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present invention relates to a series of non-peptide oxytocin agonists and
to phar nagestoo@@k conposi tions conpri sing such conpounds.pCiheBr2anynsi ti ons
are useful for the treatnent of certain physiological disorders, such as
erectile dysfunction. BACKGROUND Neurophyseal hornones The neurophyseal

hor mones oxytocin (OT) and vasgryeoeiN'AGHRIsPEe cyclic nonapeptides
secreted by the posterior pituitary gland. The structure of oxytocin is
shown below CONH2Z OH N HCONH2Z HOONHOHNO NHS~-O NQO~J~HO N
N NH2 I-hg_blgﬁ: TEEYRNQENTION CYCl 0, 6-Cys-Tyr-11e-A n- Asn- Cys- Pro- Leu- A y- NH2
Vasopressin ffers fromoxytocin in that it has phenylal anine at position
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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"G—Cys-Tyr-IIe-GIn-Asn-Cys—Pro-Leu-GIy-N H,

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

three VP receptors are known. These are designated the V4,, V4, and V; receptors.



three VP receptors are known. These are designated the Via, V,b and V2
receptors. 1 WD 03/000692 PCT/ GB02/ 02872 The first target organs to be

i denti fi edofoenoi@¥2 were the uterus, where it is inplicatedpcm/daBie/28mset and
progress of |abour, and mammary gl ands, where it is involved in the
regulation of mlk expression. Qher organs al so express Ol receptors, and
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and one antagonist, atosiban, has recently been registered as a treatnent
for pre-termlabour. However, the peptidic nature of these conpounds neans
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turned to non-peptides. As a result, there are many publications descri bing
non-peptide O antagonists in early-stage devel opnent. So far, however,

t here hmwg@%@g@g—%ﬁff—%on pepti de OT agonists. This is not
unexpected, as it is generally held that it is easier to find a receptor
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labour and to increase uterine muscle one o conirol post-partum bleeding, and one
antagonist, atosiban, has recently been registered as a treatment for pre-term labour.
However, the peptidic nature of these compounds means that they are not likely to be
bioavailable after oral dosing or to cross into the CNS. In order to get drugs that can be
given orally and to be able to exploit the central effects of OT, attention has increasingly
turned to non-peptides. As a result, there are many publications describing non-peptide
OT antagonists in early-stage development.  So far, however, there have been no
reports of non-peptide OT agonists. This is not unexpected, as it is generally held that it

is easier to find a receptor 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 utility in male and female sexual dysfunction, particularly
male erectile dysfunction, in promoting labour, in controlling post-partum bleeding, in

increasing milk let-down as well as a number of other indications.



mal e erectile dysfunction, in pronoting |abour, in controlling post
bl eeding, in increasing mlk |et-dow as well as a nunber of other
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describe herein a series of potent and specific Ol receptor agonists. In a
aspect, the present invention conprises novel conpounds according to

first
gener al
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aspect, the present invention comprises novel compougds according to general formula

1, and pharmaceutically acceptable salts thereof.
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In general formula 1, G' is a group according to general formula 2 or 3.
6 CH,)
F AR,

\ 4 N

R (CH,),
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G?is a group according to general formula 4, 5, 6, 7, 8 or 9.
24 1 8
/R Al A\ 2 6 /A\ 9
N / A 3 A—_ AT A
R A ' | A \*
N\ 11 10
AN (CH,), A4 ’ A1 —A
A e
N AN .
A
N
4 5 6
8 14 4 3
6 {A\ 9 /-A'">A15 /2‘ A 14

7 8 9

A'is CH,, CH(OH), NH, N-alkyl, N~(CH),-R?, O or S; A? is CH,, CH(OH), C(=0) or NH,;
A?is S, NH, N-alkyl, -CH=CH- or -CH=N-; A* and A® are each CH or N; A® is CH,, NH,

3



\ AN 456 ABAI4 MA36/....\ 9/....\ 1514 A7 A 13 A1l g.Al5 AA
A'-A10 Al2-A16 AAIlts N12-A N N7 89 A is CH, CH O, NH Nalkyl,
N (CH2) RRO,03000p2S; A2 is CH2, CH(OH), C(=O or NH A3 ipeT&BooRs7d- al kyl ,
-CH=CH or -CH=N-; A4 and A5 are each CHor N, A6 is CH2, NH, 3 WO

03/ 000692 PCT/ GB02/02872 N-alkyl or 0; A7 and A" are Cor N, A8 and A9 are

CH N, N\ 658) RRZAq N Sre 61 N A® arfdHECGlte. CrEHN, N, Nﬁ:%ﬁ%h@m@ or S
Al2 and Al3°are N or C and Al4, Al15 and_Al6 are NH, S, N or CH,
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Al5 and 4016 is NH NCH3 or S then Al2 and Al3 are both C, and that, one of
Al4 AL5 ATaisdNAIS-(CEHNHR™NrGHer @te & fprangrie i6M: dnat nghigrope1t3an oneof XT. As' 0 or

NH X2 i R% :ﬂg'h_ /R18, thgrh@"%w%? Lot NSRS RaRan s PRREHRF e Dbror
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A", A'S and A'® is NH, N—-CHs or S then A'?> and A" are both C; and that one of A*, A"
and A'® is NH, N-CH; or S or one of A'? and A" is N.

X'is O or NH; X?is NR'®, CH-NR'"'R'®, CH-CH,NR'"R"®, N'R"°R?°, CH-N'R?*'R*R? or
CH-CH,N'R?’R#ZR?® and Y is O or S.

R', R? and R® are each H, alkyl, O-alkyl, F, Cl or Br; R* and R® are each H, O-alkyl,
O-benzyl or F, or R* and R® together are =0, —-O(CH,),0- or ~S(CH,),S- and R® is a

group according to one of general formulae 10 to 25.
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Rl1, R2 and R3 are each H, alkyl, OGalkyl, F, d or Br; R4 and R5 are each
H Oalkyl, OWbenzyl or F, or R4 and R5 together are =0, -Q(CH2)aO or
- S(CH2) aSwoa@ode82i s a group according to one of general pcargro2aes720 to
25. -(CH2)b-N R8BR9 -(CH2)b-N+R11 R12R13 10 11 -(CH 2)b -(CHA NN |
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R’ is H, alkyl or any group as defined above for R% R?, R® and R'® are independently H or
alkyl, or R® and R® together may be —(CH,),—; R"", R'2, R", R" and R'® are all alkyl, or
R'" and R' together or R™ and R' together may be —(CH,),—; R, R' and R are
independently H or 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 —(CHy)—; R* and
R?% are independently alkyl, Ar or —(CH.)—Ar; R* is H, alkyl, optionally substituted
phenyl, pyridyl, thienyl, OH, O-alkyl, NH,, NH-alkyl, N(alkyl);, CO,H, CO.-alkyl, CONH,,
CONH-alkyl, CON(alkyl),, CN or CF; and R¥ is OH, O-alkyl, O-CO-alkyl, NH,,
NH-alkyl or N(alkyt),.

Ar is thienyl or optionally substituted phenyl.
ais2or3,bis1,20r3;cis1or2,dis1,20r3;eis1or2;fis1,20r3;gis4,50r6; h

is1,20r3;iis1,2,30r4;jis4,50r6;kis1,20r3;lis1or2;mis1,2o0r3,andnis 2,
3ord.



/CHH )e }CH>__ CH2N+R11R12R13 CH > CH2NR8BR9 CH (CHH2)f (CH2)f 22 23
CH2)e CH2)e CH2 ~CH2NR8R9 CH2 CH2N+R11R12R13 (CH2)f (CH2)f 24 25 R7 is
H, al kyl wo mnyosgz oup as defined above for R3; R8, R9 and PRIGENRM2872

i ndependently H or alkyl, or R8 and R9 together may be -(CH2)9-; R11l, R12,
R13, R14 and R15 are all alkyl, or R11 and R12 together or R14 and R15
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optionally substltute hen rid hi en OH, O al k NH2,
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or CF3, and R27 is OH, C)alkyl O CO al kyl, NH2, NHalkyl or N(alkyl)2. Ar
is thienyl or optionally substituted phenyl. ai520r3,bisl,20r3;cisl
or2,disl,2or3;eisl or2;fisl, 2or3;gis4,50r6;h 1isl,2or3;iisl, 2, 3or4,
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03/ 000692 PCT/ GB02/02872 In a second aspect, the present invention
conprises pharmaceutical conpositions of these novel conpounds, which
conposi tlhcmﬁrsaraepeaeml pregénttibeeritior @bmerisesohovel bertyl @hibamatesphed areest i | e
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conposi tions. DETAILED DEQERI PRSON OF THE INVENTION In a first aspect, the

present invention conpri M)\&izy ca%atiaes and ureas

1
In this general formula the substituents R', R? and R® are independently selected from
hydrogen (H), alkyl groups, alkoxy (O-alkyl) groups, and the halogens fluorine (F),
chlorine (Cl) 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.

The substituents R* and R® may be independently selected from H, O-alkyl, O-benzyl
and F. Alternatively, R* and R® together may be =0 so as to form (together with the
carbon atom to which they are attached) the carbony! group of a ketone. Finally, R* and
R® together may be —~O(CH,),0- or -S(CH,).S—, where a is 2 or 3, so as to form (together
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

should also be F.

The linking group X' is selected from oxygen (O) and unsubstituted nitrogen (NH).
Preferably, X' is NH.



according to general formulal. @ RBRA R R ON XYOG YInthis
general fornula the substituents R, R2 and R3 are independently sel ected
from hydwogsmodebd , al kyl groups, al koxy (0-al kyl) groupspcarcBozhesal ogens
fluorine (F), <chlorine (C) and bromne (Br). Preferably, at |east one of
Rl, R and R3 is Hand at least one is not H Mre preferably, one of Ril,
R2 and R3 is an al kyl group or a hal ogen and the others are H Mbst
preferably, RL is nethyl or O and R2 and R3 are both H The substituents
R4 and REisigledrd rom Ny (Skl ected from H, 0-alkyl, O-benzyl and F.
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is NH 6 WO 03/000692 PCT/ GB02/02872 Y is selected fromO and sul phur (9S).
The grosyeic 9iouR afeerainace GRnSTRldPIUIR ol AryGEnIRUBACCIEE PraR e
C(=Y)-GioRansdsis an am de or thioam de bond. A requirenent of Gl is the
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In general formula 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.
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nitrogen atomor a quaternary salt derived fromsuch a basic nitrogen atom
within the group. The basic nitrogen atom may be present as a prinary,
secondar yworo3toeosbz ary ami no group or a pyridyl nitrogen. PdfrasBiGD28McCl udes
nore than one such basic nitrogen atomthen these may be the sane or
different. Accordi ngl y, GlL is selected froman acyclic group according to

general fornula a cyclic group accord' Ho general fornmula 3. R6
CXn N N2 \ 7R 2)1 243 In general ‘fa2 R6 ,and, R7 may be the
sane or differ NRERect ed from a ou ber. Ro one of general
formulae 10 to C $CH2)b NR$R9 - (CHZ)bN+ 2R13 10 11 -(CH2)b -(CHA
N + NI aIkyI f&f13\2) CH2) )CHc c 10 CH / N\vR14R15 (CH2)d

(CH2)d 14 15 CH CHZ)18 CH2 NR10 CH2 N+R14R15
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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
quaternary derivative (i.e. 11, 13, 15, 17, 19, 21, 23 and 25 respectively). For the
polymethylene spacer groups bis 1,2 0r3;cis1or2,dis1,2o0r3;eis1or2andfis 1,
20or3. R% R®andR'" are independently selected from H and alkyl. Alternatively R® and
R® together may be a polymethylene chain —(CH,)s—, 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,),—, again allowing 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 alkyl.



(CH2)d (CH2)d 16 17 7 WD 03/000692 PCT/ GB02/ 02872 )e )CH2)e
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The group G is a disubstituted nitrogen such that the C(=0)-G? bond is an amide bond.
G? is selected from an 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 formulae 6 and 9.
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In general formula 4, R* and R* are independently selected from alkyl, Ar and
—(CH,)—Ar, where k is 1, 2 or 3 and Ar is selected from thienyl and optionally substituted
phenyl. Suitable substituents for the phenyl group are alkyl groups, OH, alkoxy groups,
halogens, NH,, NH-alkyl and N(alkyl),. The phenyl group may be substituted with up to

three such substituents which may be the same or different.



per hydr oazepi ne rings. For the groups according to general fornulae 12 and
13, the attachnment to the pyridine ring may be at the 2-, 3- or
4-posi ti owo Boovay be any of the foregoing groups descri bedTicBo2B88720r it
may be a non-basic group selected fromH and alkyl. 8 WD 03/ 000692

PCT/ GB02/ 02872 In the group according to general fornula 3, his 1, 2 or 3

and i i Rid e remcHe ¢ k7
CI—I-NRl?SIgl] eé‘ﬁ'é?' %Oim&ﬁﬁRﬁg?El%m%ﬁgd ?6 Fg gg%rresp@htﬁﬁ? %Lkg{'gfﬂgpyﬁé?du%s
;62

N+R19R2GENACEE MhRE R2BR2.33 a¢id4 GMdCRYZ NsReslggtedirom kexy79ronEs. Ra®/laxy e
I ndependgniy. _ r 7 h y be
- (CH2) ; Ct6nv]&’\\'llnoyera g&}) eg?é'fpldf @SBHG%QQU%{?W@;? Qle?Jz Iﬁ%gggﬁgg{%%ﬁ regé%ﬂ?at omto
whi ch  tGe)and Nit, aad hisd! emporequisferablit 2 4t ippraferediinatwher AzisiNH thendy
per hydr oazepi ne. r.i ng. X d ald.,al kyl, or R19 and
R20 togé? é&? QE'S@%‘%@%&S?E{%g %#%&3)%6@ Aﬁ%ﬁg—f&ﬁ\l%ﬂ% group & is a
di substituted nitrogen such that the C(=0-& bond is an amde bond. & is
sel ected from acyclic gro gcording t eperal formul g..4. f used
bi cycl | j“ %”8@%8%%?%%39 %*%Jxr'aﬁek&?eﬁuﬁa@ 3, Mo, Nk ey ol
tricycli-crgnouandstandinfard sacrossisted frérarCrilbae NG and pPefel@d edbldiineBt,/ A 2 6
6 _;\89 ANﬂf’Ai\gf%@JA‘” an% Af’4 arZeEfJo'tAr\ §H~§g as to o%r%‘agt i%phe'A\nel\lFiurggc.:H In2 ahotﬁgr pl)reérr\edAS 45
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 so 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, CO,-alkyl, CONH,, CONH-alkyl, CON(alkyl)z,
CN and CF;. Suitable substituents for the phenyl group are alkyl groups, OH, alkoxy
groups, halogens, NH,, NH-alkyl and N(alkyl),. The phenyl group may be substituted

with up to three such substituents which may be the same or different.

The ring constituted by A”, 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 A’, A%, A®, A" and A" must be S or a trigonal

10



6/.... , 9/.. ~1514 AA7 ': AI3 A 13:..---*"*"* A11-A 3 A ~Al5 10 A
Al2- A16 116 N A12-A 7 8 9 1In general formula 4, R24 and R25 are

i ndependewnlog/os@bect ed from al kyl, Ar and -(CH2)k-Ar, wheca/dBaedz 2 or 3
and Ar is selected fromthienyl and optionally substituted phenyl.

Sui tabl e substituents for the phenyl group are al kyl groups, OH al koxy

groups, 'hjggleﬂgerﬁenégﬂ%e &J{lﬁ'ééﬁb#ﬂf andsNaal Kyl hd. AThe sﬂBj%ety{o HeOtoWRY Pe
e r

substi t ut up to ee such’ substituents which be the sane or
di f f er enestrigion® 03/ 000692 PCT/ GB02/ 02872 I n gener al for rrul ab A is

select ed)fr QAGELnodiitdi Man delrla) a° did AHi2d NFZR (G Q11 By sHhiehg 1 1 S

2, 3 or IS sel ect from OH oXy groups, a VI oxy ~(0-CO al kyl)
groups, NH2of NHaad kYlis &hd N(al kyl ) 2. A2 is selected from CH2, CH(OH),

=0 8 1 | f d that when A2
s N {1 ot e iaporf YA T TR BB DM e RIS L 8 e

is NH 0r3)l\|-a>l7lay\UA’1magen'ebcah sirodtenéauslyhe . and 9, A3 is selected fromsS,

NH, N-al k W%or%\nd 9 rren{ Oﬁg%&ﬂ@ggd A, ﬁlﬁam@agslsieeogged from CH

and N. I)l NI/, and mare both CH so as
to forma th| ophene ring. In another preferred enbodinment, A3 is -CH=CH

and A4 an @ fo Ny&@.

preferr ee}d%e@%fe%re% %B&A%H % dﬁi\ﬁ dé r%?eaﬁ)%\‘%g&gre Feﬂ b@%&"ﬂled&f Egﬁlg:&t o]

forma pyr(CHLRER nip.a inoreaprefdnex qnmefdGHEIﬁdABEIBNﬂDHTNH(tCHzAB-HZ% A GHNEAd, A4 Qs

CH and ?go CS@N again so as to forma pyridine ring. In general forrrul ae 6
S

and 7, el ected fromCH2, NH, Nalkyl and 0, A7 and All are selected
fromC and N, A8 and A9 are selected fromCH N, NH, N (CH2)m R26 and S and

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-CHs, 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 A2, A", A™ A" and A'® is subject to the following restrictions.

1) One of A™ A" and A" is NH, N-CHs 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)  If one of A", A" and A'is NH, N-CHs or S then A'> and A" are both C

As used herein, the term “alkyl” is intended to designate lower alkyl groups, i.e. saturated
hydrocarbon groups of between one and six carbon atoms, including linear, branched
and cyclic alkyl groups. Examples of “alkyl” include, but are not limited to; C, - methyi,
C, - ethyl, Cs - propyl, isopropyl, cyclopropyl, C4 - n-butyl, sec-butyl, isobutyl, tert-butyl,
cyclobutyl, cyclopropylmethyl, methylcyclopropyl, Cs — n-pentyl, neopentyl, cyclopentyl,
cyclopropylethyl, dimethylcyclopropyl, and Cs — n-hexyl, cyclohexyl, bicyclo[3.1.0]hexyl.

Those compounds according to the present invention that contain a basic nitrogen atom
are capable of forming addition salts with protic acids such as hydrochloric acid, sulphuric
acid, phosphoric acid, acetic acid, trifluoroacetic acid, benzoic acid, maleic acid, citric
acid, fumaric acid, methanesulphonic acid and the like. Those compounds that contain a
quaternary nitrogen atom will exist as salts with an appropriate counterion such as

chloride, bromide, iodide, sulphate, phosphate, acetate, trifluoroacetate, benzoate,

11



AlO0 is selected from-CH=CH, CH N, NH N (CH2)mR26 and S, where mis 1,
2 or 3 and R26 is selected fromH, alkyl, optionally substituted phenyl,

pyridyl, wbiosnoyie2 OH, O al kyl, NH2, NHal kyl, N(al kyl) 2, pPCDAH020222al kyl ,
CONH2, CONH al kyl, CON(al kyl)2, OCN and CF3. Suitable substituents for the
phenyl group are al kyl groups, OH, al koxy groups, hal ogens, NH2, NH al kyl

and N(alkaibite. uTrla% Fmﬁabé'te %Qﬂh@né’@%h@ﬂat@% tHeUfiRd e aompo&rmst&r@\e such

substituents which may he same or different. The ring constituted by

A7, A8, p;s@senmrtyeam may ailse GRNAIR BN @CIdi BroxB ¢ W P PRIV Bih sroum At

satisfy FOer tieBe E@ﬁHbunﬁéﬁﬁéﬁexM@@ﬂnn‘&@ahs’S zwﬂéﬁgﬁk driae sblt@QthSasas,odlum
si x-nmenbered ring. As such, it can only rlse atoms of the type -C(R)=

and - N=.POESS e, APAGHREIUMA CRICHT: P t%ﬁar?'*tyéar@nawam/@'tandez\@%%?ntHBate‘ittcher CH

or N Washiaue e\ﬁétﬁfécémtanys&de@%e tisk ardlifdfudedl Wity tHebécapaed thhgesé i s N
and A9 is CH. en A10 is not -CHECH then the ring is a five-nmenbered

ring. |/#veREQN.case one, and only one, of the atons in the ring mnust be S
or atrigonal nitrogen. In this context, a "trigonal nitrogen" is a
nltrogen atom |inked coval ently to three dlfferen Two of these

t
at oms  arldet FRIMPIHALE agcardingelogKisorieseRtgnYaRton; ! rt&?dénataﬁﬁéf’ﬁ ¢ plREpogenic

five- merdaptre ¢ak rﬁgmetr%rtm étdm Saril $ty fha g @RAbit ogtaa"abrsarreﬁsmt heke atap@ dfl nked
to the five-nenbered rin h|5|t foIIowsthat when A |O§ not
then ondhg BIe§EBHNENGRR)NCldenal eﬁg‘er%@a%\ﬂﬁn%{ﬁ@”ﬁplasm‘fm?{é C?JT‘p%f"}drsl gonal

10 WO 0%/c@&@ﬁ%30BGFFé@B@%@aW%clullntgrsnw;sohem;m)ttbes@abe@denﬁzne@f A7, A8,
A9, Al10 and A" is subject to the following restrictions. 1) If A70 is not

-CH=CH then one of A8, A9 and A10 is NH, NN(CH2)m R26 or S or one of A7
and Al l ﬁa?tld&lar@)pr’élfarreanérﬁbddmentenmtrmf tHS3 preA8ntainde ibA araythb@ bﬂnhﬁp&lrr(d@HZ) m

R26 or S = 3 nd All may not borh si t aneous] N. Nelth r A7
nor A11 Hdly© %T@@ atf"’ Coffe "Iﬂre,&g,t%ﬁ@rﬁ{?&eal@u!uéeﬁ\lﬁe ‘f{f(’@ﬁe@ﬂ*& a
pr ef er r edneuRgiprareired &Mbogimsht :sIanh@amtdwccprdefgetbrgedeamdum A8 is NH

or N (CH2)mR26. In a nore preferred enmbodi nent, A8is NH or N (CH2) m R26,
A9 is Nand A10 is CH G

o)
NN
R™ \g/ L
7 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.

