Spirocyclic derivatives Field of the Invention This

invention relates to spirocyclic derivatives, and to
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in the preparation of, conpbsitions containing and the

uses of, such deri%ﬂﬁhyﬁér égg @BEEOCVCIiC derivatives

of the present inv nhi bi tors and. have

a nunmber of therapeutic applications, particularly in
_the treatnment of pain, especially neuropathic pain.

Fie the Invention Phosphodi est erases (PDES)
are a famly of enzynes which affect various cellular
signalling processes by the process of hydrolyzing the
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MRNA of PDE7 is expressed in various tissues and cell
painygerediaibimeyroppthic ppdrt ant in the pat hogenesi s of

several diseases such as T-cell related disorders. In
) particul ar PDE7A and its splice variants are

Backyregid @b etk Inveatibhvated T-cells, (L. Li, C Yee and
J. A Beavo, Science (1999), 283, 848-851), and in
B-| ynphocytes. (R Lee, S. Wlda, E. Moon,
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cellular signalling 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 intracellular processes. There are at least 11 families
of PDE's, some (PDES3, 4, 7, 8) being specific for cAMP, and others for cGMP
(PDES5, 6, and 9).

PDE7 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 known to be important in the pathogenesis of several diseases such as
T-cell related disorders. In particular PDE7A and its splice variants are
upregulated in activated T-cells, (L. Li, C. Yee and J.A. Beavo, Science
(1999), 283, 848-851), and in B-lymphocytes. (R. Lée, S. Wolda, E. Moon, J.
Esselstyn, C. Hertel and A. Lerner, Cell. Signal (2002), 14, 277-284),
autoimmune disease (L. Li et al, above), and airway disease (S.J. Smith et al,
Am. J. Physiol. Lung. Cell. Mol. Physiol. (2003), 284, L279-L289).

Consequently it is expected that selective inhibitors of PDE7 will have broad
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PDE?A has been isolated from yeast (T. Michaeli et al, J. Biol. Chem. (1993)
268, 12925-12932), human (P. Han, Z. Xiaoyan and, M. Tamar, J. Biol.
Chem. (1997) 272, 16152-16157), mouse (T. Bloom and J.A. Beavo, Proc.
Natl. Acad. Sci. USA (1996), 93, 14188-14192) and upregulation of PDE7A
levels is seen in human T Iymphocytés (M. Ichimura and H. Kase. Biochem.
Biophys. Res. Commun. (1993), 193, 985-990).

PDE7B, the second member of the PDE7 family, shares 70% amino acid
homology with PDEYA in the C-terminal catalytic domain (N-terminal domain
is the regulatory domain containing the phosphorylation site which is
conserved across the PDE family). PDE7B is cAMP specific and has been
cloned from mouse (accession number — AJ251858) and human (accession
number - AJ251860) sources (C. Gardner, N. Robas, D. Cawkill and .M.
Fidock, Biochem. Biophys. Res. Commun. (2000), 272, 186-192). It has been
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WO 2004/026818 describes compounds of formula:

RZ\O (CHZ)m

NH
N 0]
H
R1

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

WO 2006/092691 describes thé use of PDE7 inhibitors in the treatment of
neuropathic pain.
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have surprisingly found that a class of conpounds
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substituted with a G -4 alkyl group; and Bis a
adgyngle bond or a G -2 al kyl ene group; or a

phar maceutically acceptable salt, solvate, pol ynorph

or prodrug thereof. Brief Description of the
SurDrmesy (o #iFe inventios a concentration / time graph

illustrating the nmean, dose normali sed, ‘
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- Théird@ftien ptovidies BVWUHJWB%Q@,(Q@S wel | as that of

t he conpound of Exanple 75 of WO 02/ 074754 ( Conpound
A), follow ng 1ng/kg intravenous adm ni strati on;

(1)

wherein:

mis 0, 1 or2;

Xis O, S or N-CN;

Ris F, Clor CN;
"Ais a C34 cycloalkylene group optionally substituted with a C4.4 alky! group;
and | | 4

B is a single bond or a C4.; alkylene group;

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

Brief Description of the Drawings




Fig. 2 shows powder X-ray diffraction (PXRD) plots for
nmeasured (A) and sinulated (B) patterns for the acetic
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2: calorimetry (DSC) trace for of the unsol vated
.crystalline form (FormA) of the conpound of Exanple
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Figi fi%abdersniahganning-calaripetey ( trace for of the unsolvated
crystalline form (Form A) of the compound of Example 2;

Fig. 7 shows PXRD plots for the crystalline unsolvated form (Form A) and the
dimethylacetamide (DMAC) (B), pyridine (C), tetrahydrofuran (THF) (D),
dimethylsulfoxide (DMSO) (E) and acetic acid (F) solvates of the compound of
Example 2;

Fig. 8isa 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% corresponding 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 solvate form);
Fig. 10 is a TGA trace of the dimethylacetamide solvate of the compound of
Example 2, the total mass loss of 33.0% being equivalent to a 2:1 ratio 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;
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Preferred Enbodi ments In the cont ext of the present

2. i hventi on, the term "al kyl ene” denotes a dival ent

saturated hydrocarbon chain having 1 or 2 carbon

at ons. Exarrpl es of al kyl ene groups i ncl ude methyl ene,

aileg |Daseria o Phgflene pdimestts whi ch net hyl ene is
preferred. The term cycl oaI kyl ene"” denotes a dival ent
saturated carbocyclic ring having 3 to 6 carbon atons.

In thé 3Rt oPthe prdsent Iﬁﬁleﬂﬁ@n Ghe4esn FaIk)Iefe” denotes a divalent
cycl ogropyl ene (eg 1 1-cycl opropyl ene and c/ s-

satuiched ydrozzarl@%pb@ndwlrawbpr 2c5p€ @batqmén&xeggsleso

alk}?‘a é ?)‘&J &Mﬁﬁgtl@/@? ae[ﬂgflobu ét}'yﬁﬁ?/{g opeh Yv '
me{siere ik-preierkapentyl ene, cis- and frans 1

, 2-cycl opentyl ene, and cis- and trans- , 3-
cycl opentyl ene) and cycl ohexyl ene (eg

Thé ek 3G LRBRNE R erfhss a @RAIdAtaRurhted carbocyclic ring having

3 to 6 carbon atoms. Examples of cycloalkylene groups include

cyclopropylene (eg 1,1-cyclopropylene and cis- and frans-1,2-
cyclopropylene), cyclobutylene (eg 1,1-cyclobutylene, cis- and frans-1,2-
cyclobutylene, and cis- and fréns—1,3-cyc|obuty|ene), cyclopentylene (eg 1,1-
cyclopentylene, cis- and frans-1,2-cyclopentylene, and cis- and trans-1,3-
cyclopentylene) and cyclohexylene (eg 1,1-cyclohexylene, cis- and trans-1,2-
cyclohexylene, cis- and trans-1,3-cyclohexylene) and cis- and frans-1,4-
cyclohexylene). Preferred examples include cyclobutylene and
cyclohexylene, more preferably cyclobutylene, even more preferably 1,3;
cyclobutylene, and most preferably frans-1,3-cyclobutylene.

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



cycl ohexyl ene, cis- and trans” , 3-cycl ohexyl ene) and

cis- and transA ,4- cycl ohexylene). Preferred exanples
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preferably cycl obutyl ene, eVen nore preferably 1, 3-
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tertbutyl. Preferred exanples include nethyl and
Sar@@lﬁ?ﬁltloés'ﬂ}%fbeaﬁar?OMﬂ%ﬂld grBIRdycl oal kyl ene group is

optionally substituted with a G -4 al kyl group.

Preferably, the al kyl substituent, if present, is a

Prefiertablyl, nots ¢oh2l nwrewpeferasig 1pr ef erably a net hyl group.
The al kyl substituent, if present, may be present at -
any position on'the ring, but is preferably present at

Prefdle §ly BOR |09§|r g;lg\g %reﬁ@f@.agfgﬁ@tl on as the carboxylic

aC| group mis or 2, nore preferably
Preferably, Xis Oor NCN, nore preferably O
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group opti onal |y substituted with a nethyl group. Mre
preferably, Ais a cyclobutylene group. Even nore
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wit B grotin, Mar BIREBNG A Fch Byt RR by gy Rngnore
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the invention inc those in which each variable in
cyclahutylere @ruR-s sel ected from the suitabl e and/ or
preferred groups for each variable. Even nore
preferred conpounds of the invention include
Preferably, B is a single bond or a methylene group. More preferably, B is a

single bond.

Particularly preferred compounds of the invention include those in which each
variable in Formula (l) is selected from the suitable and/or preferred groups
for each variable. Even more preferred compounds of the invention include
those where each variable in Formula () is selected from the more preferred

or most preferred groups for each variable.

The following compounds are especially preferred:
cis-3-[(8'-Chloro-2'-ox0-2',3'-dihydro-1'H-spiro[cyclohexane-1,4'-quinazolin]-5'-
yl)oxy]cyclobutanecarboxylic acid; |
trans—3-[(8‘-Ch|oro—2';oxo-2',3'-dihyd ro-1'H-spiro[cyclohexane-1,4'-quinazolin}-
5'-yl)oxy]cyclobutanecarboxylic acid; '
3-[(8'-fluoro-2'-oxo0-2',3'-dihydro-1'H-spiro[cyclohexane-1,4'-quinazolin]-5'-
yhoxymethyljcyclobutanecarboxylic acid;



those where each variable in Fornula (1) is selected

fromthe nore preferred or nost preferred groups for
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-spirotcycl oheptyl -1 - qui nazolin] -
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The compound trans-3-[(8'-chloro-2'-0x0-2',3'-dihydro-1'H-spiro[cyclohexane-
1,4'-quinazolin]-5"-yl)oxy]cyclobutanecarboxylic acid, and pharmaceutically
acceptable salts, solvates, polymorphs and prodrugs thereof, particularly 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 frans-3-[(8'-
chloro-2'-oxo0-2',3'-dihydro-1'H-spiro[cyclohexane-1 ,4'-quinazoli.n]-5'-yl)oxy]-
cyclobutanecarboxylic acid, in an unsolvated crystalline form (Form A)
characterised by the following powder X-ray diffraction peaks (20, in degrees
£ 0.1°) When measured using Cu Ko radiation (Wavelength = 1.5406 A): 6.3,
17.8, 21.5, 22.1, 22.4, 26.3.

In another embodiment, the invention comprises the compound trans-3-[(8'-
chloro-2'-ox0-2',3'-dihydro-1'H-spiro[cyclohexane-1,4'-quinazolin]-5'-yl)oxy]-
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The invention further comprises a method of treating a disease or condition
for which therapy by a PDE7 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, polymorph
or prodrug thereof. '

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

Physiological pain is an important protective mechanism designed to warn of '
danger from. potentially injurious stimuli from the external environment. The

system operates through a specific set of primary sensory neurones and is
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significant psychologiéal and em'otional'problems. 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 trauma, 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 mebhanisms can be useful, in promoting protective behaviours which
may better enable repair processes to take place. The normal expectation
would be that sensitivity retums to normal once the injury has healed.
However, in many chronic pain states, the hypersensitivity far outlasts the

healing process and is often due to nervous system injury. This injury often
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wonrowlwesaei c. Acut e pain begi ns suddenly and i SPCT/IB2006/003388

short-lived (usually twel vdlweeks or less). It is
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brain where pain is perceived (Meyer et al., 1994, Textbook of Pain, 13-44).

The activation of nociceptors activates two types of afferent nerve fibres.
Myelinated A-delta fibres transmit rapidly and are responsible for shérp and
stabbing pain sensations, whilst unmyelinated C fibres transmit at a slower
rate and convey a dull or aching pain. Moderate to severe acute nociceptive
pain is a prominent feature of pain from central nervous system trauma,
strains/sprains, burns, myocardial infarction and acute péncreatitis, post-
operative pain (pain folldwing any type of surgical procedure),' posttraumatic
pain, renal colic, cancer pain and back pain. Canceér 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 thefapy (e.g. postchemotherapy
syndrome, chronic postsurgical pain syndrome or post radiation syndrome).

Cancer pain may also occur in response to chemotherapy, immunotherapy,
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19’:';6-?86632?'%6 symptoms of neuropathic pain are difficult to treat, as they
are often heterogeneous even between patients with the same disease (Woolf
& Decosterd, Pain Supp., (1999), 6, $S141-8147; Woolf and Mannion, above).
They include spontaneous pain, which can be continuous, and paroxysmal or
abnormal evoked pain, such as hyperalgesia (increased sensitivity to a
noxious stimulus) and allodynia (sensitivity to a normally innocuous stimulus).

The inflammatory process is a complex series of biochemical and cellular
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
pain. Rheumatoid disease is one of the commonest chronic inflammatory
conditions in developed countries and rheumatoid arthritis is a common cause
of disability. The exact aeﬁology of rheumatoid arthritis is uhknown, but

current hypotheses suggest that both genetic and microbiological factors may
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sysﬁ%&g Srgglﬁcgcrlﬁaeﬁ lrgggrbed\?%g%% gﬁ#}?dl\ﬁdg&hnﬁ digestive visceral |
pain and. non-digestive visceral pain. Commonly encountered gastromtestlnal
(Gl) disorders that cause pain include functional bowel disorder (FBD) and
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, irritable bowel
syndrome (IBS) and functional abdominal pain syndrome (FAPS), and, in
respect of IBD, Crohn’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 pancreatitis and pelvic pain.

It should be noted that some types of pain have multiple ae’giologies and thus
can be classified in more than one area, e.g. back pain and cancer pain have
both nociceptive and neuropathic components. ‘
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syndromé (AIDS), allergy and inflammatory bowel disease.

The invention further comprises use of a compound of formula (1), either in its
broadest aspect or a preferred aspect, or a pharmaceutically acceptable salt,
solvate or prodrug thereof, in the manufacture of a medicament for the
treatment of a condition or disorder selected from pain (especially neuropathic
pain), T-cell-related diseases, autoimmune diseases, multiple sclerosis,
osteoporosis, chronic obstructive pulmonary disease, asthma, cancer,
acquired immune deficiency syndrome (AIDS), allergy and inflammatory

bowel disease.
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conmponents. @ her types of pain include: pain
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Suifatié Gicl afidiioaBaMsdira, forRed didn tbickis which-forpaidrvexic salts.
(non-rheunmat oi d) art hropat hies, non-articul ar

Examplesatingdtie dle r aetaifop m;ae,gmys(p@@t@m, jtenzoate, besylate,
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hyc%[)ﬁ)rﬁi'al@/%%ﬁé”eh We/m i%laﬂﬁéﬁétehe?éaét'ée malate,
tension-type he€adathe m xed headdach
maleate, malonate, mesylate, methylsulphate, naphthylate 2-napsylate,
nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen
phosphate/dihydrogen phosphate, pyroglutamate, saccharate, stearate

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,
diethylamine, diolamine, glycine, lysine, magnesium, rheglumine, olamine,
potassium, sodium, tromethamine and zinc salts.

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

For a review on suitable salts, see Handbook of Pharmaceutical Salts:
Properties, Selection, and Use by Stahl and Wermuth (Wiley-VCH, 2002).
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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 a state in which the material lacks long range order at the molecular level
and, depending upon temperature, may exhibit the physical properties of a
solid or a liquid. Typically such materials do not give distinctive X-ray
diffraction patterns and, while exhibiting the properties of a solid, are more
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 phase
in which the material has a regular ordered internal structure at the molecular
level and gives a distinctive 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 characterised by a phase change,
typically first order (‘melting point’).



Phar maceutical |y acceptable salts of the conmpounds of
formula (1) include the acid addition and base salts

wohaer@e$391Sui t abl e acid additi on salts are for pret/1B1006003388

acids which formnon-toxic §alts. Exanples include the
acetate, adipate, aspartate, benzoate, besyl ate,
bi car bonat e/ car bonat e, bi sul phat e/ sul phate, .borat e,
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at e/ di hydr ogen phosphat e,
the%%&%ﬁ%cﬁaﬂ%‘%”%@ﬁ%&%@f@% stearate, succinate,
tannate, tartrate, tosylate, trifluoroacetate and
xi nof oate salts. Suitable base salts are forned, from
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with the desired acid or base; (ii) by renoving an

aci d- or base-labile protecting group froma suitable:
Wh%ﬁ@{é{)%@l&leﬁg o&@ﬁ%ﬂ%ﬁ@ﬂ@yﬁq@%{ "Ho2edrhbleX witY have a well-

defined stoichiometry independent of humidity. When, however, the solvent or

water is weakl)( bound, as in channel solvates and hygroscopic compounds,
the water/solvent 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 (1) include references to

salts and solvates thereof and to solvates of salts thereof.

The compounds of the invention include compounds of formula (I) as
hereinbefore defined, including all polymorphs and crystal habits thereof,
prodrugs and isomers thereof (including optical, geometric and tautomeric
isomers) as hereinafter defined and isotopically-labelled compounds of

formula (1).



precursor, for exanple, a lactone or lactam using the
desired acid or base; or (iii) by converting one salt

wofhod7le3sdonpound of fornula (1) to another by PeaaBi0061003388
with an appropriate acid ori8base or by nmeans of a
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Phérﬁﬁé@dtlﬁaﬂﬁﬁddlé}% as a liquid. Upon heating, a change
fromsolid to I1qui d properties occurs which is

characterised by a change of state, typically second

Preflspds it adediadabe ST fnecMninil Sahe kL kb ope ifEduced by
rep[ abpRSpiRne duhdtiotialaés préset Un @h@tcontisourlsesiufcamula (1)
| eve and gives a distinctive X-ray diffraction

with gerieim ngieties dnowedtpdanse skilled indher adias viermaielpedas
fi,Ci l. a
desﬁ:ﬂ ed f&ngé(éfmﬁﬂé s heQigh*Sf Bldard, Ettgf ;P-Fce‘%%@?ase% Elsevier,
aracterlsed by a phase change, typically first order
( nelting point').The conpounds of the invention my
al so exist in unsolvated and solvated forms. The term
The %%W;%Lﬁ'nds' Sf tRfhi¢ I;zedfnthbopl%%gﬁ% P%Rﬂoﬁtﬂo?ﬁéﬁhaé carboxyllc

["'ex” conprising the conpoun e I nvention and
amdnfanohommirt}e (p(D@lOH;):euThemfdrg, suitable prodrugs comprise esters

thereof, wherein the hydrogen of the carboxylic acid 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 hydrolysis and forms a compound of formula (I) having the
free carboxylic acid group or a salt thereof.

Whether a combound 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
animal to 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:



accept abl e sol vent nol ecul es, for exanple, ethanol.

The term ' hydrate' is enployed when said solvent is
woabweEros33bne present invention enbraces both t heCT/1B2006/003388

unsol vated and all sol vateddforns. A currently
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hydroxyalkyl groups, and most preferably Cia hydroxyalkyl groups such as

hydroxymethyl, 1- or 2-hydroxyethyl, 1-, 2- or 3-hydroxypropyl, and 1-, 2-, 3-

or 4-hydroxybutyl;

(C1_1o alkoxy)C{_m alkyl groups (defined as an alkyl group substituted by an
alkoxy group), preferably (C4.¢ alkoxy)C1.s alkyl groups, more preferably (C1.4
alkoxy)C1.4 alkyl groups, and most preferably (C1.4 alkoxy)methyl groups, such
as the methoxymethyl, 1,1-dimethyl-1-methoxymethyl, ethoxymethyl,
propoxymethyl, isopropoxymethyl, butoxymethyl and t-butoxymethyl groups;

C{-G 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; ‘



formula (1) which may have little or no

phar macol ogi cal activity thensel ves can, when
wadni7rieser ed i nto or onto the body, be conver PEWIBWIE003388

conmpounds of fornula (1) ha9ing the desired activity,

for exanple, by hydrol ytic cl eavage. Such derivatives

are referred to as "prodrugs". Further information on

Cg%e%yélémk?f @ra;ifsug%u&ny érse Eytu op§l, Proycidbutyd, asydlopentyl,

ivery Systens , Synposn um Series (T.

qul@fgiwhucya epiyl Sﬂdlqyﬁbooéhfﬂgmlm’severm ble Carriers in
Drug Design, Perganon Press, 1987 (Ed. E. B. Roche,
Anmeri can Pharnmaceutical Association). Prodrugs in
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by an_ester residue. The term "ester resid
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experinmental animal, such as a rat or nouse, and then
st udyi ng the body fluids of the animal to deternine
tetrsthydroagpyranyl noton hetestahyduetbioplyrarl nulgiogps, or wherein  the

tetrahydropyranyl or tetrahydrothiopyranyl group may be optionally substituted
with a substituent selected from halo and Cqg alkoxy, such as:
tetrahydropyran-2-yl, .3-bromote{rahydropyran-2-yl, 4-methoxy-
tetrahydropyran-4-yl, tetrahydrothiopyran-2-yl, and 4-methoxy-
tetrahydrothiopyran-4-yl groups;

tetrahydrofuranyl  or  tetrahydrothiofuranyl  groups,  wherein . the
fetrahydrofuranyl or tetrahydrothiofuranyl group may be optionally substituted
with a substituent selected frpm halo and Cys alkoxy, such as:

tetrahydrofuran-2-yl and tetrahydrothiofuran- 2-yl groups;

Co.10 alkenyl groups, such as the vinyl, propenyl, butenyl, pentenyl, hexenyl,
heptenyl, octenyl, nonenyl and decenyl groups; and

Co.10 alkynyl groups, such as ethynyl, propynyl, butynyl, pentynyl, hexynyl,
heptynyl, octynyl, nonynyl and decynyl groups. '



pharmaceutically acceptable salt thereof can be
detected. Preferred exanples of the ester residue
woned7wdssoC - | - 20 al kyl groups, which may be st pargB1006003388
branched chai n al kyl group2isuch as nethyl, ethyl,
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preferably Cl-4 al kyl groups such as those defined and
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[ Jowl
cofftgBe 97, L AR orRHE<piEhene o oms
carb esish st two ,oerbPerteJebispmerQ 2As dihé looonpmetrigl of formula Q)
corgafl Aoy AP IAT TOU, SisHFa1S ISQHIEGH Gbe iRpssible when the COZH
anc@? %Hﬁ{}é’%rgyh?wﬁrﬁwbu@érﬂ@r anaWﬁer%eéfrhélﬁfél%bMers are

dr oxya groups Ined as an al kyl group
interabsvértibteedalsy loay eymgwmrﬁemutgm@)lsome@ﬁm Glislgoraerism’)

carhhégfsgéy lllézclzargg%ﬁgie go ref% Faéﬁ%rgpgs% in ﬁompounds of

forﬁh)a%f 9%)(:@?\@11’11@@@9@10%#@6 ﬂﬁonh‘ne@fcﬂxwmid@mlamdlne @roup, or so-
2- hydr oxyet hy - or 3- hydroxypropyl and 1-, 2-
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isofficvigpg, nore preferably (G - al koxy)G -4 al kyl .
groups, and nost preferably (G -4 al koxy) net hyl
groups, such as the nethoxynethyl,

Includbd WS UHNE "ELSHE BFBhBY bresBht FWVEHRORY bre all sterecisomers,

diastereoisomers (especially cis/trans isomers) and tautomeric forms of the
compounds of formula (1), including compou(nds exhibiting more than one type
of isomerism, and mixtures of one or more thereof. Also included are acid
addition or base salts wherein the counterion is optically active, for example,
d-lactate or Hysine, or racemic, for example, dl-tartrate or dl-arginine.

