o- X, 5- benzodi azepi n- 4- one
(590nmg, 1.93mmolY) and CoCl 2. 6H20 (920ng, 3.86myol) in nethanol (10m ). The

D )
S
o .
H\”/N > NH,
o s ‘ N/\\N"‘

12A: 5-{4-Cyano-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]-
benzodiazepine

Thionyi chloride (1.8ml, 27mmol} was added to a suspension of 4-cyano-3-methylbenzoic
acid {1.29g, 8.0mmol) in toluene (25mi) and the mixture was heated at refiux for 2hr, then
cooled to RT and concentrated in vacuo.- The residue was azeotroped with toluene then
dissolved in dichloromethane (10ml) and added to a suspension of 1-methyl-4,10-
dihydropyrazolof5,4-b][1,5]benzodiazepine (1.6g, 8mmol} and triéthylamine (1.4mi,
10mmol) in dichloromethane (15ml). The mixture was stirred overnight at RT then
concentrated in vacuo. The residue was partitioned between chloroform and 0.3M
KHSO,. The aqueous phase was extracted with chloroform/2-propanol {(80:20). The
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~mxture was stirred at RT for 1 hr, then quenched W|th 1 MHC and
concentrated in vacuo. The aqueous residue was diluted with 1M HCl (50ml)
and filtered through Celite(r) filter agent. The fil&PsembgadOashed with
diethyl ether (2 x 50m ) then basified with 4M NaOH and extracted with
chl or of gfdnstodessz S0nl) . The conbi ned organi ¢ phases weegggoidirgzover Na2SO4
and concentrated in vacua to give a pale yellow solid identified as 1-(4-
am nonet hyl - 3- net hyl benzoyl ) -2, 3, 4, 5-tetrahydro-1, 5- benzodi azepi n- 4- one-

( 300”9 méﬁe@ orgéfhc ﬁiasés Wgrte%shéd with sat NaHCOa and brine, dried over Na SO,
-(N-(2-e 4, 5-tetrahydro-| benzodi azepi n- 4- yI car bonyl)

" benzyl ga¢ @%ﬂ%‘}ﬂa}&q_’ﬂt"ﬁﬁ“@pr'g‘q @?'Y%WW -Beq byflagh alfggpliqgraphy on sifica
1,1 C@éi%l&h’r‘ltobﬂ%&l@m% Jz%ﬂﬁnol tdéﬂ?@@b\aie%ﬂovﬁdﬂlddérﬁf&j sobysi on of

v e sl p O Bprrons 4R et T e

ni trogerespas and the solution was stirred at RT for 37 16 Decenber 2005 WO
03/ 000692 PCTI GB02102872 1lhr. A solution of

4-met hyl -1 -L-thioprol yl perhydro-1, 4-di azepine (22.7nmg, (c).lmmol) and D EA
(540, C@BrSvEAminonByl-3-drethylbersoylittrawktbyid, 10Hdhydospyrazoto[fadIEtSlrred at RT
for 18[}5 ZO'I“LQJS' I trogen gas. The solvent was renoved in vacuo and the

resi due Wwas p i ed by flash chromatography on silica gel (eluant 97%

chl or oBodiwh 2otohedrida ib27a1 35.5mmriol way Rddedrnestionwse foan ige-omid sUSPSRIIGNY | denti fi ed

as 4- mo:ftg'-gtl Jan(() 'évl:n@ﬁfﬂ:eﬁfﬁﬂ) 14métﬁyl:i 1‘6 dRiydropyr zolo{5 4-b]{1 5]Ibenzod|azepme
tetrahyd ?L benzodi azepi n-4-on- 1-yl car% enzyl car banpyl ) - L-thi oproly
| ) per héd‘rﬂs 3§5mme1)aﬂéﬁpﬁb6t'ﬁh‘g5993©%"m ﬂ?ﬁ'ﬁ]‘ dl (3yd)-2 8 MsUiScenber 2005

- WO 03/ QQ@@'?edP&TﬁwahQZ Jexansal vaith 18 4eHger, Rl concentrated in vacuo.
i]i 5%&&&?% ﬁﬁiﬂ ega@é:@épwhgj%l&équgmi?glw ered%[lrouglh E\lhte filter
benzy| ggunbanay fitrateviad mRBrad with)drafiynyEle:02 1, Sbnili teshaisined with 2M NaOH
and extracted with chloroform.  The organic phase was dried over Na;SO, and
concentrated in vacuo to give a pale brown solid identified as 5-{(4-aminomethyl-3-
methylbenzoyl)-1-methyl-4,10-dihydropyrazolo{5,4-b][1,5]benzodiazepine (745mg, 64%).

12C: 4-Methyi-1-(N-(2-methyl-4-(1-methyi-4,10-dihydropyrazolof5,4-b]{1,5}-
benzodiazepin-5-yicarbo nyl)benzylcarbamoyl)-L-thioprolyl)perhydro-1 SA-diazepine
1,1"-Carbonyldiimidazole (267mg, 1.65mmof) was added to a solution of 5-{(4-
aminomethyl-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b]{1,5]benzodiazepine
(520mg, 1.5mmol) and DIEA (276, 1.5mmol) in DMF (10ml} under nitrogen gas and the
solution was stirred at RT for thr. A solution of 4-methyi-1-L-thioprolylperhydro-1,4-
diazepine {374mg, 1.65mmoal) and DIEA (276, 1.5mmol) in DMF (10ml) was added and
the resuiting solution was stirred at RT for 18hr under nitrogen gas. The solvent was
removed in vacuo and the residue was purified by flash chromatography on silica gel
{eluant 96% chloroform/3% methanol/1% friethylamine then 92% chloroform/6%
methanol/2% triethylamine) to yield a cream-coloured solid idenfified as 4-methyl-1-(N-(2-
methyl-4-(1-methyl-4,10-dihydropyrazolo[5,4-b]{1,5]benzodiazepin-5-ylcarbonyl)benzyl-

- carbamoyt)-L-thioprolyl)perhydro-1,4-diazepine (568mg, 63%).

NMR (270MHz, CDCly) 3 1.91-2.77 (18H,m), 3.33-3.43 (2H,m), 3.62-3.64 (1H,m), 3.73
" (3H,5), 3.75-3.95 (3H,m), 4.11-4.29 (2H,m), 4.55-4.57 (1H,m), 5.05-5.06 (1H,m), 5.85-
5.91 (1H,m), 6.65-6.77 (3H,m}), 6.94-6.98 (4H,m), 7.21-7.24 (1H,m) ppm.
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NN NN T-- rN\ NH2 12A

5- (4- Cyano- 3- net hyl benzoyl ) - 1- net hyl - 4, 10- di hydropyrazol o[ 5, 4- [1 5] -

benzodi azepi ne Thioriyl chloride (1.8m, 27mmol) was! o deremnben? Ssuspensi on

of 4-cyano- 3-nethyl benzoic acid (1.29g, 8. Omol) in toluene (25nl) and the

m xt ur ewpBoees ed at reflux for 2hr, then cool ed tpctiép@ndsmgoncent rat ed

in vacuo. The residue was azeotroped with toluene then dissolved in

di chl oronet hane (10M ) and added to a suspension of 1-nethyl-4,10-

di hydr opyr azol o[ 5, 4-b] [ 1, 5] benzodi azepi ne (1.6g, 8mml) and triethyl am ne
(1.4nt, 10muol)_in dICh| oronet hane (15nml). The m xture was stirred

~over ni YBEMEHI B90.f hen concentrated in vacuo. The residue was partitioned

bet ween chl orof orm and 0. 3M KHSO4. The aqueous phase was extracted with

chl or of omm 2- propanol (80:20). The 39 16 Decenber 2005 WO 03/ 000692

PCTI GB02/ 02872 conbi ned organi ¢ phases were washed with sat. NaHCO3 and

bri ne,Extimplé 18ver Na2SO4 and concentrated in vacuo. The residue was

o gy PR RS >0 ooTor 5%

cyano- Ebnzatliayémmﬁwtppﬂ;onj(l)bmtzmmbam%-ﬂrthrpdmbp)ppdwdr@!,3- 4-b][1, 5] benzod| azep
i ne (Zd. gn.ﬁ%/?,a. %ZB 5- (4- Am nonet hyl - 3- net hyl benzoyl ) - 1- rret hyl -

O di hydro yrazol o [l 4 b][1 5] - benzodi azepi ne Sodi um bor ohydri de (1 27g,
33.5mmol ) was added port\ionwise to an ice-cold suspension of

5- (4- cyan- 3- net hyl benzoy L'\i met hyl - 4, 10- di hydr opyr azol o[ 5, 4-b] [ 1, 5] benzodi
azepine (1.15q, 3.3ﬁ | ) jand CoCl 2. 6H20 (1.59g, 6.7mmol) in nethanol
(35m ). The m xt wad\stirred at RT for 1hr, then guenched with 1 M
KHSO4 and conce dted i p vacuo. The aqueous residue was diluted with I M
KHSO4 (40nl) a ter through Celite(r) filter agent. The filtrate was
washed with di eth eNher (2 x 50ml) then basified with 2M NaCH