G

R4A
o)
N. N
R T 1
o7 6

27

In general formula 27, R", R*, G" and G? are as previously defined.

2
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In general formulae 8 and 9, Al2 and Al13 are selected fromN and C and Al4,
Al5 and A16 are selected fromNH NCH3, S N and CH Again, these atons
const i t utwoan/areerati ¢ five-nmenbered ring and so there mest/dBp20es82 and
only one, S or trigonal nitrogen. Hence the selection of Al2, Al3, Al a Al5
and Al6 is subject to the followng restrictions. 1) One of Ala Al5 and Al6

is NH Mdikr %ad@u%rly%eﬂ%d%o@ﬂﬁen@l@aic% oun@bcwﬁlngﬂégehé}éﬂf&ﬂﬁlam Al4,

Al5 and Al16 is NH, or S. 3) Al2 and Al13 may not both sinultaneously
be N. 4) 28.f one of A14, A15 and A16 is NH, N-CH3 or S then Al2 and Al3 are
both C As used herein, f2he term"alkyl" is jntended to designate |ower

al kyl groups, i.e. saturated hydrocarbon igroups of between one and six
carbon atons, includipgdline branched cyclic al kyl groups. Exanples
of "alkyl" include, B0t a g}ted Cl - methyl, C2 - ethyl, C3 -

sec-butyl, i sobutyl,

nmet hyl cycl opropyl, C5 -

n- pentyl , neopentyl cycIop:ntyI cyiel opr pylgrhy\ dlnethylcyclopropyl
and C6 - n-hexyl, cycIohexyR blcycld%B. . xyl Iﬂb e conpounds
according to the present invention that ontatgsidya5|c nitrogen atom are
capable of form ng addition salts with protic S such as hydrochloric
acid, sulphuric acid, phosphoric acid, acetic acid, trifluoroacetic acid,
benzoi ¢ acid, maleic acid, citric acf®, fumaric acid nmet hanesul phoni ¢
acid andntglaﬁerlal foFmuldPBS R FPTROURIE G JHaty SRNMAbrBviBusifideiRanary nitrogen atom
will exist as salts with ‘an appropriate counterion such as chloride,

brom de, iodide, sul phate, phosphate, acetate, trifluoroacetate, benzoate,
11 WO Osﬂ(m%nﬁggr@?&gfeﬂag%bo@%&ﬂﬁ§a c%h{pbaﬁ@acédiﬂfﬁé%@eneral formula

met hanesul phonate and the |ike. The conpounds of the present invention may
al so co®®in an acidic group, such as a carboxylic acid group at R26.

These conpounds may exi st as d2aner salts (zwitterions) or as salts such as
sodi um  potassium nagnesiuﬁ% al ciumor tetra-al kylammonium salts. To the
extent that such salts are pharRfacgutically acceptable, they are included

propyl, isopropyl, cyclop
tert-butyl, cyclobutyl,

within the scope of the presi@nt / i nvention. The conpounds according to the
present invention all ha&e | east) one st ereogenic
29

In general formula 29, R™, R*, R®, A%, G" and Y are as previously defined.
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centre ("asymmetric carbon atonf) and so may exhibit optical isomerism The
scope of the present invention includes all epiners, enantioners and

di ast er eoweros/oadeozonpounds according to general fornula PCTIGRROASTAQ
single isoners, mxtures and racemates. Particularly preferred enbodi nents
within the present invention are those conpounds that conmbine two or nore
of the PRSI HratbricRainlRimEnRTes chafo@iaRordiMEoHenbral RMliag. arly preferred
enbodi ment is a thioam de accordl ng to general formula 26. & R4AA O H NYN
RIAOS 26 In general fR¥mula 26, RAis nethyl or O and R4Ais H or
Onethyl. GL and & are as reviously defined. Another particularly
preferred enbodi ment ispan fle according to general fornula 27. & R4A
OH NYN RAO1O 27N engral forrmula 27, RA R4A, Gl and & are as

previ ously defined. A WO 00692 PCT/ GB02/ 02872 Anot her particularly
preferred enbodi ne t a cgnmpound according to general formula 28. & R4
)\Q\/ ? /j N
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-methyl-4-(2,3,4,5-tetrahydro-1,5-benzodiazepin-4-on-1-ylcarbonyl)-
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-yl-
carbonyl)benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine,

4,4-dimethyl-1-(N-(2-methyl-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-methyl-4-(5,6,7,8-tetrahydrothieno[3,2-bJazepin-4-ylcarbonyl)benzyl-
carbamoyl)-L-thioprolyl)perhydro-1,4-diazepine,

4-methyl-1-(N-(2-methyl-4-(5,6,7,8-tetrahydrothieno[3,2-b)azepin-4-ylcarbonyl)benzyloxy-
carbonyl)-L-prolyl)perhydro-1,4-diazepine,

(4R)-N°-(2-chloro-4-(5,6,7,8-tetrahydrothieno[3,2-b]azepin-4-ylcarbonyl)benzyl-
carbamoyl)-4-methoxy-L-proline-N-methyl-N-(2-picolyl)amide, and

14



RS pH NN Rp~\ 16 YNNR 28 In general formula 28, Rl, R4, R5, R16,
& and Y are as previously defined. Another particularly preferred

enbodi nenwoims/oavepnpound according to general formula 29pPdRASBAA0DERI N aA
NRAA pH NYNRIAO1Y 29 In general formula 29, RLIA R4A R26, A3,
Gl and Y are as previously defined. 13 WO 03/000692 PCT/ GB02/02872 A nost
preferred enbodi nent is a conpound according to general formula 30. R26 H

N,N N aA
1-((4R)-N°-(2-chloro-4-(5,6,7,8-tetrahydrothieno[3,2-b]azepin-4-ylcarbonyl)benzyl-

carbamoyl)-4-methoxy-L-prolyl)-4-(1-pyrrolidinyl)piperidine

The compounds of the present invention can be prepared by standard chemical
manipulations. In general, compounds according to general formula 1 can be
considered to consist of four component parts:

e Component C' corresponding to G*

e Component C? corresponding to the substituted benzoyl unit

e Component C* corresponding to the pyrrolidine unit

e Component C* corresponding to G'.

Component C'
Component C3

Component C4

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

(i)  forC', a secondary amine G-H

OH R’

(i)  for C? a substituted benzoic acid
X—H

15



NRAA pH NN RAp 16 Y NNR 30 In general formula 30, RA R4A RI16,
R26, A3 and Y are as previously defined. |Individual preferred conpounds

wi t hi n t hwoiasweosv2 on i ncl ude: 4-nethyl -1 PCT/GB02/02872
-(N-(2-methyl -4-(2, 3, 4,5-tetrahydro-1, 5- benzodi azepi n-4-on-1 -yl carbonyl) -
benzyl car banoyl ) - L-t hi opr ol yl ) per hydro- 1, 4- di azepi ne,

4-met hyl - 1- (N- ( 2- net hyl - 4- (1- net hyl - 4, 10- di hydysopyr azol o[ 5, 4-b] [ 1, 5] benzodi
azepi n-5-yl - carbonyl ) benzyl car banoyl ) - L- t i4opr ol yl ) per hydr o- 1, 4- di azepi ne,
4, 4-di net hyl - 1- (N- (2- net hyl - 4- (1- et hyl - 4, 10=>g+hydr opyr azol o[ 5, 4-b] [ 1, 5] ben
zodi azepjiif- for C°, a proline derivative OH o o
5-yl car bonyl )benzy car banoyl ) - L-t hi oprol yl) pe 1, 4-di azepi ni um i odi de,
4- et hyl -1- (N-(2-net hyl -4-(5, 6, 7, 8-tetrahydrot , 2-b] azepi n- 4-yl car bon
yl ) benzyl - carbanoyl)-L-t hi oprol yI ) per hydr o- 1, B di azepi ne,

4-met hyl -1- (N-(2- net hyl - 4- (5, 6, 7, 8- tetrahydroth| eno[ 3, 2- b] azepi n- 4-yl car bon
y| ) benzy(lvpxyfor €4r dprimpbiy- dLSpcmd;aho@'ennhydr o- H-46&di azepi ne,

(4R)-N'-(2-chl oro-4-(5, 6, 7, 8-tetrahydrot hi eno[ 3, 2-b] azepi n-4-yl car bonyl ) ben
zyl - carbanoyl) - 4- met hoxy- L-proline-N nmet hyl - N-(2-pi colyl)am de, and 14 WO

03/ 00069@\/&?& @ﬁf&(s@%elﬁgt the subst|tuted benzoic acid for C* and the proline derivative for
2-chloro-4- 7, 8-tetrahydrothi eno[ 3, 2- b] azepi n- 4-yl car bonyl)

benzyl G abethnisNe twa rﬂé"ﬂfﬁ'@ﬁ@’ Q_mHP%)ItWt) Wil_ peedy{amrareryi RPECHPH &luring HBe The

conmpoundgsahpil f 1R §88 ForpBURNt | PRt SRTEIIRS B fAR&IcRE é}buﬁtp&ﬂé’@hbﬁ fdomical
mani pul ations” In general , conmpounds accordin \IC\J/ to general fornula 1 can be

consi derkagwp i therast and e deselibed dmielrfRAMPIear FsW. MeQRien Bateqtive G5PYRSSBondi ng
to & Organic Chemistry”, Plenum Press, 1973; T.W. Greene and P.G.M. Wuts, “Protective

Groups in Organic Synthesis”, 2™ edition, John Wiley, 1991; and P.J. Kocienski,

“Protecting groups”, Georg Thieme Verlag, 1994. The carboxylic acid group will usually
be protected as an ester, such as the methyl, benzyl or tert-butyl ester. The secondary
amine of the proline and the primary amine of the benzoic acid (when X' = NH) will
usually be protected as a carbamate derivative such as the tert-butyl carbamate (BOC
derivative), the benzyl carbamate (CBZ or more simply Z derivative) or the 9-
fluorenylmethyl carbamate (Fmoc derivative). When X' = O the resulting alcohol function
will usually be protected as an ester such as an acetate, or an ether such as a
methoxymethyl, tetrahydropyranyl or trialkylsilyl ether.  Other functional groups may
require protection. For example, the group G' may include one or more primary or
secondary amino groups which may need protection. In the following general description
of the synthetic methodology it will be assumed that such protection is used when

necessary.

(i) Preparation of secondary amine for C!

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

a) Alkylation
25
RE-NH, + C—R® — >y

Ir=z

16



Conmponent C2 corresponding to the substituted benzoyl unit Conmponent C3
corresponding to the pyrrolidine unit Conponent C4 corresponding to GL.
ConponentwO 03@ooponent C3 G4 2 R R 0....... R2 s R X€T/GBaYoSmponent
C2 1 RO G Y Conponent C4 Internedi ates corresponding to these conponents
are prepared and then assenbled to give the final product. These four

conmponent's ar®his(hdthbd[s &giﬁliéﬁﬂ@ﬂﬁﬁ%sm@u%%l%tﬁaﬁabe(d'viobdeﬁgr G2, a
substituted benzoic acid L H RL 15 WO 03/000692 PCT/ GB02/ 02872 R 4 R5

(iii) for C3, a proline derivative OH N
b) Reductive amination

Ra

Ra
RZ—NH + — —_— 24 J\
2 O < R\ .
RP

N R
H
(where R?CHR® corresponds to R*)

c) Amide reduction
0

: 24
R24 LIAIH4 R\ N a
~ . N R

N R H

H

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

Q
/U\ 0 N=C—R®
cl R® -~ R /lk -+
~ a
+ N R
“ H RZOH
R=—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. Sci. 24, 1969, 276; Artico et al., Farmaco.
Ed. Sci. 32, 1977, 339; Chakrabarti et al., J. Med. Chem. 23, 1980, 878; Chakrabarti et
al., J. Med. Chem. 23, 1980, 884; Chakrabarti et al., J. Med. Chem. 32, 1989, 2573,
Chimirri et al., Heterocycles 36, 1993, 601; Grunewald et al., J. Med. Chem. 39, 1996,
3539; Klunder et al., J. Med. Chem. 35, 1992, 1887, Liegéois et al., J. Med. Chem. 37,
1994, 519; Olagbemiro et al., J. Het. Chem. 19, 1982, 1501; Wright et al., J. Med. Chem.
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1 0 H(iv) for C4, a primary or secondary amine HG It will be recognised
that the substituted benzoic acid for C2 and the proline derivative for C3
bot h havewows/obaspzt i onal groups that will need tenporary mpoatGmkioesv2duri ng
the assenbly of the final conmpound. The principles of functional group

protection are well known in the art and are described in, for exanple,
J. F. W MaOrioge, 46%; Otfﬁﬁaﬂntse QQ,UFTﬁet' et O04aNGE3, ATaN Shd ViiterrBkiRMBARERSS,
1973; T.W G eene and P.GM Wits, "Protective Groups in Organic

Synt heS|3§‘P"C32'ﬁG RuHigatign NUTBRRMAY%I6408991; and P. J. Koci enski, "Protecting
groups", Georg Thiene Verlag, 1994. The carboxylic acid group will usually
be protected as an ester such as th- et hyl, benzyl or tert-butyl ester.
The secdildenaration aisubstituied benz S he primary am ne of the benzoic

aci d (whsibstithted tdrkoidclds dé&aaﬂ)drwu@etomzcareeubegler@ala/ ipideatnenstes mat i ve
such as the tert-butyl carbamat 8 Wgserlvatlve fhe benzxé Eﬂ&am&te
(CBZ or ®f &3 PRSTSParectibeng 2UPUop grotbods o Oiays: Waphor Bl Tuch dPEARRR o ( Frroc
derivat itH) maMh@tﬁhlléﬁge—lsogéﬁé%lIS/Qﬁél|e'!db6gat|@h(‘tﬁihl®é —CupxH amctiowdiity atsthald-y be
protected as an ester such as an acetﬁl or an ether such as a

met hoxy ROSHGN:, ﬁ%‘t?%‘dr"@ﬁ?%@[ﬁ%on&ar? te§ RYPYi |yl ether. Qther functional
groups maya) rEesinaBomcabgritioan. For exanple, the group GL may include one
or nore primary or secondary amino groups which nay need protection. In
the following general description of the synthetic rM';EtQtodd? ogy it will be
assunmed that such protection is used when necessary. (| P epag?at i on of
secondary am ne for C Acyclic secondary am nes corrélspon t o HNR24R25
are well known. Many are itenms of Conmer ce. Those t hat al |

prepared accomedng Ro publ i shed med hod®’ or s,\gtrrpl e nodi
met hods. Sone parti cul a,EQNleégeful t hpds F@are N7

24 25 R24 NH R 0

_Br
CH, C T~ MeO R’
R’ 1 Hy NaoAc R?
o)
_OAc
C
R
b) Sandmeyer reaction/reduction
MeO R’
R? HNO, R  H, o R?
NH
CuCN 2
H2 ke CN 1
R

(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 et al., J. Med. Chem. 31, 1988, 1148; and Smith et al,,
J. Med. Chem. 31, 1988, 875.
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H 16 WD 03/000692 PCT/ GB02/ 02872 (This nmethod is only applicable in cases
where further al kylation can be avoided.) b) Reductive am nation Ra Ra
R24 NH2 +wO®mieB24 b H F2 R (where RaCHRb corresponds toTRAHPR/02872 Am de
reduction O R4 LiAlH4A RR~-NR a |I--, ) NRa HH (where RaCH2 corresponds
to R25) The starting am de can itself be prepared using well known nethods.

00N C‘(RgPregaré?@nWWlmarWoﬁéeE?or%ﬂv Snife o8 NH2 Secondary am nes
correspon

IS a group acco d|n ene formyl ae 5 -
o o PR o (5 EbEtRaTBR: aMnGS A PRI LS e abS 8 Ghals e aeedlaar oi g
to publ 'a%B%éle@td%Q@Sweﬂ)restath@dl etesniswdi f I'Kh%tq@aﬂérnéfy SNﬁ’fbnm hads . can
Particul ar Iy gef ul gre descri bed |J1 anapakamet al., Bio
Med. Chégherallypg P’&%% bﬁ@é NP (AN BB Ne SEEPNCANGY wﬁ @y apie Wt an Qﬁcesi%g
276; ArtdfemyktingthgentFar maco.

With the four components, suitably protected if necessary, in hand, the assembly of the
final compound requires the formation of three bonds: between C' and C?, between C?
and C3, and between C® and C*. These bond-forming steps may be taken in any order.

Thus, the following sequences can be proposed:

Cc'+C? - C'c?— c'c*c®* - c'cxcict
C®+C* - C*%C* —» C*C’c* » c'c’c¢t
Cc?+C® - C%C® - cc*ct » c'ceiet
c?+C®— Cc*C®» Cc'c’c? - c'ceet
C'+C?> C'cy ¢+ C* - C%¢c*; c'c? + C°c* —» c'c*cct

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

bonds from a carboxylic acid and a secondary amine is well known in the art of organic
synthesis, and particularly in the field of peptide synthesis. The carboxylic acid may be
converted into a more reactive species such as an acid chloride (using, for example
oxalyl chloride or thionyl chloride) or a mixed anhydride (using isobutyl chloroformate).
This reactive species is then added to the secondary amine in a suitable solvent,
generally an aprotic solvent such as dichloromethane or dimethylformamide, in the
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.
Suitable condensing agents include carbodiimides, such as dicyclohexylcarbodiimide
(DCC) and N-ethyl-N'-dimethylaminopropylcarbodiimide (EDC, also WSCDI for water-

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



Ed. Sci. 32, 1977, 339; Chakrabarti et al., J. Med. Chem 23, 1980, 878;
Chakrabarti et al., J. Med. Chem 23, 1980, 884: Chakrabarti et al., J.
Med. Chemwo33/00989, 2573; Chimrri et al., Heterocycl esP8d/GEROR72601;
Gunewald et al., J. Med. Chem 39, 1996, 3539; Klunder et al., J. Med.
Chem 35, 1992, 1887; Liegeois et al., J. Med. Chem 37, 1994, 519;

OlagbemuIr feti@iamind)ohbElhonBRE Mex:uorbBB@spha0 | Ofblen@triddol- d.
Cheém '§( e'?amm )526%3 P/ GB02/ 09872 923ID 1981(80‘32 . nrrarr'notoo1eyfm(%(jv‘5 Tet .

