WO 2007/063391 PC"1'1m2000003388 1 Spirocyclic derivatives Field of
the Invention This invention relates to spirocyclic derivatives, and to
processes for the preparation of, intermediates used in the preparation of,
Wkgeiisditons containing and the uses of, such derivativeCTHBM6/003388
spirocyclic derivatives of the presént invention are PDE7 inhibitors and
have a number of therafgliciafiplizatiatigeparticularly in the treatment of
pain, especially neuropathic pain. Background to the Invention
Phosphodiesterases (PDESs) are a family of enzymes which affect various
Fieldelfitlae Sigaatity processes by the process of hydrolyzing the second.
messenger molecules cAMP and cGMP to the corresponding inactive 5'-
monophosphate nucleotides and thereby regulating their physiological
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families of PDE's, some (PDE3, 4, 7, 8) being specific for cAMP, and
contiing AL BmpegpBEsudl 4REVEBBET is one member of the PDE.

family and comprises 2 subclass members PDE7 A and B. The mRNA of
PDE7 is expressed in various tissues and cell types k n ta.be ;
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.acti - !ﬁ Sh! j,.C.Yee and J.A. Beavo, Science (1999), 283,
pas@ﬁ%’@éﬁ%ﬂgﬁé n -%ﬁ%ﬁ%é‘/tes. (i2. Lee, S. Wolda, E. Moon, J. _
Esselstyn, C. Hertel and A. Lerner, Cell. Signal (2002), 14, 277-284),

; Ba@%ﬁ?@@ﬂ%@%ﬂiﬁn U et al,-above), and airway disease (S.J. Smith et
al,-Am. J. Physiol. Tung. Cell. Ivlol. Physic!. (2003), 284, L279-L289).

Consequently it is expected that.selective inhibitors of PDE7 will have

Phd¥eReLEI=?R4 QFBR%) Rfel 415290640@338%es which affect various
cellutar signailing processes by the process of hydrolyzing the second
messenger molecules cAMP and cGMP to the corresponding inactive 5'-

monophosphate nucleotides and thereby regulating their physiological level,
The secondary messengers cAMP and cGMP are responsible for the
regulation of numerous intracelular processes. There are at least 11 families
of PDE's, some (FDES3, 4, 7, 8) being specific for cAMP, and others for cGMP
{PDES, 8, and g).

PDE7 is one member of the PDE family and comprises 2 subclass members
PDE7 A and B, The mRNA of PDEY is expressed in various tissues and call
types known to be important in the pathogenesis of several diseases such as
T-cell related disorders. In parficular PDETA and its splice variants are
upregulated in activated T-cells, (.. Li, C. Yee and J.A. Beavo, Science
{1999), 283, 848-8561}, and in B-lymphocytes. (R. Lée, S. Wolda, E. Moon, J.
Esselstyn, C. Heriel and A. Lerner, Cell Signal {2002), 14, 277-284),
autoimmune disease (L. Li et al, above), and airway disease {5.J. Smith et al,
Am. J. Physfol. Lung. Cell Mef.v Physiol. (2003), 284, L279-.289).
Consequently it is expected that selective inhibitors of PDEY will have broad



2 application as both immunosuppressants and treatment for respiratory
conditions, for example chronic obstructive pulmonary disease and
asthma (N.A. Glavas, C. Ostenson, J.B. Schaefer, V. Vasta and J.A.
WHREEVESPNAS (2001), 98, 6319-6324). Studies in rat have SRGRATHAE3I3S
PDE7A mRNA is found to be widefy distributed in rat brain in both
appheafionabandoibn-eaoresusgigsspotations! Theatgads: freyepsaietory
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cerebellum, medial habenula nucleus, pineal gland, area postrema, and
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(206550, Bagsegrgsylts are consistent with PDE7A being involved in the
regulation of cCAMP signaling in many brain functions and suggests that
PDET7A could have an effect on memory, depression, and emesis (X.
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002) 14, 277-28% PDE7A has been isolated from yeast (T. Michaelj et
chospid). IestEhBRE (Togdi N ds plapavitebs slelestaan tPCiagh, 81 (R&an

tissABY MedamasyitsBlot ChaskHORHR7 POBIR2 S Tivomese if the
Bloom and J.A.. Beavo, Proc. Nati. Acad. Sc!. UUSA (1996), 93,
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P'DE?A has been isolated from yeast (T. Michaeli et al, J. Bisl. Chem. (1993)
268, 12825-12032), human (P. Han, Z ﬁaoyan and, M. Tamar, J. Biol.
Chem. (1997) 272, 18152-16157), mouse (T. Bloom and LA. Beavo, Froc.
Matl. Acad, Sci, USA {1998?, 93, 14188-14192) and upreguiation of PDEVA
levels is seen in human T kymphecytés {M. ichimura and H. Kase. Biochem.
Biophys. Res. Commun. (1993), 193, 9856-000).

PDE7B, the second member of the PDET family, shares 70% amino acid
homology with PDE7A in the CHerminal catalytic domain (N-terminal domain
is the regulatory domain containing the phosphorylation site which is
conserved across the PDE family). PDETB is cAMP specific and has been
cloned from mouse (accession number — AJ251858) and human (accession
number — AJES‘!S&‘U} sources (C. Gardner, N. Robas, D. Cawkill and M.
Fidock, Biochem. Biophys. Res. Commun. {2000}, 272, 186-192), it has been



Fidock, Biochem. Biophys. Res, Commun. (2000), 272, 186-192). It has
been WO 20 0710 6 339 1 PCTITB2 0 0 6100 3 388 3 shown to be
expressed in a wide variety of tissues: the caudate nucleus, putamen and
WHEEipHEPtbe of the brain and perriﬁherally in. the heart, oVry/TBH§6003388
pituitary gland, kidney and liver smiall intestine and thymus, additionally in
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s€s, autoimmune diseases, osteoarthritis,

suchaitipiggokabsidiptatespd rodiisicereroticreh spestfinaiio inidbib RitdidEase,
. asthma, cancer, acquired immune deficiency syndrome, allergy or -
inflammatory bowel disease. WO 20041026818 describes compounds of
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inhibitors in the treatment of o
formulae:

and their use in the treatment of PDE7-related disorders, such as T-cell-
related diseases, autoimmune diseases, osteocarthritis, multiple sclerosis,
osteoporosis, chronic obstructive pulmonary dfsaase, asthma, cancer,
acquired immune deficiency syndrome, allergy or inflammatory bowel
_disease, ’

WO 2004/026818 describes compounds of formula:
RE\ 0 (CHEjm

N+
N )
H
R1

and their use in the treatment of PDE7-related disorders.

WO 20068/092691 describes the use of PDET inhibitors in the treatment of
neuropathic pain.



neuropathic pain. WO 200 7 /063 3 9 1 PCTJ1B2006/003388 4 We have
surprisingly found that a class of compounds falling within the general
disclosure of WO 021074754, but not specifically disclosed or exemplified
wolthgFaigssexhibit unexpectedly superior pharmacokinetic prepentigsswisss
compared with the closest compotind exemplified in WO 02/074754.
These compounds are expected to exhibit reduced clearance from the
and. hav ntial tp achieve a ther n
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a ddfie compounds of Examples | and 2. of the present invention, as well as
that of the compound of Example 75 of WO

Summary of the Invention

. The invention provides a compound of formula {I):

wherein:

mis {0, 1or2;

Xis O, 8§ or N-CN,;

Ris I, Cl or CN;

'Ais a Cas cycloalkylene group optionally substifuted with a Cq.4 alkyl group;
and '

B is a single bond or a (“:1 2 alkylene gmup,

or & pharmaceutically acceptable salt, solvate, polymorph or prodrug thereof.

Brief Description of the Drawings



021074754 (Compound A), following 1mg/kg intravenous administration,
Fig. 2 shows powder X-ray diffraction (PXRD) plots for measured (A) and
simulated (B) patterns for the acetic acid solvate of the compound of
wobNage2; Fig. 3 is a plot of mass loss on heating usingPCT/AB20M6/M3388

thermogravimetric analysis (TGAJ on the acetic acid solvate of the

Fig. Q088 @end«ftxam ptard (Hheph5105Yatimats ossash aluacheimyaiiieal. to |
mole equivalent.of acetic acid); Fig..4 S PXI 5 for the
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compound of Example 2; Fig. 7 shows PXRD plots for the crystalline
2. unsolvated form (Form A) and the dimethylacetamide (OMAC) (B),

Fig.m/{jﬂmﬁ{ﬁ@f t?jﬁ@lflm’i@ﬁlthéﬁthi@M@ "‘*""f-t" liea(iSO) (E)
nd acetic ac olvates of the com :
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.compound of e 2, the total mass loss of 14.7% corr_espondi%%\io a
nt

the Tantagienet of AdM)-and Ehortaiinasle SRR SRS RRYS
befiRESTOIRNEAURG Jpessiiix indigatiagdhe presence of an intermediate

_ hemi-THF sSolvate form); Fiﬁo iS a '{QG érace {)f the ime&? lacetamide
FiashipaRiB R OoRBEHABOERE HBRYARY FYERIRE L (AR 6o
theheirgamivsientiopms?, iadiecofedobletitedeaiipmunthnEignil 1 shows

. PXRD patterns for the pyridine sol , Hding s erd GA
rorASET RO S sehgantie
crystalline form (Form A) of the compound of Example 2;
Fig. 7 shows PXRD plots for the crystalline unsolvated form {Form Aj and the
dimethylacetamide (DMAC) (B), pyridine (C}, tetrahydrofuran {THF) (D},
dimethylsulfoxide (DMSO) (E) and acetic acid (F) solvates of the compound of
Example 2;

BT EEX

Fig. 8is a TGA trace of the pyridine solvate of the compound of Example 2,
the mass loss of 17.3% shown being equivalent to a 1:1 ratio of solvent to
compound;

Fig. 9 is a TGA trace of the tetrahydrofuran solvate of the compound of
Example 2, the total mass loss of 14.7% correspending to a 1:1 ratio of
compound to THF solvent (the stepwise nature of the solvent loss on heating
possibly indicating the presence of an intermediate hemi-THF sclvate form),
Fig. 10 is a TGA trace of the dimethylacetamide solvate of the compound of
Example 2, the fotal mass loss of 33,0% being equivalent to a 2:1 rafio of
solvent to compound;

Fig. 11 shows PXRD patterns for the pyridine solvate {A), the pyridine solvate
after TGA (B) and Form A (C) of the compound of Example 2,



WO 2007/063391 PCT/1B20061 3358 6 Fig. 12 shows PXRD patterns for
the tetrahydrofuran solvate (A), the THE solvate after TGA (B) and Form
A (C) of the compound of Example 2, Fig. 13 shows PXRD patterns for
wdheydiashylacetamide solvate (A), the dimethylacetamidecsolbanes &fitesas
TGA (B) and Form A (C) of the cofnpound of Example 2; and Fig. 14
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groups include methylene, ethylene and methylmethylene, of which
ExametaiyienBds preferred. The term "cycloalkylene” denotes a divalent
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2. cis-and trans-1,2- cyclobutylene and.cis- and trans-1,3-cyclobutylene),

cyclopentylene (eg 1,1- cyclopentylene, cis- and trans-1,2-cyciopentylene,
and cis- and trans 1,3- cyciopentylene) and cyclohexylene (eg 1,1

peldbre i 7 S=1NROENMHKRXylene, cis- and
trans 1,3- cyclohexylene) and cis-and trans-1,4- cyclohexylene). Preferred
V examples include cyclobutylene and cyclohexylene, moreF%efera%/ "
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Preferred examples include methyl and ethyl, especially methyl.
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The term “cycloalkylene” denotes a divalent saturated carbocyelic ring having
3 {0 B carbon afoms. Examples of cycloalkylene groups include
cyclopropylene {eg 1,1-cyclopropylene and cis- and frans-1,2-
cyclopropylene), cyclobutylene (eg 1,1-cyclobutylens, cis- and frans-1,2~
cyclobutylene, and ois- and frans-1 3-cyclobutylene), cyclopeniylene (eg 1.1-
cyclopentylene, cfs- and trans-1 ,2-cyc%dpentyiene, and cis- and frans-1,3-
cyclopentylene) and cyclohexylene {eg 1,1-cyclohexylens, cis- and trans-1,2-
cyciohexylene, cis- and frans-1,2-cyclohexylene) and cis- and frans-1 4-
cyclohexylene). Preferred exampies include cyctobutylene and
cyclohexylene, more preferably cyclobutylene, even more pre‘ferah!y 1 3-
cyclobutylene, and most preferably frans-1,3-cyclobutylene.

The térm “alkyl” denotes a monovalent, straight or branched, saturated
hydrocarbon chain containing 1 to 4 carbon atoms. Examples of alkyi groups
include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-
hutyl. Preferred examples include methyl and ethyi, especially methyl.



WO 2007/063391 PCT/1B2006/003388 7 The cycloalkylene group is
optionally substituted with a C1-4 alkyl group. Preferably, the alkyl
substituent, if present, is a methyl or ethyl group, more preferably a
woneihytgeaup. The alkyl substituent, if present, may be prefSsitRifaHRE8S
position on the ring, but is preferalily present at the 1-position (ie the
TheSajiedefition geibdaptionplly aohibtdep wiheidtablgliy BedR-2, more
referably 1.- Preferably, X i , Rreferably 0, Preferably,
P ol e Abre el 1B ey bR
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,3-cyclobutylene group, especially a trans-1,3- cyclobutylene group.
sanpe eRyEsK 28 iecarisavie A5 813 thylene group. More preferably, B is

a single bond. Particularly preferred compounds of the inyention include
those in which each variablg in Formula (1) is selected from the suitable

Prefeiakiy petertel §roipe RoFERNY driable. Even more preferred

compounds of the invention include those where each variable in Formula

is selected from more pre; d ©r most preferred groups for each
Fm\%%e}gﬁﬁe fgr?ﬁv#]ﬂgﬁ%%%ﬁj@%ég% {gépecially preferred:
cis-3-((8-Chloro-2'-ox0-2',3'-dihydro-1'H-Spiro(cyclohexane-|

-guinazoiinl-S-AaxyicyelgbLitanesarboxylic acid;
Prﬁ%ggfgi?(%?gg}h%%k@g(oéﬁ,3'-dih)@g’?o-l'H-spiro[cyclohexane-1,4'-quinazol
in]- 5'-yl)oxyjcyclobutanecarboxylic acid,;

Pre?élx@t'ﬁﬂyW%‘g@&ﬂj@iﬂ%éﬂ@@f%ﬁélﬂ%ﬁﬁmmﬁ@?éimummljftﬂ%'-
_ I)oxymethyl]cyclobutanec?rbcg%ﬂﬁaC|d'WOZ ,71063%9& Even more
with& TisHh St En IMsse preferably, A Is a Lyclobutylehe grotp. even m

preferably, A is a 1,3-cyclobutylene group, especially a transj‘l 3=
cyclobutylene group.

Preferably, B is a single bond or a methylere group. More preferably, B is a
single bond.

Particularly preferred compounds of the invention include those in which each
variahle in Farmula (1) is selected from the suitable andfor preferred groups
for each variable. Even more preferred compounds of the iﬂve‘mic}n include
those where each variable in Formula (i} is selected from the more preferred
or most prefetred groups for each variable. | '

The following compounds are especially preferred:

cis-3-[(8-Chloro-Z'-ox0-2',3"-dihydro~1'H-spira[cyclohexane- 1 ,-4‘~qu§nazo¥én}-5‘-

ylioxyleyclobutanecarboxylic acid;

x‘rans~3-E(S'—Chiom—z"—axo-z‘,3‘—dihydm~’t 'H-spiro[cyctohexane-1 4" -quinazoting-
ylYoxyleyclobutanecarboxylic acid; "

3-(8"-fuoro-2'-oxo-2',3"-dihydro-1 'H-spiro[cyclohexane-1,4"-quinazolin]-5™-

yhoxymethyljcyclobutanecarboxylic acid;



trans-3-[(8'-eyano-2'-o0x0-2',3'-dihydro-'I'H-spiro[cyclohexane-1,4'-quinazoli
in],- 5'-yl)oxy]cyclobutanecarboxylic acid; 1-[(8'-fluoro-2'-oxo-2',3"-d
fhydro-1'H-spiro[cycloh exane-1,4'-qu inazolin]-5'-
woYh@iaethyllcyclobutanecarboxylic acid;, trans-3-[(8'-chl@xoraBz006/103388
ox0-2',3'-dihydro-1"H-spiro[cycloheptyl-1,4'-q;uinazolin]-

tranB3Mi) Mgw@@@mqarﬂwmawsmsw@awamfmwamh -

. piralcyclopen i-1,4'-quinazolin]-
5“3{'?"9%‘9&3/?&}6% a?lt;eél oxy It acid; and pharmaceutically acceptable
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5yl ?] W}@@,@g%gﬁﬂg@g@wyhc acid; and pharmaceutlcally acceptable
sal
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tabl I | ticularl
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hereinbelow, and
as the acetic acid solvate descrlbed hereinbelow, are most preferred. In

Theofn oro é%oxo %BE"J‘?% g}‘\éeé}’%%&gﬁ&,%m@e compound trans-3-[(8'-

dro-1'H-spiro[cyclohexane-1,4'-quinazolin]-5' y oxy]
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 thereof.

The compound frans-3-{(8'-chloro-2"-oxo-2' 3-dihydro-1"H-spira[cyclohexane-
1,4-quinazolin}-5"-yhoxylcyclobutanecarboxylic  acid, and pharmaceutically
acceptable salts, solvates, polymorphs and prodrugs thereof, patticularly as
the unsolvated crystalline form {Form A}, described hereinbelow, and as the

acetic acid solvate, described hereinbelow, are most preferred.

In one embodiment, the invention comprises the compound tfa;;s-?x-g{st
chioro-2'-0x0-2',3'-dihydro-1'H-spirofcyclohexane-1 ,4'—quinaz=aﬁin]-5‘»y’i)0xy}—
cyclobutanecarboxylic acid, in an unsolvated crystalline form {Form A)
charac’canseci by the following powder X-ray diffraction peaks (2{13 in degrees
+ 0,1°) when measured using Cu Ko radiation (Wavelength = 1.5408 A): 6.3,
17.8, 21.5, 22.1, 22.4, 26.3.

In another embodiment, the Invention comprises the compound frans-3-[{8*
chloro-2'-ox0-2', 3-dihydro-1"H-spirocyclohexane-1,4'-quinazolin}-5-yHoxyl-



9 cyclobutanecarboxylic acid, as an acetic acid solvate, characterised by
the following powder X-ray diffraction peaks (20, in degrees 0.1 ) when
measured using Cu Ka radiation (Wavelength =1.5406 A): 8.3, 10.8, 16.6,
wolddrek98 20.5, 23.7. The invention further comprises a plarBaoeticss
composition comprising a compodnd of formula (1), either in its broadest
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solvate, polymorph qr_praodrug thereof and a harm tically acceptable
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harmaceutlca%é acceptable salt, solvate, polymorph or prodrug thereof,
17 for' < 29-3 edicament. The invention further comprises use of a
compound of formula (1), either in its broadest aspect or a preferred

harmaceutrcal cceptabl
Theppfde%%o "ﬁ”{ﬂg%ﬁnﬁg RIS 5“?%%%% :Eér%ﬁ %ﬁr%ﬁw ent of
cern@mmwmﬂdlti)rmﬂmmm@wmm b?iEPE@EE ﬂfﬁmj’t@fi @3@%&&&.

é}%cﬁron or E"]hghq &%h&d}%g&ﬁ D0 ARG MR,
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: injurious stimuli from the external environment. The system operates .
Thgér'gl%% é%?ﬁ%?&éﬁ?@}%ﬁ%@' ﬁﬁgﬁﬂaﬁyﬁ?ﬂ?ﬁ)ﬁﬂg W Qither in its
hroadest aspect or a pteferred aspect, or a pharmaceutically acceptable salt
solvate, polymorph or prodrug thereof, in the manufacture of a medicament
for the treatment of diseases or conditions for which therapy by a PDE7
inhibitor is relevant.

The invention further comprises a method of treating a disease or condition
for which therapy by a PDET inhibitor is relevant, comprising administering an
effective amount of a compound of formula (1}, either in its broadest aspect or

a preferred aspect, or a pharmaceutically acceptable salt, solvate, polymaorph
or prodrug thereof, |

The compounds of formula (1), being PDE7 inhibitors, are potentially useful in
the ireatment of a range of disorders. The treatment of pain, particularly
neuropathic pain, is a preferred use.

Physiological pain is an important protective mechanism designed fo warn of |
danger from. potentially injurious stimuli from the external environment. The
system operates through a specific set of primary sensofy neurones and is



activated by noxious stimuli via peripheral transducing mechanisms (see
Milian, Prog. Neurobiol., (1999), 57, 1-164 for a review). These sensory
fibres are known as nociceptors and are characteristically small diameter

woenseaaslh slow conduction velocities. Nociceptors encoC T likensits
duration and quality of noxious stithulus and by virtue of their
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postherpetic neuralgia), carpal tunnei syndrome, back pain, headache,
cancer pain, akthritic pai | To - ical pain 4 Qv
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. . urs to body tissue, via disease or trauma, the
suddeniycanibics shordivespiraeivativnlare Ureked dndefre'ls 'S ustally
asRisitisation Insihereihery slRgaly o euaditheiinivyy-madisettenlgharp
where the nouceE;%;s terminate. These effects lead to a hightened .
andeRyator'de S KRMRURE Pl FRREFRUE ISR B PUTISSHIR S
frof QUIGERY BEiRttiverbehaviaursmdigiramapbetieranaies epaigenstally
processes to take place. The normal expectation. walilld b . itivity
ety NI TS TEs. Roitar e
iongaiersigie®, typibsihe mensitvgyidansusdsartibree months and leading to
significant psychcaiogiéa{ and emaotional 'pmbiems. Common examples of
chronic pain are neuropathic pain (eg painful diabetic neuropathy,
postherpetic neuralgia), carpal tunnel syndrome, back pain, headache, cancer
| pain, arthritic pain and chronic post-surgical pain.

When a substantial injury occurs to body tissue, via disease or frauma, the
characteristics of nociceptor activation are altered and there is sensitisation in
the periphery, locally around the injury and centrally where the nociceptors
terminate. These effects lead to a hightened sensation of pain. In acute pain
these meéhanisms can be useful, in promoting protective b‘ehavinurs"which
may better enable repair processes to take place. The normal expectation
would be that sensitivity retums to normal once the injury hes healed.
However, in many chronic pain states, the hypersensitivity far outlasts the
healing process and is often due to nervous system injury. This njury often



healing process and is often due to nervous system injury. This injury
often WO 20071063391 PC'r113s20061003388 11 leads to abnormalities
_in sensory nerve fibres associated with maladaptation and aberrant
WO Mool & Salter, Science, (2000), 288, 1765-1768F CERRA LS
present when discomfort and abnormal sensitivity feature among the
leadpdtiesitscsymfitemn Batistng tenbtiitbesqadhedeiated yefie oiriatrPiamiar
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pain responses to noxious stimuli (hyperaigesia); and 3) pain produced by
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, 13-44). Although patients suffering from varjo ute and
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pain is perceived (Meyér et at, 1994, Textbook of Pain
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paimociceptive pain is a prominent feature of pain from central nervous

system tr_a_uma, strains/sprains, bums, myocardial infarction and acute

pancreatitis, post- operative pain (pain following any type of surgical
Nogirsptiiar@piposttiagmeatiobpdinsvenbievlier cBNCBipER sHeBhckPaihe
potSANRE RAIBIRYRG. BUPNIFORNs are activated by transduction of stimul
by nociceptors at the site of injury and activate neurons in the spinal cord at
the level of their termination. This is then relayed up the spinal tracts fo the
brain where pain is perceived (Meyer et al,, 1994, Textbook of Pain, 13-44).
The activation of nocicepiors activates two types of afferent nemve fibres.
Myelinated A-delta fibrés transmit rapidly and are responsible for Sh-érp and
stabbing pain sensations, whilst unmyelinated C fibres transmit at a slower
rate and convey a dull or aching pain. Moderate to severs acute nociceptive
pain is a prominent feature of pain from central netvous system frauma,
strains/sprains, bums, myocardial infarction and acute pénnreaﬁtis, post-
operative pain (pain folldwiﬂg any type of surgical pmmdure}," postiraurnatic
pain, renal colic, cancer pain and back pain. Cancer pain may be chronic pain
such as tumour related pain {e.g. bone pain, headache, facial pain or visceral
pain} or pain associated with cancer the;iapy (e.g. postchemotherapy
syndrome, chronic postsurgical pain syndrome or post radiation syndroma).

Cancer pain may also occur in response to chemotherapy, immunotherapy,



such as tumour related pain (e.g. bone pain, headache, facial pain or
visceral pain) or pain associated with cancer therapy (e.g.
postchemotherapy syndrome, chronic postsurgical pain syndrome or post
woadiatisssgyndrome). Cancer pain may also occur in respBasgRy6/ 043388
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the nervous system. Nerve damage can be caused by trauma and
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iclency. N pathic pain is patholo Ical as'it has no protective role. It
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t ry process Is a compl eries of biochemical and cellular
1059-1964). The symptoms of neuropathic pain are difficult to treat, as they

are often heterogensous even between patients with the same disease (Woolf
& Decosterd, Pain Supp., (1989), 8, 3141-8147; Woulf and Mannion, above}.
They include spontaneous pain, which can be continuous, and paroxysmal of

abnormal evoked pain, such as hyperalgesia (increased sensitivity to a

noxious stimulus) and allodynia (sensitivity fo a normally innocuous stimuites}.

The inflammatory process is a complex seties of bioghemical and celiular
events, activated in response to tissue injury or the presence of foreign
substances, which results in swelling and pain {Levine and Taiwo, 1994,
Textbook of Pain, 45-56). Arthritic pain is the most common inflammatory
nain. Rheumatoid disease is one of the commonest chronic inflarpmatory
conditions in developed countries and rheumatoid arthritis is a common cause
of disability. The exact aeﬁofogy of theumatoid arthritis is ﬁnknown, but
current hypotheses suggest that both genetic and microbiological factors may



events, activated in response to tissue injury or the presence of foreign
substances, which results in swelling and pain (Levine and Taiwo, 1994,
Te.xtbook of Pain, 45-56). Arthritic pain is the most common inflammatory
womidgizeumatoid disease is one of the commonest chro€ vifiafianeaisny
conditions in developed countriestand rheumatoid arthritis is a common
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assoclate W!th Inflammatory bowel disease (IBD). Visceral pain is pain
orgasSociated with the viscera, which encompass the organs of the

a]?tcihom(jil_rlal c_avity. These organs include the sex organs, spleen and part
T R NN
asenpgetters gattnintettipabds) diseaters{R&)caviseyain pasiude pain
asgggi%tt'gg %wl:i%'?\‘t\f-?ell Qéégé a%rma%g)eﬂ&g%ﬂpass the organs of the abdominal
cavity. These organs include the sex organs, spleen and part of the digestive
system. Pain agsociated with the viscera can be divided into digestive visceral
pain and. non-digestive visceral pain. Commonly encountered gastrointestinal .
(GY) disorders that cause pain include functional bowel disorder (FBD) and
inflammatdry bowel disease (IBD). These Gl disorders include a wide range of
“disease states that are currenily only moderately controlled, including, in
respect of FBD, gastro-esophageal refiux, dyspepsia, inftable bowel
syndrome (IBS) and functional abdominal pain syndrome (FAPS), and, in
respect of IBD, Crohn’s diseass, ileitis and ulcerative colifis, al of which
regularly produce visceral pain. Other types of visceral pain include the pain

associated with dysmenorrhea, cystitis and pancreatitis and palvic pain.

It should be noted that some types of pain have multiple aefiologies and thus
can be classified in more than one area, e.g. back pain and cancer pain have
both nociceptive and neuropathic components.



inflammatory bowel disease (IBD). These Gl disorders include a wide
range of disease states that are currently only moderately controlled,
including, in respect of FBD, gastro-esophageal reflux, dyspepsia,
woHitakigpowel syndrome (IBS) and functional abdominal peivisymenosmes
(TAPS), and, in respect of IBD, G#ohn's disease, ileitis and ulcerative
colitis, all of which regularly produce visceral pain. Other types of visceral
pain include the pain' associated with dysmenorrhea, cystitis and
- OthpaheresafissA@B8IdR: pain. It should be noted that some types of pain
have multiple aetiologies and thus can be classified in more than one
area, e.g. back pain and cance h noci e and
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treatment of T-cell-re|ated 'sea%es autoimmune diseases, multiple

SEiP BermapeisdR TRRe! Féilictive pulmonary disease, asthma,

cancer, acquired immune deficiency
The compounds of formula (1) of the present invention are aiso useful in the
treatment of conditions other than pain. [n particular, the compounds of
formula (1) of the present invention are useful in the treatment of T-celi-related
diseases, autoimmune diseases, muitiple sclerosis, osteoporosis, chronic
obstructive pulmonary disease, asthma, cancer, acquired immune deficiency
syndrome (AIDS), allergy and inflammatory bowel disease.

The invention further comprises use of a compound of formuia (I}, either in its
broadest aspect or a preferred aspect, or a pharmaceutically acceptable sali,
solvate or prodrug thereof, in the manufacture of a medicament for the
treatment of a condition or disorder selected from pain (especialiy neuropathic
pain}, T-celi#eiated diseases, auloimmune diseases, multipigs sclerosis,
osteoporosis, chronic obstructive pulmonary disease, asthma, cancer,
acquired immune deficiency syndrome (AIDS), allergy and inflammatory

howel disease.



syndrome (AIDS), allergy and inflammatory bowel disease. The invention
further comprises use of a compound of formula (), either in Its broadest
aspect or a preferred aspect, or a pharmaceutically acceptable salt,
wosshvaiessn prodrug thereof, in the manufacture of a medicamigmwpthiaiss
treatment of a condition or disord&¥ selected from pain (especially
The RELRRMRIGHRARLHsRli el deddisensesingiaitiyse diseartiion
multiple sclerosis, osteoporosis, %hronl,c_o stru :tIVF' E%Lé! onar glsease,
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e jnvention further comprises a m tre 56,0
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ge Iciency syndrome (AIDS), allergy or' inflammatory bowel disease, _
a prefenedshsgerininp iR arceiedi R apRiRiNe sl carhite Ad %W%Hﬁula
theddlseither in its broadest aspect or a preferred aspect, or a
pharmaceutically acceptable salt, solvate or prodrug thereof.
Pharmaceutically acceptable salts of the compounds of formula (1)
PhaReide anpeiccageitinn 2nd broe saitsihendeloBidtabi 4dithakidit dne
. _salts are formed from, acids which form non-toxic salts. Examples include
acidrrsidition A bRsR S HRRER: benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate,
cyclama isylate,.es , fupe . tate  JIGORAIR,
S A T A ot pL e g&%ﬁ%ﬁ%ﬁ%ﬁfﬁ?ﬁ?ﬁ

Exdgiebramidetoréhidechimieicaiingie di dsprEsipn e ecise DRYIER,
picaledies malgnate, MsryipieDsipasEphaterarphiRyiaisI e apsitate,

nicotinate, nitrate, orotate; oxalate, palmitate, pamt%ate, N | §
Cyméﬁaat@ﬁ@ﬂ%er?ﬁﬁ%ﬁph@{é?@ﬁyd%ﬁ@ﬁ%ﬁos HEEP B0 MHERIAE:
glueaRsiaENe, RiBaidierophosphate,  hibenzate, hydrochloride/chioride,
hydrobromide/bromide, hydroiodidefiodide, isethionate, lactate, malate,

maleate, malonate, mesylate, methylsulphate, naphthylate, Z-napsyiaie,
nicotinate, nitrate, orotate; oxalate, palmitate, pamoale, phosphate/hydrogen
phospha’céfdihydmgen phosphate, pyoglutamate, saccharate, s’.sea;r.ate,
succinate, tannate, tarirate, tosylate, trifluoroacetate and }e:inmfaate salts.

Quitable base salts are formed from bases which form non-foxic salts.
Examples include the aluminium, arginine, banzathiﬂle, calcium, choling,
diethylamine, diolamine, glycine, lysine, magnesium, megiumine, olamine,
potassium, sodium, tromethamine and zinc salts.

Hemisalts of acids and bases may also be formed, for example, hemisulphate
and hemicalcium salis.

For a review on suifable salts, see Handbook df Pharmaceutical Salts:
Properties, Selection. and Use by Stahl and Wer_muth (Wiley-VCH, 2002},




succinate, tannate, tartrate, tosylate, trifluoroacetate and xinofoate salts..
Suitable base salts are formed from bases which form non-toxic salts.
Examples include the aluminium, arginine, benzathine, calcium, choline,
wodiegthydamine, diolamine, glycine, lysine, magnesium, medgitmilaeitotddiite,
potassium, sodium, tromethamindsand zinc salts. Hemisalts of acids and
bases may also be formed, for example, hemisuiphate and hemicalcium

salts. For a review on suitable salts, see Handbo %of Phar cegt'_i:/%_<
Phates FraeBES SRR GTPAR S B &HHF A VTR (WG VEH,
prepRPRR LW HRL20073R638HRETAARRNI061003388 16 Pharmaceutically
acceptable salts of compounds of formula (I) may be prepared by one or
more of three methods: (i) by reacting the compound of formula (4) with .
(y thebdesirethgeitbanbasamdipbioreevinyién tsidlesidacrndase;
protecting group from a suitable precursor of the compound of formula (1)
or by ring; opening a suitable cyc%%éorecursor, for examﬁ_le, a lactone or
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precipitate out and be collected by filtration or may be recovered by

__evaporation of the solvept. The degree of ionisation .in t in
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morphous to fully crystalline. The term "amorphous' refers to a state in

E}{Caﬁﬁ&gﬁf’ {5 terial lacks long range order at the molecular level and,

depending upon temperature, may exhibit the physical properties of a
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Iffraction patterns and, while exhibiting the properties of a solid arg more

precipitate out and be collected by filtration ' or may be recovered DY

avaporation of the solvent. The degree of ionisation in the resulting salt may

vary from completely lonised to almost non-ionised.

The compounds of the invention may exist in a continuum of solid states
ranging from fully amorphous to fully crystalline. The term ‘amorphous’ refers
to & state in which the material lacks long range order at the molecular level
and, depending upon temperatﬁre, ‘may exhibit the physical properties of a
solid or a liguid. Typically such materials do not give distinctive X-ray
diffraction patterns and, while exhibiting the properties of a solid, are more
forrmally described as a liquid. Upon hesating, a change from solid to liquid
properties occurs which. is characterised by a change of state, typically
second order (‘glass transition’). The term ‘crystalline’ refers to a sclid phase
" in which the matstial has a regular ordered internal structure at the molscular
level and gives a distinctive X-ray diffraction pattern with defined peaks. Such
materials when heated sufficiently will also exhibit the properties of a figuid,
but the change from solid fo liquid is characterised by a phase change,
typically first order ('melting point’).



formally described as a liquid. Upon heating, a change from solid to liquid
properties occurs which. is characterised by a change of state, typically
second order (‘glass transition’). The term “crystalline’ refers to a solid
woPR@sss i which the material has a regular ordered internactmectuserostss

the molecular level and gives a digtinctive X-ray diffraction pattern with
defined peaks. Such materials when heated sufficiently will also. exhibit
the properties of a liquid, but the change from solid to liquid is
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may also exist in unsolvated and solvated forms. The term 'solvate’ iﬁ
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molecules, for example, ethanol.. The term 'hydrate’ is _employ
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system for organic hydrates is one that defines isolated site, channel, or
metal-ion coordinated hydrates - see Polymorphism in Pharmaceutical
A cGolidtbypdceRicb aidslcationGBimifer MEsaRi DKk eSIsPNRoTfE
aerfiS NOAGE WROGRMANIGH ithiplsh Bolramataraixniatad fose
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water molecules are bonded to the metal ign. When el ater is
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bound, as in channel solva nd o] IC Sinth@etal-i
Ch%’?g?/s‘gﬁ\/%ﬁ é@ﬁyenq%ilfﬁté%zgﬁeﬁ%{%t ‘gr%%%mﬁ'%%gn}g%r gﬁng%é%tr% ilt?gns.
codmmbmhmtammwm@sulm@ﬁ@ﬁﬂ.t%}%imérf%

references to compounds of formula (t) include references to

When the solvent or water is tightly bound, the compi-é:»( will have a well-
defined stoichiometry independent of humidity. When, however, the solvent or
water is weakly bound, as in channel solvates and hygroscopic compounds,
the waterfsofve;ﬁi content will be dependent on humidity and drying conditions.
in such cases, non-stoichiometry will be the norm. '

Hereinafter all references to compounds of formula (H.} include references fo
salts and solvates thereof and to solvaies of salts thereof.