N.. _N
\n/g
IERES

\
H NN
N N |
oS
0
H
N\H/N
0] N/N\f |

lodomethane (13.9mg, 6.1, 0.098mmol) was added to a solution of 4-methyl-1-(N-(2-
methyl-4-(1-methyl-4,1 0-dihydropyrazolo[5,4-b][1 ,5]benzodiazepin-5-ylcarbonyt)benzyl-
carbamoyl)-L-thioprolyl)perhydro-1,4-diazepine (30mg, 0.049mmot) in THF (10mi) and
- the mixture was stirred at RT' for 4hr. The resulting solid was collected and dissclved in
water (5ml). The solution was washed with ethyl acetate (2 x 10ml) and lyophilized to
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and extracted with chloroform The organic phase was dried over Na2SO4 and
concentrated in vacua to give a pale brown solid |denébf| e
5- (4- ami nonet hyl - ecem er2005 |
nmet hyl benzoyl ) - 1- rret hyl - 4, 10- di hydr opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne
( 745my, wot¥eos®2C. 4- Met hyl -1-(N PCT/GB02/02872 '
(2-met hyl - 4- (1- et hyl - 4, 10- di hydropyrazol o[ 5,4-b][1,5] benzod iazep i
n 5-yl carbo nyl)benzyl car banoyl') - L- thioprolyl)perhydro 1,4-diazep i ne

yl m oi 7 CIRAEIRA-) -( (1 tion of 5-(4-
am nocr;@feﬁ ? \E’Me EQﬁ%erilézaec';g/i?’)eﬁ r1%met ﬁyl 4.°10-di hg@r o’e‘i/ir a@%tﬁc}?gmi b] [ 1, 5] benzo
- d |azetIi1Md@PY’(35‘ZQiﬁﬁ blli SMd;az%Sﬂpggor(ygq@chaf in DMF (10m) under
nitro rd-N 8-dizSEdinili Rideqsongd, 79.68) at RT for 1 hr. A solution of
4- et %RIP?‘I%@%&?ﬁ opr ol yI@éper hydro-1 n? di a’zjepl ne (374ngy, 1.65mmol) and DI EA
(2761, 1.5mol) in DWVF (10mM) was added and the resulting solution was
sti rrqugm Bi5.8or 18hr under nitrogen gas. The solvent was renpved in
vacuo and the residue was purified by flash chromatography on silica gel
(el uant 96% chl or of or mf 3% net hanol / 1%t ri et hyl ani ne t hen 92% chl or of orml 6%
met hanol/2%tri ethylam ne) to yield a creamcoloured solid identified as
4- et ’1 “\k (2-
met hyl™= n'(pi nmet hyl - 4, 10- di hydropyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi n-5-yl car bon
yl )ben&MlethYbHﬂbﬂ'rmyihyl-t(5,%i’@ﬁ@féﬂyﬂﬂ’s@ﬁl‘ﬂ[&?tﬂizenﬂlj‘iﬂﬁéﬁpﬂé' 568ng, 63% . NWR
(270 . 3.43 (2H, M), 3.62-3.64 (1H m,
3. 73%@%% %Et%gaﬂ’zﬁd&g%fﬁ'&eggﬂ2H M, 4.55-4.57 (1H, .
5.05-5.06 (1H,m, 5.85- 5.91 , 6.65-6.77 (3H m, 694698(4Hn)

7.21-7.24 ( m ppm 40 1 cerrb r 2005 WD 03/000692 Ms [ M+tH]' 600.
PCT/ GBOg Exanmpl e 13 Q
4,4-Di. N- - ( 2- net hyl

5-y| carbonytThenzy[lcar banoy) ) - L-t hi oprol yl ) perhydro -1, 4-

di azepi nlumlodlde N--\ M 0) H
o~ ' N\[rN
NH

| 1,1-Carbonyldiimidazole (20mg, 0.12mmol) was added to a solution of 4-(4_4—aminomethyl-
'3-methylbenzoyl)—5,6,7,8-tetrahydrothieno[3,2-b]azepine. (36mg, 0.trmol) and DIEA
(50p, 0.3mmol} in DMF (10ml) under nitrogen gas and the solution was stirred at RT for

nmet hyl -4, 10- di hydropyrazol o[ 5,4 -b][1, 5] -

1hr. A solution of 4-methyl-1-L-thioprolylperhydro-1,4-diazepine (34mg, 0.15mmol) and
DIEA (50ul, 0.3mmol) in DMF (10ml) was added and the resulting solution was stirred at
RT for 18hr under nitrogen gas. The solvent was removed in vacuo and the residue was
purified by flash chromatography on silica gel (eluant 96% chloroform/3% methanol/1%
triethylamine) and then by semi-preparative HPLC {Vydac Cis column; 30% — 80%
0.1%TFA/acetonitrile in 0.1%TFA/water over 40min at 6ml/min).  Product-containing
fractions were pooled and lyophilized to give a white s_.oiid identified as 4-methyl-1-(N-(2-
methyl-4-(5,6,7,8-tetrahydrothieno[3,2-bJazepin-4-ylcarbonyl)benzylcarbamoyl)-L-
-thioprolyl)perhydro-1,4-diazepine frifluoroacetate (17mg, 25%)._

NMR (270 MHz, CD;OD) & 1.79-2.32 (10H,m), 2.71-2.99 (5H,m), 3.40-3.91 (10H,m),
426453 (3H,m), 4.86-5.10 (2H,m), 6.27-6.28 (1H,m), 6.79-6.81 (1Hm), 7.13-7.41
(3H,m) ppm. | |
| )



| odonet hane (13.9ngy, 6.111, 0.098mmwl) was added to a solution of
4-methyl -1 -(N-(2- nethyl-4-(1-nmethyl -4, 10- dlhydropy [

1, 5] benzodi azepi n- 5- yl car bonyl )benzyl _ ecengber%(%]

car banoyl ) - L-t hi oprol yl ) per hydro-1, 4-di azepi ne (30ng, 0.049mmol) in THE
(10mi ) wado3/000ee2 mi xt ure was sti rred at RT for 4hr. TREU/GBAMERNg solid was
coll ected and dissolved in water (5m), The solution was washed with ethyl
acetate (2 x 10m) and |yophilized to 41 16 Decenber 2005 WO 03/ 000692

PCTI 6802102872 give a white solid identified as

4, 4-di W %74%#(2 net hyl - 4-(1-methyl -4, 1 O-
di hydrﬁ% 4-b] [ 1, 5] benzodi azepi n- 5-yl car bonyi ) benzyl car banoyl ) -L -

t hi oprol yl') per hydro-1, 4-di azepi nium i odide (29ng, 79.6%. M5 [M+ 615.3
Exanpl e 14 4-Methyl -1 -(N-(2-methyl-4-(5, 6,7,8-tetrahydroth ieno[3,2-b]
azepi n-4-ylcarbonyl)- benzyl carbanoyl)-L-thioprolyl)perhydro-1, 4-dl azepi
ne NHXEXample 1€ar bonyl d iim dazole (20ng, 0.12nmmol) was added to a sol ution
of 4-( X . .

3. ot I f‘fﬂg’mx 'f'ﬁ i‘)ﬁlethyM éﬁﬁ?&tetrah F'{)"tth'.‘“"é%[f;z b}azegm;i %Igfr#gnylz 36y, 0: 1ol )
and DIENM(’WTBOWDMFBM)PPTHYW‘(ﬂ'aﬁﬂ“)e under nitrogen gas and the :
sol ution tirred at 1 hr. A solution-—e
4- et hyg L-t Ki oprol yl pg dro- , 4- di azepi rg 0. 15mmol ) and DI EA
(501, ) fin DMF (1Qm § was added and ting solution was
stirre for -18hr trogen—g=s. 9¢f'vent was renoved in
vacuo and thg residue was purlfled by flash chro at ogr aphy on silica gel

(el uant 968¢C o M 3% | triethylg#ingy ~apd t hen by

sem - preparati y PLC (Vydac C13 um; 30% -* 809 %I'ﬁéd acetonitrile
in 0.1 %BdFAl ' %( Ar 40m n at ~&A ™NA Pr oduct Pt A fractions
wer e pool ed and |yophilized to give a Ite solid identified as

4- et hyl - 1- (N- ( 2-

nmet hyl -4- (5, 6, 7, 8-t et rahydr ot hi eno[ 3, 2- b] azepi n{4-yl car bonyl ) benzyl ca rba -
nmoyl )-L thi oprol yl ) perhydro-1, 4-di azepine trifl goroacetate (17nmg, 25% . NMR
(270 MHz, CD30D) 8 1.79-2.32 (10H,rr), .99Y(5H, M, 3.40-3.91 (1OH, m,

15A: 4-(4-Carboxy-3-methylbenzoyl)-5,6,7,8-tetrahydrothienof3,2-b]azepine

A suspension of 4-(4-cyano-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-blazepine (1g.
3.3mmol) in conc. sulphuric acidfiwater (1:1, 30ml} was heated at reflux for Shr.  The
resulting solution was cooled to RT, diluted with water (20ml) and extracted with
chloroform (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 chioroform (3 x 20ml). These chloroform extracts were combined, washed
with brine, dried over Na,SO, and concentrated in vacuo to give a pale brown solid
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4.26-4.53 (3H, M, 4.86-5.10 - (2H, ), 6.27-6.28 (1 H M, 6.79-6.81 (IH M,
7.13-7.41 (3H mM ppm 42 16. Decenber 2005 WO 03/ 00?6682' 56\@ + 574.2
PCUGB02/ 02872 Exanpl e 15 : ceember

4-Met hyl -1-(N-(2-net hyl -4-(5, 6,7, 8-tetrahydrothi eno[ 3, 2-b] azepi n-4

yl car bog#ledneedenzyl oxycar bonyl ) - L- prol yl ) per hydr o- 1, merdizazepizne OH N. N 15A:
4- (4- Car boxy- 3- net hyl benzoyl )-5, 6,7, 8 tetrahydrothi eno[ 3, 2- b] azepi ne A
suspensi on of

4- (4- hyl pgr -3- berolifs,b ZiavetsHybioterofs, Rbjadepimepi ne (1g.

3. 3rmg%{ ﬂﬁ%—gggrfc. Agﬁlr%ﬁ%ﬁ% ag’iyld?wa%gr (1:1, ?!:Onﬂ) wta3é r}eae?ed at reflux for
Shr . mg, @3%)-ti ng sol ution was cooled to RT, diluted with water (20ntl) .
and extracted with chloroform (3 x 20ml). The conbi ned organi ¢ phases were

extracted with sat. CO3 2 X Th o n extracts were
o U B pmRe A Rt e AL S R Agid 23AERYE B TacT Ve
chl or Qfgut SloFoAérindteVEI5eIC Qiriol etlas wadsdeth avédiltiobrafné{4-carticagt3over Na2SO4

B oSt S W B BB DO SPhbind 38y Ceerber 2005 VO

4- ( 4- GastmbpRolB (ZB0kb e nEMA))in BHIE (TBni-dt 62C aft/the otikiurerves 3ti@edoipaz epi ne.
(225ny, 239% . 15B:

4- (4- Firer %6 wesufignt sysnepsing AR fUwsed sodthg Mirele yas rac<'£1(l1*|e§’dt P & Foion, [05 2-b] azepi ne
| sobutgpbiumborstebitienas eng, 386inmoR immatyr (¥arsl) sldded The salutien wasi tified '
4- (4- carhoxy; 3-, et L)z | 21hd azepi ne
(470mdt k%?gygghﬁmrysagﬂgeﬁ%ﬁﬁr%@?ﬁﬁ éﬂgﬁ‘%ﬁyﬁ%gﬁ&gﬁ%ﬁ& ?ﬁl n THF (15n)
at 0C raméining soliiont wasadiiuias wilh ivateeahdfextracted with chloroform (3 x 20mi).  The

combined organic phases were washed with brine, dried over Na,SO, and concenirated

in vacuo to give a pale brown solid identified as 4-(4-hydroxymethyl-3-methytbenzoyl)-

5.6,7,8-tetrahydrothienof3,2-bJazepine (330mg, 74%).