Cisltrans isomers may be separated by conventional techniques well known
to those skilled in the art, for example, chromatography and fractional

crystallisation.

Conventional techniques for thei preparation/isolation of individual

enantiomers include chiral synthesis from a suitable optically pure precursor



propoxynet hyl , i sopropoxynet hyl, butoxynethyl and

t - but oxynet hyl groups; C -6 al koxylated (C1-6
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groups, for exanple C - al kyl groups substituted by
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When any racemate crystallises, crystals of two different types are possible.
The first type is the racemic compound (true racemate) 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 equimolar

amounts each comprising a single enantiomer.

While both of the crystal forms present in a racemic mixture have identical
physical properties, they may have different physical properties compared to
the true racemate. Racemic mixtures may be separated by conventional
techniques known to those skilled in the art - see, for example,
Stereochemistry of Organic Compounds by E. L. Eliel and S. H. Wilen (Wiley,
1994)




tetrahydrofuranyl o r tetrahydrothiofuranyl group nmay
be optionally substituted with a substituent selected
wébnramoazdoo and G _6 al koxy, such as: PCT/IB2006/003388
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Substitution with heavier isotopes such as deuterium, ie. ?H, 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 some circumstances.

Substitution with positron emitting isotopes, such as ''C, ®F, "°0 and "N, can
be useful in Positron Emission Topography (PET) studies for examining
substrate receptor occupancy.

Isotopically-labelled compounds of formula (I) can generally be prepared by
conventional techniques known to those skilled in the art or by processes
analogous to those described in the accompanying Examples and
Preparations using an appropriate isotopically-labelled reagent in place of the '
non-labelled reagent previously employed.



of isonerism and m xtures of one or nore thereof.

Al so included are acid addition or base salts wherein
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Theoirptrthdei oftforreula (1) should be assessed for their biopharmaceutical
properties, 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 crystalline 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
or 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 one or more other drugs
(or ‘as any combination thereof). Generally, they will be administered as a
formulation in association with one or more pharmaceutically acceptable

excipients. The term 'excipient’ is used herein to describe ény ingredient other



When any racemate crystallises, crystals of two

different types are possible. The first type is the
woaowEressoconmpound (true racemate) referred to RODAB2006/003388

wher ei n one honogeneous forah of crystal is produced

e Bsrmonule) of % A o{th B Brablte 4 roe
extéﬁ?ﬁ@t)@né \Wh RO QichCay Ihelpaificuldr AbEEsE ham@astrafimthe
anmount s each conpri si n?mgnél ngl.e enantioner. Wile

effeaitaf tbe expipientyan aolubil kty, and dhe g ofthedgsage
forb@ve i dentical physical properties, they nmay have '
‘fferent physical properties conpared to the true

racemate. Racem c mi xtures nmay be separated by
conventjonal techniques known to thgse skilled in th?

Phagmaceujisal copipositiang| sultable felb e felvary ¢ff cemgaungs of the

i | ' A . ,
prebEh iAo Dok metholls 8t t&A prepafaio Uifibd MddRY apparent to
thogbaskitheteint theadrt.ySacie eptradoistionsdrapmedthddd fdvetheie preparation

Co gund f form1|a_(| wherei,n _gne or npre atons_ ar
mayeh uRdpiPr P XARPIRa alsEhangaceuticalJeionees

. < . u
Edgipgﬁgmkq:m%ﬁ.rga (S:Egﬁfﬁprg,e ?@@5

)_iffrnt from t he
C mass or whi ch predom nates in
nat ure. Exanpl es of isotopes suitable for inclusion in
e ( he invention.include isotopes of
WM& 2H and 3H, carbon, such as 1 1C, 13C
and 14C, chlorine, such as 36Cl, .fluorine, such as
18F, iodine, such as 123]- and 125I, nitrogen, such as
The 3gogmeunsiR, @fxyigen invndienagnagobe 7draiistesd orally. Oral
« I (P 5
o BSEAI Iad dFIPE, SFdloufiig o s bEheBEnd ters the
gagthointelstinale fraop! aa}dhlbrh baecalndingpalr atri suplingualdadmdrtistvation by
| sotope, are useful in drug,and/Qr substrate tissue
Wh&%‘i“?i%@@%ﬁ“ds?fﬂféf%ﬁie kiged ﬁH&?‘Hh&(‘WB/ f?%%% &outh.
tritium i.e. 3H, and carbon-14, i.e. 14C; are
particularly useful for this purpose in view of their
Fomnslatiohs suitable for oral administration include solid, semi-solid and

liquid systems such as tablets; soft or_hard capsules containing multi- or
nano-particulates, liquids, or powders; lozenges (including liquid-filled);
chews; gels; fast dispersing dosage forms; films; 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 (made, for
example, from gelatin or hydroxypropylmethyicellulose) and typically comprise
a carrier, for example, water, ethanol, polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more emulsifying agents and/or
suspending agents. Liquid formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.



i ncorporation and ready nmeans of detection.

Substitution with heavier isotopes such as deuterium
woO.2e07/083391may af ford certain therapeutic advanPagaB2006/003388
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oyed,, Phar ceut i ccept ab) e sol vat es
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for conpounds of fornmula (I). The ‘i nvention inclu

20 wieigigdhyoidhe Hosage fare.af or enent i oned speci es and
crystal habits thereof. Wen preparing conpounds of
formula (1) in accordance with the invention, it is

Bindees at gandeilp esed ko limpdrticohtbreajualitios t® utthblet yormulation.
sel ect the formof conpound of fornula (1) whjch

Suialjoi deidere Mdude obichesryelalipe 1 ealiules’  gplatin; s sugars,
pol@%{h&ﬁﬁ t§1‘5}88l f%%?&éﬁs]ah@c' ﬂ@]ettlﬁelgg}#l% NSbIPRhPbyrrolidone,

pfocessa |ty
pregelatinised starch, hydroxypropyl ceﬂulose and  hydroxypropyl

methylcellulose. Tablets may also contain diluents, such as lactose
(monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol,
xylitol, dextrose, sucrose, sorbitol, microcrystalline celiulose, stérch and
dibasic calcium p‘hosphate dihydrate.

- Tablets may also optionally éomprise 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 lubricants such as magnesium stearate,
calcium stearate, zinc stearate, sodium stearyl fumarate, and mixtures of

magnesium stearate with sodium lauryl sulphate. Lubricants generally



the internediate formand the resulting ease with

whi ch the product may be purified on isolation. The
woanpmasads of fornmula (1) should be assessed fBCTHBENG/003388

bi ophar maceuti cal properties, such as sol ubili ty and
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I cation. Conpounds of the invention intended for

phar maceuti cal use may be administered as crystalline
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spray drying, or evaporative drying. M crowave or
radi o frequency drying may be used for this purpose.
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solubi I'ity and stability,” and the nature of thé dosage
grahuoiated, Phaehra@eugealau conrpexirudenhs betareakialelettmg t Hée final

ver compounds_ of the sent e [0
forfilaliic ey CERMIES 0ot B b ML alel y BanBirisgt o
unddéaté@%ﬁa?l@vbh%b éﬂcéﬂlﬂllﬁéﬁ Such con”p03|t| ons and

nmet hods for their preparation may be found, for

exanpl e, in Rem ngton's Pharmaceutical Sciences , 19th

Thezdfbﬁht?lgtl&l}/a&fkte%l‘e’[% ARSI b harifebutical Dosage Forms:

Tablets, Vol. 1, by H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980).

Consumable oral films for human or veterinary 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-forming polymer, a binder, a'solvent, a humectant, a plasticiser, a
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 (I) may be water-soluble or insoluble.. A water-
soluble compound typically comprises from 1 weight % to 80 weight %, more
typically from 20 weight % to 50 weight %, of the solutes. Less soluble .

compounds may comprise a greater proportion of the composition, typically



ORAL ADM NI STRATI ON The conpounds of the invention may
be adm nistered orally. Oral adm nistration may
wonvwlosessoswal | owi ng, so that the conpound ent ePETHB®06/003388
' gastrointestinal tract, andBor buccal, lingual, or
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and/ or suspendi ngagents. Liquid fornulations may al so
surfactayits paddasteymaskingadsnds i t uti on of a solid, for
exanpl e, from a sachet. The conpounds of the invention
may al so be used in fast-dissolving,
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from 1l weight %to"80 weight % of the dosage form

dryetras hyyipeeze-tyying onvacuwmigot % to 60 wei ght % of the
dosage form In addition to the drug, tablets
general ly contain a disintegrant. Exanples of

Solil farfi Bt foridial sdleirfsehtion sagrsd faimutaledt e, be ddinadiate
car boxynet hyl cel | ul ose, cal ci um carboxynmet hyl
and/er | mppgified release. Modified release formulations include delayed-,

sustained-, pulsed-, controlled-, 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 osmotic and coated

particles are to be found in Pharmaceutical Technology On-line, 25(2), 1-14,

by Verma et al (2001). The use of chewing gum to achieve controlled release
is described in WO 00/35298.

PARENTERAL ADMINISTRATION

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

parenteral administration include intravenous, intraarterial, intraperitoneal,
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Lubricants generall yconprise fromO0.25 weight %to 10

Thawes@hbilitp dir ebeipabhys f ob rfofmblavei) ghsedo ino tike V\plregpbt‘at%n of
of the tablet. O her 033|ble|nred|?nt3|n df
parghterabgelylinns may PeunsrRased: Batis, HEe @ Apprprriate formulation

tecRhRRBEY 8L 88 tﬁ’ep%cb?pﬁrﬁﬂgﬁ‘%{‘bc’i‘lﬂbfﬁ%ﬁgﬁﬁancmg agents.

Formulations for parenteral administration may be formulated to be immédiate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, 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
forrﬁulations include drug-coated stents and semi-solids and suspensions

comprising drug-loaded poly(d/-lactic-coglycolic)acid (PGLA) microspheres.

TOPICAL ADMINISTRATION

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

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



Exenpl ary tablets contain up to about 80% drug, from
about 10 weight %to about 90 wei ght % bi nder, from
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New Yor k, 1980). Consumable oral films for human or
veterinary use are typically pliable watersol uble or
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conponents of .the formul ati on erfar re than ..
ForBBi {9rofbPicel e drghBoaRah ohay diendr & ipted B BeciRediate
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typically conprises from1l weight %to 80 weight %
sustaineds, pyiisssl-| gommﬁdzdamt%ang«ow@gr@mrn@d gelease. of the

sol utes. Less sol ubl e conmpounds nmay conprise a greater

proportion of the conposition, typicallyup to 88
INHAIRDANTRENASAL SDMIRISTRATIONat | vel y, the conmpound

of Tormula (T) may be in the formof nultiparticulate

beads. The filmform ng polynmer may be selected from

The"8bHIpdunB8! HFSAEGRAARFScan also be administered intranasally or by

inhalation, typically in the form of a dry powder (either alone, as a mixture, 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
powder inhaler, as an aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using electrohydrodynamics to
produce a fine mist), or nebuliser, with or without the use of a suitable -
propellant, such as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-
heptafluoropropane, or aé nasal drops. For intranasal use, the powder may

comprise a bioadhesive agent, for example, chitosan or cyclodextrin.

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



proteins, or synthetic hydrocolloids and is typically
present in the range 0.01 to 99 weight % nore
woyppi7aaddsy in the range 30 to 80 wei ght % O heCT/1B2006/003388
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Sui t abl e devi_ces for } . ] )
A suitable solution formulation for use in an atomiser . using

electrohydrodynamics to produce a fine mist may contain from 1ug to 20mg of
the compound of the invention per actuation and the actuation volume may
vary from 1yl to 100ul. A typical formulation may comprise a compound of
formula (1), propylene glycol, sterile water, ethanol and sodium chloride.
Alternative solvents which may be used instead of propylene glycol include
glycerol and polyethylene glycol.

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

Formulations for inhaled/intranasal administration may be formulated to be
immediate and/or modified release using, for example, PGLA. Modified



parenteral adm nistration include needle (including
m croneedle) injectors, needle-free injectors and
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typi cal |y aqueous sol uti ons2whi ch may cont ai n

exci pients such as salts, carbohydrates and bhufferjn
releggentiermpladipes amcﬁuf% %e'awe@, PRI o ']§e<§-ut ,COP%PHJed-’
targtR6% aRBIbERIhOBE refddgy. My be more suitably

ornul atted”as a sterile non-aqueous solution or as a

dried formto be used in conjunction with a suitable

I Gl & SUGH stecile pyrogen-free water. The

'i'f—ﬁg,@ﬂ oY A NALARMINLS BN ations under st erile

conditions, for exanple, by |yophilisation, may

readi |y .be acconplished using standard pharmaceuti cal
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as the incorporation of solubility-enhancing agents.
apprepi@ieat i ons for parenteral adninistration may be
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Modi fied rel ease fornmul ati ons i ncl ude del ayed-,
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poly(d/-lactic-coglycolic)acid (PGA) m crospheres.
TOPI CAL ADM NI STRATI ON The conpounds of the invention
Thergpmplosindp ©f daeinvention suay afsiccke pgministared direchuto fhe eye

or %)rl, &iﬂ?ﬁ%ﬁ@hgﬁle%ﬁﬂ o ok bf'a HhicPBHigs R sudydtsidH or solution in

isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular 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 vesicular systems, such as niosomes or liposomes.
A polymer such as crosseddinked polyacrylic acid, polyvinylalcohol,
hyaluronic ~  acid, a cellulosic polymer, for example,
hydroxypropylmethylicellulose, hydroxyethylcellulose, or methyl cellulose, or a
heteropolysaccharide polymer, for exarhple, gelan gum, fnay be incorporated
together with a preservative, such as benzalkonium chloride. Such
formulations may also be delivéred by iontophoresis.

" Formulations for ocular/aural administration may be formulated to be
immediate and/or modified release. Modified release formulations include

delayed-, sustained-, pulsed-, controlled-, targeted, or prograrhmed release.
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nodi fi ed rel ease.
Nbdlfled rel ease fornul ati ons |nclude del ayed-,
sustai ned-, pul sed-, controlled-, target

d
Dryg-gyslegmeen daBaleEes. KPRXEDII AFiGARRUSAL t qi%magﬁwﬂi\yﬂueﬂful
forTrHSStCS ﬁrlﬁ% éH&eaHﬁYt’ﬁQttré@y?l Aned! BRth8nclusion ancﬂ non-

mnls i ntranasal l'y or alatlon typic
lnciumcnheom@tenetsf meaydby yseddéis aleiaiﬂeanata/leomedlrast aomplexatlon

| e d bl end w
wit 41 A Sh& I phab B Fido Bsrath aliie SRRES 1dfias
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powd i nhal er, as an aerosol spray froma pressurised
alpbantbaatae and faammaserdigdexiinmiese@mples of avhish ynay be found in

walb T, WL S SSRGS, 0,2 ot e

sui tabl e propellant, such as 1,1 ,1

,2-tetrafluoroethane or 1,1 ,1 ,2,3,3, 3- '

T opr opane,- or as nasal drops. For intranasa

use, the powder may conprise a bi oadhesive agent, for

exanpl e, chitosan or cyclodextrin. The pressurised
Inasnmuchi =&y it punaly, desirable ad oadmdmisteor anadombisation of active

con(%ggar?cljg Sfo?l example, for the purpose of treating a particular disease or
condition, it is within the scope of the present invention that two or more
pharmaceutical compositions, at least one of which contains a chpound 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 (1) 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. | |



sol ution or suspension of the conpound(s) of the

i nvention conprising, for exanple, ethanol, aqueous
wethereszsior a suitable alternative agent for PCT/IB2006/003388

di spersing, solubilising, o4 extending rel ease of the
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compﬁséﬁ Hirédtibnsf fovisdniigidtriaidn ind inay,bespresided WItbaa\ so-called
fluid processing to formnanoparticles, high pressure

MER’IY i sation, or spray drying. Capsul es (rmde for
exanpl e, from geI atin or

hydr oxypr opyl net hyl cel I ul ose), blisters and cartridges
DOSHNGESe in an inhaler or insufflator may be fornul at ed

to contain a powder m x of the conpound of the

i nvention, a suitable powder base such as | actose or

Foﬁécﬂﬁﬂktf‘a\"t%lﬁoprﬁhﬁgﬁ maneftsTHE fdtardaﬁly%s@%f/thé %@ﬁipﬁﬁmds of

manni t or magnesi um st ear at e. |'act ose may
thedanvsnticruis typlcaH\y trhief rangedto mwomm@rdﬂr@ndmg, Of course,

on e i afad a4l GoE SRinp i ok Al BiHistoR Ty require 2
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formilation for use in an atom ser usin

requiredrorHyd maiim AR0Q sng.oT e tetabdaily dosr n'pﬁxsbe Agininistered in

S|n§l%ncé@{jlgé{$do®§é§g§ cgp?agfg% Ig tdﬁ@toggrtﬁg gﬂﬁ{, qtllhtil’cSIdeyof the
typloal yaﬁgepgwémhetr@lnloom A typical for mJI ati on may

conprise a conmpound of formula (1), propylene glycol,
sterile water, ethanol and sodium chI ori de.

TS SR8 BrS SNBSSy R MR woiont o
abalty@@ikg to 70kg. The doctor Wl" readlly be able to determine doses for

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

For the avoidance of doubt, references herein to “treatment’ include

references to curative, palliative and prophylactic treatment.

All of the compounds of formula (1) can be prepared by the procedures
described in the General Methods described below or by the specific methods
described in the Examples section and the Preparations section, or by routine
modifications thereof. The present invention also encompasses any one or
more of these processes for preparing the compounds of formula (1), in

addition to any novel intermediates used therein.



Sui tabl e flavours, such as nenthol and | evonenthol, or
sweet eners, such as saccharin or saccharin sodium my
woeomddexdit o those fornul ati ons of the inventi 8aT/1B2006/003388

i ntended for inhal ed/intramsasal adm nistration.
Lons for inhaled/intranasal adm nistrati on may
GendfeMdhod ed to be immedi ate and/or nodified rel ease
usi ng, for exanple, PG.A. Modifiedrel ease formul ations
i ncl ude de] ayed-, sustained-, pulsed-, controlled-,-
The follgutng abheviptiapsarasderel ease. RECTAL/ | NTRAVAG NAL
ADM NI STRATI ON The conpounds of the invention may be

adm nistered rectally or vaginally, for exanple, in
DMiFre dirnethytformamigeosi t ory, pessary, or enenma. Cocoa

ter i traditional suppository base, but various
DM%% 5@15{1‘%%@3@@1? used as appropriate. Fornulations
TEigmo Eezg@,éxa%ma{hmﬁéﬁwﬁémbm@ may be formulated to

e Inmmedi ate and/or nodified release. Mddified rel ease
THF &t felrieytleoigramcl ude del ayed-, sustai ned-, pul sed-,
ntralled-,.targeted and programed rel ease.
DC%UE{&‘%}W%%thﬂBﬁ/I NI STRATI ON The conpounds of the
invention may al so be adm nistered directly to the eye
or ear, typically in the formof drops of a m cronised
Thesgamerynds ob forgsilafl) sray be psenasad @s shiavadinuSehame 1 below.
sterile saline. G her fornul ations suitable for ocul ar
and aural adm nistration include ointnments, gels,
bi odegradabl e (e.g. absorbabl e gel sponges, collaqfn)
and neon- bi ogggradabl e (e, g. gsiliconeb)i npl FS A" 0
POWar &T SOl ENSes and™ paotT culatecor—vesitutar syst ens,

I

such as ni osonmes or |iposonmes. A pol "such as NH
crogBed- | i nked pol yacryjc acid, pog i1'fyl al cohol , /g(
hyal uroni c acid, a cellulosic polymer,ifor exanple, N
hydr oxypr opyl met hyl cel | ul ose, hydroxye&¥ihyl cel | ul ose,,

or nethyl cellulose, or a , (V)

Scheme 1

In Schemev1, P represents a hydroxy-protecting group, suitable examples of
which are described in “Protective Groups in Organic Synthesis” by T. W.
Greene and P. Wuts, Wiley and Sons, 1991, and LG represents a suitable
leaving group, such as halogen, (C+.s alkyl)sulphonyloxy (eg methane-
sulphonyloxy), (C1.s haloalkyl)sulphonyloxy (eg trifluoromethanesulphonyloxy)
or benzene- or toluenesulphonyloxy (eg p-toluenesulphonyloxy). Preferably P

is benzyl and LG is p-toluenesulphonyloxy.



het er opol ysacchari de polyner, for exanple, gelan gum

may be incorporated together with a preservative, such
wao@azal koni um chl ori de. Such fornmul ati ons NRETABX06/003388

be delivered by iontophoresis. Formulations for

ocul ar/ aural administration may be fornulated to be

i medi ate and/ or nodified rel ease. Modified rel ease
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alternative to di rect conplexation with the drug, the:
cycl odextrin may be used as an auxiliary additive,
Step. (B): Bhe eompernd of famulatiy) reay beiprepareddrom mmpound (lll)

and HRRA Y Sthechd e R B0%5R ke Rafen. 8y

DM\% h/theblégend%%é@ﬁ’ﬁile%a@é%ed@s%@dﬁﬂ(é@%) optlonally in
KI T- OF- PARTS | nasnmuch as it may desirab

the puasencs efa srawnsiheiear 8o<fr0%\t¢)v% Q(bﬂr%%@]egerm%t
Pref&?8® BnditiBhs ta?gt %?&ﬁ?o?@d &}/ﬁﬁgeg n@?(%l}ygc@}]f‘ Jr2eq

di sease or cond he
Cs4t@5antDNIR\at BOPO ot BAhouved or nore phar maceuti cal

: conpositions, at |east one of which contains a

compound i n accordance with the invention, my

CofBYRBS R fdnnuUs (¢0HRE RRAetdllydicliBEdTPIVE 02/074754.
Specific compounds of formula (VI) wherein Xis O, mis 1 and R is Cl may be
prepared as described in Bioorg. Med. Chem. Lett., (2004) 14 (18), 4627-32,
or as outlined in Scheme 5 below.

Step (c): The compound of formula (IV) may be deprotected by reaction with a
deprotecting agent in a suitable solvent to yield the compound of formula (V).
Suitable reagents and methods are described in “Protective Groups in |
Organic Synthesis” (referred to above). When P is benzyl, examples of
suitable reagents include boron trichloride or iron (lll) 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
periodic acid (HslOs) in a solvent such as acetonitrile at room temperature to
50°C for 18 to 36 hours, or alternatively NaOCI plus NaClOg in the presence



kit suitable for coadm nistration of the conpositions.