The compounds‘ of the invention include compounds of formula (1) as
hereinbefore defined, including all polymorphs and crystal habits thereof,
prodrugs and isomers thereof (including optical, geomelric and tautomeric
isomers) as hereinafter defined and isotopicaily-labelled r::ompamjds of
formula (1}.



salts a_nd sol_vat(_as thereof and to solvates of salts thereof. The compounds
pf thellnventlon include compounds of formula (I) as hereinbefore defined,
mcludmg all pqumorphs and crystal habits thereof, prodrugs and isomers
Wﬁlg@{g@_gﬁg@mludmg optical, geometric and tautomeric isome{s)y@oI6HE3388
hereinafter defined and isotopicalli¢-labelled compounds of formula ().
s HYRZ007I063302P T Q6100353 A edacieaishis ¢l aiso
~_pro rugélof the compounds of formula (1) are also within the scope fo :
- withinethovereipm of 08 EreaicReriNaiR BT R SHHSAREE ?ﬁ‘&?ﬁ%‘ﬁ%‘“&*%w%ch
fornfifY _@P\gﬁwlﬁgtﬁ@m@@r@m@m@ phastidiboibginsehntivityaiiomiselves
inistered into or onto the body, he conyerted. in 'ngql%
Caﬂfdﬁﬁﬂ%@fﬂ%\ﬁ@%@&é?ﬁ@ﬁ?ﬁ% t%@*%%ﬁ%fé’?ﬁ?%ﬁy rolytic c?ggfgge.
of fSaNAen vatives e defired dhtdivty, froenagspisuth By dlififHeR G the

se of prodrugs may. be found.i eley R DYSESR
e Tl e e R e A
of Binteiersity Bafders in Broginesies NeyghRelerssysiege ¥ £,
Acg%‘fﬁﬁ%%‘?&'%aéﬁe% RRGRMCREOSIBNN kR exlskaR faiBRcOutaase
o withTt Invention can, for example, be. produced by replacing Rpro riate
in_fanistioBasizs pRESEAMANH B &SHpddds BFforruld (1)%‘2%1&@%%&; el
PhARRISUSSHaPREsERiEIReA, SKilled in the art as "pro-moieties” as described,
for example, in Désign of Prodrugs by H. Bundgaard (Elsevier, 1985).

Th_e co'mp_ounds of formula () of the present invention contain a carboxylic
p@f@@f@puﬁa@mﬁ@@@ﬂ ; ) erefdiosy saitafite pradiolys benapvbeastels

ereof, wherein f1 ic acid functionality ‘
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roup or a salt thereof.
1985). grotp reo

The compounds of formufa (1) of the present invention contain a carboxylic
acid functionality (-COOH). Therefore, suitable prodrugs comprise esters
thereof, wherein the hydrogen of the carboxylic acld functionality of the
compound of formula (1) is replaced by an ester residue. The term “ester
residue” means an ester group which can be cleaved in vivo by a biological
method such as hydralysis and forms a compound of formula (1} having the
free carboxylic acid group or a satt thereof.

Whether a comiaaund is such a prodrug or not can, for example, he
determined by administering it by infravenous injection to an experimental
animal, such as a rat or mouss, and then studying the body fluids of the
animal fo determine whether or not the compound of formula {i} or a

pharmaceutically acceptable salt thereof can be detected.

Preferred examples of the ester residue include:



Whether a compound is such a prodrug or not can, for example, be
determined by administering it by intravenous injection to an experimental
animal, such as a rat or mouse, and then studying the body fluids of the

. woanimadisdetermine whether or not the compound of formeda{&}iws.ans 358
pharmaceutically acceptable salt thereof can be detected. Preferred

C; B 19‘?%!?&: Et%ﬁ:ﬂ%é?fﬂ@@rm&ﬂt@ bk B QiR éﬁaﬁ%&mps such
PCT?TR2006/003388, 19 C1.20 alkyl groups, which %1 ral
as REREH el h OrPERY g‘?&?ﬁ%t?%c %ﬁ] @p’tg thiFEH- ﬁ% %ISOD% ﬁ
pen@%blzgdpQ??HMh@@%ﬂﬁyl g iylht@(g*bmﬂpm .pentyl, |dsmmtyump@ma
ctyl, no e undec 0 1 e
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gro sg tﬁ@%gﬁe %ﬁ ﬁ%%&éﬁn%;}ﬁegrg%%%e%o? 1%@1¥ak)qim®l groupsﬁ%eflns?ed
groups s elles dreap dabreted W@“ﬁ?‘iﬁrﬁ%@“ﬁalogen atoms; preferably

fluorine or chlorine atoms, more preferably fluorine atoms), preferably
C1.8 haloalkyl groups mare preferably C-s halga s, and most
Crp BTN GPUTICRIGTYARE B HOR SEDISE A I Rt
' haid(?@ﬁ%to@mo beesHesMetinde o onuriethpto2riiy aroesylef@2bly flucrine
fluoroe 2 2-trifluoro I 2-chloroethyl ioroeth
et &1S: éﬂ%ﬁ’gfleﬁ gﬂ?ﬁ% or%[jropylrgn per?% L&? t?gltyl %‘1 10"
grml!pﬁjr@(}tﬁlktybg&qm‘pﬁatdbﬁnéd adakalikyl gmup%@@@fﬁ@édm@hyahw
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roups, and most preferably C1-4 hydroxyalkyt oups
difigroRiieoxy iy W%W&dr&?@mﬂﬂeﬂfwz A SHGalEE by, %

mcf%oréeﬂyf‘ Bugrexdu, feknlOrafrany) eAdlesodatanps (defined as an
alkyl group substitute by an alkoxy group), preferably (C1.6 alkoxy)C1. 6
alkyl groups, more preferably (C14 alkoxy)C1_4 alkyl groups, and most

CrRrafemya(cl dralivexiistetiy egranpsigugtoup substituted by a hydroxy
(-OH} group), preferably Cis hydroxyalkyl groups, mare prgferabiy Cis
hydroxyalikyl groups, aﬁd most preferably Ci4 hydroxyalkyl groups such as
hydmkymeth\,d, 1- or 2-hydroxyethyl, 1-, 2- or 3-hydroxypropyl, and 1-, 2-, 3~
or 4-hydroxybutyl;

(C}-w aikoxy}cg,m alky! groups (defined as an alkyl group substituted by an
alkoxy group), preferably (Cq.s alkoxy)Ci.s alkyl groups, more preferably (G
alkoxy)C14 alkyl groups, and most parefefably {C1.¢ alkoxy)methyl groups, such
as the methoxymethyl, 1,1-dimethyl-1-methoxymethyl, ethoxymethyl,
propoxymethyl, isopropoxymethyl, butoxymethyl and t-butoxymethyl groups, |

Cis alkoxylated (Cis alkoxy)methyl groups, such as the 2-
methoxyethoxymethyl group;

halo(C1.s alkoxy)methyl groups, such as the 2.2 2-trichloroethoxymethyl and
bis{2-chloroethoxy)methyl groups;



as the methoxymethyl, 1,1 -dimethyl-1 -methoxymethyl, ethoxymethyl,
propoxymethyl, isopropoxymethyl, butoxymethyl and t-butoxymethyl
groups; C1.6 alkoxylated (G-o alkoxy)methyl groups, such as the 2-
womethesggeihoxymethyl group; halo(C1-6 alkoxy)methyl gropEideHiasithe
2,2,2-trichloroethoxymethyl and B#%(2-chloroethoxy)methyl groups; WO
20071063391 PC'111B2006d'0033 26 C3-6 cycloalkyl groups, such as

cyciopropyl, cyclobutyl,. cyclopentyl, cyclohexyl, cycloheptyland . .
Caacy ﬁroé&{%’glkﬁﬁ%hl%s, é’P@i‘éﬂ?&i:yﬂ%ﬂéf@ﬁg)rlgﬁgg pentyl,
cycBMRsiiueIBdromdio 8/88detylaggreups (wherein the aryl part is

selected from phenyl, naphthyl, anthryl and phenanthryl), such as the

benzyl, a-naphthylmethyl, p-naphthylrnethyl, diphenylmethyl, ,
araiphpoyhsethyieampitn S ldiphpngtmum i dsitoteshinfratathyrgfotips:
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antdryirettoyly genpitiptishylmetaity Sitrdseraxpsiiviadpnfipm 1 to 3
sutfsRnier k@sr.%ylar?:';ﬁ%nﬁgeWéx%n%ﬁécﬁ?nﬁﬁﬁﬁzﬂfgfﬁ@ Psi@spesiaky the

enzyl group; tetrahydropyranyl or tetrahydrothiopyranyl groups, wherein
 sutper RS FOMETARI Y SRR TER D TS B o
alkgy b@%ltﬁhﬂigse«gﬂh @itw,b%%hsgke@ﬁh&%au baimmlpmmmytmeh -

as: tetrahydropyran-2-yl, 3-bromqtet r an-2-yl, A-mel Syl
R e T NP A
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roups, wherein fhe tetrah aliahvarioiuranyhgreup may
BRI %@fﬁﬁggb%t?ﬁﬂgég%%[ %ﬁﬁ%n’gé %%%%cted from?ﬁg)i) aélod C1-6

alkoxy, such as. '
tefrahydropyranyl  or tetrahydrothiopyranyl  groups,  wherein  the
tetrahydropyranyl or tetrahydrothiopyranyl group may be optionally substituted
with a substituent selected from halo and Cig alkoxy, such as:
tetrahydropyran-2-yl, 3-bromotetrahydropyran-2-y, d-msthoxy-
tetrahydropyran-4-yl, tetrahydrothiopyran-2-yl, and £-methoxy-
tetrahydrothiopyran-4-yl groups;

tetrahydrofuranyl  or te-trahydrothinfurgnyl groups, wherein  the
tetrahydrofuranyl or tetrahydrothiofuranyl group may be optionally substituted
with é subsiituent selected from haloc and Cqs alkoxy, such as:
tetrahydrofuran-2-yt and tetrahydrothiofuran- 2-yl groups;

Caap alkenyl groups, such as the vinyl, propenyl, butenyl, pentenyl, hexenvl,
heptenyl, octenyl, nonenyt and decenyl groups; and

Coqg alkynyl groups, such as ethynyl, propynyl, butynyi, pentynyl, hexynyl,
heptynyl, octynyl, nonynyl and decynyl groups.



tetrahydrofuran-2-yl and tetrahyd rothiofu ran- 2-yl groups; C2-10 alkenyl
groups, such as the vinyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl and decenyl groups; and Cato alkynyl groups, such as
weethymybspropynyl, butynyl, pentynyl, hexynyl, heptynyl, o&tEyB G
and decynyl groups. WO 2007/068391 PCT'J02006-/003388 21 Further
~examples of replacement groups in accordance with the foregoing ‘
xamples and examples of oth d . |
gl R R R
examplpshemdeleapieas grodhegs BpdteriyBRpItRYs o répkita i) the
afor% @;ﬁ{%{{b‘?ﬂgﬂ%%@@, (I) containing one or more asymmetric carbon
atoms' can exist as two or more stereoisomers. As the compounds of
formu9la (I) contain a cycloalkylene group, cisltrans isomers are possible
noWhGL et iR g wupsrae NPhary thessariessoabbas Whdnegs of

structural isomers are, i gerconvertible via a low energy barrier, tautomeric

oth e GRTBRSHNPERMAABHENY can occur. This can take the form of proton
tautomerism in compounds of formula (1) containing a cyclic urea,

thiourea or.gyanoguanidine group - B Nerism
OB AC WA B0 B ot IR oy e
carcesipoandcwtayps exbibitasoreiscatethe §pahsr conmeHsRE Ricauedatin

conti 59 e@z%@ﬁ%ﬁé@%}%@ﬂﬁ@%ﬂ{bﬁ%?@iﬁ@é%&f@ when the COzH

lastéreoisom lly cis/traps isomers) and tautomeric forms of
andhB gttpeLaes BRfcnilg GRMRIGERENoMpElh desiHiatiRPABHR #18n
intIBEBRILY HaeRenans Mixiucsefonear Mok thene(thManerism’)
included are acid addition or bas? salts wherein the counterion is optically
car GRfar for g FApIdake (K R0 3L IDETRD (7 %@ﬁﬂgmoﬁnexam%?e‘,‘gt |
forfaniEAlD eoft-ArgigineciEiiaes, igdmees may i egparddet gyoup, of so-
conventional technigues well known .t e skilled inthe dR moiaty.
callgg, ?@C@n{%‘ﬁf%% LD a0 r;q:?%%] 5\%‘%&% Slitad ek moie 3.1'
[t follows that a single compound may.exhibift more than one type of

isomerism.

Included within the scope of the present invention are all sterecisomers,
diasterecisomers {especially cisffrans isomers) and tautomeric forms of the
compounds of farmula {1}, inc&uding c,ommu'nds exhibiting more than one type
of isomerism, and mixtures of one or more thereof. Also included are acid
~ddition or base salts wherein the counterion is optically active, for example,
d-lactate or Lysine, or racemic, for example, di-tartrate or di-arginine.

Cisitrans isomers may be separated by conventional fechniques wiell known
fo those skilled in the art, for example, chromatography and fractional
crystallisation.

Conventional techniques for the“ preparationfisolation of  individual

enantiomers include chiral synthesis from a suitable optically pure precursor



crystallisation. Conventional techniques for the preparation/isolation of
individual enantiomers include chiral synthesis from a suitable optically
pure precursor WO 20071063391 PCT/02000003358 22 or resolution of
wolhffagamate (or the racemate of a salt or derivative) using; faszexampte,
chiral high pressure liquid chromatography (HPLC). Alternatively, the -
racemate.(or a racernic preplrSoL Ay HereasisdwithAvayitallg, for
or fe&Bi‘i‘é’é’i'i‘y@éc |\§erac%gmﬁ’p{)%é§rfgrfﬁ)% exarrrﬁp%e, an alcohaol, or, in the case where

exartipiecohigd ighafeasneseigyidoiammatasaelicibibdsic moiety, a base or

acid such as 1-phenylethylamine or tartaric acid. The resulting

diastereomeric mixture may be separated by chromatograph
AtersaiNaha B SEAHEEn 1 GREEEN 1 B LR Rb aTa i
suitAse _ﬁﬁjt? éb@\@ﬂ@?p@adﬁ)gmmmmtimea@w,miéaﬁs WelrRsswn
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the %FWQEHHEEQCBUF@%}RQ&E% alyaineaiordememeswichid mizkiled
en any racemate crystallises, crystals of two different types are
perggssible. The first type is the racemic compound (true racemate) referred
to above wherein one homogeneous form of crystal is produced

_containing bqth enantiomers in equimolar.am ‘ secondt erds
Ch'fﬁ‘e%@%‘i@ﬁﬁ%ﬂ?@& 3%\6?@ ’Fniﬁ‘ﬁa e%ﬁg}ﬁ%ﬁﬁgﬁ? o? c%?sctglgl)égre:
obtirRALaehimatuimnslesiipranisitsd dotrcosipgsiyematsaehntily -

hile both of the cr f asent in.aage '%@ixw'ﬁﬁﬁmid@t&al;
HP VSR% %POD%SY}%E‘:@% rﬁéagg/ig%ﬁeﬁdifferent phyg&(ll:al_ properties %%g)p%red
hydmcarbon, typically heptane or hexane, containing from 0 1o > DY
volume of isopropanl, typically from 2% to 20%, and fram 0O to 5% by velume
of an alkylamine, typically 0.1% diethylamine. Concentration of the eluate

affords the enriched mixture.

When any racemate crystallises, crystals of two different types are possible.
The first type is the racemic compound (true ra-cema’zez) referred to above
wherein one homogeneous form of crystal is produced containing both
enantiomers in equimolar amounts. The second type is the racemic mixture or
conglomerate wherein two forms of crystal are produced in eguimolar
amounts each comprising a single enantiomer.

While both of the crystal forms present in a racemic mixiure have identical
physical properties, they may have different physical properties compared fo
the true racemate. Racemic mixtures may be separated by conventional

technigues known fo those skiled in the art - see, for example,

Stereachemistry of Organic Compounds by E. L. Eliel and 5. H. Wilen {W‘i[ey,
1994), '



the true racemate. Racemic mixtures may be separated by conventional
techniques known to those skilled in the art - see, for example,
Stereochemistry of Qrganic Compounds by E. L. Eliel and S. H. Wilen

wo(diHRY38994). WO 20071063391 PCT111120061003388aBHnes jofdsént
invention includes all pharmaceutitally acceptable isotopically- labelled
compounds of formula (I) wherein one or more atoms are replaced by
atoms having the same atomic number, but an atomlcé% ss or
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atonp1bevdinRd tha ifsoRt %Wffﬁ%fg %{a %o(‘if’lnggk%s@uc hs 36C,
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13N and 15N, oxygen, such as. 150, 1:7.0 and "$0, phosphorus, such as
32P, and sulphur, such as 35S. Certain isotopically-labelled compounds of

Exafﬁmwg|af(kptﬁpmwﬁpmem$@clmwparﬁlﬁmgrm@f@é’&u% & {Bpentp

il eeglsjal':x Hﬂ@%@%ﬁst&@éﬁ tissee Histiputiomstndiesc ke rfddio&aive
ISOtop es and carbon-14, to. 4C articularly; 44 efu for
andthl@ plhbmmwl\/\ﬂéf ﬁ@irﬂé[%’@%fsmb?ﬁora: ro'ﬁ’%lﬂé) r‘é%f";/ Heans0

25y deles §1§H Sybstitionwighheanicnisgonesstehas Beytéfinnaric. 261,

'may afford certajp therapeutic advantages resulting from greater
PhoBRSRILGHS LERNTy oSk SHI rﬂﬁEl’%&a@% Téﬁvwo half-life or reduced

dosage requirements, and hence maybe preferred in some

t ti th
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iques ose skilled in the art or by procesie% analgg sfto

Le.thtse a&mméduiﬁtﬂel&%céhﬁﬁnmﬁgWBHﬁﬁeg‘aW or their ea:

incorporation and ready means.of detection.

Substitution with heavier isotopes such as deuterium, l.e. 2, may afford
certain therapeutic advantages resulting from greater metabolic stability, for
-example, increased in vivo half-life or reduced dosage requirements, and
hence may be preferred in somé circumstances.

Substitution with positron emitling isotopes, such as e, 18E, 150 and ™N, can
be useful in Positron Emission Topography {PET) studies for examining
subsirate receptor occupancy.

\sotopicaily-tabelied compounds of formuta (1) can generally be prepared by
conventional techniques known fo those skilled in the art or by processes
analogous to those described In the accompanying Examples and |
Preparations using an approptiate isotopicalty-labelied reagent in place of the
non-labelled reagent previously employed.



Preparations using an appropriate isotopically-labelled reagent in place of
the non-labelled reagent previously employed. WO 2007/663391
P+CT111326fl610,03388 24 Pharmaceutically acceptable solvates in
wenoangassee with the invention include those wherein the BER/E 103358
crystallization may be isotopically*6ubstituted, e.g. D20, da-acetone,
PheiiGdaMBICalsaoriibintiee sobpiesf the atcentancereviiferinedidivgention
._.compounds af formula (I rejpbef ined, all.sa and
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subedtfiied, kereihafdreferiarmpobhtiEtof formula (1). The invention
includes all poiymorphs of the aforementioned species and crystal habits

thereof. When preparing compounds of formyla (1) in accordan with the
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compounds of formu . I &gggd d for their biopharmaceutical
afoﬁ%@p%?%?ense,asﬁ Cé%s%ﬁ%?@%%&%%%%ﬁin stability (across pH),
permeability, etc.,in order to select the most appropriate dosage form
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ore other_compounds of the invention or in combination with one or
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other drugs (or as any combination thereof). Generally, they will be
administered as a

Ti:ie compounds of formula {1} shoutd be assessed for their biopharmaceutical
propertles, such as solubility and solution stability (across pH), permeability,
efc., in order to select the most appropriate dosage form and route of

administration for treatment of the proposed indication.

Compounds of the invention intended for pharmaceutical use may be
administered as crystailine or amorphous products. They may be obtained, for
. example, as solid plugs, powders, or films by methods such as precipitation,
crystallization, freeze drying, spray drying, or evaporative drying. Microwave
ot radio frequency drying may be used for this purpose.

They may be administered alone or in combination with one or more other
compounds of the invention or In combination with ene or more other drugs
(or‘as any combination therecf). Generally, they will be administered as a
formulation in association with one or more pharmacguﬁcaily accepiable

excipients. The ferm 'excipient is used herein fo describe any ingredient oi;her‘



formulation in association with one or more pharmaceutically acceptable
excipients. The term 'excipient' is used herein to describe any ingredient
other WO 20071063391 PCT/1182006'003388 25 than the compound(s)
woofuthedssention. The choice of excipient will to a large ex¥SHV@aHEH 6
factors such as the particular mod& of administration, the effect of the
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f their preparation may be found, for example, in Remington's

harmaceutical Sciences, 19th Edition (Mack Publishing Company,.
1995). ORAL ADMINISTRATION The compounds of the invention may be
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ecompoun ters the gastrointestinal tract, and/or buccal, lé%gEFal or

pregepliintyeatiad mnﬂswatm%yﬁom%ﬁ RFRPREHIBBIAN 87 SRIBEANBBEP ShiSam

thoSi egihafr avthesmosth - esmplasinnss saitabie.fesqr gbadministeatioation
- include solid, semi-solid andllLud : _n__ Cah stabileél' sogr tﬂﬁ{ﬁj

mabﬁa‘ﬁ%ﬁfé’g‘gof\‘i’élﬁm tif'b

O DOWUETS,
‘EdtWWQﬁKMMﬁMgQIMWBﬁ)?%@WS gels fastdlspersmg dosage
forms; films; ovules; sprays; and buccal/mucoadhesive patches. Liquid

formulations include suspensions, solutions, syrups and elixirs. Such
ORamADAMIBHS Ty T mployed as fillers in soft or hard capsules (made,

for example, from gelatin or hydroxypropylmethylcellulose) and typically
comprise a carrier, for example, water, ethanol, polyethylen%%% Oral

Theropsyiepsgficobf by IERIERE, 613 sisbRAINFaEHe
 adRiRideiying ﬁ%miﬁﬂﬂﬁ'éofs@alﬁﬂ%@'n@cﬁ@ﬁﬁtstﬂequtdﬁpmmdﬂmmgrmﬁye

ga el raet Yndfor BRaST HAgHer! 8- >SlEnigLEI MR by
which the compound enters the blood stream dtrepﬂy from the mouth.

Formulations suitable for oral administration include solid, semi-solid and
fiquid systems suﬁh as fablets; soft or hard capsules tonta%ning mukti- or
nanoupédédulatés, fiquids, or powders; lozenges (including liquid-filled;
chews; gels; fast dispersing dosage forms; filns: ovules; sprays; and
buccal/mucoadhesive patches.

Liquid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsules {mads, for
example, from gelatin or hydroxypropyl methylceliulose) and typically comprise
- a carrier, for example, water, ethanol, polyethylene giycol, propylene glycol,
methylcellulose, or a suitable oll, and one or more emulsifying agsnts and/or
suspending agents. Liquid formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.



WO 2007/063391 PCTi1B200b/003305 26 The compounds of the
invention may also be used in fast-dissolving, fast- disintegrating dosage
forms such as those described in Expert Opinion in Therapeutic Patents,
wd 1066hs981-986, by Liang and Chen (2001). For tablet dosagptiomsi338s
depending on dose, the drug may2hake up from. 1 weight % to 80 weight

The L8H GBS0 AR T DREG DARIER I B SNEIONS Taska RRUAIA! fhsel

sage orm In addition to the drug, tablets generally contain a

disittepneinardonsamEes fsiieiney MRReNABRECSS N FERR Eh iR,
Th&%ﬂ%é@&@m%%ﬁmgﬁ 67/cipy cr@pERad cRllulose,

croscarmellose sodium, crospowdone polyvi'nylpyrrolidone, methyl

cellulose, microcrystalline cellulose, lower alkyl-substituted hydroxypropyl
Foiceiblinseosatarchrnsegriptnibeg stadusanithsodfisgradyi matkeGeniatly]

the disintegrant _wil) rise from. l.weig t Rrsiatably
We‘ﬁ%e?n} 5 kﬁ§g H’f’%/'g%\é /CC? glv@lgh O 6F E&fﬁé'og{ggog %gg\@rﬁiﬁgﬁre%%erally
o 6Redkighibant tobekivegsubities!toaddiisat o ivdtsh. EmEIe MRibrs

coﬂpi}ur a% %ﬁ%ﬁﬁﬁ”'@(gﬁ%@%@a@% S ineRivetydeneolyesich

thetic gum k‘Jy'pj)olyvmylpyrro idone, pregelatlnlsed starch,

g!ym@wﬁﬂ@pm sarbRpsEvhyeNgss oFICiMEAEMMYBRR Y L BRILGREY

- crcRISCRALEE QMRS PHERARRIBKO SR MANSAYEathamtidlieduiose,

monohydrate, anhydrous and the like) ni litol dex rose: i
iR bR ﬁocmﬁ{u.ﬁ&‘@éﬁ&?& et R

sta@é@WﬂM@%ﬁ@hﬂsmmls@M&nﬂMmﬂprlmmmmme
wif SRR TR AR5 Yae AndrabERibAs A autaldant

présent, surface active agents
ZOrwa;gbbeamﬁbdrdm@e fweiyht % to 5 weight % of the tablet, and glidants

may comprise from 0.2 weight % to | weight % of the tablet. Tablets also
generally contain lubricants such as magnesium stearate, calcium

Biulessaies grneslintseddodipRBearpsmiaitiostn mirlrldypmulation.

Sutable binders include microcrystalline ceflulose, gelatin, ~sugars,

polyethylene ‘glycol, natural and synthetic gums, polyvinylpyrrolidone,
pregelatinised  starch, hydroxypropyl  ceilulese  and hydroxypropyl
methyiceliulose. Tablets may ‘also contain diuents, such as lactose
(monohydrate, spray-dried monohydrate, anhydrous and the like), vmanni‘tuk,
xylitol, dextrose, sucrose, sorbitol, microcrystalline cellulose, starch and
dibasic calcium phosphate dihydrate.

- Tablets may aisc optionally éampﬁse surface active agents, such as sodium
lauryl sulphate and polysorbate 80, and glidants such as silicon dioxide and
talc. When present, surface active agents may comprise from 0.2 weight % to
5 weight % of the tablet, and glidants may comprise from 0.2 weight % to 1
weight % of the tablet. '

Tablets also generally contain Iubricants such as magnesium stearate,
calcium stearats, zinc stearate, sodium stearyl fumarate, and mixtures of

magnesium stearate with sodium lauryl sulphate. Lubricants generally



magnesium stearate with, sodium lauryl sulphate. Lubricants generally
WO 2007/063391 PCT1f3320061003388 27 comprise from 0.25 weight
% to 10 weight %, preferably from 0.5 weight % to 3 weight % of the
wdahiets§ther possible ingredients include anti-oxidants,. CRIILEBAME, 013388
flavouring agents, preservatives &hd taste-masking agents. Exemplary
tablets ¢ | ; 9 Py igelualelatell Meig Rt & : t 90
R R RIS b g
3 weigih %bdiihe wblght % to about 10 weight % disintegrant, and from about
0.25 weight % to about 10 weight % lubricant. Tablet blends may be
compressed directly or by.roller to form tablets. Tablet blends.or portions
S s B e N b
agefR)geated Arexandeddiefarestdhietiiraridhe final formulation may
comprise one or more layers and may be coated or uncoated; it may
even be encapsulated. The formulation of tablets is discussed in
ExeRindarpdeblaisaidbtaage RoraisutTabletdrun| frormebputid Benaightaie.
abcﬁ?ﬂm&éﬁ%ﬁ%i@&&eﬁdﬂ?‘%%ﬁkﬂ 19500 Gongrmahle erkfibmsdor,

uman orveterinary use are typically pliable water- soluble or
diluaritdrawelkastt 2nveight JodagebrrntHehy BRIRRRIRI I RJAINY or
abc@%?@%@hé&@WéMBmaiW@@E@H{i%i@t@mund of formula (i), a

IIm-forming polymer, a binder, a solvent, a humectant, a plasticiser, a
stabiliser or emulsifier, a viscosity-modifying agent and a solvent. Some
Tatlenpanenin=af thedomnpristion dimyihedotm nbes thanrontahiatsiorabite
compound of formula (1) may be water-soly ingalubley. A waters
oleGTRuble ASRBBANT PIEATD O prais O e LS 5 i
gramoatedypicelly frongaelerkight %ewrededeigios ofahteYiites!! @sdinal -
form QR rﬁggl&%%s@aé’n%o'ﬂpr'%l% OISAIRE PEAROFHAY hdh@aated or

composition, WO 20071063391 PCT/11320061003388
uncoated; it may even be encapsulated. :

The formulation of fabfats is discussed 'En Pharmaceufical Dosage Forms:
Tablets, Vol. 1, by H. Lieberman and L. Lachman {Marcel Dekker, Mew York,
1880).

Consumable oral films for human or vetetinary use are typically pliable water-
soluble or water-swellable thin film dosage forms which may be rapidly
dissolving or mucoadhesive and typically comprise a compound of formula (1),
a film-formiing polymer, a binder, a‘saiven‘t, a humectant, a plasticiser, 2
stabiliser or emulsifier, a viscosity-modifying agent and a solvent. Some
components of the formulation may perform more than one function.

The compound of formula (1) may be water-soluble or insoluble.. A water-
soluble compound typically comprises from 1 weight % to 80 weight %, more
typically from 20 weight.% to 60 weight %, of the solutes. Less soluble .
compounds may comprise a greater proportion of the composition, typically



28 up to 88 weight % of the solutes. Alternatively, the compound of
formula (1) may be in the form of multiparticulate beads. The film-forming
polymer may be selected from natural polysaccharides, proteins, or
wiSHhthgtieshydrocolloids and is typically present in the range(Q QR0 UG98EES
_ weight %, more typically in the raAge 30 to 80 weight Other possible
up thgredieniadneladenantisigdanisresiosintshfavmuringshnt feiamvalar (1)
enhancers, preservatives, salivary stimulating agents, cooling agents,
mayc%@s‘glyé%s@ i aﬁ%@ép& fY a}%egﬁéeahsgg: bulking agents, anti-foaming
agents, surfactants and taste-masking agents. Films in accordance with
the inyention are typically, prepared. by avaporative, dyipgwabinaguaous
Theﬁ?ﬁ@ i’%a é%%ﬁt%%%ﬁ#ﬁf?ﬁ)gac%g support or paper._fz‘l'gﬁal%f may be %?ne
profisivas deyimyraeticonydravaiiaigsi g & dopitaHudtenaet ke Tergy O
o S SRZEHIVINhBFY ARHAIING 1R0lsHsmplatignsdeigatakadministration may
° %e formulated to be immediate’ and/or modified release. Modified release
formulations include delayed-, sustained-, pulsed-, controlled-,_targeted
OthaRhBRERMpddRIgasecRdiablaimeidiied | eemsarfionnilaetianso® rethié
purposes of the inventiop are described in US PatentNo, E08.80401s -
SN A D e S e R
co-SispaTRionsoRRirs ikl emditee dphinglegentstoebé-foamde agents,
harmaceutical Techno -fine, 25(2), 11-14, by Verma et al (2001).
sl T YR B

chewing gum chieve controlled release is described in WO
00/35298. PARENTERAI ADMINISTRATION The compounds of the

| FirVENUoR a2l Q.Rs RTistatRd é}@ﬁ@k’ﬁiﬁ? thephleadbsteapointive
muscle, or into an internal organ. Suitable means for parenteral . . ..
dryih A BEHIRER BT S ASRLRLa Ay RS tEHIS HAGPE RAPRSIT Y/ B%Per
ThiRORHPER3ILMCI 1M 20(E1008388 RMirtatheicallin aenbivedaroater

intraurethral, intrasternal, intracranial,
dryer, or by freeze-drying or vacuuming.

Solid formulations for oral administration may be formulated to be immediate ’
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, contralled-, targeted and programmed release.

Suitable modified release formulations for the purposes of the invention are
described in US Patent No. 6,106,864, Details of other suitable release
technologies such as high energy dispersions and nsmotic and coated
particies are to be found in Pharmaceutical Technology On-line, 25(2), 1-14,

by Verma et al (2001). The use of chewing gum fo a‘chf-gwa controlled release
is described in WO 00/35298.

PARENTERAL ADMINISTRATION

The compounds of the invention may also be administered directly info the
blood stream, intc muscle, or into an internal organ. Suitable means for

parenteral administration include intravenous, intraarterial, infraperitoneal,



intramuscular, intrasynovial and subcutaneous. Suitable devices for

parenteral administration include needle (including microneedle) injectors,

needle-free injectors and infusion techniques. Parenteral formulations are
waypicalysequeous solutions which may contain excipientsrEURB g skitsss
- carbohydrates and buffering ager# (preferably to a pH of from 3 to 9),

intratLIQr some-apnlicatiens. thexrmayhamoresviabindormulatagrasia,

_ sterile non-aqueous sglufion or as a dried form to be used I‘B c,onjsun tion
intragiaubtitabiRivEHRINIaLCRS sRMBLBRRSY - SYARis,. FRYICSS Tor
par&f&?ﬁf?ﬁ@?iﬁfﬁ%ﬂiﬂh_l_ erad iR ukadio gfgmb @aiﬁt@rﬁﬁi‘mﬁng@i@mﬁ?eczﬁrﬁa
example, by lyophilisation, may readily be accomplished using standar
”%Bi‘?éﬁ%)%é@ﬁﬁkéﬁ?ééﬂsﬂﬁ‘rﬁ%g%fs)f/f’?é?{%%sto those skilled in the aft. The
solubility of compounds of formula (I) used in the preparation of
enteral soluti Vibe 19Reasaa % 1RSSR ARMAPHAIE contain
'Par%rr%ﬁaf%rﬁn %egc{kgrﬁéuge}% ﬁ%ﬁggg t %E%%p%%ﬁiﬁfrﬁ)f squbiIitT)é;gnk?ancing

excipgenits SEAel SAAs darshElieies] AHIMERERS REMDPTE %@_&Yef@ )
oH R immediatesand/er mpdifiad releassuddadified ralegsedammadigasly
include delayed-, sustained-, pulsed-, controlled-, _tar%eted ar%j dqi
forpriRshaR ederladomRANCBRRRIBIRI OF ffed RHiIGHTIMAY Ba used In
corfOrDsbAagiRS JITHUSNE NSINnI0 B s pROliryi se MiFsglit-dethixattropic liquid
-Tlor administration. as an implanted depot providing modified release of
the active compound. Examples of such formulations include drug-coated
Thetenpandisemifsgliterdads fepausitinss compeisistpdiagaondians, for

o I tiecoahoficyac A o
exaly lN@?&iﬁ'i@ﬁ il%%agh%go%l?\%@g%?e mv%ﬁégﬁﬁmay kS bsé’taﬁdam
phadniestar@deopitaiiys Walrk)gumiithosetrdiabifias a6 the skin or

mucosa. Typical formulations for this purpose include gels, hydrogels,
lotions, solutions, creams, ointments, WO 2007/0633%

3391 -
The spikiips2hoamoBC Y guSinPEBWECrY, deedings RFaRe RSO RT

paRRAtehassyaders mplasisincransewitiies bandagesanthte formulation

microemulsions. Lipasomes may also be.. N
technigues, suc as'lfhg incorporalio {}!fs snR:%xhty—enhammg agenm

Formulations for parenteral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlted-, targeted and programmed release. Thus
compounds of the invention may be formulated as a suspension or as a solid,
semi-solid, or thixotropic liquid for administration. as an implanted depot
providing modified release of the active compound. Examples of such
forﬁulaﬁons include drug-coated stents and semi-sofids and suspensions
comprising drug-loaded poly{dHactic-coglycolic)acid (PGLA) microspheres.

