PTERI DI NE DERI VATI VES AS POLO- LI KE KI NASE | NHI Bl TORS USEFUL | N THE
TREATMENT OF CANCER This invention relates to a series of amno acid
esters, tﬁf(fﬂ)ﬂi}ﬁs%bﬁd ons containing them to processes foE; 'ltlgﬁ (f(m%:ﬁ&ar ation
and to their use In nedicine as Pol o-1i ke kinase ' PLK %

Pol o-1i ke ki nases (PLKs) are key enzynmes that control mtot| C entry of

proliferating cells and regul ate many aspects of mtosis necessary for
successful cyt GREWEING DERIVATHEES AR PRE(OWAKH FFEASEPEIREIBIPPRY | s t he best
characterized and i S OREEYPITRSEES ThBATRRY oFUfMMER t YPES W t h aberrant

el evation frequently constituting a prognostic indicator of poor disease
out cone. The conpounds may be of use in the treatnment of cell proliferative
di seases ?@Ch as, cancer. The%) sent cXentl on enconpasses r% unds t hat
are di hyd! BptWEMANTPRIEs R 7 PogS 8@"”05%‘“6 BHEENG COPPHIRITIBRNPBHEE P ks, a
fam |y of toSeodeEbses for ek iprepkiratias asd ttatheitlusey hanedidival s PaloHike kmage ‘RIKI sequence

ol oy a val PSP ARL GRS Rl e e AR ARR G B 2000 o7

21-32.) . pmwlifgsdisg sel(swd(réwlaiermaes aslmom/éfsmlmersmedesﬁaryﬁommyessfuhgl e PLKs

exi st, f0 ISt in mamal s.
Human PLK%H%SI é?thq" fﬁ&rﬁﬂ@ ﬂgg%g Fg'%gﬁggg%%éﬂa%@gfgg{rmﬁ'ﬁﬂ nduci bl e
k| nase, Sherexpesserdin mmydumourltm W!!mabmatlel@mgr) freqeleriBly constituting a

(prolifer AdstE & K RASR o 7 £ 46- 28651)
and PLK4 Orq 6%'6 Ig?éa&go %97 ?1"" 50 51% grcg ?l#rntfgt qecﬁ h%'rrngtﬁggous and
contain t VieAteenke colerofferaivediseases sieh %‘Wﬁﬁﬁ&ﬂ TB%P@IS%tl'%VeRI'Qmse donmi n, as
vel | as aeftedhipalididonp8hdNh AP aRgstostEridiRfe 3erivadlded pol o boxes. Vher eas
PLK1, PLK2, and PLK3 are expressed in all tissues, PLK4 appears to possess
uni que phy5| ol ogical roles and the distribution of PLK4 nRNA in adults is
restrict edae@reeﬁa&imv&ﬁmﬂes such as testes and thynus. PLK1l is the best
characterize er.o m nd it _appears to fulfil nost of the
nown f untls BHES. Gramihedt S ghePrBieleKasgs Bnet e b Bpolpland eaedhote  n
Cel | Bl ot simB&xiy with theditEhelyph) poIPkIKé.sq:Jﬁrm @rmsdpbﬂaarhelahd:gsstan.aﬂ@avar@ty of

Il - I t the t iti
Cot wecn” PEABE IudPRRE b b, 8003222550 o e ER Rl F2nT "
eukar yot i ceregbipe dnd/ Espambeg giogie. PLlﬂp@msethra‘auscﬁmrmsmmsnFiLKPmKQe bearel s drop as
a result ﬁiEnMi%h%‘hétbrh ﬂﬁ:ﬂﬁ{&%eﬁhm%%ﬂ?'(ﬁéﬁ ér%uP B%epafssﬁegrgdée%‘?ﬂe‘j to be

i nvol ved eilntiatio activatl onh

cycl i n- depefdtserunindagible &brse. SN, iMol el Aig!. e1892Lé2 41 B4 m@B tR—K3swi t ch for

mtotic e(Hréli(eréanh%'te%‘Wa@WRt@Q éi@Ptﬂém (g7 Diad WiB4s- é@&:%ar?tﬂﬁm@% 508) .
2 This occurs g [‘ates, and fhus activates, the al

speci fi ci (Q/’Cﬁhb_‘?ﬁha?%?sé are\mn@wr@'w homofoapes ard eantain A QOBF?’EECM/T 1- and
VEEEL- nedicth&ifls, PR P BatalltiCddeCatmdin) aB wah ek i a-térﬁmpr@?ian

dephosphoryl at i t the Thr 14 and |te 1991, 67,
e D ateed i B s ndte s Wneads BLYI Hch SEBPSHEAL and
PLK3 | eadm dilissdes, PLW@d;@é&HbQBsSe@‘s Qnitihe pRydl il rdb%aerrfd the @BIriBoFIN'®! | i Ng

entry int activat.ion addi.tional roles in
Cogul at | moLR RN B R Pesfisiet £ 2 Ua R boslts stt an BRRa AF HVBRRel ar Csmt ndl e
f or mat i onPLKhis|tbelbeey cioaratterzed mesmisdr wf tisi RUK famdy am@mhmaamtodiﬁlf itrinest of

m cr ot ub tr S. s involvin

o ot or oG EPRAREIR o il fte Vs RGN RIRIERERSS GRF ROk BT | M550,

5, 127- 138ipl, 045, 488'(11#&} ?Lﬁﬂ ptdm@n laveleiuctuate ir@awpﬂamdeﬂendsbm mammernti on are
| ated t | f PLK1

;ﬁdat ﬁe |§n %B%{g %%tr‘\q‘g? %Iﬁﬁ%éﬁa oun8(%{a;?ﬂr7e<%ﬁff ﬁeugemﬁ é{gé‘ﬂ Ehés@ryngl C?:]Z C)f or

exanpl e i Mitpsiephgsen (G obthe &ulsemt@toyli givisianglybie dipan exit fignsmiiess Bkt es,

i ncl udi ngjeCas aRIpSas aTﬂaeunf:&rrBeumqsdeaémeﬁhab?e%iﬁrs' |59€11 s Bde rBicReRS Ge | 1 in the

nol ecul e of an amno acid notif or an am no ‘acid ester nmotif

hydr ol ysa'lﬁl"@"%ﬂ/'“éﬁ’? 'PW??'MI”F”@F'&I‘W%QWW%%F')?s‘é’c"'t‘ﬁﬁPﬁBG?ms'"@’f"e t he

invent i oncbawcwthnhméapp@Ithé Mastdt BRitRGbemAsticntriBhidsicromstindactee! |

menbr ane, @gg\gg mﬁ} g‘ygééish the acid by the intracellular

car boxyl e ‘b @dr ol ysis product accunul ates in the cell
since it does not readily cross the cell nenbrane. Hence the PLKLl activity
of the compound is prolonged and enhanced within the cell. Detail ed
Description of the Invention According to the invention there is provided

a conmpound of forrmula (1), or a salt, N-oxide, hydrate or solvate thereof:
CH3 N1



R2 3 Rl is hydrogen, or an optionally substituted (Cl-C6)al kyl,
(C2- C6) al kenyl, (C2-C6)al kynyl or (C3-C6)cycloal kyl group; R2 is hydrogen,

or an opt g(*smgo@ybstltut ed (Cl-Co6)al kyl, (C2-0C6) al kenyptt/cBedy7@039%% kKynyl
or (C3-C6 ‘ycyc oal kyl group; R3 and R3' are independently selected from

hydr ogen, -CN, hydroxyl, hal ogen, optionally substituted (Cl-C6)alkyl,
(C2-06) al kenyl, (C2-C6)al kynyl or (C3-C6)cycloal kyl, -NR6126 or Cl-04
al koxy, wherein R5 and R6 are independently hydrogen or optionally

subst Ut (A COMREIN Lk 588 sRRLLARR e SHBRLELLGY mono- or

bi -cyclic cring temhawng up to 12
ri ng at orm\psﬂhaltaeéJD(bZﬁchhmbﬁn WM\@SIRIGDMMN M?\ﬂér gmch 1+ wediaigdnd, - 0-,

NRGS( OZ;QGSUp%regg_r%%r%P—%ﬁ%%@ B a\/\mt?"% N‘ggdeg &!’nggﬁ((i%rfg)1 |atntcli13pendeér\lim hydr ogen
or opti oreadipTyeisies (QalletP9 CAZ, ABY-21 Ly Mpon entrygntg neflopis) Rhaspharatan ofof f or mul a

- (A kl)(cé?c?éy%ﬁ)ﬂxmﬁxb @haﬂoa@%nsla{aqom mﬁﬁsmdaansl Qrtﬁbml Qis (i)

an optiona substi t ut di val ent _ npno- ¥c i c carbocyclic or

het er ocycqoﬂtfc’lhlwoﬁ"éralmtﬁavmﬁ@ thsough@DIK ﬁ‘ﬁ"’ﬂ*&’i‘b@% hag aqditional rplgs fhe case where

P is 0, gefl %%gréﬁ‘iﬂnqﬁﬂougfﬁ mﬁt@élé’ﬂlﬂ i@ invelledAbiptne spinbleX@miation,0-, -S- or
NRA- wherein

en or o ubstituted C1-C3 a and Q1
i s an optingying ?ﬁng%él‘ fugafiogap |r ah%ﬁfotﬁeBycrgtpgg)gpfq?ng&gﬂzgg{j%pﬁC or
he;er OC)éOthé l@‘sub'sédué?ﬁbtebﬁw Miloshs invaldng $|f)tgr mrbaahsadepﬂdalhbn ,aind findllyan Coal kol
I ndependent re ubstitute I val ent C3-C7 cycl oal ky
radi cal s, CVEﬂk mf g%s%f#t‘ég?st rai ght or branched, Cl-C6 al kyl ene,
C2-C6 al kenyl ene or C2-C6 al kynyl ene radicals which may optionally contain
or 4 tergi. e in aor}tﬁénﬁno@) t hi oether (-5-) or amino (-NR ') link

wherei n RAC nal |y substituted Cl1-C3 alkyl; Ris a
radi cal oforhpnuds of thenventiofdre reldied t9igempounds disclosed in WO2004076454.

They are inhibitors of PLK1 and the isoforms thereof. The compounds are thus of use in
medicine, for example in the treatment of a variety of proliferative disease states,
including cancers. The compounds are characterised by the presence in the molecule of
an amino acid motif or an amino acid ester motif which is hydrolysable by an intraceliutar
carboxylesterase. Compounds of the invention having the lipophilic amino acid ester
motif cross the cell membrane, and are hydrolysed to the acid by the intracellular
carboxylesterases. The polar hydrolysis product accumulates in the cell since it does not
readily cross the cell membrane. Hence the PLK1 activity of the compound is prolonged

and enhanced within the cell.

Detailed Description of the Invention

According to the invention there is provided a compound of formula (i), or a salt, N-

oxide, hydrate or solvate thereof:

Ry’

oH,
N._-.O

N™ ™=
HJ\N I}II&

R
R, 2

wherein



R7 is a carboxylic acid group (-COON), or an ester group which is

hydr ol ysabl e by one or nore intracellular carboxyl esterase enzynes to a
car boxyl i up; Rg is hydrogen; or optionally suti,'ﬁli %

al kyl ﬁg%cycsﬁ@gl kyl, aryl or heteroaryl or -(C=0)R6, ‘%@8 ?:ggggsor
(C-O) NR6 wherein Rg is hydrogen or optionally substituted (G -C6)al kyl;
and D is a monocyclic heterocyclic ring of 5 or 6 ring atoms wherein R7 is
linked to a ring carbon adjacent to thg ring nitrogen shown, and ring Dis
optionally fused to a second carbocyclic_or roc clic ri of 5 or

ring at orfr S vdRee oeageptf%é"sbﬁmt'tg?%&m PH?BV' WV'a(%a@%“w“Wé”nay be
froma ri{y-Gibnhikyl gadup; second ring. In the corrpounds of the invention,
when Rl is other than hydrogen, the carbon atomto which the Rl subst i t uent
is attached is asymmetric. Preferably the stereo chem stry at that
asynmetriR, iseamiregeri.s:r Bn optivnaihosubstitutedd@dCalalbgc{C. tCimlkenyle (GrQelkynghdrdes t he
use of a u formula (1) as defined above, or an N-oxide, salt,
hydr at e o@rs%%ygs%] ﬁé‘%“&f in the preparation of a composition for
inhibiting the activity of PLK1L. 5 The conpounds with which the invention

s Concerﬁeﬁ1ﬁ%a%n&§p"éﬂﬂérﬂ|& s&ﬂ@teb%hm)}&d&@nobr\lp Hécilr ggtﬂalggw dpfiodiyO or in

vivo. In O?’le aspect o nventi on, t'he conp nventi on nmay be

used in t subsiitteddEaChlahylofC-Lartmnus (G+Caaltmw Qfdﬁagsiémoadiﬁf' cldiR4Rs or
proliferagl éea:ﬂb)ﬁﬁ@ﬁ@émws%da@ é@lddépéda@nw@d?daénnaeamngnmed.te@uc al
tumours such dukaem as and | | ynmphonmas. I i anot her aspéect, the invention
provi des &ufstaioll for the treatnent of the foregoing di sease types, which
conpri ses adm nistering to a subject suffering such di sease an effective

amount of a ound of fornul deflne erm oIo As used
herein, tW¥ ésr or{“@aa't!@yaﬁﬁvﬁg"\%ﬁér% IrC¥elis ché 'T?Ieéﬁ icni ré’rs to a
strai ght Afig sRAChathglptor 2ainatomigdi cal having froma to b carbon at ons.
Thus when a is 1 and b is 6, for exanple, the termincludes nethyl, ethyl,
n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl and
n- hexyl . N aseitahsffaimuja Rh& Y -avherdidi val ent (Ca- Cb) al kyl ene radical ",
wherein a and b are integers, refers to a saturated hydrocarbon chain

having froma to b carbon atoms and two unsatisfied val ences. As used
herei n, t Mbistadrond,-Oca-SCHNREKEG70)-, 1#Q1)ei-(C=0)MRe, NRGOnt &fer)HRetefers to a

strai ght RRAEALGNRICOINRY. Ak¥in BRBRY K, el o Chg%mg;ag@,@ géh f ome: havi ng

at | east on st ere re appl i cabl e.
The t er m ppionalyesybstiteted éxabgalkyl vi nyI, aI lyl, 1- and 2-butenyl and

2-met hyl - 2- propenyl . As used herein, the term"dival ent (Ca-Cb)al kenyl ene
radi cal " npans a%%dr ocarbon chain hawqr}@dfrom a.to b carbon atons, at

| east oneLd'§Gb1"@' Fﬁﬂ"cah?f(f°Wdﬁ“§‘aH@h dov MNEI%ELs. As used herein the

term"Ca-Cb al Jﬁyn»hdpawmaepéhdanwom are integers refers to straight chain
or branched chai n hydrocarbon groups havi ng fromtwo to six carbon atons

and having in addition one triple bond. This termwould include, for
exanpl e, et hyn@lis (iYlan ogfionally substituted divalent mono- or bicyclic carbocyclic or

heterocyclic radical having 5 - 13 ring members, or (i}, in the case where pis 0, a
divalent radical of formula -Q'-X?% wherein X2 is -O-, -S- or NR*- wherein R* is
hydrogen or optionally substituted C+-C; alkyl, and Q' is an optionally substituted
divalent mono- or bicyclic carbocyclic or heterocyclic radical having 5 - 13 ring
members,

Alk" and Alk? independently represent optionally substituted divalent Cs-C;
cycloalkyl radicals, or optionally substituted straight or branched, C:-Cs alkylene,
C.-Cs alkenylene, or C,-C; alkynylene radicals which may optionally contain or



propynyl, 1- and 2-butynyl, 2-nethyl-2-propynyl, 2-pentynyl, 3-pentynyl,
4-pentynyl, 2- hexynyl, 3-hexynyl, 4-hexynyl and 5-hexynyl. As used herein,
t he termwgrzwg,(gm%(Ca Cb) al kynyl ene radical ", wherein acajishBoAogeosnt €9ErS
refers to a divalent hydrocarbon chain having fromtwo to six carbon atons,
and at | east one triple bond. As used herein, the term "carbocyclic" refers
to a nono-, bi- or tricyclic radical having up to 16 ring atons, all of
which are carbon, and includes aryl angl cycloal kyl. As used herein, the

term "cycl oal reters sat ur at 0 cIr Aradrca
R gL e B 3P S SRR i

cycl obutyl , cyotmgenbybptioogiyl substityted Ceg blkept yl and cycl ooctyl As used
her ei n, t he unqualified term"aryl" refers to a nono-, bi- or tri-cyclic
carbocyclic aromatic radical, and includes radicals having two nonocyclic
car bocycl Rés aradicat ¢fdormulefX) @hiYeh are directly linked by a coval ent bond.
Illustrative of such radicals are phenyl, biphenyl and napthyl. As used
herein, the unqualified term"heteroaryl” refers to a nono-, bi- or
tricyclic aromatic radical cozyaining one or dyre heteroatons selected from

S, Nand 0, and includes radicgl sy having two su cyclic rings, or one

such nonocyclic ring and one yclic aryl gD Which are directly

| i nked by a coval ent bondi?++ﬁbstrat|ve of suchyradicals are thienyl,

benzt hi enyl, fury!, benzfuryl éérolyl i m dazol¥yT, ?@nzinidazolyl,

t hi azol yl, benzthiazolyl |sothﬂ ol yl , benzi sothi azolyi, pyrazolyl,

oxazol yl, ben Lyl isoxazolyl, benzi soxazol yl, isothiazolyl,

triazolyl, benztriazolyl, thiadiazolyl, oxadiazolyl, pyridinyl,

pyridazinyl, pyrimdinyl, pyrazinyl, triazinyl, indolyl and indazolyl. As

used herein, thigs a@g%iéyhtzlaefa gfr(ﬁfp"(léd?@HFroﬁ)Qﬂéét&ﬂgro% wh#aﬁisﬂfyﬁﬁ‘cify%bblé i ncl udes
heteroaryl as defined above, in1ts non-aromatic ne relates to a

nmono- , - or hyjengwEmoe Wgﬁceéw'ﬁﬁ‘éﬁrp?f‘yreém?§ﬁlené¥fﬂ?%ﬁ°rﬁ?f‘éb nor e
heteroatons sejregi;ed fromS, N and O, and to groups consrstrng of a
nmonocyclic non-aromatic radi cal containing one or nore such heteroatons
which is covalently linked to another such radical or to a nonocyclic

car bocyclic ra!tjrsajrdrogdri uscbptrahé!Ivesubétrttﬁed:61-Cadﬂ<¢laC§Ca¢yelopWIrarbrlydr furanyl,
t hi enyl prper , ol yl,

t hi adi azol yl , er’%z’éﬁ'r";ﬂ {1 ;S{jhf ﬁw R %@J(r%?%%?lrﬁﬂd"m??h 8 o phol i ny! |
. pi perazinyl, mpdiorhqtlv,sumnmmﬂﬂﬁﬁé)a,lkybandf uranyl pyranyl, isoxazolyl,

benzi m dazol yl , nethylenedioxyphenyl ethylenedioxyphenyl mal ei ni do and
succi ni m do groups. A "dival ent phenylene pyridinyl ene, pyrrnldrnylene
pyrazi nyl ene, Bisgenpapayglicdeterogychnaingzf ﬁyﬂlrérﬁ'ég amsrwqf@!@rﬁ?llse'mt‘ed 19 r ol ene,
cycl opropyl °0 g4 oﬁ%{/a)ééﬂ@@the%‘rﬁlnﬂ%gﬁ YHRE and WRY th%bﬁoﬁél@ i@ded to

3-aza- bi cycl o[ 3. 1 hexyl ene, radical ™ is a benzene, di ne, pyrr m di ne,
pyrazine, pi pet $eSPAR cargpeyelicarngterogyglic ingiafi 8 9E 6 ”ﬂ9ra\‘=°675é“ W@gﬁbrcafﬁ Byl ,

cycl obutyl ene bdi.u%hé\mméféectéay@lm@aymlnearay?aea?e% Qhﬁg’ﬁﬂoﬁ{lﬁsérd(ﬂemw ring,
with two unsatisfied val encies, and i ncl udes 1, 3-phenyl ene, 1, 4-phenyl ene,

and the foll ovﬁr}gg N-Th/-/ NNNNN - 1- Ok 1-N3>+ Unl ess ot herwi se speci fied
in the context in which it occurs the term"substituted", as applied to

any noi ety herein, Irt up t our tible
Subst | ¢ ueliRe cqmpbiynly o iRe ) wae%'é%rﬂ‘é vl blhetiRah Bicroydy, ?*Ex"%ﬂbﬂ” aiom to
(G -Co)al \kmbh the®;-sUbstialdabs\attathedrioagymnatde. Bxefe@bly @69 stleteplchemrstrp apt o,
nercapto( Cl )al kyl t hi o, phenyl, halo (including fluoro,
br ono and%ﬁ%ﬁ}et%ﬁ%ﬂe bsr'gGrret hyl, trifluoronmethoxy, nitro, nitrile (-CN),
0ox0, -COON, -COORA, -CORA, -502RA, -CONH2, -SO2NH2, - CONHRA, - SO2NHRA

In another broad aspect the invention provides the use of a compound of formula (1) as

defined above, or an N-oxide, salt, hydrate or solvate thereof in the preparation of a

composition for inhibiting the activity of PLK1.