15C: 4-(4-(1 Jmidazolecarbonyloxymethyl)-3-methyibenzoyl)-5,6,7,8-
tetrahydrothieno[3,2-bJazepine

1,1-Carbonyldiimidazole (36mg, 0.22mmol) was added to a solution of 4-(4-
hydroxyrnethyl-3-methylbenzoy[)-5.6,7,8—tetrahydrothieno[3,2—b]azepine © {60mg,
0.17mmol) in DMF {2mi) under nitrogen gas and the solution was stirred at RT for 18hr.
The solvent was removed in vacuo and the residue was purified by flash chromatography
on silica get {eluant 87% chloroform/3% methanol) to give a colouriess gum identified as
4-(4-(1 -imidazolecarbonyloxymethyl)-3-methylbenzoyl)-5,6,7,8-tetrahydrothienaf3,2-
blazepine (60mg, 45%).

- 15D 4-Methyl-1-(N-(Z—methyl-4—(5,6,7,8-tetrahydrothieno{S,Z-b]azepin-4-ylcarbonyl)-
benzyloxycarbonyl)-L-prolyl)perhydro-1,4-diazepine
A - solution of 4-(4-(1-imidazolecarbonyloxymethyl)-3-methylbenzoyl)-5.6,7,8-
tetrahydrothieno[3,2-bJazepine (27.24mg, 0.12mmol), 4-methyl-1-L-prolyiperhydro-1,4-
diazepine (47mg, 0.12mmol) and DIEA (45pl, 0.125mmol) in ethyl acelate (20mt) was
heated at reflux for 48 Hrs. The solvent was removed in vacuo and the residue was
purified by flash chromatography on silica gel (eluant 96% chloroform/3% methanol/1%
triethylamine) then by semi-preparative HPLC (Vydac Cis column; 25% — 65%
0.1%TFA/acetonitrile in 0.1%TFA/water over 40min at 6mi/min).  Product-containing
fractions were pooled and iyophilized to give a white solid identified as 4-methyl-1-(N-(2-
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l1hr. The resultant suspension was filtered and the filtrate was added to a
solution of sodium borohydride (131 ng, 3.45nmol) in water (1lbnl) at O0C_
The solution was stirred at RT for 2hr, then sat. NPeeemheiyO0us added
and the THF was renoved in vacua. The remaining solution was diluted with
wat er amb &s0oeeart ed with chloroform (3 x 20nm ). The pcpeBizeesizor gani c
phases were washed with brine, dried over Na2SO4 and concentrated in vacuo
to give a pale brown solid identified as

4- ((4- hyugka-E8, hpltethy@mbthishd]® DoRirépin-4 Sicbrbdny®sé Ry HRARYB BRI eno[ 3, 2-h] azepi ne

' gsﬁggh@@ﬂ?ﬁﬁi@%é%%%%%‘zlﬂ@ﬂ’?a@é% car@gq r ahydr ot hi eno[ 3, 2- b] azepi ne

1,1 -Carbonyl diimdazole (36ng, 0.22mmol) was added to a solution of 4-(4-

(50, W YRS COTE" (B ej6 {iiep %éf%é@?@@? SEI R on ves

st i rr ed.0&#. 18T(1Hm), 18814-5.13 TBid,m},06. 266125 8l e réoRGeRI78 1Y, aun02@@ 1t he residue
was pu M'lﬂfigwpy fl ash chromatography on silica gel (eluant 97%

chl oro or met hanol) to give a colourless gumidentified as

4-(4-(1-i m dazol ecar bonyl oxynet hyi ) - 3- met hyl benzoyl ) -5, 6, 7, 8- tetrahydrot hi e
nof 3, ZN@"W |5g 3(60ng, 45% . 15D 4-Methyl-I-(N :
(2- met hyl ](@ 7 8-t etrahydr ot hi eno[3 2- b] azepi n- 4-yl car bonyi ) -

benzyl oxycar bonyl )-L-prolyl }perhydro-1, 4-di azepi ne A solution of

4- (4-(1-i m dazol ecar bonyl oxynet hyl ) - 3- rret hyl benzoyl ) -5, 6, 7, 8-

t et rahydr ot hi eno[ 3, 2- b] azepi ne (27.24ng, 0.12mmol),

4- et hyl -1 - L-prol yl perhydro-1, 4- diazepine (47ng, 0.12mmol) and DI EA (451,
0.125mml ) in ethyl acetate (20m) was heated at reflux for 48 H's. The -

"~ solvent was renmoved in vacuo and the residue was purified by flash

chromat ogr aphy on sili ca get (eluant 96% chl or of or nl 3% met hanol / 1%
triethylamne) then by sem -preparative HPLC (Vydac C, 8 colum; 25%--> 65%
0.1 % FA/ acetonit(le in 0.1 %9FA/ water over 40mn at 6m/mn).
Product-containing fractions were pooled and |yophilized to give a white
solid identified as 4-net hyI 1-(N- (2 44 16 Decenber 2005 WO 03/000692

PCTI GB02102872
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met hyl - 4- (5, 6, 7, 8-tetrahydr ot hi eno[ 3, 2- b] azepi n- 4-yl car bonyl ) benzyl oxycar bo
nyl)-L- prolyl)perhydro-I, 4-di azepine trifluoroacetatd (11rrg 1399 . NMWR
(270 MHz, CD30D) 8 1.80-2.46 (15H,n), 2.92-2.98 (5H L Decgrgngr 30059 (11H m,
4.07-4.15 (1H, M, 4.84-5.13 (3H, M, 6.21-6.25 (1H,n), 6.75-6.78 (1H mM,
7.02-7. @0 o3fpdisb2r) ppm M5 f MrH]} 585. 3. 45 16 Decenberci2épia/ow@ (c) 31000692
PCT/ (B02/ 02872 Exanple 16 (4R -W(2-C h |loco-4-(5,6,7,8-tetrahidroth

ieno[ 3,2-b] azepi n-4-ylcarbonyl) - benzyl carbanoyl) -4-nmethoxy-L-prof i

ne- N- nesiditiie M6 ( 2- pi col yl ) anide H2 46 16 Decenber 2005 WO 03/ 000692
PCT/ GBCR1

(AR RN RO A 68 et ieno R A RSB YFR P oy | ) - 4- et hoxy- L-

pr ol | ngenFpichpanyl)-armdthdxy-IGprdlinen-fethpl-Azpicely)&fldey, 4. 8ol ) was added to
a solution of tert-butyl 4- (am nonethyl)-3-chlorobenzoate (967ngy, 4mol)
and Dl (1Im. 6mmol) in DMF (3Qmi) under nitrogen gas and the solution
was stiryed at RT for 1hr. A sol on of (4R)-4- nethoxy-L-proline nethyl
ester (663, 4.17mml) in DVF (10nP) was added and t hgpesol ution was
stirred at {RT f ghr. The sol vent iwas rermgpd in vacuo and the residue
was di ssgi*ved acetate. THE SY gn was wth 0.3M KHS04,
sat. NaHC03 & dried over A andHcon ntpated in vacuo. The
resi due was : s y fl ash chronat ogFrapk hTrf a gel (eluant 80%
pet.ether/20% ethyl acetate) to give a white solid idéntified as (940rrg,
559 . OMe

4

oA

N
N OMe
Cl s
0
H
N _N
il Nss
0 7N
O \ \ .
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. 1613-

(4R) . Afl . (4-(tert-Butyl oxycarbonyl)-2-chl orobenzyl c anoyl nmot hoxy- L-
proline Lithium hydroxide (139ng, 3-3mmol) was adde&éj%e‘%?ng’ﬂ%ﬂq Son of

(4R) -W (4-(tert-

but y[ oxy@anseeeys ) - 2- chl or obenzyl car banoyl ) - 4- met hoxypdw@B®lokare net hyl ester
(930ny, 2,18ny) in dioxan/water (1:1, 30m) and the m xture was stirred at
RT for -1hr. The solvent was renoved in vacuo and the residue was

partit it eSO SEMEOUS | ayer was
extrac égg?&h)t}ﬁi IIEI}IQIIIQ %‘tﬁg&I I% 30rﬁom&miII{Ii orgI%ﬁIEIi:aghases wer e conbi ned
~and vvasmuemethﬂbﬁfﬁhe dried over Na2804 and concentrated in vacuo to give

a whi t £15@4hshyicigRbidd ¢8boas, @%R)moI)VIIvés edddd & & -solution of fertbuiy 4-

I I - chl I yl
SSI)/SI Oé)é'gp%rm%thyﬁ— ~chlorgbengc1ra(t)eb(%£r317rx ,%%Imol) and [)IEA (1mIt6 3/ 1) in dRIIFOI % (890rrg,

(4R|) Amd%flnﬂrbﬁéri gBlad B%)seRGGHOWNS );hr%dCdIIR]T pbanz y |/ sdllprny [(JR)4-met hoxy- L-
proline-