TOPICAL ADMINISTRATION

The compounds of the invention may aiso be administered fopically,
(intra)dermally, or transdermally to the skin or mucosa. Typical formulations

for this purpose include gels, hydrogels, lotions, solutions, creams, cintments,



used. Typical carriers include alcohol, water, mineral oil, liquid petrolatum,
white petrolatum, glycerin, polyethylene glycol and propylene glycol.
Penetration enhancers may be incorporated - see, for example, J. Pharrn.
wolhy88440), 955-958, by Finnin and Morgan (October 1989):i@ther3iss
means of topical administration imglude delivery by electroporation,
jontophoresis, phonophoresis, sqnophotesis andumicrongedle pin ants,
duStH@e R gés'(e‘%? E)n\%a’erj%%c%%&%bcﬁM,%g?rlér%’ection. Iformpulatio‘ns
spofigesopitabadinamidaged remhyTHe FeNIIRREE (o-RORAMREISIEY aRdferPe
use@ﬂﬁﬁ%i@gﬁ%% Niealified Jelaase JermulatioRsdneindecgelayetiolatum,
sustdined-, pulsed-, controlled-, targeted and programmed releasﬁ%{;mI

whiten HRSERIBINITR ANRESRL AONRIRETISABRIRP A EonBBRAL Bf
PenlhamioRRRArRISR heAdministeredritsanasally dubyxinhplasion Aypieally

.. in the form of a dry powder (either alone 3 Mixpke, for example, in a
SCﬁd%i;’aé?&id%ﬁf?r%%g%?'ﬁéaﬁﬁ?é%a& [%?)cr‘l%é%rti%%g&e, for example,
mixed with phosphollpids, such as phosphatidyicholi;ne) from a dry

omBOMERNI T AR A CARARA SRRy A8 RISRRISRY CADtRBRsRUAP

omiser {preferably an atomiser using electrogédrodynamlcs to
iontpphetesis fivemiginresiseBonsshomeisorIAtiBIGIonEtHe oF Retfissiee
(e_gpgp{gﬁ#gggéu@_@@g@@,g%tm Fpgthane or 1,1,1,2,3,3,3-
heptafluoropropaneg, or as nasal drops. For intranasal use, the powder
may comprise a bloadhesive agent, for example, chitosan or cyclodextrin.
For%ﬁ%ﬁé@@%ﬁ%%@tMﬁMBnS@m&bﬂd?ﬁmmm@msé 1007 .»;: a
solution or suspension of the compoun of the.inven | ing, for
andlgi AR Teth R A5G0 é\ffﬁg’%ﬁgﬁgﬁ%&a ?sgtf i’?%pﬁe £ grﬁ% IV§ %@ﬁ% r;g K
susthisnafsipolsselybibsing)al- cargritdgprelqusgrefheedoilesepropellant(s)
as WO 2007/063391 PCT77h2006/ 933S8 31.. solvent and an optional
surfactant, such as sorbitan trioleate, oleic acid, or an oligolactic acid.
j BALpAMEN STSspEY on formulation, the drug' product

The compounds of the invention can alsc be administered intranasally or by
inhalation, typically in the form of a dry powder {either alone, as a mixiure, for
example, in a dry blend with lactose, or as a mixed component particle, for
example, mixed with phospholipids, such as phosphatidyicholine) from a dry
pbwcier inhaler,” as an aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using electrohydrodynaimics to
produce a fine mist), or nebuliser, with or without the use of a suitable -
propellant, such as  1,1,42-tetrafluorcethane  or  1,1,1,2,3,3,3
heptafluoropropane, or aé nasal drops. For intranasal use, the powder may
comprise a bicadhesive agent, for example, chitosan or cyclodextrin.

The pressurised container, pump, spray, atomtzer, or nebuliser contains a
sblutim or suspension of the compound(s) of the invention comprising, for
examme,l ethanol, aqueous ethanol, or a suitable alternative agent for
dispersing, solubilising, or extending release of the active, a propellant(s) as



micronised to a size suitable for delivery by inhalation. (typically less than
5 microns). This may be achieved by any appropriate comminuting
method, such as spiral jet milling, fluid bed jet milling, supercritical fluid
wokacessig to form nanoparticles, high pressure homogepisatEmirsEa
drying. Capsules (made, for example, from gelatin or '
solvEydERY ARyl aelsiase butli sie santhaarioRges, follisedd, ar an
_inhaler ar insufflator may be formulated to contain a powder mix of the
oligQlgrip of the invention, a suitable powdef base such as lactose or
~starch and a performance modifier such as Pleucine, mannitol, or

, ium stearate. The lact _ ) ' pf.th
e B R SRR i B A e i o
micrdeieegintog ucize, syitaldedos sihanxitdneletoseynnate lapg than 5

miciSRERIGSEs Aniitalenielion rmaHlrtoniop 4R IRARAIRINISS mESIDE,
etectrohydrodynamics to produce a fine mist may contain from Ipg to
suchpof g liel FBINBBu N b BTL AV SHPSEHTHERHMHh R SR I

fornY AlHPBMRYeY G H pRedditd 0. 40QRle Aidyieal dorpragtitrimay comprise a
compound of -formula (1), propylene glycol, sterile water, ethanol and
sodium chloride. Alternative solvents which may be used instead of

CapRineyanadily tot imciuslsiegivmer gk poliwthyleys ohwinkSyitatilose),

olisiars A LARFAAS RENINR A IRNAIEOIRAL R ANPHIEN IS et iilhasd o
saccharin or saccharin sodium, may be added to those formulations of the

confaiventipavidesh Y 6t arapatan faihadinvrsiiaion. FUfRRIMRBNS 6

pasBaleddntanasal GARINBUAICY BENoRRINER WRIGHLP Qe HBeFdiRime,

and/or modified release using, for example, PGLA. Modified WO .
mannitpl/ EANGSIRS I SevEID0EIRER SR 18R R ANMBRYT e
forrdelRyad, sitviaeiatduisrierAaptialedaidargothdrandifiisigranuipsehts

release. RECTAUINTRAVAP%INA AA@IXIINI%TRAZJIO The com oungg of

BretPHRRk

nclie RHdh AAFRREadH R O Ay R SIS @

trehalose.

A suitable solution formulation for use in am  atomiser . using
alectrohydrodynamics to produce a fine mist may contain from Tug to 20mg of
the compound of the invention per actuation and the actuation volume may
vary from ful to 1004l A typical formulation may comprise a compound of
formula (1), propylene glycol, sterile water, ethanol and sodium chioride.
Alternative solvents which may be used instead of propylene glycol include
glycerol and polyethylene glycol.

Suitable flavours, such as menthol and levomenthol, or swesteners, such as
saccharin or saccharin sodium, may be added to those formuiations of the
invention intended for inhaled/intranasal administration.

Formulations for inhaledfintranasal administration may be formulated fo be
immediate and/or modified release using, for example, PGLA. Modified



example, in the form of a suppository, pessary, or enema. Cocoa butter is
a traditional suppository base, but various alternatives may be used as
appropriate. Formulations for rectallvaginal administration may be
wdhpKiaed to be immediate and/or modified release. Modifiedugieasesss
formulations include delayed-, sustained-, pulsed-, controlled-, targeted
and programmed release. ULAR/AURAL MINISTRATION. The
releagfin JOURHE P e iﬂ%ﬁlﬁongﬁigyegbgo %lé&aa rr%%%te%(? %?r%ct#ﬁ%@%aeye
targetedainty proghyrimtae felemsef drops of a micronised suspension or solution
in isotonic, pH-adjusted, sterile saline. Other formulations suitable for
ocular and aural administration include ointments, gels,, biodegradable
Ca A AN OvhEAEINAL MBS idafiddgel) and non-biodegradable (e.g.
silicone) implants, wafers, lenses and particulate or vesicular systems,
such as niosomes or liposomes. A polymer suc a_sugé@ssed-link?p for
ThemRay B EliNSoRNARTRICBRY PRI L P UM BloSIE pelyineT,
exafﬁfﬁ@ﬁ(%l “ﬂﬁ'@” ifd@ﬁﬂﬁ?@%ﬁ%dh @m:?ym@ﬂﬁﬂ??ﬁﬁh)ﬂ‘m%t@ﬁwﬁm% fos &
methyl cellulose, or eteropolysaccharide polymer example. n
tradfigne ﬁwgﬁg&‘pgﬁﬁgd I%Rge%(ﬁgPW’ith@%@%ﬁ%aﬂ%%su@% a%@@%g
appRgiizaiisonium chloride. Such formulations may also be delivered by
iontophoresis. Formulations for ocular/aural administration may be,
formulated to be immediate and/or modified release. Modified releas
Forfontatittiorfoin skl g dadsusiaimign pméﬁd?%ommﬁﬂi?%@et% ,
imrRidLegramined feleren. WR-RA0 1166830 1 BEA4BRINAINNSBEINGEe
OTHER TECHNOLOGIES The compou&rjﬂ%ﬁf th‘i invention maadyef)eas&
deleyrabisugtatAdoRIRS In SHYMER U IS RE AN S AR EE d&AN and
suitable derivatives thereof or polyethylene glycol-containing polymers, in
order to improve their, salubi } _:N_dissolution rate, taste-masking,
------- use in any of the aforementioned modes

The compounds of the invention may also be administered directly to the eye
or ear, typically in the form of drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other formulations suitable for ccular and
aural administration include ointments, gels, biodegradable (e.g. absorbable
gel sponges, collagen) and non-biodegradable (e.g. silicone) implants, wafers,
-lenses and particulate or vesicutar systems, such as niosomes or liposames.
A polymer such as crosseddinked polyacrylic acid, polyvinylalcohol,
hyaiuronic  acid, a cellulosic ' po!ymer‘, for example,
hydroxypropylmethyicellulose, hydroxyethyicelluiose, or methyl cellulose, or a
heteropolysaccharide polymer, for exar;np'le, gelan gum, z;nay he incorparated
together with a preservative, such as benzalkonium chioride. Such
formulations may also be daﬁvéred by lontophoresis.

' Formulations for ocularfaural administration may be fprmulatecf o be
immediate andfor modified release. Modified release formulations include

delayed-, sustained-, pulsed-, controlied-, targeted, or programmad release.



Drug-cyclodextrin complexes, for example, are found to be generally
useful for most dosage forms and administration routes. Both inclusion
and non- inclusion complexes may be used. As an alternative to direct
woconTgkesation with the drug, the cyclodextrin may be use@@EIRAISURIRSS
additive, i.e. as a carrier, diluent,*r solubiliser. Most commonly used for
oTH BeLRgseREf: glpha-, beta- and gamma-eyclodextrins, examples of
etound in WO 91/11172, WO 94/02518 and WO 98/55148.
KIT-OF-PARTS Inasmuch as it may desirable to administer a

TheCoRRRiRAliaRST agtiveccompantrgs, fanexamaplediabthecdurpiise ebitrelating

a particular disease or condition, if is, within the. .z £% :
i TBARSH AT U o1& T an et B [es Tty
or pofyieingentaiigcaleconfzining polaressdinestwtptierientish srapiity.

dissHl \z/c?r?irea?élytg%gfmé%iﬁlﬁggiBiﬁ'&%&@éﬂﬁ%@f BndibsWitabiny9p coag minisiration
of the compositions. Thus'the kit of the’invention comprises two or more
the sépraraeniitremaredafcal BRPSLAISHS, at least one of which contains a
compound of formula (1) in accordance with the invention, and means for
separately retaining said compositions, such as a container, diyided
BRGNSkt AT B SE P S K 9 Piee
for blisier Racloasrilier Hiripadiagingintabless. daptulpslanibtherikelavO
. 2007/063391 PC"r,R1120061003380 34 The kit of the. | 100AS At
inclysior AAMPEIeSIFSr %W%f%tgnsnandl e%%%tﬁ\gi%?g;eﬁ ‘%E%%%%%%%tﬁﬁgle,
witiotabatrd uettenteralbdextiniaip tetingethassapatidiayagetiienssaEs &

different dos ' , : WS o)
oo g Bh e oo

aipiFedvieins ANdagPTIraHBAL AR PER IR AR WIE S8 c B e I
YAIANROSAGHE1E hadiinigralionsto human patients, the total

daily dose ‘of the compounds of

KIT-OF-PARTS

nasmuch as it may desirable to administer a combination of active
compounds, for example, for the purpose of treating a particutar disease of
condition, it is within the scope of the present invention that two or more
pharmaceutical compositions, at least one of which contains a cpmpaund in
accordance with the invention, may conveniently be combined in the form of a

kit suitable for coadministration of the compositions.

Thus the kit of the invention comprises two or more separate pharmaceutical
compositions, at least one of which contains a compound of formula ) in
accordance with the invention, and means for separately retaining said
compositions, such as a container, divided bottle, or divided foil packet. An
example of such a kit is_the familiar blister pack used for the packaging of
tablets, capsules and the like. |



the invention is typically in the range 10 mg to 1000 mg depending, of
courser on the mode of administration. For example, oral administration
may require a total daily dose of from 10 mg to 1000 mg, while an
woRbExeRys dose may require from 10 mg to 1000 mg. Thetatabolaisiss
dose may be administered in singde or divided doses and. may, at the
dogtor's discretion. fall outsi e, WRiga! rPasiasbereiniFbese
The d%"_a@reéhgr'é%fggggnoﬁsaﬁ.%%%urﬁég hslﬁ%an subject having a _\%ei ht of
dos e taréGkGIERERPIEhe g velP résiai e aai IS e BESHRR %ﬁi‘% 8€for
comg%%k S WhOSriiRigt é@&g@tsmsrtmﬁ,ra@g%summgnfm Bapktinte

erly. For the avoidance of doubt, references herein tqQ "treatment’ .
conpefiiiRnscRerRintb 15 caraiive pgﬂiﬁﬁ%%ﬁ@m%tm&t%%gﬁrﬁgﬁéam of
conthseRranasnsisabiosmulniét ahmbmpreparod bytidest odddares-calied

described in the General Methods described below or by the specific
memeialds described in the Examples section and the Preparations section,
or by routine modifications thereof. The present invention also

DO n passes any one or more of these processes for preparing the
%unds of formula (i), in addition to any novel intermediates used

therein. WO 20077063391 PCT?1B2006f003388 35 General Methods

iationsianasy imeiyiformemige DMSE =
L e e D e s

the SR IRORFADONNE FHOH N B CH e APRUNE D o)
on {REYRRPERAIRhRSaheNIFiT Sebeiple, bixtladmitidtte) ODAX GROAS,

tota?%iiéii@%%s%FoBf rgnl{ %I 'er%gl\{oH 1%00.:3@' while an intravenous dose may
require from 10 mg to 1000 mg. The total daily dose may be administered in
single or divided doses and may, at the doctor's discretion, fall outside of the

typical range given herein.
These dosages are based on an average human subject having a weight of
about 60kg to 70kg. The doctor will readily be able to determine doses for

subjects whose weight falls outside this range, suciji as infants and the elderly.

For the avoidance of doubt, references herein 1o “treatment” include

references to curative, palliative and prophylactic treatment.

All of the compounds of formula (I} can be prepared by the procedures

. described in the General Methods described betow or by the specific me_t‘hods

described in the Examples section and the Preparations section, or by routing
modifications thereof. The present invention also encompasses any one or
more of these processes for preparing the compounds of formula (I}, in
addition to any novel intermediates used therein.



RHP (IV) HO A~B,0 HONG x4'6,0Q {c}(d) HRRH (V){l) Scheme I
In Scheme 1, P represents ahydroxy-protecting group, suitable examples
of which are described in "Protective Groups in Organic Synthesis" by T.
wMeosaresne and P. Wuts, Wiley and Sons, 1991, and LG repraserksiasiss
suitable leaving group, such as h3ogen, (CI-6 alkyl)sulphonyloxy (eg
GerBRiNANERSsdPhonyloxy), (C1.6 haloalkyl)sulphonyloxy (eg
trifluoromethanesuiphonyloxy) or benzene- or toluenesulphonyioxy (eg p
toluenesulphonyloxy). Preferably P is benzyl and LG is . _
Thadrépivengsbphomdas X40,2680:71063391 PC TJIId2006/003388 36 Step
(a): The compound of formula (111) may be prepared from compound (11)
and an appropriate agent capable of converting a hydroxy groupinto a
Diviie avithg egjroiigyriyppicadly a sulphonylating reagent (eg methanesulphonyl

DN@EPQ 'n?é‘tﬁ"&tg- ag)honyl chloride) in the presence ot'a. base (eg
triethy amlne‘{ or pyridine) in a suitable solvent (eg pyridine or

TEMIRRIST Shictifrrianobue pssisinghssiature for 15 minutes to 24 hours.

THP@@H‘EM@Q{"S are: leq compound (11) in dichloromethane, 1.2eq p-
toluenesulphonyl chloride, 2eq pyridine at room temperature for 18 hours,

Dc@%e’pdﬂﬁﬁﬁquﬁ@‘ﬁgiﬂ%und of formula (IV) maybe prepared from compound
(1) and the hydroxy compound of formula (V1) in a suitable solvent (eg

DMF, DMSO).in the presence of a suitable base (eg.Cs2C0O3, K2C0O3),
T BB P A TAe e SR B R Ag T By e Pt
overnight." Preferred conditions are: 1eq compound (VI), 1.1eq

compound (111), 1.2eq

B @&
PO/\ “aH A

5 by  po” A"
A PO” AT LG
| &%
(it ' 1] . -
() ﬁ,&x

"

{c}

Scheme 1

In Schemé1, P represents a-hydroxy-protacting group, suitable examples of
which are described in "Protective Groups in Organic Synthasis” by T. W,
Greene and P, Wuts, Wiley and Sons, 1981, and LG represents a suitable
leaving group, such as halogen, (Cs alkyl)sulphonyloxy (eg methane-
sulphonyloxy), (C1.¢ haloalkylisulphonyloxy (eg trifluoromethanesulphonyloxy)
or benzene- or toluenesulphonyioxy {eg p-ioluenesulphonyloxy). Preferably P
is benzyl and LG is p-toluenesulphonyloxy. ' '



Cs2CO03, in DMF at 80C for 24 hours. Compounds of formula (VI) are
generally described in WO 02/074754. Specific compounds of formula
(VI) wherein Xis 0, mis 1 and R is Cl may be prepared as described in
woBieorgsMed.' Chem. Left., (2004), 14 (18), 4627-32, or aBuihnn /3388
Scheme 5 below. Step (c): The cémpound of formula (IV) may be
deprotected by reaction with a deprotecting agent in a suitable solvent to
yield the compound of formula (V). Suitable rea s and methaods,are
Sfaw&hrmwwmﬂ@@ml?p@iﬁf@%éﬁi@@%ﬁ@%’ﬁ&?&ﬂ%%@ﬂivep.
and\éhepfidsheszd-axearice of cuitabiegeabydteingmetioima teehingide
oriron (111) chloride. Preferred condition - leq. V)in
ero R 0 B SO e pCIh SRRk
toluEhesctphpoynchisfr ideiriatod praastise pfephrse IsLoxiditonther
 pyriGHEPA-RAOIIBILIRAN (Y BIRRR U NI GURRL RS eYIE 59 NS
ypical reagents and conditions include catalytic chromium trioxide and
temperritie feid fHBiDeEMta $6108HESuCh as acetonitrile at room temperature

Pref8rrrlGdREB 8 3@ Mk PREeraallyahuNRfdrplifeNeCl Q3dmthe
presence WO 2007/063391 P. ,TJIBZOO61003388 37 (%f cz%a tlclTEMPO
tolupng LRSI GOIPHE R B RMTHILTR BH BT SMRRAREFARIre 3118 0 36

hours. Preferred conditions are: 1eq compound (V), 2.5eq periodic acid,

0.02eq, Cr03, in 0.75%.agu tri ‘ !
SR A RO SRR (BThg b oa et iR e I
ancttivahydnoiey afciomoutsl foraulad\didp pridéalleesaiyant (amBMdes of

| B N ' ' : 4t (P
oSSR AR AT AT Bty
the presence of a crown ether (eg 18-crown-8} at 50-1 20°C avernight.
Preferred conditions are: 1eg compound {V1}, 1.1eq compound (11}, 1.2eq
Cs,C03, in DMF at 80°C for 24 hours,

Compounds of formula (V1) are generally described in WO 02/074754.
Specific compounds of formula (V1) wherein Xis O, mis 1 and R is Cl may be
pfepafed as described in Bioorg. Med. Chem. Let,, (2004), 14 (18}, 4627-32,
or as oullined in Scheme 5 befow. ' '

Step (c): The compound of formuia (IV) may be deprotected by reaction with a
deprotecting agent in a suitable solvent fo yiéld the compound of forrnuta (V).
Suitabie reagents and methods are described in “Protective Groups in '
Organic Synthesis” {referred to above). When P is benzyl, exarnpies of
suitable' reagents include boron trichioride or iron {iii) chloride. ‘
Preferred conditions are: 1eq compound (IV) in dichloromethane, 4eq BCl; at
room temperature for 18 hours.

Step (d): The compound of formula (1} may be prepared by oxidation of the
compound of formula (V) using an oxidising agent in a suitable solvent.
Typical reagents and conditions include catalytic chromium trioxide and
petiodic acid (HslOs) in a solvent such as acetonitrile at room temperature o
50°C for 18 to 36 hours, or alternatively NaOCl plus NaClO; in the presence



R R R (V} (VUU) M Scheme 2 Step (a): Oxidation of the alcohol (V) to the
aldehyde (V1) is typically carried out using NaOCI with catalytic TEMPO:
in a suitable solvent, eg acetonitrile, acetone at 0C to room temperature
wdah@ddaeurs, or alternatively using sulphur trioxide-pyriginememptexsss
with DMSO in a solvent such as BHE at OC to room temperature for 2-18
of i SERIYF IR AP hieATB o/ iadie ackd () with
Is typically carried out using NaClO2 in the presence of potassium
templeoipraterii & eobbdruBch as aqueous t-butanol at OC to room
PrelERREFAMMRIERL 2rk8 NavESreicaliarnativelsHsiagdihielejnogeaquric acid

with catalytic TEMPO in a sujtable solvent, cetone or acetonitrile, at
C"Q}C"fd)rgé% ?&H%‘é‘l‘ﬁt%?@t%}]tﬁlﬁ’éﬁ&ﬁﬂfg @%’r‘%% (inds of formula (11) are

known in the literature. For example, compounds of formula (I) wherein A

is a cis-1,3-cyclpbutyle rqu IS 3,aingle bondmay;he red
e BRRHHE T S gy AENERaRE %fé 1995)?1%%2‘5)%%%0
cor2peuRliess BerLIRCT) iRGOBIBEBIEE CBsdAteHaNE PSS of

fon?@.‘@ 19% ich alescquapounds of formula (1) wherein A is a cis- or
racas-

;3-cyclobutylene group and B is a single bond may be prepared

VIII) or compgund (1X) by standard hods, such g
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/By inver ign using

riljed m—gymWesis, ), 11
;tfg&c 0 F Ny
H

(vit) ay

Schems 2

Etry ustot

M
H

Step {a): Oxidation of the alcoho! (V) to the aldehyde (V!i) is typically carried
out using NaOC! with catalytic TEMPQ in a suitable scivent, eg acetonitrile,
acetone at 0°C to room temperature for’2~18 hours, or aii‘temaﬁvety using
sulphur trioxide-pyridine complex with DMSO in a solvent such as THF at 0°C
to room temperature for 2-18 hours.

Step (b} Further oxidation of the aldehyde (VIi} to the acid {1} with is typically
carried out using NaClO; in the presence of potassium phosphate in a solvent
such as agueous t-butanol at 0°C to room temperature for 2-18 hours, of
alternatively using trichloroisocyanuric acid with catalytic TEMPQO in a suitable

solvent, eg acetone or acetonitrile, at 0°C to room temperature for 2-18 hours.

Compounds of formufa (i) are known in the literature. For example,
cambounﬁs of formula (Il) wherein A is a cis-1,3~cyclobutylene group and B is
* a single bond may be prepared as described in J. Chem. 506., Perkin Trans.
1,(1995), 18, 2281-7.



(€)O(d).2/NH LIQ (X)) LOIX H%RR (Vi) (la) HO2C--O--0 (e) | NH
H R (Ib) Scheme 3 In Scheme 3, Ra is an ester residue, suitable
examples of which are described above with reference to prodrugs and in
wd'Biotestive Groups in Organic , Synthesis” (referred to alF6ViélBegs 103388
(C._6)alkyl, benzyl or (+) or (-)-rnéhthyl), and LG is a leaving group such
Aite&%ﬂ%%g@@nﬁﬁbuad&lwmmmﬂmﬂbmm(dg arettempsulptonlfoxy)iedl).6
wnef QAR SHeeoRr (36 URERses dras ARl bBAR8TS O

uenesul onylox = tolu yioxy). WO 20 71063391
mammmm@mm@téb(‘@ﬁ}nﬁ@%ﬁmma FISrERRARIR) may be

mefiERAL DY eachianiAlseamRo ndri i i awsiitbls steohglabiosaula

REOH (eg methanol, t- butanol, benzyl alcghol or (-) menthol) under a

ob@aﬁ@mﬂ@éﬁaﬁmﬁ%ﬁﬁa{ﬁ @@%%@%@Wﬁm; V&é%@%ﬁé%ﬂﬁ
MitsiHOtRCHE-SEaV RS Hivghaanicisyntbesibadrefelied s ah GVed iRréferred

conditions are: 1eq compound (VIII), 1.1 eq. 1,1'-carbonyl diimidazole, in
ethyl acetate at reflux for 1 hour followed by | eq R30OH at room

teererature for 4 hours. Step (b):Reduction of compo%d (IX¥yto the

hol (X) may be carried 6tjt |
Ho’ﬁ%: (@) 0/&_ {0} °

LT R ”’"

o OH

(Vi) © : (X3 *x 3
R 7 : _ Rco—< >0 "
¢y =~ O dy .
) ' | A h:éH
LG y b %\N/\\\X
<) . . o H
R ) : < {la}
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Schame 3

'!n Scheme 3, R? is an ester residue, suitable exampies of which ars described
above with reference to prodrugs and in “Protective Groups in Organic |
Synthesis” (referred to above) (eg (Crs)alkyl, benzyl or () or {-)-menthyl), qnd
LG is a leaving group such as halogen, (Ci.s alkyl)suiphonyloxy {eq
methanesulphonyloxy), (C1.s haloalkyl)sulphonyloxy (g
trifluoromethanesulphonyloxy) or benzene- or toluenesulphonyloxy (eg p-

_ toluenesulphonyloxy). |



using a suitable reducing agent, eg sodium borohydride or L-Selectrideq
in a suitable solvent such as THE Preferred conditions are: leq compour,ld
(IX), 0.5eq NaBH4 in 20:1 THF:methanol at OC for 20 minutes, Step (c):
wolie sefsound of formula (XI) may be prepared from conpeguimde(Xjosssng
reagents and conditions similar tathose described in Scheme 1, step (a).

o AR (pomeGron wmeirons
commmm@m\(iu)‘mﬁyq)@%ﬁa@aone SR o R e e,

butagl‘gg‘cﬁr%i | r%fg@ﬁmlﬂﬁ((l)/dhaﬁr?g}r@ag?rﬁmaﬂémmmmmmmsaﬁwlmose
cheme 1, s eferre di
axawlﬁg&,\pgl )arf 5%%‘:98%‘58[1%559 E@?f g' r%%rés@%[@rgé r?' DI at 80C for

(refdifeiaurabSieR (e): The compound of formula (la) may be hydrolysed to
Pre Irr%/ %}%] tzgf?/ rr(; r%uq H%Bbﬂﬂd(@gh‘ﬁr@@q'%ﬂéﬁ%h? jachieved

conditions, suita

X f which
dmmmmmmm@ﬁmim?%? SRV EBN) bR

temg% n&)a,g%1 Soupound (la), 2eq NaOH in 1:1 ethanol water at 60C for
ours 007/063391 PCT/1112006/003388 40 Compound (V) is

described in J. Org.. Chem., (1981), 53, 3841-43 and compound (IX),
Ste é’@%&%ﬂ%ﬁ@@ﬁmb@wm)@ detpribrg im0 rgaChemariEdod), 59,

34. 0 H3G, HO O VI s of f ch
using e GG AEL TS ARAY % %éreln n}%{&% S SBEAHE, 1
" suitable solvent such as THF.
Preferred conditions are: 1eq compound (1X), 0.5eq NaBH, in 2001
THF:methanol at 0°C for 20 minutes.

Step {(c): The compouhd of formuta (XI) may be prepared from compound (X) '
using reagents and conditions similar to those described in Scheme 1, step
{a).

Preferred conditions are: 1eq compound (X}, 1.05eq p-toluenesulphonyl

" chloride in pyridine at 0°C to room temperature.

Step (d): The compound of formula (1a) may be prepared from compound OXI)
and the hydroxy compound of formula (V1) using reagents and conditions
similar to those described in Scheme 1, step (D).

Preferred conditions are: 1.2eq compound (X1, 1.0eq compound {V/1}, 1.58q
Cs,C03 in DMF at 80°C for 18 hours.

Step (e): The compound af formula {{a) may be hydrolysed fo provide the
compound of formula (Ib). This reaction may be achieved under a variety of
conditions, suitable exampies of which are described in “Protective Groups in
QOrganic Synthesis” (referred to above). Preferred conditions are: compound
(la), 2eq NaOH in 1:1 ethanol:water at 60°C for 2 hours.



a methylene group, may be prepared as shown in Scheme 4. (a) HO A™
(b) Rao NC CH2 X CH2" {c) CH2 0 (XII) (XI ) (XIV) ROYA,__110H (d)
taOY/ALO () O0OOH mMZNH (VI) (XVI)R () Om R30 A-"~O im
w0t ()1 0 NN~ RRH H(lc) (Id) Scheme 4 tr:pohmmediRa
is an ester residue, suitable examyles of which are described' above with

Conﬁﬁisf%reec&l@eﬂg @raé&?j&@@ﬂm 'iﬁf@i@@{@fﬁl.' B,Qfs@aqu,iad@l_r?ﬂmmml dhesis”

: referred to above) (eg. S /| or benzyl), an s,a leaying group

mnéw%%wé%&eﬁ? fg“‘sﬁﬁiiﬁﬁlﬁlSvf%fﬁ/|6%<§f%g‘a%m%‘i‘ﬂﬁﬁfes?ﬁf%h f%?/%Xy),

(1999)] sehatsgkysulphonyloxy (eg trifluoromethanesulphonyloxy) or
benzene- or WO 2027/063391 PCT1W2006/803388 41

toluenesuiphonyloxy (eg p-t’olueneqq&pjlonyl y). Preferably Ra is benzyl
and LG is p-tal ulphonyloxy. Commgwpunds of formula (XI 1) may be

obtained ;!\

o : o
(VI (B0

Compounds of formula (Id), which are ;:ampounds of formuta (1) wherein B is

a methylene group, may be prepared as shown in Scheme 4.

- (a) HMO As (b) 70 N {c}
NG SeH, 1{ CH, | Asen,
. o
it (XL V)
REOTAVOH (d) Ro__A_LG (&
|
O O H :]m
| O W)
<V Ay
o) v g

Scheme 4

In Scheme 4, R? is an ester residue, suitable examples of which are described” -
above with reference to prodrugs and in "Proiective Gmup.s‘ in Crganic '
Synthesis” (referred to above) (eg {C 15) alkyl or benzyl), and LG is a leaving
group such as .halagen or {Cy.s alkylisulphonyloxy (eg methanesulphonyloxy),
(C1. haloalkyhsulphonyloxy (eg triﬂuommethanésutphonylaxy} or benzene- or



commercially. Step (a): The compound of formula (XIII) may be prepared
by hydrolysis of the compound of formula (XII) under acidic or basic
conditions, eg aqueous sodium hydroxide with a suitable co-solvent such

wPsisthanol, ethanol or 1,4- dioxane, or aqueous hydrochigniasmic o3z
sulphuric acid with optionally a suitable co-solvent such as ethanol or

ot SIRRIBIEEY RAgBHLNSARIEN Compoul (s dadieatd. I

. anol: water at reflux f tep (b): The compound of formula
LG lpanphirnest! phepsien o REERBRAS ThirBH bHNERY %93?58{% with
confriiRiple alcohol of formula RaOH (eg methanol, tert-butanol, benzyl
alcohol) under a variety of conditions, suitable examples of which are
described in "Protective Groups in Organic Synthesis" (referred to
Stepbyah & cefeparhdomtitions!aki agaobeporems )y hidrglysis of

T e ety . owed.
e kSR b R Bhany i Aoty
sodisemitingies foitmal aialiemsy e/ pré surbcesyirthanehediane or 1.4-
dioSHBPAHAG ehi MMM Ivah PdnLlioReFR RS RGRRA! SWEhamlerane-

dimethylsulphide, catecholboraneor9-borabicyclo[3.3.1[nonane (9-BBN) in

suitable fesRINSIVaHER e eRErR el SEiRgBREre mperature followed by in

Prefilve @¥eialioonyitan eyigamnbeusl asihyssependeEiaxide, abditok
: perbor%@ggr t irgk%thylamine-N-oxide at room temperature to 6aC.
wates, BHRFU B8R it are: 1eq compound (XIV), 0.5eq borane- -

dimethylsulphide, in THE at room temperature for 1 hour followed by

1.2ed.-sodium perborate a [ C for Ihaur (). The
St R T S R U A e pRan bR e
confprnthofiumugmidayétits suilaite aitohel sfirameaddendescribed in
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conditions are: leq compound (XV), 1.3eq 8-to|uer}esulpho‘nyl o
examples of which are described in “Protective Groups in Organic Synthesis
{referred to above). Preferred conditions are: 1eq compound (X}, 1.7eq
1,1-carbonyidiimidazole in ethyl acstate for about 1hour followed by 1.2eq

benzyi alcohol at room temperature for 18 hours.

Step (c): The compound of formula {XV) may be prepared by treatment of the
compound of formula (XIV) with a hydroborating agent such as borane-
dimethylsulphide, catecholborane or 8-borabicycla(3.3.1lnonane (8-BBN) in a
suitable solvent such as THF at 0°C-room temperature followed by in sifu
oxidation with an oxidant such as hydrogen peroxide, sodium perborate or
trimethylamine-N-oxide at room temperature to 60°C.

Preferred conditions are: 1eq compound (X1V}, 0.5eq bararie-
dimethylsuiphide, in THF at room temperature for 1hour followed by 1.2eq
sodium perborate and heating at 60°C for 1hour.

Step (d): The compound of formula (%) may be prepared from the
compound of formula (XV) using reagents and conditions similar fo those
described in Scheme 1, step (a).



chloride, 2.6eq pyridine in DCM at 0C to room temperature. Step (e): The

compound of formula (Ic) may be prepared from the compound of formula

(XV1) and the hydroxy compound of formula (VI) using reagents and
woconikesys similar to those described in Scheme 1, step (B PraiFEp35E

conditions are: 1.2eq compound (RVI), 1,0e comﬂoound.hvu; l@f?eq
formula

Pref@saC@BHHOMRE: 560 PRSI Std a5 TS
chiofi6s MayRe PeiRasdRIRIaYidadheorpmpmendiofdormula (Id). This

reaction may be achieved under a variety of conditions, suitable .
examples of which are described in "Protective Groups in Organic

Stepse@ytmssw@m@m%m@ (Eyeferrbd poeptitiofi§rara :th@mﬂﬁ:iﬁcfx
excess NaOH in 1:1. ethanol; , QC for.2 [SeifA®R RES O
of TSP O A e sy e A issig oo

pecific
andeamgitondsiofifarmutoedidpestiies i SebaPBUn S Brmula (V1)
herein Xis. Q ar el | ga/glescribgdamiBingig (Medi Siverry.
Preﬁ%l&??e&?@%%% 188'1;?31?(,52 -gz, or §§ outlined ingScheme 5.b£|o§v. ORDb
Cs;ORDINBME (@) RIS R A4 h8YR- (XVII) (XVI ) ORXQm N (c)H 11 RR
(xIX) (Via) Scheme 5 WO 2007/063391 PCTr 1R2006/003388 43 In

Sch 5, Rbis (C4_6)alkyl 1. :
Step %f):e ”rIT;\% compclafxrgci offg?muﬁao(ﬁcgrer{ﬁ]a; bhe hydrolysed to provide the

compound of formula (Id). This reaction may be achieved under a variety of
conditions, suitable examples of which are described in “Protective Groups in
Organic Synthasis” (referred to above).