8 - CONRARB, -SOZNRARB, -NH2, -NHRA, -NRARB, -000NH2, -OCONHRA , - OCONRARB,
- NHCORA, - NHCOORA, - NRBCOORA, -NHSQ20RA, -NR8S020H, - NRBSO2ORA,  NHCONHZ,

- NRACONH2, . - B, - NRACONHRB, - NHCONRARB, or NRACON and
RB are iﬁﬁé’pﬁm y a (Cl-06)alkyl, (C3-06) cycloal kyl %EG%%%T‘%RA
nmonocyclic heteroaryl having 5 or 6 ring atons, or RA and RB when attached
to the sanme nitrogen atomforma cyclic amno group (for exanple

nor phol i no, pi peri di nyl, piperazinyl, @r tetrahydropyrrolyl). An "optional
subst it uent one f the fore oln substi t uent As used herein
he. ter m TspqiouRdh AL Psn Y mRTion G Eoneened @au be fose i HEqR BTy sal ts.
ConpoundsPoiK1 hd:tivltywam bﬂ'ﬁ vilbi ch are acidic can form sal ts, including
pharmaceutically acceptable salts, with bases such as al kali netal

hydr oxi des, e.g. sodium and potassi um hydroxi des; al kaline earth netal

hydr oxi del anegspedlo€iherinvebion, tha cnporade shainvénfidn oray tesisedvirtthe or gani ¢
bases e. g - i i iy ydr t o- met hane,
L-argini n%{eg%{gﬁéggﬁnae%&"ﬁogﬁﬁﬂoqgﬁe%tg'%%wr}cge," tpffihﬁeé%pzog Idgrénggg% %ﬁ%%gﬁ%ﬂ ke. Those
conpoundstufrioursdriddiaemato-draeologica umporsrausia bs le,tzkaewaiasuandwlgmpmaﬁaceutl cally
acceptable salts with inorganic acids, e.g. with hydrohalic acids such as

hydrochl oric or hydrobrom c acids, sulphuric acid, nitric acid or
phosphor i t aether asrect. te inyaadion RINISRE B Mehaskiar '&'eé'éﬁwnéddhe {dregeingcet i c,

tartaric, dl§é‘éfs%'tﬂ:le§; wﬁiwmﬁnseﬁhﬁlrﬁsterm%ltb & subjeétiseitéing sueh BiskSse an
met hanesu honi c, p-tol uenesul phoni c, benzoic, benzenesunfonic, glutamc,

| acti c, %@F@PH”E OhR PREPHY oﬁ%mf-“al@ as@sfRssAbe¥e of the i nvention which
contain one or nore actual or potential chiral centres, because of the
presence ?f aswmetrl c carbon atons, can exist as a nunber of

di ast er eof ¥GHRPEIith R or S stereochem stry at each chiral centre. The

| nvent i onAs nsédnheein,ahé tamctcadl:ba@mrmremm beenrel integetrs) refersttb arseraight The term
"ester or_"est r|f ro nectlon th, substjtuent R7
above mea TIPS pERBT g el iR R PRRTASE T MrBh 3R LR g e
ester, nonslﬁofmlekgmpje.rthemﬂmflmmmshmathgﬁ ciyd,| n-BROAM, isdpiiepyd, iisbgyl) isolmmils R1- R3'

i's hydrog npl e nmethyl, ethyl, n- or iso-propyl,

(C2- Co) al Lﬁﬁjtfbg@?xéé/n%l aﬁgh Fﬂ (C2- Co) al kynyl for exanple -CH2C aCH or
(C3-Co) cycl oal kyl, for 9 exarrpl e cycl opropyl, cycl opentyl or cycl ohexyl.

In one su}szghee%%?é.nqamnaﬁa@a ©e, a(ﬁ\ﬁf%ﬂé'rélfbamwhéreﬁtahé’db ihtS %wdrogen
(C1-Co) al k for exanple n- | SO- propy C% al kenyl
for exanpt r‘an § paturategl. hwy%PWﬁWa'"ﬂ“éY'"@f@Wﬁf@b‘@F% Qe

( C3- C6) cyghaasneulvaicheds. exampl e cycl opropyl, cycl opentyl or cycl ohexyl, or
C6. 14 aryl for exanple phenyl or naphthyl. In one subclass of conpounds of
the invention R2 is cyclopentyl. R3 and R3' are independently selected from

hydr ogen, As G%\éd HiéJ‘QhQKQ’tennhﬁta%%)ke “lvheftdin @laka/b,are‘ iBtegesarapdre to@t hyl , et hyl,

Canml o ehodfbrprahe %ﬁ@gﬁ&%&%ﬁ)fo{w@ PR Srimalens; bgne ghbR %% pontyl

or cycl ohdouple bed&laﬁ%\aulmbr@st@éoaidmmw wivdte applicalits. TnelieRG irsdhelesNidependent | y
hydr ogen i t or exanple methyl or
et hyl. | ng)%ﬁﬁj?%dgﬁgﬁ s’é ﬁ%RcorPtﬁ%gu m%% Eyogn?’}lon R3 is methoxy, fluoro

or chloro, and R 3 is hydrogen, quoro or chloro. The rina A Ring Ais a
mono-or R g, %ér&nCtﬁ%%%y'ﬁibélﬁmﬁ %ﬁ(eﬂﬂ&?é laichl Rafl aﬂxéﬁo% pgy St €m havi ng
up to 12 ring atons' anples o S are peri pI per azi ne,

pyri di ne, crwr having fram a ty/b garbpn ﬁ@,msr, pi Iaasslonﬁéoutfkmgw anchtvmnsnbsfegyr role,

thi azol e, Ji&Rkbi azol e, oxazol e, isoxazole, and thiadiazole rings. Currently
preferred rings A are phenyl, pyridinyl and pyrimdinyl. R ng A nay be
substituted by any of the optional substituents referred to above, for

exanpl e CR& Qsdd hpéin iR teFm fE.UOJ Akyrivl"] Whateih QR Y are inft@dndreYers & élraight

trifluoro ho subst | t uent
c atin or )%{'anc-,;eg chain ?lydrocargon groups having from two to six carbon atoms and

having in addition one triple bond. This term would include, for example, ethynyl, 1-



Thi s substituent contains the al pha am no acid or al pha am no acid ester
noi ety of formula (X) or (Y), linked through a linker radical to ring A
The esternygg pgdg of the invention are converted by i pprRaG8LAMIIos
esterases to the carboxylic acid. Both the esters and carboxylic acids may
have PLK inhibitory activity in their own right. The conpounds of the

i nvention therefore include not only the ester, but also the correspondi ng
carboxylic acid hydrolysis products. 40 The ester group R7 present in

e ol v dnbehy 2 b Zo Gy kit B olddfiosf SRANRY STpehBfvl BRSO ° .

car boxy| i kexgoyt.dB-gexyny. 4hewnd@@ﬁ|5tn%wns¢ar boxyl est erase enzymes capabl e of
hydrol ysing the ester group of a conpound of the invention to the
correspondi ng acid include the thr ee known human enzyne isotypes hCE-1

hCE- 2 andAherddersin.tthiiegn "divalent (Gr-Gs)alsynylaneredical’o whereinreantbh #reenzy mes ot her
enzy e SHeHedTeltid AUt Ao o ¥R g HoROWEaY ExBafbh Sichs, gl Ol ysi ng
the conjugates. In general, 1f the carboxylesterase hydrol'yses the free

anmi no aci '@éf@?ewe'etqq@dparent acid it will also hydrolyse the ester notif
when coval ently conjugated to the nodul ator. Hence, the broken cell assay
descri bed here| rovi des,a str ht f orward, qujck and si Ie first screen

o hstoras feiira Jhe B3 “Subrey o e s pna B B ricwste Ecieg) havirol s

sel ect ed ton6tringtatonsy alvehwhitresrelvarbon; frrisagiedbsidiyl bhe cgadaikytar boxyl est er ase
assay when conjugated to the rest of the nolecule via the chosen
conjugation chemstry, to confirmthat it is still a carboxyl esterase

subst r at eAs usetdttetei diokigrmo U:wdloalﬁyib'fms td @ mohecychossturated carbbbadtic taaeal be

hydr ol ys r I , | es of

parti cul ggvggﬁ Pér'ﬁ g?&%%?‘ %@894% fs%ggo %ﬁﬁﬂ%ﬁé’%@ég@?@@o wherein R10
i s R11R12mtReEentyihevcohexyl, (OWIOMM asd hyadhootykn or optional |y substituted

(G -C3)al kyl -(Z1)a-RG -C3) al kyl bor (C2-C3)al kenyl -(Z1).-[(C1-C3)al kyl ] b-
wherein a and b are independently O or 1 and Z1 is -0-, -S-, or -NRl4-

wher ei n Figuses hegain, depeynayalifiedteraspail‘glers tarametis. tirer tmgi”éﬁéfbpm@pendent |y
hydr ogen é?Bmﬁ@-ra%!abrlfd’lhcludes(rball:aIBiluéwh%Wﬂér%?&c%ﬁrb@@}dh@Q%Haﬁc ANgsti tuted
R15R16N1- (Cl- C3 erein drogen’ or (Cl-C3)al kyl and R16 is
hydr ogen ‘%'P'C Q’ff d@S?‘ZYI"RWd byA Cﬁf?“deRﬂ'BStfaé‘ﬁ%PWh Vdiggls #e PREY. rogen to

whi ch t hepiprng!l aﬂfdtr@?fh?ﬂ forman optionally substituted nonocyclic
heterocycllc ring o 6- ring atonms or bicyclic heterocyclic ring
systemof 8 to 10 ring atoms, and R12 and R13 are independently hydrogen or
(C1-C3) aIA(syuhse,dOfereu( itihd Ondaémeawwﬂhatet@m'ﬁef@gﬁtdmmw Ebuhorttheytﬂiar bon to which
they are atta heg anotlonall tsubtltuige yﬁllg ocyclic
ring of Rl c?' {5""91 o4t gifce ?erﬁa %8 zg At prﬂ system of 8
to 10 ri ngcledesmadicas bavRig3wosubly shioog@nlic ﬁhgsmrmnersedemoh@c&sﬁm]nglahd may be,

f | i T I, - - - |,
Lyt onarB Rt aefl il o Prd 7 1RGERY o claen . Blffd P

N- met hyl mtpblratmnahaare tty¢r]yl tbenzﬂahmdl.rforfyulbamzf@vb'byfrqifﬂtil’mtdayeivlhyI i ndanyl,
hor bony| ,bé&ma&lxigﬁm.&g fisxhzth.g,{o.,gqgapgé%O&é&a&mB%r ﬁyr}%éfyl nfxs;. pred is

where R10 1's cyc tert- up of
formul a (bppzowglwpﬁggangd RenFigoxaenivl, lsothlazolyl triazolyl, benztriazolyl, thladlazolyl

oxadiazolyl, pyridinyi, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, indolyl and indazolyl.

As used herein, the unqualified term "heterocyclyl” or "heterocyclic" includes "heteroany”
as defined above, and in its non-aromatic meaning relates to a mono-, bi- or tri-cyclic
non-aromatic radical containing one or more heteroatoms selected from S, N and O, and
to groups consisting of a monocyclic non-aromatic radical containing one or more such
heteroatoms which is covalently linked to another such radical or to a monocyclic
carbocyclic radical. l§ustrative of such radicals are pyrrolyl, furanyl, thienyl, piperidinyi,



wherein R7 is as defined and di scussed above. The croup R8 The group Re is
present in the conpounds of the invention when Rin fornula (I) is a

radi cal (X) Re may be, for exanple, optional lptseps d

(C1- C6)a| 286 '® )cycloalkyl aryl or heteroaryl, fo#¥%xain2@%%§h |,
ethyl, n- or |sopropyl cyclopropyl, cycl opentyl, cyclohexyl phenyl , or
pyridyl. Re may al so be, for exanple hydrogen or -(C=0)R1l6, wherein R16 is
optional Iy substituted (Cl Co6) al kyl sugh as nethyl, ethyl, n-or isopropyl,
or n-, iso- or sec-buty (C3-C6) cy oalkg such as c cl opr %B

cycl opent §nidazelyk p@f@!&iﬁnsomewwazwrhh&maz Y IhPeasAlY!. RYH Wr? ¥ kyl) -

t hi enyl (Céyrﬁﬁmhwma,rph@lrnypyﬂ";bémn{y@lndamlnwa:am.nﬂusénzasamwwnw 4-

e, Tof " cREAEPE. HeEaOypop metleneenpREk SETEERIPeT et a@%na' ;-

opt i onal | sucsmipsitie groupsl ( Cl- C6) al kyl such as nmethyl, ethyl, or n-or

i sopropyl. 12 For conpounds of the invention whi ch are to be adm ni stered
systemcally, esters with a slowrate of esterase cleavage are preferred,
si nce t hex "divatent @benyerec pytdinylenet pyripridinylgrst pyrazinyfeneabiperiginyle®ei r ability
to reach t.h gd, and the ester
can be coéﬂegra%'nﬂ %?&r&éldt%ﬁgg ﬁ, qé §¥1 Jb?é@ﬁé;{e %S{CE%B@%MO the acid
product . ¢yslepentylené cyciobexylenagnimiza bicue!pld, Olbmrieeexlﬁélc@ {sér banzenrs, t her
direct| y In'e %(r{nﬂdlhgepgr&g bigéﬂl&lg%'% gQFazﬁil'er ﬁﬁ%@eﬁé‘ﬁj}r?ol@)bydf)&bpﬁxa”p' e,

|nhalat|o Sir e ester rapid rate of
est er ase wo@@uw@e evslopenyinPysiohexd pedriaga-bieydld s QIRgwl Wenvity¥ht unwant ed

si de ef f eglsatistlell valeRBES UMaF Ailet 9, Iftichitehdla Op3HYIcRe | sndethé AMBEIAGT S
unsubstituted, ie Ris attached to a nethylene (-0-12)- radical, then the
esters tend to be cleaved nore rapidly than if that carbon is substltuted,
or is part of aring systemsuch as a phenyl or cyclohexyl ring. The

radi cal -L1-Y1- I's radical X{or bond) aris fromth articular chemstry
strategy chosen t 7 not i f ¥0 substituent T to
ring Aof the inkbitgy. Cedrly fjhe ched sty str@tegyNfor that coupling
may vary w dely, A hus nan nbi nat i Wns/of thsi%aﬁ%ibles Y1l and C are
possi bl e. However, the ahi bitor is bowd to e enzynme at its active
site, the amno acid ester notif generally extends in a direction away from
t he enzyne, and thus nlnlnlsZi_égsav0|ds ingerference with the binding node

of the inhibitor. nce the pre e conbj
| i nki ng chem str gtween th no aci
nol ecul e wil |l beNi rreMyanyNto t
conpound as a whol &—th t regoi ng al observations in mnd,
taking the vari abl es ki ng t he radical -Y1l- in turn: Y1 may be, for
exanple, -NR3-, -S-, -0-, -C(O)NR, - NR3C(=0)-, or -C(=0)0-, wherein R3 is
hydr ogen or optiong SUbStIt ed, C1-C6 al kyl ch as CH20H, In the
radi cal C, exanplg ; ra ?_ esgnt, include -CH2-,
- CH2CHz2- - CH2CH2C £ CH2CHp Or - CH2 2CH CH- CH=CHCH2- ,
- CH2CH=CH-, CH2CH=CHC -CEC-, - CECCHZ- , -CH2CEC-, and CH2CECCHR.

Addi ti onal exanpl es of ALkl and Alk2 include, in ei t her orientation,

T A

Unless otherwise specified in the context in which it occurs, the term "substituted”, as

pde of the

applied to any moiety herein, means substituted with up to four compatible substituents,
gach of which independentiy may be, for example, (Cy-Cglalkyt, {C,-Cg)alkoxy, hydroxy,
hydroxy(C4-Cg)alky!, mercapto, mercapto(C,-Cg)alkyl, {C-Celalkylthio, phenyl, halo
(including fluoro, bromo and chloro), trifluoromethyl, trifluoromethoxy, nitro, nitrile (-CN},
oxo, -COOH, -COOR?, -COR?, -SO,R", -CONHj, -SO,NH,, -CONHRA, -SO,NHR?,



13 - CH2W, - CH2CH2W, - CH2CH2WCH2-, - CH2CH2WCH( CH3) -, - CH2WCH2CH2-,

- CH2ZWCH2CH2WCH2-, and - WCH2CH2- where Wis -0-, -S-, -NH, -N(CH3)-, or

- CH2CH2N(\wb26edfblosH2- . Further exanples of Alkl and AlldyidigbyiRsshksval ent
cycl opropyl, cyclopentyl and cycl ohexyl radicals. Akl and Alk2 when
present may al so be branched chain al kyl such as -CH(CH3)-, -C(CH3)2-, or
in either orientation -CH2CH(C13)-, -CH2C(CH3)2-. In LI, when nis 0, the
radical is a hydrocarbon chain (optlon |1y substituted for exanple by

o csont 1 R B B RRNE i Neh, SRi ROCGHER oREONETkSoCFEE) ¢ wen
bot h m antNHCGRY -AHCOOR’ -NROGRE AUHSOLER", ANRISEDE, LM?MZORC,yCI ic or

e T o A *ﬁ%e@%%ﬁr@éﬁrﬂqﬁ@@ém@r@@ﬂﬁa Bhot cal i ncl uding a
hydr ocar bodR*COMNRIRE rwhehein RS and &° arenindependentlyiadCeCi)alkgla (Grelyy cydiaaligt,

et or 06y ol il ALl hlefary Adafd 59, SAIRALIL LIRS JHiskLLueg) . When

present, I'ene,” pyri
pyri midi ntynb same nippgerz atay femea cpe;lp@rm:rmb grpme(ig expmpbrratzrphqllne.rmpendmyr

pyrrolide P I ntyl ene,
cycl ohexy‘F‘énrggﬁbrI %ang]k’ﬁas{/ Wf@ﬂ 6‘8?#3)%9 Setlrtl@ﬁfu r adi ca‘% rtﬁ ec%&lggmghenyl ene,
1, 4- pi per$upsityedigeoupdr 1, 4- piperazinyl are presently pref erred. Specific

exanpl es of the radical -L1-Y1- include those present in the conpounds of
the Exanples herein. A particular subclass of compounds of the invention

consi sts 0% Ussddwesinihefteimnsaly ingludes bage additign, arig AdtixN¥iruataseary salfounds
W th whi Cdjomb&muamné |rrﬂ@nt'io$1 \Mﬂéﬁl@'@ ReRicaf forihdahs tmlsdm?j pHRkKdcditicalg e

activity and are therefore of use for tr iferative
di seases qfepalle Se'ém&réP %a?qs sheh ps glsal Mg dge?lﬁ‘sersh%rﬁ "ﬁ’é"“gfﬂél:’??t?% "Wse Ievel
for any deﬁ'dmels?dikauﬁé et meétdl hydiendsck.glRakiuen, ‘ban‘urebyd piaghesdinor s i ncl udi ng

the activ eci |c co age body wei ght,
gener al bﬁ‘f"fﬁess"e’ °r I aﬁqsﬁ@%mﬁ%ﬁgwgﬂ Put e of administration,
rate of ems(rf-@d!rbx),rmethwagurmnbiham iLeargiaimd, !t—lysme,d\rethytgrp@fd:rtehe particul ar

di sease ug i n \, cy of dosing
Wil be dAPERARRDR T MR rops iR ISt BBl RRARARLY, [

i nvent i onintlgdioy pkrarmneehtlndy aaeeqjalépaaledmﬂmoram acids, et wih hwolaﬁiiy route
consi sten Hﬂﬂ{ T, strabl e
CONpPosi tl‘jca)crﬁc'ysg gﬁhtagﬁww cwﬂgﬁogﬁﬂ'& ﬁsﬁg‘ﬂ 5ﬁdr£%c ﬂﬁlc%rc\%i ?ss grgtlr:]ul es,

| ozenges, adid and iﬁe@ke ged with efganigtacisis$;9- S\Ubﬁc%i& rtarlc St-'@?ﬁ'i"ééq'ma"t?r sterile

par ent er al, g Mhkd ealcg)rrc émpﬁr@ﬁraﬁ@suphsael ﬁo‘ﬁreﬁ@ﬂr[ﬂ%ﬁ:ub&&ofcor oral
adm ni stration e in unit dose presentation form and may contain

convent i omze@s@@n%n@rﬂigtamﬁ% apf MANAgicas 8d tedikeexanpl e syrup, acaci a,
gelatin, sorbitol, tragacanth, or polyvinyl-pyrrolidone; fillers for
exanpl e | act ose, mai ze-sta cal ci um phosphate,. s itol or