Thus the kit of the invention conprises two or nore
weepEriasm1 phar naceuti cal conpositions, at | easPComB2006/003388

whi ch contains a conpound o forrmula (I) in accordance

8 n tainin
of i TEMEDT o v At o e i e RO o Yory = ™ ™
ten’mgrtamef@rrmito@@lh@ufsml packet.. An exarrple of such a

Kit is the famliar blister pack used f

Prefegra GPRgitions @as taccorprpud €4). #werq H@”W'R@Cfﬂa@ 3289 of
h [ laur e for
Cr(g ﬁﬁ"ﬁr@b’gn%%géf%%rcg?@ I%éggaﬁ%rgolg}%g%f or exanpl e,
oral and parenteral, for adm ni stering the separate
osi tions  at |fferent dos nterval s, or for.
The POMROHRES R TRIA AR HORTVa S b8 HIGHBIRCE b fddation of
conﬂgeﬁﬁ‘(% of fB‘Pnﬁ?aS{\%tm%OW é@?ﬁﬁocé&lﬁek\hé they Ql'd%ﬁklhé!s of
C rises directi‘ons for admnistration and nmay be
fonmwm/(\ﬂé)oawhdwmlrsiich@meéﬁ menory ai d. DOSAGE For
adm ni stration to human gatients, the total daily dose

of th s of the jjnvention ypi c i n_the
Horange 16 1000 ngy gn'a*r@g Smur ng %hAfl?ﬁeo
node of stration. For exa or al

adm ni at| ORHMBY_qyire a to ckg Iy_cﬁbise,of NH
0319%%' while an i enous dose may /g
ro ng to 1000 ny S | daily dos N
admi Hi stered in single gr divided doses and H
may, at the doctor's di scretior , fall outside of the
typi cal. nge gi ven herein. Thegal)dosages are based (pn
an average human subject having a wei ght of about 60kg
to 70kg. The doctor will redehemMehe able to determne

doses for subjects whose weight falls outside this
Stermtaage()xkiaﬁbna)sf therblohsl @hdotthe aldahydey(ViiFertypteally carried

out l:(]%oil‘l& %CC?CP with caPE}lytlc 'FEfEﬁer%g ta sn agle so'iven’tt . e%&é‘%%”hme
acetone at 0°C to room temperature for 2-18 hours, or alternatlyely 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 aqueous t-butanol at 0°C to room temperature for 2-18 hours, or
alternatively using trichloroisocyanuric acid with catalytic TEMPO in a suitable

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

Compounds of formuia (1) are known in the literature. For example,
combounds of formula (1) wherein A is a cis-1,3-cyclobutylene group and B is
" a single bond may be prepared as described in J. Chem. Soc., Perkin Trans.
1,(1995), 18, 2281-7.



references to curative, palliative and prophylactic
treatnment. Al of the conpounds of formula (1) can be
wonrepaced1 by t he procedures described in the Geaeasioos/003388
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formula (1) may be prepared as shown in Schene 1
below. (V) (0 Schenme 1 In Schene 1, P represents a
hygy oxy-protecti ng group, syi t abl e exanpl esRef ich
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t riMibuor omet hanesul phonyl oxy¥)or benzene- or X)
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Preferabl y/P is benzyl and LGis CO;
_p<ebl uerf¥suNphanyl oxy. St®p. (a): The conpound” of

formul a7 [11) nmay be pre red’r r.om conpound (| NH
6 16 Ny
(X1) . A H
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Scheme 3

Aln Scheme 3, R? is an ester residue, suitable examples of which are described
. above with reference to prodrugs and in “Protective Groups in Organic |
Synthesis” (referred to above) (eg (Cq-s)alkyl, benzyl or (+) or (-)-menthyl), and
LG is a leaving group such as halogen, (C+.s alkyl)sulphonyloxy (eg '
methanesulphonyloxy), (C1.s haloalkyl)sulphonyloxy (eg
trifluoromethanesulphonyloxy) or benzene- or toluenesulphonyloxy (eg p-
toluenesulphonyloxy). |



and an appropriate agent capable of converting a

hydroxy group into a |eaving group, typically a
weubhessgl at i ng reagent (eg net hanesul phonyl chConBze6/003388

or ptol uenesul phonyl chloridde) in the presence of a
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tempdratura farehhewigpound (111), 1.2eq Cs2CO8, in DWF at
8Q0C for 24 hours. Conpounds of formula (V) are
general ly described in WD 02/ 074754. Specific
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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 (la) may be prepared from compound (XI)
and the hydroxy compound of formula (VI) using reagents and conditions
similar to those described in Scheme 1, step (b).

Preferred conditions are: 1.2eq compound (X1), 1.0eq compound (V1), 1.5eq
Cs,CO3 in DMF at 80°C for 18 hours.

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



Step (d): The conpound of formula (1) may be prepared
by oxidation of the conpound of fornmula (V) using an
woxdioss3y agent in a suitable solvent. Typi caPCT/IB2006/003388
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acetonitriigo hours at 4CQ0C. @Ghexconpounds of
formula (1) may altefnatively be prepgarad by oxidation
of conpounds of forrr%lﬁa (V) in a two-ist procedure
via the al dehydes of romula (VII) as sh i n Schene
2. Step (a): Oxidation‘of the alcohol (V) to the
al dehyde (VIl) lljypically carried(®t using NaOCl
wth catalytic TEMPO in a suitable solvent, eg

acetonitriie, acetone at QOC to roomtenperature for
Compegnes gf formsitla fdy.avligh iaje compsiungs of fgmia (1) wherein B is
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Scheme 4

In Scheme 4, R?is an ester residue, suitable examples of which are described’ |
above with reference to prodrugs and in “Protective Groups' in Organic |
Synthesis” (referred to above) (eg (C 1.5) alkyl or benzyl), and LG is a leaving
group such as halogen or (C1.¢ alkyl)sulphonyloxy (eg methanesulphonyloxy),
(C1s haloalkyl)sUlphonyloxy (eg trifluoromethanésulphonyloxy) or benzene- or



1, (1995), 18, 2281-7.Alternatively conmpounds of

formula (Ib), which are conpounds of formula (1)
woher@ess9A i s a cis- or trans- , 3-cycl obutyl eneCgneps/003388

and B is a single bond may 4e prepared from conpound

2

toiu b hyoRT R BtoleResEnoh ARG i BHER! Sy ek ane
LG abpdolnedesulphooylexy.oCpmpulmds|df formmala (X)1) mespes bbladiad

by inversion using Mtsunobu chem stry anal ogous to
Conf'ﬁﬁfc'%‘g'scri bed in Synthesis, (1981), 1. In Schene 3,

Ra is an ester residue, suitable exanples of which are

descri bed above with reference to prodrugs and in
Step Baptlde ¢carspaindi pEfarmutax GEH) mesyive heepissed pydfyerolgsis od

the EREHRACEST o) Ry Yroap S0ke e boiiiong &b Sgieous
sodfris Hyhcsidd il Xt cBRIIMAH SULR RRMEMMNbI, dtitdnd or 1,4-

. _hal oal kyl ) sul phonyl oxy (eg L _
dioxane; Iof gEigRBHS Akdmehfsiisadid »y pulphube meishwith eptionally a

: | ue: phonyl oxy) . St ep
SUIt%Q&eH&[%EéN%Qﬂ%@%Hn%éP{a?%I%?ﬁ-@pg%%my be prepared by
Prefereei comditibns argdegcconvbdund (it)h4eq NaO1APIne :alegiedrl: of
- formul a RaCH (eg net hanol, tbutanol, benzyl al cohol or
water gt iaflgxier 2.9%fler a variety of conditions, suitable

exanpl es of which are described in "Protective G oups

in Oganic Synthesis" (referred to above). Preferred
Step ¢ndiTtheccsmpoend dEfprioatep GUWY nfayl bé prefaréedpy reaction of the

comigng Gyl (DR s iableelold o dermie R Eg e
methahol t&Y2Bisanobt %Z(yP%Fgoéﬁg? Wedepa \/éfrieF)PGP&gHEgtaﬁsg()ngé’ble

the al cohol (X) may ried out using
exafdes Phyhicheare, dasgribediin i iotedivedBiatpsdn Organic Synthesis”

(et o PRRVEE rerereit BafeibAR R skt ity (R abliea
1,1’ Nesb¥nylgiirdRiakoleHn: ety inrsehtedbr 806Ut Mot GolBvied B 1.2eq

benzyl 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 9-borabicyclo[3.3.1]nonane (9-BBN) in a
suitable solvent such as THF at 0°C-room temperature followed by in situ
oxidation with an oxidant such as hydrogen peroxide, sodium perborate or
trimethylamine-N-oxide at room temperature to 60°C.

Preferred conditions are: 1eq compoﬁnd (X1V), 0.5eq borane-
dimethylsulphide, 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 (XV!) may be prepared from the
compound of formula (XV) using reagents and conditions similar to those
described in Scheme 1, step (a).



Step (c): The conpound of fornmula (Xl) may be prepared
from conmpound (X) using reagents and conditions
weiim7ioas3o o t hose described in Schenme 1, step ¢a)/1B2006/003388
Preferred conditions are: Maq conpound (X), 1.05eq
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compound of formula (M) using reagents and conditions
simlar to those described in Schene 1, step (b).
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of Toranie. CEaNg e ykExE SRREOHBd oF lania DS respepts
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r n_Organi c Synthesis" (referred
Csﬁc{b?a o@&ﬁ:.caﬁ@@g"lrggﬁmﬁltl ons are: conpound (la),
2eq NaCH in 1:1 ethanol :water at 600C for 2
hours. Compound (VII1) is described in J.

Step198The ®BpBsUilcifermuia (tmpayike f(ydrglyS%B? ETQ’Y‘%thes a

corg@ou%ggf%ﬁﬂlet {/ﬁ dfﬁ'fs %&éﬂ,@a béaga%}le\glf Uh?er(%%g‘}éty of
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net hyl ene group, nay be prepared as shown in Schene 4.
Orgaxig %Y(%QSI% ((ctenwsd e ABAYE) | n Schene 4, Rais an

Pregértsrcg{g icgggftlgtlg are Ué&rﬁﬂ%ﬁ?dap ik TRkeSsONa W 18 @thanol water at

ove W t fo prodrugs and
60°CPicpt2eleduree Groups in Organic

Compounds of formula (Vi) are generally described in WO 02/074754.
Specific compounds of formula (Vla), which are compounds of formula (V1)
wherein X is O or S, may be prepared as described in Bioorg. Med. Chem.
Lett., (2004), 14 (18), 4627-32, or as outlined in Scheme 5 below. ‘
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(XIX) (Via)

Scheme 5



Synt hesi s" (referred to above) (eg (C 1-6) al kyl or
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hel §25b(§)$ Hougr otective Goups in Organic Synthesis"
eferre o above). Preferred conditions are: leq

compound (XII1),. 1.1 eq 1,1 -carbonyl diimdazole in
acet at u our followed b . 2eq benz
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f
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i dant such as’ hydrogen peroxide & sodi um per bor at’e or
60°C followed by 2eq ketone and heating at 80°C for 1 hour.
Step (c): The compound of formula (Vla) may be prepared by reaction of a
compound of formula (XIX) with a Lewis acid such as boron tribromide in a
suitable solvent such as dichloromethane at room temperature or by reaction
with a strong acid at high temperature, for example hydrobromic acid.at
110°C.
Preferred conditions are: 1eq compound (XIX), 20eq 48% aqueous hydrogen

bromide, in acetic acid at 110°C for 4 days.

The PDEY inhibitors of formula (I) may be usefully combined with another
pharmacologically active compound, or with two or more other
pharmacologically active.compounds, pérticularly in the treatment of pain. For
example, a PDE7 inhibitor of formula (1), or a pharmaceutically acceptable
salt, solvate’or prodrug thereof, as deﬁned'ébo‘ve, may be administered
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ForRaitasefhe SR, E¥hBlnohPbbefE: pomounte O
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7-32, or as outlined in Schene 5 bel ow. Sche
sChbu@kgtal Romegholgrbital) an@hamtabeﬁgg’qhohexnal pentobarbltal

phenobartital, secobarbital, talbutal, theamylal or thiopental;

J a benzodiazepine having a sedative action, e.g. chlordiazepoxide,
clorazepate, diazepam, flurazepam, lorazepam, oxazepam,
temazepam or triazolam;

e . an Hy antagonist having a sedative action, e.g. diphenhydramine,
pyrilamine, promethazine, chlorpheniramine or chlorcyclizine;

. a ‘sedative such ‘as glutethimide, meprobamate, methaqualone or
dichloralphenazone;

. a skeletal muscle relaxant, e.g. baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, methocarbamol or orphrenadine;

o an NMDA receptor antagonist, e.g. dektromethorphan ((+)-3-hydroxy-
N-methyimorphinan) or its metabolite dextrorphan ((+)-3-hydroxy-N-
methylmorphinan), ketamine, memantine, pyrrologuinoline quinine, cis-
4-(phosphonomethyl)-2-piperidinecarboxylic acid, budipine, EN-3231
(MorphiDex®, a combination formulation of morphine and
dextromethorphan), topiramate, neramexane or perzinfotel including an
‘NR2B antagonist, e.g. ifenprodil, traxoprodil or (-=)~(R)-6-{2-[4-(3~



Step (a): Conpounds of formula (XVIII) may be prepared

by the reaction of an aniline (XVII) with sodi um or
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\,5%50% i n.met hanesul phoni ¢ acid) at between 50 and
100 réferred conditions are: leq conpound (XVII1),

Eat @ntashyldaipe (NK) 3Qgagdnist, paficuldrig! bnv\m( By hﬂw or NK-
ket one and heating at 8Q0C for 1 hour.
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hyof?'%@rr'ff}fﬁre”‘@éhﬁd)pcile“ﬂ@ﬂ)@xyﬁr@ffélﬂqréﬂhﬁ%ﬂHﬂtm@@qﬂﬂéll

1 b

o eRRCh o Bla R i uag o MRLERAD D AfebRant,

i nHabepitard, ofdafpitantil aor( | }3-fi2yndtboxs6f(triflupromethmediphenyl]-

W B RG]-2-phenylpiperidine (28,3S);

a muscarinic antagonist, e.g oxybufynin, tolterodine, propiverine,
tropsium chloride, darifenacin, solifenacin, temiverine and ipratropium;
a COX-2 selective inhibitor, e.g. celecoxib, rofecoxib, parecoxib,
valdecoxib, deracoxib, eforicoxib, or lumiracoxib;

a coal-tar analgesic, in particular paracetamol;

a neuroleptic such as droperidol, chlorpromazine, haloperidol,
perphenazine, thioridazine, mesoridazine, trifluoperazine, fluphenazine,
clozapine, olanzapine, risperidone, ziprasidone, quetiapine, sertindole,
aripiprazole, sonepiprazole, blonanserin, iloperidone, perospirone,
raclopride, zotepine, bifeprunox, asenapine, lurasidone, amisulpride,
balaperidone, palindore, eplivanserin, osanetant, rimonabant,
meclinertant, Miraxion® or sarizotan;

a vanilloid receptor agonist (e.g. resinferatoxin) or antagonist (eg
capsazepine);

a beta-adrenergic such as propranolol;

a local anaesthetic such as mexiletine;
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. f][1,2,4}triazin-4-one (vardenaﬁl) 5~(5-acetyl-2-butoxy-3-pyridinyl)-3-
ethyl-2-(1-ethyl-3-azetidinyl)-2,6-dihydro-7 H-pyrazolo[4,3-d]pyrimidin-7-
one, 5-(5-acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-isopropyl-3-
azetidinyl)-2,6-dihydro-7 H-pyrazolo[4,3-d]pyrimidin-7-one, 5-[2-ethoxy-
. 5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2-
methoxyethyl]—2,6-dihydro-7H-pyrazoIo[4,3‘-d]pyrimidin—7-one, 4-[(3-
chloro-4-methoxybenzyl)amino}-2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-
ylI-N-(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide, 3-(1-methyl-7-
oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-N-[2-(1-
methylpyrrolidin-2-yl)ethyl]-4-propoxybenzenesulfonamide;
an alpha-2-delta ligand such as gabapentin, pregabalin, 3-
methylgabapentin, (1a,3a,50)(3-amino-methyl-bicyclo[3.2.0]hept-3-yl)-
acetic acid, (3S,5R)-3-aminomethyl-5-methyl-heptanoic acid, (3S,5R)-
3-amino-5-methyl-heptanoic acid, (38,5R)-B—amino—5-methy|—o¢taﬁoic
- acid, (2S,4S)-4-(3-chlorophenoxy)proline, (2S,4S)-4-(3-fluorobenzyl)-
proline, [(1R,5R,6S)-6-(aminomethyl)bicyclo[3.2.0]hept-6-yljacetic acid,
3-(1-aminomethyl-cyclohexylmethyl)-4H-[1,2 4Joxadiazol-5-one, C-[1-
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fomoxetine, mianserin, buproprion, buproprion metabolite

hydroxybuproprion, nomifensine and viloxazine (Vivalan®), especially a
selective noradrenaline reuptake inhibitor such as reboxetine, in
particular (S,S)-reboxetine;

a dual serotonin-noradrenaline reuptake inhibitor, such as venlafaxine,
venlafaxine  metabolite = O-desmethylvenlafaxine,  clomipramine,
clomipramine  metabolite = desmethylclomipramine, duloxetine,
milnacipran and imipramine;

an inducible nitric oxide synthase (iNOS) inhibitor such as S-[2-[(1-
iminoethyl)amino]ethyl}-L-homocysteine, S-[2-[(1-iminoethyl)-
amino]ethyl]-4,4-dioxo-L-cysteine, S-[2-[(1-iminoethyl)amino]ethyl]-2-
methyl-L-cysteine, (2S,5Z)-2-amino-2-methyl-7-[(1-iminoethyl)amino]-
5-heptenoic acid, 2-[[(1R,38)-3-amino-4- hydroxy-1-(5-thiazolyl)-
butyl]thio]-5-chloro-3-pyridinecarbonitrile; 2-[[(1R,3S)-3-amino-4-
hydroxy-1-(5-thiazolyl)butyl]thio]-4-chlorobenzonitrile, (2S,4R)-2-amino-
4-[[2-chIoro-5-(triﬂuoromethyl)phenyl]thio]-S-thiaiolebutano!,
2-[[(1R,3S)-3-amino-4-hydroxy-1-(5-thiazolyl) butyl]thio]-6-
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10QQfkdlone  (ZD- 2138), or 2,3,5-trimethyl-6-(3-pyridylmethyi),1,4-
benzoquinone (’CV-6504);

. a sodium 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 formula (1) to inhibit PDE7 may be measured

using the following assay protocol.

PDE7A and PDE7B enzymes catalyse the .hydrolysis of 3’,5’-cyclic adenosine
fnonophosphate (cAMP) to the 5’adenosine monophosphate, 5AMP. In a
multiwell plate, PDE enzyme, [°H]-cAMP and the tested compounds, are
inéubated at room temperature. The incubation is terminated by addition of

' commercially available yitrium silicate scintillation proximity assay (SPA) beads
containing zinc sulphate. The yttrium 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
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Table 1

The stock buffer was adjusted to pH 7.4 at room temperature and then filtered
through a 0.2 um 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, available from
Sigma) was added to the required volume of buffer to create a 0.00625 %
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Table 2

Preparation of Standard Compound and Controls

The compound of Example 75 of WO 02/074754, 5’-carboxypropoxy-8'-
chloro-spiro[cyclohexane-1-4'-(3’,4’-dihydro)quinazolin]-2’(1’H)-one

(hereinafter “Compound A”) was used as a standard.

4mM stock solution prepared in 100% DMSO can be stored at 4°C. The

volume of DMSO can be calculated as follows:

Volume-of DMSO (ml) = weight of compound X 250

Molecular weight of compound
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The oét rﬁlsa igR% ?ﬂﬁs %sgﬁﬁg $en carried out using cell lysate
containing full length PDE7A and PDE7B enzyme. The concentration of the

- enzyme in this cell lysaté sample is unknown, so the specific activity of the
cell lysate is used as a measure to ensure that the same activity per well is

used despite any batch-to-batch variation of concentration/activity.

Preparation of PDE7A/B enzyme

PDE?7 stock enzyme was prepared and kept at —20°C in appropriately sized
aliquots to reduce the number of freeze/thaw cycles. Table 3 below shows the
volumes required to make 9ml of PDE7A/B enzyme solution. PDE7A is diluted
to 1/8000 and PDETYB to 1/10000. ‘
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giving an overall 1/10000-enzyme dilution.

This enzyme solution is further diluted when all the assay
components are dispensed into the assay plate i.e. 14pl

enzymé solution is dispensed into a total assay volume of 30pl,

Table 3

Once the enzyme solution was prepared it was kept on ice prior to usage.

Preparation of 50 nM Adenosine 3'. 5" Cyclic Phosphate (cAMP) Substrate

solution

The substrate is cohposed of a mixture of unlabelled cAMP and cAMP
radiolabelled with tritium ([*HJ-cAMP). The specifications of the stock of [*H]-
cAMP will determine the volumes used.




relative to the maxi mum and m ni num val ues obt ai ned.
Preparation of Wrking Solutions A 1000m stock of
woubd7@e33mas prepared fromthe ingredi ents showRCImB2006/003388
Table 1 below. Table 1 The 8tock buffer was adjusted
to pH 7.4 at roomtenperature and then filtered
through a 0.2 mmfilter. The stock buffer is stable at
ThetBfepapstich SPO M) of sAPsHANe é&!tﬁ)rpﬁsiﬁ%%r{émpmmm stoBk Which is
day of experinment, Bovine Serum Al buni n” ( BSA,
1m@EvVail kad |24 Gifnomob(themsfoneat! .Gdiddil is desdribeddipiowed vol unme
of buffer to create a 0.00625 %BSA final sol ution.
This was achi eved by preparing a stock 10% BSA
Km ﬁﬁltHé!éhﬁyﬁ%sfbﬁt&Wtb FteRaBsFhIRve! stock 10% BSA
solution”1g BSA was dissolved in 10m purified water,
m xed by inversion to ensure honobgeneity and al i quot

0,10 volumes in a i a | abel | ed tubes. The
PDEB&;‘B@QH@OI ution is st %@%BEFE@W for up to 6

nont hs. An aliquot of the stock 10 % BSA stock

solution was renoved from storage and allowed to thaw
Theassapt recpiies t1éng &xf stbsiatedgautionie by dispensed intp edotal

t he BSA wor ki ng. sol ution as shown in, Table 2 bel ow
assBy e B A00t oo ity B8RSRk MA B ReRu Tabi 6 2
Th&ikRdsabl 9eARIP] oF 20dakds @@&v%ﬁéw & 20D HIEAVPhRas

conpound” of Exanpl e 75 of 02/ 074754, :
preparashr boxypr opoxy- 8' - ,

chl oro-spi ro[ cycl ohexane-1-4'-(3", 4" -di hydro) qui nazol i

n]-2'(1'H-one (hereinafter "Conpound A") was used as

9 nf! of 58P&R4E- solution was prepared by mixing 10.8 pl of [*H]-cAMP

(available from Amersham) with 8975 pl of assay buffer.