Lett. 24”9)’1@8@'”09!‘73?9“0'31% IW@fﬂ%‘?Rf’@ﬁﬁhatﬁat@}‘ﬁopa?pp?qdca'?rpﬁ‘l‘?t”p%%'!q'%t i on
number %ﬁr%ﬂﬂﬁ hekaflubrdPhE8isHad (FB/Bred®)s s Liidad tsaieh B8 -G dhzagiagolf10y1)- C2

Substituted benzoic acids correspondi are not generally itens of
comer cé\:N BﬁtN"tQtF?é@ﬁtEﬂWOB'é'"H?eé‘ﬁﬁﬁ‘%ap'?%ﬁgﬁﬁt%UBTpéhed me?hods oryobV| ous
vari ations of such nethods. The main challenge is generally the

el aboration of the -CHX' H functionality at the 4- position. Some useful
t r ansf o Weffr@aEoReCTChAW hel ow. a) Bromi nation/ Substituti on MO R3 R2

MeO R3 '\ﬁ]@ d%%\d"ﬂ%tw&r?CNﬁﬁj @323 BlabbaMhat® (Wheh XBE O)Wrid GrebB@HES XR= RHJ12
ﬁg)ég T@e@stm ndhﬁéorp@tl@n Qéthl nodnréelgeenér% y oI r?agc/:trtﬁg lij>(r:(;[llne IE'ierlva(t)ve Wltl'\\/b R3
phosgene or a phosgene equivalent such as trichloromethyl chloroformate,
bis(trichloromethyl)carbonate or carbonyldiimidazole. Again, an aprotic solvent and a
tertiary amine base will generally be used. The intermediate formed in this step is
usually not isolated. The alcohol (X' = 0) or amine (X' = NH) is added and the reaction
is allowed to continue, directly forming the carbamate or urea. As an alternative, when
X' = NH the reactive intermediate may be formed by the reaction of C* with the phosgene

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

(iii) 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 methods 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 suspension, or in a more complex form such as
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fNH2 CuCN NH2 KCN (iii) Preparation of proline derivative for C3 Proline
and hydroxyproline derivatives are itens of commerce. O her proline
deri vati vwe 03parspespondi ng to C3 can be prepared accordi n@crarme2sTet hods

set out in Dugave et a/., Tet. Lett. 39, 1998, 1169; Petrillo et al., J.
Med. Chem 31, 1988, 1148; and Smth et al. J. Med. Chem 31, 1988, 875.
18 WO O%noaﬁ@%r%e pQEE/hGB&%éQ&%?LRanoﬁwn g?ﬁ@@l@ﬁﬁélh@é‘oﬁé oPHoF@éi(cnﬂénée&}&Hdar y
amine for C4 As noted in (i) above, am nes are commerci al |y avail abl e

and ot hesglilgerts ubing §gera%>c,t&dsngo¢99%|df$@e%ms ety iPeaReavatiMesflavaipg The

quater “an)én%”WtHérﬂl@| t e thed RIMRURLIbY nsbSreBéﬁtBaré%da It §akdg3dieatnRl | Mary,
secondary or tertiary amne with an excess of alkylating agent. Wth the

four corfyeRiRtsmay aptienally Instudecped 9T AgBBiE 48 CPNITGl iy Elepser iAo agvRDl v of

the fi %EcuEQWH%@ d @csuslhg@s at gy rherth@tié ﬁ@omﬁletam@e phRdidsolubRtaRROISF and
C2, between C2 , and between C3 and .. These bond-form ng st eps may

be t akerPrighapl- o@%’racoq{f{@s(k”?‘ﬁ'éaﬁéf‘l 8%?%0%%@8@%%‘?”&“‘95@'66?% fo*é‘éd C +

C2 -+ Caclide SgerftitChe- ﬁorﬁécl@ﬁ%@éws S retedsd in theGRfedtined C3He fo?m@lahéﬁ%@‘l 2 +
C3 --+ C2C3 -> C2C3¢4 -> C ccaA4
C + C2 asqoncigde ang qr ipare. adftt%@@’ p@arn@o@g@g@actge@pe@g@ﬁ ef?ra)blyF%‘?rrat i on
of C - ClohangtiohhscildchdaicheribitionaladtveGgents. @ si npl e am de bond. The

chem stry for neking such bonds froma carboxylic acid and a secondary
amne is well known in the art of organic synthesis, and particularly in

the fielld rathdrepbiéte, ﬁ%%r@@&itﬁnveﬁh@w eampasesl the el ¢l Jua d@mpogmvseratned into
a nore reactive species su

oxal yl dWnes PhEe ’W%“Bﬂilpgg:‘ﬁla"g‘fel%g%ﬁa% “’%g'!r‘r%r?g@”@ﬁ% g‘a"ef %énery‘@orqjs(ﬁbut yl

chl or of afda@heént-involving such use of the compositions and compounds. The compounds 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 limited
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 agents, the compositions of the present invention may be
administered by any appropriate route that is known in the art. For example, they may
be administered by the oral, buccal, sublingual, rectal, intravaginal, nasal, pulmonary or
transdermal routes. Alternatively, they may be given by injection, including intravenous,
subcutaneous and intramuscular injection. The amount given will be determined by the
attending physician taking into consideration all appropriate factors. Generally a single
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
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This reactive species is then added to the secondary amne in a suitable
solvent, generally an aprotic solvent such as dichl oronethane or

di met hyl fwomam@e2 in the presence of a base such as tri edytmniozss2or

4-di net hyl am nopyri dine, and the reaction is allowed to proceed at a
tenperature between -20C and the boiling point of the solvent. The choice
of t e”peq\%tnqﬁﬁe%@ﬁ%/ i fhaly &8 G &V\%%ﬂgplhtérvhﬁs sGek bb %Hcé’“t%‘ce%@r?r@g tiffest he
reactiv Wwo component s ternatively, the carboxylic acid and

t he seccﬂ@d)arfy oareManfagcaerding tedhe conditiafpeaingireatedol vent as above,
optionally in the presence of a base, and a condensing agent added.

Sui t abl e condensi ng agents i nclude carbodiimdes, such as
di cycl oHexyangatern deptment an@texptiyhtp repeated dosing may be the administration of a

N-et hyl -PNhpdiseRt hwoam.gwtwac@mﬁgtramme(a%@@ a@érit s Y&(ehiyf .ﬁfromteer -

sol ubl e car bodi i m de), phosphorus reagents suc benzotriazol - 1-yl oxy) -
19 WO 03MgG0maixmEbiadsgradablig Fplymer; YR Fre ﬁ9ﬂ’°&¥ﬁ‘?fd)féﬁf%5'§[ﬁﬁ‘6r9'3{9m'c aC'ds

hexaf | U‘H’n@Qh@?@MIQnoﬁBQ@iven(Q%?@td loRZR1. sb-34 @tkm a deposit from which the
tripyrrolid nophosphoni um hexaf | uor ophosphate (PyBOP(r)) and

br orot r i35YYe BYSTHITIEIeaERRb AP HERANNHIEAFA%E8r ophosphat e (PyBroP(r)), and ureas
such as O (benzotriazol - 1- yI) N, N, N, N -tetranet hyl uroni um

hexaf | uor ophosphat e (HBTU). Formation of C2-C3 bond The bond bet ween
C2 and Gdei foregaing @&ﬁ%[tF%'OQ\Ahé‘H“ r lluggsategt iny the é%l'ommeﬁX%@p es,\Miich affe fir st
step in jhBRIdLIoBRIMPRISE thdhsplRalsh drh&RehtRInl But hét th Bafithé BepRItAérebe
derivative with phosgene or a phosgene equival ent such as trichl oronethyl
chl oroformate, bis(trichloromethyl)carbonate or carbonyl diim dazol e.

Agai n, gxmappEsc solvent and a tertiary amne base will generally be
used. The internediate formed in this step is wusually not isolated. The

al cohol (X1 = 0) or amne (X1 = NH) is added and the reaction 1is allowed

to cont|mqo||du,,ﬁgag[§5r§v,gﬁ5d§1ﬁageb@@n ggddamate or urea. As an alternative,
when X1 = NH the reactive |nterned fa d by. the reactcbon of C2

W Eh t ndtbhos gerRl ek HSEES STRY 0 B MR AL THoR e LOBRDRR Bar t of
the synthesis. (ji( Isb?ar'ﬁpf@@ﬁérgﬁ of C3-C4 bond When Y = 0, the bond between

C3 and %ZIEEAS a si rl'r\Pd”eSOam dle ond, and it nmay be forned
propylethylamine
DMF dimethylformamide
Et ethyl
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 room temperature
THF tetrahydrofuran

WSCD water-soluble carbodiimide (N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide
hydrochloride
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by the nethods described above for the formati on of the Cl-C2 bond. Wen Y
=S, the bond is a thioamde. This is generally prepared by first making

t he sinplwoasiod&9and then treating this with Lawesson' s reEageBi2/02872

(2, 4- bi s(4- et hoxyphenyl)-1, 3-dithia-2,4- diphosphetane-2,4-disulfide). The
conpounds according to the present invention are useful in human and ani nmal
t herapy. Wen so used, they will generally be fornmulated in an appropriate

manner. Thus a second aspect of the present invention is a pharnaceutlcal
f or mul atBxempleasat- 10id¢éPfLR9e§'ea§Y66\¢9@Lﬂfdm8§“@é%t@$l beemapHiEs acsouingaiet thee

i ngr edi ?Pésenﬁnb@htfoql @‘é@@g&lb@& it BeampE€sER05nvention is the use of a
conpound according to the first aspect in the manufacture of such a
conposition. The conposition according to the present invention may be
present anfpigry formthat is known in the art. For exanple, the

formul ation may be presented as a tablet, capsule, powder, suppository,
cream <SoBenzydd. 1(9('0"E‘MQM&’&'P[5&b]|[h5H’eHE?@aM? ex formsuch as 20 WO
03/ 000692 PCT/ GB02/ 02872
i nclude one or nore exci

an adhesive patch. The forrmulation will generally
€ , such as diluents, bulking agents, binding
agents, dispersants, sol agents and the
like. Wiere th@Etornul at iy : ; apsul e the

exci pients y optionally include one or 26 / ont t@Ftt he rel ease
of the acti i i s insoluble at
| ow pH bNE solybl e at neutral or high pH Such a coatilng (known as an
"enteric coatifAag") prevents the rel ease of activeNkgent” in the stonmach
but allows its release in the intestines. T rmul ati on may al so include
one or nore additional pharnacologically ac speciles. Preferably the
formul ation includes no such additional actiWVvs et 3. I n further aspects,
the present invention conprises the use of sugh conpgsitions, and hence of
t he conpounds of the invention, in human and Bfamal herapy, and net hods of
treatnent invol ving such use of the conposi tions and conmpounds. The
conmpounds of the esent invention are potent and g€f'eciive oxytocin
receptor agonists d so the conpositions are use the treatnent of
conditions for w [

—N

\ \

[:;::L\ [:;::L\N AN
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activity is inplicated in the pathophysiol ogy. Such conditions include, but
are not limted to: sexual disorders such as nmale erectile dysfunction and
ej acul at owp wdios@wrers, femal e sexual dysfunction, cancer paff/¢Bre/ops7est at e,
breast, ovary and bones, osteoporosis, benign prostatic hyperplasia,

post - partum bl eedi ng, and depression. The conpositions may also be used to

i nduce 120 ®ihylG-amifid-Y-BekzApyta6lert-aaddkilatd 0 decrease arterial bl ood
pressure t o decrease exaqg?(T:;e,r ated responses to S% r es?%and tQ | n(f‘r ease the

noci ceptHengylnydiages sfilydrachtosids  @:259y e R diaeAtded e & SAHER f FiMYls used
t o treatetiBkindthylbesyBysoacatERl (3.8865f 20m6mbip randani@thyeingngref1ermbiymengcti | e

dysfunction. Wen ed as therapeutic agents, the_caonpositions of the
p)r/esent %eHQléh?tihB?P'R%?/’“Bémdé%ﬂﬁﬁ%ﬁeeW%sdh%?e‘i\ﬁveh%f%ﬂgﬁét e-ltr}eo Ve MRS i s
ll;nownl [ ﬁehglﬁe_cﬁm v?dfl@rarﬁ%&iépﬂe_eiduéhéas ;_Bmyiledhj@f ﬁmilm cm'r@?@tbgdaphy mflﬂlidar@éla I
uccal , subli al, rectal, travagi nal ,, nasa u nary.,. o t er ma
Pout s, Glee i Pt el sl e BRI Brrs ey o sae Wil HA

i Nt r avenptoe-1-senbypyrarsedscatiukylate (48y188%).ar i nj ection. The anount given

will be determined by the attending physician taking into consideration
all appropriate factors. Generally a single dose will conprise between 0.1

ng and HEHEEyl PheiSA-BLLnibRpheayIaming) piRdoRSearboxflatéct i ve conpound. The
dose may be given on a single occa_sig or t’e e(gt edly. \/\gen .21 WO 03/ 000692
PCT/ GROS9bEY Hydte, (3% lsedrsien |1 oft S4Pme. HETATQ L5 Sd0B] RORIT Rl Al s,
such as spBsehsidnbiC@nyR5-driinB e -thérnFppyraddie ldycarifixyRfe FeZRBmET Modrthya®uso t he
condi tion bej ng’ treated., For | ong-tﬁr mdgreat meF?t an alternative to repeated
dosi ng ralf BOMhat Qi dinetPixture ias Allweq oMy Py OMHsMPEfAtWe Andig et

gdm;jni Stfd(Sjra%IinOt'ﬁeh hefles-DMRra@ABénd 8. Z6Y) Sfrdhdly was btiostiand the RisQitantradepi X of

i odegr adabl e

pol yner, such as copal ymer, of tic a coli ci ds,
and t he PURIGnFUERSTSION; ‘é‘aﬁ?‘Wé‘?f?éf %ﬁefppgg r. o}“?iK"}ﬁa&sWa%@Qg%og}%ﬂﬂ?%%dtgﬁosi t
]1: rom miré&é%h%ndaﬁbiétﬁ(eﬁg]?@% rlﬁmowdl iﬁﬁS&ﬂloaS 'ItHéereﬁﬂb&P/Ws dw\wdlei&.etﬂ'*le
oregoi ng description is furthe | ust r at nt ow .exanpl es,
whi ch araéetait%naaﬁéf?e%S?'B“%Wﬁﬁg‘ﬁsé‘fiwftﬁé)él@dﬁ?% iSBEW4¢t%aT£8%?ﬁ'i%ﬁdbut not
to I'i m tovbhengS0oReahd etReéntrateeXANVPL&SIO. 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 (2.5g, 76%).
MS [M+H]" 366.8

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

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

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

1D: 1-Benzyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepin-4(5H)-one
A solution of ethyl 5-(2'-aminophenylamino)-1-benzylpyrazole-4-carboxylate (1.75g,
5.2mmol) in acetic acid/ 2-propanol (1:9, 40ml) was heated at reflux for 3 days. The

solvent was removed in vacuo and the residue was azeotroped with toluene to give an
24



The foll ow ng abbreviati ons have been used: Bu butyl - alkyl residues may
be further denoted as n (nornmal, i.e. unbranched), i (iso) and t
(tertiaryywoDisBdod N- di i sopropyl et hyl ami ne  DVF di net hyl f orrcavceie/028t et hyl
HOBt 1 - hydroxybenzotriazole HPLC high pressure |iquid chromatography hr
hour (s) Me nethyl M5 mass spectrum NVR nucl ear nagnetic resonance spectrum

OVA or nidrtiviige ¥aRothatwas 3nﬁcﬂiénggeﬂm ehr@haﬁabra{bﬁg{[rdﬂ xR G hetaModdel R@t.i n the
range 60-80C Ph phenyl Pn per,%%l Pr propyl. R roomter’g)eratur,e THE
t et r ahy @tRar(E5Fn aRErReRARtR) 1Q ofiflhI 2 WilPLeRId [ealified as 1-benzyl-4,10-dihydro-

031 G006 Y B B e e e synthests of
i nt ernedi ates. Conpounds according to the present invention are described
i n Exammegudd)rtooh 105. Exanple 1 1-Benzyl -4, 10-di hydropyrazol o[ 5, 4- b]
[ 1, 5] benzodi azepine OEt NHNH2 | N N Ot

1E: 1-Benzyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine

LiAlH, (365mg, 10mmol) was added portionwise to a suspension of 1-benzyl-4,10-

dihydropyrazolo[5,4-b][1,5]benzodiazepin-4(5H)-one (780mg, 2.7mmol) in anhydrous

THF (15ml) at 0°C over 10min. The resulting suspension was heated at reflux for 18hr,

then allowed to cool to room temperature. A further portion of LiAlH, (90mg, 2.5mmol)

was added and the mixture was heated at refluxed for 3hr. The mixture was cooled to

0°C, 35% ammonia solution (1ml) was added dropwise over 10min and the mixture was

stirred at RT for 1hr. The resulting suspension was filtered through Celite® filter agent

and the filtrate was concentrated in vacuo to give a white solid identified as 1-benzyl-

4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine (450mg, 60%).

MS [M+H]* 276.9
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OEt NCO NI-12 O F NX®2 Y-NN NN-=----Zz HHNHR2 OCEt N2 0 CEt N NO N N
NON NN HOH 23 W 03/000692 PCT/ GB02/ 02872 1A: Ethyl

5- ami no- Iwioaayé@yr azol e- 4- car boxyl at e Benzyl hydr azi ne di lgdveriloesde
(4.29g, 22mmol) was added to a solution of ethyl

(et hoxynet hyl ene) cyanoacetate (3.38g, 20mmol) and triethylamne (6.15nl,
44mol , edftblei2n et hanol (40ml) and the m xture was heated at reflux for
18hr. The solvent was i_n _vacuo _and the resjidue was purified by
f1ash cﬂrMﬁHWé‘éﬂeQmipy‘érﬁpyl' qu&%{4<§e¢lpvrc%q>laén'ell‘e6%1f@9'"eet her / 40% et hyl
acetate) to yield a pale yelJogw solid identified as ethyl 5-

am no- 1- benzyl pyrazol e- 4- cgr b late (4.3g, 88% . 113: Ethyl

1- benzyl 2' - ni trophenyl |lam i no) pyrazol ez 4- canboxyl ate Sodi um hydri de
(60% di sper%‘i s~amded o™i onwi se to a

suspensi on Npf ol e} 4- caf boxyl at e (2.2g, 9mol) in
anhydrous to warmto room
tenperature a orred fer—2hr—then 1-fl uoroHZ ni tir obenzene (1. 26g,
9mml ) was adﬁl‘éd and the resultant deep NOple su n was stirred at
RT for 18hr. 1M KHSO4 was added to quench the redetion and the solvent was
renmoved i n vacuo. The residue was dissolved in ethyl acetate and the
solution was washed with 0.3M KHSO4, sat. NaHCCB and brine, dried over
Na2SO4 and concentr at ed in vacuo. The residue vva purified by flash

chr omat ography o|r_‘| SI| ca gel (eluant 75% pet. et h\er/25% ethyl acetate) to

yield ethyl rz// XN /i
\
NN
X
=
N
H

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

Sodium hydride (60% dispersion in oil, 600mg, 15mmol) was added portionwise to a
suspension of ethyl 5-amino-1-methylpyrazole-4-carboxylate (1.69g, 10mmol) in
anhydrous THF (15ml) at 0°C. The mixture was stirred for 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,4 and concentrated
in vacuo. The residue was purified by flash chromatography on silica gel (eluant 30%
pet. ether/70% ethyl acetate) to give ethyl 1-methyl-2-(3'-nitro-2'-pyridylamino)pyrazole-4-
carboxylate (1.95g, 67%).