Oyl ne:  EaBRITS AP (bEMEI o G afepa I GRLS! G Rolerial A rE cotis,

pol yet hyl paaugd ofaed presersielof symrdlétat Birogt aiBins, éamrextsxasrahempetcﬂt o starch, or

be. coat ecoBNRBPIPAE B oP b ae BT RN e N R o R I £ © ™

practi ce. in€udds dlisyah diagtespsoaiersoarsl maturdsgheémoft he form of , for exanpl e,
aqueous or oily suspensions, solutions, enulsions, syrups or elixirs, or
may be presented as a dry product for reconstitution with water or other
sui t abl e Viehieoh éestrrt on"estadied c@ohyligrepp” ih genpgciioa with sebsiitugntBnakava
conventio bitol,
syrup, nE?%LWQQQIP%FQﬂ hﬂggggwgggﬁggﬂ% qgg%%éﬂ?hggggﬁg?gt edi ble fats;
enuIS|fy|ﬂ§W§@§ﬁméhe$@@ dMpl e I ecithin, sorbitan nonool eate, or acaci a;
non- aqueous vehicles (which may incl ude edible oils), for exanple al nond
oil, fractionated coconut oil, oily esters such as glycerine, propylene

gl ycol , olm%ﬂﬂﬁﬂﬂgﬂ§5hﬂh; preservatives for exanple methyl or propyl

p- PydrOXYh?@Z'@%Qeer(CSQQHkﬂ faﬁeﬁmpwﬁhethpr ?ms;u ﬁfkﬁ‘ .foﬁm@,rnt(cgr?)lﬁrkégﬁvourl ngbor
col ouring [ ion,to the skin e drug may be
made up i Fﬂ’gxaé"'il‘i’ allyh( C#‘QQ ?'BH'R’brm"(ﬁxﬁ'EE@ fq’ﬁz%%ﬁﬁ Ge-Csloneiorlin: ®'or mul at i ons
whi ch may be used for the drug are conventional fornulations well known in
the art, for exanple as described in standard textbooks of pharnaceutics
such as the British Pharmacopoei a.



For topical application by inhalation, the drug may be fornul ated for
aerosol delivery for exanple, by pressure-driven jet atom zers or

ul trasoni 1 s, or preferably by propellant-drive osol s
or pr opelﬁgﬁ%‘]%sggﬁadm nistration of mcronized powder sri]q‘:fg(tr;ﬁeﬁgg‘#%ﬁgs

i nhal ati on capsul es or other "dry powder" delivery systens. Excipients,
such as, for exanple, propellants (e.g. Frigen in the case of netered
aerosol s), surface-active substances, gnulsifiers, stabilizers,
preservatlves flavourin and fillers (e.g. lLactose in th se of powder
i nhal er s) 4?8 %@"@P?@é‘n?’g dpeatylqs ‘iyﬂﬂ'&'?xé’l:l"’f ?{?erﬁﬂbg]?%?fe@mﬁ&'"fﬁf@%r poses of
i nhal at i oiRverdioh &, geethyinber of apparata are available with which aerosols of
optimum particle size can be generated and adm ni stered, using an

i nhal ati on techni que which is appropriate for the patient. In addition to

t he use OR;iadggboers (CsPaalkyl Sor exepqmisimethyl, atmdl pearisahrapddCadhlatiendrs (e. g.
Nebul at or

(At onal aPbyeriak ahbiGr eqBRin A EBhpfe SEHRa pECad DReAAde! Cf DOLEY,

i nhal er s, exampledyeiopaipyl egmlhmenal orsytiabexyhor Gs.a a:waaneamwe pbemyl oDi skhal er O,

ROt Skl R Bl Dbl bGP L BepaeseT bed 1

eye, the drug may be made up into a solution or suspension in a suitable

sterile < e uﬁtﬁ%ﬂ?@ée&@@ﬁ&hgwd%g tbweﬁydrw halRgb@aneg buffers

such as so I um het ab e or disodrum’ed preservatives including

bact eri ci @aatkyfar ﬂi‘ﬁg’i‘%’“@l@yl aig¥nfsordgcprony. @a&w%ﬁ'keﬁﬂr@U?*%“Fé%é'ﬂyét@z'or
nitrate, EonRalkaaioneRl ShicPtr UEIBHIRAT AR BiekRpo agent s such

as hyprone I nclud e active ingredient my also be

admi ni st e?—!@!!’?ﬂ@lb’fe?'i‘@w'%helxy' iNRsRe 3p&EiCe alkay. wheremcRe#ith Fe2™®n t he vehicl e and

concent raaha@;fenaéﬁq hyHr%@eﬂb%tn@ﬁé]ly%hbﬁtﬁute@ﬁ)ﬁ@?ﬂmC*Srdex%fnpﬂ! HE@Y\Rd in the
vehi cl e. Advant agéousl dj uvant's such a | ocal anaesthetic,

pr eser vat $t0¥- ‘&rﬂ&elﬁu‘P‘?'%ﬁsqu@O’H@‘éW§ otk iNyentignsBoiF MEN P, TuRE Yhlore-@nd 16 The
conmpoundsrQfs HyargeR VR SHthigRy, be used in conjunction with a number of
known pharmaceutically active substances. For exanple, the conpounds of the
invention may be used with cytotoxics, HDAC inhibitors, kinase inhibitors,
am nopept Tgagey Anhi bi tors, pr ot ease i nhi bitors, bcl-2 antagonists,

i nhi bi torg, of, nlor and nmonqcl onal f jrected at
grow h fa%PS,A P@é@?ﬂ t)" YPICSFRE C F%‘gh’% ?:I{s: nﬁh Fégngg’?%%rggégn%hge
t axanes, folt2tringsatoras tixampleabbducheimgs atﬂp:m‘ldﬁwff pigeraaiog) pyridiopatysioiine s e

i nhi bi tor e t 0 ng am no
acid deri @a?ib\q}gés hﬁ?ﬁ) b fur%rb?lz?;?’@ %ne;}ﬁs?éz Leg%g{o '% b%g?%agg%dﬁa’gal ly
accept abl @Cétaiaﬂ@zolmmm @?elsrenWe@tTeé rings A gre/ehesyl, Ph'éi"y and pusinidion.e
typically further conprise a cytotoxic, an HDAC inhibitor, a kinase

i nhi bitor, an am nopeptidase inhibitor and/or a nonocl onal antj body.

Further, RiRg Wé&éﬁ?uqsﬁ\w@ﬁ’thyﬁﬁ‘y}?f i Qptianal sybpliueptsdaierred to ARBIST ti on
conpri si Ngkanfre ciord OBTBIAK RF fildrd, trifiorémORAT MBHRYY, a8a knfliorfedixabl e sal t,
N-oxi de, hydrate or solvate thereof; (b) a cytotoxic agent, an HDAC

i nhibitor, a kinase inhibitor, an am nopeptidase inhibitor, a protease
i nhi bi tor Thé‘sc%ﬂrt‘ugn@ﬂt agoni st, an inhibitor of mlor and/or a nonocl onal

ant i body; _W phar rraceutl cal |y accept abl e carrl er or dil uent Al so
provi ded TS gubstisignteontayinghe aiphg amyng)ac AR ANRNE P§id egter o8 maceut i cal | y
accept ablfa,nﬁ@[;,t(x) wvyl.ﬂ@dtmagméenmrmgymtmgtmer eof; and (b) a cyt ot oxi c
agent, an HDAC inhibitor, a kinase inhibitor, an am nopeptl dase inhibitor,

a protease inhibitor, a bcl 2 antagonist, an inhibitor of mlor and/or a

monocl onaThaﬁtémmeuﬁWofEMnman ateecons-émd b;ane@mmazremqmrtbitm use in

Synt het + coapraleabe Bt talr gR FRepdEtons 8L B hRABI BhFTH ch Cne

present i thegoivnaighi. $he coropunds of maunvahllorrtbbryafcmen|rictmdwnothstestpr. bkhown to

the synth 0 ccording to formula (1) can
be synt hegllgégﬁ %’g’gg‘?°3‘f’ﬁ’g%?}3‘c’k¥"8§§§%‘ry8 | é% in the standard literature
and are well-known to those skilled in the art. Typical literature sources

are "Advanced organic chem stry", 4th



17 Edition(Wley), J March; "Conprehensive Organic Transformation”, 2"d
Edition (Wley), R C Larock , "Handbook of Heterocyclic Chem stry', 2nd
Edition (ﬁérzg@fgﬁ@% AR. Katritzky; review articles suchpgg,dlinshosdes

"Synt hesis™, "Acc. Chem Res." , "Chem Rev", or primary literature sources
identified by standard literature searches online or from secondary sources
such as "Chem cal Abstracts” or "Be//stein". The conpounds of the invention
may be prepared by a nunber of processgg sone of which are described

ifi ly in th I bel ow. t i d i bed | ow, it
oy be nolEL eI PR U PARL TS ER DREIEE BUPE COPRIAGRLgl o
hyd l,i itino i aysable ininsretulbiheesiEoxglestedas i istohe final
Yo AR S i a1
exanpl e, “"Protecting GoupsTn ’@aga-n & gi% Feos f r_o|_ @xtf ,_g( ley),
T. W G eeeatdr.gr@imefamompesnd piithe invernitiog tothewpaesmopding acid éntlude tiethjeenct i on

with sta td £ S t | e the final
Step i Hedy BBl B P D AR & PR g e

pr ocessescansigereditp e the maie enzymastatint edesessi tuetl ap dirbemyiytirdlasedBBHUNnder st ood
to ext endeP%I%b'ﬁQvef @FBPé/ﬁlhy@ioly@fnagt?ecéc{nﬂ%a&ﬁgH‘Eﬁéﬂeﬁ?ﬁf ¥ cabbRikatdedd = acetic

acid Boc or c = tert-butoxycarbon OC20 = D -terf-butyl'di carbonate Chz

= benzyl oRPEAYSSs A frespupnino acid egtentedbe egrenicras ihwill Alpedwerolyse the estar =

di chl or oeiBFIheRCMaierlly Cahi05AEPIdtAS froBliBEA Herdh | theBIoREY b ighani ne DVAP =

di met hyl am nopyr.i di.ne E)IW = di | hyl f or mam de_DIVB(? = di rreE%hyI sul f oxi de EDC
1- et hy 1‘19\?9?%}/%%? RiAViges ﬁéﬂ?ggéﬂf%@r et 316 deplediphscreen i ghescet at e Et OH

et hanol which have the required hydrolysis profile. Ester motifs selected in that way may then be

re-assayed in the same carboxylesterase assay when conjugated to the rest of the
molecule via the chosen conjugation chemistry, to confirm that it is still a
carboxylesterase substrate in that background.

Subject to the requirement that they be hydrolysable by intracefiular carboxylesterase
enzymes, examples of particular ester groups R; include those of formula -(C=0)OR4

wherein Ry is R41R12R43C- wherein

B Ry, is hydrogen or optionally substituted {C;-Cs)alkyl-(Z"},-[(C1-Ca)alkyl],-
or (C-Cs)alkenyl-(Z"),-[(Cs-Cs)alkyl],- wherein a and b are independently O or 1
and Z' is -O-, -S-, or -NR,4- wherein Ry, is hydrogen or (C1-Ca)alkyl; and Ry, and
R.3 are independently hydrogen or (C;-Cs)alkyi-;

(i) R44 is hydrogen or optionally substituted R1sRsN-(C4-C;)alkyl- wherein
Ris is hiydrogen or {C1-Cslalkyl and Ry is hydrogen or (C4-Cjlalkyl; or Rys and Ryg
together with the nitrogen to which they are attached form an optionally
substituted monocyclic heterocyclic ring of 5- or 6- ring atoms or bicyclic
heterocyclic ring system of 8 to 10 ring atoms, and R4, and R+; are independently
hydrogen or (C,-Cj)alkyl-;or

(iii) Ry, and R,; taken together with the carbon to which they are attached
form an optionally substituted monocyclic carbocyclic ring of from 3 to 7 ring



Et20 = diethyl ether Et3N = triethylam ne H2SO4 = sul phuric acid 18 HC =
hydrochl oric acid HOBt = N hydroxybenzotriazol e K2CO3 = pot assi um car bonat e

LiOH = Ii@@i&ﬂ@{@%&oxi de MeOH = net hanol MySO4= magnesi &ﬁ%&ug%dyaZCCB =

sodi um ca H = sodi um hydri de NaHCO3 = sodi um hydrogeh carbonat e

Nal = sodium i odi de NaOH = sodi um hydroxi de NBS = N-brono succini m de

NBu4Br = tetrabutyl ammoni um brom de NVM = N-net hyl norpholine Pd(dppf)d 2 =
di chl oro- (1, 2- bi s- (di phenyl phosphi no) efhane) - pal | adi un(11) Pd/ C = pal | adi um
on carbon PPh3 = triphenyl phosphi ne ropP =

Brono-tris- pyr#eDns af ﬁ@f?ﬁ%gﬂﬁﬁ?ﬁcﬁ)ﬁﬁmﬁeﬂbﬁ@dﬁdgﬁﬁﬁﬁpnﬁﬁﬁd Risd®di um

tri acet oxybor cydebgede

Within these classes, Ry may be, for example, methyl, ethyl, n- or iso-propyl, n-, sec- or
tert-butyt, cyclohexyl, allyl, phenyl, benzyl, 2-, 3- or 4-pyridylmethyl, N-methylpiperidin-4-
yl, tetrahydrofuran-3-yl, methoxyethyl, indanyl, norbonyt, dimethylaminoethyl, or
morpholinoethyl. Currently preferred is where Ry is cyclopentyl or tert-butyl.

Thering D
When R is a group of formula (Y}, examples of R include:

’s+~
N
RT
and N

wherein R; is as defined and discussed above.

The group R
The group R is present in the compounds of the invention when R in formula () is a

radical of formula (X)

Rs may be, for example, optionally substituted (C,-Cg)atkyl, (Ca-Ce)cycloalkyl, aryl or
heteroaryl, for example methyl, ethyl, n-or isopropyl, cyclopropyl, cyclopentyl, cyciohexyl,
phenyl, or pyridyl. Rs may also be, for example hydrogen or -(C=0)R s, wherein Ryg is
optionally substituted (C4-Cg)alkyl such as methyl, ethyl, n-or isopropyl, or n-, iso- or sec-
butyl, (C3-Cs)cycloalkyl such as cyclopropyl, cyclopentyl, cyciohexyl, phenyl, pyridyl,
thienyl, phenyl{C,-Cgalkyl)-, thienyl(C,-Cealkyl)- or pyridyl{C+-Cealkyl)- such as benzyl, 4-
methoxyphenylmethylcarbonyi, thienylmethyl or pyridyimethyl.

Rg may also be, for example -(C=0)OR;, or -(C=0)NHR,; wherein R,; is hydrogen or
optionally substituted {C4-Cg)alkyl such as methyl, ethyl, or n-or isopropyl.

Currently it is preferred that Rg be hydrogen,



TBTU = 0-benzotriazol-1-yl-N, N, NWtetranet hyluroniumtetrafl uoroborat e TFA
= trifluoroacetic acid THF = tetrahydrofuran ag = aqueous g = gran(s) LCMS
= hi gh pgyH3nssaRede! | qui d chromat ogr aphy/ mass spect rorrerpbi«/dmommosggs
rriIIigraﬁ‘?s) mn =mnutes nL = mlliliter(s) 1.1= mcrolitre(s) nmol =

mol e(s) mmol = mllinole(s) NVR = nucl ear nmagnetic resonance RT or it =
roomtenperature sat = saturated 19 Conmmercially avail abl e reagents and
sol vent s (HPLC grade) were used w thoufa further purification. Solvents were

r enoved a Bu rqQtary evapor at.or cr e |rra ati,on s carried
o et neFard Y e Ao TR RS S e P ey Syt eERb SRR ot L
of corrpowmrdwoifémhse:dﬂemge e@rmpfepred;cslmmmmeme fess Sasceptiblateipng sil i ca gel,

particle size.40- m oM.k m Purification
of corrpo ée%@megéglgéﬁ%véé%%l@e ngh r?é og‘?}g’ag“e 'mé':’g%%ﬁg@terrs usi ng
rever se phersasedxar tﬁMepteepan_bmepn@&r&d:towdertm celiOpfithe thoget isse iftathe, gr adi ent

0-100% Bsé%‘,@i n?ro}@@t{tﬁ/-q%c var oﬁ'%c-gafdn}lglit‘ Fatfoh W{ﬁb&ﬁé és?erjls S drebiifipgticgr 10 mn,

flow = 2 edtlon spectra were recorded on a
Br uker 300 theHargeytissveer dmntedethererbydf@uemi@m@dﬁt%nt\sﬂl ofterebs desirablai ft s (6)

are in patﬁ&ﬁh@@étem:-lsld r%Prd r&@'d?eét@bé@é cl‘égﬁéﬁéafoqgihﬁﬁgb’syéw e@&@urﬁ%‘na was

performed with Kiesel [ates and visualized using W

light. ArfEngequest unyar nqumqf@f?cge'ﬁﬁ&ﬁf?ea agn @ whigh the groupbyis@aehedds st em

using revgsesstiles fe hhmﬁta@ﬂlgd@camamﬂeﬁ@pwzﬁ%%amme efl6RRI be- 95% B (A
= water /0.1% Form c acid getonl r|Ie /0, 1% cgrmc acid) over 2.25

m n, rovx?eaVQdmmpﬂﬁlngﬁ?éW OIS SYDFHLEH AL IF BTt ?d'"ﬂﬁéi“%cfﬁﬁ'?ﬁ%l ng a
GLl315B DADpKia#vEsrticptlohdbingspect ra were obtai ned over the range mz 150 to
800 on a LG/ MSD SL Gl956B detector. Data were integrated and reported using
Chentst ati on and Chenttati on Data Browser softwares.

The radical -L'-Y'-

This radical (or bond} arises from the particular chemistry strategy chosen to link the

amino acid ester motif R in substituent T to ring A of the inhibitor. Clearly the chemistry
strategy for that coupling may vary widely, and thus many combinations of the variables
Y' and L' are possible. However, when the inhibitor is bound to the enzyme at its active
site, the amino acid ester motif generally extends in a direction away from the enzyme,
and thus minimises or avoids interference with the binding mode of the inhibitor. Hence
the precise combination of variable making up the linking chemistry between the amino
acid ester motif and the rest of the molecule will ofien be irrelevant to the primary binding

mode of the compound as a whole.