R et MpPIRSCDB o i Easie LHaard. ¢ dgamen s DHE AT wasadded o P8g 1 n an

HCVdi osehitio W@slslirreaat Rihier 8. ut'!rrersom wabs |rem®dd &t vaello &raf thé hesidughe sol vent

d h Th
Fosul (1R deR el G ARG, " ThE SHUKR VIS BREE RES Y KdiSoL RIS i e
( 140p| NaHOOpaNd tvive, ditktieavet NagfiGscaral epkentiated in g@cu- rrEhdny&SldBlemaﬁol ylamine. In
a SeCOpII.ﬁIiﬁ&I W@sﬁ%ﬁa&bra%ﬁyn&l sil%aMIulnnt%ﬂ‘% PABGRe b O acllatepigol ) were

added 0 a ‘so
(4R) - Nyieda whiter soldidenfifiesk§sc@4%ag pPYe)-2- chl or obenzyl car banoyl ) - 4- net hoxy- L-
prol i ne(185ng, 0. 45nmol )i ndi chl or or het hane(10m )atO C. The resulting

" solution was 47 16 Decenmber 2005 WO 03/ 000692 PCTI GB02/ 02872 allowed to

war m t SBERN (@ fert-Bitylosycagmuyh-2-chirrobenzyicadiameyiémethexy-L2- pi col yI ani ne
was a ﬁnéo this solution and the reaction m xture was stirred at RT for
18hr. "The sol vent was renoved in vacua and the residue was di ssolved in

et hyl ladbmatgdrosige (13W0at3-sAmasvagaaddied (B 8hsaiutig skHEBIV httertNaHCO3 and
bri ne,, ldbﬁ&} %gr-zmmn@nﬂmaﬁ@m@mw@pmwm 5 (08Grhgue was

purifie h chronatog%raphy on silica ge
2. 18mg) in dioxanfwater (1:1, 30m{) and the mixture was stirred at RT for 1hr. The

solvent was removed in vacuo and the residue was partitioned between ethyl acetate and
0.3M KHSQ,. The aqueous layer was extracted with ethyl acetate (2 x 30ml). The
organic phases were combined and washed with brine, dried over Na,30, and
concentrated /in vacuo to give a white solid identified as (4R)-N*(4-(tert-
butyloxycarbonyl)-2-chlorobenzylcarbamoyl)-4-methoxy-L-proline (890mg, 99%).

16C: (4R)-N"-(4-(tert-Butyloxycarbonyl}-2-chlorobenzylcarbamoyl)-4-methoxy-i.-
proline-N-methyl-N-(2-picolyl)amide

fert-Butyl N-methyl-N-(2-picolyf)carbamate (100mg, 0.45mmol) was dissolved in 4N
HCl/dioxan (10ml) and the solution was stirred at RT for 1hr. The solvent was removed
in vacuo and the residue was azeotroped with toluene. The resulting gum was dissolved
in dichloromethane (5m!) and triethylamine (140uf, 1mmol) was added to give a solution
of N-methyl-2-picolylamine.

In a second flask, HOBt (107mg, 0.7mmol) and WSCD (106mg, 0.55mmol) were added
to a solution of (4R)-N"-{4-(tert-butyloxycarbonyl)-2-chlorobenzylcarbamoyl}-4-methoxy-1.-
proline (185mg, 0.45mmol} in dichloromethane (10ml) at 0°C. The resulting solution was
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(el uant 96% chl or of orm 4% nmet hanol ) to give a white gumidentified as
(4R)-Na: (4-(tert-

but yl oxycar bonyl ) - 2- chl or obenzyl car baroyl ) - - 4- et hox LA RsEBPFRER: met hyl - N- (
2 picolyl)amde (170ng, 73% . 16(c):

(4R) - Nawiodnfeltksy 0- 4- (5, 6, 7, 8-tetrahydr ot hi eno[ 3, 2- b]mmfoﬁwl car bonyl)
benzyl car banoyl ) - 4- net hoxy- L- prol i ne-N net hyl - N-(2-pi col yl)am de (4R)-
(4-(tent Butyl oxycarbonyl)-2-chl orobenzyl car banoyl) - 4- met hoxy- L- prol i ne- N
et Y1 P ol R e AP0, 1 REBbiOHRE NIEAl b TEAI DM

(10m )a e sol utron was stirred he sql vent was

" r enov evhsi added duthis spiution imed thetepetion %redf%ssﬁﬂ'[r%ét Bﬁ fEﬁ &q‘h’or et hane (10m)

Bhig Cs%&%a é)re%vecﬁln@azmg ana_ Q’fer FREMeE %@U%E&ilea,ta-elﬂiyﬁémwe FRéON, 0. 12mmol 3
Mo ime am, Nopyr i , nro

and t rsolstipn ya g%b RO )Satné’PHgQaa@ng'"ﬁn‘éﬂef’pﬁé %@?%E’ﬁ%ﬁg vas heated at

ref | Weoh@intrate fin véEh@ SMeVr@ﬂﬂueVmS pusifiEyBcfidsh chramatogaptly bieiicargati due was
di ssolved in ethyl acet

KHSO4,
oot el 9574 SO Bt ToRfianoRo 8 S e W Mehia i (RN Bt (ot oo

V\ﬁls Fb]lgai |Jn};&¢bdhy|)-tlcais.lfe;b@diﬂymmgﬁp@hythomf-tsmbmavmthy( gi(@rant 97%
C or or or

3%?‘? _84 ive a white solid identified as

(4R) - i Emdg (HOm9 &%) 7. 8- tetrahydrothl eno[ 3, 2-b] azepin- 4

yl car bonyl ) benzyl car barmyl ) - 4- met hoxy- L- prol i ne-N-net hyl - N- (2- pi col yl )am de
32ny, 7 2.89 (3H, M

g or7ng 31592?‘(@411}%‘ W‘Cg‘é’ mﬁg% F%Bﬁ ?1%5““”"8[% é&ée%g’%ﬁa%"%g 58- 6(65 (1H m,
689261,6.3 Syitrblampyl)Z- n&%ﬂxyﬂﬂp(oﬁhk;%u&t_&ri?yﬂﬂ(2-l8¢d41)=(midbl m ppm M [M+H' 596. 2
4

1- ( (484 M@éﬁﬁ&@”x B%{g‘?foeb cgﬁgégiﬂfenom%koﬁrz‘%ﬁl n- 4-yl car bonyl)
benzylrﬁamban(mdm)olrynan'ﬂﬂe mmg D-1Amorol) Was dis¢alved yor 8036 ITEAMBAN (I0pBENdi ne

the solution was stired at RT for 90min. The solvent was removed in vacuo, and the

.ﬂ_‘

residue was dissolved in dichloromethane (10ml) then cooled to 0°C. 5.6,7,8-
Tetrahydrothieno[3,2-bjazepine (20mg, 0.12mmol), WCSD {(48mg, 0.25mmol), 4-
dimethylaminopyridine (15mg, 0.12mmol) and triethlyamine {56p, 0.4mmol) were added

" and the solution was heated at reflux for 1hr. The solvent was removed in vacuo and 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. The residue was
purified by flash chromatography on silica gel (eluant 97% chiloroform/3% methanol) to
give a white solid identified as {4R)-N°-(2-chloro-4-(5,6,7 8-tetrahydrothieno{3,2-bJazepin-
4-ylcarbonyi)benzy!carhamoyl)-4-methoxy-L-proline-N~methyI-N—(2-picoiyl)amide {32mg,
45%)

NMR (270MHz CDCl3) & 1.74-2.26 (8H,m), 2.86-2.89 {3H,m), 3.07-3.32 {(4H,m), 3.44-4.97
(10H,m), 6.12—6.16. (1H,m), 6.58-6.65 (1H,m), 6.99-7.28 (4H,m), 7.53-7.70 (2H,m), 8.17-
8.44 (1H,m) ppm. '

MS [M+H]' 596.2
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17A: (4R -N
© -(2-Chloro-4-(5,6,7, 8-tetrahydrot hi eno[ 3, 2-b] azepi n-4-yl carbonyl)

benzyl car bamoyl ) - 4- met hoxy- L-pral i ne methyl ' ester 1,% ﬁ@%ﬁ“ﬂ’é’ﬁ% & i ni dazol e
(197.8ng, 1. 22mmol ) was added to a solution of 4-(4-
am nomeyyyhaessah! or obenzoyl ) -5, 6 7, 8-tetrahydr ot hi eneidcizbisazepi ne (400ny,
1.11 mml) and DL1EA (306h,l, 1.66mmol) in DVF (10m ) under nitrogen gas
and the solution was stirred at RT for 1 hr. A solution of _ :
(4R)'4Ei5§ﬁd?ﬁﬁ" L-proline nmethyl ester (176nmg, 1.11mnol) in DVF (10m ) was
added and ‘the m xture was stirred at RT for 18hr under nitrogen gas. The

© sol vert-{(#RsNT-2rihere-4-5.6/ a8 tairalmdrothignol3ePlgerindeyisasbemlled by 1 ash

chro aRBY%me -ﬁinhétﬁ@:aﬂe rot ribhidnglpipeddiae M 1% net hanol / 1% acetic
aci dﬂ%ggb 16ng():errber OOE V@%g/n%yOOGQZ PCT1GB02102872 give a white solid

identified 4R) - N'- (2-chl oro-4-( , 8-t etrahydrot hi eno[ 3, 2- b] azepin- 4
yl car bo benzyl car banoyl ) - 4- roline nmethyl ester (550ngy, 98% .
17B: ( f-(2fChl oro-4—k, 6, 7,

tetrahy IN'no[ 3, 2- b] azepi n- 4- benzyl car ba | )

- 4- met hoxy- L-jprol i ne solution of Iijthium hyé{ oxi de (63.5hgy, 1.S3mmol)
and (4R) - Ng(2= -4-(5,6,7, 8- \ _ '
t et r ahydr ot hi eng epi n- 4-yf car bo q@' ) - 4- met hoxy- L-pra
i ne nmethyl este 2 1.08mmol ) in T ; 40mL) was stirred

at RT for | hr. The dioxan was renoved in vac andl t heyaqueous resi due was:
acidified with IN HJ and extracted wth ethyl ac& ate’T32Me50m). The
organi c extracts were conbi ned and washed with vvater,O dried over Na2SO4
and concentrated in vacua to give a ite solid identified as
(4R)-N'-(2-chloro-4-(5,6,7,8-tet d rat hi enoy 3, 2- b] azepi n-4-yl carbonyl )
benzyl car banoyl ) - 4- net hoxy- L- pr e (490ng, 92% . 17C
1-((4R)-N-(2-Chl oro-4-(5,6, 7, 8- N ot hi eno