Preferred condifions are: compound (lc}, excess NaCH in 1:1 ethanchwater at
60°C for 2 hours. |

Compounds of formuia (VI} are generally described In WO 02/074754.
Specific compounds of formula (Vla), which are compounds of formula (Vi)
wherein X is O or $, may be prepared as described in Bioorg. led. Chem.
Lett., (2004), 14 (18), 4627-32, or as putlined in Schem!e 5 below.
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Scheme &



Step (a): Compounds of formula (XVIII) maybe prepared by the reaction of
an aniline (XVII) with sodium or potassium cyanate or thiocyanate in a
suitable solvent or solvent mixture for example dichloromethane or acetic
woasliapatar in the presence of an acid such as maleic or acetie meidn3388
Alternatively the compounds of fdémula (?VIIl) may be prepared by

NS E%ﬁji@g qfeg ?@4 qgﬁ%\&lb%ﬁnmethylsnyl isocyanate or thiocyanate in

a solvent such as dichloromethane followed by in situ hydrolysis with
water. Preferred conditions when X is 0 are: 1eq compound (XVII) in
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dic beé prepared by reaction of a co ﬁpound of ggla (X1X) with a Lewis acid
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held 20@0f@ odéysuthe PDE7Y inhibitors of formula (I) may be usefully
combined with another pharmacologically active compound, or with two
or more other pharmacologlcaII?/ active.compounds, particularl |n he

Stepdhinfeomeppasis Fdprawd FIRYEP RISBRGIOPYIRAUBAEIPD

ureQ*@W‘étlg@“H’Téﬁﬁﬁ p?éﬂné@\!ﬁ%s% R @l pge&me@fmﬁs deflned
above, ma inistered WO 2007/08339 PCT/lBZOO %3},88 44

dehydrating agent such as polyphosphioric aci

P05 in methanesulphonic acid) at between 50 and 100°C.

Preferred conditions are: 1eq compound (XVIil}, Eaton’s reagent (30g/g) at

80°C, followed by 2eq ketone and heating at 80°C for 1 hour.

Step (c): The cornpound of formula (Via} may be prepared by reaction of a

compound of formula (XIX) with a Lewis acid such as boron tribromide ina

aton's reagerl

suitable solvent such as dichloromethane at room temperature or by reaction
with a strong acid at high temperature, for exampie hydrobromic acid-at
110°C. '

Preferred conditions are: 1eq compound (XX}, 20eq 48% aqueocus hydrogen
bromide, in acetic acid at 110°C for 4 days.

The PDET inhibitors of formula (1) may be usefully combined with another
pharmacologically active compound, or with two or more other
pharmacologically active .compounds, pérticuiar]y in the treatment of pain. For
example, a PDE7 inhibitor of formula (1), or a pharmaceutically acceptable
salt, solvate or prodrug thereof, as ,deﬁned'ébdve, may be af;minis’tered



simultaneously, sequentially or separately in combination with one or
more agents selected from: an opiold analgesic, e.g. morphine, heroin,
hydromorphone, oxymorphone, levorphanol, levallorphan, methadone,
wdnepgridiee, fentanyl, cocaine, codeine, dihydrocodeine, axyoogioneso3iss
hydrocodone, propoxyphene, naltefene, nalorphine,, naloxone,
simoalirexenty, bepuendiciivine; apterglind, cathbjphitienowpentagoeineiaie

nQnsteroi ntiinflammatory drug (NSAID), e.g. aspirin, diclofenac,
age&%mg%%ﬁ%?o%%%e’ fenbufen, fenoprofen, flufenisal, flurbiprofen,
ibuprofen, indomethacin, ketoprofen, ketorolac, meclofenamic acid,

. mef%qan&'g% aid,gﬁgl@éiﬁ@lm,Q@pum%m@,ap%%m,nifﬂ?ﬁkﬂi@%rph@nea
urbipro

nitro en, olsalazine, oxaprozin, phenylbutazone,. piroxicam, .
sulfesuerrBosaindReRiIANSn (P RlkiepRt; FyePdeitraldSRive:
©.0.78mehar il s okhaibital, hiahadutalinbutalytalionephgtiesbtidbne,
metharbital, methohexital, entobarbi@l ﬁ)henobarsitalj SeeCObr%R%%{ome
talbRPREBARE or ﬂ"ﬁg‘ﬁgﬁ%: Ly iR B¥iazepiie MAvihg a sedative”
actipipeegonbitidjazepmtidas] clefbaehite odipeefrrosifiarazepam,
lorazeparfi, oxazeparn, femazepam or. triazalam; (r).a t ist...
Y S e
prordifithsizine, etidoienifantivieor clhiopeyofieine; issiRalve Gusipsien,
glut?ﬁt[]il%%en mﬁ&ﬁ@éﬁﬁ‘é&ﬁf. meihadualong Qodishlorinherazene; tia,

skeletal muscle relaxant, e.g. baclofen, carisoprodoil, chlorzoxazone,,
cyclmﬁﬁﬂaﬁﬁﬁe,ﬁﬁ\@ghﬁﬁ%&%@;oﬁ‘émep@?%'mﬂﬁmgﬁé!ﬁ&
antagaaiflsisotaxremshonahandniozihy dpnenyibhuestbyknorhixaaior
its metabolite dextrorphan ((+)-3-hydroxy-N- methylmorphinan), ketamine,
m'eﬁ&ﬁﬁﬁ@',aﬁﬁ?olﬂamﬂ@ﬁn%’iaﬁﬂ|?18‘,'" Eaggeparac:; |

« 4-(PRospheneARthybd3tRiperdinesarbisxicagCigpinbeiriital, Eabatbital,

(MorphiRexir): 3 Soppinauon fonmtation o MRRSALY pentobarbital,
phenobartital, secobarbital, talbutal, theamylal or thiopental;

a a benzodiazepine having a sedative action, eg. chlordiazepaxide,
clorazepate, diazepam, flurazepam, lorazepam, oOxazepam,
temazepam of friazolam;

» . an Hy antagonist having a sedalive action, e.g. diphenhydramine,
pyritamine, promethazine, chiorpheniramine or chlorcyclizine;

® a ‘sedaﬁve such as glutethimide, meprobamate, methaqualone or
dichloralphenazone;

® a skeleial muscle relaxant, e.g. baclofen, carisoprodol, chiorzoxazone,
cyclobenzaprine, methocarbamol or orphreﬂadiné; '

e an NMDA receptor antagonist, &.g. dexiromethorphan {(+)-3-hydroxy--
N-methylmorphinan) or its metabolite dextrorphan ({(+)-3-hydroxy-h-
methylmorphinan), ketamine, merantine, pyrrologuinciine guinine, cls-
4—(phosphonome’fhyl}~2-piperidEhec_;arhoxyﬁc acid, budipine, EN-3231
(MorphiDex®, a combination formulation of morphine and
dextromethorphan), topiramate, neramexane o perzinfotel including an
'NR2B antagonist, e.g. ifenpradil, traxoprodil or (—}{R)-6-{2-[4-(3-



dextromethorphan), topiramate, neramexane or perzinfotel including an
NR2B antagonist, e.g. ifenprodil, traxoprodil or (-)-(R)-6-{2_[4-(3 WO
2007/063391 PCTI120061003388 45 fiuorophenyl)-4-hydroxy-I-p

wopaidiyik-hydroxyethyl-3,4-dihydro= 2(1 H)-quinolinone pam/ig2606/003388
aipha-adrenergic, e.g. doxazosin#tamsulosin, clonidine, guanfacine,
defiostaiberigipé;mddainhpipatidimio-Sufdimetigls.2-(Bhydtrane- |
sul T@%&%&é—.tetrahydroisoquinol-2-y6)-5-(2-pyridyl) guinazoline; a

" tricyclic ‘antidepressant, e.g. desipramine, imipramine, arntriptyline or ‘
* nomfpipieatieas@iticoaydrmancsny leapdamacpimddiamavgiiasine,

topaimais SRR oAIdfihA RehuIdRimeM <Y ZRarpisL N tipRiaENAN
NK-3, NK-2 or NK-1 antagonist, e

(aF@',@@?ET@@'Bigéﬁﬁumﬁ{ﬁ%gﬁm:&ﬁk&-ﬁwj}yrﬁcﬁw) quinazoline;

e tetralyeai9-snataprsnmeity vaambnting LidlgiamprncinatAsty o8 -
naphthyridine-6-13-dione (TAK-637), 5-[[(2R,3S) 2-[(1R)-1-[3,5- bis
(tril’ﬂ%?y |fvl’ff/i)phenyl]ethoxy-3-(4-f|uoroph¢=,\nyl)-4-morpholinyi]

«  methylhhtehbyvdangHely2 darinzabd:pine, (UG iraprepiieainate or

lane l;tamt dapitant or 3-[(2-methoxy-5-(trifluoromethoxy)phenyl]-

meﬁ'%}i’ ﬁo]-z-phenylpiperidine (2S,3S); a muscarinic antagonist, e.g

s OXyhutycligkitailte (Dt eaprpiverin eatiopsitdyn shidvides,datifehaminik-1
solifepacin, temiverin. | ium,:.a COX-2 tivednhibitar, £.9.
e el R R R e
- lunrietredriroég-metiyl-a anmtedin anyarttiiat kzostithi-gl 1,71

ne iC.Si; r (dol, azine; | 160, AR
Hﬁﬁ}i}ﬁﬁfxﬁffﬁ 35 919BRH ?F)%’é%ﬁg: & .,SQSL‘? A0RMS

perp Ine, thioridazine, mesoridaz trifluoperazine, fluphehazine,

clozigfiréuerameibiiphesyiateny: idr-isrrenbegubrtpneerdaliitole,
arpiRsaRmle, SANRRPGaZAle  DinaansReiePeridonesasyospigRepitant,

lanepitant, dapitant or 3Ji2-methoxy-5-{triflucromethoxy)phenyll-
methylaminol-2-phenylpiperidine (25,3S};

® a muscarinic antagonist, e.g nybufynin, folterodine, propiverine,
tropsium chioride, darifenacin, solifenacin, temiverine and ipratropium;

e a COX-2 selective inhibitor, e.g. celecoxib, rofecoxib, parecoxib,

| valdecoxib, deracoxib, etbricoxib, or lumiracoxib;

® a coaltar analgesic, in particular paracetamot; _

8 a newoleptic such as droperidol, chiorpromazine, haloperidol,
perphenazine, thioridazine, mesoridazine, triflucperazine, fluphenazine,
clozapine, olanzapine, rispetidone, ziprasidone, quetiapine, sertindole,
aripiprazole, sonepiprazole, bionanserin, iloperidone, perospirone,
raclopride, zotepine, bifeprunox, asenapine, lurasidone, amisulpride,
balaperidone, palindore, eplivansern, osanetant, rimonabant,
meclinertant, Miraxion® or sarizotan; C

® a vanilloid receptor agonist (e.g. resinferafoxin} or antagonist (e.g.
capsazepine); | '

® a beta-adrenergic such as propranolol;

® a local anaesthetic such as mexiletine;



raclopride, zotepine, bifeprunox, asenapine, lurasidone, amisulpride,
balaperidone, palindore, eplivanserin, osanetant, rimonabant,
meclinertant, MiraxionO or sarizotan; (r) a vanilloid receptor agonist (e.g.

WOrBSinieIzbxin) or antagonist (e.g. capsazepine); a beta-RfreABHfIE e
as propranolol; (r) a local anaestffetic such as mexiletine; WO
s 20%@&@3@&@@@@@0@%&3&&%%& corticosteroid such as

Xa asone, 6 a 5-HT rece tor nlst ra tagan rtlcularl
® I@#ﬂ &?@t‘. WRAELE e?é%ﬁ%% R angnagh%?ﬁw
: zo@uth;ﬁaremtm;ﬂammmmamm%ﬁ'@a rigban I@ﬂhﬂﬂ?&gm%smwan_
R(a |metho i
® phé ny%‘fﬂfz%? RISt S et v "“SS rrRhe (A ] rq'(ﬂll\a/ltlg 100907);
NG amhé@d%mmamwﬁﬂwngmﬁﬁi@nﬁw#@i734) (E)-

Nq@é@ﬂﬁl (3-pyridinyl)-3-buten-l.-amine (RJR-2403), (R)-5-(2-
azetldlnylmethoxy) -2-chloropyridine (ABT-594) or nicotine; e Tramadol(r);

= (1) & PtiReRsitifieolnio aralpsicdfsen SadSHemFinpipEraI . (EF
Zajpl)yrlmldln L;%[)(lri?e Id%ﬁ%ﬁ?%ﬁn% glgygqlgf E%fﬂ%ﬁfaz-z“
measslgipyim %‘H’ﬁ/ﬁé%@ﬁiﬁ%ﬁ &ﬁgzﬁ%gz@ﬁ LGOSy rido[3,4-

e b]|r1q@[e,éd@,|@one (IC-351 or tadalafll) 2-[2-ethoxy-5-(4-ethyl- piperazin-|

B R L R e

ethy{r@;ﬁ@r@uwl-.@ﬁggemmmm-z-&-ﬁmwr-d BtPyripclbidSreplolhiHn-7-

e I R R R e AR e

5- (meﬂwirﬁp@ﬂmﬂh&;)mﬂdfmvbsw&immﬂi}ﬂazanﬂyﬁﬂlﬂmdﬂﬁ 4
blindole-1,4-dione (IC-351 or tadalafl), 2-[2-ethoxy-5-(4-ethyl-
piperazin-1-yl-1-sulphonyl)-phenyll-8-methyl-7-propyl-3H-imidazo(5, 1-

_ fl[1,2,4}triazin-4-one (vardenafil}, 5-{5-acetyl-2-butoxy-3-pyridinyl)-3-
ethyiwzw('!ﬁethy!-3~azatidinyi)—2,6~dihydm~?H—pyrazmo{4,3~d}pyrimidin—?f
one, 5-(5-acetyl-2-propoxy-3-pyridiny!)-3-ethyl-2-(1-isopropyl-3-
azetidinyl)-2,6-dihydro-7 H-pyrazolof4,3-dlpyrimidin-7-one, 5-[2-ethoxy-

. 5-(4-ethylpiperazin-1-ytsulphonyl)pyridin-3-yi]-3-ethyl-2-{2-
methoxyethy!]-Z,6-dihydroﬂ?H~pyrazolo[4,de]pyrimiciin-ﬁoﬂe, 4-[(3-
chioro-4-methoxybenzyilamino}-2-[(28)-2-(hydroxymethylpyrrolidin-1-
yI1-N-(pyrimidin-2-yimethyl)pyrimidine-5-carboxamide, 3-(1-methyl-7-
oxo-3-propyl-6, 7-dihydro-1H-pyrazolof4,3~-d]pyrimidin-G-yh-N-[2-(1-
methylpyrrofidin-2-yethyll-4-propoxybenzenesulfonamide;

® an alpha-2-delta figand such as gabapentin, pregabalin, 3-
methylgabapentin, (1e,30,50.)(3-amino-methyl-bicyclo[3.2.0lhept-3-yl)-
acetic acid, (38,5R)}-3-aminomethyl-5-methyl-heplanocic acid, (SSEE?R}-_
3-amino-5-methyl-heptancic acid, (38,5F?;}mﬁ-amim-5—methyi~0%:‘tamic

" acid, (2S,48)-4-(3-chlorophenoxy)proline; (28,48)-4-(3-fluorobenzyl)-
proline, [(1R,5R,63}-6-(aminomethyl)bicyclof3.2.0hept-6-yllacetic acid,
3~({1-aminomethyl-cyclohexyimeathyl)-4H-{1 2 4loxadiazol-5-one,  G-{1-



methoxyethyl]-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, 4-t(3-
chloro-4-methoxybenzyi)amino]-2-[(2S)-2-(hydroxymethyl)pyrrol idin-i-
yl]-N-(pyrimidin=2-ylmethyl)pydmidine-5-carboxamide, 3-(1-methyl-7-
WOoRoH8spEpYl-6,7-dihydro-IH-pyrazolo[4,3-d]pyrimidin-5-y| BNE[EERqLe/ 003388
methylpyrrolidin-2-yl)ethyl]-4-profdxybenzenesuifonamide; an

?ig@%@;ﬁﬁﬁ@!l@?nﬁéhﬂﬁﬁmwpmn 3- meth@ggaelﬁp@imm
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20Q% LeREdid\W=8061003388 47 (1
H-tetrazol-5- ylmefhyl) cycloheptyl]-methylamine, (3S,4S)-(1-

*  anfirféBANNSIY-d imethyl-cyclopentyl)-acetic acid, (3S,5R)-

o S-aminBetpi-imetoaiBRge a%e(&&q%myrm@mmm-
ronanoic acid, (3S,5R)-3-amino-5-methyl- octapmc aci (, ? 2}%
. awﬁn%emaiﬁné%w%f&%%%ti%as(éw BR) SR 4TS 00T

wmm@;d fmcmmm@mmm@mm@hmmémww 1
recep antagonist; serot
ser‘i‘?ﬁh%{ég% gﬂgﬁ%xﬁ'ﬁﬁﬁb? atr”h%thy S(Ian & (e kf% %%ﬁo&%ﬂggo%
" noiflesetingifelopeding d &m:ﬂeWametaﬁMﬁ@ﬂﬂms{&mmé&mm@me
C'ta}"!%ﬁura ﬁfl'rtfeé ORIATMRiAROlIte e smetny IGABRERM, eSCHaIoRsamhe,

moxetlrle 'ifoxetine, cyanodothiepin, litoxetine,
dap@%@iﬁf@ﬂ@?@iﬁ@@ﬁéﬁoﬁénclamne and trazodone; (r) a noradrenaline

« (nozepinephrinel ey Piaks SHRIARRIChaS pBRBO MBS PEUBING as
mirtazepine, oxaprotiline, fezolamlne
maprotiine, lofepramine, mirtazepine, oxaprotiline, fezolamine,
tomoxetine,  mianserin,  buproprion, buproprion metabolite
hydroxybuproprion, nomifensine and viloxazine (Vivatan®), especially a
- selective noradrenaline reuptake inhibitor such as reboxetine, in
particular (S,8)-reboxetine; '

® a dual serotonin-noradrenaline reuptake inhibitar, such as venlafaxine,
venlafaxine metabolite  O-desmethylveniafaxine,  clomipramine,
clomipramine  metabolite  desmethylclomipramine,  duloxetine,
milnacipran and imipramine;

s an inducible nitric oxide synthase (iNOS) inhibitor such as S-f2-{(1-
iminoethylyaminolethyll-L-homocysteine, S-[2-[{1-iminoethyl)-
aminolethyl]-4 4-dioxo-L-cysteine, S-[2-{(1-iminoethyl}aminolethyi}-2-
methyi-l-cysteine, (28,5Z)-2-amino-2-methyl-7-[(1-imincethyllaminc)-
H-heptenoic acid, 2-[(1R,38)-3-amino-4~ hydroxy-1-(5-thiazolyl}-
butyllthio}-5-chloro-3-pyridinecarbonitrile; 2-{[{(1 R,SS)»S-aminu-é—
hydroxy~1-~(5-thiazolyl)butyljthio}-4-chlorobenzonitrile, (25,4R)-2-amino-
4-[[2—chIoro—S-(triﬂuoromethyi)phenyi]thio]-ﬁ-‘thiaio&ebutamﬁ,
2-[[(1R,38)-3-amino-4-hydroxy-1-(5-thiazolyl) butyl]thio]-6-



tomoxetine, mianserin, buproprion, buproprion metabolite
hydroxybuproprion, nomifensine and viloxazine (Vivalan(r)), especially a
selective noradrenaline reuptake inhibitor such as reboxetine, in particular
wo@eBPgsboxetine; a dual serotonin-noradrenaline reuptak&gAviRAfGR 84 ER
as ven!lafaxiine, venlafaxine me#bolite 0-desmethylvenlafaxine,

C"qﬂﬁﬁ&@%@- ofipraiRine:skRaRlite-flepredyiciamiptadhineloxy-
duloxetine, milnacipran and | ipramine;, inﬁt@iﬂ?ﬁggi}ric oxide synthase
(No@ﬂh%ﬂ%ﬁ@ﬂ%&”@[ﬁ%%ﬁﬁﬁ?&ﬁﬁ% iho etFﬁyI]-L-homocysteine,
S L. methy s cyateme,
-[2-[(L-iminget nojethyl]-2- methyl-L-cysteine,
(Zé',ﬁg%’idﬂ'gﬁ%m@(?%%%ﬁyl-%[(l-iminoethyi)amino]- 5-heptenoic acid, 2-[[(1
R,38)a3sipiiholihebimemey/ihiBitnisadygs donepezi;
butyl]thio)-5-chloro-3-pyridinecarbesitkle. 2-I(1R3S)3-aminpids. 14 2-
hyai )E?Elg-z@i?hnl(g?o y?) gg%/%%loiiE%%%grggga}l%%ﬁ?%%éﬁfgﬁgr%p{o
4-fezhyhiaodintetioibhetepHemylpdin-tndiiepulizizy imye

R,3S)-3-aMiRQ: aiifiazehld gl 16 o 1
PC%%&%ﬁ%%%@m@%h&ﬂma&ubﬂ]tmqk"r WQ{EOOMLE6I3S

88 48 ﬁgiﬂuorometh %L% dinecarbonitrile, 2-[[(1
R, JugrephmirsvaRKdiveyYIEarBan B Eﬁﬁ%ﬁfg?éﬁl%%%enzonitrile,
hI-Q-%—&ﬁbﬁm%@%zgmﬁwyﬁgﬁengﬁthmmwew&mgkaﬁmdwe, or
guanidinoethyidisulfilde;; an acetylcholinesterase. inhi : o
doﬁ&ﬂ%‘ﬁ%ﬂfﬁ%yéﬁaﬁy@ %%ﬁ%cﬂ%&g%a%%gg '%}%gljg&g%a%é 542
N-[(P2c] 4rtrxg iy S-imethwtiioxyphenyl)-5E- hexenylloxyphenoxyl-
H-imidazo[4, a-clnyridin-L:y! ! ino} .
caL%%? c@% é%@é?rye%%%g%ﬁ%z%?nﬁﬂisy1-({[5-chIor~o-2-(3-
fluarcphpoeyodnysdimiyiiuarey parmitesemyRehilbRradd4 gnetnoxy-
leu %’%@.%e%ﬁg&@g%ﬁéggm%ﬁ%%ﬁémmwmmwz

-7-yl)-cytlopenta

hydroxy-chroma y

ecarboxylic acid (CP-105696), 5-[2-
quinoclone  (ZD-2138), ar 2,3,Emtrimethyi—6—(§—pyn£ﬁmegzyli{,4—

benzoguinone (CV-6504},
e a saodium channel blocker, such as lidocaine;

@ a 5-HT3 antagonist, such as ondansetron;
and the pharmaceutically acceptable salts and solvates thereof.

The ability of the compounds of formuta {1} to inhibit PDETY may be measured

using the following assay protocol.

PDETA and F‘DETE enzymes catalyse the'hydmlysis of 3',5-cyclic adenosine
monophasphate (cAMP) to the 5'adencsine monophosphate, FAMP.Ina
mulfiwell plate, PDE enzyms, [PH}-cAMP and the tested compounds, are
inéuﬁated at room temperature, The incubation is terminated by addition of
“commercially available yitrium silicate scintilation proximity assay (SPA} beads
cortaining zinc sulphate. The yttium silicate beads preferentially bind linear
nucleotides, thus the product of the enzyme reaction, [*H}-5'AMP binds to the
bead to produce a light signal, which is detected by a scintillation counter. The



(2-Carboxyethyl)-3-[6-(4-methoxyphenyl)-5E- hexeny]oxyphenoxy]- valeric
acid (ONO-4057) or DPC-11870, a 5-lipoxygenase inhibitor, such as
zil.euton, 6-[(3-fluoro-5-[4-methoxy- 3,4,5,6-tetrahyd ro- 2H yrans %]5
W(’)ﬁﬁe’ﬁ@a’/}methyl] 1-methyl-2- quigplone (ZD-2138), or CriBicidssss
2,3,54rimethyl-6-(3-pyridylmethyl),1,4- benzoquinone (CV-6504); (r) a
ameaeth:ﬁeigziﬂpnﬁuhﬂedkb!e@lmmagmlﬁretha SNBBtathgeigt, such as
dan a S
formgd %%@%nggg%ﬁ% raeshiabla st andsalate

éreo ds of formula (1) to inhibit PDE7 may
whemmmw sl st TR AR agRignsrolbEdI AP ESEA NG SERPE7 13
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Jihe phaPé e yttrium silicate s preferentially
the bingrlingay mmemmesmmmmﬂammﬁiﬂ%me ieribpniespdned And
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relefivado e magiiansy sod celiamse ieer ekiaiassith the amount of product
formed, and thus the activity of the enzyme. The maximum signal is
obtalned where enzyme and substrate are incubated alone. The
DA HaNhe iR iSoMBeREired from wells either containing no enzyme,
or from WeIIs contalnlng a supra-maximal concentration of a known
PDE7A/B inhibitor. Each purified batch of enzyme is quality controlled
A 1adthilsstogheib afier speeificpetiiromitherinaedeneishews fu ke 1
fore use in compound inhibition studies. The inhibition of the enzyme,
y a test compound, is calculated relative to the maximum and
background responses. Using these data a % inhibition. value is

Calculated Source | Final Stock Soln. |
Reagent . mi{1000mi
: soncentration | concentration

HEPES (buffer) | 8igma | 50mM ! . 50

| MgCla | Sigma | SmM 1 | 5 |
Pluronic® Sigma | 0.025% 5% 15 |
(detergent) k
Millipore® 18mQ | Millipore 940 ,
purified water ' |

Table 1

* The stock buffer was adjusted fo pH 7.4 at room termperature and then filtersd
through a 0.2 pm filter, The stock buffer is stable at 4°C for 1 month from the
date of preparation.

On the day of experiment, Bovine Serum Albumin (BSA, avallable from
Sigma) was added to the required volume of buffer to create a 0.00625 %



relative to the maximum and minimum values obtained. Preparation of
Working Solutions A 1000ml stock of buffer was prepared from the
ingredients shown in Table 1 below: Source Final Stock solrro Reagent
wreel @00l concentration concentration HEPES (buffer) SBigiRtBoniiics
50 MgCI2 Sigma 5mM 1 5 Pluroffic(r) Sigma 0.025% 5% 5 '(detergent)
BSAMHNYS@chS miMilinoseidfuiitipdpuairy 4 atiel Time Biepkdliitnwas
adjusted to pH 7.4 at room temperature and them filtered through a 0.2
as fojivBiter, The stock buffer is stable at 4C for 1 month from the date of
preparation. On the day of experiment, Bovine Serum Albumin (BSA,

available from. to the required volume of buffer to
Prepaiayor of Siog

create a o: ; W3391 vC7411320061003388 so BSA final
_solution. This was achieved by preparing a stock 10% BSA solution as
1 BRUOVSRSDARLIOR 9bRIPRkHA BRA SolulionigiBRfsiwasdissaied in

IOml purified water, mixed by inversion to ensure homogen_eltiy_and
homgrfRisi 200 Fiavefé St LYpHpFRBIHRRFEE RN BT {865 B SA
TheSOHat ERiA stabiemis 20BEOEUPATE ooths Amaliguet of the stock 10 %.

BSA stock solution was removed from storage and allowed to thaw out at

room temperature before being used to create the BSA working solution
An aligshowitie Saldle WOBIGBA stock soiution was removed from storage

and allowed to thaw out at room temperature before being used to creafe the

AW e

BSA working solufion as shown in Table 2 below:

Preparation of 10ml working BSA assay buffer

Final BSA

Reagent Volume L
conceniration

1x Buffer stoek 8.5 mi
10 % BSA stock | 6.25 - 0.00625%

Table 2

Preparation of Standard Compound gnd Controls

The compound of Exaénple 75 of WO 02/074754, §'-carboxypropoxy-&'-
chloro-spircfeyciohexane-1-4'-(3' 4 -dihydro)guinazolin}-2'(1'H}-one
(hereinafter “Compound A") was used as a standard.

AmM stock solution prepared in 100% DMSO can be stored at 4°C. The
volume of DMSCO can be calculated as follows:

Volume-of DMSO (mi) = weight of compound % 280

Molecular weight of compound



Preparation of 10ml working BSA assay buffer Reagent Volume Final BSA
concentration 1 x Buffer stock 9.99 ml 10 % BSA stock 625 | 0.00625%
Table 2 Preparation of Standard Compound and Controls The compound
woabexampie 75 of WO 021074754, 5'-carboxypropoxy-8'- PCT/IB26003388
chloro-spiro[cyclohexane-1-4'_(3'# -dihydro)quinazoliny-2'(1'H-one
(hereinafter "Compound A") was used as a standard. 4mM stock solution

repared in 100% DMS0 can be stored at AC_The valume of DMSO can
The B BIEt GBI AR E00F GIMGD (e BB x 250
achidleleclag weaight/pHompponedMOh2AUP0BREST ReyftBROO6rgBS888 51

_The 30x Max_control is a solytion of 100%'D '1S0. The 30x Min control is
actie B U A GRRI BT COUBARITA fo S0P B 6 DRPan
4.DeeNRY Afel cast ity Sombaf iRm0 saluttomeicompound A can be prepared

by adding 4.982 ml of 100% DM,SO0 to 37.5 | of 4mM Compound A.
Method On the day of assay, the 1K final assay buffer was prepared as
Metigledailed previously and kept on ice until needed. Kinetic Studies For each
new batch of enzyme, the Km was determined, and the amount of
: enzyme required to obtain _1000cpm signal in 45 minutes, whilst
On fenchinioteissath dhith b fipetacaaf tHEscyeso profpe Asdrirdofas
preVisagy e Ideplh H08h:phavabable IH)-cAMP will be hydrolysed during
the course of the assay. Enzyme solution The optimisation of this assay
has been carried out using. cell lysate

Kinetic Studies

For each new batch of enzyme, the K, was determined, and the amount of
enzyme required to abtain ~1000cpm signal in 45 minutes, whilst remaining in
the linear portion of the reaction progress curve, was assessed. deally <10%
of avaiiable PH}-cAMP will be hydrolysed during the course of the assay.

Enzyme solution

The optimisation of this assay has been carried out using cell lysate
containing full length PDETA and PDET7B enzyme. The concentration of the
"~ enzyme in this cell Eysaté sample is unknown, so the specific activity of the
cell EySaté is used as a measure to ensure that the same activity per well is
used despite any haich-to-batch variation of concentration/activity.

Preparation of PRETA/B enzyme

PDE7 stock enzyme was prepared and kept at —20°C in appropriately sized
aliquots to reduce the number of freezefthaw cycles. Table 3 below shows the
volumes required to make 9mi of PDE7A/B enzymie solution. PDE7A is difuted
o 1/8000 and PDETE to 1/10000. ‘



containing full length PDE7A and PDE7B enzyme. The concentration of
the enzyme in this cell lysate sample is unknown, so the specific activity
of the cell lysate is used as a measure to ensure that the same activity
woperwelbis used despite any batch-to-batch variation of PCT/ABIMG/003388
concentrationlactivity. Preparatioff of PDE7A(B enzyme PDE7 stock

enzyme was prepared and kept at -20C in appropriately sized aliquots to
reduce the number of freezelthaw cycles.Table 3 helow. shows-the-

volumes fequired to make SWaloPPBRERA/B é&%@%@fs%ﬂﬁ%‘h. syeallis
diluted tg 1/8000 and PDE Z3dei} HiRAGH. WC BV63391 Dilution
PCT/132(1)0610=_03388 - 52Vol. of PDE7 Vol] of Buffer Overall .stock!
Enzyfiited + BSNH Dilution @?ﬁﬁ% Dilution|solfn (pl[ of Enzyfe stock
PDE7B 1/100 115 495 1:100 dilution of stock 9:40 dilution of| Zhgyae
j 1:4000 abpove solution PDE7A This enzyme jsolution is furthgrgjlted
when all the assay components are dispensed intg the assay plate Is 14
l. enzyme BOEHBM tsmspepsed into a total a%%a\g volume of ,3(%\_/ IE'giving
an oyeral %ﬁé@&?b@@ﬂgﬂe Fiution. 7 1:100 1 95 1:10 dilytion“of stogk

140 dilution of

25 a75 1:4000
above solution

1 PDETA e R - _

- This enzyme solution is further diluted when all the assay r
components are dispensed into the assay plate Le. 14l
enzyme solution is dispensed into a total assay volume of 30ul,
giving an overall 1/8000-enzyme dilution.

PDETE 1:100 5 195 1100
dilufion of stock |
1:50 dilution of 20, 080 15000
! above solution
PDETB

This enzyme sclution is further difuted when all the assay —!_
components are dispensed info the assay plate i.e. 14pl

enzyrrie solution is dispensed into a total assay volume of 30pt,

giving an overall 1/10000-enzyme dilufion.

Table 3
Once the enzyme solution was prepared it was kept on ice pricr to usage.

Preparation of 50 nid Aﬁenns‘me 3. 5 Cvyolic Phosphate (cAMP) Substrate
aolution

The substrate is cm;npasezi of a mixture of uniabelied cAMP and cAMP
radiolabelied with tritium (PHI-cAMP). The specifications of the stock of [°H]-
cAMP will determine the volumes used.



1:50 dilution of 20. 980 1:5000 4 above solution PDE7B This enzyme
solution is. further diluted when all the assay components are dispensed,
into the assay plate is. 941 enzyme solution is dispensed into a total assay
WIS H30C, giving an overall 1.110000-enzyme dilutioh TABI"S Ginee
the enzyme solution was prepared it was kept on ice prior to usage.
Preparation of50 nM Adenosine 3' 5' cyclic Phosphate fcAMP) Substrate

solution The § sed: Iturenof. elladichMEL and
The(?ﬁ\ﬁgr%}g%o%ﬁﬁﬁ%%@%?ﬁ? r%agg‘ I—%ﬁ?Aé]I\?/I’%% ?;ﬁfe%%@gfications of the
1 mGHockeok 26 e inpratas hinetrkd Ve dpedtisd Palgw 2007i063391

["CTPI]S2006f003388 53 The preparation of 9 ml of substrate solution

using a'13H]-cAMP stock 'which is | mCi{mi and 24Cl/mmol (therefore
Kan 1 GBSy REGSHADER HlBR: P FiPtE8nzymes batches to date is as
follows: PDE7A - 2CnM POE7B - 1 OOnM The assay requires 15 pl of

substrate soluticn to be dispeﬁgga?j’.éjpﬁ@%ﬁ. assay volume of 30|, ie a
PRESATUAIRh the assay plate occurs. TheTinal assay jcAMP] of -25nM is
required, so--50nM r ]-cAMP was prepared. 9 ml of substrate solution

was prepared by mixing | d:3.al of -Ch . ilable from.Amgrsham)
R iy e i S
assdgtesminechbgaaking 3 sadipiisnch 16e phdatodeirtitledion.vials. 4ml

e e S R

counter on a
prepared.

9 ml of substrate solution was prepared by mi}ﬁing 10.8 pl of PHI-cAMP
{available from Amersham) with 8875 pi of assay buffer.

The e?cact concentration of cAMP was determined by taking 3 samples of 15
ul into scintillation vials. 4mi Starscint® {a scintiilation cocldail, available from
Perkin Etmer), was then added and the tubes counted on a §-counteron a

dpm program.