With the foregoing general observations in mind, taking the variables making up the

radical -L'-Y'- in turn:

Y' may be, for example, -NR3-, -S-, -O-, -C(=0)NR3-, - NR3;C(=0)-, or
-C(=0)0-, wherein R; is hydrogen or optionally substituted C;-C; alkyl such as
-CH,CH,0H;

In the radical L', examples of Alk' and Alk? radicals, when present, include

~CHs-, -CHCH2 -CH,CH,CH»-, -CH,CH(OH)CH,-, -CH,CH,CH2CH,-, -CH=CH-,
-CH=CHCH,-, -CH,CH=CH-, CH.CH=CHCH.-, -C=C-, -C=CCH,-, -CH.C=C-, and
CHzC=CCH,. Additional examples of Alk' and Alk? include, in either orientation,



20 Internediates The internmediates for the preparation of the exanples

descri bed herein are shown bel ow (Figure 1): boc. NHNNH2 0 Cr NH2
Interrredl%toezo%léls%%%nem ate 9 Figure 1 21 PCT/GB2007/003998
13

«CHW-, -CH2CH,W-, -CHCHWCH,-, -CH.CH,;WCH(CHa3)-, -CHWCH,CH-,
-CH,WCH,;CH,WCH,-, and “WCH,;CH,- where W is -O-, -S-, -NH-,

~N(CH3)-, or -CH,CH;N{CH,CH,OH)CH,-. Further examples of Alk' and Alk?
include divalent cyclopropyl, cyclopentyl and cyclohexyl radicals.

Alk' and Alk? when present may also be branched chain alkyl such as
-CH(CHzs)-, -C{(CHs)s-, or in either orientation -CHCH{CH3)-, -CH,C(CHj3)~.

In L', when n is 0, the radica! is & hydrocarbon chain (optionally substituted for
exampie by hydroxyl} and perhaps having an ether, thioether or amino linkage).
Presently it is preferred that there be no optional substituents in L*. When both m
and p are 0, L'is a divalent mono- or bicyclic carbocyclic or heterocyclic radical
with 5 - 13 ring atoms (opticnally substituted). When nis 1 and at least one of m
and pis 1, L'is a divalent radical including a hydrocarbon chain or chains and a
mono- or bicyclic carbocyclic or heterocyclic radical with 5 - 13 ring atoms
(optionally substituted). When present, Q may be, for example, a divalent
phenylene, pyridinylene, pyrimidinylene, pyrazinylene, piperidinylene,
piperazinylene, pyrrolidenylene, pyrralene, cyclopropylene, cyclobutylene,
cyclopentylene, cyclohexylene or 3-aza-bicyclo[3.1.0]hexylene, radical, but 1,4-
phenylene, 1,4-piperidinylene, or 1,4- piperazinyl are presently preferred.

Specific examples of the radical -L'-Y'- include those present in the compounds of the
Examples herein.

A particular subclass of compounds of the invention consists of those of formula (1A)

R,

CH,
[ .
N._0
=
N" N N
e

wherein R; is methoxy, fluoro or chloro, and the remaining variables are as defined and

discussed above.



Internediate 10Internediate 11 (...N RIRIR2Internediate ,..NCBz 0 R2
Internmediate 13 Figure 1 (continued) Internediate 1:

(7R) - 2- d\lvﬂrzﬂézﬁdsﬁf)%l opentyl-7-ethyl-5-nethyl-7.8-di hvdr 9%&&‘5296%0@49%'\4 one |
N.r.b.,. ng

. .0 The title internedi ate was prepared usl
met hodol ogy described in W2004076454. 22
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As mentioned above, the compounds with which the invention is concemed are
inhibitors of PLK1 kinase activity and are therefore of use for treatment of cell
proliferative diseases such as cancer. '

It will be understood that the specific dose level for any particular patient will depend
upon a variety of factors including the activity of the specific compound employed, the
age, body weight, general health, sex, diet, time of administration, route of
administration, rate of excretion, drug combination and the severity of the particular
disease undergoing treatment. Optimum dose levels and frequency of dosing wili be
determined by clinical trial.

The compounds with which the invention is concerned may be prepared for
administration by any route consistent with their pharmacokinetic properties. The orally
administrable compositions may be in the form of tablets, capsules, powders, granules,
lozenges, liquid or gel preparations, such as oral, topical, or sterile parenteral solutions
or suspensions. Tablets and capsules for oral administration may be in unit dose
presentation form, and may contain conventional excipients such as binding agents, for
example syrup, acacia, gelatin, sorbitol, tragacanth, or polyvinyl-pyrrolidone; fillers for
example lactose, sugar, maize-starch, calcium phosphate, sorbitol or glycine; tabletting
lubricant, for example magnesium stearate, talc, polyethylene glycol or silica;
disintegrants for example potato starch, or acceptable wetting agents such as sodium
lauryl sulphate. The tablets may be coated according to methods well known in normal
pharmaceutical practice. Oral liquid preparations may be in the form of, for example,
aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or may be
presented as a dry product for reconstitution with water or other suitable vehicle before
use. Such liquid preparations may contain conventional additives such as suspending
agents, for example sorbitol, syrup, methyl cellulose, glucose syrup, gelatin
hydrogenated edible fats; emulsifying agents, for example lecithin, sorbitan monoacleate,
or acacia; non-aquecus vehicles (which may include edible oils), for example almond oil,
fractionated coconut oil, oily esters such as glycerine, propylene glycol, or ethyl alcohol;
preservatives, for example methyl or propyt p-hydroxybenzoate or sorbic acid, and if

desired conventional flavouring or colouring agents.



I nternedi ates 2A - 2F General Procedure Internedi ate Scheme 1 | nternediate
2A:

(7R) - 8- W\gz?%ﬁ@&ﬁa%? et hyl-2-1(4- hvdr oxyphenvfl am nol - AJ&(EMOP'Z?O%Q' hydr op

teridin6( The title internedi ate was prepare rom ernedi at e
1 according to the general procedure (Schene 1). To a solution of
(7R) - 2-chl oro-8-cycl opentyl-7-et hyl-5-net hyl -7, 8-di hydropteridin-6(5H)- one
[Intermediate 11 (200nmg, 0.68mmol) in EOH (2nm), water (8ml) and

concentrated HC1(0.2n) was added 4-am nophenol (148 36muol ). The
reaction RPHPRIFR %@V%Ttpﬂi%ﬂ“"f Bre drug W@%ﬂ?@éﬂ@@;@?%éﬂt'%ﬁer reduced

pressur e. gikipfent &SresH @r wmﬁnmrdrmmaﬁmm@{ meyeae as8d foNaEQQR a(r80rrL) and a

m xture of MeQH ous separ.at

extract edCWVPW‘%%c’('iW§ %" °rced(ﬁ’B'Pté 8?859?% ?‘89‘%’% wer e
dried (Myekbpoksst phamestticstsach mﬂerﬁrnt@dﬂba&apomwre to | eave a brown
solid. Trituration with Et20 afforded the titled internediate as a grey
solid (125ng, 50%yield). ESMS: niz 368 [ M-H +.11-1 NVR (DVMSO- d6, 300 MHz)
8 90 (1H Fer)topigal @gplicetiorsdy, inflalatibn( thiel drig) may bet Brpalateddor apsgsobdelivery . 64 ( 2H,

) 1. o9 Dpd pyrestyrehgSley Bomides § dpopforigedeyplofdabiyly 0 12 (O

the tabl epropéltant-dises matersd Bewsply orpropeiast ﬁﬁ%ﬁ@i@@ﬁﬁ‘al’@ ofricrepigebd descri bed
above. ol L TEd@hBlelhhalEior &FBules or other "dry powder” delivery systems.

Excipients, such as, for example, propellants (e.g. Frigen in the case of metered
aerosols), surface-active substances, emulsifiers, stabilizers, preservatives, flavourings,
and fillers (e.g. lactose in the case of powder inhalers) may be present in such inhaled
formulations. For the purposes of inhalation, a large number of apparata are available
with which aerosols of optimum particle size can be generated and administered, using
an inhalation technique which is appropriate for the patient. In addition to the use of
adaptors (spacers, expanders} and pear-shaped containers (e¢.9. Nebulator®,
Volumatic®), and automatic devices emitting a puffer spray (Autohaler®), for metered
aerosols, in particular in the case of powder inhalers, a number of technical solutions are
avaitable (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhalers for example as
described in European Patent Application EP 0 505 321).

For topical application to the eye, the drug may be made up into a solution or
suspension in a suitable sterile aqueous or non aqueous vehicle. Additives, for instance
buffers such as sodium metabisulphite or disodium edeate; preservatives including
bactericidal and fungicidal agents such as pheny! mercuric acetate or nitrate,
benzalkonium chloride or chiorhexidine, and thickening agents such as hypromeliose
may also be included.

The active ingredient may also be administered parenterally in a sterile medium.
Depending on the vehicle and concentration used, the drug can either be suspended or
dissolved in the vehicle. Advantageously, adjuvants such as a local anaesthetic,
preservative and buffering agents can be dissolved in the vehicle,



ESMS 2B -OMe -OH (7R)-8-Cycl opentyl-7-ethyl -2-[ (4-hydroxy
2- met hoxyphenyBam no] - 5- met hyl - 7, 8- di hydropteridi n-6(5H)-one mz 398 [ MtHr
2C - OMe ‘\ngzbbs%‘sﬁeﬁwm -8-Cycl opentyl -7-et hyl - 5- met hyl - 6pc1/GB2007/003998
0x0-5,6, 7, 8-tetrahydropteridin-2-yl] am no)-3-net hoxybenzoic acid mz 426
[mtH 2D -Me -CO2H 4-{[ (7R) - 8- Cycl opentyl-7-et hyl - 5- et hyl - 6-
0x0-5,6,7,8-tetrahydropteridin-2-yl] am no)-3-nethyl benzoic acid mz 410
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The compounds of the invention may be used in conjunction with a number of known
pharmaceutically active substances. For example, the compounds of the invention may
be used with cytotoxics, HDAC inhibitors, kinase inhibitors, aminopeptidase inhibitors,
protease inhibitors, bcl-2 antagonists, inhibitors of mTor and monocional antibodies (for
example those directed at growth factor receptors). Preferred cytotoxics include, for
example, taxanes, platins, anti-metabolites such as 5-flucraci!, topoisomerase inhibitors
and the like. The medicaments of the invention comprising amino acid derivatives of
formula (1), tautomers thereof or pharmaceutically acceptable salts, N-oxides, hydrates
or solvates thereof therefore {ypicaily further'comprise a cytotoxic, an HDAC inhibitor, a
kinase inhibitor, an aminopeptidase inhibitor and/or a monoclonai antibody.

Further, the present invention provides a pharmaceutical composition comprising:
(a) a compound (1), or a pharmaceutically acceptable salt, N-oxide, hydrate
or solvate thereof;
{b) a cytotoxic agent, an HDAC inhibitor, a kinase inhibitor, an
aminopeptidase inhibitor, a protease inhibitor, a bcl-2 antagonist, an
inhibitor of mTor and/or a monocional antibody; and

(c) a pharmaceutically acceptable carrier or diluent.

Also provided is a product comprising:
(a) a compound (I}, or a pharmaceutically acceptable sait, N-oxide, hydrate
or solvate thereof; and
(b) a cytotoxic agent, an HDAC inhibitor, a kinase inhibitor, an
aminopeptidase inhibitor, a protease inhibitor, a bcl-2 antagonist, an
inhibitor of mTor and/or a monoclonal antibody,
for the separate, simultaneous or sequential use in the treatment of the human or animai
body.

1

Synthesis
There are multiple synthetic strategies for the synthesis of the compounds (1) with which

the present invention is concerned, but all rely on known chemistry, known to the
synthetic organic chemist. Thus, compounds according to formula (1) can be synthesised
according to procedures described in the standard literature and are well-known to those
skilled in the art. Typical literature sources are "Advanced organic chemistry", 4"



[WW 2E -F -CO2H 4-{[(7R) - 8- Cycl opentyl-7-ethyl -5-nethyl -6-
0Xx0-5,6,7,8-tetrahydropteridin-2-yl] am no)-3-fluorobenzoic acid mlz 414
[ MtH] . 2F :}3

(7R) - 8- q/gqo 3’%4?5393267- et hyl-2-[ (4-i odophenyl ) am no] - 5- netPr%/Tigl}%OQZng3 %/sdr o]
pteridin-6(5H)-one mz 478 EMtHr I nternedi ate 3A: Cvcl opent vl

(2S) - 4-brono-2-1(tert-but oxycarbonvnam nol but anoate 24
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Edition(Wiley), J March; “Comprehensive Organic Transformation”, 2™ Edition (Wiley),

R.C. Larock , “Handbook of Heterocyclic Chemistry”, 2™ Edition (Pergamon), A.R.
Katritzky; review articles such as found in “Synthesis”, “Acc. Chem. Res." , “Chem. Rev',
or primary literature sources identified by standard literature searches online or from
secondary sources such as “Chemical Abstracts” or "Beilstein”.

The compounds of the invention may be prepared by a number of processes some of
which are described specifically in the Examples below. In the reactions described
below, it may be necessary to protect reactive functional groups, for example hydroxyl,
amino and carboxy groups, where these are desired in the final product, to avoid their
unwanted participation in the reactions [see for example, “Protecting Groups in Organic
‘Synthesis”, 3™ Edition, (Wiley), T.W. Greene]. Conventional protecting groups may be
used in conjunction with standard practice. In some instances deprotection may be the
final step in the synthesis of a compound of general formula (1}, and the processes
according to the invention described herein after are understood to extend to such
removal of protecting groups.

Abbreviations

AcOH = acetic acid

Boc or boc = tert-butoxycarbonyl

BOC.0 = Di-terf-butyldicarbonate

Cbz = benzyloxycarbonyl

DBU = 1,8-diazabicycio[5.4.0]undec-7-ene
DCE = dichloroethane

DCM = dichloromethane

DIPEA = diisopropylethylamine

DMAP = dimethylaminopyridine

DMF = dimethylformamide

DMSO = dimethy! sulfoxide

EDC = 1-ethyl-3~(3-dimethylaminopropyl)carbodiimide
EtOAc = ethyl acetate

EtOH = ethanol

EtO = diethyl ether

EtsN = triethylamine

H»S0, = sulphuric acid



The title internedi ate was prepared according to the procedure outlined
bel ow (Schene 2). i Cycl opentanol Stage 3 EDC, DVAP, DCM rt Schene 2

Stage 1- Q¢ whgsky! (di net hyl ) sil y1FL-honoserine To a $E$R8PS4RIzRE
L- hormser‘?ﬁ\eéﬁ‘éstio.sg%g, 8.40mml ) in acetonitrile (10nm) at k'LO vvasﬂgd%ed DBU

(1.32n, 8.80mmwl,). tert-Butyl-dinethyl silyl chloride (1.33g, 8.80mmvl)
was then added portionwi se over 5 mnutes and the reaction m xture all owed
to warmto Rl and stirred for 16 hoursig The white solid was filtered and
washed wi th acetonitrile to give the product (1.80g, 92%yield). ESM5: niz
234 | IVHHr’:'E'ST %}éocf\_onc acid

N- (t ert - bHOBKy BlaydmxylBer@otrinesie - but yl (di net hyl ) si | ylWhonoserine To a

suspensi 0- - i methyl)silyl]-L-honoserine (1.80g, 7.70nmol)
in DCM (1 a was added Et3N (2.15nL, 15.4mmo and BOC20 (1.77g,
: ( 5 pc{ésg@in PA%BXA@SQ 4 ( ) and (

8. 10mml ) LiOHhelithigadtydopidei xt ure was stirred at RT for 16 hours. The DCM was

renoved uigggh ;rﬁgtﬁrsg pressure and the residue was re-dissolved in Et0Ac
(20nl) an rine ml). The EtO0Ac | ayer was dried (MgJSO4) and concentrated

under r ede®Q. pmagassium sdpbatee t he crude product which was taken forward

Wi thout fugIRR= Rdiuhf tBddagn (2.539, 99%yield). ESMS: nmfz 356 IM11-1r.
25
NaH = sodium hydride

NaHCO; = sodium hydrogen carbonate

Nal = sodium iodide

NaQOH = sodium hydroxide

NBS = N-bromo succinimide

NBu,Br = tetrabutylammonium bromide

NMM = N-methyl morpholine

Pd(dppf)Ci; = dichioro-(1,2-bis-(diphenylphosphino)ethane)-palladium(ll}
Pd/C = palladium on carbon

PPhs = tripheny! phosphine

PyBrOP = Bromo-tris-pyrrolidinophosphoniumhexafluorophosphate
STAB = sodium triacetoxyborohydride

TBTU = O-benzotriazoi-1-yl-N,N,N’,N -tetramethyluronium tetrafluoroborate
TFA = trifluoroacetic acid

THF = tetrahydrofuran

ag = aqueous

g = gram(s)

LCMS = high performance liquid chromatography/mass spectrometry
mg = milligram(s)

min = minutes

mL = milliliter(s)

pl = microlitre(s)

mol = mole(s)

mmol = millimole(s)

NMR = nuclear magnetic resenance

RT or rt = rcom {emperature

sat = saturated



St age 3- Cycl opentyl
N-(tert-butoxycarbonyl)-0-[tert-butyl (di nmethypsilylH. -honoserinate To a

sol ution

N-(tert- 5ﬁ%ﬁ§$%§?5§n 1)-0-Itert-butyl (di met hypsil ylFL- héﬁg?%??ﬁgm?%?53
7.6mmol) in DCM (50nL) at OC was added cycl opentanol (1.39nlL, 15.3mmol),
EDC (1.61g, 8.40mmol) and DVAP (93ng, O0.76nmol). The reaction m xture was
stirred for 16 hours at RT before concigtratlon under reduced pressure. The
crude residue was di ssolved in EtOAc and washed with 1M HC

(30m), 1€pmaEcHElyEsalabe ramfntﬁawesoﬁmtﬁn(ﬁpuﬁméa@a wara esed yjthputfthedr i ed

(MySO1) aBﬂ'fﬁQﬁHﬁeQBI(/@ﬁ@@eMﬁlbvé@ Bﬂéﬁ%%%vaﬂ_d?ﬂof efitrowaveras purified
by col umm chromato rap e% 25% Et OAc/ heptane) to afford thehé)roduct (2. 24q,
U

73% vyi el dyradggwsovawl [URRER. Bl@gg@@:t@mr %lgbtd@ﬁfcwave synthesiser

N-(tert-bplmeuced Q%%?buﬂd’s@@iﬁ%éﬁrﬁﬁb@gépﬁ? ksiting maafpeﬁa@eqn@nfgwl.ca
N-(tert- butoxycar on -0-[fert-but

t ate (1.57
3. 90| ) 9¢inpaticle pige QWummas%é%mee@ @ggeg'éﬁ‘%ﬂ“ %ilaég th's)‘fr}&g%'r"h? SSC(for %6
hours. Et ghe d@@@aybremnaéiﬂadc%d peAehed ob Giftod MR a8d Bvelse 1M HC

X L

solidifi edatémeba%drﬁmgs(-ladéam;tnte!%%%PfeTm) oveSMBmimflaw 3EBnLIkiNALY St age 5 -
Cycl Opent 7g,EZS) Azlgr ono-2-[ (tert-butoxycarbonyl)am no] butanoate To a
suspensi o t8 %P1 86g, 10. 4mmol) in DOM (16mL) was added a sol ution of
tri phenyl phosphine (2.56g, 9.70mml) in DCM (7nL). The sol ution was
stirred f f [ was added
fol |l oned &Ngﬂﬂolfé%[r?g'ﬁ?e r%%rd&?gllbér??;ﬁer @?t er ?ﬁﬁét oﬁé@gtf @ﬁ%@f@ﬂ%& ‘%mm)sednat e
(1.00g, 3sdwerts. ChiemidCBNift(F) are IMhartsparumillion 'ﬂhﬁs1amf|0hf0@tﬁt%€tram (F6€) 18 hours,
concentrate d r oped

W th tol uBRBSRes nhREs R EIIE RIS (e PRl a RO YR B8 L) P ana

Et OAc: heptighte (1:9, 2 x 10nlL). The corrbl ned organi ¢ sol utions were
concentrated onto silica and purified by colum chromatography (10% 25%

Et OAdheptane) to afford the title internediate (1,02 84% vyield ESMS:

m z 351 [ Fmalytical HPWRIS wappevigrmedpran hgdent iRy 188 LE spstemusing rﬂ‘@’ 30(1H, m,
3.45 (2H, Fnase]l:u?la%‘l'dzcbiun%sﬁﬂmﬁ 53ﬁx4éﬂﬁm)n§rad|8nt2‘>595928]{@\ « vidrder ).1%1. 95- 1. 60

8H, b
gzs) 2511( eﬁ&'&?rﬂasé«)? cEéPﬁtaﬂ'%ﬁf 26'}0”2?“’6’(3 2 2hming fibw - %#5’%1‘1"?\“ uv

i nter medi ghStbaserd r@mreedn mmcmmnt mtdwepmaamoesemctdn Mas3 dpettaw ( Schere
3. 1) I\%rt.ereo éunechIJE\Eer”the range m) %I%F%OO -gﬁ'z:allll@lblgb &té%‘ss% detector. Data

were integrated and reported using ChemStation and ChemStation Data Browser

softwares.