The exact concentration of cAMP was determined by taking 3 samples of 15- -
ul into scintillation vials. 4ml Starscint® (a scintillation cocktail, available from
Perkin Elmer), was then added and the tubes counted on a B-counter on a

dpm program.

The concentration of radioligand is determined by the following equation:

[Radioligand] (M) = DPM
(2.22x10"%) x (specific activity) x (volume of sample)
(dpm/Ci)  of radioligand counted .

(Ci/lMol) (L)

The concentration is then divided by 2 to allow for the x2 dilution occurring in
the assay plate.
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assay the 1x final assay buffer was prepared as
hﬁ I"ed previously and kept on ice until needed.
K| netic Studi es For each new batch of enzyme, the Km
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par ed and

bemmmnmmtlehbf&ozzem@}vemuots to reduce t he nunber of
freeze/thaw cycl es. Table 3 bel ow shows the

Compound dilutions and “background” wells were made 30 stronger than
required in the assay plate to allow for 1 ul compound to be diluted by 29 pl of
other assay components (14 pl enzyme and 15 pl radioligand). Thus for a final
assay concentration of 10 pM, the compound must be at 300 uM in the
compound addition plate. 4 mM stocks of compound are supplied in 100%
DMSO (or are made up @ 4mM from powder submissions). This requires
1/13.33 dilution in DMSO to be made.

Assay Protocol

1ul test compound was transferred into a suitable multi-well assay plate
immediately prior to reagent assay addition, 14 pl enzyme solution was then
added to the assay plate, followed by 15 pl substrate solution (ie: final assay
volume 30 pl, with a final screening compound concentration of 1 puM). The

plate was then sealed using a plate sealer and incubated at room terhperature
for 45 min on the plate shaker.
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Ki=

1 + Jradioligand]
Km

The PDEY 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:
Example No K; PDE7A K; PDE7B
(V) (ni)
’ 1 19 46

2 3.1 13.4

3 15.6 108

4 11.6 144

5 276 1420

6 NT 17.6

7 19.8 140
Table 4

NT = Not tested



(dpm G ) of radioligand counted . (G /Ml) (L) The
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using 28m distilled or deionised water (-20 m).
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plate to allow for 1 m conpound to be diluted by 29
m of other assay conponents (14 m enzyme and 15 ni
Metash ol i gand). Thus for a final assay concentration of

10 M the conpound nust be at 300 mMin the conpound
addition plate. 4 mM stocks of corrpound are supplied
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theke ineactesils domaih Briothechépdiil ehephes ABRAENA V@S, including
transferred into a suitable multi-well assa | at e

Phaserd RRAYIGS pEHElt a% CiiesheomeaB4ay aidasasofiCYPs)npldehyde
" oxiGASHENG Hhhb ANk SxiHEESs (MAOs), and phase Il enzymes, such as

UDP-glucuronyltransferases and sulfotransferases. Cryopreserved human

hepatocytes are prepared from 5 donors and suspended in Williams’ E media.
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) is added to a
final concentration 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 1uM, with a final DMSO concentration in the incubation
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 cells/mL. Sampling times of 10,
20, 30, 60, 90, and 120 minutes are used and analytical quantitation is by LC-
MS/MS. The intrinsic clearance (apparent) is calculated using the formula:
CLint, app = [-slope /0.5 M cells/mL] » 1000 pL/mL = pL/min/M cells.

The human hepatic metabolic stability 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:
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equaiamnpleld =| 1 + [radi ol i gandl 4§n The PDE7 inhibitory
agtivity of the conpounds of Exanples 1-7 was tested

accﬁ@fﬂ@le% the above _protocol <5The Ki val ues
obtatred—are—shown—+n—Tabte—4betow—Tablre4—NF—™Not
t est edHunman Hepat ocyte Data Sunmary The human hepatic
netabolic stability of thsble@pounds of Exanples 1-7
.of the present application were assessed in the nodel
descri bed bel ow. The conpound of Exanple 75 of WO

Th A=t Aradented FRTABY S UBY- Ehokd! £'@SH differentiation, with

respect to infrinsic 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 half-life in humans, compared
with Compound A. '

Rat [V Pharmacokinetics Summary

The phafmacokineﬁc 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'-
dihydro)quinazolin]-2'(1'H)-one (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 to male rats (each rat receiving one
compound), via the tail vein, at a dose of 1mg/kg (0.08mg/kg for the
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human hepatic netabolic stability of the conpounds of
the present invention was tested according to the
abgve protocot IS clearagcs ue
obtai ned are shomﬁ‘?ﬁb!ﬁ)]‘ E’Kéﬁ'&kf‘%u‘ﬁ@h‘ﬁ&‘%é\ 3|
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met 4@l i ¢ st abi Ifty, OBt weeh t heOdonpoynds 01045

Cly (ml/min/kg) 27 70 156

Vga(ml/min/kg) 0.6 0.7 0.4

Tis2 (hOUl'S) 4 11 <1
Table 6

In Table 6, the following abbreviations are used:

Cl is the rat clearance;

T4s2 is the half-life;

V4 is the volume of distribution in rat;

fup is the fraction unbound in rat plasma; and

Cly is the unbound rat plasma clearance, where Cl, = Cl / fup.
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l'i kel y human pharmacokinetic profile, as described
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profiles of the conpounds of Exanples 1 and 2, as wel

as that of Conpound A, follow ng 1ng/kg
Clman = [(Cluman) * fup] / B:P

where f,; is the free fraction of unbound drug in plasma and B:P is the blood
to plasma ratio in human blood.

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

Tin=[IN(2) * V4] / CI
where Ty is the estimated human half-life in hours, V4 is‘the volume of
distribution in man (assumed to be 0.2L/kg, due 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.
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0. 25KQg) respectively, and units of clearance are in
m/mn. Converting Cu nman to estimate total bl ood
cl.earance in man (C nman) TalbdeeYe f up is the free
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bl ood to plasma ratio in human bl ood. An estimte of
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resgecmb@tm the abservesl phaimeeakinaiicadn thel fat|aridethen predicted

nu g ek RigkEs SWen e ST BY i B Erbripe pragent

apphcatlon when compared with the closest prior art Compound A. This is

manifested in the projected human half-life which is estimated as 10 hours for
the compound of Example 2, compared with Compound A which is likely to

offer a half-life in 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 once or twice daily dosing in the clinic. The pharmacokinetics of the
compound of Example 1 of the present application may be commensurate
with twice or three times daily dosing. This represents a significant
improvement over the closest prior art Compound A, which due to its short

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

The activity of a compound of formula () according to the present invention in
the treatment of neuropathic pain may be measured according to 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 light/dark cycle (lights on at
07h 00min) with food and water ad libitum. All experiments are carried out by
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propadurgl s repentast Lntilc4 piosbaear(d) silik G@B@d loosely around the
nerve with approx 1mm spacing. The incision is closed in layers and the

wound treated with topical antibiotics.

Streptozocin (STZ)-induced diabetes neuropathy in the.rat

Diabetes is induced by a single intraperitoneal injection of streptozotocin
(50mg/kg) freshly dissolved in 0.9% sterile saline. Streptozotocin injection
induces a’ reproducible mechanical allodynia within 3 weeks, lasting for at
least 7 weeks (S.R. Chen and H.L. Pan. J. Neurophysiol. (2002), 87, 2726-
2733).

Assessment of static and dynamic allodynia

Static allodynia
Animals are habituated to wire bottom test cages prior to the assessment of

allodynia. Static allodynia is evaluated by application of von Frey hairs
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nmechani cal allodynia within 3 weeks, lasting for at

| east 7 weeks (S. R Chen and H L. Pan. J.
Dyhemioptydyinid . (2002), 87, 2726- 2733). Assessmsnt of

B e R KL TR SR g o
hin@SSR% W8NS Bhton 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 measurements are taken at each time point, the méan 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 preseht if
animals respond to the cotton stimulus within 8 seconds of commencing
stroking (Field et al, 1999, above).

Examples

'H Nuclear magnetic resonance (NMR) spectra were in all cases consistent
with the proposed structures. Characteristic chemical shifts (3) are given in
parts per million (ppm) downfield from tetramethylsilane using conventional
abbreviations for designation of major peaks: e.g. s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad. The mass specira (m/z) were
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seconds of commencing stroking (Field et al, 1999,

Thgl kc):%\//s?gl' structure was successfully solved by direct methods using
SHELXS-97, (Program for crystal structure solution. G. M. Sheldrick,
University of Géttingen, Germany, 1997, release 97-2) in Space Group C2/c
and refined by the method of least-squares using SHELXL-97 (Program for
crystal structure refinement. G. M. Sheldrick, University of Géttingen,
Germany, 1997, release 97-2). The crystal structure refinement procedure
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 Examplelz.

Calculatlon of the Powder X-Ray Diffraction Pattern from the Example 2, step
(b) (Acetic Acid Solvate) Crystal Structure
20 angles and relative intensities (see Table 8 below) were calculated from

the single crystal structure of the acetic acid solvate of the compound of
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acetic acid solvate of the conpound of Exanple 2 was
determ ned by Single Crystal X-Ray diffraction at room
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Madi son sconsin, USA, 1994) from several series of
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prefdsed pricatatiosi efmdtém thelrhésaned paiched ( SADABS,
Program for scaling and correction of area detector
data, G M Sheldrick, University of &Gtingen, 1997,

pog@%gg(gg{tmﬁ@%od of R H Bl essing, Acta Cryst.

The crystal structure was
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DA"RFsEX Py diffrhtoRRASSAtEPWRN & Sutomatic sample changer, a
theta-theta goniometer, automatic beam divergence slit, and a PSD Vantec-1
detector. The sample was prepared for analysis by initiélly doping with silicon,
in order to measure accurate peak positions, and was subsequently mounted
on a low background silicon wafer specimen mount. The specimen was
rotated whilst being irradiated with copper K-alpha4 X-rays (wavelength =
1.5406 Angstroms) with the X-ray tube operated at 40kV/30mA. The
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 2° to 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
doped with silicon. |

All other powder X-ray diffraction patterns were recorded for samples
mounted on a flat silicon wafer, using a Bruker AXS Ltd. D8 Advance powder

X-ray diffractometer fitted with Gobel mirror optics, a single sample stage and
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temperature for subsequent PXRD analysis.

Example 1

Cis-3-[(8'-chloro-2'-0x0-2' 3'-dihydro-1'H-spiro[cyclohexane-1 ,4'-qui'nazolin]-5'-
voxylcyclobutanecarboxylic acid

To a solution of the alcohol of Preparation 8 (50mg, 0.14mmol) in 99.25: 0.75
acetonitrile: water (2ml) was added a solution of periodic acid (82mg,
0.359mmol) and chromium (VI) oxide (1.6mg, 0.016mmol) in 99.25: 0.75
acetonitrile: water (2ml), maintaining the reaction temperature below 5°C. The
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Method A

To a solution of the alcohol of Preparation 11 (2.05g, 5.84mmol) 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 hours. The resultin.g precipitate was collected by
filtration, washed with water and dried in vacuo to yield the title compound
(1.90g, 5.2mmol, 89%).

"H-NMR (4OOMHz De-DMSO): 1.2 (m 1H), 1.2 (m, 2H), 1.6 (m, 2H), 1.8 (m

2H), 2.3 (m, 2H), 2.6 (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 m/z (APCI) 365 [MH]"



TGA neasurenents of the solvates were nmade using TA

I nstrunents TGA2950 Hi - Res Thernogravi netri c Anal yser
wQWeTYesa9t r ogen purge gas at a rate of 75 cnB/ RCIIB10061003388

anbi ent to the desol vati on @enperature (1500C - 1800C)

at a heating rate of 20@3} rl EThe sanpl e was then
cool ed to room tenperat subsequent PXRD

anal ysi S. Exarrpl e 1 Ste a
[ (8 -chloro-2' -o0xo- -di hvdro-1'H spirorcvcl o
__qu_@x%ﬂé -ghloye 2;;9mr;27,31—dlbvdm-‘l H-smro[cvclohexane— A4'-quinazolin}-

Do i f th
AR T b S

0.75 acetonitrile: \NaterO(2n1) vvas added a sol ution of

periodic acid (82ny, Oa”sgﬂm) and chromi um (V)
oxide ( 1.6nmy, 0.0 b)., : 0.75 acetonitrile:
water (2m ), maintaini a¢tion tenperature

bel ow 50C.  Ther eact i onCHi xt @ stirred at room
tenperature for 18 hours. Th& r@acoi on m xture was
filtered and the residue waskddwi th 99.25: 0.75
acetonitrile: water, 2N hydrochloric acid: methanol
(5:1 ), water and mathanol The residue was dried in

The%/ ggﬁfbohgd)g;?répé%oh'ﬁ %té“&ﬁ?/&%q g1 ag3@ n‘i‘ﬁb‘)%é@éuébended
in wr%bmﬁl)md the dlorry w@ﬁ\e(dwo 354)@ a:emnq narlmlﬁ)aie (mgs
19@&@%?3 %’ﬂégd ginm@n@ortm 712'74 Q@”‘(PERJ“&! @f%&@tﬁtw 22)yps
dis%&c\ﬁu i ?MEI; géﬁr?ql)la'ﬁlasadﬂeﬁ AR reactRfr MM attiodt WelsMidibd

rra- -
to @0°Cecovear bhounand held fr Buthurs.i The sEictioGovad cbelrdie 7B3°C

anq\}gla?ﬁfc(q%ml) added5 whYst) ma%%e%%%lgo’cﬁgttgr%%%?ernta% %l)ove 8§ Cd The

resulting slurry was cooled to 35°C, following which ethyl acetate (260ml) was

added in one portion. After cooling to room temperature, the slurry was filtered
and the product washed with ethyl acetate (2x100ml). The resulting white
solid was dried in vacuo at 60°C for 16 hours to give the title compound as a
white solid (44.4g, 105 mmol, 82%).

"H-NMR (300MHz, CDCl3): 6 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), 6.9 (s, 1H), 7.1
(d, 1H).

LC-MS (ESI): 22.6 minutes 11.8 (%) {cis isomer} m/z 422 [MH]; 23.1
minutes 88.2 (%) {trans isomer} m/z 422 [MH"].



To a solution of the al cohol of Preparation 11 (2.05g,
5.84mmmol ) in acetonitrile containing 0.75% wat er
wO30mop33mas added a sol ution of chrom um (V) ®8gTAB2006/003388
(12mg, 0.1 1nmol) and periadic acid (3.33g, 14.6mol)
and the reaction m xturegstipred at 400C for 96 hours.
Water (100m ) was added e suspension stirred for
Trand18U(8s-chibre--8x8!2 BREihpHREH -5akSlcYaBheRAN 4 2 dulhAazolin]-
fiTtration, washed with water and dried rn vacuo to
yi el d tdDoxylcyclobutanesdgriioxylioagid aeticrasid sglgede
1H NVR (400MHz, D6-DVMSO): d 1.2 (m 1H), 1
., 1.6 (m 2H, 1.8 (m 2H), 2.3 (m 2H), 2.6 (m 2H,
3.1 (m 1H), 3.2 ﬁs, 1H), 4.0 (bs, 1H, 4.8 (m 1H),

6.4 (d, 1H), 7. 1H, 7.2 (d, 1H), 7.9 (s, 1H).
LRVE mz (APCl) 365 kthod B Step (a

rrans-S-rfS -chloro” -joxg2 .S -di hvdro-i' H spirorcvclo
hexane-1 ' -gui nazol i K0oxylcvcbobut anecar boxyl i ¢
acid fe rf-butvl esteryThe oon'poup,dC%FPrepar ation 27,
step (b) (34. 1g, 130 amdl ) was sudpended in DVF
(300m ) and the slurry warnmed to 35C. Cesi um carbonate

(63g, 190rnnol) was added in one portion. The conpound

¢ : . : : _
ThE prodiRRE Bher 320180402 2IY Bl 40 e 983 gamn
andheated foo0°CG A% elydrdarondic boidr @.93hwly was bidded Waspwise

cooled to 73C and wat er &160n1) added whi | st
kegpinathe fmpetaiwre atffstal DesolBisnevas stirred iab 608G det 3¢ig

iR SBE b s BB R e abore
5590 8luby WA BbOIBHRE 28PCIhd $tiresdstorial furthep 30 inhihBtedtafter
and the product washed with ethyl acetate &2x1 00m ).

whiphdt was dilteredy washesd with raelimacidiwaier (2000l andiwaeC

(1 Ofo%%l}ge%?‘g rb%il{godﬁeia/ h atn Ogcﬁlﬂr%lo%e%oo eorHigﬂt 8fe6C to yield a

white solid of the title compound as an acetic acid solvate (153.6g, 73.5%).
"H-NMR (400MHz, Dg-DMSO): § 1.2 (m, 1H), 1.2 (m, 2H), 1.6 (m, 2H), 1.8 (m,
2H), 1.9 (s, 3H, CH;COOH), 2.3 (m, 2H), 2.6 (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), 9.9 '
(s, 1H, CHsCOOH). |

LC-MS (ESI): 18.0 minutes 1.65 (%) {cis isomer} m/z 365 [MH"];

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

The above acetic acid solvate has been found to crystallise with a 1:1
stoichiometry, as shown from its crystal structure determined by the method of
single crystal X-ray diffraction. Fig. 2 shows the measured 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 crystal
structure. It can be seen that the peak positions for the two patterns agree
very well. Any difference in relative intensity and width of the diffraction peaks

can be attributed to preferred orientation and particle size effects respectively.



white solid (44Ag, 105 mmol, 82% . 1H NVR (300MHz,

CDCI3): d 1.3 (m 1H), 14( 1H, 1.5 (s, 9H), 1.6
w()rmomlebaml 7 (bm 1H), 1.8 (bm 2H), 1.8 (bm rPCHIB2086/d03388

(m 2H), 2.6 (t, 2H),-2.7 (¢h 2H 3.1 (m 1H, 3.2 (m

Th% gg'uara‘}/:t% sgtfg‘ 2&}3’%!?3)?@%@@@3’%@1%%& i rnré[%tlg/e?qt%ggr?i%s for-
the{abiovel septierdeidnkaivaialcVidtdd in P3bié beluves 88.2 (%)

{trans isonmer} mz 422 [MH] .Step (b)
rrans- 3- [(8 -chl oro-2'-o0xo0-2',3" -clihvdro-1'H spirorcv

CI oh ge-1-, 'YIRAL ° PR
gQZylcycl obuﬁa%nlﬁe%yéoxyl iC a%e%l acetiic z!lrc':ﬁegs'ty %

sol vage The pyoducisgod sted (a) £d®&/g, 0.]492 nmg)s was

slurried in acetic acird (3100m ) and heatled to 60C

48% M8 obr onj ¢ aci1®.34. 93 |nol ) R4S addec drop\MMe

dcapni-no +hao rat uur A At aennc Tha
r\CC'Jr1 1 TTC C ||’Jb| C, < AT AYAAA™] ?—a’v UUfLT riJIT

stirr at 60C for m nutje (70Qm vvé added
drop £ Keepjng 1 enperature OVE HA7C. oS urry
Was \(l‘jﬂgzﬁed to] 20C ta‘?r?'d-lfstl rried forggI further 30qm nut es
afterdhich it was 16t ered, vvasﬁ@d’ w th acetl doo

orw dwat-er /') nnwl ) and watler 1nﬂanL\ h nreﬂi [a¥al

A-A~A LS A~a

dri e&g% a vapuum o@@n over|ni ght éét 60C tlo yie 326\3

Wit a—of —the e—cqgmpoun an cceu O]
sol vglt%@(ws 69, 73.5% . 1H NMR ?9?8 %91

1.2 (m 1H), 1.2 (m 2H), 1.6 (m 2H), 18(m 2H) ,
1.9 (s, 3H, CH3COOH), 2.3apg2H), 2.6 (m 2H), 3.1

. , 1H), 4.0 (bs, 1H), 4.8 1H), 6.4
The% cht%&%aéid?sq%vétg haﬁtgeenﬁogné dg tllq.qymbally_dgaspgl,rgtq H;m,arcgjrgi (S

118 G B e gl 0Bt 215

welg$1® tosslis wbhzeBhl aththis] tempﬂn@tuw,wmchequbmsami theswlevabke

been f dto_crystallise with
eaneglent otn ac&%nacnd The ¥'GA plot is shown in Flg 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 (c)

Trans-3-[(8'-chloro-2'-oxo-2',3'-dihydro-1'H-spiro[cyclohexane-1,4'-quinazolinl-

5'-vDoxylcyclobutanecarboxylic 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 (4x500mil) before being dried in a vacuum oven overnight
at 60°C to yield the unsolvated title compound as a white solid (130g,
357mmol, 96%).