The concentration of radicligand is determined by the following equation:

[Radioligand] (M} = DM
(2.22x10") x {specific activity) x {(volume of sample)
{dpm/Ci)  of radicligand _ counted .

{CilMol) ()

The concentration is then divided by 2 to aliow for the %2 dilufion occurring in
the assay plate.



dpm program. The concentration of radioligand is determined by the
following equation: [Radioligand] (M) = QPM (2.22x1 Q12) x (specific
activity) x (volume of sample) (dpm/Ci) of radioligand counted (CilMol)
wo(tpTiesoncentration is then divided by 2 to allow for the BOTd#dfienpoisss
occurring in the assay plate. WG*007/063391 PCTIIB20061003388 -54
PredalSRBRANI0N #LGENSIM it ibeRiecPRE, oA beads
eads (Yttrium Silicate) are available from
Amersham. Following the manufacturer's recommendations the veal of
Phofeasdfouas ecopgitdedsustgudd Biidistletondsiabisddwater (-20
mg/ml). the reconstituted beads are stable for 1 month when stored at
Amef% . To prepare the beads for the assay, the reconstituted beads were
diluted 3-fold in sterile double distilled water (--6.6 mg(ml). The beads can
: I : C t ' 2] ' [ iRg«30 | of the
o e B e o e
recopstitdrttatirocitodinen delvpsemaatrticrl dRe MackBRound” wells
mcdﬂ@ﬁ&afﬁé%ﬁ@g%ﬁr&iﬁgi%‘ﬁg g;f %md f ?ﬁﬁé@gm hyeldie) 'ﬂﬂcﬂfel‘;ﬁlléﬁréo
compound to be diluted by 29 id o er assay C, ents, (. . -
the PRI PN TORL N AL e B SR L BB Pt 8t 10
doulsMdisileo mamnidfiusigheint B0Obddde the sty cond=additiostatdie. 4
. mM stocks of und are supplied in 100% DMSO (or are made up @
ST Ao 0B QOB ( S

! m|55|%hs). This requires 1/13.33 dilution in bMSO
to be'made. Assay Praqtocol Il test compound was transferred into a

30 ;ﬁ %‘%%Rke ~rg%t%%|f%sesa:a&é %kaet%dded to the 30 ul assay, giving a final

bead concentration of ~0.2 mghwell.

Compound dilutions and “background” wells were made 30 stronger than
required in the assay plate to aliow for 1 ul compound to be diluted by 29 pl of
other assay components (14 ul enzyme and 15 pl rgdimti«gamd}. Thus for a final
assay concentration of 10 uM, the compound must be at 300 pM in the
compound addition plate. 4 mM stocks of compound are supplied in 100%
DMSGC .(or are made up @ 4mM from powder subrnissions). This requires
1/43.33 dilution in DMSO to be made. |

Assay Protocol

1l test compound was transferred into a suitable multi-well assay plate

immediately prior to reagent assay addition;, 14 ul enzyme solution was then
' added to the assay plate, followed by 15 pl substrate solution (je: final assay

volume 30 ul, with a final screening compound concentration of 1 ub). The

plate was then sealed using a plate sealer and incubated at room temperature
~ for 45 min on the plate shaker.



immediately prior to reagent assay addition; 14 | enzyme solution was
then added to the assay plate, followed by 15 pd substrate solution (is:
final assay volume 30 I, with a final screening compound concentration of
w0 tnkdd)sdihe plate was then sealed using a plate sealer dritFifcubetetidt
room temperature for 45 min on¥he plate shaker. WO 20071063391

30 Wf{EHRZSNRIA0RER SpRDAL IR RICAIRED AR ReAdmtrere

ensuring constant stirring of the beads to give even

sﬁmn@s@ﬁlﬁw@@aﬁﬁlﬁéﬁ%wméfm@!@h%*ﬁ%@W@@?ﬁeM%%e
then%%%@d%‘&d@%@%@dséé QoRdeRnssatarafRsoRPmIRgAaithe Rlate shaker.
he beads werée then allowed to settle for BOmlns (?eforgj gmmng the
ﬁﬂmmm@%iﬁw PlalR 8b2itig IR esTdR R MR PURAIR RN
somiAslioaesivespanial ther @xrmple 1MiTaTePpGgunt Tm (available from
Perkin Elmer) using the relevant protocol (30 second read time per well).
The data was fitted to a sigmoid curve using a least squares algorithm.
The ﬁlmﬁ@a&mtbemwmmmmwwww&wmmmm Erengrmlissof
N)ﬂegﬁ%) Ouﬁ]n %a; QH%‘H—BH@%@H& 1 BihERSERE HiD Myt the

S o xamp es 1-7 was tested "according to the above protocol.
{30 %@Kﬁi veddeirobianalire shown in Table 4 below: Example No K,

PDE7A Kr Ph3E7 . (nM) (nNIl) 11.94.6 23.113.4 315.6 108 411.6
144 5276 1420
The data was fitted 1o a sigmoid curve using & least squares ahgnnﬁam

The ICsg value was converted to a ¥; value using the Cheng-Prussof equation:

1Csg
Ki:

1 +_[radioligand}
K

The PDE7 inhibitory activity of the compounds of Examples 1-7 was tested
.according to the above protocol. The K values obtained are shown in Table 4
below:

I Example No | ¥;PDETA ¥; PDETE
{ni) (it}
’ i 18 45

7] X 134

3 15.8 108

4 11.6 144

5 276 1420

) NT 17.6

7 19.8 140
Table 4

NT = Mot tested



6 NT 17.6 7 198 140 Table 4 NT = Not tested WO 2007/063391
PCTIIB2006/1033'89 56 Human Heoatocyte Data Summary The human
hepatic metabolic stability of the compounds of Examples 1-7 of the
wopmesesizapplication were assessed in the model describe@ BBl ETFHE 85
compound of Example 75 of WO $#21074754, 5'-carboxypropoxy8-chloro-
HursRi elsysiaheranetd-dnndrdihydro)quinazolin]-2'(1'H)-one (hereinafter
TCompound A™), which is believed to represent the closest state of the art,
was used as a comparison. Method Hepatocytes are used as an in vitro
Theslystesn themaitondtepalic steiaibolisithasoingsaimiacifcElsraplmin-albthe
... hepatic, enzymes found.in vivo. ingludi h I nes, N a :
ahe'g);; Sehrof é‘}f Eﬁg%ﬁﬁgge%s?gsfsﬁsﬁ Q%e%gg&o@%%gggngaﬁhojﬁne
corgidagesi(Famspard pbb 0 SRIVMES4 sutrcathoxypropory-8'-chlore-

spfrﬁ[&%?@ﬂé%&é{ﬁé‘wI@Qﬁfﬁ@:ﬁﬁf?@ﬂgﬁw&%ﬂ?ﬁ@{?%%a%fyopfe%ﬁ@#@ﬁ‘nﬁﬁ%ﬁa“

. _hepatocytes are prepared ffom 5 donors and suspended in Williams' E
Compemad 202-nykirsxyeirgliRiegijerempesth hr dnsrit sak REbe Silis
waPasiad 49 8 cinalspnaentration of 50 mM and pH is adjusted to 7.4. Test
substrates are dissolved in DMSO are added to the hepatocytes to give a
substrate concentration of 1 tiM, with a final DIVISO concentration in the
Meihsgibation below 0.1 %. The experiments are performed in 96 or 384 well
plates at 37'C, with a hepatocyte density of 0.5 million viable ce[ls/mL,.
Sampling times of 10, 20, 30, 60, 90, and 120 minutes are used and
Hepatatyliealaqeartidtamas by wibo-syszm3o Thenitrimstiodisdrnateleoclism as
thelBPREENDIFLAUGHIAIRLMSIRG S IENUIB: Bt ARRIi SIARS #mdihg
cellsfmL] 1000 pLfmL = pLfrnin/M cells. The human hepatic metabolic
phasRiliefaMRScHEBUARISCHOHEGREs &S0 oxidases (CYPs), aldehyde

" oxidases and monoamine oxidases (MAOs), and phase Il enzymes, such as

UDP’-glucuronyitransferasﬁs and sulfotransferases. Cryopreserved human
hepatocytes are prepared from § donors and suspended in Willlams' E media.
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) is added fo a
final concentration of 50 mM and pH is adjusted to 7.4. Test substrates are
dissclved in DMSQ are added to the hepatocytes fo ‘gﬁve a substrate
concentration of 1phM, with a final DMSO concentration in the incubation
helow 0.1%. The experiments are performed in 98 or 384 well plates at 37°C,
with a hepatocyte density of 0.5 million viable celils/mb. Sampling times of 10,
20, 30, 80, 90, and 120 minutes are used and analytical guantitation Is by LG-
MS/MS. The intrinsic clearance (apparent) is calculated using the formula:
Clint, app = [-slope { 0.5 M csllsiml] » 1000 pl/mb = uLimin/d cells.

The human hepatic metabolic siability of the compounds of the present
invention was tested according to the above protocol. The intrinsic clearance
values obtained are shown in Table 5 below:



invention was tested according to the above protocol. The intrinsic
clearance values obtained are shown in Table 5 below: WO 20 )7/063391
PCTf1322006,'003388 57 Carrlpound = Human Hepatocytes CLint
WOPMHIMM cells) Compound A 25 Example 1 <5 Examplé 5 E3MERAH e
. 3<5 Example 4 <5 Example 5 =5 Example 6 <5 Example 7 <5 Table 5
The data presented in. Table 5 above shows a clear differentiation, with

respeetto :ntr'mm atic-etabeolic-sta tween;the unds of
T B RREETIA] e A Thar, G e e, |
Compapishd\Alt is therefore likely, bas@%on the above data, that the »

redyced-hepatic-elearance-ef-the COMPOLNES BT X&MPIES =r-ofithe
pY egéﬁi’BB i@ation will result in the compounds exhibiting improved
halfﬁfﬁmﬂaﬁnans compared with Com@ound A. Rat IV
Phragmacokin tigs Summary The pildllllH%dLUKlllBlbb plupenleb of the
cor?t%)ééfmas of Examples 1 and 2 were tested in_the rat model described
belowxart@admpound of Example 75 of<¥V0 021074754,
. O'Fcg )'%) u&y-8'-oiiiUiu-bpiiU[CyCiOQ@(ane-l-L‘i“-(d v
dihv% )guiénazolln] 2'(1'H)-one (hereinafter "Compound A"), which is
belleﬁmﬂﬁb@r@pnment the closest state 6ﬁthe art, was used as a

rvaraad

ale rats
mgfkg

(0. 08mgfkg for the

Table 5

The data presented in Table 5 above shows a clear differentiation, with
. respect o intrinsic hepatic metabolic stability, between the compounds of
Examples 1-7 of the present application and the closest prior art, Compound
A. It is therefore likely, based on the above data, that the reduced hepatic
clearance of the compounds of Examples 1-7 of the present application will-
result in the compounds exhibiting improved halfdife in humans, compared

with Compound A,

Rat IV Pharmacokinetics Summary

The ;ohatmaookthetic properties of the compounds of Examples 1 and 2 were
tested in the rat model described below. The compound of Example 75 of
WO 02/074754, 5-carboxypropoxy-8'-chloro-spiro[cyclohexane-1-4'-(3' 4"
dihydroquinazolin]-2'(1 'H.}~oee {hereinafter “Compound A"), which is believed
to represent the closest state of the art, was used as a comparison.

Method

The test compounds were administered fo male rats (each rat receiving one
compound), via the tail vein, at a dose of 1mghkg (0.08mg/kg for the



WO 2007/063391 58 PNTN02006/003388 compound of Example 1).
Blood samples were withdrawn from the rats via a surgically implanted
jugular vein cannula at predetermined time-points after administration,
woPReheeRlrifuged to produce plasma. Plasma samples Wer@‘fﬁﬁﬁwg‘@ﬁ)?ﬁﬁga
specific LC-MSIMS assay for the Huantification of drug in plasma. The
- resulti | cenisatanim! MESANEErinterfagatid: rating
Gawgﬁ%%qr%fp%%tan@&%m%agcokine'tfg' f g{Ial sis jn order d?c?ﬂ d 5%@%
surglisiysitunesteh dHaadan i FRRE ?e%ﬁ’%é%lﬁ%ﬂ/%s %L}l%) equently

ad.ngg%@ré‘?ﬁéﬂ;ﬁn}ﬁiec@@tﬂ@@mﬁttﬁnpmwm@irpﬁmh&;gti?‘i_gﬁﬁﬁ%_?é@ﬁﬁgc%'
w. The mean, dose sed, pha Beuo i
anebsmotice S i NI S S dpratse of o i

as that of Compound A,
pladaligwimad. mglindn pasenmus aakmirideadion a AIBRSWIE rR5ied

andin IFigure 1_Example ) Examnle 2CamRguRiA ofldmiiminde)tas
ug'*@ﬁﬁﬁﬂﬁ%ﬂ?@f‘é‘%é lu(mllminikg,) 27 70 156, Vd mimging%ﬁeg,{ 7
theOusTHERiGTOOF adh<cpanmewith TR ESHIE IR 55380 sar
s PE Ghisdhe bciRaignaeEr disskwbelfitsicydrvitae woluisecsbed
Istribution In rat; fup is the fraction unbound in rat plasma; and Clu is the
belawbound rat plasma clearance, where Cl, = CI F fup. WO:2007/063391
PCT/1B2006/003385 59 Estimate of Human Pharmacokinetics Based on
Th;h?ngggy%ggg rrr&rc]s?agnoal?zlg & I_.Ci;}ﬂg}s%:'ar&%nﬁué@& %’i’ﬂé%lyeb ‘{H%aﬂomgmugds of
Examples 1 and 2, as well as that of Compound A, following tmglkg

intravenous administration are shown in Table 6 below and in Figure 1.

b Example 1 Example 2 | Compound A |
Cl (mi/mindkg) 1.9 0.7 : T
fup 0.7 S04 0.045
. milmin/ka) 57 70 %6 |
Varnliminikg) 06 o7 | oA
L’E_1 12 {hours} 4 | 11 <1 }
Table 6

in Table 6, the foliowing ahbreviations are used:

Cl is the raf clearance;

T is the half-life;

v, is the volume of distribution in rat;

fup is the fraction unbound in rat plasma; and

Cl, is the unbound rat plasma clearance, whera Cly = Cl/ fup.



pharmacokinetics, of the compounds of Examples 1 and 2, and that of
Compound A, can be estimated as follows. # Scaling the unbound rat
plasma clearance (Cit, .at) observed following intravenous administration
wotoiestisseEte an unbound human plasma clearance (Clu nR{lIESHIGMESS
following relationship: Cl, man = ¢fu rat * (BWman | B'Wrat}0.75 where
EstRWeanfBXPharmteiaretiage body weights of man-(70kg) and rat
0.25kg) respectively, and units of clearance are in mlimin. 0 Converting
Cl, man to estimate total blood clearance in man (Ciman) Ciman = ((Clu
. Basedmnyrt finel bBoRewheserfigldribiicirdetfrdotidheofrahbdimditehy p1a8ma
preARABIE e BlogeL, 'BRIFRPRJER TIMAABLIP0HN AN BRAMRR olf
uman hali-life is presented for each compound,. derived using the
Corrglorion snipaT b 2s{imated gaifalerinere Til2 is the estimated. human
half-life in hours, Vd is the volume of distribution in man (assumed to be

0.2L/kg, due to the physicochecmistryr of this series) and Cl is the human
¢ cleaPaAbag BRI G hSEsTiAE fﬁﬂﬁ%ﬁ%ﬁa&ﬁmﬁ&f@@ﬁ%n

w3l o St AN 2o
Xampile £ Lo oun u rt ml minikg . up 4. . .
(CEWMWHW;@E%’M%Q”S’%Q' iii 1,E:P 0.6 0.7 Estimated T112

(hours) 3{10 1~ Table 7 The data presented in Tables 6 and 7 above

show a cleardifferentiations.with respect to both the observed
Cly Bﬁhrrf%‘b%ﬁ(irggtﬁgﬁrh?tﬁe r‘?’g and the predicted

where BWan & BW. are the average body weights of man (70kg) and rat
(0.25kg) respectively, and units of clearance are in mifmin,

e Converting Cly man to estimate total blood clearance in man {Clmany:
Climan = [{Chi man) * Tup} / B:P

where T, is the free fraction of unbound drug in plasma and B:P is the blood
io plasma ratio in human blood.

@ An estimate of human halflife is presented for each compound,.
derived using the relationship:

T I0(2) * Vil / CI
where T is the estimated. human half-life in hours, Vy is the volume of

distribution in man (assumed fo be 0.2L/kg, dus to the physicochemistry of
this series) and Cl is the human clearance.

A summary of the estimated human pharmacokinetics is given in Table 7
below. '



human pharmacokinetics, between the compound of .Example 2 of the
present application when compared with the closest prior art Compound
A. This is manifested in the projected human half-life which is estimated
woastk@daewrs for the compound of Example 2, compared \RiER @onipotaies A
which is likely to offer a half-life if®man of approximately 1 hour. It is

therefore likely, based on the above data, that the pharmacokinetics of
the compound of Example 2 of the present application will-be

commensurate with oncgjﬁ'ﬁﬁ@e@de{nmgﬁﬂ%ﬁhe%ﬁmﬁ%ﬁi A
: e conggound of Exarpple | ofithe pra%ﬂ

Mith thwica or th oing.

> ll“\-l" LIIII uul_y U
'Fﬂi’s represents a signi icant’: { provément‘jo g’r the iclosest prior art |, -
mgmun%nw@gph due to Wg.short half-lifg.g unlikely to b‘e%unable for

milna TH UHWIT S £ h AR £.£
administration-in-a-similarmanger rijE-actyity- ora-¢ompo ¢-of-ferinula

ﬁgccordlng to the present invéntion In_the treatment of netifopathid pain
rﬁayrheimeaﬁylibdmsmrding td the foilowind] Qest protocol. Animals: Male
Sprague Dawley rats \évmagc wetght-566g)arehousedinm—groupsof 12.
All animals are kept under a 12h fight/dark cycle (lights on at 07h 00min)
with food and water ad libitum. 7a&periments are carried out by WO
20071063391 PCTr 20061003388 61 an observer blind to the treatments
and in accordance with the Home Office Animals, (Scientific Procedures)

Thepgeteopmseriemie dasadigndhirbrrasienw ﬁ&l?éif‘o# RElRObER ;‘5%‘?.
respé& &Chefsariismamed aﬁeﬁfﬁm@mm‘p@em@yrdem&m(&m icted

B dY.K. X P 87-1'.07
A AP P SR e
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It is therefore likely, based on the above data, that the pharmacokinetics of
the compound of Example 2 of the present application wili be commensurate
with once or twice daily dosing in the dlinic. The pharmacckinetics of the
compound of Example 1 of the present application may be commensurate
with twice or three times daily dosing. This represents a significant
improverent over the closest prior art Compound A, which due to its shiort

half-life is unlikely to be suifable for administration in a similar manner.

The activity of a compound of formula ([} according to the present invention in
the freatment of neuropathic pain may be measured according fo the following
test protocol.

Animals: Male Sprague Dawley rats (average weight 500g) are housed in
groups of 12. All animals are kept under a 12h fight/dark cycle {lights on at
07h 00min) with food and water ad libitum. All experiments are carried out by



biceps. femoris. About. 7mm of nerve is freed proximal to the sciatic
trifurcation, by inserting forceps under the nerve and the nerve gently lifted
out of the thigh. Suture is pulled under the nerve using forceps and tied in
woeeesimpiesknot until slight resistance is felt and then double&nesus
procedure is repeated until 4 ligatékes (4-0 silk) are tied loosely around the

an SIRRYRAYIKIARRIOKA PELEABAIRGNTHE IB6iRIRTkiScE Aad tRdayenscanmte

.wound t,rea ted with topical antibiotics. Streptozoein (STZ)-induced
Aﬂ*@%ﬁéﬁé’éﬁ% FomiFRF ai%ﬁ %?gﬁetes is induced by a single

mtraperltoneal |nject|on of streptozotocm (50mg/kg) freshly dissolved in
0.9% . . ‘ g[ reproducible

@—mmé'%ﬁ% feast 7 weeks (S.R.

Chen and H,L. Pan. J. Neurophysffo[ (2002) 87, 2726- 2733).
The SB§SFReRkel fAlC Aandrhmamic Allodvinspiadicsadindynia Aripaleare

habituated to wire bottom test cages prior to the assessment of aIIod nia.
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isoftRPAALBB3 kA . rﬁs@@é&@ﬂﬁ%&% RlstRiosdinad \MeaHadlevilhingls,
USA) In ascendin n%&qrder of force (0.6, 1, 1.44, 2, 4,6, 8, 10, 15 and 26

lodigrards)ifeARc 3 RIRATS FARREESTAtinPpaWAC TAEH GHRIG- RR L IS8 p PR d

durmheo@%f@f@emﬁwm @r@é@&%@dﬁ n@iiHRiihad Withepwatsespense

ithdrawal t n Fre; tablish d th
oG B B sl AR I it DAL 6Pt GFOliEdl o

sciatithdnawdd, ar:mbsebﬁqbenﬂ;dmmmﬁhéeeﬁm@mmgﬂmmﬂmmim&mngmg
oicBCERAEr Rl SR oo id.d e diher! [ gl el

€ paw as well"as elici INg a response, thusre esentlng t e out
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of HOHHCTAOIGRSAWIREdORIRE AHESRIVSCUSIHECRHIHRDESBAMied in a

withdrawal threshold (PWT) in grams, Static allodynia is defined as
simplaskRetr HRfhalight resistance is felt and then "double knotled. The
procaedure is repeated until 4 ligatures (4-0 silk) are tied lcosely around the
nerve with approx 1mm spacing. The incision is closed in layers and the

wound treated with topical antibiotics.

Strentozocin {(STZ-induced diabetes neuropathy in the.rat

Diabetes is induced by a single infraperitoneal injection of sireptozotocin
(50mglkg) freshly dissolved in 0.9% sterile saline. Streplozotocin infection
induces a reproducible mechanical allodynia within 3 weeks, lasting for at
least 7 weeks (S.R. Chen and H.L. Pan. J. Neuraphysiol. (2002), 87, 2726~
2733).

Assessrment of static and dynamic altodynia

Static allodynia
Animals are habituated to wire bottom test cages prior fo the assessment of
allodynia. Static allodynia is evaluated by application of von Frey hairs



responded to a stimulus of, or less than, 4g, which is innocuous in naive
rats (M.J. Field et al. Pain (1999), 83, 303_11). Dynamic allodynia
Dynamic allodynia is assessed by lightly stroking the plantar surface of the
wohimg pasaswith a cotton bud. TO avoid recording general mboy sty 38s
care is taken to perform this proc&dure in fully habituated rats that were
{StastiraptéoadtDatesiiine!sn Sty brasnend e adarafdame the. pointtide

4, gnganofmhichy represertstthe PN iR dinveidaieRf(BYWs). HbBB von

reaction is exhibited within 15 sec the procedure is terminated and
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e given in parts per million (ppm) downfield from
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br, broad. The mass s ectra (nitz were WO 200%% 3391r
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abbrevjations ha n r co Ivents CD
resegﬁg&% Rigr3ke? u?dg {ﬁéﬁagéu“éﬂ ?Slﬂ %oSﬁdneméenglm
M1.Criyetsd Xt REyBIHf{AEHEH E&p‘ﬁ?ﬂn’é?ﬁal The crystal structure of the acetic
acid solvate of the compound of Example 2 was determined by Single

Crystal X-Ray diffraction at room temperature using a Bruker SMART
Dypplx dfpigtsigrystal X-Ray diffractometerand Mo Ka radiation. Intensities

DyMESHC RS BSRGSMART Ry foRNQY @Rdplantar surface of the
hind paw with a cotton bud. To avoid recording general motor activity, care is
taken to perform this procedure in fully habituated rats that were not active. At
least two measuremenis are faken at each time point, the mteam of which
represents the paw withdrawal latency (PWL). If no reaction is exhibited within
15 sec the procedure is terminated and animals are assigned this withdrawal
time. A pain withdrawal response is often accompanied with repeated
flinching or licking of the paw. Dynamic allodynia is considered to be pre!sen:t if
animals réspami o the cotton stimulus within 8 seconds of commencing
sfroking (Field et af, 1899, above).

Examples

"H Nuclear magnetic resonahce {NMR) spectra were in all cases consistent
with the proposed structures. Characteristic chemical shifts (8) are given in
patts per million (ppm) downfield fram tetrarethylsilane using conventional
abbreviations for designation of major peaks: e.g. s, singlet; d, doublet; t,
triplet; g, quartet; m, multiplet; br, broad. The mass spectra (m/z) were



SAINT v6.02 (integration) software (Bruker AXS Inc., Madison, Wisconsin,
USA, 1994) from several series of exposures where each exposure
covered 6.30 in o, with an exposure time of 60 s and the total data set
wowasmeere than a hemisphere. Data were corrected for alssarptnsHeiigs
the multiscans method (SADABS; Program for scaling and correction of

| recc%@% RIRCIOEEAUR. ofacibophBiditieddbiyausity of Geffingemikbéphased

on the method of R. H. Blessing, Acte Cryst. 19@5, Abl, 33%% Tge
PresyR ARG ORES LB ity B6ELPH) I BEP LIRS g Boer
use®HEX SeBurtRooraniianerysizibsin) ctutesetotibiorGoivh; Shgidibks O,
University, of %g tingen, Germany, 1997, release 97-2) in Space Group
he"‘@ﬁ@"%&%@i‘ E%\?ﬁﬁéﬂ ethod of least-squares using SHELXL-97
(Program for crystal structure refinement. G. M. Sheidrick, University of
Gottingen, Germany, 1997, release 97-2). The crystal structure

Singtsrireratavpftve fifearive SeeriasiEéence of a molecule of the

TheSOPRLAd el Ry ample Z-anrdaidreleaepiircetimpeithwithindeple 2
~_asymmetric unit. Hence this structure. can be t rimgd ? 1:1 ac?tlceacspd
was BRI BIRR D ESEIR RSP Y RIS FTeE R ARG Br RS e iy
B e o s fsce Tablo 8 holow)
rystal Structure angles and relativ 1Sitle, e 3 helow
S e G A i
sABIthe confpesta fnNVE 087 (T8I0 RITiA BI0a0EL6 0/8iS88 564
X e.2 using the "Refle r Dj N .me ‘ lrys.MS
USR] BB 3 e B s cach e eBafel
0.3Wave|edigion 546614 (G KEGPolanis o fotz cleteseizvrssnam Yt
Prafile (U =.0.01, V = -0. = : s
a ISR Pa e el o EEAbIol Sl e aReshs
metudiSdir&ES: Rivpien fonheesling aedveraoinmdiage esiser$dieure.
&, fr CemBatison B meaEashand, cajslaiagdRplietns inshoaaim. H.

Biessing, Acta Cryst. 1995, AB1, 33-38).

The crysték structure was successfully solved by direct methods using
SHELXS-97, (Program for crystal structure solution. G. M. Sheldrick,
University of Gﬁtﬁngaﬂ, Germany, 1997, release 97-2) in Space Group G2/
and refined by the method of least-squares using SHELXLE-87 (Program for
crystal structure refinement. G. M. Sheldrick, University of Gottingen,
Germany, 1997, release 97-2). The crystal structure refinement procadure
revealed the presence of a molecule of the compound of Example 2 and a
molecule of acetic acid within the asymmetric unit. Hence this structure can
be termed a 1:1 acetic acid solvate of the compound of Exam:pleli.

Cafcuia;ﬁm of the Powder X-Ray Diffraction Patfern from the Example 2, step
(b} [Acetic Acid Solvate} Crystal Structure '
26 angles and relative intensities (see Table 8 below) were calculated from

the single crystal structure of the acetic acid solvate of the compound of



Figure 2 and demonstrates that the bulk is represented by the single

crystal'. structure. Slight discrepancies between peak intensities can be

attributed to preferred orientation effects is the measured pattern. Powder
wisRayBfraction The powder X-ray diffraction pattern forRi&ERISHNaTaRS

crystalline form of the compoundi¥of Example 2 (Form A) was determined
: E}{amﬂ@m@mbehé\%}éﬁmt@ﬂMpmﬁﬂaﬂmamdmmtﬂmewﬁrﬂﬁéﬂsmth an

¢ samp thet theta orilo eter automatic beam
MQ%L@ ‘é%r%ﬁ @1%%%%@%%@0 EN Eﬁ%gaor e s%k;%ple was prepared
for anaIyS|s by initially doping with silicon, in order to measure accurate

Wapqghgﬁgs'tl?gaﬁ%ng Jbsequently mounted on a low background
|co wafer specimen mount. The specimen was rotated whilst being

Polifiagiisred amthrcopger K-alpha X-rays (wavelength = 1.5406 Angstroms)
Psalith the gt mayrule epgwied al.4QofI30mA.dire analyses were

performed with the goniometer running in continuous mode set for a 0.2
second count per 0.018 step over a two theta range of 200 to 55. The

'fhe“@é@m@tiqmﬁém mm@@mnﬁgfi@ﬁaﬁ@m@m piESweretismibllected,
I %f e same rs OT@ I%s dlffr eter é) t a,twhl%sseiﬂs,fzfgu esyere
se ?uCW?f'Ifi’ Ohet &DHE ray Fraction pattgrns ere

struzﬁumdéd:ﬁmpamphas&f lﬁheunwﬁmiha‘ml sﬂiwh%&feﬁtmI&W@ﬁmxs

Eighid 8 49y ﬁﬂ%’gs% @%a&%@ %lﬁ%‘i%%%&g.fé&eﬂfm@ Ganeldnisiar

optics, a sin ample stage an

stm@:&a@é@@b@gwmamﬁ%ﬁ@ﬁwmm s b, agiigstmen
premma%%ﬂaw&rga%% ﬁi@ﬁmwavelength 1.5406 A) with

the X-ray be operated at 40kV140mA. The analyses were performed with
the goniometer running inr continuous scan mode set for a 0.2 second.
Pof@uPipRED D¥Hsiep over a range of 3 to 35 28. Differential Scanning

' Th%%%{é%ﬂ%fégr%%? %%5 ;5% %ﬁ% Sﬁ‘ﬁé‘ thanSvc: %ea{% %%éﬂ%éééﬁ%} E‘} er
compound of Example 2 (Form A) was determined using a Bruker-AXS Lid.
D4 powder X-ray diffractometer fitted with an automatic sample changer, a
thetatheta goniometer, automatic beam divergence slit, and a PSD Vantac-1
detector. The sample was prepared for anatysis by ‘fnfﬁaiw doping with silicon,
in order to measure accurate peak positions, and was subsequenily mounted
on a low background sificon wafer specimen mount. The specimen was
rotated whilst being irradiated with copper K-alpha, X-rays (wavelength =
1.5406 Angstroms) with the X-ray ube operated at 40KV/30mA, The

analyses were performed with the goniometer running in cortinuous mode set
for a 0.2 second count per 0.018° step over a two theta range of 2° fo 55°.
The PXRD patterns for the vacuum dried solvate samples were also collected:
using the same parameters on this diffractometer, but these samples were not
daped with silicon. '

All other powder X-ray diffraction pattemns were recorded for samples
mounted on a flat silicon wafer, using a Bruker AXS Lid. D8 Advance powder
X-ray diffractometer fitted with Gobel mirror optics, a single sample stage and



Scanning Calorimeter. The sample was heated at 20CIminute, from
ambient to 300C, in a 50pi vented aluminium ,pan. Flow gas was nitrogen
at 40 mlimin. Themogravimefric Analysis (TGA) TGA measurements of
wothe selyates were made using TA. Instruments TGA2950PHERE§06/003388
Thermogravimetric Analyser usinéfnitrogen purge gas at a rate of 75
a pEMSAEnERTE aBRicRk T EB) dgawwaﬁ@ﬂﬁﬁnmmatmr&cﬁammmoq ata

h f20C Th
conREh RPN KR D S0 Ll 1ICio o
at mkﬂﬂmme 'Biatibwsroers] mfmmegﬂomﬂemmwmiﬁamﬁmsm
condQNIQUANREAOLY ey ?;m‘% 2 00N (k8 d3igH tg-oselution of the

eparatl 0Omg, 0.14mmoi) in 99.25: 0.75 acetonitrile:
Taﬂgﬁatﬁﬁf(z'ﬂﬂ§ Wi added a solution of periodic acid (82mg, 0.359mmol)

and chromium (V1) oxide (1.6mg, 0.016mmol) in 99.25: 0.75 acetonitrile:

Wateré m)), maintaining thecg action temperature below. 5C. The WO
DifferspBaaas 9CmirssE 08 66 reaction mixture was stirred at

DSTaaBEniRmPesAtdedes ABdwushglh PeddctifimenRiareand Dfitteratiahd the
oA o el i A e R AN RS ROl

e reS| ue” was dried in vacuo to

to 39@16:tmauﬂammpmmaawm@@dﬁwwaﬁ@Wﬁ%a‘f&%%)

ml/min.

Themogravimelric Analysis (TGA)

TGA measurements of the salvates were made using TA Instruments
TGA2950 Hi-Res Thermogravimetric Analyser using nitrogen purge gas at a
rate of 75 cm®/min from ambient to the desolvation temparatu re (150°C -
180°C) at a heating rate of 20°C/min. The sample was then cooled to room
temperature for subsequent PXRD analysis.

Example 1

Cis-3-1(8'-chiorg-2'-ox0-2.3'-dihydro-1"H-spiroicyclohexane-1.4-quinazolin}-5'-
viloxyloyclobutanecarboxvlic acid

To a solution of the alcohol of Preparatioh 8 (50mg, 0.14mmol} in 88.25: 0.75
acetonitrile: water (2mi) was added a solution of perodic scid {8Zmg,
0.359mmol) and chromium (V1) oxide (1.6mg, 0.016mmel} in 99.25: 0.75
acetonitrile: water (2ml), mainiaining the reaction temperature below 5°C. The



'H-NMR (400MHz, Ds-DM'SO): 81.17 (m, 1H), 1.40-11.65 (m, 5H), 1.79
(m, 2H), 2.16 (m, 2H), 2.48 (m, 2H), 2.72 (m, 3H), 4.64 (m, 1 H), 6.43 (d,
1H), 70 (s,1H),7.21(d, 1 H),7.90 (s, 1 H), 12.26 (bs, 1 H). LRMS mtz

WO(MPORIIBE5[NA+H]+, 406[M+CH3CN+H]+ Example 2 TraRI BHEEHIGTE
2'-oxo0 2' 3'-dihydro-1"H-sairo[cycf8hexane-1 4"-ciuinazolln]- 5'- 1)ox

readfie|akiaseRaE elris A eIt D@ BN aBitd-MetBodbarF 0 Eheotatiotinof
the alcoh of Preparation 11 (2. 05 84m I e rile ing

MIXErocwEs, E‘?"%bﬁﬂ%%? add é‘a |o?1 Bt %%‘%%% ox%%%ﬂig

watér ermmﬂb::ahldsm doiicraett«8:8 81 Lmahmn@mwaiﬁafwfﬁuare

wasHIEA 9 40018 B0 gl S LaRt B s RIded R aauspRision

ours T e resulting precipitate was collected by filtration,
0. Gﬁﬁaﬁﬁ@"d %ﬁh}water and dried in vacuo to yield the title compound (1.90g,

"H- l*?h%ﬁ‘rrﬁl 2@@?@{}'&'%@“@%*}'2 STV SQI06 b8 tuﬂd&ﬂl 2.(9. @),
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e ﬁéﬁ?&z 061 8@5?88 %?'%ﬁeﬁtﬁﬂﬂfﬂhywﬂp Zfi)n?ZlEO?f; 9éLhIoro-Z'-oxo-Z'
RS GHE TSP B O aP U B b |
5'-yl)oxylcvclobutanecarbox ?lic acid Led-butyl ester C
| Example 2
Trans-3-[{8chioro-2"-oxo-2",3%dihydro- ' H-spiro]cyclohexane- 1.4 -quinazolin]-

Byhoxyleyclobutanecarboxylic acid

Method A

To a solution of the alcohol of Preparation 11 (2.05g, 5.84mmaol) in acetonitrile
containing 0.75% water (50ml) was added a solution of chromium {V1} oxide
12mg, 0.11mmol) and periodic acid (3.33g, 14.6mmol) and the reaction
mixture stirred at 40°C for 96 hours. Water (100ml} was added and the
suspension stirred for 2 hows. The resu%%mg precipitate was collected by-
filtration, washed with water and dried in vacuo to yield the title cnmmuﬁd
(1.80g, 5. Emmoi 89%).