MS [M+H]* 292.0
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benzyl -5-(2' - ni trophenyl am no)pyrazol e-4-carboxyl ate (2.5g, 76% . M5

[ MitH] + 366.8 1C. Et hyl

5-(2' - am wopamyebanm no) - 1- benzyl pyrazol e- 4- car boxyl at e Et giT/GB02/02872

1- benzyl -5-(2' - ni trophenyl am no) pyrazol e- 4-car boxyl ate (2.5g, 6.8mvl) was
di ssolved in ethyl acetate/ethanol (1:1, 100m ) and hydrogenated over 10%
Pd/ C catalyst for 70 mnutes. The mixture was filtered through Celite(r)
filter a ent and the filtrate was concentrated in vacuo to give a white

sol i d i R&BitEthyled(3raminen(-pyriggaming) riomethwiryazelepi-¢arboxylate

b I '

fgg%zpl;{ Z.,%%,Sa %'C%ﬁ%wg%g ? 339‘[)1 ?%%Fgenzom%)ﬁgﬁ%%gﬁztgng X%ol uti on
of et hyI6 Bainel)-iaetirenoh é10pminvas hydropenatsd pyeratsh d2UC cataisk foralhe. ( Thesg,

5. 2ol )reécgloﬁqﬁ;(t'ufe @5& ﬂ ter%d Wrgggpeghtédﬂl%r aégm e)ndvmé flEr%?é \ﬁ?gs %ncreﬂ[r!atléé for 3

days. The vacuo he re ue was azeotroped with
t ol uene ib vagior & give eQ&NhIM)sO[Bi 0062 RCEIhEBRZB RBAQ-2'-pyridylamite- 1smlethyl -t hat

fied b h ili I I t 35% pet.

ot her | oot 2oI B8Rl N BSR40  whi te sol 1dident (1 ed as '
1- benzyl - 4, 10- di hydro- pyr azol o[ 5, 4-b][ 1, 5] benzodi azepi n-4(5H) - one (780ny,
529
1- é%nzyl 'gq;t}yﬁ%tln’ro 6%'3/'%’ 8P’o“[zgl°4{4’b5ﬁ]wrg]‘%ehzd{j1 %\]zéaﬁe in 4I5/&II) ﬂ&e(365ng,
10nmmol ) N\mlwddaﬁf pthwyt |2@(BIAammot2ypandyIameo)51mtmjﬂpytaztmméyhpb@x)alﬁe (1.5g,
di hyd I b b 5 (7
anhydr oL STRel (Y SRR 2TORIERIRER (o T e FRa bR AT BE e Bh ViEE' heat ed
at refl wolvear wh8hemovedem vatloand the resmhe Iwas rarepiroetp @itattaluene. A fThet her

t f. Li Al H4 h ted at
P on Bl G LR 2P alon DR PSS B b alBp B,
m ) was siliddegkl deiopm 98%0etdorolddni4vs ameiharhmmm xatetice agid)s to gtvleraemhntat sdid for 1
hr. Th | ti filt t
T oD Tt B8, SR RERE AT AR LR PP T BT o

as 1- ben3§0mg,445%): di hydr opyr azol o[ 5, 4-b] [ 1, 5] benzod| azepi ne (450ny, 60% .

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

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

MS [M+H]" 202.1.
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M5 [ MEH] + 276.9 25 WD 03/000692 PCT/ GB02/ 02872 Exanple 2 1

- Met hyl -4, 10- di hydr opyrazol o[ 4, 5-c] pyrido[ 2, 3-b][1, 4] di azepine N OE N?--~
NNN t €oosi0Bob2 NH2 NO2 HO O&t H N, ~ ,NN NN/ N p/aBo/ose H O
Nl-12 0 OBt N NNNN H 2A Ethyl 1-nethyl

-2-(3"-nitro-2'-pyridyl am no) pyrazol e- 4- car boxyl at e Sodi um hydri de (60%

di sper si Idle@i |, 600ng, 15mmol) was added portionwise to a suspension of
et hyl 5-am no- 1-nethyl pyrazol e-4-carboxylate (1.69g, 10nmmol) in anhydrous
THE ( 15rent-Butybmethidl-Ni(Z-pigalyhgasbamater ed for 2hr at RT then 2-chl oro- 3-
nitropyridine (1.58g, 10nmmol) was added and the resukting deep red
suspension was stirred at RT for”18hr. 1M KHSO4 atlded to quench the
reaction and the solvent was re in vacuo. Th
in ethyl acetate t he solution washed with KHSO4, sat. NaHCO3
and brine, driedq ovelf Na2SO4 and concentrated in va¢uo. The residue was

purified by fla C Nomatograghy o]

NH, O

Di-tert-butyl dicarbonate (546mg, 2.5mmol) was added to an ice-cold solution of 2-
(aminomethyl)pyridine (260mg, 2.4mmol) and triethylamine (340ul, 2.4mmol) in
dichloromethane (10ml). The solution was stirred at RT for 2hr and the solvent was
removed in vacuo. The residue was dissolved in anhydrous THF (10ml) 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,4. 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 tert-butyl N-methyl-N-(2-picolyl)carbamate (100mg, 19%).

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

0
O+ OH 0 o\’< © Oj< © j<
—_— _ —_—
cl cl Cl cl
Br H,N

4A: tert-Butyl 3-chloro-4-methylbenzoate
Thionyl chloride (11ml, 150mmol) was added to a suspension of 3-chloro-4-methyl-

benzoic acid (5.12g, 30mmol) in toluene (25ml) and the mixture was heated at reflux for
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pet. ether/70% ethyl acetate) to give ethyl

1-methyl -2-(3 -nitro-2'-pyridyl am no) pyrazol e-4- carboxylate (1.95g, 67%.
M5 [ MtH] +wB33/000626 WO 03/ 000692 PCT/ GB02/ 02872 2B: Et hyl PCT/GB02/02872

2- (3" -am no-2'-pyridylam no) - 1- net hyl pyrazol e- 4- car boxyl ate A sol ution of
ethyl 1-nmethyl-2-(3 -nitro-2'-pyridyl am no)pyrazol e-4-carboxyl ate (1.95g,

6. 7mol Jorj N $hE3BREN(WEOREN0VWESH RIIPARNMNeEEsIBYE ad WrebddedCitrdotinef O
3hr. The reaction mxture was filtered through Celite(r) filter agent and

the fil thigedinmgss teaheisrrlvas BRNYAYAJEY (O sd goqipd E%O%,Cbl i dthitie et i ed as
g% E}S/l gg%mmz% B0mm)i e #d8ed Bhd tndTRhE waR)stiAEe hERF 1628 BRX%Y | Wiater( 1. 59,
1- Met _hyI(SED!)I’@%?Wr%EW&fBWS[‘tMQﬁ ©MsyYed dopacus- pl e refidHeyepiinsAd\&sHN- one A
sol uti onutyi aB&tAM. The solution was washed with 0.3M KHSO,, sat. NaHCOs and brine, dried

2- (3" -am no-2'-pyridyl am no) - 1- net hyl pP/r azol e-4- car bog&naéee élp%g

5. 75mm|9Vey Naaﬁf&qﬂr@ ercantsated dpvacyp e 9ive a ey §llonaeum ddandtiedes by for 3
days. ThechiselaprihyWRhzéR8Vs 84 79%)vacuo and the residue was azeotroped with
tol uene. The resi a/ue was purifi ec} by recrystallization from ethanol and

then flash chromat ography on silica gel (eluant 95% chl orof orm 4%

met hano|4/B15%ﬁ@h%ﬂ-ﬁﬁ‘drﬂbm@&ﬂb@l&d&hi&t&0| id identified as
1- net hyl - 4, 10- di hydr.opyr azol 02[ 4,5-c] pyrido[ 2, 3- b]rLl 4] di az,elpi n- 4€S 5I—3 -one
(560ny, MBogmosgcinimide (4.27g, 24mmol) ‘and 2,2'-az0-bis(2- ethylpropionitrile) (394mg,

1- Met hyly fnden diveAreB%4 a@obokdiubort ldpYiehdnrty? Rchiblole-flcdhyzapbae |4 44 HA
(365ng, 10mml’) was added portionw se to a suspension of 1-nethyl-4 10-
di hydr oRA&BHPY I caDEN gtrachisride ST end the Bbdise ywap maatedakrefles iy 82, 6rmol )
in  anhyfeabthehtival Advedah vASuPHRI'thd PestdusUyLSpurifieg bf/ ‘ﬂgéﬂ EhrBGhatddgbaMysSi on

e

was heated at reflux for 18hr. The reaction was cooled to 0C and 35%
ammoni a %5o$iliag o9l (elam §55haret cliwra® ahyRGesEeliPegiva @ Whittuedld, ideriidiRd e

mi Xt ur e RS bbfdtorbthiTa-ERbrobeRtoatdl(be7g, 7%yl ting suspension was filtered
through Celite(r) filter agent and the filtrate was concentrated in vacuo

to give a white solid identified as 1-nethyl-4, 10-di hydro-
pyr azol ofcd (reBiryr d-dRirormetilyl-3-chistbBasivate (410ny, 78%. MS [ MrH + 202. 1.

Ethanol (100ml) was saturated with ammonia, then tert-butyl 4-bromomethyl-3-chloro-
benzoate (5.7g, 18.7mmol) was added and the mixture was stirred 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 tert-butyl 4-aminomethyl-3-chlorobenzoate (4.1g, 91%).

Example 5
4-(tert-Butyloxycarbonylaminomethyl)-3-chlorobenzoic acid

@) OH
o OMe O OMe

—_—
cl j\ O Cl
Cl
O)LN
H

Br

5A. Methy!l 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 (5.89, 32.0mmol) and 2,2'-azo-
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27 WD 03/ 000692 PCT/ GB02/ 02872 Exanple 3 tert-Butyl

N-met hyl -N-(2-picolyl)carbamate I I NN Y NNH31L. NOOOO NH

Di -t ert - bwoyi3/odicear bonat e (546ng, 2.5mml) was added to ardTeGBKROREY?2
solution of 2- (am nonethyl)pyridine (260nmg, 2.4mvol) and triethyl am ne
(3401, 2.4mmol) in dichl oronet hane (10n). The solution was stirred at RT

for 2hr ORI S442 eﬁ"?(‘!rﬁﬂw n 'M%CMRt 408 rh§§t'eglé? g réH13ppl ved in
anhydrol?’s?é]'gi'l-riliE("Jm%ll&ﬂJ oo g o& Sod |ur%re§g/d?| e 60rA) di spersion in

oil, 200'?\@11 a'B?Wﬂﬁ’ltP qmbtodeewe”lpﬁ@tlﬁfﬁﬁ”drf@nmfat 'ﬂrwaéﬂofthes'@s'ﬁPﬁu\taés and
then i ody %}@Qﬁaéﬂ%@ma@wp} NRfica@dlgsht pzh%trre?wsbxg &Eyl a%Hf%‘Pé?@@’}a%t was

sti rred eaction was quench wat er and t he

sol vent eﬂw toegivayeloil identfiagdms "Méy|r4e§rpm9@ekﬁ\l@/§3tﬂh§3§®&ﬂé@latﬁrﬁ5@5%ya4°/a)cet at e,
washed with brine, then dried over Na2SO4. The sol vent was renopved in
vacuo and the residue was purified by flash chromatography on silica gel
(el uant ﬂm%(m-&uéylgxmazb@nﬁammgthv& 3- ‘61'9@13&"7@I°IQM’qum identified as

b 1\%%
Lort - Buthl B R e oranty HARGRIPerlr kY Ragi sl o Edy,

H2N 4A3 @récprpb@mo?te tgorerﬁ@rrwlezLSM$ R4 %fé?mmﬁ?i)e Th@ agrecMasopliregs IO |
150nmmo )te £86- 1/ AP HRRSRRLAR M A f4HLB! OThe rres.hué Wagecﬂﬁl%téd thd
(5.12g9, 30 I in tol uene (25ml? and the m xture was heated at reflux for
28 diethyl ether and the resultant white crystals were filtered off and washed with more

diethyl ether. To a solution of this solid in water (100ml) were added solutions of di-tert-

butyl dicarbonate (5.0g, 23.0mmol) in dioxan (100ml) and sodium hydroxide (1.86g,

46.0mmol) in water (100ml). The mixture was stirred at room temperature for 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 MgSOQ,, and concentrated in vacuo to give a white solid identified as 4-(tert-butyloxy-

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

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

O OH O OH

—_—
o AT

4-Bromomethyl-3-nitrobenzoic acid (4.75g, 18.2mmol) was reacted following the method

Br

of Example 5B to give a yellow solid identified as 4-(tert-butyloxycarbonylaminomethyl)-3-
nitrobenzoic acid (2.69g, 49%).
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WO 03/ 000692 PCT/ GB02/ 02872 2hr. The solvent was renoved in vacuo and the
resi due was azeotroped with toluene three tines, then dissolved in

anhydr ouswoHB/0(e01 ) and cooled to OC. Lithiumtert- butopcdacKR/04%72
30mmol ) was added and the m xture was stirred at RT for 3 days. Water
(5nl) was added and the solvent was renoved in vacuo. The residue was

di ssol ved hﬂ’ gt hyl acetate. The solution was washed wi th 0.3M KHSO4, sat.
NaHCC3 ané1 rine, dried over Na2SO4 and concentrated in vacuo to give a
pal e yel4- GW@U%'\"%#@M'PIGPF@G agid tert-butyl 3-chl oro-4-nethyl benzoate (5. 4qg,
79% . 4B: tert-Butyl 4-bronpnethyl-3-chlorepenzepie N-Bronosuccinin de
(4.27g, 24mol) and 2,2' -azBlbis(2-methyl propionitrile) (394ng, 2.4mmol)
were added to a solution of ltert-butyl 3-chlofo-4-nethyl benzoate (5. 49,
23.8mml ) in carbon tetraghl ol Ithe m xture was heated at
reflux for 18hr. The sol was rempved i juo and the residue was
purified by flash chronat O% ' S
ethyl acetate) to give a whijte SO|Id identifi¢ tert-butyl

4- br ononet hyl - 3-chl or obenzo&fNe (5.7g, 78%. tert-Butyl

4- am nonet hyl - 3-chl orobenzoat e Et hanol (100m ) was saturated with amoni a,

t hen ter1to-é)ublwlorﬂem-brmnrcemmdth)abe{rizbmtrme (2em 202reméld in7 GHF 1800mthat )788s added

dth t T .
Vacuo aniehd Td BteeRere bar audd (Fihwisd & ol RN PERABTRRIN T
sol i d i deasm,itedramol).erfthebuikipre Waamth—ﬁWG B)rdhtmdnﬂUenpoarted oftb sald 9199 .

5 APl & Bytibncpbiddecltey RN BORK! AATARIFRANE e SROLET BSOS BT O OV

r om)ma enzoat e
To a soltempematwé. Watey was-adtéd (200 reerdiié bwrt!zr@arclas e()fﬁractgd vgfh. dlethyhelﬂ)erl n

car bon (3 times).  The aqueous layer was acidified by addition of concentrated HCI and

extracted with chloroform (3 times). The combined chloroform extracts were washed
with water, dried over MgSO,, and concentrated in vacuo to give a white solid identified

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

Example 8
4-Cyano-2-methylbenzoic acid

Br Oy OH

CN CN

4-Bromo-3-methylbenzonitrile (2.0g, 10.2mmol) was reacted following the method of
Example 7. The product was triturated with hexane to give a yellow solid identified as 4-

cyano-2-methylbenzoic acid (0.96g, 59%).
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tetrachloride (50m ) were added N-bronosuccinimde (5.8g, 32. Ompol) and
2,2'-azo- 29 WO 03/000692 PCT/ GB02/ 02872 bis(2-methyl propionitrile)
(0.442g, woM3mnwsb). The m xture was heated at reflux for P8vGBo2iobeEm
allowed to cool to roomtenperature and concentrated in vacuo. The residue
was purified by flash chromatography on silica (eluant pet. ether 5% et hyl
acet at e/@Baapen. ether) to give an oil identi fi ed as net hyl

4- br ononet hyl - 3- chl or pbenzoat e g} Bzg 84060 .
4-(tert 4BG?’§13&53¥'85Y%H9P&'§PH6?1’§ }5“)’ ) ﬂ“ SPB‘HBﬁflﬂ c acid To a saturated
solution of amonia ip _ethanol (17 ops added i@ honMebrormrret hyI -

3-chl orobenzoate fro
at room tenperature flor 1fFhr and theh concentrated in vaguo. The residue
was triturated with=di T hyl ether a ite crystals were
filtered off and waghed t h—moTe solution of this
solid in water (100 er e added 2 butyl dicarbonate
(5.0g, 23.0mol) in dijoxan (100m ) and sodi um hydroxide (1.86g, 46.Q0mol)
in water (100m ). The m xture was stirred at roomtenmperature for 18hr and
then concentrated in vacuo. The aqueous resi due was acidified with citric

acid and extracted with chlorofornf 2-propanol. The qrganic | ayer was
washed with water, dried over MgSO4, and concentratgd in vacuo to give a
white solid identifi ed as 40 & Hbutyl oXy-

NOZ Br 0 H 4-Brononet hyl - 3-@
following the method of Ex3

4-(tert-butyl oxycarbonyl MOVFE
WO 03/ 000692 PCT/ %0 E

32mmol ) was reacted
IIid identified as
aeid (2.6g, 49% . 30

SB to grve a yeII
yl)-3- nitrobenzo

Br

9A. 2-Fluoro-4-methylbenzoic acid
4-Bromo-3-fluorotoluene (8.33g, 44.07mmol) was reacted following the method of
Example 7 to give a white solid identified as 2-fluoro-4-methylbenzoic acid (4.899g, 72%).

9B. Methyl 2-fluoro-4-methylbenzoate

To a solution of 2-fluoro-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 (50ml) 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 methyl 2-fluoro-4-
methylbenzoate (5.07g, 77%).

9C. Methyl 4-bromomethyl-2-fluorobenzoate

Methyl 2-fluoro-4-methylbenzoate (5.07g, 30.16mmol) was reacted following the method
of Example of 5A. The product was purified by flash chromatography on silica (eluant
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Exanpl e 7 4-Cyano- 3-net hyl benzoic acid Br 0 OH CN CN To a sol ution of
4- br onp- 2- et hyl benzonitrile (2.0g, 10.2muvol) in THE (100m ) at -78C under
a nitrogewoasmoepher e was added dropwi se a 2.5M sol uti on @cvchatoys72] i t hi um
(4.48m, 11.2mol). The m xture was stirred at -78C for 1 hr and then
poured onto solid carbon dioxide (5g) in THE (50m ). The m xture was

al | oved o9, Wity "hédateP80% ;seQrmﬁé@w gRe a\ﬁééleiﬁeﬁﬁféd%dﬁéth mgmraorﬁétﬁ ithe
m xture was extracted with diethyl ether (3 tines). e agueous ayer was

aci di f i dgotapenzraite (BPI.FO0%oncentrated HO and extract ed with chloroform (3
times). The conbi ned chloroformextracts were washed wth water, dried
over MgSM4, and concentrated in vacuo to l?l ve a whi te solid |dent|f|ed as
4- cyano-9R- delferyBusyloxycargenylapinospethygsfluqrohgagaic acid

4- Cyano I\Zetﬂwmlrd?ﬁmethyl AfictoinzBateH5. éa\l ﬂ\h3n4mar) ey ReadRidhidibRingomet ri l e
(2.0g, 10. %Egj reacted foll ow ng tg?d of,. E>§arrpl Eﬁ?. The
product WQOQ Pf ?@P@d@m t hngesegHet Wap @cﬁ’éta&'sﬁ ogwdoxer/Ret LS 12 PRE as 4-
cyano- Zthwthélle GdehtiAsd Chs( A-(RPebuti8¥carbdhyMBirdcNERAudT60¢2BR2668872
Exanpl e (tert-Butyl oxycar bonyl am nonet hyl ) -2-fl uorobenzoic acid Br 0 CH
0 Ove F€2-ﬁ6¢38<%b400ve FF O

Example 10
4-Cyano-3,5-dimethylbenzoic acid

Br . O _OH
~ -
NH, 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 (8.0ml) was added. The mixture was sonicated to form a
fine suspension and then cooled to 0°C. A solution of sodium nitrite (1.67g, 24.2mmol) in
water (5ml) 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 resuiting solution was then added portionwise
to a solution of copper cyanide (2.42g, 27.0mmol) and potassium cyanide (3.65g,
56.1mmol) in water (25ml) 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-dimethylbenzonitrile (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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OAN H Br 9A. 2-Fluoro-4-nethyl benzoic acid 4-Brono-3-fl uorotol uene
(8.33g, 44.07mmol ) was reacted followi ng the nmethod of Exanple 7 to give a
white sol we d3geow2fi ed as 2-fl uoro-4-net hyl benzoic acid (£c8%B02/028%. 9B.
Met hyl 2-fluoro-4-nethyl benzoate To a sol ution of 2-fluoro-4-nmnethyl benzoic
acid (6.04g, 39.18mmol) in toluene (80mM ) was added thionyl chloride
(65mL, 89.11 nmol ). The m xture was heated at reflux for 2.5hr, cooled and
concentrated in vacuo. The residue was dissolved in dichloronethane (50m)
and net hanol (50m ) was added. The m xture was stirred at roomtenperature
for 2. Shexampletthen concentrated in vacuo. The residue was dissolved in

di chl or opet hane Aééoom"{% sheﬂ W t h sat:%rat ed sodi um bi car bonate sol ution
and bri rfsMethylddNs\gapet S hortetElaEa Pahenrodipzeringlony!-gi ve a tan solid
i dent i f iyagarBBnyIbdheyIcarbarneyIpthiopesigypordyanat a-didzdbige 77% . 9C. Methyl