"H-NMR (400MHz, Dg-DMSO): § 1.2 (m, 1H), 1.2 (m, 2H), 1.6 (m, 2H), 1.8 (m,
2H), 2.3 (m, 2H), 2.6 (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 m/z (APCI) 365 [MH]"



stoi chionetry, as shown fromits crystal structure
determ ned by the nethod of single crystal X-ray
wdaizbd7roagdion. Fig. 2 shows the nmeasured powder PETHBR006/003388
diffraction (PXRD) pattern A) for a batch.of the
above acetic acid solvate along with the sinul ated
PXRD pattern (B) calculated fromthe single crystal
Thistcongdaurel hag akarbden foaad td katstalitse peak upesivateahfeorior
the twp patterns agree very wel| . An i rence in. .
(Forgy At e g m%rﬁgtqr§%aﬁavw¢3@a raafdlfe‘ri@@ﬂén??% ) Rﬁfeﬁ@étagwn
_ N . £ . o . _
in R85 TS Ehal ARt R Bl A beRiChidhdlfelatg |
inteHicdsear eplis‘técg &CT:’alﬂIe Spgalbw. ik tﬂyeiaﬂirgeeﬂoahl ihees a melting point
intensities for the above acetic acid solvate are
of 3504t gsi deteupinedip bR Tterentinl scangingrelageiaty Q)
; te ok been found to thermally desol vate at
Illu%ﬁﬁéﬁf@é as shown by Thenogravi netric Analysis
(TGA) . where a sharp -15% wei ght |1 oss is observed at
thi-s_tepperatpre —whi-ch equates—tothe—eRe—fdle——
equi ¢8ent of adBieNSiiE ey The TRV pl ot ils dntgnsity %
Frg-—®= Uponm pgesot téun, tihe- db% %bui vate 17 g
recrystallises to thée desoljvat ed I)"fbrm A (jdescribéd in
step 9G)- bel ow), ag4dgnonstirat ed2By3 t he BXRD pHat3s

hown in Figure 4 Step (c) T ans- -
d' - cHI3® o~ - okon' . 80-Qi hvdrio- r H €PiF of cyql ohexdRe- |
—quimeg ot T F 5 —=vGoxytcvetobut arboxytiTc ggig—The
acet i%‘zci d spl vat g%o step (b), éf;g?g, 369 mm?)gJ\A/as.

slurrigezl i n water (@pAYOni ) jat roggd enperiat ure44.2
overnight The slurrv was tthen filtered_and washed

wi t h Wed er (450047 -Bef or ¢ bei ng8edried ijn a vaedum
ovengvernight—at—GgC,toyietd—t rsotvated—tit4e
corrpcﬁh% as a| whi t?%%l id (j113Qg, Qggml , 960/()1.:]417I—|- NVR

(400Migzz D6-DMBO): 18.4.2 (m 1H 31B 2 (m| 2H), 12.6 (m
2H . 1 8 (m

" 189 13.7 31.8 13.5
19.4 12.9 36.4 128
215 100.0 37.9 18.2
22.1 315 38.8 15.2
22.4 575 48.7 104
227 13.0

Table 9

The compound of Example 2 has also been found to crystallise as solvates
with dimethylacetamide (DMAC), pyridine, tetrahydrofuran (THF) and
dimethylsulfoxide (DMSQ). Each of these solvates has a characteristic PXRD
pattern, 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 & 9), while the DMAC solvate



2H), 2.3 (m 2H), 2.6 (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,
wakha7/063221(d, 1H), 7.9 (s, 1H). LRVS niz (APCl PCB@B2006/003388

IVH] +Thi s conpound has al saditbeen found to crystallise

[
' I r | risti
nab Bogh SRR 4 LT Can B A A BRBIRAET I o
Thé frabile nahaeasftthe IDVMSO siratedasdnbhneibiat 1o sfidetkiomang could
their relative intensities are listed in Table 9
notg getermined.crystal line form has a nel ting point of
250 0C as determned by Differential Scanning
Calorimetry (DSC) illustrated in Fig. 6. Table 9 The
Upoordesotvatioh eachrgditiee pylidinealTkle, DAGACTanchBMSO solvates

cryst.allise as solvates wth dinethyl acetan ( DVAQ).,
recfitelifea S e Frifsvir EPaR A Ao STRRRS R RaRy T LGPt aRA i
shdVirOFigsEagh19f 13 Braa 4sekpaéRpnnas a characteristic
PXRD pattern, as shown in Fig. 7. TGA neasurenents of
't hese sol vates have reveal ed the pyridine and THF

solvates to have a 1: 1stoichionetry (Figs. 8 & 9),
whil e t he DVAC sol vatehgéé@ggengshom to have a 2:1

3iakanbrd-2'-GRRiah idrel thigpweldydHiexa@ne 04 -guiR8zolin]-5
fragile nature of the DMSO solvate has neant that its
st oi chi onet r ylexymethyfevaebuianeearbaxdic agidn

desol vation each of the pyridine, THF, DVMAC and DVSO
solvates recrystallises to the anhydrous Form A, as
denonstrated by PXRD anal: in Figs. 11, 12,
13 and 14 respecti yel

d' -fluoro”' -oxo™ . SYdi hvd
‘-guinazolinl- '"- vQwynetl

-r

fQi ror cvcl ohexane- |
vcl gbut anecar boxvl i c
acid (a 3-iY8 -chloro-2'-oxof2'"N3" =di hvdr o-1

"H spirofcycl ohexane-1 , 4" - qui ndzol i n1-5' -

{a) 3-[(8'—chloro-2'-oxo-2',3‘-dtihvdro-1 'H-spirofcyclohexane-1,4'-quinazolin]-5'-

yoxymethyllcyclobutanecarboxylic acid benzyl ester

8'-fluoro-5'-hydroxy-1'H-spiro[cyclohexane-1,4"-quinazolin]-2'(3'H)-one

(140mg, 0.56mmol) (prepared as described in WO 2004/026818, intermediate
c¢) 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 stirred at 80°C for 18 hours. Water (35ml) was
then added and the product extracted with ethyl acetate (2x25ml). The
combined organic extracts were washed with saturated brine and dried over
magnesium sulphate. Evaporation of the solvent afforded the title ’compOLfm‘d,
a brown gum, as a ~5:4 mixture of cis and frans isomers (204mg, éo%).



vPoxynmet hv pcvcl obut anecar boxylic acid benzyl ester
b'-fluoro- '-hydroxy-i'H spirotcycl ohexane-

wO20aqicssz ol i N*XS' HJ- one (140ng, O0.56mmol) ( pr epanBmoae33ss
descri bed in WD 2004/ 0268182 i nternediate c) and

1H-Bﬁ>§'§<i(<%ﬁb@ﬁ‘-‘7§?‘é@¢§ {ohegh BN b 5 26 ARy 307 g

(m12HY, 2260%m, Qrﬁ%mpmgo (QXDNHH?@ . (ﬁﬁds\gta@@ &heoo (2xd,

m xture stirréd at 800C hour's

2H),Heh3 4&ded2idhd.6 e, ﬁi’Bd@@ﬁ (ﬁxﬂﬂ-ﬁc?é’@ gt FH et hyI

+ The conbi ned organi c extracts were
LR&gh@%?ﬁﬁfﬁggmat ed brine and dried over magnhesi um
~ sul phate. Evaporation of the solvent afforded the
bt|tIe lcon‘pound a3brovvn g}lJmas a-54, mxture of Cis

d1.29 (m 1 |

2H), 2.59 (

3.96 & 4.00 (2x d, 2H), 5.13 (2x s, 2H), 6.6 (m 1H);
Thé p%dL(cmof sHp (a5 (360161@1 OWmma')’ﬁ/e@ diséid 4bihdiviot (2mi),

2MINAQ! (il Qamol)acsies! ars! ther biowngermulsiansiroed ot 6eiafar

1'5\?@) he?fﬁ\?é’pég%ﬁjo %N;nec rrgg)ﬁy Pmmol) w s.fiﬁided and the resulting
suspersidrestint &DfNY..5 GoddL e Lrewms solid sollsted |b|y frmatlitanol

n of( i'

OnnDI added and t he
weshREMR AR YA B Cayiette TgrcoreisL Ao e e drying
in V&% Ng. 2N HCl (2m, 4.0mmol) was added and the

resulting suspension stirred for 1.5 hours. The cream
solid collected by filtration, washing well wth water
Chiral BPECdon mumlpdkeADqﬁptﬁHadscsﬂraﬁa@ol 85% hetdrey +d. 19y

.1 n vacyo. |raI n Chi kADH 15%

it Qepitaha RSt aYs RAAL raiOhGpRIEr s (B Bissdimes 4369 and

15 SRR LB H3: 57 ratio of isonmers (retention tinmes 13.69
and 15. 2 m nut es) .

"H-NMR (400MHz, CDCls): & 1.16 (m, 1H), 1.43 (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, 1H), 3.03 (2x
m, 1H), 3.88 & 3.97 (2x d, 2H), 6.48 (m, 1H), 6.76 (m, 1H), 6.98 (m, 1H), 8.79
(s, 1H), 12.06 (br, 1H).

LRMS m/z (ES) 363 [MH]*

Example 4 ‘
trans-3-[(8'-cyano-2'-0xo0-2',3'-dihydro-1'H-spiro{cyclohexane-1,4'-quinazolinl-

5'-vDoxylcyclobutanecarboxylic acid




1H NMR (400MHz, CDCI3): d 1.16 (m 1H), 1.43 (m 2H),
1.57(m 3H), 1.76 (m 2H), 2.05 (m 2H), 2.28 (m 2H),
wa.24@/0653912H), 2.68 (2x m 1H), 3.03 (2x m 1HPCTABB86/3388
3.97 (2x d, 2H), 6.48 (m 1®), 6.76 (m 1H), 6.98 (m

’ﬁ,%,[“é%gég of ﬁxai'@el 1 1§tapcﬁ19( Witk 1 BombBYRd B PréFaatidh 36
(od mg,\ﬂaﬁ%r’nnm{))ahd 8sindi dvdmasm' (HI)s:palde)(ﬁ:ﬁnIgo DebCEmembl) and

I I ut b I dB
peroe ASKE 7 B19- S i) wesateRgoafe ke Remsblias
d;'Pl)epar ation 16 (101ny, O. 296mm|) and using chrom um

(VI) oxi de (0.5ng, O OCdmml) and periodic acid

TH-NIRNE,00MHE WD SORS: dbt-4idTe (i BE) 2812 7compdid)cB.10 (m,

1Hy 4 82l 167608 Ay, B T4 70T . 8D, BT Grit B 4y

Lolils: ftriich o2 dsbinutess bk, LK F8D ok 3T

retention tine = tes (10
nIz 356 [MH +] Exanple 5

1K8-f|uor02-ox02 di hvdro-1

"H spirol cvcl ohexane-i —M&E@ﬁ a azol inl -5"- vDoxymet hv
OBQHQBMJ o %)@ﬁ@*@@ﬁﬂdr§~Ianls(§)lr6R9LIohexane—1 4'-quinazolin]-5'-
1-r(&8 -fTuoro-2"-oxo-2", 3 -di hyd ro- )

' H spi r of cycoeiaels fobuianee
vQoxymet hvncycl obut anecar boxyl ic aci d nmet hyl ester To

o

a solution of S -fluoro- '-hydroxy-I

H spi r oEcycl ohexane-i "' @qUInazoIIn] 2" (3 H)-one
(120ng, 0.48mvl) (deé¥T ™y WO 2004/ 026818) in DWF
(1m) at roomtenperaturé ded cesi um car bonat e
(234ngy, 0.72mml) and the uNE stirred for 10

m nut es before addition of ion of the conpound

of Preparation 18 (172ny, Op58mmvol) in DMF (1n). The
reaction

(a) 1-[(8"-fluoro-2'-ox0-2',3'-dihydro-1'H-spiro[cyclohexane-1.4'-quinazolin]-5'-

vhoxymethyllcyclobutanecarboxylic acid methyl ester

N)%O
H

To a solution of 8'-fluoro-5'-hydroxy-1'H-spiro[cyclohexane-1 ,4'—qt1inazolin]—
2'(3'H)-one (120mg, 0.48mmol) (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 room
temperature. The mixture was diluted with ethyl acetate (20ml) and water
(20ml), the organic layer was separated and the aqueous layer extracted with
ethyl acetate (20ml). The combined organic layers were washed with water



m xture was heated to 800C for 18 hours and then

cooled to roomtenperature. The m xture was dil uted
wei20d7/06839yl acetate (20m ) and water (20m ), t RET/IB2006/003388

organi c |l ayer was separ at ed4and t he aqueous | ayer

O ShE Palei@xEbMY. BSS bleC bRl tUpbsfa Thiafad and
evémraﬁed AHNo)  THE baId K8eh dlﬁﬂﬁ@ﬁﬁtufﬁté&' 'fr@)h%l%thyl ether

| tered and evaporated in vacuo. The pale brovwn oil
(1%& ta pravidexthadtitte @rnmaoenmals aepaierbrpworaojndt(é4@m\nfwe

sl b AR DA o BPel 8%s oot ¢ Y308 ™10k i
%NmtﬂmonmﬁlszE@MSGJ)la 11616@'m 1H§ 1 35351 (2'H) 2o, é)ni -39,
1.7 (o 200, 1290 (21 709 (BPES. BAC(51, 250 242 (22, 3, 528 (s,

22 (G20 952 T dgDoo sy PN g hlp s 87 1H:

"Hspirol cvcl ohexane-i , 4'-qui nazolinl-5'
vDox y met hyncycl obut anecar boxyl ic acid To a partj al

s Atl(F flyare'-pxe dinydront Hsspirol evglohexemeny 1. 4bqrmarelin]-5*
i n net hanol / m ; > .

hydr oxi de (28m0; : . :
SOOC for 24 hours The mxture was cool ed to room

rat re and stirred for a further 6 days before
To ARG B WooRIoR Lok HeB R LAHOmE O SgRior | ¢

s |
e o 14 500 S PR
ang they redbetivhestiried| & 5056dfon 84 hoBiBsry The niktume iwasc&ddled to room

ten%c%rgl L{ega@%?ﬂ%tqg_ﬁo?%l%o% %faypbbe?or%%]t%nt 1‘1’1?'7 éﬁbl
aq&éﬁu&(‘@lutl&%@ﬁhgﬁocﬂiﬂhc afblm T%@res@ltlﬁé c@é’&n sHT'Qi was
colipgfed bykitration, washyd avith dgi(mﬁyne/e@uo to prowde the title
compound (83mg, 0.23mmol, 65%). ‘ |
"H-NMR (400 MHz, Ds-DMSO): § 1.25 (m, 1H), 1.37 (m, 2H), 1.49 (m, 3H),
1.71 (m, 2H), 1.90 (m, 1H), 2.01 (m, 3H), 2.38 (m, 4H), 4.18 (s, 2H), 6.52 (dd,
1H), 6.71 (s, 1H), 7.00 (dd, 1H), 8.78 (s, 1H), 12.43 (s, 1H).

LRMS m/z (ESI) 377 [M+H]"

Example 6
Trans-3-[(8’-chloro-2'-0x0-2’,3’-dihydro-1’H-spirofcycloheptyl-1.4’-quinazolin]-

5’-voxvlcyclobutanecarboxvlic acid

0O




Tra s-S-Kd' -chl oro”' -oxo™' . S -di hvdro- |

H spi rorcvcl oheptyl-i 7' -quinazolini- 5 -yl)oxy]cvclo
wouab@Eresat boxvl i ¢ aci d(a) PCT/IB2006/003388

Trans 3- r(8 -chloro-2' -oxo7.'5 , 3" -di hvdro-1

sus peaﬁlr@&owm B Bﬂ)o@@m@wb@téﬁedaﬁ»wlébbmtml éét@ﬂrrg,
0. 36nmmol ), potassium car bonateTS?rrg, 0.41 mmol) and

18-crown-6 (HOrng, 0.41 nnDI) i n di met hyl f or mam de
(3m) at 8Q0C, maﬁcadq§g\§;§olut'on of 3-(tol uene-4-
sul phonyl oxy) - ¢/ s-"cycl obut\aneca lic acid ethyl
ester (prepared by a nethod a al ogous to the conpound
of Preparation 22) (123ny, Rly) in

di met hyl formam de (1m) and regction m xture
stirred at 800C for 18 hours. S @ture was cool ed
to room tenperature and extrated*tvvi ce from water

(30m ) into ethyl acetate (2x20nm ). The conhi ned
To gryismensionyeiithe kempanasiidreparation 20(109%mm M. $6maral b d

pot%gglﬁwm%ﬁh%%eg rb'a‘h‘iamnﬁél LAE 98B, 6e§1aﬁﬂﬁ 644 o)

re evaporated fro

in dmtelﬂ&gmmlrmaﬁdde r(smwratsmcwmb aﬂ@ﬂha/ lsolatlbﬁ of Bo(toiuehél-4-
etitle corrgg as a cream sol i 18mmol, 5
sulf nylaxyhgimcyale m?frz]eceéa c'doetmylle;ﬁt@ "Ppr@,mared byas.1

oy WeRS ot s el g2 g o
din(ejhylﬁoﬂmarr‘fldem (i) aridjhe r‘/aazﬁon snixtlir® stidedat 80, CXoh 18 hours.
Th%Lpg r%w g;oJéqﬁ%Z Biog/n'_q%yé zfatur§ araq ﬁ)gtaqc&eq twjce from water

(30nHPIrtt® @ﬂ‘m 'a@B%%% xZ0mif. The combined organlc layers, were washed

gui nazel i'nl-5' oxy 1cvcl obut anecar box?/ iccacid To a ‘
witl bgiper(gxmbf drie oyem@gnasufn sulppateailterzolhrgnd evaporated

in chUTRR DAY 3506 Mg et foinefielpl #hd Aty Pling
Wltlﬁ hli:‘ethﬂseihét f@gyléidisth@ﬂﬁlb%rﬁécbdﬁcﬁés atcré@rﬂcéd‘h@f(78rr|@)0ur S.

The net hanol
0. 18mmol 51%).
'H-NMR (400MHz, Ds-DMSO): 8 1.19 (t, 3H); 1.43-1.77 (m, 10H), 2.24 (m,
2H), 2.38 (m, 2H), 2.63 (m, 2H), 3.14 (m, 1H), 4.09 (q, 2H), 4.82 (m, 1H), 6.36
(d, 1H), 7.17 (d, 1H), 7.29 (s, 1H), 8.05 (s, 1H).

LRMS m/z (ESI) 407 [MH]*

(b) Trans—3-[@’-chloro-2’-oxo-2’,3’-dihvdr6-1 "H-spiro[cycloheptyl-1.4°-

quinazolin]-5’-yloxylcyclobutanecarboxylic acid

To a suspension of the compound of step (a) (70mg, 0.17mmol) in methanol
(1ml) was added a solution of sodium hydroxide (14mg, 0.35mmol) in water
(1ml) and the resulting 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 HCI (5ml). The resulting solid was filiered



was renmoved in vacuo and the pH of the resulting

solution adjusted to ~ 1 by dropwi se addition of 2N
waquemdssoHCl (5m ). The resulting solid was fi PCenemasich33ss

washed with isopropanol (1.7%m) to yield the title

anf WML BR (o Ona ot R {8Bung BB o uiPd a e
oy Do 0, Lt (2 Gy (Tl
"HAYR él%’@eﬂwé’DernMSéz’aswg 71 a0, 10RVE2.RBA, 281)) 2:395m,
2D 280 @ AP BRI A1 (Gt RR G 1) 717 @ 1H), 7.29

(s,- 18, Bdlfnésclwp;emz% (5, 1THRUi nazol i nl -

yl ) ox cl obut anecar boxyl ic acid (a)
LR?@%H@/ éE %/5%{@“61*13 2' -oxo0-2',3" -di hvdro-1
"H spirol cycl opentyl-i .4'-

qui nazol i n1-5' - vDoxyl cvcl obut anecar boxylic acid
qrf-butyl ester (a) To &x ga_'rp_i I sol ution of the
d P 3 ( , 1.

S ) 0 2,3 dihv PlIya pent 126 zali
the reaction nyx@*@&ld‘y@@g@a,{ 4@@,5%{(;,(510 m nut es
before addition of a solutl conmpound of

Preparation 22 (SZSW%WI) in DVF (3nL) in one

ure was heated to 800C for a
] to—cgol to room

Y @ added to the

y acetate (5ni) and

portion. The reacti

. further 9 hours and allo
tenperature. Water (3m) wa
reaction mxture followed }
collection of the resulting ecijpitate was attenpted
but was not successful. Congte i"®sol ution quickly
foll owed and the reaction mctufe was concentrated to
2m in vacuo, water (5nL) was added to induce
crystalllsatlon and the resulting product filtered off
and,gr
= Tr&fst

r emai n|gm1azﬁhn};5hﬂt)cswwclcym&am@wlbom@tm ¢doj-buivi betetr
further purification. CH. O

3
Hac/}\o
CH,

(a) To a partial solution of the compound of Preparation 24 (300mg,
1.14mmol) in DMF (3ml) was added cesium carbonate (559mg, 1.72mmol)
and the reaction mixture heafed to 40°C for 10 minutes before addition of a
solution of the crude compound of Preparation 22 (523mg, 1.60mmol) in DMF
(3mL) in one portion. The reaction mixture was heated to 80°C for a further 9
hours and allowed to cool to room temperature. Water (3mi) was then added
to the reaction mixture followed by ethyl acetate (5ml) and collection of the

resulting precipitate was attempted but was not successful. Complete



LRVMS mfz (ESI) 407 [ MH + (b)

7raA7s-3-1Y8' -chloro-2'-o0ox0-2", 3" -di hvdro-1
wORkeEmesdicvel opentyl -i , 4" - PCT/IB2006/003388

aui nazol i n1-5' vOoxylcchobUtanecarboxyI|c acid To a

cisSRubh ik olByBH A heeaBliGE o Bl 23 SR o 2m
in MI&Q ?{ea@n%’le(?g?_;)lrvgbs‘% gg@% 1omﬁr{1ddltcg|sm¢y9’c§lﬂ§étid?ﬂaﬁd the %uﬂtng

proglushtiteredinff andgiied & yaeia iwaivethadile pomoynm(§1 Umg: |
b

0.78AEL §7VR)° (M R RIHIDYE SterfF phEAGTIeBMAD., This

mattdvial vesulisedhip gtep¢bpivithd et fucthgr perificatiehe brown solid

30nm) urification was acconplished by
LR&@- H@é?%ﬁl %N@fﬂ"‘i n acetic acid ( 1 .5m) / water
(0.1m ) to provide the title conmpound as an off-white
- solid (35nmg, 0.09nmmol, 9% . 1H NVR (400MHz, D6- DVSO):

d () Teans8-[@Hehloto-22ofken2’ SHihyAre 1’ H-spir@ldyclopestyl-( -

2H), 3.04 7.18 (d,
1H), 7.304 B L. . LRVB
(ESI) mz 351 [I\/H—|]+ Preparatlons Preparatlon 1

3- KBenzyl oxy) met hyl | -2, 2-di chl oro cycl obut anone Zi nc

To @wluti®) sfaie m’OdUﬁmf)ste\aéa)s(@é pmg;l &d7 Gmmed) isracegomcid (3ml)

at §7': RS BB obltbl Bglotip S BERROEeY 8t Mg rgecton

stirteBatmhond tdrmpelaturelioe 3oeﬁi¢mtem m@mmaewe@s gliendtest iy
rogmtenperature, under ar m nutes. The

drapwis PEORE o atar T MR i ﬁ"@itrtéﬁhﬁiiﬁf was goRenred.- t Hee
ek ARSI oo SionIORTat RS BERS phdfTie Afing
pracmﬂrattetmgwewpaﬂerhtedml solidi (¢80mg) el indfication was accomphshed
by re crystar\“3 saqgﬁ lgtaré%gt}g agdO (d 5mil) /ngteu?(?I "?ml) togprowde the title
compound as an off-white solid (35mg, 0.09mmol, 9%).

"H-NMR (400MHz, Ds-DMSO): § 1.70 (m, 4H), 1.82 (m, 2H), 2.27 (m, 2H),
2.60 (m, 2H), 3.04 (m, 2H), 4.81 (m,1H),6.35 (d, 1H), 7.18 (d, 1H), 7.30 (s,
1H), 7.98 (s, 1H), 12.14 (s, 1H).