TH-NMR (4QBMH2, De-DMSOY. 81 2 (m, 1HY, 1.2 (m, 2H), 1.6 {m, 2K}, 1.8 (m
2H), 2.3 (m, 2H}, 2.8 {m, 2H), 3.1 (m, tH), 3.2 (s, 1H), 4.0 (bs, 1H), 4.8 (m,
tH), B.4 (d, 1H), 7.0 (s, 1H}, 7.2 {d, 1H), 7.9 {5, TH}.

LRMS mfz (APCH) 385 [MHT"



y3 CHN ,a 3H CH& CI H The compound of Preparation 27, step (b)
(34.1g, 130 m.mol) was suspended in DMF (300m1) and the slurry
warmed to 35C. Cesium carbonate (63g, 190mmol) was added in one
wopnmesssbhe compound of Preparation 22 was dissolved #CDREE(SOmED
and added to the reaction. The re#ction was heated to 90C over 1 hour
and held for 8 hours. The reggiigkwas cooled to 73C and water (160m1.)
added whilst maintaining the temperature above 65C. The resulting slurry

was cooled to 35C, following hyI acetate (260rn|) was added in
Tfaﬂmwtwmse@mmﬂhﬁm“ﬂbm’t 311 (7 Yy o

the produgt _ I Eg‘lting. white

solid was fie Title compound as

a white solid (44.4g, 105 mm@j\\{\Z%) 'H-t4MR (300MHz, CDC13): 81.3
(nn, 11),1.4 (m, 1H)15§: ,36( H), 1.7 (bm, 1 H), 1.8 (bm, 2H),
1.8 (bm, 1H)24(m2 ‘ZPHL(% I—Q (m,2H) 3.2 (m,1H),3.2(m, 1
H), 4.8 (m, i H), 5.5 (s, 1H)a@132(d HY, BBl (s, | H), 7.1 (d, 1H). LC-MS
(ES1): 22.6 minutes 11.8 (%) {cis iSs#g 422 [MH |; 23.1 minutes
88.2 (%) {trans isomer) mfz 422 [MHZl] KvO 20071063391 PCT11820 0
6/0 0 3 3RR 68 Ste b Trans-3-r(8'-chloro-2'-oxo0-2' 3'-dihvdro-I'

-spirolcyddhxane-1.4'-gulnazol ni- lloxylcyclobutanecarboxyiic acid. acetic
Theactdrguunteod Pref@)aR@HE0 skp EHSdUg, ¢l mimol} was suspanded

in DMF {300ml) and the slurry warmed to 35°C. Cesium carbonate (63g,

190mmol} was added in one portion. The compound of Preparation 22 was
dissolved in DMF {90ml) and added to the reaction. The reaction was heated
to 90°C over 1 hour and held for 8 hours. The reaction was cooled o 73°C
and water {160mi) added whilst maintaining the temperature above 65°C. The
resulting slurry was cooled 1o 35°C, following which ethyl acetate (260ml) was
added in one portion. After cooling to roorm temperature, the slurry was fittered
and the product washed with ethyl acetate {2x100mi}. The resulting white

soltd was dried in vacuo at 60°C for 16 hours to give the title compound as &
white solid (44.4g, 105 mmol, 82%).

1H-NMR (300MHz, CDClg): 8 1.3 (m, 1H), 1.4 (m, 1H), 1.5 (s, 9H), 1.6 (m, 1H),
1.7 (bm, 1H), 1.8 (bm, 2H), 1.8 (bm, 1H), 2.4 (m, 2H}, 2.6 {t, 2H), 2.7 (m, 2H)
3.1 (m, 1H), 3.2 (m, 1H), 4.8 {m, 1H), 5.5 (s, 1H), 6.2 {d, 1H), 6.8 (s, 1H}, 7.1
{d, 1H).

LC-MS (ESI): 22.6 minutes 11.8 (%) {cfs isomer} miz 422 [T 23.1
minutes 88.2 (%) {frans isomer} m/z 422 [MH'].



The product of step (a) (207g, 0.492 mol) was slurried in acetic acid (31
00ml) and heated to 60C. 48% Hydrobromic acid (4.93 mol) was added
dropwise keeping the temperature at 60C. The solution was stirred at
w0a0EC 66580 minutes. Water (700mi) was added dropwise REEBRIGH 538
temperature above 55C. The sluffy was cooled to 20C and stirred for a

further 30 minutes after whlclggeﬂ@]flltered washed W|th acetlc

acid:water (2000m| an_d water. _OM hefore being
ragSmal{S chinteroxga2. 3 aiydrt-T - spiolsvelghoyatie:

acetic aﬁ@mmeﬂéﬁ&@mmwcmmdu@awmmmmsm s 1.2
(m, 1H), 1.2 (m, 2H), 1.6 (rn, 2H), 1.8 (m, 2H), 1.9 (s, 3H, CH3COOH),

. 2.3 (m, 2H), 2.6 (m. 2H), 3.1 (m, 1), 3.2 (s, 1 H), 4.0 (bs, 1H), 4.8 (m,
1H), 6.4 (d, 1H), 7.0 H) 7.2 (d, 1H), 7.9 (s, 1H), 9.9 (s, 1 H,
CH3COOH). LC-M8 : 18.8.minutes 1.65 (%) (cis isomer) ntfz 365
[MR]; 18.3 minutes 98.4 (% @ s isomer} m/z 365 [MH1. The above
acetic acid solvate has begffoué to crystallige with a 1:1 stoichiometry,
as shown from its crystal Stectyragletermined'hy the method of single

crystal X-ray diffraction. Figoi2 hows the nfeasured powder X-ray
diffraction (PXRD) pattern (A) for a batch of the above acetic acid. solvate
along with the simulated PXRD pattern (B) calculated from the single
Tha:grstajcwnmqapt{@@a@é}mrrwm pleakigub gitmraiitoackb(B60ml)
ttern e 18 tensi g \yidth of
am{;ﬁ BRI %%%‘% Qa%tygg,é@ SRk

preferr

tion pe e\{n be attri orlentatlon ar d particle

838889 The

aragteristi . Qﬁ% iesfor
m'%g sabo@éeg % g%@é %g@%reﬁpﬁ%ﬁﬁggbw&éeﬁow Z%B}%%\%ensny %
55201 Hatelusiywes 88166 B 2073814 siosiferaduthes 3D 18653 818 9
Wh.r]:?l R was fi tered, washed with acetic acid:water (2000mi) and water

(1000ml) before being dried in a vacuum oven overnight at 60°C fo yield a

white solid of the title compound as an acstic acid solvate (153.6g, 73.5%).
TH-NMR {(400MHz, Ds-DMSOY: & 1.2 (m, 1H}), 1.2 (m, 2H), 1.6 {m, 2H), 1.8 (m,
2H), 1.8 (s, 3H, CHyCOOH), 2.3 {m, 2H), 2.6 {m, 2H), 3.1 (m, 1H), 3.2 (s, 1R},
4.0 (bs, tH), 4.8 {m, 1H), 8.4 (d, 1H), 7.0 (s, 1H), 7.2 (d, 1H), 7.8 (s, 1H), 88
(s, 1H, CH;COOH).

LC-MS (ESH: 18.0 minutes 1.65 (%) {cis isomer} m/z 365 HT;

18.3 minutes 98.4 (%) {frans isomer} m/z 365 [MH'].

The above acetic acid solvate has been found to crystallise with a 1:1
'st{}ichiometry, as shown from its crystal structure detﬂmiﬁed by the method of
single crystat X-ray diffraction. Fig. 2 shows the measured powder X-ray
diffraction (PRRQ) pattern (A) for a batch of the above acetic acid solvate
along with the simulated PXRD pattern (B} calculated from the single crystal
structure. It can be seen that the peak positions for the two patierns agree
very well. Any différence in relative intensity and width of the diffraction pesaks
can be atiributed to preferred orientation and particle size effects respectively.



17.122.723.112,4 97.7 14.6 23.7' 400 19.2 14'24.7 21.2. 19.524.1
26.3 10.4 Table 8 The acetic acid solvate has been found to thermally
desolvate at around 115C, as shown by Themogravimetric Analysis
wo IfeAgswabere a sharp -15% weight loss is observed at thigdarsnancass
which equates to the one mole e#tiivalent of acetic acid. The TGA plot is
TheShiowaBAda: 3 Kiras deseivaliopedhe atpuefolvate epnssiatisefoto the
desolvated Form A descrlbed in steq_ g' %@l \{v?%%as demonstrated by the -
the phgyp %@m A liptagdn Ta S8 chioro 2' oxo 2' 3'

dihvdro-1'H-sr)irofcyclohexane-9 4' gumazollnl 5'-.

Yoxyleydeb "-'*‘Gx"l.i“‘ c]}f he-ae gete-soty
\Eg‘e‘ ﬁfﬂ' n water %§300m1) a e

_yuuuutul

(157&%69 mrnal

overngft. The s urry wag. then flltered anﬁ{} Washed wlth Wa’iér34x500 ml)
hnfnrn hnlnn driad- :

N_Aa vacklm yal¥/a 0

LoASARA)

unsolvgf%d title ¢ OmDOl}l%gas a white solfd (T

H-NMB g400Miiz, 06-BRIS0): 612 (m, IEI)Etlz(m 2H), 1'5@(5n 2H), 1.8

(P2 2-3 2262 H) H):-3-26-HH; ,1 AUD )
1

28 h), \6"4 . 1 ﬁ?\?loé('sv’joH; \'7”3% 1H), 7.9 (s, 1 K): LRMS m/z

- (APCH)7365 [MHJt WO 2@07/063391 PCTE&?OO 61 0033 8 8’1%20 This

€Gm“n'g“'éu has-also-beerfound-torerystatiisestrranmunsotvat Qunn (Form

& characteristic powder X-fay diffraction (PXRD)-pattern shown in

F|g 51£r Be characterist@420 X-ray|diffrac@6ndpeaks and theitbelative |

TN . P N P e 1
U1 Taoure™I Ut

thtensties-are1s w-Thiscrystatimeformhasamelting
point. of 250 C as determined fg@éf@rential Scanning Calorimetry (DSC)
The acetic acid solvate has been found fo thermally desolvate at around

115°C, as shown by Themogravimetric Analysis (TGA) where a sharp ~15%
waight ioés is observed at this temperature, which equates to the one male
equivalent of acetic acid. The TGA plot is shown in Fig. 3. Upon desolvation,
the above solvate recrystallises to the desolvated Form A (described in step

(c} below), as demonstrated by the PXRD plots shown in Figure 4.

Step ic
Trans-3-]{8'-chioro-2"-oxo-2" 3" -diydro-1"H-spirofoyciohexane-1,4'-quinazoling-
whoxyleyclobutanecarboxylic acid

The acetic acid solvate of step (b), (1579, 369 mmol} was.slurried in water
(5200ml) at room temperature overnight. The slurry was then filtered and
washed with water (4x500mi) before being dried in a vacuum oven overnight,
at 60°C to yield the unsolvated tifle compound as a white sofid (130g,
357mmol, 96%).

TH-NMR (400MHz, De-DMSO): & 1.2 {m, tH)}, 1.2 {m, 2H}, 1.6 {m, 2H}, 1.8 (m,
2H), 2.3 (m, 2H), 2.8 {m, 2H), 3.1 {m, 1H), 3.2 (s, 1H), 4.0 (bs, 1H), 4.8 (m,
1H), 6.4 (d, 1H), 7.0 (s, 1H), 7.2 (d, 1H), 7.9 (s, 1H).

LRMS miz (APC!) 365 [MH]"



illustrated in Fig. 6. 2010 Intensity % 2010 Intensity 6.3 24.6 24.8 17.9
9.7 14.6 25.3112 13.6 20.0 25.5 13.7 14.7 13A 26.3 48.8 16.2 20.0 28.2
11.2 17.847.528.522.0 18515.929.8 14.7 18.7 18.331.312.1 18.9

wOLBIT/@B8113.5 19.4 12.9 36.4 12.8 21.5100.0 37.9 18.2PR2TB3NAEBEE
15.2 22.457.548.7 10.4 22.7 13'0 Table 9 The compound of Example 2
has also been found to crystallise as solvates with dimethylacetamide

. (DMAC idine, tetrahydrofu ).and._di I i MSO).
= R e A e G
{F z}rlﬁirgﬁj_!}wﬁg@a mem-mw@mwmm-mtimw@'m@&w&w BYFdiRe
. ~an vates 10.h Ty (FiQS..8.& ¢hile th
n B R o e B B0bootae 1 been
inteshitiwn aoenistecki Table hetorsoouivetatbnenfermehas rignel g ealrs
of 24aote RalFRphits BYSRerehRIPhanMepRRahissigRbiometry could:

not be determined. Upon desolvation each of the pyridine, THF, CMAC

ilusgiatesStdsBivates recrystallises to the anhydrous Form A, as
demonstrated by PXRD analysis

26/ intensity % 26f° Intensity %
6.3 246 248 | 7.9
97 446 553 113
13.6 20.0 35.5 13.7
4.7 134 26.3 488
16.2 20.0 28.2 | 11.2
17.8 475 785 22.0
18.5 15.9 55.8 = 147

8.7 8.3 313 121
18.9 137 | 31.8 135
19.4 12.9 36.4 128
215 100.0 37.9 8.2
22.1 315 38.8 15.2
234 57.5 48.7 104
227 13.0 '

Table 8

“

The compound of Exampie 2 has also been found fo crystaliise as solvates |
with dimethylacetamide (DMAC), pyridine, tetrahydrofuran (THF) and
dimethyisulfoxide (DMSO). Each of these solvates has a characteristic PARD
paitern, as shown in Fig. 7.

TGA measurements of these solvates have revealed the pyridine and THF
solvates to have a 1:1 stoichiometry (Figs. 8 & 8), while the DMAC solvate



shown in Figs. 11, 12, 13 and 14 respectively. Example 3 3

f(8'-fiuoro-2'-oxo02" 3'-dihyddro-1'H-siC)lrofcvclohexane-1 4"-cuinazoiinl-5'-

ylloxymethyi c ciobutanecarboxylic acid 0 ~NF1 N~O F (a)
WONBEERro(r)2'-oxo-2' 3'-dihydro-1'H-soirofcyclohexane-TC 1/ HE2HG/ 3358

4'-auinazolinl-5'- yi oxymethyl]cyc%butanecarboxy||c acid benzyi ester NH
has Neén Bhown to have a 2:1 solvent to compound stoichiometry (Fig. 10).

oAl agupéfg?%% bisRPLol bR asn dasauRialh Rl doane

56mmol) (prepared as described in. WO 20041
not hﬁéﬁﬁﬁ%@iﬁ’ﬂ@ €) and caesium carbonate (301 mg, 0.925mmoi) were

combined in DMF (2mi), a solution of the compound of Preparation 15
(220mg, 0, 588mm0| DME xure stirred at 80C

Up o S5 R RS WA ko LA oLt lcted
recw&thrmbglmmm@mmlfoTne&pemmmmttmﬁxﬁﬁweeéwashed

with s tura aé}gc,t g&t m nesium sulphate. Evaporation of
v
sho %@o? nt affo %e itle co poun§g a brown gum, as a -5:4 mixture

- of cis and trans isomers (204mg, 80%). WO 20071063391

PCTIIB20061003388 72 'H-:{E@'%QWHZ CDC13): 81.29 (m, 1H), 1.66
(m ‘7H) 221 (m 2H 241 , 2:99 (m 2H) 218&2‘90 (2_

X
-8
,,;3
j
F*r
QI
by
l'; .
<
YN
G
a-
u
€))
@
O
1
15
&

1H), 7.33 (1, Syl ACG R ARa A biREiprs-2 010-2

3'-ditrydro-1'H-soErafcyclahexane-1 A'-auinazolinl-5"-
yi)oxymethvl)cyclobutanecarboxviic acid

{a) 3-]{8"-chioro-2'-ox0-2.3'-dihvdro-1'H-spi roleyclohexane-1,4"-quinazolin]-5*
yhoxymethyfleyclobutanecarboxylic acid benzyl ester

8*fluoro-5"-hydroxy-1'H-spirofcyclohexane-1,4-quinazolin}-2'(3'H}-one

{140mg, 0.56rmol) (prepared as described in WO 2004/026818, intermediate
¢} and caesium carbonate (301mg, 0.925mmol) were combined in DMF (2ml), |
a solution of the compound of Preparation 15 (220mg, 0.588mmol] in DMF
(2ml) added and the mixture stired at 80°C for 18 hours. Water {35mi) was
then added and the product extracted with ethyl acetate (225ml). The
combined organic extracts were washed with saturated brine and dried over
magnesium sulphate. Evaporation of the solvent afforded the titie _mmpm}nd,
a brown gum, as a ~5:4 mixture of cfs and frans isomers (204mg, éi)%).



The product of step (a) (200mg, 0.442mmol) was dissolved in methanol
(2ml), 2M NaOH (2m1, 4.0mmoi) added and the brown emulsion stirred
at 60C for 1.5 hours, before cooling. 2N HCi (2ml, 4.0mmol) was added
wopherigsgsulting suspension stirred for 1.5 hours. The creginslidoz3ss
collected by filtration, washing well with water to yield the title compound

04 inG i iral, HkCof | V3-H,
L e Tt e e T o
(m, Rt BFSBdMe R cdhBch 02 36,8 (15, )t ReB)t PN,
zHyg@%gﬁg,s?Q%%ag?gé}(@wmyﬁ)@&-%m,.gwnﬂ-ém m, 3H), 1.76 (mn,

H), .o%ég],ési m, 2H), 2.43 (m,. 2'H), 2.68 (2x m, 1H), 3.03 (2x
LRI i) (5%0eR23MP(2x d, 2H ), 6.48 (m, 1 H), 6.76 (m, 1 H), 6.98 (n,. 1

‘ H),‘8.79 (s, 1H), 12.06 (br, 1H). LRMS m/z (ES) 363 [MH]+ ExamRle 4

o e e M A AL L0 e 1 4-quinazglintes: ’

H GN WO 20074263 REYIda#606£003368ic7By the method of
Example 1, starting with the compound of Preparation 16 (101mg,

oGS T i (e el any

20 (e, (Zrobod. Bmnn Redesoiving Hsstisen Seoyison stired ahP®()for

1 5hauts! KB6RHoSHKE. (BN Hér Bad, Wotind i Vs 4dded ki) tifelddatthd).
7.51 (d, T'H), 8.51 gs 1 H). g N

suspension stirfed for 1.5 hours., The cream solid -cmi!ec:ted by filtration,

washing well with water to yieinj the title compournd {(138myg, 85%) after drying

in vacuo.

Chiral HPLC on Chiralpak AD-H, 15% isopropanol: 85% hexane +0.1%
trifiucroacetic acid shows a 43:57 ratio of isomers (retention times 13.69 and
15.27 minutes).

H-NMR (400MHz, COCLY: § 1.16 (m, 1H), 143 (m, 2H), 1.57(m, 3H), 1.76
(m, 2H), 2.05 (m, 2H), 2.28 (m, 2H), 2.43 {m, 2H), 2.68 (2x m, H), 3.03 (2x
m, TH), 3.88 & 3.97 (2x d, 2H), 6.48 (m, 1H), 6.76 (m, 1H), 6.98 (m, 1H), 8.79
(s, 1HY, 12.06 {or, 1H).
LRMS m/z (ES) 363 [MH]"

Example 4 ) _
frans-3-[{8-cyano-2-oxa-2' 3-dihvdro-1'H-spirofcyclohexane-1.4-quinazolinl-

Svhoxyvicyciobutanecarboxylic acid

H

;
i

©
3




LC-MS: retention time = 2.49minutes (100%), LRMS (ESI) mlz 356 EMH]
Exarngle 5 1 1(8' fluoro 2'-oxo 2 3' dihydre-1H spiroicyclohexanie-'t
4°-quinazolinl-5'_ laxymethyllcyclo'butanecarboxytic acid HO 0 NH

wd\g[;mggﬁggﬂ(a) 1 JS8 fluoro2-oxo-2 3'-dihvdro-1'H-spiroBayclatsexsinsiiss
4'-ouinazoiinl-5- y oxymethyilcycl@butanecarboxvlic acid methyl ester H3C

By fgefawelfhl 0% %%ﬁﬁg;ﬁl j%@kﬁﬁ@ﬁgﬁhhtha campgund of Preparation 16

uQro-5'-hydrox c60 inaz

(10 D B SRR B SO WO OO D o LRIE

perkQRE e Ay OB addeil mwmtmmbtmememwwmmm and

799 he mixture stirred for 10 minutes before addition of a solution of the
BBmpound of Preparation 18 (172mg, 0.58mmol) in DMF (1ml). The
H-MaRtictoNIknr ©wBaISEéd 1018085 dm1 HuPsaRd tisnh HdbISdHd #Bom

1Hg%$% Ry TRa PR RS £l sty aaptgle (Gamtpand water

eo ganlc yer as separat ueous layer ‘extracted
LCAMtH retaytiqodiae ©DAf R 4R Had oHyERIER 4\%?% WihERed with
. water WO 2007/063391 PCTIB2046/003388 74 (2x20m1) and brine
(2x20m1), dried over magnesium sulzhate, filtered and evaporated in
vacuo. The pale brown oil wa: atetl from diethyl ether (10m1) to
- revigedhedile.sompaungtas. dipaisidloydubetichit4Ddiaroingzolin)-5-

vioxymathyileyelobutanecarboxylic acid

(a) 1-I(8"-fluoro-2"-oxo-2',3"-dihydro-1"H-spirofeyclohexane-1 A-quinazotinl-5-
woxvmethviloyclobutanecarboxylic acid methyl ester

To a solution of 8-fluoro-5"-hydraxy-1'H-spiroleyclohexane-1,4"-guinazeling-
2'(@"H)-one {120mg, 0.48mmof) (described in WO 2004/026818) in DMF (1ml)
at room temperature was added cesium carbonate (234mg, 0.72mmol} and
the mixture stirred for 10 minutes before addition of a solution of the .
compound of Preparation 18 (172mg, 0.58mmol) in DMF (1ml ). The reaction
mixture was heated to 80°C for 18 hours and then cooled to raom
temperature. The mixture was diluted with ethyl acetate (20mi) and water
(20mi), the organic layer was separated and the agueous layer extracted with
ethyl acetate (20ml). The combined organic layers were washed with water



solvate containing 0.3moi DMF, 0.35mmol, 73%). 'H-NMR (400MHz, Dr
DMSQ):: S 1.16 (m, 11-H), 1.35 (m, 2H'.), 1.49 (m, 3H.), 1.72 (rn, 2H),
1.90 (m, 1 H), 2.03 (m, 3H), 2.26 ('m., 2H), 2.42 (m, 2H), 3.60 (s, 3H),
wo®246338H), 6.52 (dd, 1H), 6.79 (s, 1H), 7.01 (t, 1H), 8.85{Si/IBEf)E3388
1-6(8'-fiuoro-2'-oxo-2' 3'-diihydro-1*H- spirotcyciohexane 1

zxfozﬁlj'ﬁ?@z&ltﬁé%ﬂ@}ﬁ sy RInVeY Gloliman ﬂ@aﬁt@r&b@a@artlal ‘

solution of the product of step (a) (140m 0.3 eth fwater
evappretedhy KRR P REURPANGY Q%@?@%%QH Ei's%sé
{1 Gﬁﬁ?ﬁilgmﬁﬂm@hﬁ@@dﬁf@&ﬂwalﬁ% fhie mixiureswias,tédied t6 zoom

s B R e Aok T30 T rosuting cream aotd
"Hmc{amazb%mm} Wakh6dwitHHyateiad, @l Indiacacdd),

R o e LR U A%ﬁfnﬁ"”‘*#ﬂ%“%%(@ e
SHYL DO 1ts, PH), B.62 (e, 3¢, .28 {en 1) 5063 DG, B2 (M‘d 1 H),

6.71 (s, 1 H), 7.00 (dd, 1 H), 8.78 (s,1. H), 12.43 (s, | H). LRMS miz (ESI)
b377 IM+Hf Example 6 Trai?s 3 f(8' chloro 2' ?xo 2' 3 dih dro I H S l? rofc
‘ e} M b cyclohs A

0 ci WO zoom&a&%&@gwa@mwsm@g@_
Trans-3-f(8'-chloro-2'-ox0-2',3'-dih ro-1'H-spirofcy+c[oheptyl-1,4'

guinazoiinl 5' yi)oxvfcyclobutanecarbonlic acid ethyl ester G X0
Ta a partial sclution of the product of step (a) (140mg, 0.35mmol) in

methanoliwater (1.1, 2ml) was added sodiurn hydroxide (28mg, 0.70mmol)
and the reaction stirred at 80°C for 24 hours. The mixture was cooled to room
temperature and stirred for a further 6 days before treatment with a 2N

aqueous solution of hydrochloric acid (2ml). The resulting cream solid was
collected by filtrationr, washed with water and dried i in vacua to provide the itle
compound {83mg, 0.23mmal, 85%). _ '

"H-NMR (400 Mz, De-DMSO): 6 1.25 (m, 1H), 1.37 (m, 2H}, 149 {m, 3H)
1.71 (m, 2H), 1.80 {m, 1H), 2.01 {m, 3H), 2.38 (m, 4H), 4.18 (s, 2H}), 6.52 (dd,
1H), 8.71 (s, 1H), 7.00 {dd, 1H), 8.78 (s, 1H), 12.43 (s, 1H}.

LRMS miz (ES]) 377 [M+H]

Example 6
Trans-3-1(8-chioro-2 -oxo-2",3 -dihydro-1’H-spirofevcloheptyl-1.4-quinazelin]-

5-vhoefdleyclohuianecarboxvlic acid

o




i n Ci To a suspension of the compound of Preparation 20 (100mg,
0.36mmol), potassium carbonate (57mg, 0.41mmol) and 18-crown-6
(110mg, 0,41 mrnof) in dimethyiformamide (3ml) at 80C, was added a
wisnnisaof 3-(toluene-4- sufphonyloxy)-cis-cyclobutanecdfB b ERE seig3ss
ethyl ester (prepared by a metho#f'analogous to the compound of
Reenaeiing-R2) chisiag: Selnanalhydrsimatbylfermalnideiiml)end the
reaction mlxt ,- tlrda_ 80¢ .. 18 hours. The ‘|x r W?S cooled to
CUREZONR b= =MLY CY GO0 ReCalR e iIE 36 » 6 ethyl
acetate (2x20ml). The comblgﬁd organic Iayers were washed with brine

(2x20m1), dried over,magng e, filtered, and evaporated in
vacuo. The oily residué was re- om methanol and triturated
with diethyl ether to yield the title conjpeune’as a cream solid (75mg,.
0.18mmol, 51%). 1H-NMI (400MHz; Dt @:o 81.19 (t, 3H)";1.43-1.77
(m, IOH), 2.24 (m, 2H), 2.38 (M, 2M)2:63-(M,, 2H), 3.14 (m, 1H), 4.09 (q,
2H), 4.82 (m, 1 H), 6.36 (d, 1H), 7.17,(d, E‘1H) 729 (s, 1H), 8.05 (s, IH).
LRMS mfz (ES1) 407 [MHf N Trans-3-Pf8'-chloro-2'-oxo-2'

Tog Wgﬂw@&g@am\ﬂffr@pmmrﬂn 20 (100mg, 0.36mmof},

mtﬁé&ﬂﬁﬁ(&!ﬁ?b&n\é MOPGHE O YNREAT BRE BSiSHBRrRGSIISIBRGION £ tieol)

com ound of step 700m 0 17m i),inm thanol was added a

%F”%Biﬁﬁﬁ%\a) 3%% Lﬁ‘f’\/\/é’lfe TSR the
su gﬁau@lnwpsmamﬂ@mmnbma byt st metlzaad bwas
d th qf
mel e Ao Bal T P e g PPt S L Hnd
dinfétoyfarwarddo T oh3s el irOEaviR008 LD sB8ed 26 Md- lashBdouis.
Thé%%mgn%% 41%%5%13 %%ﬂq%@@a&mwmawﬂéqwm

'H-NMR (400MHz, Ds-DMSO):: 51.43-1.77 (m, | OH
{30mbaria eﬁm ag:@gtg-,{iﬂﬁm y. The combined curgansc layers were wash

_ with brine (szaml}, dried over magnesium sulphate, filtered, and evaporated *

" in vacuo, The oily residue was re-evaporated from methanol and triturated
with diethyi ether fo yield the title compound as a c-ream- solid {75mg,
0.18mmal, 51%). |

TH-NMR (400MHz, De-DMSOY: § 1.19 (¢, 3H); 1.43-1.77 {m, 10H), 2.24 (m,
2H), 2.38 (m, 2H), 2.63 (m, 2H), 3.14 (m, 1H), 4.08 (g, 2H), 4.82 (m, 1H), 6.36
(d, 1H), 7.17 (@, 1H), 7.28 (s, TH), 8.05 (s, 1H). |

LRMS m/fz (ES1) 407 [MHT'

~ {b) Trans-3-{(8'-chlorg-2-0xg-2' .3’adihvﬁrd--'ﬁ "H-spiroloycloheptyl-1,4'-
guinazolin]-5-yloxylevclobutanecarboxylic acid

To a suspension of the compound of step (a) (70mg, 0.17mmel) in methano

{(1mi} was added a solution of sodium hydroxide {(14mg, 0.35mmat) in water

{1ml) and the resulfing suspension stirred at 40°C for 2 hours. The methanol

was removed in vacuo and the pH of the resulting solution adjusted to ~1 by
. dropwise addition of 2N aqueous HC! (Bml). The resulting solid was filiered



2H), 2.61 (m, 2H), 3.06 (m, 1 H), 4.81 (q, 1 H); 6.36 (d, 1 H), 7.17 (d, 1 H),

7.29 (s, 1 H), 8.05 (s, 1 H), 12.35 (s, 1 H). LRMS mrz (ESI) 75512M-Hj

Example 7 Frans-3- (8'-chloro-2'-oxo-2' 3'-dihydro-1'H-snirorcyclopentyi-t
wodrorgamolini- 5'-yilgxy]cyclGbutanecarboxvtic acid! 0 H&CTiTfades 003388

Trans-3-f(8'-chloro-2'-oxo-2' 3-didro-'I'H-spirofcyclogentyt-1 4'-
o e g Gl KON e L1 ey e 2 parial saluton af i

ra Hcl (a) To a partial solution of the

Soi%éﬂ%g@n%%%&?}gbﬂirgf?g W24 (300mg, 1.14mmol) in DMF (3m1) was
"H-grfedicesin, CallvsE) (35048 1 77 Zmmoi jaad thenre2istion Blixtaye

m f e
24 ol AU AN 22 (o niF  Bom HoHE [ B
{s, PidptiBriiSTse ?H&cl@ﬁﬁr(&ldﬂé}was heated to SOC for a further 9 hours
ajpom temperature. Water (3mi) was then added to
LRI géd@%lctén rﬁxt re foI owed by ethyl acetate (5mi) and collection of the
resulting precipitate was attempted but was not successful. Complete WO
20071063391 PchlBZOOGl%& 7 dissolution. quickly followed and
the reactlon_ mlxture was concentrate_ to 2m| in vacyo, ¥v%;er g5mL
Tt 2 =g oaelih H Eaelor -1,4 -culnazaling

{a) Trans-3-[(8'-ehloro-2'-oxo-2' 3'-dihydra-1"H-spirofcyclopentyld 4'-
guinazolin}-5 -viloxylcyclobutanecarboxylic acid ferf-butv ester
CH, [l}

{a) To a partial solution of the compound of Preparation 24 (300myg,

1. 14mmeol) in DMF (3ml}) was added cesium carbonate (559mg, 1.72mmaol)
and the reaction mixture heated to 40°C for 10 minutes before addition of a
solution of the crude compound of Preparation 22 (Ezamg, 1.80mmol} in DMF
{3mL) in one portion. The reaction mixture was heated to 80°C for a further 9
hours and allowed fo cool to rooim temperature. Water {3mi} was then added
to ths reaction mixture followed by ethyl acetate (5ml) and collection of the
resulting precipitate was aftempted but was not successful. Complete



product filtered off and dried in vacuo to give the title compound (310mg,
0.76mmol, 67%). LC-MS indicated 10% starting phenol remaining.. This
material was used in step (b) without further purification. LRMS m/z (ESI)
woADdTdsH]+ (b) Trans-3-fI8'-chloro-2'-oxo-2' 3'-dihvdro-1'Hepftoisykipen
,I-1,4'- guinazolinl-5'-yl)oxvicvdobiitanecarboxylic acid To a solution of the -

dcsé@f%@ﬁtcﬂaﬁ{%&ﬁévﬁ%ﬁoﬁg tRe/Rimensh inacel casiddinhiet 06 was
added 48%@1 ous h % mic amd#v %rﬂés)a?nd the r action i,stlrred at

i VR WRAPIk e, pdgcrs Grysialisaen A Der Ry NG

prodmpﬂ\?tsmadﬁftmm @‘Mﬁt&r wOcLan bpuyitid $hig it duidipowas (WSenged. The
eactl e ri e

0. ?é Wg E a‘pq\%e to %%aeq%ea%?'l; brtévT\?h %dé] f%% %ﬁﬁjﬁfl?ﬁt%n was

ma@rtaimphslm [nwtem@kwﬂrmﬂdnﬁheamnaatm}m 5ml) / water (0.1 ml) to

LRI@@W&@ (g 876 nd as an off-white solid (35mg, 0.09mmol, 9%).
1H-NM OMHz D6-OMSO0):8 1.70 (m, 4H), 1.82 (m, 2H),. 2.27 (m,
2H), 2.60 (m, 2H), 3.04 (m,. 2H), 4.81 (m,1 H), 6,35 (d, 1 H), 7.18 (d, 1

Hib) 7?39@34{@-)@%98@@%&9 ,,ﬂ-?dﬂkﬂi_ﬁm@ Hsbiiftydobintors 381
[M+H)+ Preparations. Preparation 1 3 [4Benzyiox<p)rnethvll2
2-dic(tlaroc RS REOE LA vt T 2 2 a0 SRR aNScayRROLIL 8 e ol) was

suspended in water (30rnl) and argon bubbled through the suspension for

To B eSO 75 SO R RDR G ST rReorade ()
st ﬁﬁﬁaummwwaamuammﬁwm aﬁubiﬂaﬁg@h F66 J0eRAREE) The
stfr@%w%%%éﬁﬁggaﬂﬂg%n%ﬁtﬁ%még Figomansnpaolidenaabadyith
.. water (100mi), acetone (10om

dropwise addition of-water (0-1ml) until slight turbidity was observed. The
reaction was allowed o cool to room temperature before filtering the resuiting
precipitate to give a pale brown sofid (1 :Bﬂmg}; Purification was accomplished
by re-crystalisation in acetic acid (1.5mi) / water {0.1mi} to pravide the title
compound as an off-white solid (35mg, 0.08mmel, 8%}

TH-NMR (400MHz, De-DMSO): 8 1.70 (m, 4H), 1.82 (m, 2H), 2.27 {m, 2H),
2.80 {m, 2H), 3.04 (m, 2H), 4.81 (m,1H), 6.35 (d, 1H), 7.18 {d, 1H), 7.30 {s,
1H), 7.88 (s, 1), 12.14 (s, 1H).