[ 3, 2- b] azepi n-4-yl car bonyl ) -
benzyl car banoyl ) - 4- met hoxy- L- pr ol .yl
(14.8nmg, 0.097nmol ), WBCD (22. 68ny,
4- (pyrrolidi pi peridine (13.7nmg, O.
sol utiorg (4R N'-(2-chl oro-44(5,6, 7, 8-
tetrahy ro\hi enof 3, 2- b] azepi n#4-yl car bonyl ) benzyi car ba I8 - 4- met hoxy-L-pro
line (4 | 0 H

OMe
" @l i dinyl)giperidine HOBt

) d
I)aﬂereNad d to an ice-cold

OMe
Cl 3
H R
0]
(-
\®

17A: (4R)-N"’-(2-Chloro-4-(5,6,7,B-tetrahydr.othieno[3,2-b]azepin-4-ylcarbonyl)-
‘benzylcarbamoyl)-4-methoxy-L-proline methyl ester

1,1-Carbonyldiimidazole (197.8mg,1.22mmol) was added to a solution of 4-(4-
anriinomethyl~3~chiorobenzoyl)-s,ﬁ;7.8—tetrahydrothienq[3.2-b]azepine (400mg, 1.11mmol)
and DIEA (306yl, 1.66mmol) in DMF (10ml} under nitrogen gas and the solution was
stired at RT for 1hr. A solution of (4R)}-4-methoxy-L-proline méthyl ester (176mg,
1.11mmol) in DMF (10ml) was added and the mixture was stirred at RT for 18hr under
niﬁogen gas. The solvent was removed in vacuo and the residue was purified by flash
chromatography on silica gel (eluant 98% chloroform/1% methanol/1% acetic acid) to
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-0.081 mmol ) and triethylam ne (181, 0.12mol) in dichloronethane (10ntl).
The resulting solution was stirred at RT for 18hr. The solvent was renoved
in vacuo and the residue was dissolved in ethyl acel®Pecempie?® ution was
washed with sat. NaHCO3 and brine, dried over Na2SO4 and concentrated in
vacua. Wueeosessziue was purified by flash chromat ogr aphvgBaro2sizl | ca gel

- (eluant 94% chl or of or mML4% et hanol / 2% triethylam ne) to give a white solid
identified as 1-((4R)-Na (2-chloro-4-(5,6, 7, 8-tetrahydrothieno[3, 2-

b% azepgmg 4-wHit6 asllRdunkifidaaRZYR m(aa;maw#web.ns&dmwrémnm Z-Ib)??gzﬁzglf_l -1- ml)oyr roli d. ny
I peri dl ne
1 76 o Wibf?w(bﬁ?zylcg%ﬁﬁ“’g)ﬁrgﬁ 3 'Pf"g‘egﬁetg’_‘)cﬁ‘e') (ég‘i'r‘%]g%/ 28 (3H,s),

3.29-3.32 (1H, ), 3.67-3.70 (1H ), 3.95-4.23 (3H. 1), 4.61-4.83 (2H ),

7 02 yiodspuiBgnon i’ gé&(%n&ﬁ?ﬁ}mﬁb%? 2R k8 50 16 Decenber
2005 V&&M&&%@l)ﬁﬂmaﬁm@-ﬂmrﬂ@womounds are prepared-by anal ogous
T N R TRt R e
25C HHivamRotRiendis Blbldzdsin-4-yicarbonyl)benzylcarbamoyl)-4-methoxy-L-profine methyt

ester (555mg, 1.08mmol) in THF/water (1:1, 40ml) was stirred at RT for thr. The dioxan

was removed in vacuo and the aqueous residue was acidified with 1N HCi and extracted

with ethyl acefate (3 x 50ml). The organic extracts were combined and washed with

water, dried over Na,SO,; and concentrated in vacuo to give a white solid identified as

{4R)-N*-(2-chloro-4-(5,6,7 8-tetrahydrothieno{3,2-bjazepin-4-yicarbonyl)-

benzylcarbamoyl)-4-methoxy-L-proline (490mg, 92%).

17C: 1-{(4R)-N*-{2-Chloro-4~(5,6,7 8-tetrahydrothieno[3,2-b]azepin-4-ylcarbonyl)-
benzylcarbamoyl)-4-methoxy-L-prolyl)-4-(1-pyrrolidinyl}piperidine

HOBt {14.8mg, 0.097mmol), WSCD (22.68mg, 0.11mmol) and 4-(pyrrolidinyl)piperidine
(13.7mg, 0.089mmol) were added to an ice-cold solution of (4R)-N"-(2-chloro-4-(5,6,7,8-
tetrahydrothieno(3,2-blazepin-4-ylcarbonyl)benzylcarbamoyl)-4-methoxy-L-proline (40mg,
0.081mmol) and triethylamine (18ul, 0.12mmol} in dichloromethane (10ml).  The
resulting solution was stirred at RT for 18hr. The solve‘nt was remaoved in vacuo and the
residue was dissolved in ethyl acetate. The solution was 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 94% chloroform/4% methanol/2% triethylamine) to
give a white solid identified as 1-{(4R)-N"-(2-chloro-4-(5,6,7,8-tetrahydrothieno[3,2-
b]azepin-4-ylcarbonyl)benzylcarbamoyl)~4—methoxy—L—pronI)-4—(1~pyrro|idinyl)piperidine
(40.9mg, 80%).

NMR (270MHz CDCl3) § 1.11-1.33(7H,m), 1.76-2.15 (12H,m), 2.60-2.73(3H,m), 2.88-2.92
(2Hm), 3.28 (3H,s), 3.29-3.32 (1H,m), 3.67-3.70 (1H,m), 3.95-4.23 (3H,m), 4.61-4.83
(2H,m), 4.76-4.78 (1H,m), 4.86-4.89 (1H,m), 6.16-6.17 {1H,m), 6.65-6.67 (1H,m), 7.02-
7.05 (1H.m), 7.24-7.26 (3H,m) ppm.

MS [M+H]' 628.3
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 27HHHOVE564. 4 PCT/ GB02102872 51 16 Decenber 2005 WO 03/ 000692

PCT/ GBCR102872 N /--\ N--R 16 Exanple R R4R 6Y[ MrH * No 28CI OVENES604. 2
29FHVes558. 2 30MeHVes554. 2 31MeHPr s582. 3 32MeH Bus59% Beosmberiidses. 3
34Cl HVE0558. 3 35CI WeMe0588. 4 Exanpl e R4G Y[ MrH| + No 36H0546. 3 370VeVe.
0576. 2 WZesdduedP Decenmber 2005 WO 03/ 000692 PCT/ GBORAOR8B@ /02872 -

The following compounds are prepared by analogous methods.

R' j0]/ 7N

Example | gt R? R R [MHH]'
No.
18 H H | Me!l H 548.3
19 H H | Me | OMe | 5784
20 Me | Me | H H 562.4
21 Me | Me | H | OMe | 5924
22 Et H | H H 562.3
23 Et H ! H |OMe| 5923
24 cl H | H H 568.3
25 cl H | H |OMe| 5983
26 H H | H H 534.4
27 H H | H |OMe| 5644
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Exanpl e RAG Y[ M+tH] + No 38H0552. 2 390veN | G682. 2 40HN NO580. 2 410Me0610. 3
420Mes626. 2 430Mes644. 2 44HN NO598. 2 45H-0544. 2 460\/}(9(%@43. 0%4. J N
Exanpl e RAXZ[ MtH] + No 47HN- H587. 3 48HN- Pr 629. 2 49HN- Bepmbsr 2 N-Et 615. 1
500MeN- Me631.3 53 16 Decenmber 2005 WO 03/000692 PCT/ GB02/ 02872 Exanpl e

R R3RaApAR{Idddb2 No 51HVEHNHCH2549. 3 PCT/GB02/02872
Q@
N\
N ,R4
o) H \
g 5
,1
R 0 7 GN"'RR;
Exail“mple R1 Rt'l R Y [M+H]+
o
28 Ct |OMe | Me S 604.2
29 F H | Me]| S 5582
30 Me H Me S 554.2
31 Me H Pr S 582.3
32 Me H | iBu S 596.3
33 Me H Et S 568.3
34 Cl H Me O 558.3
35 Cl OMe | Me O 588.4
@
NS
N B4
o ;
Cl O G!
Example R G’ [M+H]*
No
36 H 546.3
N7 Ne,
37 OMe H 576.2
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52HVEOMENHCH2579. 3 53MeHHN- Et CH2577. 4 54MeHOMVEN- Et CH2607. 3

55HMVEHN- MeCH2563. 4 56HMEVEN- MeCH2593. 3 57MeHHN- MeCH2563. 4

58MeHVEN- MeCH2593. 4 59MEHHN- ( CH2) 20HCH2593. 4 eomH@}gﬁ?ﬁ%ﬁﬁ’f%%zezsA
61MeHHSCH2566. 3 62MeHOMESCH2596. 3 63HHHOCH2536. 4 64HHOMBOCH2566. 4

65CI HHOGieBRAB0s® 66CI HOVEOCH2600. 3 67MeHHCH2NH549. 3 SdcTiés@mesmber 2005 WO
03/ 000692 PCT/ GB02102872 Exanpl e RAG2[ M-H] + No 68HO S624.2 690MENG54. 3 70HS

574.2 ~3 710Me0
Example 4 1 +
No R G Y [M+H]
- 38 H AN 0 552.2
H |
39 | OMe N . 0 582.2
40 H ] 0 580.2
N N\
41 | OMe | 0 610.3
42 | OMe = S 626.2
43 | OMe S 644.2
O-C
44 H _ 0 598.2
45 H ™\ 0 544.2
N -~ N—CH,
46 | OMe \__/ 0 5742
\
w NN
N—
:: N 84
o | ;
' H
g
N
0 s N X2
Example 4 2 +
No R X [M+H]
47 | H N-H  587.3
48 M | NPr 629.2
49 H | N-Bu 643.3 -
37 H | NEt 615.1
50 |OMe| N-Me 631.3
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604.2 N Exanpl e RAG2[MrH + No H 72HN / -S603.3 / 730VENN A 55 16 Decenber
2005 WD 03/ 000692 PCT/ GB02102872 Exanpl e R4G2[ MrH + No 74HMe 617.3 N/ S
750MEN647. 3 76HNIN- N587.3 770MEN617.3 INS -78HN 586L030ggepbgy /YOS