LRMS (ESI) m/z 351 [M+H]*

Preparations

Preparation 1

3-f (ﬁenzvlovamethyﬂ-Z,2—dich|orocycldbutanone

SN

Cl

Zinc dust (6.54q9, O;1mol) was suspended in water (30ml) and argon bubbled
through the suspension for 15 minutes before the addition of copper (ll)



and allyl benzyl ether (4.6m, 30mvl) added. A

solution of trichloroacetyl chloride (9mM, 8 1mmol) in
wdizet7igssoet her: 1, 2- di met hoxyet hane (58ni: 7nl PCnaB2006/003388

added dropw se over 45 m nuses and the reaction

' eate to r x for 48 hours. The reactjo
sulfhgler @eiEd. ¢ tndmell e u@retion | Feise s | AT 4k room
te n\’i\ﬁéﬂéﬂﬂ'ewdﬂ_e@'eﬁgbﬁ |f0|eBberh|r(L§é§ OI"Flé ml?ﬁﬁef\)véé rfﬂ’cbﬁéd’\@ﬁder a

evaporated i n vacuo and the residue redi ssolved in
streivank aggsoanyl. thwmhdewaslmdwgwmowaw {I0ml), erentene §§00ml)

and (ishanDofit dhe sl oirfe) BROBERY A oRaRet BhG8le was
suspbrided b dieghyi8ethie}, 1Qtd|ﬁ£btﬁ<y>®etm€£ﬂ¢$®mm $(D§+nl)h§ﬂcﬁar argon

filtered and eva@leq[)ated in VaCLO. The crude mate

angyAllvh hanzyegthsf @ mhmUnmehaeddedphy selvlien | hrl@alog@cetyl
chlShHé é@ V%{r%rrﬂt@{ %58’%{111%3&% e1z|ea Wéth&){ﬁﬁ%%g tSarht: tAd) was

ai ned as a
addéd dnoplise DVEYHS mhhdtlbﬁahdlﬁﬁé 3eaetmi\&db)turellh6at;bdlte JFefldx for

48 ghr%g%}(_%heg Fégctprggw% re g'pg?so fl&pﬁé:{%ﬁqugh @e ite aln|_3 the salts
wa3héd BRI Mt etHEL {13&‘7@!%1 Uﬁlﬁfﬁfﬁq\ﬁ/ag%\%p??%tgﬁ Ié@ g@aebo and

t he di chl orocycl obut ano Preparation
the23esﬂmolre}dlsaolned hmnMexaaeu(‘E&(hfdl)vatHe aamainiog solids were

rerived b Frted i dnt e iR wés S RS Saf RorBd Hupl i Fpluion
of $&iurh ngenmﬁdﬂ&MMUnhl?%rﬁ@(&@ﬁq?ﬁrﬁs‘%\iéﬁnagnesmm

reacti on mxture sti rred at roomterrperat ure for a
sulphates diitechand evappiated it vaaionddeferugemaaterial wagipurified by

ool Pffrka@Bfantdf 0P8 K38 uid D T a6 HiBhe: ety
ethiees THuetitaconipounedwastotgimed 8 Ry yellbwr oil Sﬁ@a‘g ) 23Bhnmol,

gr/ater (100m ). The m xture was filtered an
M4 ganl c phase washed with water, dried over nagnesium

'HARN@E Bely 4obRigs: 83%11-3.21 (m, 2H), 3.48 (m, 1H), 3.70 (m, 1H),
3.85 (m, 1H), 7.35 (m, 5H), 4.58 (s, 2H).

Preparation 2

3-{(Benzyloxy)methvllcyclobutanone

D=

To a solution of the dichlorocyclobutanone of Preparation‘ 1 (5.98¢,

23.08mmoil) in methanol saturated with ammonium chloride (90ml) was added
zinc powder (9.25g, 142mmol) and the reaction mixture stirred at room
temperature for 2 hours. Ammonium chlorid‘e was added and the reaction
mixture stirred at room temperature for a further 6 hours. The mixture was
filtered through Celite® and the salts washed with diethyl ether (50ml). The

filtrate was concentrated in vacuo and the residue partitioned between diethyl



evaporated in vacuo. The title conmpound was obtai ned

as a yellowoil (3.7g, 19.5muvl, 84% . 1H NWR (CDCl 3,
waoQeivks33915 2.69 (m 1H), 2.90 (m 2H), 3.1 1 eaw/IRId)Pe/003388

3.60 (d, 2H), 4.56 (s, 2H),797.34 (m. 5H). -Preparation

N8By thvl obut o) -
et GOPEH apd TRESL Il 2R AP erednadt the opgaic
ph&&g, wésHssimwith wattet eldrielly dvef inmaghesliurnr soiphate,- fik®6d and

was added dropw se . a 1M solution of lithium )
evaRqratect YAGHD dientjite campornd svasRbaingdipam yallmw pil (3.7,
10 BRAAbRISALNY the reaction tenperature bel ow -65 0C. The

Teacton'was allowed to warmto roomtenperature over
"H-NMRO(@BCl; THOOKER)T b Qreanipat Ui, B (MeRENes. Mi (h, 2H), 3.60

saturat ed aqueous sol ution of sodi um hydrogen
(d, Z5pbokt 6. ?&%n?-?‘ﬁ(ﬁb@"@ool ed to 50C. 30% Aqueous

hydr ogen peroxide (4nm) was added dropw se,

mai ntai ning the reaction tenperature bel ow 100C. The

m xture was extracted Preparaidre8 i nto ethyl acetate

(50m ) and the.c i ned organj c.phases washed with
bri ne (3om),8 ro-dlenaypx ~$u¥‘ﬂ&$@ﬁm@¢e, filtered
and evaporated in vacuo. The crude material was .
purified by colum chromatography over silica gel

eluting with 25-50% et hyl acet g@*é: pentane to yield a

colourless oil ( 1.05g, 5.5 89% . 1H NMWR
indicated that a 15:1 rati(z% cis: trans isoners had
been obtai ned. 1H NWR , 400MHz): d 1.70 (m 2H),
2.10 (m 1H), 2.46 (m , 3.45 (d, 2H), 4.15 (q,

1H), 4.52 (s, 2H), 7.33 (m b5H).Preparation 4

7r ans- 3-f (benzyl oxy) net hvncycl obutyl 4-nitrobenzoate A

TosPlsuluton of tHll ejdiubudreAbcar PRPAratc 62011849 58MRMMbNY in
tetrahydrofuran” (5n

tetrahydrofuran stirring at ~70°C, was added dropwise a 1M solution of lithium
tri-sec-butylborohydride in tetrahydrofuran (40ml), maintaining the reaction
temperature below —65°C. The reaction  was allowed to warm to room
temperature over 18 hours. The reaction mixture was quenched with a
saturated aqueous solution of sodium hydrogen carbonate (25ml) then cooled
to 5°C. 30% Aqueous hydrogen peroxide (4ml) was added dropwise,
mafntaining the reaction temperature below 10°C. 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
evaporated in vacuo. The crude material was:  purified by column
chromatbgraphy over silica gel eluting with 25-50% ethyl acetate: pentane to
yield a colourless oil (1.05g, 5.5mmol, 89%). 1H-JNMR indicated that a 15:1
ratio of cis: frans isomers had been obtained.

'H-NMR (CDCl;, 400MHz): & 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, 5H).



was added dropwise to a stirred solution of the
cycl obutyl al cohol of Preparation 3 ( 1 .05g,

w6 2407roaed9) , 4-nitrobenzoic acid ( 1.82g, 10. 9nroi)BANE003388
tri phenyl phosphine (3.01 60 11.5mmol) in
t et rahydr of uran (2om)Pﬁ; 48fon Ahe reaction m xture
was stirred at roomte or 18 hours. The
sol vent Tiauss- rdory)meth o 4-hitrobepioate
redi ssolved in diethyl ether (30m ). The renaining
solid was renoved by filtration and the filtrate
evaporated in vacyaq ud@, material was purified
by col um chromat‘/I ca gel eluting with
1:10 to 1: 3 ethyl cetate p@nt to yield a
colourless oil (1 .64g, 4.8mol, 9, 1H NWVR
indicated that a 15 1 ratio of trans cis isonmers had
been obtained. 1H NVR (CDO 3, 400MHz): d 2.40 (m 4H),

A o, Blartitly apititaSionfly (28; 1 slyfnefith tetitardflran (5mi)

waEr aaaé@t uﬂfpvﬁsa I f s Stirkdee voritiny Jof M Wycobetabdicahel of
solution of the p-nitroester of Preparation

Prepqratlm@ (140@911644)7mmoli, dnitephpngeic agign(1)82es! G8aeapihand

d e
tnp?\%b%p;mg lne 6£Fr>]rﬂmoqfll51$ %@%{E&Wo&%@ﬂﬂdﬂ%@t% The
reatcenpeﬁmtuneewfaerstﬁﬁéman i - teApeirattiredod 18 halnk, Tﬁm’&ﬂl\)ent

was added and the m xture concentrated in vacuo.

wap VepeEaiRg N éﬁﬁcf-’ﬁcq@dﬂﬁ ’@‘Hdé’es%%’(“@ﬂj e ether (30m|)
Thé %H’fdn‘ﬁﬂg"% rr@)o\%g gis 95 fifHBANNE tl‘]é‘tfﬂ’c{e% r%%ptogerltgg in

acetate rre ver nagne3|unsulpha
vacual Tdheaprodat redtdrial wasyrifiedeyt calbmnccmrpmatdgnepdy over silica

ool PR B30 E' 4 35o8h oS veath el cobyott o
(1.64@ 1t®mrr%4,4§8%). 'H-NMR indicated that a 15:1 ratio of trans: cis
isomers had been obtained.

"H-NMR (CDCls, 400MHz): § 2.40 (m, 4H), 2.67 (m, 1H), 3.53 (d, 2H), 4.57 (s,
2H), 5.36 (q, 1H), 7.37 (m, 5H), 8.20 (d, 2H), 8.29 (d, 2H).

Preparatrion 5
Trans-3-[(benzyloxy)methyllcyclobutanol

@Om"OH

To a solution of the p-nitroester of Preparation 4 (1.64g, 4.8mmol) in 1,4-
dioxane (35ml) was added a solution of sodium hydroxide (385mg, 9.6mmol)
in water (25ml) and the reaction mixture stirred at room temperature for 30
minutes. Acetic acid (0.4ml, 7mmol) was added and the mixture concentrated

in vacuo. The residue was extracted from a saturated aqueous solution of

sodium hydrogen carbonate into ethyl acetate (20ml), dried over magnesium



(d, 2H), 4.39 (q, 1H), 4.52 (s, 2H), 7.34 (m 5H).
Preparation 6 rrans-3-f(benzyl oxy) nmet hvncvcl obut yl

we-20wl0dszees ul phonat e p- Tol uenesul phonyl chl or PA&/182086/003388
.18g, 6.2mmol) was added pdtionwi se to a stirred

sulfgts R ahd BvaNSHAB R IReud Tk PR R Ry bR fiained
asmiyé]lumﬁoiswaoh@ 4 mnes)92%Nper ature for 18 hours. The
solvent was concentrated in vacuo and the residue

"HNMRsE G 40AMEZ)y b 208 (mat @H)38:R0) (mwaklhed4i (i, BiN), 3.47

r | ar,enagi=d,, ( ) sa at ed agueous sol ution
Ch i fi h&a'r%-ééé%i’?ﬂ?n%? fmy 555 ), brine (30m),
“dried over nmagnesium sul phate, filtered and evaporat ed
in vacuo. The crude material was purified by col um
chr omat ogr aphy over siPrepargéon @l uting with
di chl i ' as a
col our st b heth) i IR Nttt
400MHz): 2.15 (m 2H), 2.31 (m 2H), 2.44 (s, 3H),
2.49 (m 1H), 3.4 (d, 2H), 4.49 (s, 2H), 4.93 (g, 1H),

7.32 (m 7H), 7.7 ;Om Preparation 7
- 5'-((Cls-3-r(benz Xy) me 'W)%@V | obut yl }oxy)-8"-chl or

0-1' H spirorcvcl ohexane- o

1, 4" -guinazolinl-2' (3 H)-one'- ©oHAM ydr oxy- | ‘

H spi rot cycl ohexane-i ' -qui nazol i n"Xs H one (prepared
as described in Bioorg. Med. Chem Lett, (2004), 14

o T SATRD voBoRdS e o
L e Ty T e

pyricing (ame aif0%er apdithe reaction(mixture. Hirrenl 2t faom temperature for
imet hyl f or,mand de was added,i.n 3 porti,ons and the ..

18 Jollf, e S e BBReSid i viehR hdghe oBRdub fRgissoived

in &tARCAcSIata 30N, ewdstfedP Hithi AN ®R8Fbchioric acid, (30ml) a saturated

aqueous solution of sodium hydrogen carbonate (30ml), brine (30ml), dried

over magnesium sulphate, filiered and evaporated in vacuo. The crude
material was purified by column chromatography over silica gel eluting with
dichloromethane. The title compound was obtained as a colourless oil (1.53g,
4.4mmol).

'H-NMR (CDCl3, 400MHz): §2.15 (m, 2H), 2.31 (m, 2H), 2.44 (s, 3H), 2.49
(m, 1H), 3.4 (d, 2H), 4.49 (s, 2H), 4.93 (q, 1H), 7.32 (m, 7H), 7.75 (d, 2H).

Preparation 7

5'-({Cis-3-[(benzyloxy)methyi]cyclobutylloxy)-8'-chloro-1'H-spiro[cyclohexane-

1.4'-quinazolin}-2'(3'H)-one

g,




bet ween et hyl acetate (100m ) and water (150m ) and

the solid collected by filtration. The phases were
weeparasmd and the aqueous phase reextracted wWeCH/IB20hy003388

acetate, diluted with brine2and again extracted into

et hyl acetate. The conbi ned organi c phases were

concentrated in vacuo and the residue triturated with

8'-@hlbes- 5ahyld|m§/hlalﬁcdpnrolrdyeldr@x‘aneeld4 cquingzalind-2YBtH- cym e
hromat o y over Si

(rr8iEEngS ﬁ%ﬁgég T S 6net iuad. Chein. clisth GopEhatd18) 1527-

46850 %ﬁ?éé n:'n%o}o é;%?ésash %%bahgieegfq%mg a%@éoﬂ”and 18-

cro(Mpes E()IWBQngﬁ}ODQHzr)ol) dve:re ]co(mtpm¢d+)m dimétitytfor2idmidé. (8m{lmand
thejgpttia ke ibtecio BEPD. ASiutidr &t (il topyfate af Greraration 6

1gl|2|)9mﬁ10@) ﬁﬁdm‘i‘ét%ylfo?m?arﬁlge v@é‘ﬁ ad&eéﬁ lr( B pottibrs &nd the mixture

. Pr eJoar ation
heaied - 3% \i‘dn‘@xgrferther dedlmaﬁbewwm@n mixture was partitioned

oot kY Bp8BEY RS0 Wil BraRh s e Yl Goffe by

flltrBﬁOlﬁ“ Tie phassd Were sépaited and herBlblicd@s pRASE fed)@rated with

suspensi on,  of the benzyl al cohol of Preparation 7

ethyh@%@te odigad 1 With Rrige canc agai ﬁ&ﬁﬁ@Ct@dom eHnd acgtate. The
corhBRASH! %ﬁ?éﬂlété %e%t hd ceﬁcéﬁpé{bﬁe{fp‘?fa%pr ng. the residue

over ni at ed aqueous SO 1on O

tntm-gwcbgmth ogafepnane rhéthdanol. waseaddabirstd driige nppoducs were
) ' Di ch] or onet hane and vvater wer e

for 5 mnuytes.
purgﬁﬂéd%ﬂndcph’ém?e r?'&\@fogiéphﬂcoq"{eéct%‘ﬂc%y g¢ll ¢ eltingn, with

dlcﬂ_ﬁ&‘?oﬁﬁb’éﬂag]ec gé;ﬂﬂ&?’lgrd?@%hgh% ﬂm %%é&smoﬁf Rockmg n the title

cormequ as ahHHff-whitéZqlich(685ing, 1.156nimpl, B4f%). 1. 82 (m

iR BB, 4 Bt G, AED: 14 G 2h 18k 517 m
2HY,-88 (S 2HY .3 (bRMR)R2 (hPEL), $21s [, 1.4 (s, 2H), 4.6 (m, 1H),
6.4 (d, 1H), 7.0 (s, 1H), 7.2 (d, 1H), 7.3 (m, 5H), 7.8 (s, 1H).

Preparation 8

8'-Chloro-5'-{[cis-3-(hyd rox\'/methyl)cvclobijtyﬂoxy}-1 'H-spirofcyclohexane-1.,4'-

quinazolin]-2'(3'H)-one

Hc>’\gV
o)

NH
A

N O
,, ¢l H
A 2M solution of boron trichloride-dimethyl sulfide complex in dichloromethane
(1.8ml, 3.6mmol) was added to a suspension of the benzyl alcohol of
Preparation 7 (400mg, 0.9mmol) in dichloromethane (10ml) and the reaction
mixture stirred at room temperature overnight. A saturated aqueous solution
of sodium hydrogen carbonate (10ml) was added ahd the mixture stirred for 5

minutes. Dichloromethane and water were added and the resultant solid



Preparation 9 C/ s-3-r(benzyl oxy) met hvncvcl obut yl
p-t ol uenesul phonate Pyridine (14.3m, 176mvl) and
wo-20lodeeesul phonyl chl oride (20.2g, 105. 9nmopl PCTWEB®06/003388
added to a solution of the 8l cohol of Preparation 3
1 88.4mmn! ) -in orone stlrrln .
collghfety, 14 FEBaA Tt JUR SPRTIR Vs (qhPRbe: &F bt solid
(230mgo¢j@5mﬁ15|073% hours. The reaction m xture was
i luted with di chl oronethane (50m ), washed with 2N
'H- N}\@Ro(&ml-laMSD,aéDan—aohﬁﬂ 17a (matlit)atletR douetils 0T (i, o3H),

1.0l QAR RD, S Pk S8 218 % e 2 e @

1H)Tleog (ydmwm (@l1Hyasg. aat(v:sl ﬁH?CLFWSle’zJ{KPCI) 351 [MH]*
chromat ography over ‘silica ge eluting wth pentane:
ethyl acetate (19:1 , 9:1, The title conpound
was obtained as a colo (24.8g, 7 1.6mmol,
81% . 1H NWVR (CDC 3, 4%&%1 95 (m 2H), 2.1 (m
1H), 20353-¢men2ﬂbxvﬂnétﬁvlqwclc?dﬂ)tvl picudrmdsulifionate 5 (s,

2H), 4.7 (m 1H), 7.3 (m 7H, 7.8 (m 2H. LRM5 niz
(ESI ) 347 [ MH| +Preparation 10

-({rraA75- 3- r(be z met hvncvcl obutyl}oxyV8 -chlo
ro 1' Hspi rorcvcl d sz@z4 ogui nazolinl-2' (3 ' Hvone
Met hod A Caesi um rbonate 2.24mvol ) was added

to a stirred suspension of 810¢ ro-5

| - hydroxy-1' Hspi ro[ cycl ohexane-1 ,@s qui nazo!in]-2' (3
H )-one (500ng, 1.87mmol) in dinmethylformamde (2m)
and the reaction mxture heated to 80Q0C. After 5

Py (£ 3 SEARNIEN Ao, pB LA Ph e IO AR 20" e
10@8chndlipweeaatdded tcriamdmt&)rmfathechlmhcﬂﬁt)erémrallan Bodi7g,

88. Immo% fnt dichiorome Xatr{ea&Orrﬂ) gtﬁr%rrrl]g at 598 and the reaction mixture
was stirred at room temperature for 18 hours. The reaction mixture was
diluted with dichloromethane (50ml), washed with 2N hydrochloric acid (50ml),

a saturated aqueous solution of sodium hydrogen carbonate (50mi), dried

over magnesium sulphate, filtered and evaporated in vacuo. The crude
material was purified by column chromatography over silica gel eluting with
pentane: ethyl acetate (19:1, 9:1, 4:1). The titie compound was obtained as a
colourless oil (24.8g, 71.6mmol, 81%).

'H-NMR (CDCl3, 400MHz): § 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 m/z (ESI) 347 [MH]"



(60mM ) into ethyl acetate (1x80m , 2x30m ), washed

with brine (3x1 00m ), dried over magnesi um sul phat e,
woibd7eeed1 and evaporated in vacuo. The title ceapaoBInde/003388

was obtained as a slightly 8npure cream solid (800ny,

0.96muol, 96% . Method B To a solution of d'-chloro-

d' - hydroxy-1 Hspirotcycl ohexane-i ”'-qui nazolin]-

2' (3'H)-one (950ny, 3.PepErtion 10 di met hyl f or mam de

(12m) stirring at 800C was added potassi um carbonate
(590 Tqa n e lgbutylloxyy-8" by

The react ! BrbilbhE RS 1S (Lol AL tonFbAdL es before
the additi f
Preparation 9 ( 1 .48g, 4.27mol) in dinmethylfornmam:-de
(3m ). The reaction m xture was heated at 80Q0C for 24
hours. The m xture ont.Q water: nethanol
(75m : 25m), stir for 10 fo s and the resulting
precipitate collected by filtgath and washed with
met hanol . The solid was dissalvikd L n dichl oronet hane,
filtered through Celite(r)and £h& r@sulting filtrate
evaporated in vacuo to yield tHe title compound as a

9:1 mxture of trans: ci rs (887ng, 2.0nmmol, .
5699 . 1H NVR (CDCl 3, 40@@?@.@% 1.3 (m 1H), 1.5-1 .9

(m 9H), 2.4 (m 3H), 2.6 (m 2H), 3.5 (d, 2H), 4.6
. 2H) ., 4.75 1 5. 8 bs, , 6.2 , 1H), .
CabSiygt phibonity (13Prma B247igoh) Wes arttitea Syed bugisrision o
8-dificta S H-BbRORY BbheRard 1 4-quinazolnt 2B Hyone |
(500spg,r b BEémehalh xdinsthilformamide 420l arid thearedction enixtupe/

e P67 REE AR sSSP IED S 4ER Iriiash i ELEOaRR ¢
(7 19Pht2.08mpholl EdiRRABYIforfidisite ¢ Mty waaBale@2ndGhe reaction
mixture heated at 80°C for 18 hours. The mixture was extracted from brine
(60ml) into ethyl acetate (1x80ml, 2x30ml), washed with brine (3x100ml),
dried over magnesium sulphate, filtered and evaporated in vacuo. The fitle

compound was obtained as a slightly impure cream solid (800mg, 0.96mmol,
96%).