LRMS (ES) miz 351 fM+H}"

Preparations

Preparation 1
S-E(Benzvic}xﬂmathvlw,2~c§§ahl0rocvchjbutanane

OO0,

Y

Zinc dust (6.54g, 0.1mol) was suspended in water (30ml) and argoen bubbied
through the suspension for 15 minutes before the addition of copper (il



and dried in vacua for 4 hours. The resultant ziincl copper couple was
suspended in diethyl ether: |,2-dimethoxy+ethane (70ml: 18ml) under
argon and allyl benzyl ether (4.6mi, 30mmo'l) added. A solution of
wolkighiergagetyi chloride (9ml, 81 mmol) in diethyl ether: PCT/IB605/003388
1,2- dimethoxyethane (58m1: 7mTfwas added dropwise over 45 minutes

d
smp%%? %nerew heglgd foreflix fandhauss: Thedgasiopom

mlxtur was gh CeliteP and the salts washed with diethyl

temEEeR K 7O m@sﬁwr:até’vﬂsvaymvgﬁoF&am%&%aﬁ%ﬁéw@r&&%%a
strefaAiSFohyYgeH %@X%e@épméah?é@%@mmgmmﬁm&mmw@drm

filtration_and the flltrat washed.with a s ur ueous solutior S
ands GG TRy KIGHEN CarboRaYES: 86@??5 Iﬁlofj Rife G OVeY Ve
suspagiebimmiistiphathefiltebdimuhevgptrated | {MMW&&EM%IQGH

I rif
an i BoAET BT el OIS A ATt S BRI
chigridieiBoit, (%’Oﬁmﬁlﬁ)ﬂmmmbw ohes). 1-NimRt(coetimoBip ymi) was
add%% ﬁjrn:é\aﬂsé’ﬂvgmﬁ?mﬁu@% A0 e R Ao ik 82 f¥tki o rafulMer

(s, 2H Preparat|0n23fBen |oxv)methV|tcv obutanone O O

48 h@t@r%omh@rf@wﬁ@mm@mmu{m TR Aratitsh 16?65 ghg, sals

washeHSUNM kiR N ethanQheaimRtedavlivae Masi i pblatise Ok oasl
added zinc powder (9. 25 142mm %)Qﬂ"nPn e reaction mixtur tlrreéirgt
the gERICHSM A SRRY rﬁ‘h ﬁ?‘énﬁm &.cﬁ%%\% W&’ and

rerfeastiary fithdtise ahd%eﬂlmmmhaeimimafwmrfmmda{ﬁubm:wﬁnmi@n

o b BT S e O TR ea

sulplatiti pﬁw@bm@mwﬁmﬁm mouE 7lieeaterrtTianred o

colt 7%&%%}&%%@5@13&@&%@.&&99@'éad%rsrg r@mwrmw@l;@%@ndmw
ether The titte compound was obtained as a vellow off (7.03¢, 27.3mmal,
91%).

"H-NMR (CDCly, 400MHz): 53.11-3.21 (m,' 2H), 348 (m, 1H), 3.70 (m, 1H},
3.85 {m, 1H), 7.35 {m, 5H), 4.58 (s, 2H}.

Preparation 2
A (Benzvicometricyciobutanons

o,

To a solution of the dichiorooyclobutanone of Preparation 1 (5.98g,
23.08mmol) in methano! saturated with ammonium chloride (90ml) was added
zinc powder (8.25g, 142mmol) and the reaction mixture stimed at room
temperature for 2 hours. Ammonium ch!crid_e was added and the reaction

mixture stirred at room temperature for a further 6 hours. The mixiure was
filkered through Celite® and the salis washed with diethyl ether {50ml). The
filtrate was concentrated in vacuo and the residue partitioned between diethyl



phase washed with water, dried over magnesium sulphate, filtered and
evaporated in vacua. The title compound was obtained as a yellow
oll,(3.7g, 1g9.5 moi, 64%). 'H-NMR (CDCI3, 400MHz): 32.69 (m, 1H), 2.90
wo(m{2M338.11 (m, 2H), 3.60 (d, 2H), 4.56 (s, 2H), 7,34 (MPEH)BH6/H3388
Preparation 3 Cis-3-4(benzylo )methyllcwclobutanoi’ OH Ca To a
atheo} mlmqf #hel aystbbladare dlrepatatomndy fite6y, srtBthmal)danic
tetrah rofura stlrrm at g 70 s 0
aPﬁuum s %Jec utyI%ord)hy rlde in tetﬁ%(% Q uranéﬁgﬁr% ri%%rh%%néﬂg the
evaresetish nermperatlie b%wn@wmﬁea%a&iaw%%%w@%%[ﬁﬁ
19, 5M§t%werature over 18 hours. The reaction mixture was quenched
with asaturated aqueous solution of sodium hydrogen carbonate (25ml)
HAAR, (G, (98005 AGREITRa W36 BbrBHb it Aot
(d, HOPWISE (4! tagrg@qﬁh%mactlon temperature below 76C. The mixture
was extracted from water into ethyl acetate (50ml) and the combined
organic phases washed with brine (30ml), dried over magnesium
sulphate, filtered and evapcmfw@@-mfm@a The crude material was:
purified by colu ] | ejuting with 25-50%
ethyl acetate: pe 059, 5.5mmol, 89%).
'H-NMR indicated that a 15 1 ratio of cis: trans isomers had been
obtained.~"H-NMR (CDCI3, 400MHz): 53,70 (m, 2H), 2.10 (m, 1H), 2.46
(m, 2H),3,45 (d, 2H), 4.15 (g, 1 H), (s, 2H), 7.33 (m, 5H). wo
+2007/06339E r*1CT'llIb2006. f00338 0 Preparation 4 Trans 3
4(benzv|oxy|methyllcyclobu@m ‘'obenzoate O 0

To a solution of the cyclobutanone of Preparation 2 {1.168g, 8.13mmol} in
{tetrahydrofuran stirring at ~?’Q°‘CF was added dropwise a 1M solution of lithium
tri-sec-butylborohydride in tetrahydrofuran (40mi), maintaining the reaction
temperature below —85°C. The reaction” was allowed to warm o room
temperature over 18 hours. The reacﬁen mixiure was quenched with a
saturated aguecus solution of sodium hydrogen carbonate {25ml) then cooled
o 5°C. 30% Aqueous hydrogen peroxide {4m¥} was added dropwise,
maéntaining the reaction temperature beloww 10°C. The mixiure was exiracted
from water into ethyi acetate (50mi} and the combined organic phases
washed with brine (30ml), dried over magnesium sulphate, fitered and
evaporated in vacuo. The crude wmateral was . purified by colimn
chromatography over silica gel eluting with 25»5@‘;3%; athy! acetate: pentane to
vield a colourless oil (1.05g, 5.5mmol, 89%). "H-NMR indicated that a 15:1
ratio of ¢is: frans isomers had been obtained.

H-NMR (CDCls, 400MHz): 5 1.70 (m, 2H), 2.10 {m, 1H), 2.46 (m, 2H}, 3.45
(d, 2H}, 4.15 (g, 1H), 4.52 (s, 2H), 7.33 {m, BH}.



A solution of diethyl azodicarbexylate (2g, 11.5mmol) in tetrahydrofuran
(5ml) was added dropwise to a stirred solution of the cyciobutyl alcohol of
Preparation 3 (1.05g, 5.47mmol), 4-nitrobenzoic acid (1.82gg, 10.9mmoi)

woemel/otidptienylphosphine (3.016g, 11:5mmol) in tetrahydr@fataR P HRtPIE}
OC. The reaction mixture was stiFPe_d at room temperature for 18 hours.
The solvent was evaporatddraptiigi 4nd the residue redissolved in

diethy! efher (30meT0R ERRAIAR SIS WASIAmENedfiration and the
filtrate evaporated in~ vacuo. crude material' was purified by column
chromatography over silica gel eluting with 1:10 to 1:3 ethyl acetate:

pentane to yield a colowyles aur@l.%g, 4.8mmol, 88%). 1H-NMR
indicated that a 15:1 @ﬁ o?’tra rgig~isemers had been obtained.
1H-NMR (CDC13, 400MHz): S 2.40 (mt4H), 2.67 (m, 1 H), 3.53 (d, 2H),
4.57 (s, 2H), 5.36 (g, "I H), 737 (m, 511), 8.20'{d, 2H), 8.29 (d, 2H).
Preparation 5 Trans-34(benzyloxy)methyllcyclobutanof OH To a solution

o s TR R s S
wadvaienéaSmipansethi reactioremixtictiatined disoontitmpéraiordtdr 0
inutes. t] id (0.4ml..Tmmaol), ded . XL _
oA A R B 2 e o
triphemgipheswiintio(3d) 16gdilivStydeligerietebydeéumn EbylhebRie. The
rea%%%ﬂ;ﬁgﬁg%d \ﬁ%g:gﬁ?g@%'y&w 22094406337 RE RALBLOPRI QRARR

) and evaporated in vacuo. The title compoiund was
wabBIBRETRIGY Ay eReWP GIntstenigsiduaTorissoes) M HIRIMRTERARIMD-
Thé'POMEIRY S 2081 (Magmd @ (1) Bthtidd G 0M Al ittty elhpdrbteti 38

(g, 1L H), 452 (s, 2H), 7.34 m,i?Hé. Pre ‘rati(?.%gG Traps-B i i
Ve SRR RMBE M Bi5610 FETpR paratography over sifica
ge! elufing with 1:10 to 1:3 ethyl acetate: pentane to yield a colourless oil
{(1.64g, 4.8mmol, 88%). "H-NMR indicated that a 151 rafio of frans: cis
isomers had been obtained.

"H-NMR (CDCla, 400MHz): § 2.40 (m, 4H), 2.67 (m, 1H), 3.53 (d, 2H), 4.57 {s,

© 2H), 5.36 (q, TH), 7.37 (m, 5H), 8.20 (d, 2H), 8.29 (d, 2H).

Preparation S

To a solution of the p-nitroester of Preparation 4 (1.84g, 4.8mmol) in ’E,&;—
dioxane (35mil) was added a solufion of sodium hydroxide {385mg, 9.6mmol)
in water (25ml) and the reaction mixture stirred at room temperature for 30
minutes. Acetic acid (0.4m!, Tmmol) was added and the mixiure concentrated
in vacuo. The residue was extracted from a saturated aqueous solution of
sodium hydrogen carbonate info ethyl acetate {20mf), dried over magnesium



C 0 J CH p-Toluenesulphonyl chloride (1.18g, 6.2mmol) was added
portlonwise to a. stirred solution of the cyclobutanol of Preparation 5
(850mg, 4.42mmol) in pyridine (5m1) at OC and the reaction mixture
wostireebabroom temperature for 18 hours, The solvent waBEBHESHIHEEEIN
vacuo and the residue redissolve#t in ethyl acetate (30ml), washed with

p%%lt@yﬂn@eé&péﬁcﬁ@kﬁh@@m? 2} w&tr@ted;@fu@dm@@uﬁa ruefssoistisined
nate (30m1), hrine (30mi), dried over magnesium
as asé%ﬁgf lfﬁ r%d%@%]br l%é in vacua. The crude material was
H. rpm:iwangpmmemomam@r@h&%@wﬁmimgémmﬁw with 1H), 347
e e it S obtained as a colourless cii
d. %\? é%fngﬁ%ﬁbﬁg'é‘ %%@@4 WIHz): 8 2.15 (m, 2H), 2.31 (m,
" 2H), 2.44 (s, 3H), 2.49 (m, 19), 3.4 (d, 2H), 4.49 (s, 2H), 4.93 (q, 1H),

7.32 (m, 7H), 7.75 (d, 2H). &%%7 5'-((Cis-3-f(benzyloxy

methyllcyclobut I}o r)-8'-chloro- -swofcyclohexan =1
4 -guid Ed e RRE EW ORI R ploxeipbvhodolug Vs POEPRE3391 PCT
2UM66/GO3388 SX
8'-Chloro-5'-hydroxy-1'H-spirojcyclohexane-1,4"-quinazol n]-2'(3'H)-one
(prepared as describ Mbo ed{DChem Lett, (2004), 14 (18), 4627-
" 4632) (640mg, 2.4m : potassmrﬁ’ garbqpate (400mg, 2.9mmoi) and 18-
crown-6 (767mg" 2.9mmoi) were con%l dlin dirnethytformamide .(Srnii)

and the reaction mixture heated to 80C. A solution of the tosylate of
Preparation 6

p-Toluenesulphony! chioride {1.18g, 8.2mmol) was added portionwise o a
stired solution of the cyclobutanol of Preparation & {850mg, 4.42mma¥} in
pyridine (5mi} at 0°C and the reaction mixture stirred at room temperature for
18 hours. The solvent was concentrated in vacuo and the residue redissolved
in ethyl acetate {30mi), washed with 2N hydrochloric acid, (30ml) a saturated
aqueous solution of sodium hydrogen carbanate (30ml), brine (30mi), dried
over magnesium sulphate, filtered and evaporated in vacuo. The crude
material was purified by column chromatography over silica gel eluting with
dichloromethane. The title compound was obialned as a colourless ot (1.53g,
4. 4mmaol}.

TH-NMR (CDCla, 4000MHz): § 2.15 (m, 2H), 2.31 (m, 2H), 2.44 (s, 3H}, 248
m, 1H), 3.4 (d, 2H), 4.48 (s, 2H), 4.93 {g, 1H), 7.32 (m, 7TH), 7.75 (d, 2H}.

Preparation 7
5. Cis-3-[{benzyvioxyimethvlloyclobutylioxy)-8-chioro-1"H-spiro[cvclohexanes
1.4 -guinazolinl-21{3'H}-ons




(1 g9, 2.9mmoi) in dimethyl,formamide was added in 3 portions and the
mixture heated at 80C for a further 18 hours The reaction mixture was
partitioned between ethyl acetate (100ml) and water (150m1) and the
wo selickendected by filtration. The phases were separated &ad iBatbiifsdiis
phase reextracted with ethyl acetate, diluted with brine and again
extracted into ethyl acetate. The combined organic phases were

SRS e e e, e Mo g et
{premmkmgebmmW%mmcmmmha’ne&dﬂ|&W%}néﬁ1éﬁ%} e%ﬁ?F“
s638)° %%%%6%% &%&%&q%ﬁﬂ&%&%gﬁ%ﬁm T(m 113 1.4 (m

crovaH, (7 87y, %%mmo@nwarﬁ)cqnmﬁﬁztn)dwtfﬁwﬁ@ma@

the l(éa@ﬂhl}u %&M@aﬁ@iﬁ%ﬁéﬂ)ﬂ @fﬁlﬁbrﬂbf)ti’?e(id@@ak@ of Qfé@aﬂéﬂ&)ﬂ@
8 (s, 1 H? Preoaraton 8 8'-Ghlqra 5 {Gg¢is-3

(g, &&mm@@twd@a@ém@um%@% PR #@%ﬂ&@&ﬁaﬁmﬁ@dﬁ% ngite
hea®eDinlHS HaroaguriaH 5 hbiv2 Mﬁ@lt@mmh hﬂtﬁmztﬂcmtmﬁafﬁimmﬂyl

Ifid | h mle3- 6
Dot GeR SR BF HE GRS ARG I SO A Db Rty
f‘ltraﬁummd“mmhaae ma&mmmm@aqm@bﬁﬁ@mﬁwﬁ wﬁh
eih\}ie eplurg %gwas i nSelRteckaaueousEAlULen o6 gﬁ%’éfgtgym%e”

naté ed and the mixture stirred for 5 minutes

mn@t&ﬁmr@fﬁémanéimﬁva?@f%@@ﬁ%&#%d%é’ﬁééfmtéﬁiﬂs&ﬂﬁ \IRS'9¢th
tituf 4R8P 3P A 1F 28R 1RR338%183 Relleetas i diltration. ﬂ?i‘wﬂ«ﬂi% were

compound was obtained as a Whlte solid %230 , 0.657m li.’ 73%?&.,.
pureRINRY (156 BRSO CHTETALSEFEBIN 7 GHEt) S0 (ReDHP e ()
dichicfertethdh. &08idMoldrhetRA%(netdit)adasig, 2H)) 4:5&&’@1‘12%’)&&%&
cm%gbund as an off-white solid (685mg, 1.158mmaol, 64%]).

- TH-NMR (Dg-DMSO, 400MHz): 8 1.1 (m, 1H), 1.4 {m, 2H), 1.6 {rn, 3H3, 1.7 (m,
2H3, 1.8 {m, 2H), 2.3 (m, TH), 2.5 {m,AH}, 34 (s, 2H), 4.4 (s, 2H), 4.6 (m, TH},
6.4 {d, 1H), 7.0 (s, 1H), 7.2 {d, 1H}, 7.3 {m, 5H), 7.8 (s, 1H).

Preparafion 8
&'-Chioro-5{[cis-3-{hyd mx&m&ihvi}weidbﬂiﬂ]&m‘;~1'H~snim'{ cyciohexane-1,4'-
‘ guinazolin-Z{3'Hy-one

A 2M solution of boron trichloride-dimethyl sulfide complex in dichloromethane
(1.8ml, 3.6mmel} was added fo a suspension of the benzyl alcohol of
Preparation 7 (400mg, 0.9mmol} in dichloromethane {10ml} and the reaction
mixture stirred at room temperafure overnight. A sgturatecﬁ aqueous solution
of sodium hydrogen carbonate (10ml) was added and the mixiure stirred for &
minutes. Dichloromethane and water were added and the resultant solid



11-1), 6.99 (s, IH), 7.20 (d, | H), 7.86 (s, 1H). LRMS mfz (APCI) 351 [MH+
Preparation 9 Cis 3 ifbenzyloxv)methyllcyclobhutvl'i n-toluenesuF ionate
"0 0 o (: - CH3 Pyridine (14.3m1, 176mmol) and p-toluenesulphonyl
wochlenge420.2g, 105.9mmol) were added to a solution of Hag/scaldliaias
Preparation 3 (17g, 88.4mmol) iddichioromethane (90m1) stirring at 50C
the.r A0, Mt eaNas Strre that JRRM IS tyee fop kR oiigl
Geﬂe'%?l%dre' c'?gr% %&fu%&gﬁﬁﬁ?ﬁmgﬁ%ﬁommeﬁﬁig g(engl), washed
{23Ckmmh 8195RaraehibRchcid (50mi), a saturated aqueous solution of sodium

1H-NEr qgﬁgagm,n@tﬁa@ﬁmﬂb %riedgnﬂtyq_wpagﬂ@s@ sHiphasy filierasipnd

~__evaporated m vacua. € crude materigl wa rIec (of 4

1 82 o s REH oV s PGB A i i RSt ZEDte 16t

1H) %618 g E) THettiEqem ey Miawas, abipinRMEsa UG SE b2 8y,
71.6mmol, 81%). 1H-NMR (CDDCI3, 400MHz): 8 1.95 (m, 2H), 21 (m,

1H); 2.35 (m, 2H), 2.45 (s, 3H), 3.4 (M, 2H), 4.5 (s, 2H), 4.7 (m, 1 H), 7.3
(m. 7H), 7.8 (m, 2H PreaEisn 347 IMHr WO 2007/063391

clohexane-1,4'-a,uinazolinj-2"I3'H -one | f t~,F~ ~ F433 N0 CIH Method

A Caesium carbonate £(3 _Q\Zﬁjmmol) was added to a stirred
suspension of 0-3‘9

o
CH,

Pyridine (14.3mi, 176mmol) and p-foluenesulphony! chloride {20.2g,
105.8mmol) were added to a solution of the alcohiol of Preparation 3 {17g,

88 4rmol) in dichloromethane (B0mi) stirring at 5°C and the reaction mixture
was sﬁrred at room temperature for 18 hours. The reaction mixiure was
diluted with dichloromethane (50ml), washed with 2N hydrachioric acid (50mi),
a saturated aqueous solution of sodium hydrogen carbonate (50ml), dried
over magnesium sulphate, filtered and evaporated in vacuo. The crude
material was purified by column chromatography over silica gel gluting with
nentane: ethyl acetate (19:1, 311, 4:1). The title compound was obtained as a
colourless ol (24.8g, 71.6mmol, 81%).

TH-NMR (CDCls, 400MHz): 5 1.95 {(m, 2H), 2.1 (m, 1H), 2.35 {m, 2H}, 2.45 (s,
3H), 3.4 {m, 2H), 4.5 (s, 2H), 4.7 {m, 1H), 7.3 (m, 7H), 7.8 (m, 2H}.

LRMS miz (ESI) 347 [MH]



8-choro-5'-hydroxy-1'H-spiro[cyclohexane-114'-quinazolin] 2'(3"i1~-one
(500mg, 1.87mmol) in dimethylformamide (2mi) and the reaction mixture.
heated to 80C. After 5 minutes a solution of the tosylate of Preparation 9
WO(RDOKE8392.05mmol) in dimethylformamide (1 ml) was addBdTaEgulsde3iss
reaction mixture heated at 80C 8t 18 hours. The mixture was extracted
from brine (60mi) into ethyl acetate (1x80ml, 2x30mi), washed with brine
(3x160mi), dried over ma I g LHq%ate filtered and evaporated in

vacuo. The title compoun as a sllghtly impure cream solid
(800' Ttepermr6EneResy : VS oo cghioro-1'H-

8-chloro-5- EMQ&@H&&%&%WQ%%QE&&WW&“] 2(3'H)-one
(950mg, 3.56mmol) in dimethyiformarnide (1 2ml) stirring at 80C was
added potassium carbonate (590mg, 4.27mmol) and i 8-crown-6 (1:1 g,
4.27mmol). The reactio L@,ﬁs stirred for 10 minutes before the
addition of a solution omsy paration 9 (1.4n3g, 4.27mmol)
in dimethylformamide (3ml). The reggtigapixture was heated at 80C for
24 hours. The mixture was poured .@% water: methanol (75ml: 25m1),
stirred for 10 minutes and the resulting ﬁl}ecfﬁntate collected by filtration
and washed with methanol. The solid"was dissolved in dichloromethane,
filtered through Celite WO 20@74i668391 T]AB2006P003388 85 and the
resulting filtrate evaporated in vacua to yield the-title compound as a 9:1
mixture of trans: cis isomers (887mg" 2.0mmol, 56%). 1H-NMR (CDCls,
Caeiom daihenais (F30rmy, 2.34meh ver addedin aﬁjirrachseﬁﬁwﬁm@ (d,
g -c%@m‘-‘ﬁﬁf(ﬁdr%m( M %é%{c’yﬁ[ﬂh%ﬁ@ﬁ# bhB AR £ #e05 (bs, 1

chgﬁl 1H),7.3 S m/z (ES 1) 4 Preparatlon
(&ﬂmw 8%@Mﬂﬁmﬁm%wmwm%ﬁWba/ myIppEe-

haata@ml@bezaaﬁemr@mmé@eb@st(o’ﬁ'b&)m@ecsyeme of Preparation 9
(710mg, 2.05mmol} in dimethylformamide {(1ml) was added and the reaction

mixture heated at 80°C for 18 hours. The mbdure was extracted from brine
{60mi) into ethyt acetate (1x80ml, 2x30mi}, washed with brine {3x100ml},
dried over magnesium sulphate, filtered and evaporated in vacuo. The title
compound was obtained as a slightly impure cream selid (800mg, 0.98rmmol,
96%:).

Method B

To a solution of 8‘-ch10ro—5‘-hyd roxy-1'H-spiro[cyciohexane-1 A-guinazolinl-
2’(3'H}one (950mg, 3.56mmol) in dimethylformamide (12mi}) stirring at 80°C
“was added potassium carbonate (580mg, 4,2 Tvoimol) and 18-crown-6 (114, |
4.27mmol). The reaction mixture was stirred for 10 minutes before the
addition of a solution of the tosyiate of Preparation 9 {1.48¢, 4.27mmol} in
dimethylformamide (3mi). The reaction mi.}«:ture was heated at 80°C for 24
hours. The mixture was poured onto water: methanol {75mi: 26mt), stired for
10 minutes and the resulting precipitate collected by filtration and washed with
methanol. The solid was dissolved in dichloromethane, filtered through Celite®



HO NH tv i, cl H A 2M solution of boron trichloride-dimethyl sulfide
complex! n diichloromethane (15ml) was added dropwise to a solution of
the benzyl ether of Preparation 10 (3.5g, 7.9mmol) in dichloromethane
w(8@mdgsand the reaction mixture stirred at. room temperapareTin 1B 3388
hours. The mixture was poured in#® a saturated aqueous solution of

am&ﬁ@i%?mgd@m&@mw@@@afhm% %&wedwﬁﬁm;ﬂf@éiggsagepe
ceased. The mixture was extracted into dic thane (Ix200m
iﬂ%ﬁﬂ&%ﬁ@ﬁ\ﬁ%ﬁ@% %érgr%i nesium sulphate,
. !ﬁil‘tﬁ?{e@:wﬂ:dseﬂapmm@daﬂ eenpt Flmee eud:e (mﬁ@ﬂﬁlmgweﬁ@smﬁiﬁﬂfd

2R (Dt Bt M EC AT Bt o,

(bsAiHy, T.5 (th 1&)?ﬁﬁ(mtrﬁmﬁz4(m 4H), 26(m 3H), 3.8 (d, 2H), 438
: . y 6.25 (d, 1 H), 7.0 (bs, 1H), 7.1 (d, 1H). LRMS mlz
RIB S,

07/063391 FC"T BNO6100338& 86 Preparation
12 3-methytenecyclobutanecarboxvlic acid CHI HO Potassium

hydroxide (17.37g, 214. 7mm§,gy§§dgﬁqolved in water (20 ml) and

solutlon heated to reﬂuﬂ(’-@mﬁa&fﬂw{aﬂm to coot and evaporated in
vacuo to a cream solid. The solid was dissolved in water (15m1) and

cooled in an ice bath, concentrated HCI added to pH 1 and extracted with
d:iiethyi ether (3 x 26mi). HGN\G

A 2M solution of boron trichioride-dimethyl sulfide compiex in dichloromsthane
{15mi} was added dropwise o a solution of the benzyl ether of Preparation 10
(3.5g, 7.9mmal} in dichloromethane (80ml} and the reaction mixture stirred at
" room temperature for 18 hours. The mixiure was poured into a saturated
agueous solution of sodium hydrogen carbonate {200ml} and stirred unit the
effervescence ceased. The mixture was extracted into dichioremetnane
(1x200ml, 2x100ml), washed with brine (50m), dried over magnesium
stiphate, filtered and evaporated in vacuo. The crude material was
recrystallised from acetonitrile fo yield the tile compound as a 81:9 ratio of
trans: cfs products {2.33g, 6.65mmol, 84%).

"H-NMR (CDClg, 400MHz): 8 1.3 (m, 1H), 1.5 (m, 2H), 1.8 (m, 5H), 2.4 {m,
4H), 2.6 {m, 3H), 3.8 (d, 2H), 4.8 {m, 1H)}, 5.7 (bs, 1H), 6.25 (d, 1H}, 7.0 {bs,
1H), 7.1 {d, 1H).

LRMS m/z (ESI) 351 [MH]"



The ethereal extracts were dried over magnesium sulphate and
evaporated in vacuo to yield the title compound as a pale yellow liquid
(5.69, 93%). 'H-NMIR (CDC13,400 MHz):8 2.95~(m, 2H), 3.02 (m, 2H).,

wedzhorsasiH), 4.82 (m, 2H) (1 exchangeable proton not seermiPrepasaissn
13 3-methylenecyctobutanecarbd®yfie acid benzvl ester CH2 A
suspension of 1,1-carbonyjeiipidazele{4.599, 9.81 mmol) in ethyl acetate
(5ml) was added in portlons to a solutlon of the product of Preparation 12
(1g, 8.9 mmol)nefnisaasyloianesathacdindsid cence was
observed. The mlxture was stlrred at room temperature for about 1.5
hours, benzyl alcohol (1.11 m1; 10. m ol) added and stirring continued
overnight. The solution was dilut ith diethyl ether (20m1), washed
with water (2 x 10ml), dried,qver gnesium sulphate and evaporated in
vacuo to a colourless liquid whigh WO 2007106339 1 F
CT/7B'2N)Q003388 87 was puriied by filtering through 10g 5102 eluting
with dichlorome Crane, to give the title compound as a colourless oil

%t@s@r @%2&%&@5‘{%% i M)ﬁ OB oiedlintbhe? ?ﬁ% Aid):

ESB 786 M. 5HY. LRMS miz (P S1)
Ethﬁbgit i F’F@iﬁﬁfra W@QM@QW@W)@%%W&%@@&FMWTC acid

: Wbﬁ;ﬁ?@f 51(690 HBoangs éﬁtéedtmé %&Qlﬂhﬁzg £6) Qﬁtmlhéwet%m@}ol)
ed wi e ISe at roo emperature 1o
A TR PRt bt T el el

ThmsﬁhtEm(amH)sﬁdﬂeemmum ($6inticmd/asoktiireceat ivgdmatiemperature for
corBRHEAIG-BPIASEUSION ATRA M RELR AR Paretnyt ether (3 x 20mi).

The ethereal extracts were dried over magnesium sulphate and evaporated in

vacuo 1o yield the title compound as a pale yellow liquid (5.6g, 93%).

"H-NMR (CDCls, 400 MHz): 8 2.95/(m, 2H), 3.02 {m, 2H}, 3.17 {m, 1}, 4.82

{m, 2H} {1 exchangeable proton not seen).

Preparation 13

3-methylenecvelobutanscarboxylic acid benzyl ester

@\\ CH,

8!

)

A suspension of 1,1'-carbonyldiimidazole {1.59g, 8.81 mmol} in ethyl acetate
(5ml} was added in portions o a solution of the product of Preparation 12 [‘Eg:
8.9 mmol}) in ethyl acetate (5ml). Gentle effervescence was observed. The
mixiure wee stirred at room temperature for about 1.5 hours, benzyl alcohol
(1. 11ml, 10.7mmel) added and stirring continued overnight. The solution was
diluted with diethyl ether (20ml), washed with water (2 x 10ml), dried over
magnesium sulphate and evaporated in vacuo to a colourless liquid which



(145mg, 1.78mmol) in water (1 ml) added dropwise at a rate that
controlled the effervescence. Once addition was complete, the mixture
was diluted with 1,4- dioxane (Irnl) and the resulting solution warmed at

weBE feihour, quenched by addition of water (5m1) and eXiFAGEEHFFES
ethyl acetate (1 Ormf). The ethyl Hcetate extract was dried over

wa m&aﬁg@m@m@gmje@mwmmmt@tmmeaa oil

R e AL B, (“mNtt;%%z'&

(dd, 2H) 5.13 (d, 2H), 7.35 (m, 51-1). WO 2007/063391

%'gﬁ%r@? '8 %@@%%ciﬁyl) rat eglgeza n?)’n?HAGdﬁGﬁeﬁzw e

{m,.8=0r fo1&@E, Aidpldtkih{of, ;ﬁttk}luenesulphonyl chloride (309mg, 1.62mmol)
ighl 1) was added dropwise to a stirred solution of the
L“Rrﬁzﬁogn?'g}(?uﬁg(% f%P ggﬁq!ion 14 (275mg, 1.25mmol) and pyridine (0.26m1,
3,25mmol) at room temperature, and stirring continued for 3 days. The -
mixture was partitioned betwgggighloramethane (20m1) and water
(2x20rnl), the dlchloromethane extract d_rled over, mag n. sium sulphate
and evapaiaied i3 81 NGRS RBESLERE by column
chromatography over S|I|ca geI eluting with dlchlororethane to 1:1 diethyl
ether: dichloromethane btain the title ound (226mg, 48%) as a
colourless oil. 1H-NMF@Q\%§ 40 2): : , , -2. ,
2H), 2.44 (s,. 3H), 2:55-2%75 (m, 1H)}-3'07(m, 1H), 4.00 (2xd, 2H), 5.10

): 82.02 (m, 2H), 225-2.41 (m
(d, 2H), 7.34 (" 7H), 7.78 m, %

Borane-dimethy! sulphide {0.07mi, 0.72mmol) was diluted with THF {1mi) and
added dropwise af room temperature to & stimed solution of the compound of

. Preparation 13 (300mg, 1.48mmol} in THF {(1ml}. The-eolourless solution was
stirred at room femperature for 1 hour and then a solution of sodium perborate
{(148mg, 1.78mmof) in water (1ml) added dropwise at a rate that controlled the
effervescence. Once addition was complete, the mixture was diluted with 1.4-
dioxane (1ml} and the resulting solution warmed at 80°C for thour, quenched
by addition of water (5ml) and extracted with ethyl acetate {10mi). The ethyl
acetate extract was dried over magnesium sulphate and evaporated in vacuo
to yield a colourless ol (226mg, 69%) which was used as such in the next
step.

"H-NMR (CDCls, 400MHz): § 2.05 (m, 2H), 2.33 (m, 2H), 245 {m, 1H), 3.11 |
(m, 1H), 3.62 (dd, 2H), 5.1 (¢, 2H), 7.35 (m, 5H).



Preparation 16 9fftrans 3
(hydroxymethyl)cyclobutulloxv}-2"-oxo-2'3'-dihvdro-i"H-
spiro(cyclohexane-1 4' uinazoline8'-carbon trile OH ca ~ CJ~

WOWE 966714163391 PCT/1E121106M033188 Sodium cf&?ﬁ&@l?ﬂ?@%s
.0.57mmol) foIIowed by nickel bromlde (62 3mg, 6. 285mm0|) were added

owWave Tomiv e mixture was partitioned
between" dlethyl ether (2x20ml) and water (10mL) the combined,

organic extracts dried over magnesium s%lphate and, concentrated in
vacuo to give the ti mpound as l&grangeired solid (27.8mg).
1H-NMR (4OOMHZ@I%) S 1.4-%85 ?m 2.3-2.7 (m, 6H), 3373 (d,
2H), 4.83 (m, 1 H) 0(sy11) .3(d1 .98 (s, 1 H), 7.36 (d, 1 H).
1 C-MS: Retention time = 554 minutes (100%), L. RMS m/z 342 [MH'1
Preparation 17 ydroxvmethyl}éto:yolobutanecarbox%|c acid methyl ester
OH .CC1CH3 Toa solutlon of 1,1-cyclobutanedicarboxytc acid
ethy~| es aval Y. nUK) (2.0g,
A ST%% I]efﬁ&ehsucp iutan Tﬁ %%%%c%rﬁ %?rr?@éﬂgture was added
dmhiﬂmmﬁﬂm&tﬁam&mmﬂmmam 5. 5iired solulosaritRm in
cofHARAUP AL SR Wisesauand & AipyEm Ipzeastion

re was ated to gentle re fux for 3 hours, cooled to room

3. 2fempelast recmdanre@idiel ansbeiyl %@@Wg@' SBYSion Weas.

mixture was partitioned betieen dichloromethane (20ml} and water [2x20md),

the dichioromethane extract dried over magnesium sulphate and evaporated
in vacuo to a colourless oil which was purified by column chromatography '
over silica gel eluting with dichloromsthane to 1:1 diethyl ether:

dichlommethanéto obtain the tile compound (228mg, 48%) as a colouriess

oil.

TH-NMR (COCls, 400MHz). 5 2.02 (m, 2H), 2.25-2.41 (m, 2H), 2.44 (s, 3H),
9.55-2.75 (m, 1H), 3.07(m, 1H), 4.00 (2xd, 2H), 5.10 (d, 2H), 7.34 (m, 7H),
7.78 (m, 2H).