WO 03/000692 PCT/GB02/02872

ALAZ

J

R® R
. O oy
HTN |
R’ 0 N —cH,
Brample | gt | R* | R A' A | [MeH
[0}
51 H |Me| H NH CH, 549.3
52 | H | Me |OMe NH CH, 579.3
53 | Me| H | H N-Et CH, | 5774
54 Me | H |OMe N-Et CH, 607.3
55 H{Me]| H N-Me CH, 563.4
56 H | Me | OMe N-Me CH; 593.3
57 Me|{ H | H N-Me CH. 563.4
58 Me | H [OMe| N-Me CH, 593.4
59 Me | H | H [N-(CH)OH| CH, | 5934
60 Me | H [OMe|N~(CHy),OH| CH, 623.4
61 Me | H] H S CH, 566.3
62 Me | H [OMe S CH; 596.3
63 H| H]|H 0 CH, 536.4
64 H | H |OMe o] CH; 566.4
65 ct{ H | H 0 CH, 570.3
66 Cl | H |OMe 0 - CH, 600.3
67 Me| H | H CH, NH 549.3
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C79HN 677.3 NI N, 80H N 615.2 N 81HH N 602.2 N 82H598. 4 56 16 Decenber
2005 WD 03/ 000692 PCTI GB02102872 Exanpl eRa&[ M+rH + No H 830VeQ( N 628.4 : P/

NN 84H 0O0599.2 1 ° N 16 December 2005
WO 03/000692 PCT/GB02/02872
2
G B4
0 Pl
H
“wr”cﬁ
. —
Cl o b N—CH;,
Example 4 2 +
No R G [M+H]
68 H oj/;s 624.2
69 OMe <j[N 654.3
70 H \S 574.2
71 OMe N 604.2
2 .
G 5R4
0 —\
H
N\
. Me O S NVN'—CH3
Example 4 2 .
No R G [M+H]
72 H 603.3
73 OMe N/A
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85H 600.4 W N 860MVEN630. 4 Exanple YG [M-H + No 87SNN J 880584.3 89SN
N606.3 57 16 Decenber 2005 WO 03/ 000692 PCT/ GB02102872 Exanpl e

ReaR25YG [ MrH + No 90i - Bui - Bus602. 3 91i - Pr CH2 SsN NeUBDecegdrp?0Q5 s524. 4
93. Eti-PrON N522.4 94Eti-Prs 95i-Pr1-Prs552.4 96i - PrCH <SN N564. 4
97i - Bui vi@W&ndésez 98n- Pnn- Pn0 99n- Pnn- PnsN N J 1001- PpPheBdfhzern '

| Example 4 2 +
No. | R G [M+H]
H Me\ 6173
74 N )
75 | OMe @[ - 647.3
N
76 H NfN*N 587.3
- )/l 617.3
77 | OMe (IN
AN
N
78 H @(\ — 586.3
N
79 H H N 677.3
N N
@K -
N
-
N N
80 H @ \ 615.2
N
H N :
| N N “N
81 H = | N\ / 602.2
xn
N
82 H 598.4
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58 16 Decenber 2005 PCTI GBO2102872 Exanpl eR 24R 25YG [ MtH] + No 101n- BuPhO
102Et CH2SNN 103i -PrCH "(00590.3 2 S 104i -PrH SS C 16(2[8 N Nb #i) hCH20
Exanple 106 In vitro Testing Conmpounds were assayed t'o“@Bt%t fii'e their
ability to inhibit the binding of [[125 [JOVA to a cell nenbrane

pr epar aigPRdiseOT receptors (binding assay) and to nmpggsidiespel | ul ar
consequences of O stinulation on intact cells (functional assay). In the
bi ndi ng assay the conpounds of the invention generally denonstrate
significant i porbrtipmoff TadiotTgand——bimdig—at—concgnt rati ons of 50M or
less. In the fﬁfﬁ?‘?lﬁnak‘ dssay, theGtonpounds|of [MKE]' irvention cause
significant cplLl Par|actilvation at concentrations of 3d. Mor |ess.

Preferred conpounds ¢ausq signifi¢ant ivation at concentrations of 300nM
or |ess and , N '
83 | ome @E N\ / 628.4
N
N=—
O
N

84 H 599.2
85 H N N 600.4
Y/
86 OMe | 6304
N
| N OMe

0 =
H
“\n/g
Cl O 1
v G

Example 1 +
No Y G [M+H]
87 S N’ \N"'

88 O k// 584.3
]
89 'S N 606.3
N
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can induce the sanme nmaxi mal effect as OI. The conpounds are either
significantly less active or conpletely devoid of activity i ssays for
vasopressin-like activity. Example 107 In vivo Test '6nlé)e‘:ﬁg%%£%ﬁt ative
conpounds were tested for activity in the rat uterine contractility nodel,
whi ch i sycposfoeie@oni sed test for OT agonism The conpopggssizaseased t he
strength and 59 16 Decenber 2005 WO 03/ 000692 PCT/ GB02/ 02872 frequency of
the uterine contractions at doses bel ow 50ngi kg. Sel ected conpounds were
then given either i.c.v. or i.v, to male rats and the erectile response was
determ ned. Exanple 108 Tablet for Oral Adm nistration Tabl ets containing
100ng of the corrpoundr{% Eﬁaﬂpl e 11 as the active agent are prepared from
the follow ng: Conpound~Qf "Exanpl e 11200. Og_Corn starch71. Qg

Hydr oxypr opyl cei | ul o0sel8] Qg Car boxynet hyl ce_PMﬂ ose cal ci unl3. Oy Magnesi um
st earat e30g Lact osel95,.£~Jotal 500. Oy Th terials are bl ended and then
pressed to give 2000 t%bl ef] contai ni ng 100ng of the
conmpound of Exanple 11. Thae 2JgoLN trates that the conpounds
according to the present inv i of astagoni sts at the oxytocin
~receptor and accordingly thegmy fin i iyt as pharmaceutical agents
for the treatnent of conditions such as gxual disorders including nale
erectile dysfunction and ejacul atory disorders, female sexual dysfunction,

cancer o I

Example R R Y G' fM+H]
No
90 i-Bu i-Bu S Z 602.3

o
91 i-Pr ﬂ S T N 628.3
CHy g
92 Me i-Pr S 524.4
/TN .
93 | e | #pr |o]| N N 5204
94 Et i-Pr S
95 | iPr i-Pr s 552.4
| ' N N—
96 i-Pr -CH2——<] S 564.4
97 i-Bu  i-Bu S 580.2
98 n-Pn n-Pn 8]
VAN
N N

99 - n-Pn n-Pn S K//
100 i-Pr Ph ol 570.3
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the prostate, breast, ovary and bones, ost eoporosis, benign prostatic
hyper pl asi a, post- partum bl eedi ng, and depressi on. The cogpo gs may al so
be used to induce | abour or delivery of the pl acentlé}s‘?C mgg"c#@ se arterial
bl ood pressure, to decrease exaggerated responses to stress and to
i ncr easwotoh@ooeaci cepti ve threshol d. The scope of thePgweB®RM872 nvention is

further defined-in the followi ng clains. 60 16 Decenber 2005 WD 031000692
A conpound according to general formula 1, or a

| PC / GBO2102872 CLAI M5 i
: phar mac é%{a %Ilé jaccepiabl e salt [thefeof 1 whereinf G is gelected froma
~ group ad ng| t oRYengral R&rnul g ¥ pnd a & oup ac¢olMtlly (to general
f or mul a {3—RK6NL-RA-NH I X— |-Gt 22—+ —22-3FT&+s——s¢l ected froma
group accor@ing t%_lﬂleneral flarmul g A,1a group accordling to |general formula
5, a grdqup cofding to general fqrmula 6, a group according to general
formul a f/——a—grpupaccygrding to ggneral fornula 8 afd a groyp according to
gener al {formulal 9; R24| N Re
102 g | st N N
103 -Pr ﬂ o 590.3
CHy g
104 i-Pr s | S
G L
o
105 Ph CH{‘@ 0
Example 106

In vitro Testing
Compounds were assayed to determine their ability to inhibit the binding of ['"*IJOVA to a
cell membrane preparation of OT receptors (binding assay) and to mimic the cellular
consequences of OT stimulation on intact cells (functional assay). In the binding assay
the compounds of the invention generally demonstrate significant inhibition of radioligand
" binding at concentrations of 50uM or less. In the functional 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 compounds are either significantly less
active or completely devoid of activity in assays for vasopressin-fike activity.

Exampie 107

in vivo Testing

Representative compoundé were teéted for activity in the rat uterine contractility model,
which is a recognised test for OT agonism. The compounds increased the strength and
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3 AA2 A4 (CH) \\s N,21 A A8 3 ALA7A 110 It AI'4AII -AANG 61 16
Decenber 2005 WD 03/ 000692 PCT/ GB02/ 02872 : A 7/ rAs \|A|S| 115 \11
110 116 A A13r : A All fA Al2-A 12-Als NN A N 7 859D69&m‘165 l ected from
CH2, CH(OH), NH, N-alkyl, N(CH2)"-R27, 0 and S; A2 is selected from CH2, '

CH(OH) , wolgsdosand NH, A3 is selected fromsS, NH N apb&mGpozo@#CH and
-CH=N-; A4 and A6 are each selected fromCH and N

frequency of the uterine contractions at doses below 50mglkg.  Selected compounds
were then given either i.c.v. or i.v. to male rats and the erectile response was determined.