Method B

To a solution of 8'-chloro-5"-hydroxy-1'H-spiro[cyclohexane-1,4'-quinazolin]-
2'(3'H)-one (950mg, 3.56mmol) in dimethylformamide (12ml) stirring at 80°C
“was added potassium carbonate (590mg, 4.27mmol) and 18-crown-6 (1.1g,
4.27mmol). The reaction mixture was stirred for 10 minutes before the
addition of a solution of the tosylate of Preparation 9 (1.48g, 4.27mmol) in
dimethylformamide (3ml). The reaction mixture was heated at 80°C for 24
hours. The mixture was poured onto water: methanol (75ml: 25ml), stirred for
10 minutes and the resulting precipitate collected by filtration and washed with
methanol. The solid was dissolved in dichloromethane, filtered through Celite®



(3.5g9, 7.9mmol) in dichloronmethane (80m ) and the
reaction mxture stirred at roomtenperature for 18

woaam79633bhe m xture was poured into a saturat eBCTABEOCIB3388
sol uti on of sodi um hydrogersscar bonate (200m ) and

endld KRt el B SR SRR R i oS fotd s o
9:108t)re ofdedieg cid isbmiers (B37ne. D)mn@hilj B8%)ver nagnesi um
suléhate filtered and evaporated in vacuo. The cru

"H-MMRH{CRC oweOGMGZY s ‘aBI(rﬂsédﬂ f 1 & -Qd8t. Shi% 2i4 @nt%Hiu?eﬁ dm,

2}, 5 18 2%, 3680 290, Borion 1, 050 i BB 1P, 7.0

(bs4@eily,Hzn (dmm)smmxm) 5H. 5 (m 2H), 1.8 (m 5H), 2.4
(d, 2H, 4.8 (m 1H), 5.7
@@m/ @Sl)é‘!ds[ﬂlﬂl 1H), 7.0 (bs, 1H, 7.1 (d, 1H).
LRVSE mz (ESI) 351 [IVH] +Preparation 12
3- et hv) enecvcl obu tanecar boxvlic acid Potassium
hydr oxi de (17.37gq, 214Prémmit1)nwas di ssol ved i n water

M&&m tpwl %\Lcﬁ)%utvw "f ?—PSDIFCIJ]J cyclohexane-

3- et hyl enecycl obyya gpﬂ%&g Loty Roke. O3, 53. 7mol)
and the resulting solutl eare reflux for 2.5

hours, allowed to cool and evaporated in vacuo to a
cream solid. The solid was dissolved in water (15ni)
and cooled in an iceHpat copesentrated HCl added to
pH 1 and extracted with di €0 ether (3 x 20m ). The
ethereal extracts were drig magnesi um sul phat e
and evaporated in vacuo to I;Lthe title conpound as
a pale yellow liquid (5. 6g, 1H-NI\/R(CDCI3 400
Miz): d 2.95 (m 2H), 3.0 EmzH) 3.17 (m 1H), 4.82
(m 2H) (1 exchangeabl e proton not seen). Preparation
13 ’

A 2M solution of boron trichloride-dimethyi sulfide complex in dichloromethane
(15ml) was added dropwise to a solution of the benzyl ether of Preparation 10
(3.5g, 7.9mmol) in dichloromethane (80ml) and the reaction mixture stirred at
room temperature for 18 hours. The mixture was poured into a saturated
aqueous solution of sodium hydrogen carbonate (200ml) and stirred until the
effervescence ceased. The mixture was extracted into dichloromethane
(1x200ml, 2x100ml), washed with brine (50ml), dried over magnesium
sulphate, filtered and evaporated in vacuo. The crude material was
recrystallised from acetonitrile to yield the title compound as a 91:9 ratio of
frans: cis products (2.33g, 6.65mmol, 84%).

"H-NMR (CDCl3, 400MHz): & 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]"



3- et hyl enecvcl obut anecar boxylic acid benzyl ester A
suspension of 1,1'-carbonyldiimdazole ( 1 .59g, 9.81
wanwi7jo6sae et hyl acetate (5rr1) was added i n por PCOMB200€003388

a solution of the product & Preparation 12 (1g, 8.9
mol ) in ethyl acetat Mtl e effervescence was
observed. The m xture roomtenperature

for about 1.3 -heitiiendseioHutahs@itbxyit acld 1M |
10. 7mmol ) added and stirring continued overnight. The

solution was diluted wth di et% ether (20m), washed
with water (2 x 10m ), dried o€ nmagnesi um sul phate
and evaporated in vacuo to coI ourless liquid
whi chwas purified by filtepirg through 10y Siq 2,
eluting with dichloro yene, to give the title )
conpound as a colourless pil (1 .246g, 69% . 1H NWR
(CDCI'3, 400MHz): d 2.92 (m 2H), 3.02 (m 2H), 3.16
(m 2H), 4.80 (m 2H), 5.15 (s, 2H), 7.36 (m 5H).
Potd%H&rrrhg/dl(o&ﬁlé (2037 §,NMH4t7 e pwas idgsobsed in water (20m|) and

%E dro ymet hyl ) cvcl obut ane car boxylic acid benzy
eth@@ Hee@h heRy P0§|Jh|§tﬁQ!l‘ém-'(fDW@$ @dded. tmwe@tbylm

cyo%ﬂ)dtbﬁgcéﬂ‘bbh tfgl@':(Sgthlr ; e i l)ﬁ%?ogn . F%pﬁfenﬁgsg?ﬁtldno@gé fed to

nperature a oun
reﬂBxefpna?ét hmrrs,l@lldv%ﬁ)tq;codl affﬂrenfdpbrated'ﬂﬂh?a(:llmto a cream solid.

he- eol | ut | S Stirred
Thg SEIE B issaed T Wols LARaDachobsTes i ahds Beths odi um
corR:%rrm'té’d B0 BeeE to b 9rael éxtta%t%/t@yﬁg ﬁ(eétgytfétheﬁ Q%Q 20ml).

dropwi se at a rate that control ervescence.
Theestheraddextrants wese doegloyee magmsttsutpahatmand ielvapedated in

vadle Rl BB BE PSSRl Telel? Hobiadsh 2 bt

water (5m ) and extracted with ethyl acetate (10m ).

1 Bt
H AR D, AEOALE ) 8 S8, 0, ST 2T SRR LT o 4.8
m,02H~I) (ﬁ@&r@ng@@b@e piotarhnpbsearsed as such in the next

(72]3%]

Preparation 13

3-methylenecyclobutanecarboxylic acid benzyl ester

A suspension of 1,1’-carbonyldiimidazole (1.59¢g, 9.81 mmol) in ethyl acetate

(5ml) was added in portions to a solution of the product of Preparation 12 (1g,
8.9 mmol) in ethyl acetate (5ml). Gentle effervescence was observed. The
mixture wes stirred at room temperature for about 1.5 hours, benzyl alcohol
(1.11ml, 10.7mmol) 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



step. 1HNWR (CDClI 3, 400MHz): d 2.05 (m 2H), 2.33 (m
2H), 2.45 (m 1H), 3.1 1 (m 1H), 3.62 (dd, 2H), 5.13

wO0de078kh3917. 35 (m 5H). Preparation 15 PCT/IB2006/003388
3- (p-tol uenesul phonyl oxynet#iyl ) cycl obut ane- 1- car boxyl i

wel SR B A8 S0 e SRR B o
givéahe ARG ﬁa%l@r@%érdilgq’.ﬁ@g%b%). of the

- conpound of Preparation 14 (275nmg, 1.25nmml). and

pyridine (0.26m, 3.25mpl) at roomtenperature, an

d
1 WA ont.j . days. I X e '
HIWR (G18GEABbEED: oc-87 BR e rif Cra ol saffimapeh. 4.80
(m{2MEET 5 (s 1919), FLsd|Ar 9Apt hane extract dried over
_magnesi um sul phat e”and evaporated in vacuo to a
LRGP ouz(ESY) 203 [MH] ch was purified by col um
chr omat ogr aphy over silica gel eluting with
di chl oronet hane to 1:1 diethyl ether: dichloronethane
to obtain the title ceEwpedrdion2bny, 48% as a
colourless oil. 1HN ) OMHz): d 2.02 (m
2H), 3-Gwdroyymethyl)eugobutana casoxyliy ac | ester m
1H), 3.07(m 1H), 4.00 (2xd, 2H), 5.10 (d, 2H), 7.34
(m 7H), 7.78 (m 2 Preparation 16
"-1ftrans-S- Chvdr oy ng
hvdro-i' Hspiro[ cvt :
| -8'-carbonitril eSodi'um. (27.9ng, 0.57mol)
foll owed by nickel brom 62. 3ng, 0.285mmvl) were
-added to a suspension of the® conpound of Preparation
11 (100ngy, 0.285mmol) in N-nethylpyrrolidinone ( 1
. 5m and the reaction mxture heated in a mcrowave

Borangc@igrethyl sulphided(0#snlaf. 720u00)) wasedilited witd Tk (1ml) and
ad&?%cgﬂvﬂgﬁ %‘t PESMREMperatlft B4 sBHrBEsol AR N the Ao of

Preparation 13 (300mg, 1.48mmol) in THF (1ml). The-colourless solution was

xyJA' -oxoM' . S -di
'-ciuinazoline

stirred at room temperature for 1 hour and then a solution of sodium perborate
(145mg, 1.78mmol) 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 60°C for 1hour, quenched
by addition of water (bml) and extracted with ethyl acetate (10ml). The ethyl
aéetate extract was dried over magnesium sulphate and evaporated in vacuo
to yield a colourless oil (226mg, 69%) which was used as such in the next
step.

"H-NMR (CDCls, 400MHz): § 2.05 (m, 2H), 2.33 (m, 2H), 2.45 (m, 1H), 3.11
(m, 1H), 3.62 (dd, 2H), 5.13 (d, 2H), 7.35 (m, 5H).



conmbi ned organi c extracts dried over nmagnesi um

sul phate and concentrated in vacuo to give the title
woanpgmdssdias a pal e orange/red solid (27.8ny). peirHBIWS/003388

(400MHz, CDCI3): d 1.4-1 .88 (m 9H) 2.3-2.7 (m 6H),

3.73 (d, 2H)1483(m1H) 56%) 1H), 6.33 (d,

1H), 6.98 (s, 1H), 7.£M£Lc-m Retention time

M%@Mbﬂméné4%&%@hc%ﬂ%ﬁw Qter
- XyTTC aci d nethy

ester To a solution of | .i-cyclobutanedi carboxylic
acid dinethyl ester (avai I abl e f@m Lancast er.
Synthesis Ltd, UK) (2.Qg, 11. Gmm\ls3: i n tetrahydrofuran
(20m ) at room rature [ ithium
tri-te/f-butoxy umh |de( m-of a 1M
solution in tetra ydr — 25.5 dr opw se over
10 m nutes. The reactlon m xture was ted to gentle

reflux for 3 hours, cooled to roomte rature and
stirred for 18 hours The resulting suspension was
diluted with saturated aqueous ammoni um chl ori de

A sdlotivr ohpdokisneselphenyloshierids (309mMa.5!.ARmmAsINbef or e

B e A T ki
cohwndaaftmgb%hdm 14 (ZishEy1 .26HMes!) éﬁ@rpiyhdmﬂ”(e) 26m|

nbi ned organic extracts were dried over ghesi
3. %@nm%)ta,i ropn tesnReralHE, evéﬁbfrmge@ﬂtwuﬁﬁlé@'& ﬁéy& Vi et he

ml%g.fr!a YO RABHed Defns BithldtSmetidnd (2briif AnfhEREF BkBf),
thé d(ghidrohethane ertracivdrieds owdrhmageesilimbsul pinaeartosydparated
in §6cith I8, ShlaubTpse P WhiCh Vs RURAERY ST SHPBTIABEREe
4, 2
o T e ) %
di¢Hleranéthane o sbtain de title coumouedﬂ@?‘émgr 48Ygrasi® cnburlgss
O"'_I'he reaction mxture was then diluted with
"H-NMR (CDCls, 400MHz): § 2.02 (m, 2H), 2.25-2.41 (m, 2H), 2.44 (s, 3H),
2.55-2.75 (m, 1H), 3.07(m, 1H), 4.00 (2xd, 2H), 5.10 (d, 2H), 7.34 (m, 7H),
7.78 (m, 2H). '

Preparation 16

5'{[trans-3-(hydroxymethyl)cyclobutylloxy}-2'-oxo-2',3'-dihydro-1'H-

spiro[cyclohexane-1,4'-quinazoline]-8'-carbonitrile




di chl oronet hane (30m ) and washed with 2N aqueous HC

(2 x 25m ), saturated aqueous sodi um bi carbonate
wO3@Topi39dr i ed over nmagnesi um sul phate and evaporaBmde/003388
~in vacuo. The crude orange 8| (5g) was purified by

flash chromat ography on silica gel eluting with ethyl
Sedigmacganiden(2iegmg, D.5imwl)y falowechbyt nickel bumpiden®2asmg,

0355311 1574 <Blsorip 5 Fffsnclsigl B nes Agmpotiy Y refgAten 11
1@0% (@;28%H)mo Bt N—?netﬂ?lbyrrﬁli@ﬁohé, (PBInL)7ak8 b reaction

) . reparatlon 19 d or o-
~ mmturﬁdleaiav-lm amwowevwea@héﬁlrym inutgaiat2derenelte mixture

v B IR e 7 L GBS Rl e
copsihed Qﬂbaﬁi@f@dfa@%fhne@ .ovér iRagnetaimanfiskhte ré?w\b@ﬁ:drﬂ?rated
pol yphosphoric _acid (21 3g) at 1000C over 20 mi nu

in vaele %@ ghver thettiile1corom untsa 8tRady Omnpedsst salids @y 81n9)

hour. The m xture was poured into water (3 I|tres) and

g REGVELT ekl T i bran o). AL R BFD wir. 21,
4'lgi{)’raec’:dhﬂo e?%Samq%hedg&d “héqueo i‘gdl urﬁl\gpca ggln\e/fg

dried over sodium sul phate and concentrated in vacuo
LG-M$i Retertionttinie & 2:64puinoidsgd 08%)hLRMS ni/z 842 T0IHY,
34mmol, 39% . The biphasic filtrate was separated and
the et hyI acet ate phase washed with water and bri ne,
dried over sodium sul p ncentrat ed. The
residue was triturat edmé r%ﬂg ot nmet hyl ether and
t he rebuhydnosgynveitg)- G\(ﬁlmhﬂtanded:abmeﬂ@puﬂ inethglt éster
washed with further t-butyl nmethyl ether and dried to
give a second portion of the title conpound (9. Qg,
30. 6nmoi, 34% . 1H NWR (AOOMHz, CDCI3): d 1.53-1.84
(conpl ex, 10H), 2.46 ( Bl (s, 3H), 5.33 (br,
1H), 6.46 (d, 1H), 7.03 , 7.18 (d, 1H).

CH,

To a solution of 1,1-cyclobutanedicarboxylic acid dimethyl ester (avai.lable
from Lancaster Synthesis Ltd, UK) (2.0g, 11.6mmol) in tetrahydrofuran (20ml)
at room temperature was added lithium tri-ferf-butoxyaluminium hydride
(25.5ml of a 1M solution in tetrahydrofuran, 25.5mmol) dropwise over 10
minutes. The reaction mixture was heated to gentle reflux for 3 hours, cooled
to room temperature and stirred for 18 hours. The resulting suspension was
diluted with saturated aqueous ammonium chloride (30ml) and stirred
vigorously for 15 minutes before filtering. The solid was washed with diethyl
ether (50ml), the organic layer separated and the aqueous; layer extracted
with diethyl ether (50ml). The combined organic extracts were dried over
magnesium sulphate, filtered and evaporated in vacuo to give the title

., compound as a colourless oil (1.89).



LRVMS mlz 295 [ MtH] + Preparation 20 S -chl oro-
"-hvdroxy-i' H spirorcvcl oheptane-1 '-quinazolini” OHV
woner70e3za@isol ution, in dichloronmethane (500mM ) pCcofiB1oh€003388
conmpound of Preparation 19 919. Oy, 64.6muvl) was added
a 1M solution of boron tribromde in dichloronethane
(129m, 129nmmol ) and t Reeparationd8was stirred at room
raturefor da The reaction mx.ure.vvas
D-foluenasulphc #)-CY¢ langcarhoxylic ag thyl ester
litre). The white solid was coIIected by flltratlon
the phases separated and the organic phase dried over
sodi um sul phate and conce@t\r ed in vacuo to give a

brown solid. The ered yv@ I|d was
recrystallised f thalQJI t d the title conpound
(7.4q9, 26.4mol , The I iquors fromthe

-recrystallisation ‘ rrb| ned™y th(IH‘h brown solid
and the m xture sti redqg et hanol , flltered and dried
to give a second batch of product. (7 , 25mmol

To°)§ @1&? %%%ﬂ%@og%g%%iﬁa@éﬁ 237 el 76?91 ﬁ)‘ﬁ%@h%) in
dmghioromema\r/lg Bml)(\ea? aﬂiﬂ?d wto&@ddsulp:b:gf cém?gyal(taﬂgpn 2
22O e O TR o, S Dy bemiah%éa@wesa#'rr@d at
roéﬁ1 l@n(ﬂera@rg foi S Rbufst 9P r IOH‘RM O%C?%x]@r&émw

di'ssolved in tetrahydro ran mat an
dldﬂmm@hanedaﬁl@@ argl wachemhudith 2N equgeuns HSI (2 x25mi),

de (34 d the
SRS el ) e L P
sdtmfamé eindedvagporhtedtie dablo! TReGrodorthg@asil (3D WS pUieRT by
(135m ) then ethyl acetate (135m) e aqueous phase

flappchsepategraphy pl silivaresl eliting \@tﬂwthyé@éeat@ pentane (1:5) to
yield the title compound as a colourless oil (1.7g, 5.7mmol, 49%).

"H-NMR (CDCls, 400MHz): 8 1.96 (m, 4H), 2.40 (m, 2H), 2.45 (s, 3H) 3.62 (s,
3H), 4.24 (s, 2H), 7.35 (d, 2H), 7.79 (d, 2H).

Preparation 19

8'Chloro-5'-methoxy-1'H-spirolcycloheptyl-1.4’-quinazolinel-2'(3’H)-one

A solution of 2-chloro-5-methoxyphenylurea (WO 02/074754, intermediate 5)
(17.99, 89.5mmot) in cycloheptanone (60ml, 0.51mol) was added dropwise to
polyphosphoric acid (213g) at 100°C over 20 minutes (an exctherm to 127°C
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 was collected
by filtration, washed well with ethyl acetate and dried. The dried solid was



(2x25m ). The conbi ned organi c phases were washed wth

brine (20m ), dried over magnesi um sul phate and
woaen@asat ed in vacuo to give the title conmporaW/IBE0&003388

slightly yellow oil (3 059 9117. 7mol , 97% 1H NI\/R

(CDCl 3, 400MHz): d 9H), 2. 12 2H) ,

dle(qqqlvegj_vn cMor:pformanq.tbed aﬁaegtg$ §o@gm,’9|cgrbqnate dned over
soREh S0lrkicke 8ha oSNl RS QB AfL RS corfnpti as o
wh¥egsolidh@i.2d, BI9dhob 899%4)10) , (t O Oy, 88rmo| ) was

di ssol ved in dichl oronmethane (20m ) and cool ed to 50C

4- Dinet hyl ant nopyri dine (8.6g, 70nmpl) was added
Thl‘égélghQQngtf?t%gA/éso%rgbﬁct %ﬁ% EI@;%@RF%\\?&%% SaselWESHRY With
walecgod dnlmenydnad beei $odidm su’nplmhtetﬂrmirmrmnaamc{ gbhe re31due

wescP etV a Bl FHU) wBer B ge en g el &O{J%cted

byrfﬂ’@é‘ﬁldr? WPASHIdUREN AlttheTttidutg q‘né’fﬁ?f é‘ﬂh@and %‘?ie'd%ﬂ

filtratjion;the filtrate was ad dropw se to.
sehoud ponliarn Dﬁt@dﬂl@ qaBopOYnch(9. @@3 301' ﬁmnﬂ@saﬁ%)ng phas es

e PR Rt drat 2GR rdkPnds (R 2. W6

3H)59r93) (b?WHfEHM a, em)?»?cby(srbﬂ QRroeeas e gp! ut i on
R(]\% | ower ‘ordani ¢ phase’ was concentrated by

. §tm121%\@5 EM+'dhd was soI vent exchanged with
tetrahydrofuran. The final reaction volune was 30m.
Met hanol (6m ) was added. Meanwhil e sodi um borohydri de
( 1 .65g, 44mvol) was p gaflesopn tetrahydrof uran
(39n1) and cooledt05 ﬁe |nt ermedi at e

; ‘ ' : e 4r-auinazelin]2 t3id)-one

bet ween 0 and 5C. The reac
hours at 0-50C. Water OH

To a solution, in dichloromethane (SOdmI), of the compound of Preparation 19
(19.0g, 64.6mmol) was added a 1M solution of boron tribromide in

’ dichloromethane (129ml, 129mmol) and the mixture was sﬁrred at room
temperature for 3 days. The reaction mixture was poured into water (1.5
litres) and ethy! acetate (1 litre). 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
recrystallised from ethanol to give the title compound (7.4g, 26.4mmol, 41%).
The mother liquors from the recrystallisation were combined with the brown
solid and the mixture stirred in ethanol, filtered and dried to give a second
batch of product (7.0g, 25mmol, 39%).



was added dropw se keeping the tenperature between QC
and 50C. Ethyl acetate (75m) was added and the phases
woeepeviasmd. The | ower aqueous | ayer was al | oweg8CTaBIME/G03388
roomtenperature and was weehed with ethyl acetate
(37m ). The conbi ned organic | ayers were concentrat ed
1H(9:NMR 4 0O OleH 2B HRRI SO )t B 1 Icﬁeli-rl & 8 @omplex,of OH))WgCQEbgn,V\Hﬂ)e 16.40
..The organi c_l ayer was stripped under
o {6t neddgrHe CRa TR ot 2 emBh B e U TEh o )
(10.1g, 58.6mml, 67%. . ' 1H NWR (CDCl 3, 400MHz): d
1.46 (s, 9H), 2.12 (m 2H), 2.55 (m 3H), 4.17 (m
1H). GC anal ysi s: retefreparation19. 02 m nutes (cis
i soner) ntion.tinme 9.07 ninutes
(trans iSBx yCisloqutyloarbexviic acid ter-bytyl ester
3- (p-tol uenesul phonyl oxyy - cvcl obut anecar boxyl i c aci d
ferf-butyl ester Method Th np@gpd of Preparation
2 1 (3.02g, 17.35mm\) S v in pyridine
(15m ) and cooled to O under” ni trogen.
p- Tol uenesul phonyl chl ori de (3.5g, 18.4mmvpl) was added
in one portion and the solution stirred at room
temperature for 72 hoursMethed Aesul ting pink sol ution
contai ni ng white suspended material was concentrated
in vacuo, partitioned between 2N aqueous HCl (30m)
Tembubll Bydxcoyelobutar(e@@nbgxylieadid (Ve CrguChom. [(29e3) 58sMe),

S o e
artPEI8d 94 S%Bﬁg}é? ritRSHH @6&@&%%3&6@ @45&98\(@% 'ﬁ;lgﬁed

(30n), drie ver conhcentrated I n vacuo to ¢
intportienscang the tesadtingcloansaetion ktirrad at 58C fas15 mioltes before

ol ulBa(Ely g A PoipdtisSa 57 el (it Beh Sy ostatg

(188ml). The aqueous phase was separated and washed with ethyl acetate

(2x25ml). The combined organic phases were washed with brine (20ml),
dried over magnesium sulphate and concentrated in vacuo to give the title
compound as a slightly yellow oil (3.05g, 17.7mmol, 97%).