Preparation 18
5. {[irans-3-{hyedroxymethylioyelobutylloxyl-2-oxa-2", 3 -dihydro-1 "H-
spirolcyclohaxane-1,4~guinazoling]-8'-carbonitrile




diluted with saturated agueous ammonium chloride (30mi) and stirred
vigorously for 15 minutes before filtering. The solid was washed with
diethél ether (50m1), the organic layer separated and the a%ue‘ous layer

WO with diethyl ether (50mJ), The combined organf’éE FALRNERR

* dried over magnesium sulphate, filtered and evaporated in vacuo to give

SothieitleyHampopndag aweinesy Rildliéa) by . H-Re0 RO 162 3ma,

~MVI52006/003388 90, P tion 118 S o
0 2RO, AR MERTRGY) S bR - PR HB, AL roPration,
{1 0Estey, 1tD. 2BEan@H)3 T oharsethtipyrofitisanedd tompp uatiofifee pasation

- 17 (1=.69, 11-bminal).ip.. dichlorome : ] bt
i e Ao O T R 2 s e
w33 @ntiiapdnehessiudiniyiinebe DTN sedLraiesr T8 Rddrsehe
cofSRREAT MRS RS G- Wikt higrampiRane-A39 R @Rt ated

_ washed with 2N agqueous HCI (2 x 25ml), saturated aquegus sodium

in Yicalibishaies (Bl SRsBneyer @ﬁ@@%ﬁ#ﬁ@@rﬁiﬁ%ﬁ% &V aidibted in
vacuo. The crude orange oil (5g) was purified by flash chromatography

HagAHqAGRTARtingwilh eth.agetate; pentane-Hlie sipldite deaH),
compound as a colourless oil (1.79., 5.7mmoi, 49% % ‘J'N R (CDC].,

4 SOMAL) & 006 by 5 86 (1 S8 A1 )s 153 80 (s, 311), 4.24
(s, 2H), 7.35 (d, 2H), 7.79 (d, 2H). Preparation 19

LOBIEhtatatontneinEy:= LH4$ ineis it it EL RS witadd i) (3'H)-one
HC O kf~H A solution of 2-chloro-5-methoxyphenylurea (WO 02/074754,

intermediate 5) (17.9g, 89.5mmol) in cycloheptanone (60ml, 0.51 mot)
was added dropwise to Preparation 17

1-{hvdroxymeiinvl-cyclobutanecarboxylic acid methyl ester

To a solution of 1,1-cyclohutanedicarboxylic acid dimethyl ester {availiabta
from Lancaster Synthesis Ltd, UK) (2.0g, 11.8mmel} in tetrahydrofuran (20mi)
at room temperature was added lithium tri-fert-butoxyaluminium hydride
(25.5mi of a 1M solution in tetrahydrofuran, 25.5mmol} dropwise over 10
minutes. The reaction mixiure was heated fo gentle reflux for 3 hours, cooled
to room temperature and stired for 18 houwrs. The resuliing suspension was
diluted with saturated agueous ammonium chloride {30ml}) and stirred
vigorously for 15 minutes before filtering. The solid was washed with dieth'yiﬁ
ether {50ml), the organic layer separated and the aqueaué layer extracted
with diethyl ether (50mi). The combined organic extracts were dried over

~ ragnesium sulphate, filtered and evaporated in vacuo o give the litle

. compotnd as a colourfess ol (1.8g).



polyphosphoric acid (213g) at 1001C over 20 minutes (an exotherm to
127C was noted) and heated for 1 hour. The mixture was poured into
water (3 litres) and ethyl acetate (1 litre) with stirring. The resulting solid
wowa/iealbected by filtration, washed well with ethyl acetate®&dRItEA*FI¥E
dried solid was W0200/063391 P#¥TIIB20061003388 91 dissolved ins

chloroform, washed with aquous stodl bicarbonate, dried over sodium
sulphate and concentrated mwg%wje the t|tIe compound as a Whlte

ethyI acetate phase Washed with Water and brlne drled over sodlum
sulphate and concentrated. The residue was triturated with t-butyl methyl
ether and the resulting whlte sblid gQllected by filtration, washed with

further t-butyl methyl| ed. | ve a second portion of the title
compound (9.0g, 30. oI 3 %). 1H R (480MHz, CDCi.3):3
11.53.1.84 (complex, IOI—W@ (m, 2FH,.281 g1-pH), 5.33 (br, 1 H), 6.46
(d, 1 H), 7.03 (br,"1 H),?.18 (d..1 H),. LRMS m/z 295 [M+H]* Preparation
20 8'-chloro-5'-hydrosry-1'H-spirbfcyclaheptane-1 4'-cuinazolini-2'

To% ot diaNHACQtiduhd B pluliandichigrome AR (FRO™D.
of the compound of Preparation 19 ( g 6mmoi) was added a 1

dickinmsRBens G ivesmddsd rateme kgbloRe 158fmol) and

zzt@mmq%mea S ST e, J8IDRREBIY r#ttpm% daigichhaireackon
mixture was re into water (11 litres ﬁﬁ‘iand ethyI acehate éJ[u“tr&MThe

FOQRh RS 85| EchOU By AR IRACHR: mixture was te

drchloromethane (30ml) and washed with 2N aquesus HCE {2 x 2ami},
saturated aqueocus sodium bicarbonate (5Cmf}, dried over magnesium
sulphate and evaporated in vacuo. The crude orange oil (59} was purified by
flash chromatography on silica gel eluting with ethyl acetate: pentane [1:5} to
yield the tifle compound as a colourless oil {1.7g, 5.7mmol, 45%}.

"H-NMR (CDCla, 400MHz): & 1.96 (m, 4H), 2.40 {m, 2H), 2.45 (s, SH) 3.62 (s,
3H), 4.24 (s 24}, 7.35 {d, 2H), 7.79 {d, 2H).

Preparation 18
8'Chloro-5’~methoxy-1H-soircloycichaptyl- 1.4 -quinazoling}-2 (3’ Hl-one

A solution of 2-chloro-5-methoxyphenylurea (WO 02/074754, intermediate 5)
(17 9g, 82.5mmol} in cycloheptanone {60ml, 0.51mol) was added dropwise to
polyphosphotic acid (213g) at 100°C over 20 minutes {an exotherm to 127°C
was noted) and heated for 1 hour. The mixture was poured into water (3
litres) and ethyl acetate (1 litra) with stirring. The resulting solid was collecied
by filiration, washed well with ethyl acefate and dried. The dried solid was



phases separated and the organic phase dried over sodium sulphate and
concentrated in vacuo to give a brown solid. The filtered white solid was
recrystallised from ethanol to give the title compound (7.4g, 26.4mmol, 41
woEhermsether liquors from the recrystallisation were combirsdiigttihigssss
brown solid and the mixture stirré# in ethanol, filtered and dried to give a

. |, 39 3
oS35 SR L MRS S R SRR e
sodisgmaihate By o @ﬁﬂw?dequw oigjve. tﬁ@(@ﬁqm?@m@bﬁw H:.),
white8QERr g %8Rkl 136k, Preocaratimn 21

Cis-3. hydroxycydlobutvlcarboxl|c acid tart--butyl ester Cal-{ 0 Method A
Tert-butyl 3-oxocyclobutanecarboxylic acid (J Orig. Chem. (1993) 58
Thd bDhaBc0gakB2n sl hvuesd =.s-'-r-aorl“~-:‘ 1,
nd copled to 5C under ni n, S dium b ruﬁ% was
weE R S AOGE Se SHs SRy S

wasniniuredaeddie Hboinbroiitng dethetrand ﬁbﬁ\xwﬁmm‘dﬁf@fﬂwﬁimﬂﬂﬁ%ﬁ) '
&ﬁ%ﬁ&%@ﬁ%ﬁ%ﬁﬁm& 1hg %Qﬁﬁ%%%%mrm%@g and

Washe With ethyl acetate (2x2 e combined organic phases were

Sﬁmﬁgf@ﬁmﬁrﬂfﬁhﬁt@@ﬁ%ﬂp@ﬂ@ﬂ GvegmadHaseh ¥itbhate and

THSAREERLTRIGH I ERR08 Q'Egihsﬁé@;rﬁmom 128 aslightryeley ql
(3,45¢, 17. 7mmo| 97 400MHz): 8 1.46 (s, 9H), 2.12

3H{ny- @%Iihlz B kR A8H 4‘l H: (3. ‘ZWHWQBE gﬁiﬂfsw%sample in

_LRWWQ@ [etgqption time 4.57 minutes (91.5% area). Method B
3-oxocyclobutanecarboxyiic acid (J. Org. Chem. (1993) 58, 110), (10.0g,

Preparsfion 20
8.-chloro-5-hvdroxy-1"H-spirclevoioheptane- 1, 4'-guinazolin}-2Y(3'H)-ong

To a solution, in dichloromethane w[ﬁﬂﬂimi)r of the compound of Preparation 18
(19.0g, 64.6mmotl) was added a 1M solution of boron tribmmiﬁ:ie; i

" dichloromethane (129ml, 128mmol) and the mixture was stired at roam
temﬁerature for 3 days. The reaction mixfure was pmired into water (1.5
litres) and ethyl acetate (1 fitre). The white solid was collected by filtration, the
phases separated and the organic phase dried over sodium sulphate and :
concentrated in vacuo to give a brown solid, The filtered white solid was
recrystaliised from ethanol to give the title compound (7.4g, 26.4mmpol, 41%).
The mother liquors from the recrystailisation were combined with the brown
solid and the mixture stirred in athanot, fillered and dried o give a second
batch of product (7.0g, 28mmol, 38%}).



88mmol) was dissolved in dichloroamethane (20m11) and cooled to 5C.
4- Olmethylaminopyridine (8.6g, 70mmol) was added portionwise followed
by tert-butanol (13.0g, 176mmol) in one portion. A 1 M solution of N,N"-
wodigyaletekylcarbodiimide in dichloromethane (96m1, 96nfho{iRAES Ytfcféd
dropwise keeping the temperatur%ﬁbetween 00 and 5C. The resulting

14 Sl WAS Warmec : erature and stir Haht. Hqllowi
R A D e e B st e 2 e

{d, At ed.Aajowiddrd 20 (yatbiihTote &eicltBumPielisClHhe resulting
phases were separated and the lower organic layer was allowed to warm
to room temperature and washed with water (50m1) and saturated
sodium bicarbonate solutior-¥68858Y¥oTd. lower organic phase was
concentratpaydisiillationpatinassalve abRrehanged witbr
tetrahydrofuran. The final reaction volume was 30ml. Methanol (6rol) was
added.. Meanwhile sodium barohydrtde (1.65g, 44m~mol)was suspended

in tetrahydrofuran (39mH, and £00 Hrihe intermediate
tetrahydrofuran solution (added

ropwise to the slurry of sodium
borohydride'keeping the‘temperature between 0 and 5C. The reaction

was then stirred for 2 hours atp'g\-i% (G, dMater was added dropwise keeping
the temperature between 0C and 5C. Ethyl acetate (75mi) was added
and the phases separated. The lower agueous layer was allowed warm to

TeFRBMEMRRIajHISanshuas washedavttyetng, asriale(8BmlisTen),
__combined organic layers were concentrated and further was eéglzr WI@‘
(0o 1B APTON A S Wl ESH D BT e aEh g o O
andtdpoed tlmemvjmwrnm@m thedlitie boroped rdeagiasratiow el 4301 g,).
. 58.6mmo %). 'H-NMR ,(CDCi3,.400MHz). 6 S, 2 2H),
i Sty o5 0 ol B e S Al it A i)
beisgriin«8 b thendeapwisteatdiiotmevents (Mtna3 {remstindme?§ate0.0%
{1 %ﬁﬁ? ﬁ’ig %ﬂﬁ%% ase was separated and washed with ethyl acetate

(2x25ml). The combined organic phases were washed with brine {(20m),

dried over magnesium sulphate and concentrated /v vacuo to give the title
compound as a slightly velfow oil (3.05g, 17.7mmol, 87%).

"H-NMR (CDCls, 400MHz): & 1.46 (s, 9H), 2.12 {m, 2H), 2.55 (m, 3H), 4.17
{m,-1H).

GC analysis {sample in acetonitrile): retention time 4.57 minutes {81.5%
area). | ‘

Method B

3-oxocyclobutanecarboxylic acid {J. Qrg. Chem. {'& 293) 58, 110}, {10.0g,
88mmol) was dissolved in dichloromsthane (20ml) and cooled to 3°C. 4-
Dimethylaminopyridine (8.6g, T0mmol) was added portionwise followed by
fert-butanct (13.0g, 176mmol) in one portion. A 1M solution of N,
dicyclohexylcarbodiimide in dichioromethane (98ml, 98mmol} was added
dropwise keeping the temperature between 0° and 5°C. The resulling slurry
was warmed 1o room temperature and stimed overnight, Following filtration,



3-(p-toluenesulphonyloxv)-cyclobutanecarboxyiic acid fartbutVIl ester O
C7-3 () G *n Q CH Method A The compound of Preparation 21 (3.02g,
~17.35rnmol) was dissolved in pyridine (15m1) and cooled to OC under
WORiIFEEYb- Toluenesulphonyl WQ 2007)063341 PCT. OB A
94 chloride (3.5g, 18.4mmol) was added in one portion and the solution

the THISE Alad QOIS MORRARY SlORT ByaobSIoHRSISS el piissolutian

containing white suspended material was concentrated in vacua,
resyiHE GHeassarpER REPRraiet esdd AP s AaNG e was Al EshiY
waRRReAYUGAHSARYES Washednagalrmilaieiomgtate Gdimbisthe
combined organic Ia)éers w&grﬁ W@ih d with 2N.a %eous HCI (15mi),
SO RIRAIRONEED GL SHRRLIM BA S Y YL E AT G RIBTME T30mI), dried
cormerreoadeytistdbtoraauhia g ivethet ttelcampduith kdrahclaigeoil
. 3150, 15.7mmat. 9090) wihi lidified an standing, ;H- Hz,
TR T s S BB A e M
sodi)7igBo(ay i) (1 BEgd42myneiTas strprRbHeST irctelRaby iRia 2 . 78
s (81.%).|-F ESh.mi/ : AR5 ISeneK [etenyeR time
o e s e R e
addeipopmiseftp ibpatatiorrpsodiom beghyadavieegissoRra dampirriie
A0S led ol BrElysnesiphoayb otorideater
beﬁ %S@%%ﬁﬁgwgggi@g@ﬁ %?gﬁ?ﬁné%Smil) and-added dropwise
wakewlsing treptdaspcraning tenirrapercing betwaan e wis tey!
. | eRRPasalue apd sltHe raverugiad henigaction
ac%v%@égv t?gﬁi&é%tg; '%égoégﬁd and sglgﬁie%%r%ethyl acetate 50r§).. '
1th ethwyl
acetate {37mi). The combined organic layers were concenirated and further
washed with brine (37ml) followed by water (37mni}. The upper organic laysr
was stripped under vacuum fo give the title compound as a yeflow oil (10.1g,.
58.6mmol, 67%). -
TH-NMR (CDCls, 400MHZ): 8 1.48 (s, 8H), 2.12 {m, 2H), 2.55 (m, 3H), 4.17
{m, 1H). ,
GC analysis: retention time 8.02 minutes (cis isomer) (87.5% area), retention
time 9.07 minutes (frans isomer) (10.0% area).

tayer was allowed warm to room temperature and was washed w

Praparation 22

3-{p-toluenesulphonyioxyrcyelobutanecarbovlic acid fert-butyl ester
0 l V .
IR =W
0

Method A

The cdmpound of Preparation 21t (3.02g, 17 35mmol} was dissolved in
pyridine (15mi} and cooled to 0°C under nitrogen. p-Toluenesuiphonyl



The slurry was cooled to 0-5C, washed with 2M hydrochloric acid (75mi)
and the phases separated. The lower aqueous phase was back extracted
with ethyl acetate (50ml). The combined organic phases were washed

wavieh et (50ml) and sodium hydrogen carbonate solutidi-EBEaH)s s
organic phase ' was concentratedand cooled to 0-5C.

-Di let mﬁ%qiﬁéﬁi 509,40 ided, ISE, 4Tk
Ch{rgeryc‘%%g"g |x)'ju§r'§%/4vas was é(g?d yvélfétjhg%rg Eﬂﬁ%ﬁ%ﬁ%ﬁ%gﬁﬁ%@;ﬁﬁwﬁﬁd #
rogipersiiEgivase wadrdashedasiiintpink SoO RrRNRHIRBY wie) .
sudPSHRIRRISIRRaSR A seReeREatptvi-aaadany aikiaish 2N

crystallised on standln%]g]i:S.S , 47mmal, 82%). WO 20071063391 q
aopenBsidd 08 EaRd 65 AS RWM@?F@%@&?@%%W@W‘ -
ag%iﬁ%kﬁétﬁ@? eRiexe FHOml 4B¢s codhbingd Srthanik: iy shSlhrdes Aldphédo (;Zl,

.2H). ,CC analysis. retention time,15.98 minutes (cis isomer) (941 %. area),
WL HRS T il e ey i Reta (B
ar® Ghiter B mikttices m%&arsmmmﬁ@@mwaﬁmaﬁiﬁwwimwwd
as Bl ofad 8 i @59%1 @ga?wﬁ%emmw%m@ﬁ%(&mﬁ 074754,

intermediate 5) (2 , 0.11 mot) was added Eaton's reagent (a 7.7 wt A
e (BT hias pHafals: (/] kige S d#ruzeBTIsmonitese e 1440 B i)
EEI[ ,ﬂf@.\?’gir%"ﬁ%fl?%‘@pﬂq T(KJ_F%.M%_,_@_.ZZmol) and the resulting solution

eated at 85C’for 4 holrs. The reaction was cooled to -5C and water _
LGk smonalyiessnytine 28mp anitulesyéivabn-BHSHE Shien/z 327
mMPifEhieremstrane-(4E1a10h riatal) amchiadine @O rets (EsTjaddesk?
and the phases separated, The aqueous phase was washed with
{p"ﬁi{chtoromethane (2x900mi), the organic extracts combined and
evaporated in vacuo to give a dark oil which was purified on a

Method B

The compound of Preparation 21 (10.0, 88mmol) was dissclved in pyridine
{Eﬁmﬁj and cooled to 0°C under nitrogen. p-Toluenesulphonyt chloride {16.64,
87mmol} was dissolved in pyridine (25ml) and added dropwise keeping the
temperature between 0° and 5°C. The reaction was then allowed fo wam to

room femperature and stirred overnight.

The reaction was concentrated iox a solid and siurried in ethyl acetate {50ml).
The slurry was cooled to 0-5°C, washed with 2M hydrochloric acid (75mt) and
the phases separated. The lower aqueous phase was back extracted with
ethyl acetate (50mi). The combined organic phases were washed with water
(50ml) and sodium hydrogen carbonate solution (50mi}. The crganic phase -
was concentrated and cooled to 0°9-5°C, N,N-Dimethylethylenediamine {3.5g,
40mmol) was added dropwise. The reaction mixfure was washed with 2
hydrochioric acid (76mi}. The upper organic phase was washed with water
(75ml) and brine (75ml). The organic phase was concenirated io a pale yeliow
oil which crystallised on standing {15.5g, 47mmoi, 82%).



silica chromatography column eluting with dichloromethane:methanol
(95:5 to 90:10) to give the product as a dark brown solid. The solid was
triturated with diethyl ether and pentane, collected by filtration and dried
wotoognaetie title compound as a brown solid (27.17g, 0.1 ot/ 182043163388
1H-NMR (400MHz, CDCI3): 8 1.741.8 (m, 6H), 2.4-2.5 (m, 2H), 3.7 (s,

HHNE SR P RE 200 es36 P CHE SRR e

3HprépaE dtigri 24 3.ahlgrehihydexd, Bigpirocyciopentane 'i 4' guinazoti'nl
2'{3"H) ore OH NH H CI To the compound of Preparation 23 (259,

o 45800 LERARN SR el 2000V Bl 402 AR on

ic acid (207mi in ohe portion and the resulting

tfﬁ%ﬂﬁr@ﬁ %lﬂ@@%{fﬁ%ﬁ’f@mwé@ A RéEBaction mixture was cooled to
100C and water (207rnf) was added dropwise. The mixture was
concentrated in vacuo to preC|p|tate a brown. solid which was collected
by filtration and washed withoAZHEFEER 6D0mi). A second portion of
PEdHRIAES- oltained fidmpins] ditetssatyvistodiding dAniresiraliBied-pogions
of product were dried by ry with toluene (150ml) and solvent removal
|n _vacuo three tlmes to givéa gjeﬁ solid which was pre- -absorbed onto

. B pp 80:20). The product fractions

le resulting solid triturated with pentane
AP as$@ brown solid (10g, 0.0395mol,
42%). 1H-NMR (400MHz, D6-D SO)}-B 1.6-1.8 (m, GH), 2.3-2A (m, 2H),
6.4 (d, 1 H), 711 (d, 1 H), 72(§§1H) 7.8(s,1H),9.9(s, 9H).

To 2-chioro-5-methoxyphenylurea (W 02/074754, intermediate 5} (22.04g,
0.1 1mof) was added Eaton's reagent {a 7.7 wit.% solution of phosphorus (V]
oxide in methanesulphonic acid) (440.8mi) followed by cyclopentanone
{19.5m!, 0.22mol} and the resulting solution heated at 85°C for 4 hours, The
reaction was cooled to ~5°C and water added cautiously keeping the
temperature between 20 and 30°C. Dichloromesthane (400mt in total} and
brine {200mi) were then added and the phases separated. The agueous
phase was washed with dichloromethane (2x100mi}, the organic exiracts
combined and evaporated in vacuo to give a dark oil which was purified on a
silica éhrematagraphy column eluting with dichloremethane:methanol (8515 to
80:10) 1o give the product as a dark brown solid. The solid was friturated with
disthyl ether and pentane, collected by filtration and dried {o give the title
compound as a brown solid {(27.17g, 0.1mol, 82%).

"H-NMR (400MHz, CDCIg}: % 1.7-1.8 {m, BH), 2.4-2.5 {m, 2H}, 3.7 {s, 3H),
5.75 {or s, 1H}, 6.4 (d, 1H), 7.05 (s, 1H), 7.15 (d, 1H).

LRMS miz (APCH) 2687 [M+H]"



LRMVIS mlz (ESI) 253 [M+H)+ Preparation 25
(2-Chloro-5-methoxyphenyllurea OMe NH2 NAO H ClI WO 2007/063391
PCT/ m2006M3388 97 2-Chloro-5-methoxyaniline hydrochloride (269,
WOSATRESH was added to acetic acid. (117m1) and water (E3APEpI P88
slurry was warmed to 30'CC. A s6lution of potassium cyanate (lag, 161

mmol) in water (104 ml) wa@ﬁgfgn&{%wise After 1 hour at 40C, the

react;on was. cooledto 20

as awhlte SO|Id (2 1 Bg 81 % . TH-WMR (300|\/|HZ Ds DMSO) d 3 71 (s,
3H) 6.41 (s, 2H) 6.53 (d, 1R , 1H), 7.85 (s,1H), 7.98 (s, 1H).

[ 3.4 (%xmiz 201 [MEI Preparation 26 8'
Chloro 5' methoxysplro[cy 0 zane-Tlit guinazolinl-2('I'H)-one MeO H
VJ. Nt99 H. CJ The com el of Prgparation 25 (5.0g, 25 mmol) was

added to Eaton's Reagent (7% Wlm#olut%n of P206 in methanesuiphonic
acid) (150q) to form a Ci :

To the compound of Preparation 23 {25g, 0.093mol), was added acetic acid
(250m1) followed by 48% aqueous hydrobromic acid {207ml, 1.86mol} in one
portion and the resulting solution stirred at 1 15°C for 7 days. The reaction
mixture was cooled to 100°C and water {207mi) was added dropwise. The
mixture was concentrated i vacuo to precipitate a brown solid which was
coliected by filtration and washed wilh water (2 x 100mi). A second portion of
product was obtained from the filirate on standing. The combined portions of
product were dried by slurry with toluene (150ml} and solvent remaval in
vacuo thres times to give a grey solid which was pre-absorbed onto silica and
purified by column chromatography sluting with dichloromethane:methanol
(98:2 o 955 to 8(:20). The product fractions were concentrated in vacuo and
the resulting solid triturated with pentane and filtered to afford the title
compound as a brown selid (10g, 0.0395mol, 42%).

TH-NMR (400MHz, Dg-DMSO) 5 1 6 1.8 {rn, 64}, 2.3-2.4 [m, 2H), 6.4 {d, '1H}
741 (d, 1H), 7.2 (s, TH), 7.8 (s, TH}, 8.8 (5, TH}.

LRMS miz (ES1) 2563 M+H]"

Preparation 25

{2-Chloro-5-methoxyphenyliurea

OMe




solution which was then heated to 60C. Cyclohexanone (4.9g, 50 mmol)
- was added over 10 minutes and the reaction then warmed to 80C and

-held at that temperature for 1 hour. The reaction mixture was then cooled
WOREESIR water was added (15Qm1). The reaction mixtugr?\g%vﬁggsz':’f'}?é&r[i}%%g

extracted with dichloromethane (100ml) and the upper aqueous phase

o.CNesher mé%hoﬁi@?({jmm@m@b f %%l@mmh'ﬁﬂﬂl- mmllo hBﬁelT:eomgﬂaiﬁphases
were concentrated before -propanol.(110ml). The.reactign

acelifagid WASTh A W&émg% é? ﬂﬂ? sﬁﬁéﬁ@%%ﬁu@e g%m%ve the

solbgsiduppdichinrersptinane { Ths teactiomivaswetaed blonsmHisadtied

duct which ti t 5C for.one hour. Th t. ted
s S e SRS s A e slee
wa it ZrproRaRse | fErnmiT heforribeined deddardsriighir 1at:60C & Sysld

o (SR DEDRRCH B2 (RS 1 69 377K 5 (m, 140, 16 (n

2H), 1.7 (m, 1H),. 1.8 (m,1 1H), 2.4 (t, 2H), 3.79 (s, 3H), 6.64 (d, 11H),

e vA( 7,26 3 T84S 1H) L G-MSSESIY; B85 einwies De!
R e B e e
(d, 1. guifeisolihiZ \B8)&nB OH H Ste a 8 Chloro 5
Ly prsspiielovryahexaned 4 iaazolin 4 -one acetic acid solvate
The compound of Preparation 26 (35019, 1.24mo1) was slurried in acetic
acid (3500m1). Hydrobromic acid (48% wfw in water) (2800ml, 2'4.8mol)
was added to the slurry at rpapdetpedsture. The slurry was then
' GAgiedlo 100C
was cooled to

The compound of Preparation 25 (5.0g, 25 mmol) was added to Eator's
Reagent {7% wiw solution of Pz0Os in methanesuiphonic acid) (150g) to form a
solution which was then heated to 60°C. Cyclohexanone (4.9g, 50 mmol} was
added over 10 minutes and the reaction then warmed to 80°C and heid at that
temperature for 1 hour. The reaction mixture was then cooled to 5°C and
water was added (150ml). The reaction mixture was then exiracted with
dichloromethane (100mi) and the upper agueous phase washed with
dich!orome{hana {2x10ml}. The combined organic phases were concentrated
hefore adding 2-propanol {110mi). The reaction mixture was further
concentrated at atmospheric pressure to remove the residual

. dichloromethane. The reaction was cooled 1o crystallise the product which

was stirred at 5°C for one hour. The product was collected by filtration and



hour before being filtered, washed with water (1100ml) and dried in the -
vacuum oven over night to yield the title compound as a white solid (344q,
1.28rnoi, 103%). 'H-NMR (D6-D1VMSO, 300MHz): S 1.2 (m, 1 H), 1.4 (m,
W7 683¢, 1 H), 1.6 (m, 2H), 1.7 (m, 1 H), 1.8 (m,1 H), FGI(E84/e03388
CH3COOH) 2.4 (t, 2H), 6.45 (d, fSH) 6.95 (s, 1 H), 7.1 (d, 1 H), 7.75 (s,

e R R e R L ke

yiddrthd' %mwmmmammmmm%_zmummm ‘P6¥a)-H)-orn'e The
acetic acid solvate of step (a) (3'308, 1.24mol) was slurried in acetone

’H%ﬁ%@éa“on RIRPENS o5 G.hoys. aeé@rqqivftmwhmmnsmd

d with acetone (éBOnl) before being dri dﬁ r 18 hours
21811 GIEnd G A BB B 78 e B Siife LOIAISES: 0
@9@@5 42%), 1 NMR#R6-DMSO, 300MHz): d, 1..2. (m, 1H), 1.4 (m,
H), 1 (m., 1H.), 1.6 (m,.. 2H), 1.7 (m, 1H), 1.8 (m,IH:), 2.4 (t, 2H), 6.45
(d, 1H), 6.95 (s, 1.H), 7.1 (d,IH), 7.75 (s, 1H). WO 2007/063391

LS I\(E@Q&%mummmm Asddiviptilind of formula (1),
HO2C,.,A.BO}mH NCDHR () wherein:

Prenarafion 27
8'-Chinro-5-hydroxyspire[cvelohexane-1.4guinazolin]-2{1'H}-one

Step (al

8.Chloro-5-hydroxyspirolovclohexane-1, 4 -quinazolinl-2'( 1'H)-one

acetic acid solvale

Thé compound of Preparation 26 (350g, 1.24mol) was slurtied in acetic acid
(3500mi). Hydrobromic acid (48% wiw in water) {(2800mi, 24.8mol) was
added to the slurry at Toom temperature. The slutry was then warmed to reflux
and stirred for 4 days. The reaction was cooled fo 100°C and water (2800m b
added dropwise over 1 hour. The slurry was cooled to 10°C, stirred for one |
hour before being filtered, washed with water {1100m!) and dried in the
vacuum oven over night {o yield the titte compound as a white solid (344g,
1.28mot, 103%).

TH-NMR (De-DMSO, 300MHz): 5 1.2 (m, 1H), 1.4 (m, 2H), 1.5 (m, 1H), 1.6 (m,
2H), 1.7 (m, 1H), 1.8 {m,1H), 1.8 (s, 3H, CH,COOH), 2.4 (t, 2H), 6.45 {d, 1H},
6.95 (s, 1H), 7.1 (d, 1H), 7.75 (s, 1H), 9.8 (s, 1H, CH3COOH).

LC-MS (ESi): 14.2; minutes 99.1 (%), mfz 267 MIH"1.



mis0,1lor2; Xis C, S or N-CSI; Ris F, Clor CSI; A is a C3.6 cycloalkylene
group optionally substituted with a C14 alkyl group; and B is a single
bond or a Cq_2 alkylene group; or a pharmaceutically acceptable salt,
wsolvate;polymorph or prodrug thereof. 2. A compound acsordBmaaickain
1, wherein mis 1. 3. A compound*&ccording to claim | or claim 2, wherein
Xis C. 4. A compound according to any one of claims 7 to 3, wherein R is
Cl. 5. A compound according t%e of claims 1 to 4, Whereln Aisa
cydabgtitenesthydpo:6:shicsovetminect a6 rdingtoocialin -5 i/t
1,3-cyclobutylene group. 161 7. A compound accordlng to clalm 6
Thivlzerdin Acid solrate-of Sisgy (08 enb Hhoad) BaASempd um@%@ﬂﬁjmg

(75%%%%?09{ RAIRS iR Fol BERIR BrisstiRingle RASHhen AdrEReu

 filtgadion(wachst o rstone RGmbheiote Sirdne, dristkier A8 frours at
ﬁ&%%@@é%@ﬁmé@)%ﬂ%@%ﬁ@ﬁﬁ@&%ﬁélgm«nd (2389, 0.89mol,

trans-3-[(8'-Chicro-2'-ox0-2',3

?Eﬁ@dro I'H-spiro[cyclohexane-11,4'-quinazoiin[-

1@%4?&2@1@@%@%&1"&@%[ BH(B1.4 (m, 2H), 1.6 {m, 1H), 1.6 (m,

uoro-2'-0x dro:9'H-spiro[ayclohexane-1,4'-quinazolin]-b.-

2 e oL inar b S (. 11y, & o R AH e

7. 1@s-3H(8 -cyan-2'-oxo0-2',3'-dihydro-1'H-spiro[cyclohexane-9
,4'-quinazolin]- 5'-yl)oxy]cyclobutanecarboxylic acid; '1-[(8
-fluoro-2'-oxo-2',3'-dihydro-1'H-spiro[cydohexane-1,4'-quinazoiin]-5'_
yl)oxymethyl]cyclobutanecarboxyfic acid;




trans-3-[(8'-chloro-2'-0x0-2',3'-d
ihydro-T'H-spiro[cycloheptyl-1,4'-quinazolin]-
5'-yi)oxy)cyclobutanecarboxylic acid; trans-3-[(8'-chl oro-2'-0x0-2'

wa 3eipydra-1'H-spiro[cyclbpentyl-1,4'-qui nazolin]- PCT/IBZNOG/G03388
5'-yl)oxy]cyclebutanecarboxylic atitl; or a pharmaceutically acceptable
salt, solvate, poiymorph or prodrug thereof. 10. A pharmaceutical

%Mﬁosition comprising a compound according to any of claims 1 to 9, or
a pharmaceutically acceptable salt, solvate, polymorph or prodrug

5 thereof, and a airg]acetjtl %Ily acceptable carrier or diluent 11. A
“com OWSET |ng )ﬁ ne of claims 1to 9, or a pharmaceutically

acceptable salt, solvate, polymorph or prodrug thereof, for use as a
medicament. 102 12. Use according to ¢laim 11, wherein the disease or

condition is selected fHiPpCpain;Bl<ce egl diseases, autoimmune
diseases, multiple sclerosis, Osteopprad hronic obstructive pulmonary

disease, asthma, cancer, acquiregimmueie.deficiency syndrome (AIDS),
. Use"according to claim 12,

}g according to claim 13,

wherein:

mis 0, 1or2;

Xis O, 3orN-CN; -

RigF, Clor CN; _

A is a Cag cycloalkylene group optionally substituted with a Cie alloyl grop;
and

B is a single bond or a Ci2 alkylene group;

ora pharmaceutlcaliy acceptable saEt solvate, polymorph or prodrug thereof.

2. A compound according to claim 1, wherein m is 1.

3. A compound according to claim 1 or claim 2, wherein X is O.

4. - A compound according to any one of claims 1 fo 3, wherein R is Gﬁ.'
5. A compound according to any one of claims 1 to 4, wherein Als a
cyclobutylene group.

6. A compound according to claim 8, wherein Als a 1, 3-cyclobutyiene
group.
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7. A compound according to claim 6, wherein A is a frans-1,3-
cyclobutylene group.

8. A compound according to any one of claims 1 to 7, wherein B is a
singte bond,

9. A compound selected from: )
c;s»S—[(B’-aChEam-z‘-QmQ’ ‘-dzhydmn‘{"H—spim[cycinhaxane-‘i A-guinazolin}-5-
yhioxyleyclobutanecarboxylic acid, '
trans-3-{8'-Chioro-2"-0x0-2',3-dihydro-1'H-spiro[cyciohexane-1,4'quinazofini-

-yl oxyleyclobutanecarboylic acid;
3[(8-fiuoro-2*-oxo-2",3% dzhydre»’i ‘H-spirofcycliohexane-1 4‘~qwnazoim]—5‘
vhoxymethyllovelobutanecarbosic acid;
frans-3-]{B'-cyano-2*-oxo-2',3-dihydro-1'H-spirofcycichexane-1,4'-guinazofing-
S-yhoxyjoyclobutanecarboxylic acid;

148" fluore-2-oxo-2, ’-dthy{im-'t’H—sp:ra[cyc&ohemne—*! Atguinazolin}-§-
yioxymethyijeyciobutanecarboxylic acid; .
frans-3-[{8"-chioro-2'-ox0-2', 3 -dinydre-1"H:spircfcycloheptyi-1 4‘~qumazoim]—
5-yhoxyleyclobutanecarboxyiic acid;
trans-3-[{8"-chloro-2"-oxo-2',3"-dihwdro-1 H-spirofoyclopentyl-1 ,4‘¥quinazaiin}*
Syloxyjcyclabutanecarboxylic acid;
ora ph aﬁﬁaceuﬁr;aﬂy acceplable salt, solvals, polymorph or prodrug thereof.

10. A pharmaceutical composifion comprising a compound according to
_any of claims 1t0 9, ora pharmaceutically acceptable salt, soivate, polymorph
or prodrug thereof, and a phammaceutically acceptable carrier or diluent.

11. A compound according fo any one of claims 110 9, ora

pharmaceutically acceptable salt, solvate, polymorph or prodrug thereof, fur
use as a medicament.
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12. Use according fo claim 11, wherein the disease or condition is selected from
pain, T-cell-related diseases, autoimmune diseases, multiple sclerosis, osteoporosis,
chronic obstructive pulmonary disease, asthma, cancer, acquired immune deficiency
syndrome (AIDS), allergy or inflammatory bowel disease.

13. Use according to claim 12, wherein the disease or condition is pain.

14, Use according to claim 13, wherein the pain is neuropathic pain.