4- br onomret hyl - 2-f | uor obenzoat e Met hyl 2-fl uoro-4-net hyl benzoate (5.07g,

30. 16mmol ) was reac¥ed followi ng the nethod of Exanple of 5A. The product
was purified bysflash chromatography on silica (eluant B@OAD 03/000692
PCT/ GB02 0% acetate/ 80% pet. ether) t yve an oil
identified t hyl “4- brononet hyl - 2- fl uorobenzoat¢ (5.9g, 80% . 9D.
4-(tert-B ut oxycarbonyl am i nonethyl) u o\robe nzoi c acid

Met hyl 4-br omomet #yl - 2-f | uor obenzoate (5. 9 1) S reacted
following the neth f Exanple 5B. The pr s recrystallised from

di oxan/ pet. ether t '

\ norret hyl ) - 2-fl uor ghenzo¥c acid (2.46g, 38%.
Exanpl e 10 4-Cyano i pet hyl benzoic acid Br fr 0 CH

-/SQ-
O @) /BOC
(’N
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NH2 CN CN | OA. 4-Brono-2, 6-di net hyl benzonitrile

4- Bronp- 2, 6-di nethyl aniline (4.49qg, 22.4mvl) was taken up in water (25nl)
and concwotmaved2 hydrochloric acid (8.0Or) was added. Thecricamnesmas
sonicated to forma fine suspension and then cooled to OC. A solution of
sodiumnitrite (1.67g, 24.2mmol) in water (5nl) was then added dropw se so
as to maintain the tenperature of the reacpion between 0-5C. The m xture
was stirred at 0-5C for 30 minutes anddthgh neutralised by addition of
solid sodi um bi carppnate. The resulting solution was then added portionw se

to a solution pper cyani de 27.)0mol ) and pot assi um cyani de
(3.65g, 56.1 in water (25K 70C/ The m xture was stirred at 70C
for 30 m S, owed to cool ‘and’t hNT extracted with toluene (2 tines).
The conbi

xtra ts were—>washed vvlth water and brine, dried over MySO4,
B N 1ed by flash
chr omat ography dh silica (eI uant 5% et hyI at e/ 95% pet. ether) to give
an orange solid identified as 4-brono- 2, 6- N EtH &glenzoni trile (3.2g9, 68%.
10B. 4- Cyano- 3, 5-di net hyl benzoi ¢ aci d 4-Brono- 2, 6¥ti net hyl benzonitrile
(3.20g, 15.2mmol) was reacted follow ng the nethod of Exanple 7 to give a
tan solid identified as 4-cyano- 3, 5-di net hyJ benzoic acid (1.5g, 56%. 33
WO 03/ 000692 PCT/ GB02/ 02872 Exanple 11

4- Met hyl -1- (N-(2-net hyl -4-(2, 3, 4, 5-tetrahydrp-1, 5- benzodi azepi n-4-on- 1-
yl carbonyl ) benzyl car banoyl ) - L- th| opr ol ylp-)ﬂgydr 0-1, 4-di azepine 0 HNN~ BOC

and concer

ON + NfIOHNO Z

NH

)

NN
T
0o
s

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

HOBt (3.04g, 20mmol), WSCD (5.3g, 26mmol) and N-benzyloxycarbonyl-L-proline (4.7g,
18.8mmol) were added to a solution of tert-butyl homopiperazine-1-carboxylate (3.8g,
18.8mmol) and triethylamine (5.4ml, 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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brine, dried over sodium sulphate and concentrated in vacuo to give a pale yellow gum
identified as  1-(N-benzyloxycarbonyl-L-prolyl)-4-(tert-butyloxycarbonyl)perhydro-1,4-
diazepine (8.1g, 100%).

11B: 1-(N-Benzyloxycarbonyl-L-thioprolyl)-4-(tert-butyloxycarbonyl)perhydro-1,4-
diazepine

Lawesson’s reagent (6.79g, 16.8mmol) was added to a solution of 1-(N-benzyl-
oxycarbonyl-L-prolyl)-4-(tert-butyloxycarbonyl)perhydro-1,4-diazepine (12g, 28mmol) in
toluene (200ml) and stirred at 90°C for 1hr then 85°C for 18hr. The solvent was removed
in vacuo and the residue was purified by flash chromatography on silica gel (eluant 98%
chloroform/2%  methanol) to give 1-(N-benzyloxycarbonyl-L-thioprolyl)-4-(tert-
butyloxycarbonyl)perhydro-1,4-diazepine (8.49, 67%).

MS [M+H]" 447.3

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

A solution of 1-(N-benzyloxycarbonyl-L-thioprolyl)-4-(tert-butyloxycarbonyl)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%
triethylamine) 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-Benzyloxycarbonyi-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
stirred 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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1- (N-Benzyl oxycar bonyl -L-prol yl)-4-(tert-butyl oxycarbonyl) perhydro-1, 4-

di azepi newb@B0(682 04g, 20nmol ), WBCD (5.3g, 26nmol) and PCT/GB02/02872

N- benzyl oxycar bonyl -L-proline (4.7g, 18.8mol) were added to a solution of
tert-butyl honopi perazi ne-1-carboxylate (3.8g, 18.8mmpl) and triethyl am ne

(5. 4m, 1%65@% }hel Qol@'érﬁh/l/é%r %ﬁ?&d&@ﬂﬁ ek 0O Vil aOfrowm Ngum idsdtiéd BY 430| ution

was stirre he sol vent was renpved in vacuo and the

resi due rogigy'di- %ﬁd‘PRf@U'PieHWét%i/l“ digzepied 1. 736190k ut i on was washed with sat.
NaHCO3 and 35 WO 03/000692 PCT/ GB02/ 02872 brine, dried over sodium

sul phate and concentrated in vacuo to give a pale yellow gum identified as
1- (N-berM?I[Mk'?b@?%dnyl L-prol yl)-4-(tert-butyl oxycarbonyl ) per hydro- 1, 4-

di azepine (8.1g, 100% . 1113:

1- (N—BenZ)éLoxycarbon | - L-t hi opral ) 4- gtert but | 0 arbonylg er hydro-1, 4-
di azepi NdE: AvdLy@R0 F’é‘ﬂ@@h‘?"z@g') 4,51tgtrahydnoy 1, "é ateRrip4 | uti on of

1- (N- bengydnyi chloride (0.4ml, 6.0mmol) was added to a suspensmn of 4- cyano -3-methyl-

oxycar bonyl - L- )-4-(tert-butyl oxycarbon erh dro- 1, azepine (12g,

et T Seheoi ab b oLt B L e e R ol Weg Heed ShABIR I 1S

The sol viiin WRen E@d’l@d’&ﬁRT'a’ﬁd\t@ﬁé&t@Mj hhRcl®s IThdGeyiBige WHE bkébpbY withash

chr omat ographélegn silica gel (eluant 98% chl orof orm 2% net hano}% t50 gi ve
on of 4

1- ( N- beriohens rdigpMediio tqlﬁ%?r@pgfppye 45rpl9 @pd_added to a suspensi
but yI oxyeRsRaRLY bRNBYEERph-Sofk aZ8MME (Bodeno)6780d  MatdyMrihe: 4260,8

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,SO,
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-benzodiazepin-4-
one

Sodium borohydride (734mg, 19.3mmol) was added portionwise to an ice-cold
suspension of 1-(4-cyano-3-methylbenzoyl)-2,3,4,5-tetrahydro-1,5-benzodiazepin-4-one
(590mg, 1.93mmol) and CoCl,.6H,O (920mg, 3.86mmol) in methanol (10ml).  The
mixture was stirred at RT for 1hr, then quenched with 1M HCI 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 50ml). 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%).

11G: 4-Methyl-1-(N-(2-methyl-4-(2,3,4,5-tetrahydro-1,5-benzodiazepin-4-on-1-

ylcarbonyl)benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine

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

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

(54pl, 0.3mmol) in DMF (2ml) under nitrogen gas and the solution was stirred at RT for
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11C. 1-(N-Benzyl oxycarbonyl -L-th ioprolyl)-4-nethyl perhydro-1|, 4-di azepi ne A
sol ution of

1- ( N- benzwbaspempbonyl - L-t hi oprol yl )-4-(tert-butyl oxycar beaylggeenbssdr o- 1, 4-
di azepine (8.4g, 18.1 mmol) in 4N HCI/dioxan (20nml) was stirred at RT for
35mn. The solvent was renoved in vacuo and the residue was azeotroped
with t 0'1%1%”%« di0Gon bESHiHyNY- Lng sty 1vediabdpiRe g2 Tm@ @, fthAeh hagol

(1:9, 100m) gnd g}lrre ﬂl ﬁbﬂ%?%a ﬁﬁ hyde (2 %3bsg%utl%n 4%1 56mmol )
was addéuEAt(ﬁ@lsQ)Bmeb)nn\m&F é&m'}wafijw@ﬂ a“ﬂ'dh? polutianesas et RT for 18hr
CyanObO&@E&dﬁﬁrﬁger( §?§59'he?s?)mﬁi \)/aé"%'?ncﬂ@g%jvé’é?ﬂ athQhé Qééﬁde%é’\ﬁﬁlfleé byrred at

RT for vent was renoved in vacuo and the residue was purified

by fl asHiaghr shiareaieaiphlyy oan sisilifagelel (elentafit »oaaEpiPEPElor MeYwnakthanol / 1
°° ”' e Pé{ g\QPana {ho QbVE \ﬁhnﬁeo'sew '.@é?ﬁﬂ&dﬂgs' dﬂﬁéth{/llﬁm BEmefhyPop 33849 . M5

11D 4- I opro ro-1,4-di azepi ne
1 ( N- Be ﬁetpqmwaﬁmﬂwodlaqum wﬂdrmarbqny%\!aewica&aw})d- -thioprelypeepidie (39,
8. 3”“D|)IM§%ze hé BAYES0bg), | ce-col d 30% HBr/acetic acid (20ml). The
resultlng rown solution was stirred at RT for 3hr, the solvent was
removed in vacuo and the residue was azeotroped mnth tol uene. Sat. NaHCO3
(100n1)“mgﬁwaﬁ fegdayntil the solution showed a pH>8. The solution was
washed wth diethyl ether (2 x 40m ) then evaporated in vacuo and
azeotroped with toluene. The resulting solid was extracted with hot
chloroform (3 x 36 WO 03/000692 PCT/ GB02/02872 100m ) and the sol vent was
renmoved in vacuo to yield a brown gumidentified as 4-
met hyl - 1- L- t hi oprol yl perhydro-1, 4-di azepine (1.72g, 919 . MS [ MtH + 228.1
11E: 1-(4-Cyano-3-net hyl benzoyl )-2, 3, 4,5-tetrahydro-1, 5-benzodi azepi n- 4- one
Thi onyl chloride (0.4m, 6.0mvol) was added to a suspension of
4- cyano- 3-net hyl - benzoic acid (322ng, 2.Omol) in toluene (10m ) and the
m xture was heated at reflux for 90mn, then cooled to RT and concentrat ed
in vacuo. The residue was azeotroped with toluene then dissolved in
di chl oronet hane (5m ) and added to a suspension of 2,3, 4, 5-
t et rahydro- 1, 5- benzodi azepi n-2-one (324ny, 2.0mvol) and triethylam ne
(280l ,
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2.0mol ) in dichloronmethane (3m ). The m xture was stirred overnight at RT
then concentrated in vacuo. The residue was partitioned between

di chl or orwplanacand 0. 3M KHSO4. The organi ¢ phase was wa®aadBwnds7sat .
NaHCO3 and brine, dried over Na2SO4 and concentrated in vacuo to give a
red solid identified as 1-(4-cyano-3-nethyl benzoyl) -

2,3, 4, 5-geim@eygr o- |, 5- benzodi azepi n-4-one (600ng, 98% . 11 F

1- (4- Am nomet hyl - 3- et hyl l:enzogll g 2,3,4, 5-tetrahydro-1|,5-benzodi azepi n- 4-
one Sodi4Metpdnzrmetiyradignethyl-%Afihydraryrazeialp.4&ill i 3beRzodiazgpi

i ce- col ds.yrdARYHbeAzy@¢arbamoyl)-L-thioprolyl)perhydro-1,4-diazepine

1-(4- cyan)cl)- 3- net hyl be)ﬁzoyl ) - 5,)3, 4, 5‘-)t e){ )rpahy%:lr o-1,5- be?]zodi azepi n- 4-one
(590ny, 1.93mml) and CoCl2.6H20 (920ng, 3.8Gmmol) in nethanol (10m ). The
m xture was stirred %th?RTfor 1 hr, then queng with 1 MHC and

concentrated in vacu The aqueous resi iluted with 1M HC (50mn)
and filtered threugh Nte(r) filt ggent \The filtrate was washed with
di et hyl ether (2 i ith 4M NaOH and extracted with
chl or of orm (3 he conbi nec gani ¢ ases were dried over Na2SO4
and concen acuo togrve a sal e | ow solid identified as 1-(4-
am nonet hyl / ytbenzoyl ) -2, 3,4, 5-tetralydro- 1, 5- benzodi azepi n- 4- one
(300ng, 50% 7 11

er

benzodi azepi n- 4-on- 1-

yl carbonyl ) benzyl car banoyl ) - L- t hi oprol yl ) per hyd - di azepi ne

1,1 -Carbonyl diimdazole (18ng, 0.11nmol) was added a solution of

1- (4-am nonet hyl -

3- et hyl benzoyl ) -2, 3, 4, 5-t et rahydro-1|, 5- benzodi azepi - 4- one (31 ny,
0.1mmol ) and DIEA (541, 0.3mml) in DMF (2m ) under [nitrogen gas and the
solution was stirred at RT for 37 WD 03/000692 PCT/ G302/ 02872 1 hr. A

sol ution of 4-neth¥ -1-L-thioprol yl perhydro-1, 4-di azepi ne (22. 7ngy, 0.1
mmol) and DI EA (541, 0.3mml) in DVF (2m ) was addad and the sol ution was

stirred at RT fpr under nitrogen gas. The|_FoI was renoved in
vacuo and the Kduel|lwas purified by flash ch ogilaphy on silica gel
(el uant 978t 2% nmet hanol / 1% trietdyl/am n 0 give a white solid

identifié€ 4-methyl - 1- (N- (2- net hyl - 4- ( 2

S N—

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

Thionyl chloride (1.8ml, 27mmol) was added to a suspension of 4-cyano-3-methylbenzoic
acid (1.29g, 8.0mmol) in toluene (25ml) and the mixture was heated at reflux 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-
dihydropyrazolo[5,4-b][1,5]benzodiazepine (1.6g, 8mmol) and triethylamine (1.4ml,
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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tetrahydro-1, 5- benzodi azepi n- 4-on- 1-yl car bonyl ) benzyl car banoyl ) - L-t hi oproly
| ) per hydro- 1, 4-di azepine (17ng, 30% . MS [ MtH] + 563.2 38 WD 03/ 000692

PCT/ GB02/ @wp3BdoocExanpl e 12 PCT/GB02/02872

4- Met hyl - 1- (N- (2- net hyl - 4- (1- et hyl - 4, 10- di hydr opyr azol o[ 5, 4- b] [ 1, 5] benzodi
azepi n- 5-yl carbonyl ) benzyl car banoyl)-L-thi oprol yl)perhydro-1, 4-di azepi ne

H NON H drdidd J)\lgﬁhlcgfh@seq\weﬂé \Masmebi viNENat MidlcoNand bv‘mé\| dn@j & Nyg2 O N
S N 12A: (4- Cyano- 3- net hyl benzoy] ) - 1- net h%ib)d;ﬂlo r5> é ropyrazol 0[5 4-b]

[1,5]- @QMP%?&%@ WPBnyTh%FﬁS&“Fd@S(F’P”Q RS §lisag

suspensi g @harft- Wﬁé?%r@fdﬁfﬂld%'nﬁlﬂml)cto v d r.(ale %%mw SolfdaBhtifiel rast i 41ene
(25m) and the m X was he then, cooled to RT and

concent r%{?@%ﬁrfﬂet{?%ﬁ@@y*mé“i%@y ﬁ"b 1 i dWé(groaﬂéé‘?'P@ﬁeé[W]Pﬁ”%oé’ﬁ}@ﬂ'@e t refo:

di ssol vegyopyn di chl oromet hane (10m ) and added to a suspension of

1- net hyl - 4, 10 di hydropyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne (1.6g, 8mmvl) and
triethylamne (1.4nl, 10mmol) in dichloronethane (15nl). The m xture was
stirred 2gr534dvhirsméthyl-Bamethylbenzoyl)-1-methyi-4,10-dihydropyrazolo[5,4-b][1,5]-

benzodiazepine

Sodium borohydride (1.27g, 33.5mmol) was added portionwise to an ice-cold suspension
of 5-(4-cyano-3-methylbenzoyl)-1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepine
(1.15g, 3.35mmol) and CoCl,.6H,O (1.59g, 6.7mmol) in methano! (35ml). The mixture
was stirred at RT for 1hr, then quenched with 1M KHSO, and concentrated in vacuo.
The aqueous residue was diluted with 1M KHSO, (40ml) and filtered through Celite® filter
agent. The filtrate was washed with diethyl ether (2 x 50ml) then basified 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-Methyl-1-(N-(2-methyl-4-(1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]-
benzodiazepin-5-ylcarbonyl)benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine
1,1'-Carbonyldiimidazole (267mg, 1.65mmol) 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 (276pl, 1.5mmol) in DMF (10ml) under nitrogen gas and the
solution was stirred at RT for 1hr. A solution of 4-methyl-1-L-thioprolylperhydro-1,4-
diazepine (374mg, 1.65mmol) and DIEA (276pl, 1.5mmol) 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 then 92% chloroform/6%
methanol/2% triethylamine) to yield a cream-coloured solid identified as 4-methyl-1-(N-(2-
methyl-4-(1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepin-5-ylcarbonyl)benzyl-
carbamoyl)-L-thioprolyl)perhydro-1,4-diazepine (568mg, 63%).