'H-NMR (CDCl;, 400MHz): 5 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 (91.5%

area).
Method B

3-oxocyclobutanecarboxylic acid (J. Org. Chem. (1993) 58, 110), (10.0g,
88mmol) was dissolved in dichloromethane (20ml) and cooled to 5°C. 4-
Dimethylaminopyridine (8.6g, 70mmol) was added portionwise followed by
tert-butanol (13.0g, 176mmol) in one portion. A 1M solution of N,N'-
dicyclohexylcarbodiimide in dichloromethane (96ml, 96mmol) was added
dropwise keeping the temperature between 0° and 5°C. The resulting slurry

was warmed to room temperature and stirred overnight. Following filtration,



3H, 4.73 (m 1H), 7.35 (d, 2H), 7.79 (d, 2H). LC ME:

cis isoner retention tine 2 1.78 mnutes (81%, LRVS
WORGI7)068d92z 327 [MH] , trans isoner retention PCWEB2006/003388

22.08 minutes (7.3%, LRVBSESI) mz 327 [ MH]

Met hod B The conmpound of Preparation 2 1 (10.0,

tho Siftraete Jwapad ded drpuise tmzwwdibclelohaamb% ) apBt@ATHie®
Q0C under nitrogen. p-Tol uenesul phonyl | oride

regylgng phagesiwary spRaraied asribe IQ\Merpqrgamqiéy@rzwﬁ pllawed to

WS e BB R A e AT ALY (SOmP A R S tliod
sddium dridrboratensbligtion f&iénlgx??‘og\ﬁrloergm?gmsélm was
SOl |

copegniratechCdistilatin sed Weagobert @X@b@@ewghiﬁtr drohian.
THY A GBLQEd P vAE| \%é@bh})amgtﬁaﬁﬁ)l gé]ﬂ@jﬁa d’tl\ﬁ anvihife

ower aqueous pnase was ack extr
soaldmnéloeommmje) (1.6%m @mehemba)swmedha:t@whmrefuran

85 eﬁ%ﬁ“o%@éﬁ?% ErBoarbamPaia AU SR B
adtied C%;B o fo d% ! ﬂop%@hﬁﬁrﬁﬂhﬁﬁﬁd% kA& ”Eh@?e&éaﬁﬁure

40mol W Sse eacti on xture

betesbr @°v@ridhs TM Thdreactibo was thendstlfréarfbb 2 hBIues apmﬂ"C Water
organi ¢ phase was washed with wate )
wq%ehi?d dW'@?é@ﬁPE‘Q&H%@”\W@@@Eﬁ@@M@% Qe taadé §a|Fethyl

I
oSS0 e e P HABE iy
layer3dlag alidwéa avgrheto, rooh) terdpdiature, andHivas daéBed rW|thléﬂ1,yI

7.35 %d, 2%;9 7.79 %d, 2H).. GC anal ysi s: retent (P

aceiate (26m TierRRnain é.ogga@aﬂ%\f%rs WsAC congertsgted and further
w%sﬁteg\fvltgiﬁghlg;tgﬂr@ f%ﬁg\meﬂ‘ WY ERatel (#51)] POIBPpef SrgdHic layer
was stripped under vacuum to give the title compound as a yellow oil (10.1g,.
58.6mmol, 67%). !
'H-NMR (CDCls, 400MHz): 8 1.46 (s, 9H), 2.12 (m, 2H), 2.55 (m, 3H), 4.17
(m, 1H). .
GC analysis: retention time 9.02 minutes (cis isomer) (87.5% area), retention

time 9.07 minutes (frans isomer) (10.0% area).

Preparation 22

3-(p-toluenesulphonyloxy)-cyclobutanecarboxylic acid fert-butyl ester

@)
SNy
O

Method A

The cdmpound of Preparation 21 (3.02g, 17.35mmol) was dissolved in
pyridine (15ml) and cooled to 0°C under nitrogen. p-Toluenesulphonyl



b' Chl oro- '-nethoxy-i'H spiroFcvcl opentyl -i
' -aui nazol i nel *YS H Vone To

w@-20i7063391 5- met hoxyphenyl urea (WO 02/ 074754,  PCT/IB2006/003388
intermedi ate 5) (22.04g, 0.9% 1nvl) was added Eaton's

reagent (a 7.7 wt.% solution of phosphorus (V) oxide
chlmideetﬂw@e*s&mmm@l) wascEdded(in oheqrdriion anbdhe @ohution stirred at

rogy efEH RS A 2 RolBy ik i ABR shllfionscfithipfi watte
su@@@h@@d hﬁ'ateﬁéﬁ wasd cwﬁé@ﬁtreagaﬁ mﬂvg A8, indistiohdeesative@nt e

enper at ure between 20 and 300C. Di chl or onet hane

amgmHﬁllr(wml)aapd &thyl Beetate (30N andihecagueoHslayerwaaled

=i RN FEREET RE), T08 GBNTRES cRERF s YT bt

wut:mmknamo@@dﬂ@v@lmmtmmmwa@ma@smm iﬁcdwolnam {15mi)
|ﬁn ch was urlfle on a silica c romatogra%y col um
kermen@flm gt avereansertiatedigiuagHeto & #legeprmpyund

ast&h 8}4 u@g 5;'&9% ﬁ?@%@hﬁﬁ%zt iH'Sol lé&jon%tﬁﬁ I d

MBS tri er and pentane,

"HeNMPRe ¢4 GOl By, CIDCtlg)aBIMB (aen@H)r -2 67Q(bt¢mpﬂé)e BH); D&t (s,
conpound as rown solid (27. 17g, .1 nol, 92%

AN ADaME35 D) 7.1 9 U G 2455

L& AR scinge elen @i 2E7d meﬁiﬁ%Aggw@é%/z a2

[l\/[l—Wﬂ-I-ﬂfaerr |epafemh'emmtlal4 tighe 2RI08rminutes (7 3%), LRMS (ESI) m/z 327
ﬁvdroxv I'"Hspirorcvcl opentane-i '-auinazolini™ OH
Mibke To the conpound of Preparation 23 (25g,
0.093nol ), was added acetic acid (250m ) followed by
48% aqueous hydrobromic acid (207m, 1.86nol) in one
portion and the resul tiniefwdiBi on stirred at 1150C
for 7 days. The reaction m xture was cooled to 1000C
and water (207nl) was added dropw se. The mixture was

Thteomabma o P'rébé/i@ﬁé‘ﬁ 24 q1 oroegemrﬁall) Wa% ché@c‘!Weé‘iH E?‘ridine
whi ch was col ec ed y trati on and washed

(2Gmt)eand godeddo@’s, urNemttm@rpomTp&er@rsulphonyl chlorlde (16.69,
87mmol) was dissolved in pyridine (25ml) and-added dropwise keeping the

temperature between 0° and 5°C. The reaction was then allowed to warm to

room temperature and stirred overnight.

The reaction was concentrated toa solid and slurried in ethyl acetate (50ml).
The slurry was cooled to 0-5°C, washed with 2M hydrochloric acid (75ml) and
the phases separated. The lower aqueous phase was back extracted with
ethyl acetate (50ml). The combined organic phases were washed with water
(50ml) and sodium hydrogen carbonate solution (50ml). The organic phase
was concentrated and cooled to 0°-5°C. N,N-Dimethylethylenediamine (3.5g,
40mmol) was added dropwise. The reaction mixture was washed with 2M
hydrochloric acid (75ml). The upper organic phase was washed with water
(75ml) and brine (75ml). The organic phase was concentrated to a pale yellow
oil which crystallised on standing (15.5g, 47mmol, 82%).



product was obtained fromthe filtrate on standing.

The conbi ned portions of product were dried by slurry
wonodT/oesdouene (150m ) and sol vent renoval in VRCTMB2006/003388

three tines to give a grey %olid which was

pre-absorbed onto silica and purified by colum

"FehIIRe 4 0OMidsh CRC): idriy4i(5 HOM), B DR dEvetchmmexiditha o6 (s,

SAE RulBa SSAA a RECL 7o er

triturated with pentane and filtered to afford the

O A 0o B i s ohs Jine ) P05 BheaySontion
tlmm1528£ misutés((trang igomér) (59% dred)H), 7.2 (s, 1H1 7.8
(s, 1H, 9.9 (s, 1H. LRVMs mz (ESI) 253 [ M+Hf
Preparation 25 -
(2- Chl or o- 5- net hoxyphem8g5aAAnEY or o- 5- met hoxyani | i ne
hydrolchl ori de (26 134 rrr‘ﬁlr) was added to acet| c acid
Pro-Saimetng) 3 clohent (U OUA
30C. A sol ut| on of p §SS| um.c anate (13g, 161 mml)
in water (104 m) wa se. After .1 hour at
4Q0C, the reaction was coI aq to' 20C, filtered and
washed wth water (78ni : IIg‘uct was dried
overni ght in vacuo at i'el'd the title conpound
as a white solid (21.8d .iLNI\/R(:%OOM—E,
D6-DVSO): d 3.71 (s, 3H),Y6.4N(s,O2H), 6.53 (d, 1H),
, 78 (s, 1H). LG M8 (ESI):

7.26 (d, 1H), 7.85 (S1il
10.9 minutes 99.4 (%, m'Z 201 [MH+] Preparation 26

TS 24T Ao IS K@Vé&%é@}]%aof“tw%%ﬁ 57249,
0.4 5n@) W3S atHBH ENSF s34 (‘3 EALRY, %of&ﬁ@ﬂedﬁlpt{o-é;ﬁ&ﬁ’fd% (V)

sol ution of P20 in neth phoni c acid
oXide in enethanesulphonic acid) (440 8m|) followed by cyclopentanone
(19.5ml, 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. Dichloromethane (400mi in total) and

brine (200ml) were then added and the phases separated. The aqueous
phase was washed with dichloromethane (2x100ml), the organic extracts
combined and evaporated in vacuo to give a dark oil which was purified on a
silica dhromatography column eluting with dichloromethane:methanol (95:5 to
90:10) to give the product as a dark brown solid. The solid was friturated with
diethyl ether and pentane, collected by filtration and dried to give the title
compound as a brown solid (27.17g, 0.1mol, 92%).

"H-NMR (400MHz, CDCI3): 8 1.7-1.8 (m, 6H), 2.4-2.5 (m, 2H), 3.7 (s, 3H),
5.75 (brs, 1H), 6.4 (d, 1H), 7.05 (s, 1H), 7.15 (d, 1H).

LRMS m/z (APCI) 267 [M+H]"



sol ution which was then heated to 60Q0C. Cycl ohexanone
(4.99, 50 mmol ) was added over 10 m nutes and the
woeearocsae1t hen warned to 800C and hel d at that PCT/IB2006/003388
tenperature for 1 hour. Theéreaction m xture was then
cooled to 5C and water was added (150m ). The reaction
m xture was then extraBrephratiom2di chl or omet hane
he %ooer aiyepus Phas-

Py AR NEE SN

wer e concentrat ed before a
The reaction m xture wa®H
at mospheric pressure to jremayg the resi dual
di chl oronet hane. The re @3 cooled to
ch s stirred at 5C for
. Mas-ta d by filtration
andvyashed with 2-propanol ( bef ore being dried
for 18 hours at 500C togield the title conpound as a
white solid (5. 2g, 19rm0| 76% 1H NVR ( 300MHz,
D6-DVSO): d 1.2 (m 1H), 4 (m 2H), 1.5 (m 1H), 1.6
Tq the crppound of Ryepadation 28 ((259,10 PR3l )4 was, adeigd agstizgacid

(250 Tellows by 44% addepufpydedstomty heie 12835151 giton ip one

pottidn bivitthe Péﬁﬂﬁrﬁ@bbl@xﬂoﬂ_étiﬂed@ﬂﬁ%ec for 7 days. The reaction
d' - hvdr oxyspi r orcycl ohexane-i . qui nazolin]-2'(T ’

mlmur@w@%t:@cp}e@ldsv 1@0°@ﬁr@rwater(m7dnawddﬁd:dmmwse The

|
S Sidr oA 170 e, A g St Bke
colibuiedi Bdfiltration enidovashet! iR Med) (2 00wy omsecaml dortion of

préé‘ﬁééw;“é%“p' P ol lsatiis oy endir.  ad v rthga of

prBSu W ﬂéxdq%kgggsh.frwwﬁ %lu%a%%ﬁryﬂ—%%dr%dt%m&ﬁﬁl in

coo to and wat er _
vacuo three times to give a grey solid which was pre-absorbed onto silica and

purified by column chromatography eluting with dichloromethane:methanol
(98:2 1o 95:5 to 80:20). The product fractions were concentrated in vacuo and
the resulting solid triturated with pentane and filtered to afford the title
compouhd as a brown solid (10g, 0. O395mol 42%).

"H-NMR (400MHz, Ds-DMSO) & 1 6 1.8 (m, 6H), 2.3-2.4 (m, 2H), 6.4 (d, 1H)
711 (d, 1H), 7.2 (s, 1H), 7.8 (s, 1H), 9.9 (s, 1H).

LRMS m/z (ESI) 253 [M+H]"

Preparation 25

(2-Chloro-5-methoxyphenylhurea

OMe
NH,

N O \
H
Cl



added dropw se over 1-hour. The slurry was cooled to
100C, stirred for one hour before being filtered,
woasited3ssmth water (1 100m ) and dried in therPeaaB2ons/003388
oven over night to yield th title conmpound as a white
solid (344g, -1.28nmol, 103% . 1H NVR (D6-DVSO, 300MHz):
2-Ghlor@-3-mettidfyaniiné Hydro&tipridd (26d, i34 Hmoliwas @aded

i S0 i et e s e o o A

. S =5 \ .
sl dadfyetihe FLELRmrR ISR g iy o saces
drépwived AeRey 9 HdLeTat MOPOhthiarsrction was cooled to 20°C, filtered and
At -quinazolini® d |-Done The acetic acid sol vate of
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(330m ) before being dried for 18 hours at 60C to give
the unsolvated title conpound as a white

1 - 3858 @i
HoNBER6300Mblegy De-DMROR: @ 367 Diss8H)30dils) 2Hg 65 ( , 1.20
1 2 m 1H), 1.6 (m 2H), 1.7
@10 788 GIHTTPE G I 20 & 45 (0, "1, 6. 95 (s,
LGS (ZSD: (0.9lmijuted 993! (%), ME)20ALMHE 1. A conpound of
formula (I): (1) wherein: mis O 1 or 2; Xis O S or
NNCN, Ris F, d or CN, Ais a C 3-6 cycloal kyl ene
group optionally subst Hré‘ﬁ%ti%@% a G -4 alkyl group;

8'-Chloro-5"-methoxyspirolcyclohexane-1,4'-quinazolin}-2'(1'H)-one

MeO

NH

A

N O
H
Cl

The compound of Preparation 25 (5.0g, 25 mmol) was added to Eaton’s
Reagent (7% wiw solution of P2Os in methanesulphonic acid) (150g) to form a
solution which was then heated to 60°C. Cyclohexanone (4.9¢, 50 mmol) was
added over 10 minutes and the reaction then warmed to 80°C and held 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 extracted with
dichloromethane (100ml) and the upper aqueous phase washed with
dichloromethane (2x10ml). The combined organic phases were concentrated
before adding 2-propanol (110ml). The reaction mixture was further
concentrated at atmospheric pressure to remove the residual

- dichloromethane. The reaction was cooled to crystallise the product which

was stirred at 5°C for one hour. The product was collected by filtration and



and Bis a single bond or a CG1-2 al kyl ene group; or a

phar maceutically acceptable salt, solvate, pol ynorph
wonogroestoug t hereof. 2. A compound accordi ng tecTiBions/003388

1, wherein mis 1. 3. A comgound according to claim1l

or claim2, wherein Xis O 4. A conmpound according to

wadhedonih Qtpr@bahﬁﬁ(ﬁrﬁlpbéford\fberngl dridd 10$ 181 hOLﬁfS ait\50°C to
ound according to any one of cla

yla{ﬂgﬁ@tmemmwn@m B Miite] satid (ér?(ﬂﬂﬂgnB’nC)'A@@pound

according to claim5, wherein Ais a 1, 3-cycl obutyl ene
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yl) oxymet hyl ] cycl obut a ic acid;
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Step (a)
8'-Chloro-5-hydroxyspirolcyclohexane-1,4'-quinazolin}-2'(1'H)-one

l'ic acid;

acetic acid solvate

Thé compound of Preparation 26 (350g, 1.24mol) was slurried in acetic acid
(3500mi). Hydrobromic acid (48% w/w in water) (2800ml, 24.8mol) was
added to the slurry at room temperature. The slurry was then warmed to reflux
and stirred for 4 days. The reaction was cooled to 100°C and water (2800mt)
added dropwise over 1-hour. The slurry was cooled to 10°C, stirred for one
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 (344g,
1.28mol, 103%).

'H-NMR (D-DMSO, éOOMHz): §1.2 (m, 1H), 1.4 (m, 2H), 1.5 (m, 1H), 1.6 (m,
2H), 1.7 (m, 1H), 1.8 (m,1H), 1.9 (s, 3H, CH3COOH), 2.4 (t, 2H), 6.45 (d, 1H),
6.95 (s, 1H), 7.1 (d, 1H), 7.75 (s, 1H), 9.9 (s, 1H, CH3;COOH).

LC-MS (ESI): 14.2; minutes 99.1 (%), m/z 267 [MH"].



fa/li s- - d' -chloro”' -oxo”™ .S -dihydro-I
Hr spi r o*ycl oheptyl -i ~'-qui nazolin] -
wo" 2007105880y cycl obut anecar boxyl i ¢ aci d; rans-S- PCT/IB2006/003388
d'-chIoroA'-oon'.S'-dihydﬂm-l H -spirotcycl bpentyl -
A'-qui nazolin]- 5'-yl)oxy]cycl obutanecar boxylic acid;
. or a pharnaceutlcally accepabl) e saIt solvate,

RESLL
clains 1 to 9, or a pharnaceutlcall acceptable salt,
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rodrug thereof, for use as a nedi cament.

6QnC giyenibe nasalvatadiittiycerspawyd aae white rsahdmé23189t,@-€§ﬁmol,
74,y @ pharmaceutically acceptable salt, solvate,
%y ynorph or prodrug thereof in thenanufacture of a
FFBMR«’(D@JBMSQI mwmz)eatmgm aH)H deaseH )N 5:91‘1,(11 [e),aind (m,
for which t ibitor is relev %
2kl d _éé‘?f‘oﬂbﬁ)nbst(%‘ éHi.ZvMb 2H/)m@f4@|@ o @05 dge r7-1 d,1H),
7?8?9 qun is selected frompain, T-cell-related
‘di sease aut oi mmune di seases, nultiple sclerosis,
osteoporosis, chroni c obstructive pul nonary dlsease
ast hma, cancer, acquired i mune deficiency syndrone
(AI DS), aIIergy or inflammatory bowel disease. 14. Use
according to claim 13, wherein the disease or
condition is pain. 15. Use according to claim 14,
wherein the pain is neuropathic pain. 16. A nethod of
treating a disease or condition for which therapy by a
PDE7 inhibitor is relevant, conprising adm nistering
an effective anount of a conpound according to any one
of claimse 1 to 9, or a pharmaceutically




acceptabl e salt, solvate, polynorph or prodrug
thereof. 17. A nethod according to claim 16, wherein
woOher7desm@ase or condition is selected from pai RCT/IB2006/003388
T-cell-rel ated di seases, awtwi mune di seases, nultiple
sclerosis, osteoporosis, chronic obstructive pul nonary
CUABM&se, asthma, cancer, acquired inmune deficiency
syndronme (AIDS), allergy or inflammtory bowel
di sease. 18. A nethod according to claim17, wherein
1the Aicg n@fof§eRHLGI (PR is pain. 19. A nethod
according to claim 18, wherein the pain is neuropathic
pai n.

HOQC\A/B\O )m
NH
N X
H
R
)
wherein:
mis0,1or2;
Xis O, S or N-CN; -
Ris F, Clor CN;

A is a Ca.5 cycloalkylene group optionally substituted with a C14 alkyl group;
and
B is a single bond or a C1.; alkylene group;

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

2. A compound according to claim 1, wherein mis 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 to 3, wherein R is CI.I
5. A compound according to any one of claims 1 to 4, wherein A is a

cyclobutylene group.

6. A compound according to claim 5, wherein A is a 1,3-cyclobutylene
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

single bond.
9. A compound selected from:

cis-3-[(8"-Chloro-2'-0xo-2',3'-dihydro-1 H-splro[cyclohexane-1 4'—qumazolm] 5'-
yl)oxy]cyclobutanecarboxylic acid;
trans-3-[(8'-Chloro-2"-oxo-2',3-dihydro-1'H-spiro[cyclohexane-1,4'-quinazolin]-
5'-yhoxy]cyclobutanecarboxylic acid;

3-[(8'-fluoro-2'-ox0-2',3'-dihyd ro-1'H-spiro[cyclohexane-1,4'-quinazolin]-5'-
yl)oxymethyljcyclobutanecarboxylic acid;
trans-3-[(8'-cyano-2'-oxo-2',3'-dihydro-1'H-spiro[cyclohexane-1,4'-quinazolin}-
5'-yl)oxy]cyclobutanecarboxylic acid; :
1-[(8'-fluoro-2'-ox0-2',3"-dihydro-1'H-spiro[cyclohexane-1 ,4'—quinazoIAin]—5'-
yl)oxymethyl]cyclobutanecarboxylic acid;
trans-3-[(8'-chloro-2’-oxo-2’,3’-dihydro-1'H-spiro[cycloheptyl-1,4’-quinazolin]-
5'-yl)oxy]cyclobutanecarboxylic acid;
trans-3-[(8’-chloro-2'-oxo0-2’,3'-dihydro-1’H-spiro[cyclopentyl-1,4’-quinazolin]-
5’-yloxy]cyclobutanecarboxylic acid;

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

10. A pharmaceutical composition comprising a compound according to
~any of claims 1to 9, ora pharmaceutically acceptable salt, solvate, polymorph
or prodrug thereof, and a pharmaceutically acceptable carrier or diluent.

11. A compound according to any one of claims 1to 9, or a
pharmaceutically acceptable salt, solvate, polymorph or prodrug thereof, for
use as a medicament.

12.  Use of a compound according to any one of claims 1t0 9, or a

pharmaceutically acceptable salt, solvate, polymorph or prodrug thereof in the
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manufacture of a medicament for the treétment of diseases or conditions for
which therapy by a PDE?7 inhibitor is relevant.

13.  Use according to claim 12, 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.

14.  Use according to claim 13, wherein the disease or condition is pain.
15.  Use according to claim 14, wherein the pain is neuropathic pain.

16. A method.of treating a disease or condition for which therapy by a
PDE?7 inhibitor is relevant, comprising administering an effective amount of a
compound according o any one of claims 1 to 9, or a pharmaceutically

acceptable salt, solvate, polymorph or prodrug thereof.

17. A method according to claim 16, 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 inflamrmatory

bowel disease.

18. A method according to claim 17, wherein the disease or condition is

pain.

19. A method according to claim 18, wherein the pain is neuropathic pain.