Example 108

Tablet for Oral Administration _

Tablets containing 100mg of the compound of Example 11 as the active agent are
prepared from the foliowing: |

Compound of Example 11 200.0g
Corn starch 71.0g
Hydroxypropylcellulose 18.0g
Carboxyme@hylcel[ulose calcium 13.0g
Magnesium stearate ‘ 30g
{.actose 195.0g
Total ' 500.0g

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 and ejaculatory disorders, 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 biood pressure, to decrease exaggerated
responses fo stress and to increase the nociceptive threshald.

The scope of the present invention is further defined in the following ctaims.
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A6 is selected fromCH2, NH N-alkyl and 0; A7 and Al are selected fromC
and N, A8 and Ae are selected fromCH N, NH NCH2)nR26 and S; Al0 is
selected from-CH=CH, CH N, NH, N(CH2)nR26 and S: l\Pscemher 294 ar e
selected fromN and C, Al4, A5 and Al6 are selected fromNH, NCH3, S, N
and CH wo@bogsesel ected from O and NH, X2 is sel ect egcinigpindizs, CH NR'R 8,
CH CH2NR4A7R B, N+R R20, CH N+R21R22R23 and CH CH2N. " R21R22R23; Y i s
selected fromO and S; 62 16 Decenber 2005 WO 03/ 000692 PCTI GB02/ 02872 R,
R2 andcﬁI e each selected fromH, alkyl, OCalkyl, F, d and Br; R4 and RS
are each selected fromH, Oalkyl, 0-benzyl and F, or R4 and R5 together
are =0, -Q(CH2)aO or -S(CH2)3S-; Rs is selected froma group according to
gener al f of @bmpouHa .actorSih@ tbyeAIGPHMUND1 IdP a phameicalitichiny atdépablelsalta gr oup
according to general fornula 12, a.group according to general formula 13,
a group actberedf ng to general formula 14, a group according to general
formula 15, a group accordéﬂg @ general formyla 16, a group according to
general formula 17, a group acqording to geng&ral, fornula 18, a group
according to general forpe aigroup ac Ing to general fornula 20,
a group according to g mul a 21, ja gioup according to general
formula 22, a group accordi ng genrl al Norsul a 23, a group according to
general formula 24 and a groupTtaccordingf to yeneral formula 25; -(CH2)e

wherein:

G'is selected from a group according to general formula 2 and a group according

to general formula 3;

6 CH
/R - } \2)h2
N : N X
\ 7 N
R (CH,),
2 ' 3

G? is selected from a group according to general formula 4, a group according to
general formula 5, a group according to general formula 6, a group according to
general formula 7, a group according to general formula 8 and a group according to

general formula 9;

24 1 8
R 3 A A
A
N/ \Az A AT?“? x

/ 3
\ 25 A4 A S /
R \\A5 | _ ((l:Hz)[ R { I \A1 A
| " \\A5 J
N

4 5 6
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-(CH2 12 CH2) CH NR 10 (CH2)d 14 15 cH2)C CH2)c CH2 ---</ NR CH2 /N+R14R15
(CH2)d (CH2)d 16 17 )CH )e C O _- N+R11RL2R13 >_-&%R9 (CH@)% (CH2)1 18
11 13 CH2) CH \N+RL4R15 (CH2)d 19 63 16 December 2085PSESMPSF 696592 cH2) e
CH2 \ > NRSR9 |

WO 03/000692 PCT/GB02/02872 _
AS A14 4 A3
A7 A % f":\A“’ /Z AL
i A: —~ 15
\\M, /0 I A / Aty A
A N
N
7 8 9

Alis selected from CH,, CH{OH), NH, N—alkyl, N~(CH,).—R%¥, O and S;
AZis selected from CH,, CH(OH), G(=0) and NH;
A®is selected from S, NH, N-alkyl, ~-CH=CH- and —~CH=N-;
A*and A® are each selected from CH and N;

- A%is selected from CH,, NH, N-alkyl and O;
A" and A" are selected from C and N;
A% and A? are selected from CH, N, NH, N(CHz)mR2° and S;
A¥ s selected from —CH=CH-~, CH, N, NH, N(CH,):R* and S;
A2 and A® are selected from N and C;
A¥, A and A are selected from NH, N-CHs, S, N and CH;
X' is selected from O and NH;

 XZis selected from NR', CH-NR''R*, CH-CH.NR7R", N'R™R?,
CH-N'R¥RZR® and CH-CH,N'R?'R®R?,

Y is selected from O and S;
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(CH2)f

_CH2N{R11R12R13
fromH, alkyl
i ndependently selected fromH and al kyl, or
- (CH2) gwio BAdoseR12, R13, R14 and R15 are all
or R14 and R15
i ndependently selected fromH and al kyl, or R’

20 PCT/ GB02/ 02872 N+R11 R12R13 )CH2)e CH2NR8R9 CH -
(CH2)f (CH2)f 24 22 CH2)e CI—|2N+R11 R12 3 s sel ected
and any group as defined above for ; %1 RlO are

R8 and R9 toget her nmay be

al kyl , wrr/éHormnedz R12 toget her
R16, R17 and R18 are
and R18 together

together may be -(CH2)g ;

may be

--(CH2) ; '?3 , I i:@l KM'B or R19 and R20

t oget her orRBZ?Ln an rﬁ%tsggéttg ﬁ&q}-ﬁgﬁ%%%@_{ ° R§4 and R25 are

I ndependently selected from al kyl, Ar and (CHZ) -Ar; R26 is selected from
H, al kyl, hagy! il I, ,t,:lgna%aﬁs OH, O al kyl,
NH2i N al R %’{dqﬁ?ﬂr ‘%é"ﬁ%%é&%fﬂtgz .10, e o R ey CON( al kyl) 2,
CN and CF3pgdthef ars=Q.el0éCad-farof(@A.SO- al kyl , O CO- al kyl , NH2, NH- al kyl and

N( al kyl) 2;

(CH2) f

RE is selected from a group 'according to general formula 10, a group according to
general formula 11, a group according to general formula 12, a group according to
general formula 13, a group according to general formula 14, a group according to
general formula 15, a group according to general formula 16, a group according to
general formuta 17, a group according to general formula 18, a group according to
general formula 19, a group according to general formula 20, a group according to
general formula 21, a group according to general formuta 22, a group according to
general formula 23, a group according to general formula 24 and a group according
to general formula 25;
~(CH-NR°R® , ~(CHy)-N"R'R¥R"™
10 11

o X X
{(CH)AF P CH )
alkyl
12 13
cH CH,)
/( \2)c 10 N a5
H NR CH NR"R
N 7 N /S
(CH,), (CH,)y
14 15
Cl—{z)c CH2)
CH; NR" CH; /N“R1“R‘5
(Ch,), (CHy),
16 17
Gt CH),
8,49 +11 13
cit NR°R cil N'RVR™R"
(CH,), (CH,),
18 19
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- or S or one of A7 an

.64 16 Decenber 2005 WD 03/000692 PCT/ GB02/02872 Ar is selected from thi enyl

and optionally substituted phenyl; ais2or3,bisl.2or3;cjslor?2 20r 3;
eislor2;fisl,2or3;gis4.5 or6;hisil, 2or3;iisl,?2, 30r4 Qﬁcmgwél 20r 3;
lisl or2;msl,2or 3; and nis 2, 3 or 4; provided that: not nore than one
of A8, W@ wmnehRl0 is NH N(CH2) mR26 or S; A7 and A'rex/eBarai7bot h
simul taneously N, neither A7 nor A" is Nif one of A8, A9 and Al is NH,
N(CH2) MR26 or S; if Al10 is -CH=CH then ABis N, A9 is CH and both A7 and
k" are C, if AlO is -CH=CH then one of 9 and A70 is NH, N(CH2)nR6
eIS 9 not ret neofA14m{§15andA'6|s
e not ned¥ NRif one of Al4,
Al5 and A'6 is NH, or S t hen A12 and AJ(@Hage both C and one of Al4,
Al5 and Al16 is NH, N or S or one of Al12 and?A13 is N. 2 A conmpound
according to Claim1l werein at |least one of R,2R2 and R3is Hand one is
not H A conpoun cording to any preced] d ai m wherei.n one of RlL, R2
and R3 is sel ecf& C)érom al kyl, F, d anyi )eand the others are H 65 16
Decenber 2005 03 BOPNREFI GB02/ 0283A A Brti ng to any
precedi ng d ai mwh fein R is met hyl or d R2 "and R3 are H 5 A
conmpound accordi ﬁ%Hi)o any preceding d ai rein.one of R4 and R5 is H and
the other is O al kyl. :

NH N-CH3 or &§Hs

T

23
CH,),
CH—< >—CH NR°R® CHF<( >iCH2N*R"R‘2R‘3
(CH,), (CH,),
24 25

R’ is selected from H, alkyl and any group as defined above for R%;

R®, R® and R" are independently selected from H and alkyl, or R® and R® together

may be —(CHy);—;

R' R, R"™ R" and R are all alkyl, or R"" and R" together or R" and R"
together may be —(CHaz)y—

R™, RY and R™ are independently selected from H and alkyl, or R' and R™

- together may be —(CH,)—

R™ R®, R¥ R% and R® are all alkyl, or R™ and R® together or R*' and R
together may be —(CH;)i—;

" R*and R® are independently selected from alkyl, Ar and —(CHz)—Ar;
- R®is selected from H, alkyl, optioné!ly substituted phenyl, pyridyl, thienyl, OH,
O-alkyl, NH,, NH—atkyl, N(alky!)s, CO.H, COz-alkyi, CONH,, CONH-alkyl,

CON(alkyt),, CN and CF3;

R? is selected from OH, O-alkyl, O—-CO-alkyl, NH,, NH-alkyl an& N(alkyl)s;
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6 A conpound according to any preceding C aimwherein one of R4 and R5 is H
and the other is Onethyl. 7 A conpound according to any of C |m3 1to 4
wherein R4 and R5 are both H 8 A conpound accor di nb6p8°‘é‘i"RP P %:I aims 1to
4 wherein R4 and R5 are both IF 9 A compound according to any preceding
C-ai m Wixgr@jonedél i s NH. 10 A conpound according to apyr/geemesizng C ai m
wherein G is a group according to general formula 2. 11 A conpound
according to any of Clains 1 to 9 wherein G is a group according to
general formula 3. 12 A conpound according to any preceding C ai mwherein