NMR (270MHz, CDCly) & 1.91-2.77 (18H,m), 3.33-3.43 (2H,m), 3.62-3.64 (1H,m), 3.73
(3H,s), 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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concentrated in vacuo. The residue was partitioned between chl orof orm and
0.3M KHSO4. The aqueous phase was extracted w th chl orof or m 2- pr opanol
(80:20). W3/0885920 03/ 000692 PCT/ GB02/ 02872 conbi ned or gamiGBphases wer e
washed with sat. NaHCO3 and brine, dried over Na2SO4 and concentrated in
vacuo. The residue was purified by flash chromatography on silica gel

(el uant 95%hl or of ormM 5% net hanol) to give a pale yellow solid identified
as 5-(4- .

cyano- 3-M8{Myb&ERLdy I ) - 1- et hyl - 4, 10- di hydr opyr azol o[ 5, 4- b] [ 1, 5] benzodi azep
ine (2.4g, 87%. 12B:

5- (4- Am nonet hyl - 3- net hyl benzoyl ) - 1- net hyl - 4, 10- di hydr opyr azol o[ 5, 4-b] [ 1, 5]
- benzodi azepi ne Sodi um borohydride (1.27g, 33.5mpl) was added portionw se
to an i 1 1guspensi on  of

5- (4-cyano-3- net hyl benzoyl )-1- et hyl -4, 10-di hydr opyrazo 4-b] [ 1, 5] benzod
i azepi né"4'P1’T'E§y,"1éNﬁrm%‘lh)’"éﬁh'"GSéﬂZ’?Mﬁ'yéig%égi%[asfﬁhﬁ{'?']‘i n net hanol
(35m ) . pEMRolia%bpines-yNafbdhivl)béescdrbiholpiL-thidprolyljperhyawenched with 1M
KHSO4 and concentrated in vacuo. The aqueous residue was diluted with 1 M
KHSO4 (W"&‘HH‘WI‘qeeered through Celite(r) filter agent. The filtrate was
washed with diethyl ether ((2 x 50nml) then basified with 2M NaOH and
extracted with chloroform \Vl'he organi ¢ phase was dried over Na2SO4 and
concentrated in vacuo tlg give M pale brown solid identified as

5- (4- am nonet hyl - 3- N

nmet hyl benzoyl ) - 1- nethy
(745ng, 64% . 12
4- Met hyl - 1- (N- ( 2- .
benzodi azepi n- 5-yl car bon
pine 1,1'-Carbonyldiim
5- (4- O

i hydr opyrazol o[ 5, 4-b] [ 1, 5] benzodi azepi ne

1- net hyl - 4, 10- di hydr opyrazol o[ 5, 4-b] [1, 5]
) benzyl car banoyl ) - L-t hi oprol yl ) per hydro-1, 4-di aze
3 7ng, 1.65 |) was added to a sol ution of

ydr opyrazol o[ 5, 4-b] [ 1, 5] benzo
di azepine (520ng, 1.5mol) ar (2761, {L.5mol ) in DVF (10m ) under
nitrogen gas and the solution was stirted RT/Tor\1 hr. A solution of
4- et hyl - 1- L-t hi opr ol yl per hydro-1, 4- dirazeg¥ne ¥ 374ng\—%. 65mmol ) and DI EA
(2761, 1.5mmol) in DVF (10m ) was added and theg resulting solution was
stirred at RT for 18hr under nitrogen| gas. The sotweént was renoved in

vacuo and the residue was purified by|flash chromatography on silica gel

\
H NN
N \ I
.,
O
H
N\”/N
o) Nm ! I

lodomethane (13.9mg, 6.1ul, 0.098mmol) was added to a solution of 4-methyl-1-(N-(2-
methyl-4-(1-methyl-4,10-dihydropyrazolo[5,4-b][1,5]benzodiazepin-5-ylcarbonyl)benzyl-

carbamoyl)-L-thioprolyl)perhydro-1,4-diazepine (30mg, 0.049mmol) in THF (10ml) and
the mixture was stirred at RT for 4hr. The resulting solid was collected and dissolved in

water (5ml). The solution was washed with ethyl acetate (2 x 10ml) and lyophilized to
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(el uant 96% chl orof ormf 3% nmet hanol /1 % triethyl am ne then 92% chl or of or m 6%
nmet hanol /2% triethylamne) to yield a creamcoloured solid identified as
4- met hy| - Wwo(ds0(@92 PCT/GB02/02872
met hyl - 4- (1- net hyl - 4, 10- di hydr opyr azol o[ 5, 4- b] [ 1, 5] benzodi azepi n- 5-yl car bon
yi ) benzyl - carbanoyl)-L-thi oprolyl)perhydro-1, 4-di azepi ne (568ng, 63% . NWR
(270MHz, g 3) whitd - ¥btid- AdertiliSd, s, 3.43%Bm3tngB1(lck-ethyR482-netfit-4( 10 M
373 (5 TR s B S Ty G e T
5. 05- 5. wy@mlyna}a&?}q%tbﬂs Jesngqdiazepiy-prylcaopylaenzyicaraaingyl)-L6. 94- 6. 98 (4H, m,
7. 21 7. Ifhobrbiytjotihy i 442 Y6h R RAREZRECTIO@0R/ 02872 NS [MH + 600.7
anpl e

4, 4-Di net hyl - 1- (N- (2- net hyl - 4- (1- et hyl - 4, 10- di hydr opyrazol o[ 5, 4-b] [1, 5]-
benzodi aggpiipe3sy car bonyl ) benzyl car bamoyl ) - L-t hi oprol yl') per hydro-1, 4-
diazepiniumiodide HNN NN pNYNOSNWHNNNN pNYNON SN
| odonet hane (13.9ng, 6.1, 0.098mvl) was added to a solution of
4- et hyl - 1- (N- ( 2-
met hyl - 4- (1- met hyl - 4, 10- di hydr opyr azol o[ 5, 4- b] [ 1, 5] benzodi azepi n- 5-yl car bon
yl) benzﬁx_ample 14

4-Methyl-1-(N-(2-methyl-4-(5,6,7,8-tetrahydrothieno[3,2-b]azepin-4-ylcarbonyl)-

benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine
o)
s ,
@ e
N N
O
Y

S

N

N N—

1,1'-Carbonyldiimidazole (20mg, 0.12mmol) was added to a solution of 4-(4-aminomethyl-
3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-bJazepine (36mg, 0.1mmol) and DIEA
(50pl, 0.3mmol) in DMF (10ml) under nitrogen gas and the solution was stirred at RT for
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 C;s 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 solid 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 trifluoroacetate (17mg, 25%).

NMR (270 MHz, CD;0OD) & 1.79-2.32 (10H,m), 2.71-2.99 (5H,m), 3.40-3.91 (10H,m),
4.26-4.53 (3H,m), 4.86-5.10 (2H,m), 6.27-6.28 (1H,m), 6.79-6.81 (1H,m), 7.13-7.41
(3H,m) ppm.
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car banoyl ) - L-t hi oprol yl ) perhydro-1, 4-di azepi ne (30ng, 0.049mml) in THE
(10m) and the mxture was stirred at RT for 4hr. The resulting solid was
col | ect edwang/odécesol ved in water (5ml). The sol uti on was peastmd/oeseh et hyl
acetate (2 x 10m ) and |yophilized to 41 WD 03/000692 PCT/ GB02/ 02872 give
a white solid identified as 4, 4-dinethyl-1-(N(2-methyl-4-(l-nethyl-4,10-

di hydropyr azol o[ 5, 4-b] [ 1, 5] benzodi azepi n-5-yl carbonyl ) benzyl car banoyl ) -L

t hi opr ol yl %per hydro- 1, 4-di azepi niumiodide (29ng, 79.6%. M5 [M  615.3
Exanpl e MS[M+H]" 574.2

4- Met hyl -1- (N-(2-net hyl - 4- (5, 6, 7, 8-t et rahydr ot hi eno[ 3, 2- b] azepi n-4-yl car bon
yl )- benzyl car banoyl )-L-thi oprol yl)perhydro-1, 4-diazepine S S\ N S} NO
H ON N NH2 141 ON S N 1,1'-Carbonyldiimdazole (20ng, 0.12mvol) was
added t ¢,3 J,qgl on of 4- (4-am nonet hyl -

3- et hyl benzoi/ 8 t et rahydrot hieno[ 3, 2-b aze i ne é: % 1 mmol)
and DI EA-Methy}-1- (- (@rﬁ%‘] yl-45, MWS”QIHE@P[% hﬁ in-gryteasbeivlhe sol ution

was Sti | bbAYl)-LIprBiy 61428286
4- et hylbreﬁg{lak (lggp:r)gY) ;perr ﬁ/y)gré{)m 4- di algepil)lgg (34nmg, 0.15nmmmol) and DI EA

(501, 0. 3nmol DMVF (10m ) wag” adgded and the resul fi ng\sol uti on was
sti rred RT fo 18hr und itrogen gas. The \ent s renoved in
vacuo an tl\ re idue was N

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

A suspension of 4-(4-cyano-3-methylbenzoyl)-5,6,7 ,8-tetrahydrothieno[3,2-bJazepine (1g,
3.3mmol) in conc. sulphuric acid/water (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 chloroform (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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purified by flash chromat ography on silica gel (eluant 96% chl or of orm 3%
nmet hanol /1% triethylamne) and then by sem -preparative HPLC (Vydac C18
col umm; 3@®03m0®@02o 0. 1% FA/ acetonitrile in 0. 1% FA wat er POTAIB020RS7T2 at

6ml/ m n). Product-containing fractions were pooled and |yophilized to give
a white solid identified as 4-nmethyl-I-(N-(2-

met hyl - 4qdnii d7 st etzf-@;bas%@@(ts -RReH, %eaz&ga)aez@planreﬁaw&@h#éﬁamlé Q%B@Z;)Mé?ar banoy
|)-L- thi O%BS- )perhydro di azepi ne ‘t'rifl uoroacetate ( .

(270 MHA22 d¥§))5179232(10Hrr) 2.71-2.99 (5H,m, 340391(10Hrr)
426453(3Hn) 4.86-5.10 (2H, M, 6.27-6.28 (1H M, 6.79-6.81 (1 H m,

7. 13-7.41 (3H,m ppm 42 WO 03/000692 PCT/ GB02/ 02872 N5 [MrH + 574.2
Exanpl e 168: 4- -(4-Hydroxymethyl-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-b]azepine

4 'Vét hy' aquw&rﬁore?&mx!e fodop, Gzrﬁw%r)t \%g aéaeea%hbewm#ob]@ge@rtsbxﬁ =" car bon

oxycar bonyl ) prol yl) perhydro-1, 4-di azepi ne Sl
o o o mthylbmaqybﬁ 78$ewamadrqmw®3 @@ﬁze@n@ @79my, O1@8Fwol) Nand N-

methylmorpholine (230ul, 2.1mmol) in THF (15ml) at 0°C and the mixture was stirred for
1hr. The resultant suspension was filtered and the filtrate was added to a solution of
sodium borohydride (131mg, 3.45mmol) in water (15ml) at 0°C. The solution was stirred
at RT for 2hr, then sat. NH,Cl (5ml) was added and the THF was removed in vacuo. The
remaining solution was diluted with water and extracted with chloroform (3 x 20ml). The
combined organic phases were washed with brine, dried over Na,SO, and concentrated
in vacuo to give a pale brown solid identified as 4-(4-hydroxymethyl-3-methylbenzoyl)-
5,6,7,8-tetrahydrothieno[3,2-b]azepine (330mg, 74%).

15C: 4-(4-(1-lmidazolecarbonyloxymethyl)-3-methylbenzoyl)-5,6,7,8-
tetrahydrothieno[3,2-blazepine

1,1'-Carbonyldiimidazole (36mg, 0.22mmol) was added to a solution of 4-(4-
hydroxymethyl-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-blazepine (60mgq,
0.17mmol) in DMF (2ml) 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 gel (eluant 97% chloroform/3% methanol) to give a colourless gum identified as
4-(4-(1-imidazolecarbonyloxymethyl)-3-methylbenzoyl)-5,6,7,8-tetrahydrothieno[3,2-
blazepine (60mg, 45%).

15D: 4-Methyl-1-(N-(2-methyl-4-(5,6,7,8-tetrahydrothieno[3,2-b]lazepin-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-blazepine (27.24mg, 0.12mmol), 4-methyl-1-L-prolylperhydro-1,4-
diazepine (47mg, 0.12mmol) and DIEA (45ul, 0.125mmol) in ethyl acetate (20ml) 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 6ml/min).  Product-containing
fractions were pooled and lyophilized to give a white solid identified as 4-methyl-1-(N-(2-
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15A: 4-(4- Carboxy- 3-net hyl benzoyl ) -5, 6,7, 8-tetrahydrot hi eno[ 3, 2-b] azepi ne A
suspensi on of

4- (4- cyamwoIsmedchy| benzoyl ) -5, 6, 7, 8-t et r ahydr ot hi eno[ 3, 2- Pcarsgines7¢1g,
3.3mmmol) in conc. sulphuric acid/water (1:1, 30nl) was heated at reflux for
Shr. The resulting solution was cooled to RT, diluted with water (20nl)

and ext raghat- 6, 8- t@ﬂbl%étﬁu@ﬁb[@& !é]ai’é?m-)t -ylchRdNGIEENZ e R cartdall-£- Phases were

extracted with sat. he conbi ned” aqueous extracts were
aci di fi edoNpRashyaPtdseiazenine t“@%ﬁ@é‘é‘i@ﬁ (Mg Stbdor of orm (3 x 20m ). These
chl orof orm extracts were conblned mashed W th brlne dried over Na2SH™

and concentrated in vacuo to g pa rown sol 43 WD 03/000692
PCT/ GRONMBRg(230 MHanEPEPRY 623.80- 2 46 15H m) 2 92-2.98 (5H m), 3.29-3.79 (11H,m),

4- (4- carpexy -3 gﬁ-lmﬂ Q%QZS)Y:*S):Sﬁrﬁ) 76§'rt39f5f eqfwﬁhsoehlseaw& ?mzi AZERY A
(225ng, 23%. 1 roxynethy -3-nethyl benzoyl)-5,6,7,8-tetra
hydrothKéHd?Bﬂ@Ub]azeplne | sobutyl chloroformate (2501, 2mml) was added
to a solution of 4 (4 car boxy- 3-

met hyl ben % , 8-tetrahydrot hi eno[ 3, 2-b] azepi ne (470nmg, 1.48mmol) and
N net hWﬁlﬂ%b b|38ﬁe3 (2301, 2.1 nmol) in THE (15nL) at OC and the nixture
was stirred for 1 hr. The resul tant suspension was filtered and the
filtrate was added to a solution of sodium borohydride (131 ngy, 3.45mmmol)
in water (15m) at OC. The solution was stirred at RT for 2hr, then sat.
NH4Cl (5ml) was added and the THE was renoved in vacuo. The renaining
solution was diluted with water and extracted with chloroform (3 x 20nil).
The conbi ned organi c phases were washed with brine, dried over Na2SO4 and
concentrated in vacuo to give a pale brown solid identified as

4- (4- hydr oxynet hyl - 3- net hyl benzoyl )- 5, 6, 7, 8-t etrahydr ot hi eno[ 3, 2- b] azepi ne
(330ny, 74% . 15C. 4-(4-(1-1 midazol ecar bonyl oxynet hyl ) - 3- net hyl
benzoyl)-5,6,7,8- tetrahydrothieno[3,2-b]azepine 1,1 -Carbonyl diim dazol e
(36ngy, 0.22mmvl) was added to a solution of 4-(4-

hydr oxynet hyl - 3- net hyl benzoyl ) -5, 6, 7, 8-t et rahydr ot hi eno[ 3, 2- b] azepi ne
(60mg, O0.17mmol) in DVF (2ml) under nitrogen gas and the sol ution was
stirred at RT for 18hr. The solvent was renoved in vacuo and the residue
was purified by flash chronmat ography
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on silica gel (eluant 97% chl orof orm 3% nmet hanol) to give a col ourl ess gum
identified as

4- (4- ( 1-iwodawmodeezar bonyl oxynet hyl ) - 3- net hyl benzoyl ) - 5, 6, PC8+¢mnadrgdr ot hi e
no[ 3, 2 b] azepi ne (60ng, 45% . 15D: 4-Methyl-1- (N (2-nethyl
-4-(5,6,7,8-tetra hydrothleno[ 3, 2- b] azepi n- 4-yl car bonyl ) -

benzyl opiGas @ngl)-L-pronI) per hydro-1, 4-di azepi ne A solution of

4- (4-(1-i m dazol ecar bonyl oxynet hyl ) - 3- met hyl benzoyl ) -

Lot 1 ahy BN GO { L AEa YRR 3G AlpRRIY-Vicarbony)-

4- met hy|belnz§~rcHFt§Hrﬂéﬂ)eﬁfrWéiF|@xﬂ-L?To%élmﬁéﬂﬁl NV{BEcolgndriiar! ) and DI EA (451,

0.125mmol ) 1n ethyl acetate was héated at reflux for 48 H's. The
sol vent wag renoved in vacuo and th esidue was purified by flash
chronatogzgggg on silica gel (eIua23>£§@6chloroforniB@bnethanol/l@b
triethylamn then by sem - preparativeOHPLC (Vydac C18 col%ma 25% -- 65%
0. 19%9FA/ acetopitrile in 0. 19%FA/ water oyer 40m n at 6ml/mn)

Pr oduct - copj-a

solid identified met hyl - 1- (N- ( 2- 44 d 000692 P
met hyl - 4- (5, 6, 7, i r

give a white
2/ 02872
benzyl oxycar bo

nyl)-L- prolyl)perhydro-1, 4-di azepi ne trifl uoroacet at (11 1399 . NMWR
(270 MHz, CD3COD) 8 1.80-2.46 (15H m, 2.92-2.98 (5H np 3. 9 (11H m,
4.07-4.15 (1 HmM, 4.84-5.13 (3H M, 6.21-6.25 (1 H ), 6O75- ] (1 Hm,

7.02-7.21 (3H,m ppm MBS [MH + 585.3. 45 WD 03/ p00692 PCT/ GBO2/ 02872

Exanpl e 16 (4R)-Na-(2-Ch
Ioro-4-(5,6,7,8-tetrahydrothieno[S,ZiEiazepin 4-yl carbonyl) -

benzyl car banoyl ) - 4- met hoxy- L-prolin hyl - N- ( -plconI) de O O Owe
Cl G NH2 NN

N o e
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OOvw OOOw C OH NN 0OOOWB OO C H NINN OO; 1/ SNOQw
CC NNN OO; 1/ 46 WO 03/000692 PCT/ GB02/ 02872 16A:

(4R) - N- (4wOtosrbesBut yl oxycar bonyl ) - 2- chl or obenzyl car banoyl rcarcmiheseg- L-
proline nethyl ester 1,1'-Carbonyldiimdazole (800ng, 4.8mmvl) was added to
a solution of tert-butyl 4- (am nonethyl)-3-chlorobenzoate (967ngy, 4mol)

and DI EAgal (4R)- Némrab)t Bd}yﬂygcé.%gnw-z dm&%entwemamo%a ﬁm@ld@q sol ution

was stirred at on of (4R)-4- nethoxy-L-proline nethyl
ester (6U9Hpe mpthwlrﬁ%w) in DVF (10m) was added and t he

1,1'-Carbonyldiimidazole (800mg, 4.8mmol) was added to a solution of tert-butyl 4-
(aminomethyl)-3-chlorobenzoate (967mg, 4mmol) and DIEA (1ml, 6mmol) in DMF (30ml)
under nitrogen gas and the solution was stirred at RT for 1hr. A solution of (4R)-4- '
methoxy-L-proline methyl ester (663mg, 4.17mmol) in DMF (10ml) was added and the
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 0.3M KHSO,, sat.
NaHCOQ; and brine, dried over Na,SO,, and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (eluant 80% pet.ether/20% ethyl acetate) to
give a white sold identified as (940mg, 55%).