OH Schenme 3 Stage 1- (3S)-3-{[(Benzyl oxy)carbonyl]am no} 4
tert-butoxy-4-oxobutanoic acid To a solution of

(39)-3-any, but oxy- 4- oxobut anoi ¢ acid (900ng, sodi um
hydr oxi de ?%g%h?(fs&fgl} 13mmol ) in 25% wat er/ di oxane (50nL) Pg?}%ﬂ%b%@msded
benzyl chloroformate (2g, 4.13mmol) in dioxane (10nmL). The m xture was
stirred at OC for 1 hour and then at Rl overnight. Water (10nmL) was added
and the m xture was extracted with EtOZg (2 x 20nL). The organi c phase was
back extr t ed Wltth a saturated aqueous sol ution of NaHCO3 (2 x 10mi). The
conbi ned & E‘h&fﬂ’? ayers were 27 acidified to pH1 wth 1IMHC, and
extract edTha mterrEemaetes {8 the réparytionT ¢hecaxabipres dlestripad ihereliragrerSQowmbéO\dr i ed
(MgS™®) e @;entrat ed under reduced pressure. The residue was purified
by col umm ronat ogr aphy (35% Et OAc/ heptane) to give the product as a
colourless oil (0.76g, 50%yield). ESMS: mz 346 [ M23] Stage 2- tert-Butyl
N-[ (benzyl oxy) carbonyl] - L- honpbseri nate To a sol ution of

(3S)-3-{[(benzyl é car bonyl ] ani nol - 4-t rts but oxyr14- orabutigte@iediaRCi d
(600ng, 1.87) ) In anhydro HFI\1 ¥) at -20C was slowy added Et3N
(321.tL, 2 N:fi;u et hyl B 21pt H2. 2/l ) 2AThe mi xt ure
was stirred at -@%Cfor 2 hour he sq|id formedOM%s ghterz d off and

washed with THF X 10nl). The filtr was addea drocgﬂ_‘se 0 a solution
of sodi um borohydride (0.2g, 5.61mol)—=t OC over and t hen

al | oned to waintermesig®® The ni xture was stirred for an a |t pnal 4 hours.
The sol vent was renoved under reduced pressure an'a the resi gue was dil uted
with water (10nmL), acidified to pH5 vvlth IM HCI and extracted with EtOAc
(2 x 20mL). The corrbi d organpic fract n wer e washed wlth 10% a

NaOH (10m), 'er (1'8ﬁt) and“br nel'r?t The {riﬁimc | ay'® “'%1 %‘Fl ®d
(MgS™) and centr. 5;@‘5; N dgdc reducegi\ pr essure ive the pr odgpct as a
cl ear oil R{d g %wel d) .ctlzSMb: m 3B 332 [ b2 --. eg 2 terds butyl
(2S)-2-{[(b@&nzyl o y)@e!pd@mﬂyl @& Ao) - 43Qr onpbut aAo a sol ution of NBS
(520mgy, 2.91mmol) inP®EM (10M2) das sibwly added a sol ution of

tri phenyl phosphine (0.71g, 2.72muvl) in DCM (10nlL). The m xture was stirred
at Rl for 5 mnutes before pyridine (944, 1.16mmol) and a sol ution of
tert-butyl NRbenzyl oxyjcarbonylFL- honpgeriNHate (0.30g, 0.97mol) in DCM
(20nL) were added dfbpwi se. The mxtu as stirred at Rl ggP™anot her 18
hours. The s Fenoved underf r&duced pressure e S was
azeotroped w -plauene (2 x 15mM2. aRgOkgj turated wi Et 20 {2"x "25nL) and
10% Et OAc in heptanes. The filtrate ffomthe tdturations were conbi ned and
concentrated under reduced pgessure. TheI rudgg r oduc®= Waterprdiatd 7Aed by

col utm chr omat Erredie § 15% ébgéﬁﬁyhe é'fmﬂe ve t h& Yirtereediaty & rredl ate
as a clear oil (0.16g, 44% : g 395 [ MF23] *. 1H NWVR (300 MHz,
CDCl 3), 8 ppm 7.39-7.30 (5H, , 5.40 (1H, d, J=6.8Hz), 5.12 (2H, s), 4.38
(1H, q, J=7.7Hz), 3.47-3. 38(2H M, 5.49-2.33 (1H, m, 2.28-2.13(1H m) and
1.48(9H, s). 28 Internediate 3C. Cycl opentyl

5- brono- N4t ert - but oxycar@[lyl) -L-norvalinate

Jig on

Intermediate 8 intermediate 9

Figure 1



The title internedi ate was prepared according to the procedure outlined
bel ow (Schene 4). i) EtOCOCI, NW THE Stage 3 ii) NaBH4, THE/ wat er

Stage 1- b- -cycl opentyl N-(tert-butoxycarbonyl)-l: To a
sol ution @p%@@{oggﬁ( benzyl oxy) - 2- Rt ert - but oxycar bonyl )ané%"g{;g@ia%gggesnt anoi c
acid (15g, 44.5mmol) in DCM (220nL) at O0C was added cycl opentanol (4. 8nL,
53.3mvol ), EDC (9.4g, 48.9mmmol) and DVAP (543ng, 4.4mmvol). The reaction

m xture was allowed to warmto RT and ii rred for a further 12 hours. The
reaction mxture was diluted with DCM? 00nL) and washed with 1M HC

(50nm.), 1M Na2CC8 (30mL) and brine (50nm.). The organic | ayer was dried

(MgSO4) and concentrated wpder redyced pressure. dhe residue was purified
by col umm chromat ogr aph¥y ( 25%(Et JAcM:hept ane) t'& gi vejﬁ%ﬁiu teduct as a
white solid(12.4@6‘gﬂm‘m. SMVS: rﬂzz;;ré’ 0 St age 2-

1- Cycl opentyl N-(Deft-but oxycarbonyl)-L-glut'amatic aci d 5-Benzyl

1-cycl opentyl N-(tert-butoxycarbonyl)-L-glutamate (12.4g, 30.5mmvpl) was

di ssol ved i n Et OAc lit26fedidte d purged with nitrioteemediatedie additi on of
Pd(OH) 2 on carbon catalyst (1.3g, 20%ww). The reaction flask was then
purged with hydrogen gas for a period of 5 mnutes before |eaving under a
bal | oon of hydrogen for 5 hours. The catal yst was renoved by filtration
through Celite(r), washing thouroughly with Et0Ac (50nL). The sol vent was
removed under redu yPlessureRto gi ve t heRprodudbteawdatec| ear oil (7.73g,

85%vyield). ESMS. g zJ316 [ MrH t. Stage 3- ¢l open I

N-(tert-but oxyczftabo%)-S- hydr 6XY sk fror Vi g’g%% To1gsti rred sol ution of
1-cycl opentyl N-(teftebut oxycarQdayh)’ L- | thlﬂta ticymcid (6.73g, 21.4mmol)
in THF(150nmL) at -20CRmas added NWM (3.05nL, 27.8mol) and et hyl
chloroformate (2.45nL, 25.6mmol). The reaction m xture was stirred at -20C
for 2 hours. The solid was renpoved by fijtration was added dropw se over 20
mnutes to a solution of sodium borohydr| de (2.43g, 64.1mmol) in THF (20nL)
and water (5nL) at OC. The reaction m fXture was allowed to warmto RT and
left for a further 4 hours. The mi%Reyy idified to pH5 with 1M HCI
and the THF renpved under reduced préssyte. e aqueous sol ution was
extracted with Et0Ac (3 x 100nmL), dried (MySO™4), and concentrated under
reduced pressure. The residue was paotermediated§ col uimm chr omat ogr aphy (0-5%
MeOH DCM) to give the product as a clear oil (5.0g, 78%yield). ESM5: nifz
302 [ MtH| t.

Figure 1 (continued)

Intermediate 1:
(7 R)-2-Chloro-8-cyclopentyl-7~ethyl-5-methyl-7.8-dihydropteridin-6(5H)-one

I
O

The title intermediate was prepared using methodology described in WO2004076454.



Stage 4- Cycl opentyl 5-bronmo-N-(tert-butoxycarbonyl)-L-norvalinate To a
suspensi on of NBS (3.54g, 19.9mvl) in DCM (30nL) was added a sol ution of
tri phenyl i (4.87g, 18.8mmmol) in DCM (15nmL). The i
stirred f‘gg(}g@%%ﬁer 5 m nutes before addition of pyri 5?ﬁ@g@@8{@§
7.96mmol ) and a sol ution of cycl opentyl
N- (tert-butoxycarbonyl)-5-hydroxy-L-norvalinate (2.0g, 6.64mvl) in DCM
(20nmL). The solution was stirred for 1B hours, concentrated under reduced
pressure and the resjdyal solvent azeotroped with toluene (3 x 30nL). The
resi due vgtermg Ffﬁsjéabﬂith Et 20 (30nL) and 10% Et OAc/ heptane (2 x 30ni).
The conbiGawkraltPocedte Et OAc/ hept ane sol uti ons were concentrated onto silica
and purified by colum chronat @gr aphy (10% 25% Et 0Ac/ heptane) to give the
title intermediate as a clear oi .34g, 55%yield). ESMS: nlz 365 [ MtH t
1H NWR (300 MHz, CDCI3),| 8: 5.25( wH), 5.05 (1H, bg), 3.45 (2H m),

! - :

2.00-1.55 (12H, bm A pEer 830 tert-butvl
@ hel tikle internmedi ate was

N-1(benzvl oxv) car bolty LL- 51 br ormo=t=Torva 2

prepared accordi ng”t & t W& PFf oc BB Bt nedYf o) i Nt eNfreXil at e 36 [ Schene 3]
starting with (4S)-4-anrrp-5-tert-butoxy-5-oRopent an@ acid. ESMs: nlz 409
[ MENar. Internediate 4 Cycl opent vl

(2M 4-brono- 2-f (t ert idpbedtycar bonvnam nol but anoate Br Z.] boc,N O .-11:).
The. title internedi ate was prepar e% aﬁccor?,di ng to the procedure outlined for
intermedi ate 3A [Schene 2] starting%FTH D honoserine. ESMS: miz 351 [ MrH]t
I nt er redi ate 4B:

(9H, ®). 362

Intermediate 2A:
(7R)-8-Cyclopentyl-7-ethyl-2-[{4-hydroxyphenyl)aminol-5-methyl-7,8-dihydropteridin-

I

6{5H)-one

The title intermediate was prepared from Intermediate 1 according to the general
procedure (Scheme 1).

To a solution of (7R)-2-chloro-8-cyclopentyl-7-ethyl-5-methyi-7,8-dihydropteridin-6(5H)-
one [Intermediate 1] (200mg, 0.68mmol) in EtOH (2mL), water (8mL) and concentrated
HCI (0.2mL) was added 4-aminophenol (148mg, 1.36mmol). The reaction mixture was
refluxed for 18 hours and concentrated under reduced pressure. The residue was
partitioned between sat. NaHCO; (20mL) and a mixture of MeOH/DCM (1:3, 20mL). The
aqueous layer was separated and extracted with MeOH/DCM (1:3, 20 mL). The
combined organic layers were dried (MgS0O,) and concentrated under reduced pressure
to leave a brown solid. Trituration with Et,O afforded the titled intermediate as a grey
solid (125mg, 50% yield). ESMS: m/z 368 [M+H]" "H NMR (DMSO-ds, 300 MHz) 8.90
(1H, s}, 8.64 (1H, s), 7.74 (1H, s}, 7.43 (2H, d, J=8.9 Hz), 6.64 (2H, d, J=8.9 Hz), 4.39-
4.29 (1H, m), 4.16 (1H, dd, J=3.8, 7.8 Hz), 3.22 (3H, s}, 1.99-1.54 (10H, m), 0.77 (3H, t,
J=7.4 Hz).



Cvcl ooentyl 5-brono-N-(tert-butoxvcarbonvl)-D norvalinate Br boc,N0O,0 HI O
The title internedi ate was prepared according to the procedure outlined for
i nt er medi hene 4] starting with of

(2R)-5-(b§':?§239?8§§<&§@?'2- [(tert-butoxycarbonyl )ani nol -5- oxdpentanor &3%8i d.
ESMS: mz 365 [MrH]. 31 Internediate 5

(1R, 2S,5R) - 2-i sopropvl-5-net hvl cycl ohexvl (2S)-24(tert-butoxycarbonvfl am nol
-4- oxobutanoate HN O O The title intggnmediate was prepared according to

the procedure outlined bel ow EScherre 52. HO | 1,0,, HN -é-l\/bnt hol , DVAP EDC,
DCM 9 The intermediates in the table below were prepared by methods analcgous to the

method described above.

R1

I
O
e

Intermediate R1 R2 Name ESMS
{TR)-8-Cyclopentyl-7T-ethyl-2-{{4-hydroxy m/z 398
2B -OMe -OH 2-methoxyphenyl)amino]-5-methyl-7,8- (M+H]"
dihydropteridin-6(5+}-one
4-{{7R)-8-Cyclopentyl-7-ethyl-5-methyl-6- m/z 426
2C -OMe | -CO;H | oxo-5,6,7,8-tetrahydropteridin-2-yl] MH]"
amino}-3-methoxybenzoeic acid ]
- -8-Cycl I-7-ethyl-5-methy!-6-
4-{[{7 R}-8-Cyclopentyl-7-ethyl-5-methy m/z 410
2D -Me -CO;H | oxo-5,6,7,8-tetrahydropteridin-2-yl] IM+H
amino}-3-methylbenzoic acid
‘ 4-{[(7R)-8-Cyclopentyl-7-ethyl-5-methyl-6- miz 414
2E -F -COzH | oxo-5,6,7,8-tetrahydropteridin-2-yl] M+H]
amino}-3-fluorobenzoic acid
(7R)-8-Cyclopentyl-7-ethyl-2-[{4-iodo- miz 478
2F -H -l phenyl}amino]-5-methyl-7,8-dihydro .
. [M+H]
pieridin-6(5F)-one

Intermediate 3A:
Cyclopentyl (28)-4-bromo-2-[(terf-butoxycarbonyllamino]butanoate

Br

0



OStage 1 Stage 1- (1R 2S,5R)-2-isopropyl-5-nethyl cycl ohexyl
N-(tert-butoxycarbonyl)-0-1tertbutyl (di nethyl)silylWonoserinate To a
SUSpensi %?%08/050%96 . . PCT/GB2007/003998
N-(tert-butoxycarbonyl)-0-[tert-butyl (di methyGsilyl]-L-honoserine [9 chene 2
Stage 2](6.22g, 19mmol) in DCM (120nm) at OC was added (-)-nenthol (5.85g,
37.0mmol ), DVAP (228ngy, 1.87mmvol) and EDC (3.93g, 20.3mml). The sol ution
was allowed to warmto RT and stirred Bpr a further 18 hours. The reaction

m xture ncent r nder. reduced pressure.. The residue S purified
by “col urm 5o EERe T et Dol R g o Gy B RE bEPE SRR & clear
oil (4.868). 55%yield). ESMS: mz 394 [M:Na]. 32 Stage 2-

(1R, 2S, 5R) - 2-i sopropyl-5-net hyl cycl oheX)(I
N-(tert-but oxycarbonyl)-Lhonoseri nate A, pensi on of _\Sik

(1R 2S, 5R) - 2-i sopropy1-¥- metdapdgycl ohefyl N-(tert-but oxycafbdnyl) - 0-
[tert-butyl (di met hyGsi le -Q8U.Nef¥pser i fiat e (B9BBENPEYOrmol Y in THF / water /
acetic acid (60nL : uS8Ont"" "18REL) wa St ed asiege30C f P urs. The
reaction was diluted wih Et0Ac (60nL) °and washed with sat ONaHCOB sol uti on
(20nm), 1M HC1(30nL) and brine (30nL). The organic | ayer s dried (MgSOH4)
and concentrated under reduced pressure to afford,PSEEhpdusiey3. 459 69%
yield). ESMs: mz 380 [M+Na]Jt Stage 3- :

(1R, 25, 5R) - 2-i sopropyl-5-net hyl cycl ohexyl (2S)-2-[(tert bu Q)%car bonyl )

am no] - 4- oxobut anpat e T, g..5HSRENSI opH Of o' ‘
(1R, 2S, 5R) - 2-i sqpr opyl - 5- eyl cycl ghexyl Neqhmémern§irtoxycat bony1l) -

L- honoser i nate., @(@) T ZEEe0! Joock 20nL)segds OC wars Dess-Martin
peri odi nane (595ng, 54mmol ). Theé' r gacti/on was al |l owed #ogwatdt o RT and
stirred for 3 hours. To the solution was added 1:1 Na2S03/ NaHCC3sat ur at ed
solution (30nL) and the m xture st i¥98efr 15 nin. The organi c | ayer was
separated and t he aqueous |ayer extracted with DCM (2 x 10nlL). The conbi ned

organi c | gyer re ed with 1:1 Na2S03/ NaHCOB sol ution (15nm), dried
(N8504) a gﬁahﬁfﬁ?m@'mﬁ{wm]édé%‘&“ﬁﬁssure to give the gitle)

:\1 % eE gggilm e sgsoeasicmbﬂuhbresaagaé U.o@@?gwgm%l)zh sbéiamitrifszy&hzmm ‘ﬁgﬁas[ xNa]Af 4éH
Cr br - ageediRyb0l AT, pBbmas for Sl afpethy syl cblaros 856, 5 3bpbidh o+

1. 05- 0. 85wésiHHen ajidehpbritnGfe(ér 3lmirditesland. tidEactidrhiziunealioned tdwarBy ol opent yl
4- am no- = but - i 3, The titl

i nter nedi’\g?rgﬁévgté pﬁ%ﬁbﬁ@t@%@'ﬁ%?ﬂbhﬁ%&{%@y 4sﬁ,étg%rd on%é i @edoﬁ& ?Cr?keoé’ 'tﬁlglt%w (Schene
6) . give the product (1.80g, 92% yield). ESMS: m/z 234 [M+H]"

Stage 2- N-(tert-butoxycarbonyl}-O-[ferf-butyl(dimethyl)silyl]-L-homoserine

To a suspension of O-[tert-butyl{dimethyl}silyl]-L-hnomoserine (1.80g, 7.70mmol) in DCM
{100mL) at 0°C was added Et;N (2.15mL, 15.4mmol) and BOC,0 (1.77g, 8.10mmol).
The reaction mixture was stirred at RT for 16 hours. The DCM was removed under
reduced pressure and the residue was re-dissolved in EtOAc (20ml) and brine (10ml).
The EtOAc layer was dried (MgSQ,) and concentrated under reduced pressure to give
the crude product which was taken forward without further purification (2.53g, 99%
yield). ESMS: m/z 356 [M+H]".