& is a group accordin ener al for mula 4. 13 A conpound according to
any of d af‘rdﬁs‘ie‘ft‘%ﬁflol“&ﬁ?@ﬂéi“ opipnplly sy ﬁ‘?%'ﬁﬁﬂ’ordl ng to general fornula
5, 6, 7, 8 or 9. 14 . A conpound according to any of Clains 1 to 11 wherein

& is a group agcordi 0. enrlfr.la is NH 15 A
conpound a%@%r‘ﬁl nE;'d' thér Cqu g‘ﬁ% fo?rgu ﬁﬂé’iﬁs %?CI_? ﬂlgsrb\?)up accordi ng
t o gener adr & hisyl2ar 3; i s\, 2, 8 oK j &r4, Bloaé; My'k‘lmmsnsnre:(m@1 2% A conpound

accordi-ng aims 1 to 11 wherein G is a group according to 66 16
Decenber 2%6599\%%&0860692 general formula 5, 6 or 9, A3 is S and A4 and A5

are both CH PCTI GB02102872 17 A conmpound according to any of Clains 1 to
11 wherein Sﬁﬁé group according to general fornmula 5, 6 or 9, A3 is

- CH=CH and are both CH 18 A conmpound according to Claim1
wherein R is rrethyl or C, R2 and R3 are both H R4 is Hor Onethyl, R5

is H X 'ﬁothlfdr@fngnefném@AﬂJa%dAwqmnw@duz)aR@@fgl ng to Claim1 wherein R is
methyl or d, R2 R3 are both H R4 1's H or Orrethyl RS is H X is NH

and Y is O
A7 and A'" are not both simultaneously N;

neither A7 nor A" is N if one of A%, A? and A" is NH, N(CH,),R™ 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,),R?® or S or one of
A’ and A'is N;

not more than one of A, A™® and A'® is NH, N-CHs or S;

A2 and A® are not both simultaneously N;

if one of A™, A™ and A" is NH, N-CH; or S then A" and A13 are both C; and
one of A, A" and A" is NH, N-CHs or S or one of A2 and A is N.

2 A compound according to Claim 1 wherein at least one of R', R?and R® is H and

one is not H.

3 A compound according to any preceding Claim wherein one of R, R*and R’ is
selected from alkyl, F, Cl and Br and the others are H. '
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20 A conpound according to Claiml wherein R2 and R3 are both H X1 is NH
and G is N--\ NNR 16 vl~ 21 A conpound according . tg Caiml wherein R
is methyl- or O, R2 and R3 are both H R4 is Hor OWSPeRmbergBlhs H X s
NH and G is RR6 N. N 22 A conpound according to Claim1l wherein R is

met hyl @i ¢3loeosd2 and R3, are both H, R4 is H or O npthghoe¥nis H X is
NH G is and & is 67 16 Decenber 2005 WO 03/000692 PCT1GB02102872 R2fi
- N\ ~N 23 A conmpound according to aim1l selected from. 4-nethyl- |

- (N (27 met (g aémfhin%iafa réBhaChaich e RANOS RGN T dnRe 1- V1 -

car bonyl ) benzyl car banoyl”) - L-t hi opr ol yl ) per hydro-1, 4-di azepi ne, 4-methyl-I .
- (N- (2= metangiR°arq W net hyl - 4, 10-d i hyd ropyrazol o[5,4-b] [1, 5]-

benzodi azepi n- 5-yl car bonyl ) benzyl car banoyl ) - L-t hi opr ol yl ) per hydro-1, 4-di aze
pi ne, ' . . o 4 5.

4, 4- di fret HyPOTRQURE pecoring g pny ereseding Gim wheg e & 8RR 45 6185, 4- b1 [ 1, 5] -
benzodi azeRé Bther i¥locakfaonyl ) benzyl car banoyl ) - L-t hi oprol yl ) per hydro- 1, 4-

di azepi niumi odi de, 4-nethyl-1 _
-(N-(2-met hyl -4-(5, 6, 7, 8-t et rahydr ot hi eno[ 3, 2- b] azepi n- 4-yl car bonyl) -
benzylgar hasapound atdsrdy tolayy preesdingdiaimvhéreth areepRhend R igeltdngl - | - (N

(2- met hyl -tﬁé Sgér% Z)'—%eEh%f. r ahydr ot hi eno[ 3, 2- b] azepi n- 4-yl car bonyl ) -

7 A compound according fo any of Claims 1 to 4 wherein R* and R® are both H.
8 A compound according to any of Claims 1 to 4 wherein R* and R® are both F
9 A compound according to any preceding Claim wherein X' is NH.

10 A compound according to any preceding Claim wherein G' is a group according to
general formula 2.

11 A compound according to any of Claims 1 to 9 wherein G’ is a group according to

general formula 3.

12 A compound according to any preceding Claim wherein G?is a group according to

general formuia 4,

13 A compound according to any of Claims 1 fo 11 wherein G?is a group according fo

general formula 5, 6, 7, 8oro.

14 A compdund according to any of Claims 1 to 11 wherein G is a group according to
- general formula 5, A' is CHz and A% is NH,

15 A compound according to any of Claims 1 to 11 wherein G is a group according to
general formula 5, A' is NH or N—-alkyl and A? is C(=0).

16 A compound according to any of Claims 1 to 11 wherein G* is a group according to
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“benzyl oxycar bonyl ) - L- prol yl') per hydro- 1, 4- di azepi ne,

(4R)-N -(2-chloro-4-(5,6,7, 84etrahyd roth ieno[3, 2-

azepi n- 4-yl car bonyl ) benzyi - car banoyl ) - 4- net hoxy- L- pF%)PP?’Fé“W%@?%yI -N
(2-picolyl)am de, and 1-((4R)-W (2-chloro-4-(5,6,7, 8-tetrahyd

r ot hi ene§@esdoisbazepi n- 4-yl car bonyl ) benzyl - PCT/GB02/02872

car banoyl ) - 4- met hoxy- L-prol yl )-4-(1-pyrrolidinyl)piperidine. 24 A
pharmaceuti cal conposition which conprises a conpound according to any of

Caims |t Qe AFmAR 526 bi 9/ A RALANd-A*2Rd A° MedbiEGEUt i cal conposi tion
according To Claim?24 which is a tablet or capsule for oral
adm nistration. 68 16 Decenber 2005 26 A use for a conpound according to

aﬂy of 10 aAIEBT':bodrﬂ aZ&rdiM@io@ﬁ)ébmlﬁmsa to ¢0Wﬁ@ﬁiar@|3 id @gibbpamfwﬁ@eturg of a
phar maceuti cal conposition. .27 A phar gutjcal ¢ sition according to
cl ai m 24 099’??'wa§s§°'é£&élsdicﬁg'e f'@’q%g‘a"i"ff{’g r%cgggﬁn t he pharmaceuti cal
conposition is for the treatnent of nale erectile dysfunction and/or other
mal e sexual disorder or. fennl. e sexual _,.disqrder 8 e_or re opti cal
oner B of A goBREG e L BRI WTHTENG Semhe . o roa holfhS oP

R is H or O-methyl, R¥is H, X' isNH and Y is S. _

19 A compound according to Claim 1 wherein R' is methyl or Ci, R? and R® are both H,
R*is H or O-methyl, R°is H, X" is NHand Y is O.

20 A compound according to Claim 1 wherein R? and R® are both H, X" is NH and G’
Is

N N"R16

21 A compound according to Claim 1 wherein R' is methyl or Cl, R? and R® are both H,
R*is H or O-methyl, Ris H, X' is NH and G?is’ '

22 A compound according to Claim 1 wherein R' is mathyl or Cl, R? and R*are both H,
R*is Hor O-methyl, R®is H, X' is NH, G'is

/N _R'®
N_ N—™
NG

and G%is
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16 December 2005

WO 03/000692 . PCT/GB02/02872

23 A compound according to Claim 1 selected from
4-tnethyl-1-{N-(2-methyl-4-(2,3,4,5-tefrahydro-1,5-benzodiazepin-4-on-1-yl-
carbonyl}benzylcarbamoyl}-L-thioprolyl)perhydro-1,4-diazepine,

4-methyl-1-(N-(2-methyl-4-(1-methyl-4, 10-dihydropyrazolo[5,4-b][1,5]-
benzodiazepin-5-ylcarbonyl)benzylcarbamoyl)-L-thioproiyl}perhydro-1,4-diazepine,

4,4-dimethyl-1-(N-(2-méthyl-4—(1 -methyl-4,10-dihydropyrazolo[5,4-b}[1,5]-
benzodiazepin-5-ylcarbonyl}benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-
diazepinium iodide,

4-methyl-1-{N-(2-methy}-4-(5,6,7,8-tetrahydrothienof3,2-blazepin-4-yicarbonyl)-
benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine,

4-methyl-1-(N-(2-methyi-4-(5,6, 7 8-tetrahydrothieno]3,2-blazepin-4-yicarbonyl)-
benzyloxycarbonyl)-L-prolyl)perhydro-1,4-diazepine,

(4R)-N*~(2-chioro-4-(5,8,7,8-tetrahydrothieno[3,2-blazepin-4-ylcarbonyl)benzyi-
carbamoyl)-4-methoxy-L-proline-N-methyl-N-{2-picolyt)amide, and

1-((4R)-N"-(2-chloro-4-(5,6,7,8-tetrahydrothienof3,2-blazepin-4-ylcarbonyl}benzyl-
carbamoyl}-4-methoxy-L-prolyl}-4-{1-pyrrolidinyl)piperidine.

24 A pharmaceutical composition which comprises a compound according to any of
Claims 1 to 23 as an active agent.

25 A pharmaceutical composition according to Claim 24 which is a tablet or capsule

for oral administration.
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26

27

28

16 December 2005

A use for a compound according fo any of Claims 1 to 23, which is as a

component in the manufacture of a pharmaceutical composition.

A pharmaceutical composition according to claim 24 or 25 or a use according
to Claim 26 wherein the pharmaceutical composition is for the treatment of

male erectile dysfunction and/or other male sexual disorder or female sexual

- disorder.

One or more optical isomers of a compound according to any of claims 1 to 22.
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