16B: (4R)-N°-(4-(tert-Butyloxycarbonyl)-2-chlorobenzylcarbamoyl)-4-methoxy-L-
proline

Lithium hydroxide (139mg, 3.3mmol) was added to a solution of (4R)-N"-(4-(tert-
butyloxycarbonyl)-2-chlorobenzylcarbamoyl)-4-methoxy-L-proline methyl ester (930mg,
2.18mg) in dioxan/water (1:1, 30ml) 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 KHSO,. The aqueous layer was extracted with ethyl acetate (2 x 30ml). The
organic phases were combined and washed with brine, dried over Na,SO, 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-L.-
proline-N-methyl-N-(2-picolyl)amide

tert-Butyl N-methyl-N-(2-picolyl)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 (5ml) and triethylamine (140ul, 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-L-
proline (185mg, 0.45mmol) in dichloromethane (10ml) at 0°C. The resulting solution was

47



solution was stirred at RT for 18hr. The sol vent was renoved in vacuo and
the residue was dissolved in ethyl acetate. The solution was washed with
0. 3M KHSO#0 san0692 NaHCO3 and brine, dried over Na2SO4, andcagerrmszat ed in
vacuo. The residue was purified by flash chromatography on silica gel

(el uant 80% pet.ether/20% et hyl acetate) to give a white sold identified

as (940ng,weP¥ walgn@% R(T4§)d Q{lrre(d‘l'f‘of 30min. The solutlon of N-methyl -2- plcolylamlne
tert - But y? car bonyl ) -2-chl or obenzy| car banoyl ) - 4- net h OX%FP" ?8?‘“) ine
0

Li t hi umv\wﬁda dde tb'ﬁ%'on?r@nﬁﬁl?am§ rﬁ@iﬂ’é%i"‘laé SUCEIET The

(4R)-N' s@f\l/eg \%& removed in vacuo and the reS|due was dissolved in ethyl acetate. The
but yl oxycar orobenzl%_l’ car banmop - 4- met hoxy p (ﬁrol i ne_met hyl ester
He

(930ny, soltion N@f W%hﬁij oita - A tEFS Q4 sat. aé\‘i’cprt”ﬁe PR a9« @firred at

RT for LoREentrbh& inSRLYE ntTH’@%sfd@@%&;dnﬂe&’ BI\/?lﬂerﬁBIﬁ’roﬁﬂ&)grr@p&inmﬁsN@Sgel
partitioned between ethyl acetate an 0. 3M KHSO4. The aqueous | a

ext r act defuant: 36 % chiprofersus %t reethang!) Boging a vifile oum igAtifiedym Ees- ’V\e(f‘éy%nbl ned
and was e, &2 i N-fp-vacuo to give
a whi te%gg %&Qg@@i‘?chlgf dogf )4R§ aN (Asfp?]teg{rbtq- Lﬁﬁ?@%ﬂﬁéﬁg—ong ) - 2- chl or obe
nzyl car W)BW@WQW@XW%)— proline (890ng, 99% . 16C

(4R)-N'-(4-(tert-Butyl oxycarbonyl)-2-chl orobenzyl car banoyl ) - 4- met hoxy- L-

prol i ne-N-et hyl - N- ( 2- |conI)amdetert But .
N- et hy [16R: (@?)pN c(a-?htpc@rﬂdéﬁal &tthmotmméﬁmlyzmwl%'Bpow in 4N

HCLI i YRR b By WSl deifio AL b N RE@Shiliy Fimic@ 1 . The sol vent

was renove P VAt o an ue was azeotroped wth tol uene. The
resul ti ngguﬁc(%aenwmdywuonylmuhlommnmml)(ﬂame)hoawd arelinetMy| anmi ne

(1401, 1 1 A a? Y i Ic#I Mi? Iﬂmne In
a second“m&,(%w rﬁ'g?krégbrgé}cg%ﬁgb g}ﬁéq\%&%&z %ééﬁan% &%%ﬁo?%wfer e added
t o a solthe isolntiaf was stirred at RT for 90min. The solvent was removed in vacuo, and the
(4R)-N'-%4- tert- y.cay: I hi [RaR)ed- 4 y L-
proline r S_ﬂ%%gvyasog%%@()'ﬁi é}.@@ﬂ}’ n%eélrzaorfrér}et Eq%ﬁo’%ﬁe@ @ The resu ting
sol ut i oTevabydrdthieno[N3HRREHL mmgsBOZ/zomn Vé¢$lawé@5m@ Waz29mme!),RA-and
stirred for, 30m.n. The ut i - Di dto
This sordirispamieydre L. ool o8 bRl ddoi, STy W3 RAEEL

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,4 and concentrated in vacuo. The residue was

purified by flash chromatography on silica gel (eluant 97% chloroform/3% methanol) to

give a white solid identified as (4R)-N°-(2-chloro-4-(5,6,7,8-tetrahydrothieno[3,2-b]azepin-

4-ylcarbonyl)benzylcarbamoyl)-4-methoxy-L-proline-N-methyl-N-(2-picolyl)amide  (32mg,

45%)

NMR (270MHz CDCl;) § 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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sol vent was renoved in vacuo and the residue was di ssolved in ethyl
acetate. The solution was washed with 0.3M KHSO4, sat. NaHCG3 and bri ne,
dri ed ovewoNa®&@@®42 and concentrated in vacuo. The residue peascipuanesized by
flash chromat ography on silica gel (eluant 96% chl orof ormi 4% net hanol ) to
give a white gumidentified as (4R)-Na-(4-(tert-
but yl oxysaminenl) - 2 chI orobenzyl car banoyl ) - 4- met hoxy- L- prol i ne- N-nmet hyl - N- (
2p|conIZamd_é /%
(4R) - N- (BUER)-8F @h(‘yoeﬂ(ﬁ% @éﬁ?’ahwpﬁi'ﬂ?‘é[ﬁc?[B]aEeFP}]‘e{‘Z)é'ﬁ'f“fP-Q!DyDTcar bonyl ) -
benzyl c VIRiRethoky-LLgbiyINEs- Sivdin eRdingl y! ) am de
(4R) - Naatge?lﬁyﬁék%a’%%t ylhoxycgk%onrgl )y'i)z (%Pwobeng‘;)/‘f Ear banoyl ) - 4- net hoxy- L-pro
| i ne-N- et hy)~ 2-picolyl)am de (60ny, /T nol ) was di ssolved in 60%
t he sol uti on wasSst at RT for 90m n. The sol vent

was renmovVed \\n vacguo, and thes resi ue\ ssol ved in dichl ororret hane

d to 0C. 5,6,7, 8- T TN othleno[32b]aze ne (20ny,
0.12mmol ), WCSD| (48ny, O, %Smml) 4- di methyl am nop r| di ne (15 € 0. 12mmol )

and tri et hl yawn 58 4mm|) wer e adget C I'sol uti was heat ed at
reflux for 1 ol vent was renoved in andHt he res due was
di ssol ved in et hyI stat e.NFhe sol ution was “was HSO4, sat.

NaHCO3 and brine, dried over Na2SO4 and concentTr at ed |n acuo The resi due
was purified by flash chromatography on silica gel (elya

chl orof ormf 3% nmet hanol) to give a white solid iden |f|ed
(4R)-N-(2-chloro-4-(5, 6, 7, 8-tetrahydrot hi eno[ 3, 2- b] azepi n-

4-yl carbonyl ) benzyl car bam)yl ) - 4- met hoxy-/L-prol i ne- Nt net hyl - N- ( 2- pi col yl ) am
de (32ngy, 45% NWR (270MHz CDCl 3) 74-2.26 (8H M, 2.86-2.89 (3H mM,
3.07-3.32 (4H, M, 3.44-4.97 (10H, 12-6/16 (11-1,m, 6.58-6.65
(11-1, m, 6.99-7.28 (4H m, 7.53-7. N, 8.17- 844(1Hnr?/|ppm S

[ MtH] + 596. 2 48 WD 03/ 000692 PCT/ GB02/ 028712 Exarrplei 17

1- ((4R)-N--(2-Chloro-4-(5,6,7,8-tetra ¢

hydr ot hi eno[ 3, 2- b] azepi n- 4-yl car bonyl ) - H
N N
T / g
N O OH
N OMe O
Cl ]

17A: (4R)-N*-(2-Chloro-4-(5,6,7,8-tetrahydrothieno[3,2-b]Jazepin-4-ylcarbonyl)-
benzylcarbamoyl)-4-methoxy-L-proline methyl ester

1,1'-Carbonyldiimidazole (197.8mg,1.22mmol) was added to a solution of 4-(4-
aminomethyl-3-chlorobenzoyl)-5,6,7,8-tetrahydrothieno[3,2-blazepine (400mg, 1.11mmol)
and DIEA (306ul, 1.66mmol) in DMF (10ml) under nitrogen gas and the solution was
stirred at RT for 1hr. A solution of (4R)-4-methoxy-L-proline methyl ester (176mg,
1.11mmol) in DMF (10ml) was added and the mixture 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 98% chloroform/1% methanol/1% acetic acid) to
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benzyl car banoyl ) - 4- met hoxy- L-prol yl)-4-(1-pyrrolidinyl)piperidine s :\NVY
<-~~NOM OC OC N2 NYNOOOW S1NOB O/ H SNYN NO O
HOWw O wboobosbk NY NON O aNo 17A PCT/GB02/02872

(4R) - Na- (2-Chl oro-4-(5, 6, 7, 8-tetrahydrot hi eno[ 3, 2- b] azepi n- 4-yl car bonyl ) -
benzyl car banoyl ) - 4- met hoxy- L-proline nmethyl ester 1,1'-Carbonyl diimdazole

(197. 8"€g;née gmkbuo\'@émﬁ@é%@ &Q)GN“ ?QQ&Néerﬂ?] 74: téﬁ’rahydrothnen;;f 2-blazepin-

am nonet -chl or obenzoyl) - t et r ahydrot hi eno[ 3, 2- b] azepi ne (400ny,
1.11 meylcaréﬁ@M)blemk(%%OOY')ﬁ BB nrﬁ"rwnetbx'mﬁgr ) ogen gas and
the solution was stirred at RT for 1hr A sol ution of

(4R) - 4- nmet hoxy- L-proline rreth%/ ester 176rr% 1.11 mmol) in DVF (1 OM)
was addeldBadR-NE(GChlanew-(hbs7.8ttetrakydrathienolB 3rblazenindridearbopyhr ogen gas.

e onet SEMERSTRERSSKFEROTRY LD, (o e s 1L by ash
aci d) t oA solution of lithium hydroxide (68.5mg, 1.63mmol) and (4R)-N*-(2-chloro-4-(5,6,7,8-
tetrahydrothieno[3,2-b]azepin-4-ylcarbonyl)benzylcarbamoyl)-4-methoxy-L-proline methyl
ester (655mg, 1.08mmol) in THF/water (1:1, 40ml) was stirred at RT for 1hr. The dioxan
was removed in vacuo and the aqueous residue was acidified with 1N HCI and extracted
with ethyl acetate (3 x 50ml). The organic extracts were combined and washed with
water, dried over Na,SO,4 and concentrated in vacuo to give a white solid identified as
(4R)-N*-(2-chloro-4-(5,6,7,8-tetrahydrothieno[3,2-blazepin-4-ylcarbonyl)-
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-b]azepin-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 solvent was removed 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-
blazepin-4-ylcarbonyl)benzylcarbamoyl)-4-methoxy-L-prolyl)-4-(1-pyrrolidinyl)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
(2H,m), 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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49 WO 03/ 000692 PCT/ GB02/ 02872 give a white solid identified as

(4R) - Na- (2-chl oro-4-(5, 6, 7, 8-tetrahydrot hi eno[ 3, 2-b] azepi n-

4-y| car bowylosheos2y| car banoyl ) - 4- met hoxy- L- prol i ne net hyl esrscBRB2O0RY,

98% . 17B: (4R)-N-(2-Chloro-4-(5,6,7,8-tetra
hydrothieno[3,2-b]azepin-4-y|carbony|)-

benzyl car banoyl ) - nethoxy -proline A solution of l'ithium hydroxide
(68.5ny, 1.63mmol) and (4R)-Na-(2-chloro-4-(5,86,

t et r ahy dihetfaiuing 30"29%1”5!§@|5€F Hﬁeﬂaﬁ?ﬂéﬁ(l%‘émp)’%%m&ar banoyl ) - 4- net hoxy- L- pro
line nmethyl ester (555ng, 1.08mmol) in THE/ water (1:1, 40nl) was stirred
at RT for 1 hr. The dioxan was renoved in vacuo and the aqueous residue
was acidified with 1 N} and extracted wth ethyl acetate (3 x 50ml).
The organic extrac wre conbi ned and washed with water, dried over

in vacuo to give a white solid i dentified as

4 3-t @’r ahydr ot hi eno[ 3. 2- b] azepi n- 4-yl car bonyl ) -
benzylcarbanDyI) 4- nethox -L- prollne2(490ng, 9Z% . 17C

[ 3, 2- b] azepi n-4-yl car bonyl ) -
benzylcarbanDyI) 4- net i di nyl ) pi peridine HOBt
(14.8ng, 0.097mmol), WSCD (2 , ) /and

4- (pyrrolidinyl)piperidine ) nmol\) were added to an ice-cold
solution of (4R)-Na-(2-chloro- 11(5 6,7,8
t et rahydr ot hi eno[ 3, 2- b] azepi n- 4 ylcarbongﬁ) zy
line (40nmg, 0.081 mmol) and triethylam ne (18I, b§\ggybl) in

di chl oronet hane (10m ). The resulting solution wa irred at RT for 18hr.
The solvent was renmpoved in vacuo and the residue was dissolved in ethyl
acetate. The solut|q$ @ Washed W th]sat. [NaHCOB and Dbrji ne, dried over
Na2SO4 and concentr R [va®io.| TRe |r &% ducRivas P&tiYi ed by flash

7N\
Near banipe) - 4- met hoxy- L- pr o

chr omat ogr aphy on R gel (eluant 94% chl or of prnd 4% net hanol / 2%
triethylamne) to glvnaSa “whi e spl Hd idi@wtifHed asH48.3

1-((4R)-N - (2-chl orjo 5,6, 7, 8-TETl any ﬁ nQ 3,555

b] azepi n- 4-yl car bo vI\% nzy | el ba oxylL-prolyll) - 4-(1-pyrrolidiny

| ) pi peridine (40.9nmy, 280%|. MR Mé)I\VI—IzHCEDCI B) 8 1562141 33(7H M,

LT R (B S T e R o il 2
22 Et H H H 562.3
23 Et H H OMe 992.3
24 Ci H H H 568.3
25 Cl H H OMe 598.3
26 H H H H 534.4
27 H H H OMe 564.4
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(2H, M), 4.76-4.78 (1Hn), 4.86-4.89 (1H m, 6.16-6.17 (1H ), 6.65-6.67
(12-1,m, 7.02- 7.05 (1 H M, 7.24-7.26 (3H,n) ppm M [MH+ 628.3 50 WD
03/ 000692wB@3/H@BO2/ 02872 The fol |l ow ng conmpounds are prepaTaaBoy2amal ogous
methods. RS R4 O\ RR H NROS N Exanple RL R2 R3 R4 [MH + No. 18 HH
Me H548.3 19 HH Me Ok 578.4 20 M M HH 562.4 21 M M H Owe 592.4

22 Et HH H 562.3 23 HOw 592.3 24 d HHH568.3 25 d HHOw
508.3 26 HHHH 2N\H HH Ow 564.4 51 WO 03/000692 PCT/ GB02/ 02872
SNRA OH Ny Rl\ Y N/\' N-R 16

N 4

\R
H
“wr”ii
R’ O v NQN/RW

Example R R* R'® Y [M+H]+

No

28 Cl OMe | Me S 604.2

29 F H Me S 558.2

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 @) 558.3

35 Cl OMe | Me 0] 588.4

@
N
N \R4
@)
H
N\”/N
Cl @) 1
Yy G
Example R* G’ Y [M+H]*
No
36 H 0] 546.3
N~ > NMe,

37 OMe H O 576.2
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Exanple R R4 RI6 Y [MrH + No 28 O OMe Me s 604.2 29 F H Me s 558.2 30
Me HM s 554.2 31 Me HPr s 582.3 32 Me HiBus 596.3 33 Me HEt s

568.3 34wOlo3lodde2 0 558.3 35 C| OVt Me 0 588.4 S R4 p HCTNGBo2M2g®: O Gl
Y Exanple R4 GL Y [MrH[+ No 36 H N--~\NMe2 0 546.3 37 OVt H 0 576.2 52
WD 03/ 000692 PCT/ GB02/ 02872 Exanple RA G Y [MrH + No 38 H N 0552.2 39

Ove N O 582.2 80. NN
EXarripte R G' Y [M+H]*
No
38 H Nx o 552.2
H
39 OMe N 7z o) 582.2
40 H | 0 580.2
N Ny
41 OMe | o) 610.3
42 OMe Z S 626.2
43 OMe S 644.2
O~
44 H o) 508.2
45 H /\ 0 544.2
N N—CH,
46 OMe \__/ o) 574.2
\
Ho NN
N N\ \
N \R4
O
H
NTN
@] N/\\ 2
S X
Example R* X2 [M+H]*
No
47 H N-H 587.3
48 H N-Pr 629.2
49 H | N-iBu 643.3
37 H N-Et 615.1
50 OMe | N-Me 631.3
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41 Ove 0 610.3 42 Ove S 626.2 43 Ove S 644.2 44 HNINODS598.2 45 H/\ O
544.2 N NCH3 46 W 0 574.2 HN.NNR4I plI \ NNO SNX2 L Exanple
R4 XZ [ Mwipio3Noo69zZt7 H N-H 587.3 48 H N-Pr 629.2 49 H N- ipBu/@&BI3/0387237 H
N-Et 615.1 50 Ove N-Me 631.3 53 WO 03/000692 PCT/ GB02/02872 A A2 N R3
R&' O NNNCH3 RO S

2

AL-A
N) R® R*
o 3
N N
hig
R’ o o NmN—fCHS
ExaNmpIe R’ R® R* A A2 [M+HT*
(o]
51 H Me H NH CH, 549.3
52 H Me | OMe NH CH, 579.3
53 Me | H H N-Et CH, 577.4
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, 593.4
60 Me | H | OMe | N(CH,).,0H | CH, 623.4
61 Me H H S CH. 566.3
62 Me H | OMe S CH; 596.3
63 H H H O CH, 536.4
64 H H | OMe O CH, 566.4
65 Cl | H H o) CH; 570.3
66 Cl H | OMe 0] CH, 600.3
67 Me | H H CH, NH 549.3
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1--1'i Exanple R R3 R4 A A2 [MrH[+ No 51 HMe H NH CH2 549.3 52 H Me
Ove NH CH2 579.3 53 M HH NEt CH2 577.4 54 Me H Ove NNEt CH2 607.3 55
H M H NWeGHE53. 4 56 HMe O N-Me CH2 593.3 57 Me HOH/CBivbs208R 563. 4
58 M H OV N-Me CH2 593.4 59 Me H H N-(CH2)20H CH2 593.4 60 Me H Owve
N-(CH2) 20H CH2 623.4 61 Me HH S CH2 566.3 62 Me HOve S CH2 596.3 63 H
HHO CH2 536.4 64 HkeOWe O CH2 566.4 65 Cl HHO CH2 570.3 66 C H Ow
0 CH2 600.3 67 Me H HPCH2 NH 549.3 54 WOR3/ 000692 PCT/ GB02/ 02872 &2 R4
OH NN d OCNCHBO mple R4 @ [MH + 7

H
N\H/N
Cl O s N/j,\,/CH3
Exa;qrgple R* G2 [M+H]*
68 H O:?/s 624.2
69 OMe @N 654.3
70 H \S 574.2
71 OMe N 604.2
2
G \R4
o :
H
N\”/N
Me O s ijN/CH3
Example 4 2 +
No R G [M+H]
H
72 H N?S 603.3
73 OMe @EN N/A
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Cs&

H

-

S

6

8
N
6

N

1

H
N
N
7.

/

3

S 624.2 69 OMe 0(0:: N 654.3 70 H S 574.2 71 OMe N 604.2 @& R4
Me OS NNCH3 Exanple R& G2 [ MHH] +
AWBEINDEOB/ 000692 PCT/ GB02/ 02872 Exanple R4 G [ WehjeBixo2se 74 H
/1 75 OMe \ \ 647.3 N 76 H N'NON 587.3 77 OV
Example R* G? [M+H]"
No
H Me 617.3
74 .
N— S
75 | OMe @[ 647.3
N
76 H N SN 587.3
77 | oM (I f 617.3
© N
N
N
78 H — 586.3
N
79 H i 677.3
80 H @( j// 615.2
81 H Q;[ :;// 602.2
82 H 598.4

No H 72 HQ(N/ S 603.3 73

N 617.3 N/ N



78 H586.3 N 79 HHNG677.3/ NN NN 80 HNN®615.2 N HN 81 HNN
IN 602.2 N 82 H 598.4 56 WO 03/000692 PCT/ GB02/02872 Exanple R4 &

[ MtH] + Nowl oskoodd9528. 4 83 Ove N N O 84 H 599.2 85 H NpRTAOEN2428786 OVe
630.4 NOw O \

Example
No

H N—

83 OMe @i p 628.4
N
o N—

84 H @ p 599.2
N

R* G? [M+H]*

/
85 H N/N 600.4
|/
86 OMe 630.4
N
N OMe
O <
H
NTN
Cl O L
Yy G
Example 1 +
No Y G [M+H]
87 S N/ \N/
88 @) v 584.3
~ ]
89 S N 606.3
IT N
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H NN C O0Y Exanple Y GL [MH + No 87 S N 88 0 584.3 606.3 89 S QNN
57 WD 03/ 000692 PCT/ GB02/02872 R 24 R25 NW OH Ny NdO OGL S
Exanpl e RRO ®o2ds9Y GL [ MFHI+ No 90 i-Bu i-Bu s 602.3 91PCTREBOS0DS7N 628. 3
2 S92 M i-Pr s 524.4 93 Et i-Pr ONNDbB522.4 94 Et i-Pr s 95 i-Pr i-Pr s
552.4 96 i-Pr CH2--< S N N 564. 4

24 25
R\N/R
pMe
o ;
H
NTN
Cl O 1
s G
Example | gas R Y G’ [M+H]*
(o]
90 i-Bu i-Bu S Z 602.3
|
91 i-Pr /@ S 'T N 628.3
CH; g
92 Me i-Pr S 524.4
TN ,
93 Et i-Pr ol N N 522.4
94 Et i-Pr S
95 i-Pr 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 0
—
99 n-Pn n-Pn S NvN
100 i-Pr Ph o) 570.3
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97 i-Bu i-Bu s 580.2 98 n-Pn n-Pn 0 99 n-Pn n-Pn s N N

570.3 58 WD 03/000692 PCT/ GB02/ 02872 Exanple R24 R25 Y Gl [ M+H] +
n- Bu Ph OwD03/0ktco"H2 O S NN 103 i-Pr
N N 105 Ph CH20 O Exanpl e 106

100 i - Pr

Ph 0O
No 101

0 590.3 CH -'0 2 S P04/GBR2§BR27 S S
In vitro Testing Conpounds were assayed to

determne their ability to inhibit the binding of [1251]OVA to a cell
menbr ane greparatijon of receptors ([bin@ing assay) and [to mm C |t he
cel lul ar c%%'yaﬁe nceR?of |OT stRFrul atijoM on inta&®' cells |(fiMiH] onal
assay). In_th % hi ndi ng asday the conpounds of the inventlion generfally
denonstratje sj qni fli cant inhibition of r§di oligand binding at
concent r at|i on@1of (50 liess. t he (functi onal assay, tihe conpouynds of
t he i nvernH-en—cagse—signifecant—ecetdtar{activati on at goenrecentrati ons of
30M or legs. Preflerred cqnmpoundé—€auge siignificant actiVation at
concent r at/i ons _of |300nM or| ¢ ca induee the same |maximal effect as
Or. The ccrrpc?@ﬁds ar eFki t Her §i ob cangI‘ | &ss a€tive ar conpl etiely
devoid of |activity in assgys for vasopressin-ljke activitly. Exanplle 107 1In
vivo Testilng
103 i-Pr /@ O 590.3
CH3 S
104 i-Pr /C\S S
CHy N /N
)
105 Ph CHT@ 0
Example 106

In vitro Testing

Compounds were assayed to determine their ability to inhibit the binding of ['**I]OVA 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 30puM 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-like activity.