Schene 6 Stage 1- Cycl opentyl _ _
N-(tert-butoxycarbonyl)-4-nitro-L-phenylal aninate To a solution of

N (tert - bWOeH0MSNY 1) - 4- ni t r o- L- phenyl al ani ne (1. 00g, EC12GR10tA03098 DV
(10nL) at OC was added cycl opentanol (0.585n, 6.44mmol), DVAP (39ng,
0.32mml ) and EDC (0.655g, 3.39mml). The reaction mxture was allowed to
warmto RT and stirred for a further 16 _hours. The m xture was partitioned
bet ween water (200nL) and EtOAc (200n1_)2.5 The organic | ayer was extracted

with wat eﬁta(gyx%@mlpper_ujyli%der@-bg@@b)armnd)mmﬁt ? ?ugz?mdhugmjﬁ;éb{hgﬁg?@?@% )es tSlCJ)I‘ e.
The resid ; J=Ye g chrom . 3390 .

afford t hgsa\r,%cﬁf&@?&gg “gﬁﬁgfé’é&%ﬁn&wg@%ﬂwﬁdj@g %%éﬂo%& é]ogfc))'ser 53 2 365

[ MkHr . St aégmpl) I (oMLY Bt 0°C was added cyclc|>pen_tanol (1.3_|€_-JmL, 15.3|mn;o_l), EDC]c

4- am no- < f - . ol ution o

cyol opent {1 R (e BRI L P, 16 Pk afld rtburdure,

1. 32mol ) "eys gt Bhbefonepanrenteation yader rqdmzwaresw(em?qua@msmwas Th $ hfe | ask
Feact] on soe e e i B TP L, 1B R T80 s ng
with exceé\flzneé%’ﬂﬁ' gnic ieper was qried(MaRRe @Gmé?ﬁmrateéwMQUeducedduoced_
pressure pressiré.ome rediud wid suriiad 8 B@dﬂnﬂtcﬁroﬁﬁat@gr%}&tggzﬁ%lEt@é@%%&gn%q oyield).
ESMS: m z_33 I_L:}M+ : 500 CDCl 3) 8: 6., 2H, d, = 8.4Hz),

5. 15- 5. 25"“?‘1@? rﬂr%liﬂg& ‘%m’ dESMSmig 402 IM+HE . 40-4. 55 (1H, n), 6. 94(2H,
d, J = 8. 1Hz), 3.62 (2H, br s), 2.97 (2H, d, Jl = 5.7Hz), 1.50-1.96 (9H, m
d 1.44 4 |n l.ate 6B tert - But . .
Z[] am no- I(\géapgr%% 9%?5?%%? kclzya\fr?(g%ﬁgﬁ't?’gf?r HMH‘&P’HHT%@?@ The title internmediate
was pr epah edutimodciiélogentyd M(het-putoxedisory POt lerrayifamhamyshaghene 7). N2

homoserinate (1.57g, 3.90mmol) in acetic acid: THF :water (3:1:1, 100mL) was stirred at
30°C for 16 hours. EtOAc (200mL) was added and washed with 1M Na,COs (10ml), 1M
HCI (10ml) and brine (10ml}. The EtOAc layer was dried (MgSO.) and concentrated

under reduced pressure to afford the product as a clear oil which solidified on standing

(1.00g, 95% yield). ESMS: m/z 310 [M+Na]".

Stage 5 - Cyclopentyl (2S)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate

To a suspension of NBS (1.86g, 10.4mmol) in DCM {16mL) was added a solution of
triphényl phosphine (2.56g, 3.70mmol) in DCM (7mL). The solution was stirred for 5
minutes after addition. Pyridine (0.34mL, 4.20mmol) was added followed by a solution of
cyclopentyl N-(fert-butoxycarbony!)-L-homoserinate (1.00g, 3.5mmol) in DCM (9mL).
The solution was stirred at RT for 18 hours, concentrated under reduced pressure and
the residual solvent azeotroped with toluene (3 x 16mL). The residue was triturated with
Et,0 (10mL) and EtOAc:heptane (1:9, 2 x 10mL). The combined organic solutions were
concentrated onto silica and purified by column chromatography (10%-25%
EtOAc/heptane) to afford the title intermediate (1.02g, 84% yield). ESMS: m/z 351
[M+H]". "TH NMR (300 MHz, CDCly) 5.30-5.05 (2H, m), 4.45-4.30(1H, m), 3.45 (2H, t,
J=7.3 Hz), 2.50-2.30 (1H, m), 2.25- 2.10 (1H, m), 1.95-1.60 (8H, br m) and 1.47 (9H, s).



tbulyl trichlaroacelimdate BF2. OEt 2. cycl ohexane. DCM bocOHSt age 1boo O
NO2NH FI Cubew I-11(g), Pd/C ElIQAc Stage 2boo Schene 7 Stage 1-

t ert - But WO Bbogosadebut oxycar bonyl ) - 4- ni t r o- L- phenyl al ani RET/&BIY740398% ut i on
of N-(tert-butoxycarbonyl)-4-nitro-L-phenylal anine (500ng, 1.61mml) in 66%
DCM / cycl ohexane (30nL) at OC was added boron trifluoride diethyl etherate
(104) followed inmmediately by dropw se addition over 10 m nutes of
tert-butyl trichloroacetimidate (704nm¥% 3.22mol) in cycl ohexane (10ml).
The m xture was allowed to warmto RT and stirred for 30 m nutes before
qguenching with B powder (80ng). The crude m xture was filtered through
Cel i te(rﬁ“"&ﬂae‘?"\g—#%'}lgtrate concentrated under reduced pressure to give a
resi due. tdiputyi2s loxy ¢arbandt dowinop4-bromobbtaoocate ogr aphy (20% Et OAc /
hept ane) to give the product as a yellow solid (320nmg, 54%yield). ESMS:
mz 389 [M+Na]. Stage 2- tert-Butyl Br

4-am no- N- (tert-butoxycarbonyl)-L-phenyl al ani nate St agé 1 product (0.53g,
1. 40mmol ) was dissolved in MeOH (29 to make a 0.05M sol ution. The
tio

sol ution was passed through an gdgeub t i.nuous hydrogenator (Thal es
V\gggerfor med using a 30mm

Nanot echnol ogy, HC-2, SS). The rea
CatCartTm (10% Pd/C) in full H2 node. @ flbow rate of 1nmJm n was nai ntai ned,
with a tenperature of 25C and H2 pressure of 1 bar. The product was el uted

into 2M NaCOH 20 d the MeOH,. d d . Th
;gugous sa]e,ji[tlﬁgﬁef&)gg@ngefﬁgﬁgg\fﬁ?f%{‘g%g%%Qro)%g e%rf;n(.ﬁnu geq%\g{%@%’g{aeor gaﬁi c

| ayers weg)e dried (MgSO4) and concentrated under reduced pressure to afford
the title internedi abe as a yellowoil. (0.15g, 31%yielgd). ESMS: mfz 359
[ MENa] . NVR (300 MHz, [{MeOD) 8: 6. ¥bz{cRidridd] NaOH
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Scheme 3

Stage 1- (35)-3-{[(Benzyloxy)carbonyl]lamino}-4-ferf-butoxy-4-oxabutanocic acid

To a solution of (38)-3-amino-4-ferf-butoxy-4-oxobutanoic acid (800mg, 4.75mmol} and
sodium hydroxide {280mg, 7.1 3mmol) in 25% waterldio'xane (50mL) at 0°C was added
benzyl chloroformate (2g, 4.13mmol) in dioxane (10mL). The mixture was stirred at 0°C
for 1 hour and then at RT overnight. Water (10mL) was added and the mixture was
extracted with EtOAc (2 x 20mL.). The organic phase was back extracted with a
saturated aqueous solution of NaHCOj; (2 x 10mL). The combined agueous layers were



J=8.5 Hz), 6.68 (2H, d, J=8.3 Hz), 4.15 (1H, t, J=5.9 Hz), 2.85 (2H, dd,
J=19.0, 7.2 Hz) and 1.42 (18H, s). Internediate 7A Cycl ooentyl

(2S) - 4- anwOogsI§0eNst - but oxycar bonvl ) am nol but anoat e HN- ax/€B2007/003b¥sH2 The
title internmedi ate was prepared according to the procedure outlined bel ow
(Scheme 8). NHBocNHEl ocPd/ C, H2NHBoc Cir11Br NaN3, DMF, 40C0 AcOH, EtOH, rt
OSt age 10Stage 2 (Internediate 3A) Schene 8 Stage 1- Cycl opentyl

(2S) - 4-azi do-2-[(tert-but oxycar bonyf| adf no] but anoate To a sol ution of

cycl opent ydidifietbth pft PwOMHdI( Aref dxtrBtb@WitE Eltdm@w A BOFhDOTRIERRSHE

(0. 53g, - 1HBSREvYs e e (e Ardseniied i st st te

concent r atesidus nde purifed uyediupireshsamstograpiey (36% EtORCH@Htapa) tigiveared bet ween
Et 20 (100

vashed i ORCedES @t ABreg. o) FRuR FR0nds R Lo gson) - and

concentrated under reduced pressure to give the product as a yellow oil
(1.05g). Stage 2pfapicRidyl Nefilsenagloxl)oarbdrodjil-hamasednatpuri fi cati on. ESMS: mlz 335

MtNa
EZS) ]4 aﬁ%%g@?{% erft(%)%_g@%?%g%ca 4 am'T?JuAf"{fﬁbbautt%(y cXSPUIaPAIE RS of crude
cycl opent {00HaS). Smmgf) dtﬂrﬁiycﬂrpueﬂ'HFmwmeb)smwlmﬁjdedtWt?@L (1.05g,
2.90 | d Th
2,20 ) e A2k B ALE S S RSl RS ey R ) T
was addedfor Theuns Kteusolid farnef Was Iﬁ&de@oﬁan@wametdwum TH®gEn10mld). Thenal |y
o111 1o UGG APaRGLS 0% il SRR BT Blo A g5 S
concent r a@\@ammﬂms@wn@ualm@dmmm TFh%T rhei rliiairevas plitredifoi amed bet ween
Et 0Ac (5O0meltioRBich fdtirs. ﬂN@% tmoVtlfeARALEd AUSIuER HEREqLCd. vashed

with brine 50rrL dried oncentr at under pressure

to | eave \aawlut vith waterr(iPm ) @8‘9(8%"‘1}8‘" savithi Uit antbexdgetep mith E94@nmoni a :

5% MeOH i @ XMy, ahé %lﬂ&ﬂe& b@aﬁ;btrﬂaet.dn@waﬁgmwuﬁmm S@Jébfukﬁﬁ@hp' | (638ny,
8%y|eld gver 2. s M-lz, CDClI 3) 8:

5. 55 ( 1H, (1BmLyyvates (Eﬁnl()ﬁqd briye (W'@% Y@H’rgfm'c 'azefs'iaS(dmd (MpSOg ad (21, " m)
1. 81- 1. 55cdn@khtratidd @Haedr deddbed eksure to give the product as a clear oil (0.3g, 51% yield).

ESMS: m/z 332 [M+23]".

Stage 3- fert-butyl (25})-2-{[(benzyloxy)carbonyljamino}-4-bromobutanoate

To a solution of NBS (520mg, 2.91mmol) in DCM (10mL} was slowly added a solution of
triphenylphosphine (0.71g, 2.72mmol) in DCM (10mL). The mixture was stirred at RT for
5 minutes before pyridine (94uL, 1.16mmol) and a solution of ferf-butyl N-
[(benzyloxy)carbonyl]-L-homoserinate (0.30g, 0.97mmol} in DCM {20mL) were added
dropwise. The mixture was stirred at RT for another 18 hours. The solvent was removed
under reduced pressure, the residue was azeotroped with toluene (2 x 15mt.) and
triturated with Ei;0 (2 x 25mL) and 10% EtOAc in heptanes. The filtrate from the
triturations were combined and concentrated under reduced pressure. The crude
product was purified by column chromategraphy (15% EtOAc/heptanes) to give the title
intermediate as a clear oil (0.16g, 44% yield). ESMS: m/z 395 [M+23]"*, 'H NMR (300
MHz, CDCl,}, 8 ppm 7.38-7.30 (5H, m), 5.40 (1H, d, J=6.8Hz), 5.12 (2H, s}, 4.38 (1H, q,
J=7.7Hz), 3.47-3.38 (2H, m), 5.49-2.33 (1H, m), 2.28-2.13 (1H, m) and 1.48 (9H, s).



S). Internmediate 7B Cycl opentvl N2-(tert-butoxvcarbonvd vsinate

C. 11-oriWNH2 The title internedi ate was prepared according to the procedure
out | i ned Wekes®ehene 9). 1 Pd(OH)2 /| C. H2 Stage 2PETEBAeN7/0pMBocC
CNH2 0 37 Stage 1- Cycl opentyl

N6- [ (benzyl oxy) car bonyl] - N2- (tert - but oxycarbonyfllysinate To a sol ution of

/ s6- Kbenzyl oxy) car bonyl | - N2-(tert-but %car bonyd ysine (1.00g, 2.63mvl) in
anhydrous DCM (20n.) at 0C was added P (32nmg, 0.26nmol), cycl opentanol
(0. 48nm, lﬂtﬂ'ammtt)mnd EDC (552rrg, 2. 89mm|) The reaction was allowed to
Irs. The m xture was dil uted
T 0 T D . The organic |ayer was dried
(MgS™) and concentrat ed under reduced gﬁressure to give crude product as an
oil (1.18g, 100%yield) which was use thout further purification. ESMS:
mz 471 [ M+Nar. Stage 2- Cyclopentyl N2-(tort-butoxycarbonyl)lysinate

boc.
ocﬁ OO
0

The title intermediate was prepared according to the procedure outlined below (Scheme

4).
O O\/© o 0\/© 0 OH
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Scheme 4

Stage 1- 5-Benzyl 1-cyclopentyl N-(tert-butoxycarbonyl)-L-glutamate

To a solution of (28)—5—(benzyloxy)-z-[(tert-butoxycarbonyl)amino]-5-oxopentahoic acid
(159, 44.5mmol) in DCM (220mL) at 0°C was added cyclopentanol (4.8mL, 53.3mmol),
EDC (9.4g, 48.9mmol) and DMAP (543mg, 4.4mmol). The reaction mixture was allowed
to warm to RT and stirred for a further 12 hours. The reaction mixture was diluted with
DCM (200mL) and washed with 1M HCI (50mL), 1M Na,CO; (30mL} and brine {50mL).
The organic layer was dried (MgSQ,)} and concentrated under reduced pressure. The
residue was purified by column chromatography (25% EtOAc/heptane) to give the
product as a white solid {12.4g, 69% yield). ESMS: m/z 406 [M+H]".



To a solution of cyclopentyl

N6- Roenzyl oxy) car bonyl kN2- (t ert - but oxycar bonypl ysinate (1.18g, 2.63mml) in
et hanol (®eoose®owar ef ul | y added pal | adi um hydr oxi de orpCEGBmI7/(0B8%81y,
209/ w) under an atnosphere of nitrogen. The reaction m xture was evacuat ed
and placed under an atnosphere of H2. This was repeated a further two tines
and the reaction allowed to stir under and atnosphere of H2 for 2 hours.
The reaction mxture was filtered throdgh Celite(r) and concentrated to

DVED) B Bt T e B b e 00 (1 ).
2 55, 2. 900 BEIN ycycbpas Bltorbponcapny b apatate (2 SndoBmaShasy (11K, .
| nt er medi dissohddlin E€DAC (EI;ODML) é’ndq:)wd;émgiﬂ‘t Mirogen befozriI agircri]ition of FTd{OI_-[)g on g
(2S,4S)-4-am nopyrro) Ldipe-1, 2-di carboxvl ate e title internediate
was pr epa?%gE %E%%'Y%RLSQT% % W@f"%p c&athon ﬂl@%f W?%Eﬁ"ﬁ&f%%%&%@ﬁ?ﬁe’i@aﬁ 38 HO
EDC, DVAPioDgpeopboltSaminlies Deldre lBdyitkiuRddrtalidjlodtyafl hytmgen tor Baolitsx TIMBoC St age
2NBoc H6 l:atalyst was removed by filtration through Celite®, washing thouroughly with EtOAc

(50mL). The solvent was removed under reduced pressure to give the product as a clear

oil (7.73g, 85% yield). ESMS: m/z 316 [M+H]".

Stage 3- Cyclopenty! N-(tert-butoxycarbonyl)-5-hydroxy-L-norvalinate

To a stirred solution of 1-cyclopentyt N-{tert-butoxycarbonyl)-L-glutamatic acid (6.73g,
21.4mmol) in THF(150mL) at -20°C was added NMM (3.05mL, 27.8mmol) and ethyl
chloroformate {2.45ml_, 25.6mmeol). The reaction mixture was stirred at -20°C for 2
hours. The solid was removed by filtration was added dropwise over 20 minutes to a
solution of sodium borohydride (2.43g, 64.1mmol) in THF (20mL) and water (5mL) at
0°C. The reaction mixture was allowed to warm to RT and left for a further 4 hours. The
mixture was acidified to pH 5 with 1M HC! and the THF removed under reduced
pressure. The aqueous solution was extracted with EtOAc (3 x 100mL), dried (MgS0,),
and concentrated under reduced pressure. The residue was purified by column
chromatography (0-5% MeOH/DCM) to give the product as a clear oil (5.0g, 78% yield).
ESMS: m/z 302 [M+H]". |

Stage 4- Cyclopentyl 5-bromo-N-(ferf-butoxycarbonyl)-L-norvalinate

To a suspension of NBS (3.54g, 19.9mmol) in DCM (30mL) was added a solution of
triphenylphosphine (4.87g, 18.8mmol) in DCM (15mL). The solution was stirred for a
further 5 minutes before addition of pyridine (644uL, 7.96mmol) and a solution of
cyclopentyl N-(fert-butoxycarbonyl)-5-hydroxy-L-norvalinate (2.0g, 6.64mmol) in DCM
{20mL}. The solution was stirred for 18 hours, concentrated under reduced pressure and
the residual solvent azeotroped with toluene (3 x 30mL). The residue was triturated with
Et;0 (30mL) and 10% EtOAc/heptane (2 x 30mL). The combined E£,0 and
EtOAc/heptane solutions were concentrated onto silica and purified by column
chromatography (10%-25% EtOAc/heptane) to give the title intermediate as a clear oil
(1.34g, 55% yield). ESMS: m/z 365 [M+H]". 'H NMR (300 MHz, CDCI3), &: 5.25 (1 H, m},
5.05 (1H, bd), 3.45 (2H, m), 2.00-1.55 {12H, bm) and 1.45 (9H, s).



ii1) NaN3, DWMF, 55 CStage 3 F1211 parokii, EtOH, THF, H2, rt Stage 4
Schemre 10 Stage 1- 1-tert-Butyl 2-cyclopentyl

(2S, 4R) - VO RSHFIOKY) pyrrol i di ne-1, 2-di carboxyl ate To aPEHGBRIGHIFS

(4R) - 4- (benzyl oxy)-1-(tert-butoxycarbonyl)-L-Proline (5.06g, 15.7mmol) in
DCM (50nm.) at OC was added cycl opentanol (2.9nL, 31.4mol), DVAP (192ng,
1.60mmol ) and EDC (3.32g, 17.3mmol). The reaction m xture was allowed to
warmto . RT and stirred for a further3%18 hours. The mixture was washed

w th sat, Na2CO3(30mL), 1M HCI (30nL) and brine (30nL). The organic |ayer
was dri edn(elivﬂgsm)emd concentrated under reduced pressure to | eave a pale
yel | ow Oltl P f aphy (15% Et OAc/ hept ane)

af f or ded ‘ S StFTes (5. 219, 85%yield). ESVMS: mz 412
[ MtNar and 801 [2I\/HrNar St age 2- 1 tert Butyl 2-cycl opentyl

(2S, 4R) - 4- hydr oxypyrrolidine-1, 2-di caBboxYl ate To a sol ution of

1-tort-butyl 2-cycl opentyl (28 4R) - 4- (benzyl oxy) pyrrol i di ne-1, 2-

di carboxylate (5.21 g, 13.4 mol) Et OH: cycl ohexene (5:1, 120 nlL) was
carefully added pal | adi um hyg;r%m e og carbon (521ng, 20%v/ w) The reaction
m xture was evacuated and fl Us ) trogen 3 tines and refluxed for 21
hours. The reaction m xture was I1’i|t3ere through Celite(r) and the filtrate
was concentrated under reduced pressure to | eave a pale yellow oil.
Purification by colum chromatography (50% Et OAc/ heptane) afforded the

product %&ltiﬁﬁt&n@d% Rhd pk%aré@&ccé’r@iﬂf{%’hé btbced RSWRHlingd or MskmbdibteNa] . 39

St 3- tert-
(28025) - 4% 5hes PLering DL Raagng e Bpioay-froxapestangieasib BRYSAIY To o
sol uti on 4y +Nart - butyl 2-cycl opentyl (2S, 4R)-4-hydroxy-pyrrolidine-1,2-

di car boxyl ate (3.07g, 10.3mml) in DCM (100nL) at OC was added Et 3N

Intermediate 4A:
Cyclopentyl (2R)-4-bromo-2-[(ferf-butoxycarbonyl)aminolbutanoate

Br

boc.., A0
Ocﬁ/\er

0

The title intermediate was prepared according to the procedure outlined for intermediate
3A [Scheme 2] starting with D-homoserine. ESMS: m/z 351 [M+H]".