Example 107

In vivo Testing

Representative compounds were tested for activity in the rat uterine contractility model,

which is a recognised test for OT agonism. The compounds increased the strength and

5
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Representati ve conpounds were tested for activity in the rat uterine
contractility nodel, which is a recognised test for OI agonism The
conpoundswiorsneased t he strength and 59 WO 03/ 000692 PCT/rGCBIBQD3S72
frequency of the uterine contractions at doses bel ow 50ng/ kg. Sel ected
conpounds were then given either i.c.v. or i.v. to male rats and the
erecti| gdyBemINsetvafesiR 85iliaefishs attdct@Bl RIclW8ohaKget Jeictdd 8dmpounds

Adm ni stration Tablets contai ning 100ng of the conpound of Exanple 11 as
t he act iwase HipargivayQithepi@paré. 1Proate f3ie apd eRIPFte rasBARRSUMRE dHeENBSHl e 11
200. Qg Corn starch 71.0g Hydroxypropylcellul ose 18. Oy

Car boxynet hyl cel | ul ose cal cium 13. Oy Magnesium stearate 3. Oy Lactose
195. Qg Total 500.0y The materials are bl ended and then pressed to give
2000 t alp\ghwp1ef0850ny, each containing 100ng of the conpound of Exanple
11. The for eg#oi ng denonstrates that the conpounds according to the present
i nvent i drblatior QEal Administeation  he oxytocin receptor and accordingly they

may findagidid ichitaiting BOGHGESTEME | coMpoaBe NifSExdapipld e b4 &Rd mefle Bfertoaidi tions
such as sexual disorders rncluding nale erectile dysfunction and

ej acul atr6pRAred EBMdBe LloYign| e sexual dysfunction, cancer of the prostate,
breast, ovary and bones, osteoporosis, benign prostatic hyperplasia, post-
partum bl eedi ng, and depressjion. The conpounds nay als% B% used to induce
| abour or H8MPQHdoffx i acenta, to decrease arterid-%81 ood pressure,

to decreasecgxpggerated responses to stress and to increage the

noci ceptive threshold. The scope of the present inventiqgobs further

defined in EHFORRPRNGENYOS® ai ns. 60

Carboxymethylcellulose calcium 13.0g
Magnesium stearate 3.0g
Lactose 195.0g

Total 500.0¢g

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 blood pressure, to decrease exaggerated

responses to stress and to increase the nociceptive threshold.

The scope of the present invention is further defined in the following claims.
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WO 03/ 000692 PCT/ GB02/ 02872 CLAIMS 1 A conpound according to general
formula 1, or a pharnaceutically acceptable salt thereof & R3S R4 R2 RS
O X1 Y NWoO@3lo@k92Y wherein: Gl is selected froma group paaacBadiongy2t o
general formula 2 and a group according to general formula 3; R6 CHA 2 \
7 NCHX RA 23 & is selected froma group according to general formula
4, a gr@ypumecording to general fornula 5, a group according to general
formula 6, a group according to general forrmula 7, a group according to
general formula 8 and a group according to general formula 9; R24 3 A1 A8

I A2 64 ,.acomBolhd actoffingtoldentrafiforimuld\, ot a pharmaceutically acceptable salt

thereof
G? R’ R*
x__N
R’ \g/ L
Y G
1
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
N\ 7 N S
R (cHy),
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 Al A\ 2 6 /A\ 9
N { 0 A Y
25 AL | | ) \
\ WS _(CHy), pd ‘ n1—A
N Nys J
N
4 5 6
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56 61 W 03/000692 PCT/GB02/02872 8 14 q A3 AA /A A9 13\A 15 /A-- Al4
A. | A | Al3:...."Al5 A Al1l-Al0 Al2-Al16 Al 12-A1ls N~ NN7 89 A is
sel ect ed wWoamo@d22 CH(OH), NH, N-al kyl, N (CH2) R27, 0 an®C$/GBIRAD2$72
selected fromCH2, CH OH), C(=0O and NH, A3 is selected fromsS, NH,

N-al kyl, -CH=CH and -CH=N-; A4 and A5 are each selected fromCH and N, A6
is selected fromCH2, N, N-alkyl and 0; ,1A7 and AlJ aye selected fromC
and N, A8 and A9 sre s@‘l\e\ct@d from CH, NI\

7 CHAN, NH Py e e and &
sel ected from'N and &™-Al4, Alg“and Alg -are/sel edded N
and CH, Xl ils sel ect gd'-FAom 0 |and NH, XP-iA sel ect from NRL6; [,

CH NR17R18, CI—IﬁI;%ﬂRl& MR@W NtR21 R22R23 and CI—I-AiH%DQnLE?Zl
R22R23; Y is se| ect fromO0 and\S; WO 03/ 000692 RCT/ GB02/02872 R, R2
and R3 are eachNelected fromH, alkyl, Oalkyl, F, r; R4 and RS
are each selected fromH, Oalkyl, Obenzyl and F, or RF and RS

7 8 9
A'is selected from CH,, CH(OH), NH, N-alkyl, N-(CH,),—R*’, O and S;

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

A% is selected from S, NH, N-alkyl, -CH=CH- and —-CH=N-;

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(CH,)»R* and S;

A is selected from ~-CH=CH-, CH, N, NH, N(CH,)»R% and S;

A'? 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;

X?is selected from NR'®, CH-NR'"R", CH-CH,NR'R'"®, N*R"°R?,
CH-N'R?'R%R? and CH-CH,N'R?*'R#R%;

Y is selected from O and S;
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together are =0, -Q(CH2)a0- or -S(CH2)aS-; R6 is selected froma group
according to general fornmula 10, a group according to general formula 11,
a group awoaB@desg2t o general fornula 12, a group accordi n@CTreGGBgensERal
formula 13, a group according to general fornula 14, a group according to
general formula 15, a group according to general fornula 16, a group
according t oR' gRRRY A afEaBH stlekled o HOURyRELAKHI RICtshagemer al  fornul a 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 formd 4,7z r@e%ﬁegeag&%m %L 8ky1 I8 8T} R 334 R 9T OUP
according to genera? formula 24 and a group according to general formula
25; - ( CH2) b-thir3tRer areCGIdR -O{CHRIQ- P28 32).80; 11 -(CH 2)b -- -(CHA ,+ NN |
al kyl 12 13 ~CH2)C }CH2)C CH NR10 CH N+R14R15 (CH2)d (CH2)d 14 15 CH2)
CH2)C CH2 /NR 10 CH2 / N+R14R15 (CH2)d (CH2)d ( 16 ( 17 / CH >_ NR8BR9 )e /
CH )e CH CH R’ isNelctERIRR1 3 gro@Hafcofdd D) denetd fargnula 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 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
general formula 21, a group according to general formula 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® —(CH,),-N'R"'R'R"
10 11
XX XX
-(CH,); P ~(CH,); _
N )
alkyl
12 13
CH.,) CH,)
C# \\2'\;:R10 Ca I\;:+R14R15
N N
(CH,), (CH,),
14 15
CH\Z)C CH,),
CH NR'™ CH N'‘R"R"
2 / 2 /
(CH,)q (CH,),
16 17
/(CHz)e /(CHz)e
89 +11212~13
CQ NR°R CI{ >—N R'"'R“R
(CH,). (CH,)
18 19
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63 WD 03/ 000692 PCT/ GB02/ 02872 CH2)e CH2)e CH2 NR$R9 CH2 N+Rh1R12R13
(CcH)f (CH2)f ( 20 ( 21 e CH2)e }CH>_ CH2N+R11R12R13 CH CH2NR$R9 CH
(CH2)f (OmD)BoE®9I23 CH2)e CH2)e CH2 CH2NRB8RIO CH2 CH2N+RPLRIHDB247CH?) f
(CH2)f 24 25 R7 is selected fromH, alkyl and any group as defined above
for R6; R8, RO and R10 are i ndependently selected fromH and al kyl, or R8

and RO together may bei 2)9 ; Rll R12, R13, nd R15 are all alkyl,
or R11 and R12 togethe 2R1 oR15 toget her q rl?az 13R16 R17
and R18 are ind Iy (NRanromH

t oget her may be -(CHZ) 9 R20, R21, R22 and re aII al kyI, or R19
and R20 together or R22 t oget her may be - ; R4 and R25 are
i ndependently sel ect ed frébm al kyl, Ar and -(CH2) k- Ar; 5226 is selected from
H, al kyl, optionally substituted phenyl . pyri dyI t hi enyI H, O alkyl,
NH2, NH al kyl, N a/(@iﬂ))g, C2H, C02-al kyl, C(y ,2) CONH- al kyI CON( al kyI ) 2,

CN and CF3; R27 i s select e eH, O al kyI al ky| 12 al kyl and
N(al kyl)2; 64 é DSCLeRH MR OQ EUN' A2

(CH2)f (CH,),
23
CH,),
CH—<( >—CH NR°R’ CH2—< %CHZWR”RQR”
(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 —(CHz)g—;

R", R"™, R, R" and R" are all alkyl, or R"" and R'? together or R' and R"®
together may be —(CHy)q—;

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® 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(alkyl),, CO,H, CO,-alkyl, CONH,, CONH-alkyl,

CON(alkyl),, CN and CF3;

R? is selected from OH, O-alkyl, O—CO-alkyl, NH,, NH-alkyl and N(alkyl),;
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WO 03/ 000692 PCT/ GB02/ 02872 Ar is selected fromthienyl and optionally
substituted phenyl; ais 2 or 3, bis 1, 2o0or 3; cis 1 or 2,dis 1, 2or3;

ei s1 or 2wb wmodky2or 3; gi s4,5 or6; hisl, 2or3;iisl, 2, 3or4; | irpsd/CRINH2872
kisl,2or3;lisl or2;msl,2or 3; and nis 2, 3 or 4; provided that: not nore
than one of A8, A9 and A10 is NH, N(CH2)nR26 or S; A7 and Al are not both
simul taneously N, neither A7 nor All is Nif one of A8, A9 and Al1O is NH,
N(CH2)mMR26 or S; if A0 is -CH=CH then A8 is N A9 is CH and both A7 and
Al are C iArinselertgd fiom thignviand enfierallyfwbsiitutad Pheyland A10 is NH,

N(CH2) MR26 or S or one of A7 and All is N, not nore than one of A74, Al5
and A16 is NH, N-CH3 or S; Al2 and Al3 are not hoth simnultaneously N if
one of Al4, 2B @i bA3a, ?@rﬁlﬁ'sﬂ-@}%dd? 2 PR BT Pr2nbisd18 %P9 fotP ¢ and

one of Al4, &kphagd, 2A63;iss N2, 3NrGHBisar 5%r 61 k BME 2adr 3ALE 1a6tQ; ML 1,2 dN. 2 A
conpound accordl ng to daim1 wherein at |east one of R, R2 and R3 is H

and one is h@&d’s3 ﬁxoéfmpound according to any preceding C ai mwherein
one of Rl, R2 and R3 is selected fromalkyl, F, CI and Br and the others
are H 65 WD 03/ 000692 PCT/ GB02/ 02872 4 A corrpound according to any
precedi ng CIRIPHAGHEREin R is nethyl or O and R2 and R3 are H. 5 A
conpound according to any preceding Caimwherein one of R4 and R5 is H and

the other is Oalkyl. 6 A _cq und 1acc rdl any_precedi ng C ai mwherein
one of R4 anf&PtRBJFFZh%E] Oé‘r‘?d’fptpgp Rﬂ'fﬁv%z %S'A conpound according to

any of Clains 1 to 4 wherein R4 and R5 are both H

A” 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'® jis -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-CHj or S;

A'? and A" are not both simultaneously N;

if one of A™, A’ and A'® is NH, N-CH, or S then A" and A" are both C; and
one of A", A" and A" is NH, N-CH; or S or one of A and A" is N.

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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8 A conpound according to any of Clains 1 to 4 wherein R4 and R5 are both F
9 A conmpound according to any preceding Caimwherein X is NH 10 A
conpound woasndey to any preceding Caimwherein G is aPpgmoug2acgior di ng
to general fornmula 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 tgq eémp&irﬁ%éb%g%adnmp%@e% 1430 WlerBindR '8 eBHL 6F @i dHl RO

gener al forrrul a 4. 13 A conpound according to any of Clainms 1 to 11 wherein
R is a grOLﬁjldd%ch?M ng to general formula 5, 6, 7, 8 or 9. 14 A conpound
according to any of Clains 1 to 11 wherein G is a group according to
general formula 5 A is CH2 and A2 is NH 15 A conpound accgrding to any
of O aiffs 1 AEOMROYIEASPHINGtoa8Y Rrepeding Heirbyeealy th*@ Of&ﬁéﬁﬁ isdardi a 5, A
is NH or N-ghkyhepRdoAdkjyiS (=0 . 16 A conpound according to any of O ains
1 to 11 wherein & Is a group according to 66 WO 03/000692 PCT/ GB02/ 02872
general fornmula 5, 6 or 9, A3 is S and A4 and A5 are both CH 17 A conpound

accor di t f A8 oLdHn@gt 0
gener al rbf‘gor n@?g%gmnﬂ&bg%gkg aﬁgjp}eadgg%%@ﬁg%@g?d@gwgﬁeeboth gj 18 A

conpound acctbe@thﬁ?ngtQ—rUBﬁle 1 wherein RL is methyl or d, R2 and R3 are
both H R4 is Hor Onethyl, R is H Xl is NHand Yis S. 19 A conpound
according to Caim1l wherein RL is nmethyl or O, R2 and R3 are both H R4
is H or 70 meA hginpourBl accokdingde any oNQlaime 1Yo Havherein &’ An@&rpfmh@hértcor ding to
Caim1l wherein R2 and R3 are both H X1 is NH and Gl |s N--\ NR16 21 A
conpound according to Claim1l wherein RL is nethyl or , R and R3 are
both H, 8 R4 A sorrpoundmagerding to arg of Slains 1o pavhereiafd ac_rQFf’@re 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 formula 4.

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

general formula 5, 6,7, 8 or 9.

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

general formula 5, A’ is CH, 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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R26 s HANNN N 22 A conpound according to Claim1l1 wherein RL is nethyl
or , R and R3 are both H R4 is Hor Onethyl, RS is H Xl is NH G is
IN Nl RL6 ward/o@io2s 67 WO 03/ 000692 PCT/ GB02/ 02872 Res A¥cH/dBoo28d2 N 23 A
conpound according to Claim1l selected from

4-met hyl - 1- (N-(2-net hyl -4-(2, 3, 4, 5-tetrahydro- 1, 5- benzodi azepi n- 4-on- 1-yl -
car bonyl) be%@@ﬂf&ﬁr@é )6 &r g, i s ahy ) Bed RY Bietboth &+i azepi ne,

4- et hyl - (2 met hyl - 4- (1- et hyl - 4, 10- di hydropyrazol o[5,4-b][1,5]-
benzodiazepln -yl car bonyl ) benzyl car banoyl ) - L-t hi oprol yl ) per hydro- 1, 4-di aze
pr ne, 17 Acom ound accordlng to any of Clanms 1 to11 wherein G? is a group according to

4, 4- di net hyl (2-meth X dlhgropyrazo o[5,4-b][1,5]-
benzodi azeplgﬁf@f%”%mulﬁ)ﬂﬂ%rb"er’l’ﬂﬁt@ﬁ 'Fh)?[‘q ALBE“F\%‘ preatai Chler hydr o- 1, 4-

di azepi ni um i odi de,

4- et hyl - 1- (N- ( 2- net hyl - 4- 7, 8-tetrahydrothi eno[ 3, 2- b] azepi n- 4|_}/I car bon
yl) - beriﬁyl c&p@awqaq_cowngotsr@wm)wa?WdSF%hﬂpa bR°med R’ are both

4- et hyl - 1- (#,ggmm‘gtmﬂ Féﬁs(ﬁ.. 3(1%—N|qtahalwgrsot hi eno[ 3, 2 b] azepi n- 4-yl car bon
yl ) - benzyl oxycar bonyl) prol yl) per hydro-1, 4-di azepi ne,

(4R) - Na- (2-chl oro-4-(5, 6, 7, 8-tetrahydrothi eno[3 2- b] azepi n- 4-yl car bonyl ) ben

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

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

/7 N\
N N—R

./

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, R®is H, X" is NH and G? is

16

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

’ 'N—R
N N~

./

16

and G?is
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car banoyl ) - 4- met hoxy- L- prol i ne- N-net hyl - N- (2- pi col yl )am de, and

1-((4R) - Na- (2-chl oro-4-(5, 6, 7, 8-t etrahydrot hi eno[ 3, 2- b] azepi n-4-yl car bonyl)
benzyl - cwobsmoyb) - 4- net hoxy- L-prol yl)-4-(1-pyrrolidinyl) pgrassudionsr2 24 A
pharmaceuti cal conposition which conprises a conpound according to any of
Clainms 1 to 23 as an active agent. 25 A pharmaceutical conposition
according to Caim24 which is a tablet or ca le for oral

adm ni stration. 68 WO 03/000692 PCT/ GB02/ 02@?95‘]526 A phar maceuti cal
conposition according to Claim24 @r 2B whi¢h is for the treatnent of nale

erectile dysfunction. 27 A use f b Md accor di ng to any of Cains 1
to 23, which is as a conponent \n e mahuf acture of a pharmaceuti cal
conposition. 28 A use according t aim erein the pharnaceuti cal

conposition is to be used in the tregqtmnt of nale erectile dysfunction.
29 A nethod of treating male or femal e sexual disorders which conprises the
admnistration to a person in need of such treatnent of an effective anpunt

of a corrpound accordi o any of d ai 1 to 23. 30 One or nore optical

i somers Of o EOMB B'ﬂlﬁ’ga 88%9?%0@(3%1 éﬁ'ﬁc"ggf@mai m 1to 22. 69
4-methyl-1-(N-(2-methyl-4-(2,3,4,5-tetrahydro-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-thioprolyl)perhydro-1,4-diazepine,

4 ,4-dimethyl-1-(N-(2-methyl-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-methyl-4-(5,6,7,8-tetrahydrothieno[3,2-blazepin-4-ylcarbonyl)-
benzylcarbamoyl)-L-thioprolyl)perhydro-1,4-diazepine,

4-methyl-1-(N-(2-methyl-4-(5,6,7,8-tetrahydrothieno[3,2-bJazepin-4-ylcarbonyl)-
benzyloxycarbonyl)-L-prolyl)perhydro-1,4-diazepine,

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

1-((4R)-N*-(2-chloro-4-(5,6,7,8-tetrahydrothieno[3,2-b]azepin-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

29

30

A pharmaceutical composition according to Claim 24 or 25 which is for the

treatment of male erectile dysfunction.

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

in the manufacture of a pharmaceutical composition.

A use according to Claim 27 wherein the pharmaceutical composition is to be used

in the treatment of male erectile dysfunction.
A method of treating male or female sexual disorders which comprises the
administration to a person in need of such treatment of an effective amount of a

compound according to any of Claims 1 to 23.

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