Intermediate 4B:
Cyclopentyl 5-bromo-N-{tert-butoxycarbonyl)-D-norvalinate

S
boc\E/’\lOrO\O

The titie intermediate was prepared according to the procedure outlined for intermediate
3C [Scheme 4] starting with of (2R)-5-(benzyloxy)-2-[(tert-butoxycarbonyljamino]-5-
oxopentanoic acid. ESMS: m/z 365 [M+H]".

Br



(2.90m., 20.5mmol), DVAP (125ng, 1.02mmol) and net hanesul fonyl chloride
(0.87m., 11.3mmol). The reaction m xture was allowed to warmto RT and
stirred @O 2Do$ien0896 The m xture was washed with water (3EI/GBAATIOEPINE
(50nm.). The organic |ayer was dried (MJSO) and concentrated under reduced
pressure. The residue was dissolved in DVF (100nL) and sodi um azi de (100ng,
15. 5mmol ) was added. The reaction m xture was stirred at 60C for 3 days,
allowed to cool to RT and partitioned Bétween water (200n) and Et OAc
(200M.) . Hherntediseisc | ayer was separated, washed with brine (200m.), dried

(MS™) and concentrat ed under a pal e yellow oil.
Puri fi cat HEhePHIR ¢ EES W les e Rl ifoi4z ded t he
title co a coI ourless oi | (3 269 98%y| el d) ESVMS: nfz 671

12M+Nar Stage 4- 1-tert-Butyl 2-cycl opent/ydT
(2S, 48) -4-am nopyrrolidine-1, 2-di carboxyla

2-cycl opent yl o
(2S,43)-4-(215-triaz-1-en-2-yn- pylroli dithel, 2- di car boxyl ate (3. 26g,
10.0mmol ) in EtOH: THF (5:1, 120 Oadded pal | adi um hydr oxi de on car bon
(326ng, 20% w w). The reaction m xtuge was evacuated and placed under an
at nosphere of H2. This was repeated a further two tinmes and the reaction
al | oned t dhatitierintgrrcktiatames atapagshascerdoig tbithef procetiBreheudined Pelowr (Sgbeman

m xture wg VB filtered through Celiteand the filtrate was concentrated under

a solution of 1-tett-butyl

reduced pressure to leave a pale yellow oil. Purification by colum

chr omat ogr aphy (5-10% MeDH,DCM afforded the title inferjpediate as a thick
colourless oil (1.34q, al(I el @)Mentﬁﬁbﬁkp mz 299 [ MN"- nd 597 [ 2MrNa]t
1H NWR (300 MHz, C0XJ 8527 5.805. 90, ), d1H m,

3.75-3.63(1H, m), 3.57-3758(2H Mg, 3, 31-3. 22 H 8m . 2.52-2.43(1H, m and

1.91-1.38 (15H, n). 90 | atter medi at & 9 Cycl opent v[— /I\I
3-(1-(2-am noet hvl) pi peri - 4-yl 1- Ndt er t - but oxvcar bonvnial ani nat e

boc. .NHN,--,..."- Nl-gcﬂeﬁ,gzg;gel'pe title internedi atejwas prepared according
to the procedure outlined bel ow (Scheme 11). {PesgoMarti N DCM st age 2a
STAB/ DOE  stage 3 acon | Stase2

. Q
i J< Dess-Martin P ,|<
HN” >0 HNT 'O
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o L bem 71)\/\
T e \O’o
\O’I_o Stage 3
Scheme 5

Stage 1- (1R,285,5R)-2-isopropyl-5-methylcyclohexyl N-(tert-butoxycarbonyl)-O-{fert-
butyl(dimethyl}silyl]-L-homoserinate

To a suspension of N-(terf-butoxycarbonyl)-O-{tert-butyl{dimethyl)silyl]-L-homoserine
[Scheme 2 Stage 2] (6.22g, 19mmol) in DCM (120mL) at 0°C was added (-)-menthol
{(5.85g, 37.0mmol), DMAP (228mg, 1.87mmol) and EDC (3.93¢g, 20.3mmol). The solution
was allowed to warm to RT and stirred for a further 18 hours. The reaction mixture was
concentrated under reduced pressure. The residue was purified by column
chromatography (20% EtOAc/heptane) to give the product as a clear oil (4.86g, 55%
yield). ESMS: m/z 394 [M+Na]’.



H1/ Pd( OR) 2boo hoc. NH Et hanol Schene 11 Stage 1- Benzyl

4-(2-[(tert-but oxycar bonypam no] - 3- (cycl oPent yl oxy) - 3- oxoPr oPyl |

pi peri di VEO200845198&y| ate To a sol ution of PCT/GB2007/003998

3- (1- Rbenzyl oxy) car bonyl i pi peridin-4-yl1l}-N-(tert-butoxycarbonyl)al ani ne
(250nmg, 0.62mml) in DCM (5nL) at OC was added cycl opentanol (0.11m,
1.23mmol ), DMVAP (9.6ng, 0.06mmol), and EDC (180ng, 0.68mmol). The reaction
was allowed to warmto RT and stirred 3%r a further 16 hours. The reaction
m Xt ure Vgage 2l (1HRe2IS, BR}-b-istptopyl-5-Be tyicyadtix it fert-badrycarbohipLaqueous | ayer
was re-extracted with Et0OAc (2 x 30nL) and the conbined organic |ayers
washed wi P4PEMES dried (MySO4) and concentrated under reduced pressure to
gi ve cr udk spspedsion of AARE)5RF2-B0ptopy!S-ddthylbyctdnew dV-{isretiutakytchtonyl}-0r t her
purificatj VE; 7! :  aai
N (tert iy Bendlivir-Rombidtme d bort el (HHET AR boetic sct
N-(t ert - bE0oky 6ambon§OmLBags heataddit 302C for 20 heuracThedgastign v@s Tilviad wWith | n

ethanol (s@al (g@ﬁnlﬁ)spd%é%la?mﬁﬁg%gdagﬁd%y% ngﬁl_g,xmﬁc@(soﬁas BRUbAfR8TY, 20%

w w) under an ere o i n mxture was evacuated
and pl ace@0mhtdhe groagictewssmes dried (MgBO.randcangentraedundes redured PIREIU? wo t i mes

and the rgaghidqRe a#dd%ﬁd.4fselfs§%iﬁesdané9m$%& fowsREEre of H2 for 3 hours.

The reaction mxture was frltered through Celiteand concentrated under
reduced pressure to give the product (250ng, >100%yield). ESMS: mz 341
[ MtHr . St age 2a- Benzyl (2-oxoethyl)carbanmate

Stage 3- (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl (2S)-2-[{tert butoxycarbonyl)
amino]-4-oxobutanoate

To a suspension of (1R,23,5R)-2-isopropyl-5-methylcyclohexyl N-(tert-butoxycarbonyl)-
L-homoserinate (500mg, 1.40mmol) in DCM (20mL) at 0°C was added Dess-Martin
periodinane (595mg, 1.54mmol). The reaction was allowed to warm to RT and stirred for
3 hours. To the solution was added 1:1 Na;SO3 / NaHCQ; saturated solution (30mL) and
the mixture stirred for 15 min. The organic layer was separated and the aqueous layer
extracted with DCM (2 x 10mL.). The combined organic layers were washed with 1:1
Na,SO0; / NaHCO; solution (15mL), dried (MgS0,4) and concentrated under reduced
pressure to give the title intermediate as a colouriess oil (480g 97% yield). ESMS: m/z
378 [M+Na]". '"H NMR {CDCl;) &: 7.90 {1H, m), 5.30 (1H, d J=4.7Hz), 4.70-4.57 (2H, m),
4.45 {(1H, br. s), 2.92 (2H, t, J=5.7Hz), 1.91-1.68 (6H, m}), 1.58 (9H, s}, 1.05-0.85 (4H, m)
and 0.66 (6H, d, J=7.0Hz).

Intermediate 6A
Cyclopentyl 4-amino-N-{fert-butoxycarbonyl}-L-phenylalaninate

boc\{}11 00
0]



To a solution of benzyl (2-hydroxyethyl) carbamate (210ng, 1.08mmole) in
DCM (3nlL) at -78C was added Dess-Martin periodinane (504ng, 1.19mmole). The
reaction dto warmto RT and stirred for a fur rs. The
reaction %’SZO%L ed by the addition of a saturated solw{%ﬁ%’(??’&%?is
Na2S03/ NaHCO3 (20mL) and then extracted with DCM (3 x 30nL). The conbi ned
organics were dried (MJSO4) and concentrated under reduced pressure to give
the desired product (150mg, 70%yi el d) swhich required no further
purlflcatlon 11-1 NVR (300 MHz, CDCI3) 8: 9.59 (1H, s), 7.28-7.30 (5H, m,
5.06 (2H, gja tl%@tem%atems paepajedsamgng tgttlaﬁggogedutg,%qtyﬁgrﬁeigw (Scheme
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N- (tert-but oxycar By ™) tedemieper i di n- 4- "hi nate (250mmy, bl ) in DCE
(5nL) was added p@wazyl (Bwoxoet hyl ) c t e Hid.Bdampac 0. 67 . The
reaction wasvellqued t o sajehl for 36 d thenSTAB . 01lmmol)
was added. Thefreaaction was sti rred”fo urther 16 hours and-hen

guenched by the addition of sat. NaHCO3 sol ution (10nml). The m xture was
extracted with DCM (3 x 30nmL), the organic |ayers conbined, dried (My504)
and concentrated under reduced pressthend ® gi ve the product (240ng, 69%

yield). ESMS: mz 518 [MH. Stage 4- Cycl opentyl

341- (2-am noet hyl ) pi peridin-4-ylj-N(tert-butoxycarbonyl)al aninate To a

sol uti on Stagey.|Oypepdéntyl N-(tert-butoxycarbonyl)-4-nitro- L-phenylalanmate

341-( 2- b J 4- - t -.but b
J1) 2l ant nb 8 Bute e R Gratlrd PoPeugead it geRpandtiea < "
[ I adi unDi 11Ol pt 000 rakdded taBoIo uredesmrasl), DNER f
P\?trggleﬁ 'Z;gd ma)([?l gy %ur éﬁﬂsgign\z/a tf?tsgbmand "I]rgcc)a undpim;grel Ot nosphere
of ' 1oo TP Sialeh 3 Bl (b Soimefed it fsboriBteds BSE AR i T ohog
to stir uRJandafiret fops plrtbee!®houn. Trmrmnmukmwasparmdnadﬂ)latweepwateron of
| 1 adi 4 t
el rred. 200 PAIECDL (GR0A"phe e Eyeh bl oMRR BRI AN P2 "
through Cefied @{aSPband mn@ém@mr@mr Lﬁdemd pressuca d hpresiduewas purified by t he title

i nt er medi I tvl
0-14-(am g%rreé%&fgﬁgiogﬁw te ut oxv to onv%e@g%o?rg%égnateh&pm?'het tle

i nt er nedi &t E29.88% feéﬁa'i%"dsa‘é |INUHEI0 the procedure outlined bel ow (Schene
12). ci 10% Pd/ C, EtOH

Stage 2- Cyclopentyl 4-amino-N-({tert-butoxycarbonyl)-L-phenylalaninate

To a solution of cyclopenty! N-(tert-butoxycarbonyl}-4-nitro-L-phenytalaninate (480mg,
1.32mmol} in EtOAc (10mL) was added 10% Pd /C (48mg, 10% w/w). The flask was
evacuated and put under a hydrogen atmosphere for two hours. The reaction was
evacuated and the mixture filtered through Celite®, washing with excess EtOAc (20mL).
The filtrate was concentrated under reduced pressure to afford the title intermediate as a
pink oil (432mg, 98% yield). ESMS: m/z 335 [M+H]". "H NMR (300 MHz, CDCl;) &: 6.62
{2H, d, J = 8.4Hz), 5.15-5.25 (1H, m, CH), 4.95 (1H, d, J = 4,2Hz), 4.40-4.55 (1H, m),
6.94 (2H, d, J = 8.1Hz), 3.62 (2H, br s), 2.97 (2H, d, J = 5.7Hz), 1.50-1.96 (9H, m) and
1.44 (9H, s).



Schenme 12 Stage 1- Benzyl (4-hydroxybenzyl)carbamate To a suspension of

4- (am nonet hyl ) phenol (300ngy, 2.44mvol) in 10% THF/ H20 (10nmL) was added

NaHCO3 ( mol ). The m xture was cooled to 0C

benzyl chio asosondd (3444, 2. 44mol) added slowly. The Pefigromonsoon

for 1.5 hours at RT. The reaction m xture was partitioned between water

(40mL) and EtO0OAc 43 (40nmL). The organic | ayer was separated and the

aqueous |ayer was re-extracted with EtfdAc (20nL). The conbi ned organic

| ayers re driigﬁﬁé%/gSM) and concentrated under reduced pressure. The

resi due BErPed ed with heptane to afford the product as a white solid

(610nmy, QéABuhvei-adinindBiEr-buloxyeibo heBylalaeindte

(S)-4[ 4- (Benzyl oxycar bonyl am no- et hyl ) - phenoxy] - 2-tert but oxycar bonyl

am no-butyric acid cyclopentyl ester To a solution of benzyl

(4- hydr oxybenzyl ) car bamate (150ng, O0.58sqpeNHin DMF (5nl) was added

pot assi um car bonate (107ng, 0. 77mmol) cycl opentyl (28)-4-brono-2-

gt ert - but oxycar bonynam no] but anoat g ernmedi ate 3A] (219ng, 0.64mol).

The reaction was heated for 20 fpurd atn60C. The reaction m xture was

concentrated under reduced pr essurﬁ alfd then partitioned between water

(30nL) and Et0Ac (30nmL). The aqueous Dayer was extracted with Et0Ac (20nl)

and the conbi ned organic |ayers were dried (MgJSO) and concentrat ed under

reduced pressure. The residue was purified by colum chromat ography (10-50%

Et 0Ac/ heptrnal internfdfats Was pepaed ducdrding fdtie probédtrgioatlidgd b&SKBchefne 527

[ MMFHr St age 3- Cycl opentyl

044- (am nenet hyl ) phenyg- N- (t ert - but oxycar bonyl) - Lhonposerinate To a sol ution
o} N

of NQ, 0, 2

(S)-444-( Senzyl car QBB ENIEcet hyl ) -

butyric acid gycl opentyH—ester—(250ng, . I

a siurry B PHAN 50my, 26 W w) i PENOPCRRE) .
H2 at nobsphere for 2 h8urs.

cuat ed

and put undér e reaction nixtufe aa
filtered through Celite and washed with ethanol (15nL). The filtrate was
concentrated under reduced pressure to afford the title internediate
(110mg, 59%vyield). ESMS: miz 393 [QEM® ‘1H NMR (300 MHz, CDCI3) 8: 7.21
(2H, d, 8.1Hz), 6.84 (2H, d, J=8.4Hz), 5.38 (1H, n), 5.22 (1H, n), 4.42

R L NSt
0- 14- ( ami Twaeslbidn) gf eutledbutdx e denivd-t phbnyiaidriing (390mgsb61meok irHN- Cbz

66% DCM / cyclohexane (SOmL) at 0°C was added boron trifluoride diethyl etherate

(10uL) followed immediately by dropwise addition over 10 minutes of terf-buty!

trichloroacetimidate (704mg, 3.22mmol) in cyclohexane (10mL.). The mixture was

allowed to warm to RT and stirred for 30 minutes before quenching with NaHCO,

powder (80mg). The crude mixture was filtered through Celite®and the filtrate

concentrated under reduced pressure to give a residue. The residue was purified by

column chromatography (20% EtOAc / heptane) to give the product as a yellow solid

(320mg, 54% vield). ESMS: m/z 389 [M+Na]".

Stage 2- tert-Butyl 4-amino-N-(ter-butoxycarbonyl)}-L-phenylalaninate
Stage 1 product {0.53g, 1.40mmol) was dissolved in MeOH (28mL) to make a 0.05M
solution. The solution was passed through an H-Cube™ continuous hydrogenator

" (Thales Nanotechnology, HC-2, $8). The reaction was performed using a 30mm
CatCart™ (10% Pd/C) in full H, mode. A flow rate of 1mL/min was maintained, with a
temperature of 25°C and H; pressure of 1 bar. The product was eluted into 2M NaOH



O NH2 The title internedi ate was prepared according to the procedure
outlined bel ow (Schene 13). HN,Cbz O ->r,0 NH2 Schene 13 Stage 1-

tert- But yWwd Zhobysioaxybenzyl ) carbamate To a sol ution of  pC1/GB2007/003998

4- (am nonet hyl ) phenol (200ng, 1.62nmmol) in MeOH (2.5nL) was added sodium

bi carbonate (476ngy, 5.68mmvpl) and BOC20 (390ngy, 1.79mmvol). The sol ution was
stirred at RT for 72 hours. The reaction m xture was partitioned between
wat er (20nmL) and Et OAc (20nl). The orgasic | ayer was separated and the

) _ r
wre dri 'e3”?’“%%2&%%@@Eﬁﬂz%%dﬁﬁd?ﬁﬁﬁ?&?ﬁ%%&iﬂgsﬁ%@a@@g@ e he ™
product a&§xtEadRs WisWEIBAC (2 3@0m) TheSmebinet 2rozpit [4yers-were dried (MgSO,) and

concentrated under reduced pressure to afford the title intermediate as a yeliow oil.

(0.15g, 31% yield). ESMS: m/z 359 [M+Na]". 'H NMR (300 MHz, MeOD) §: 6.97 (2H, d,

J=8.5 Hz), 6.68 (2H, d, J=8.3 Hz), 4.15 (1H, t, J=5.9 Hz), 2.85 (2H, dd, J=19.0, 7.2 Hz)

and 1.42 (18H, s).

Intermediate 7A
Cyclopentyl {2 S)-4-amino-2-[(tert-butoxycarbonvllaminolbutanoate

HN,boc
YO~
6]
The title intermediate was prepared according to the procedure outlined below (Scheme
8).
NHBac NHBoc Pd/C, H, NHBoc
O\r(k/\‘ NaN,, DMF, 40 °C OTKK/\ AcOH, EIOH, nt om/l\/\NH
Br N, ——— ' < ’ 2

O/ 0] Stage 1 - G/ o) ? Stage 2 o]

{Intermediate 3A)

Scheme 8

Stage 1- Cyclopentyl (2S)-4-azido-2-[{tert-butoxycarbonyl)amino}butanoate

To a solution of cyclopentyl (28)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate
[intermediate 3A] (1.00g, 2.90mmol) in DMF (30mL) was added sodium azide (0.93g,
14.3mmol}. The reaction mixture was sfirred at 40°C for 32 hours and concentrated
under reduced pressure. The residue was partitioned between Et,O (100mL) and sat.
Na,COs (100mL). The organic layer was separated, washed with sat. Na;COs (100mL),
and brine (100mL), dried (MgSOQ,), and concentrated under reduced pressure to give the
product as a yellow oil (1.05g). This product was used without further purification. ESMS:
miz 335 [M+Na]"



45 Stage 2- tett-Butyl

N-[ (benzyl oxy) carbonyl] - 0- (4-{Rtert-but oxycar bonyl )am noi net hyl)

phenyl) - kvdnosmsmsobeat e Procedure as in Stage 2 Schene 1PCTYSB2)7i0H988 nedi at e
3B. ESM5: nfz 515 [M+Hr. Stage 3- tett-Butyl

014- (am nonet hyl ) phenyl j - N- Roenzyl oxy) car bonyl i - L- honpserinate tett-butyl

N- Kbenzyl oxy) car bony1J-0- (4- ([ (tert-buytoxycarbonyl)am no] nethyl)

phenyl) - Lhonoseri nate (200ng, O. 39mml3ﬁ was di ssolved in 4M HC / di oxane
(1.5mM) @pshest-caycrRg e,q;n (0S)-4-amir2-[tierttutsycafbenyhemtpjtotaneatet ure was filtered

it Bt 08 eriie) oEfiies RSl R FaaRp st Bl RAFTuOREatate O T o

aqueous l(apsg, AEEeol} inatiand! (BDinb) EeDadsied Soxticladin (0-18mY. 2RBMBWHLIfed or gani cs

were dried and .c F ord the
e | e e 3L ﬁ%?ﬁ+%%§“‘oﬁﬂﬁg¥fsé’3%8%f1%%?‘”593@39‘1%2 224

[ MFHL. 1H TNbmikt3@0vddHiush@DElidEs Bith Titragen 3 ﬁrg?y stvreﬁgmézwn mosgpiigre; 6. 83
2H, d, 3Hz dpadiof J=5. 3Hz

57 0u( o1, TGRS Dot i, T repfinkk it i it f"*e?e‘“““““;gz*?nfzrﬂed. A
1- Benzvl Czaiate?cahdm'aﬁlwate p&apépmtﬁ@teiﬂnéﬁf(f%#%ﬁ%?f eBifYs W3S nt er medi at e

el 14 Sch
15" e A O i, ool e e mclonenes ). S

c
pi per azi wepara@d.;;wwhagiawﬁdyw gg(gnl:podrgdgwpgge)oﬂ%&ﬁoncentrated under reduced
1- (benzé'i ggs%)&t%ﬁ vl stidw bl EkiniRISLA Y eAUMARMONRItGREaEtYi (2%-anreenidOxy| i ¢ aci d

(1.00 s adde 00 _,

5. 70rrm)l )5% MB@"(‘G(P}T'M) af@""f&’rfﬁ%?'te'ﬁﬁanﬁﬁﬁﬁaf 35 r?%’ dg’% ég(r%rtgr%}f@%ﬁ%égeactl on

m )o(lt urg v&g@g{ebg)e%ﬁw nﬂzgzﬁw+ﬂ]*afH RWR {360 MH® Cﬂﬂ?&be‘ins 56 ¢thhbed), unde(r]I
reduced pressure e crude_re t an
washed wi %81 (¥, Py 483 6. yn). 41 ?@g@ﬁ%ﬁbﬁ lr‘1§? ngﬁ(’%ggmcﬁﬁg% ‘or gani ¢

| ayer vvass)_drl ed (MJS™) and the sol vent renoved under reduced pressure to
give the product (1.23g, 95%yield). ESMs: mz 433 [ MtHr. Stage 2- 1-Benzyl
2-cycl opentyl piperazine-1, 2-dicarboxylate 1-Benzyl 2-cyclopentyl

pi per azi natekmediite ZBboxyl ate (200ny, 0.39mmwl) was di ssol ved in 4M

HC / di Oxage!g 3.%2;lﬁﬂdgrﬁgutogfrtc%oﬁ@}'%%t@r 1 hour. The reaction mxture was
concentr afford the title internediate as a
colourless oil (145ng). ESMS: mz 333 [ MtH +. 1H NVMR (300 MHz, CDCI 3) 8:
7.20-7.28(5H, m, 5.16- 5.17 (1H mM, 2:01-5.09 (2H m, 4. 49- 4. 60 (1H, m,
3.82 (1H, t J=14.8Hz), 3.43 (1H, t JH12.9Hz), 2.26-3.12(4H m and

1.51-1.76 (8H, m. 47 Inter 2-cycl opentyl
4- (2- am noet hyl ) pi per azi ne- 1, [ caoboxvl ate 2

The title intermediate was prepared according to the procedure outlined below {Scheme

9).

EDC, DMAP
,boc N bos

_ Cydlopentanal, DCM__ JOL
\n)\/\/\ JL /\@ stage 1 O’ YJ\M ’\©

Pd{OM), / C, H, | Stage 2
Ethanol

T

Scheme 9



NH2 Cbz The title internedi ate was prepared according to the procedure
outlined below (Schene 15). Internediate 12A Schene 15 Stage 1-

1-t ert - Buwy 2088/¢59¢d60pent yl PCT/GB2007/003998

4- (2-Rtert-but oxycarbonyl ) am nol et hyl | pi perazi nel, 2-di carboxyl ate To a
solution of 1-benzyl 2-cyclopentyl piperazine-1, 2-dicarboxylate
[Internediate 12A] (165ng, 0.50mmol) in DCE (8 nL) was added the tert-butyl
(2- oxoet hyl ) carbamate (72nmy, 0.45mol )37 After stirring at RT for 10 m nutes

tAﬁOH ( 3t54$ta§Bd- S}’é}&yeﬁ%@Wb?izy%ﬁmﬂbbnwﬁmﬁztﬁﬁﬁﬁdxygéfbb?%%I)‘&sﬁda‘té It Rg ng?/lr ( ionﬁijr
e mxtuge S.qu W n il.u

The organf-%a}ggygcﬂ‘ %R%EWé%VW%"Wg@”%T@H%a?b% OP(DrrL) and brine
(1031_), dz.BafianWB@ﬁ)yAf dr@ndD@w%ﬂhﬂ.tA)fethwbyaddedmwg > mzﬁﬁggomemgm[)i s?)I ate the
crude produ : * - 1-Benz

o ool bootitppeliard Mhemt R imiThf and ok NE2ng, 2t H6e festot Sherur o as in
[ Schene ldio®eddrewaim tofSB.RTd diréd ﬁdﬂaHuméHm,ﬁbL(réi(]meWIztureﬁm Blutes:

7.17-7.3 ! . Lt
3145 reyiracyfamt s ety Wil oofut ié deridiiber Wps ofelodon 1

| nt er medi 2ndeconeedtrbte@auniet reguceast pregnura/fo give crude product as an oil (1.18g, 100%

4- (2- am naghiwRel R8% & GtburuAhGHRREGLAES MY 2279 pd+Na'.

Stage 2- Cyclopentyl N°~(terf-butoxycarbonyh)lysinate

To a solution of cyclopentyl N°-[{benzyloxy)carbonyl}-N°~(tert-butoxycarbonyl)lysinate
(1.18g, 2.63mmol) in ethanol (5ml) was carefully added palladium hydroxide on carbon
(235mg, 20%w/w) under an atmosphere of nitrogen. The reaction mixture was
evacuated and placed under an atmosphere of H,. This was repeated a further two times
and the reaction aliowed to stir under and atmosphere of H; for 2 hours. The reaction
mixture was filtered through Celite® and concentrated to give the title intermediate
(250mg). ESMS: m/z 315 [M+H]". 'H NMR (300 MHz, DMSO) §: 6.70-6.77 (1H, m), 5.13-
5.15 (1H, m}, 4.08-4.09 (1H, m), 2.88-2.90 (2H, m), 1.82 (2H, m), 1.57-1.66 (10H, m)
and 1.03-1.37 (11H, m).

Intermediate 8
1-tert-Butyl 2-cyclopentyl (2S5 .48)-4-aminopyrrolidine-1,2-dicarboxylate

Q.

Jboce

H,N
The title intermediate was prepared according to the procedure outlined below {Scheme
10}).



L% The title internedi ate was prepared according to the procedure outlined
bel ow (Schene 16). BF3. O0Et 2, cycl ohexane, DCM 4M HCl in di oxane -. bac
"butyl t W@RSHseet i mi date cbz, N Stage 1Cbz 0 0 St age PCT/GBE§7/003998

38

o EDC, DMAP Q o PA(OH}, Q o
EtCH, Cyclohexe
HO oy, | Crcopertanl OOM o e o
oc - -
Stage 1 NBoc Stage 2 NBoc

BnO BnC HO

i) MsCl. ELN, DMAP, DCM
ii) NaN,, DMF, 55°C | Stage 3

Q o] Pd{OH), C?o 0

o EIQH, THF, H,, 1
NBoc

Stage 4 fNBoc

HN nd

Scheme 10

Stage 1- 1-fert-Butyl 2-cyclopentyl (25,4R)-4-(benzyloxy)pyrrolidine-1 ,2-dicarboxylate
To a solution of (4R)-4-(benzyloxy)-1-(tert-butoxycarbonyl)-L-proline (5.06g, 15.7mmol)
in DCM (50mL) at 0°C was added cyclopentanol (2.9mL., 31.4mmol}, DMAP (192mg,
1.60mmol) and EDC (3.32g, 17.3mmol). The reaction mixture was allowed to warm to
RT and stirred for a further 18 hours. The mixture was washed with sat, Na,CO; (30mL.),
1M HCI (30mL.) and brine {30mL). The organic layer was dried (MgS0,) and
concentrated under reduced pressure to leave a pale yellow oil. Purification by column
chromatography (15% EtQAc/heptane} afforded the product as a colourless oil (5.21g,
85% vield). ESMS: m/z 412 [M+Na]" and 801 [2M+Na]".

Stage 2- 1-terf-Butyl 2-cyciopenty! (2S,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate

To a solution of 7-tert-buty} 2-cyclopentyl (2S,4R)-4-(benzyloxy)pyrrolidine-1,2-
dicarboxylate (5.21 g, 13.4 mmol) in EtOH:cyclohexene (5:1, 120 mL) was carefully
added palladium hydroxide on carbon (521mg, 20%w/w) The reaction mixture was
evacuated and flushed with nitrogen 3 times and refluxed for 21 hours. The reaction
mixture was filtered through Celite® and the filtrate was concentrated under reduced
pressure to leave a pale yeliow oil. Purification by column chromatography (50%
EtOAc/heptane) afforded the product as a pale pink oil (3.77g, 100 % yield). ESMS: m/z
621 [2M+Na]".



Schenme 16 Stage 1- 1-Benzyl 2,4-di-tert-butyl

pi perazine-1,2,4-tricarboxylate To a sol ution of

1- [ (benzyWorpygiesotronyl | - 4- (t ert - but oxycar bonyl ) pi per azi ree126Bantosyds ¢ aci d
(500mg, 1.37mml) in DCM (10nL) and cycl ohexane (10nlL) at OC was added
boron trifluoride triethyl etherate followed i medi ately by sl ow addition
of '"butyl trichloroacetimdate (600ng, 2.74mmvol) in cycl ohexane (10nL) over
15min. The 49 reaction was allowed té9warmto RT and stirred for 30min.

Sodi um hy 8fag@en 1qan-Bayad-eydsHIAY) (2845)a0@E ka2 en Stynl 1- /IR reRiNd-Nued for a
further 1Q r‘r‘hnutl s before filtering through Celite(r). The Celite(r) was
washed t hBF3G8 Qjevm' th DCM and the filtrate sol vent renoved under reduced

Er SZS;JL e. Tdhaoluésni Gfuletemnﬁchélbmwwmmmyd?biﬁxlwoggh@pngo( 10%)2/ el d)
t 0Ac/ hepj.an r e pr.o J.e soli , % vyie )
Eove: . paaEbpdte S 08 1o aMindli® Bokh B0t il EiRpsass B0 42%Y

pi per azi né2.90MAL AE0CEmMol)\DNaAR ( 126Ben 2. PRmehol)-atkt mamanebuttongl chloride (%.87m1_,
i i At . 0,57 di in 4M

For i oxancr 1 i SRERRRAASS AN o TR @S RPLNGETR, 'l ea i 1
Et OAc ( 10mixjure mas washrsiwithwairr (S80K) arkhtriner(§amL )k Thaprganicdayer es dded ed

S t 0.iG duct
(20rg) . IGERNR B St ek lndeP GCEch BEQ e\ Buiag Afeca I ORIFOCUC
4- { 2- 1( t ek'POBLL 3d o8 iupbaRide HRPme) bﬁqﬂynnplﬂméraqué’hq,r@cﬁ@n whiwenakat e
Procedur estidiaf60-BoaeIRayk> afRivitd@o tbol kol anBloarfibded Mf‘b@en @ﬁt@ﬂéogym)l' Benzyl

2-tert-butyl_4-(2-am noet hyl ) pi perazine-1, 2-di carboxyl ate Procedure as in
[ Scheme 1%%5@ (3 Uneid e ¢rpgnigigyer was feParatedyrrashrsowilibrinecpRimy). dried

JLip b gl ptsdie o Bvlgietn 0] (11 ¢
=14. v o3 04- 3. : , 1.91- an ) )1-1, S).

| nt er medi %H@Ci@"&aoﬁ-ﬁ&mf\;?g%@@)@’m@%%ét&&ﬂfﬁg%g}m% H88 pent - 4- enoat e

Schenme 17compound as a colourless oil (3.26g, 98% yield). ESMS: m/z 671 [2M+Na]"

Stage 4- 1-tert-Butyl 2-cyclopentyl (2S,45)-4-aminopyrrolidine-1,2-dicarboxylate

To a solution of 7-tert-butyl 2-cyclopentyl (28,45)-4-(2P-triaz-1-en-2-yn-1-yl)pyrrolidine-
1,2-dicarboxylate (3.26g, 10.0mmol) in EtOH:THF (5:1, 120mL) was added palladium
hydroxide on carbon (326mg, 20% w/w). The reaction mixture was evacuated and
placed under an atmosphere of H,. This was repeated a further two times and the
reaction allowed to stir under and atmosphere of H, for 16 hours The reaction mixture
was filtered through Celite® and the filtrate was concentrated under reduced pressure to
leave a pale yellow oil. Purification by column chromatography (5-10% MeOH/DCM)
afforded the title intermediate as a thick colourless oil {1.34g, 45% yield). ESMS: m/z
299 [M+H]" and 597 [2M+Na]". '"H NMR (300 MHz, CDCl;) 5:5.27-5.19 (1H, m), 4.31-
4.18 (1H, m), 3.75-3.63 (1H, m), 3.57-3.50 (2H, m), 3.31-3.22 (1H, m), 2.52-2.43 (1H, m)
and 1.91-1.38 (15H, m).



Stage 1- (2S)-2-[(terr-Butoxycarbonyl)am no]pent-4-enoic acid To a
solution of (2S)-2-am nopent-4-enoic acid (1.00g, 8. 70mvol) in 1M NaCOH
(20nmL) amwdo déossoamves (10nl) at O0C was added 130C20 (2. 28gPCT/GB2#ATHLII8 The
reaction mxture was allowed to warmto RT and stirred for an additional 18 .
hours. The pH was checked and adjusted to basic when necessary. The
reaction m xture was concentrated under reduced pressure and the aqueous
phase washed with Et20 (2 x 10nL) to r¥hove the excess BOC20. The aqueous
phase meqnﬁﬁh@uﬁﬂéglto pH2 with 2M HZSCM and extracted with EtO0OAc (4 X
20mL) whi | _ A ‘qntc Loride. The
conblned g3 F e ; vt F SeentTat ead- under reduced
pressure to afford the product (2. 29, 10096y|eld) ESMS i nk: 238 [ M+Nar.
Stage 2- Cycl opentyl (2S)-2- Rte % butoxycarbonyhﬁanlnolpent 4-enoate To a
solution of (S)-2-tert-butoxycarb0o enoi c acid (2.20g,

10. 2nmmmol ) in DCM (50nL) was ,added PI(12bng, 1.02mmol), cycl opent anol
(1.1, 12.2mmol) and EDC o,[11. ). The reaction was stirred for
65 hours and concentrated u r r@duced pressure. Purification by col um
chr omat ogr aphy (5% Et OAdhept ane) afforded the titled internedi ate as a dear

ing

oil (1.75g, 60%yield). 1H NMR (300 MHz, CDCI3) 8: 561579%IP 5.21
(1H dd, Tmetlﬂs mtwdﬁzg was,pregared jgcceiding in-the grocedyre quilfineddeajow (S¢hemg © 3-=1 3

425ﬁg38(1H n, 2.49 (1H, dd, J=12.8, 6.4 Hz), 1.53-1.92 (8H m
and 1.44 ( H, s) 51 Exanple 1 Q/clopentyl

4-ff(7R) -8-cycl opentyl-7-ethyl -5-nethyl - 6-oxo-5, 6,7, 8-tetrahydropteridin-2-
yl I'am no) - L- phenvl al ani nate The ttl ed xanpl e was prepared according to
the pr ocedurte out | i needomiamer| Schee 3 k@), / oclib, 0 % | Stage 2

Schene 18 boc” Cyclopentancl o ~Cbz Ethanol o NH
o Nugp, Stege i stage 2 ]

HOC

Dess-Martin

B/DGE
Chz ~\_OH DCM Cozy 20 STABMDG
H stage 2a H stage 3

H

N
H/Pd(OH),  boc” I\o
bOC\NH N/\/NHz Ethanot o N\/\EI/CW-
O/O stage 4 ?
o]

Scheme 11

Stage 1- Benzyl 4-{2-[(tert-butoxycarbonyl)amino]-3-(cyclopentyloxy)-3-oxopropyl}
piperidine-1-carboxylate

To a solution of 3-{1-[(benzyloxy)carbonylJpiperidin-4-yi}-N-(tert-butoxycarbonyl)alanine
(250mg, 0.62mmol} in DCM (5mL) at 0°C was added cyclopentanol (0.11mL, 1.23mmol},
DMAP (9.6mg, 0.06mmol), and EDC (180mg, 0.68mmol). The reaction was allowed to
warm to RT and stirred for a further 16 hours. The reaction mixture was diluted with
water (30mL) and EtOAc (30mL). The agueous layer was re-extracted with EtOAc (2 x
30mL) and the combined organic layers washed with brine, dried (MgSO,} and
concentrated under reduced pressure to give crude product (340mg, >100% yield) which
was used without further purification. ESMS: miz 475 M+H]".



Stage 1- Cycl opentyl
N-(tert-butoxycarbonyl)-4-{[(7R)-8-cyclopentyl-7-ethyl-5-nethyl -

0X0- 5, 617W8 2088/058086dr opt er i di n- 2-yl | am nol - L- phenyl al amBIHUGBmowwssad ution
of (7R)-2-chl oro-8-cycl opentyl-7-ethyl-5-nmethyl-7, 8-di hydropteridin-6(5H)-
one [Internediate 1] (100ng, 034mmol) in 2-et hoxyet hanol (2m.) was added
cycl opentyl 4-am no-N-(tert-butoxycarbonyl)-L-phenylal aninate [|nternedi ate
6A] (170ng, 0.51mmol). The reaction m #lure was heated at 150C for 4 hours,

cool ed anStagnrn;@yblbﬁér&ﬂ NA(seb Ut BEHRRAYIPE PHRHEIA-4-QalGhiMAte 2 br own residue. The

d h 5% h 11% NHAOH
Eronc) t o Ao SENBbe aleN ety S e ol Vilop e PO aT@Ian s i -
207 [ g/II;Hr ethaﬁcﬂ (Shh)gms&ar@@ladﬁe@baﬂadlum hydroxade on carbon (68mg 20% wiw)
(et + aynr Lasek S ARAENGR ot Biior T TedRion iR 1B S iec andaiahe gper

(S)-2-teran b@%RWapanWhamawemMQc(é Fa)thSF wpdinogsamdytie rdaetidnydliobediat hy 1-

6- 0Xo0- 5 6 P nat

0. 05! ) e FH AR £ <oy e dcon NG PR BBt et ur e
was sti rr@@l“tatafﬂlcoﬂ@ﬁntmqﬁ'd{mﬂsf r&ﬁ@b&dmntertatgw then deoductd 25 rem >p0@%sure to

gi ve a brqum). ESMIwhz 34 of the residue was adjusted to 9 with

sat urat ed NaHCO3 sol utlon mL) and then extracted with EtOAc (3 x 10mL).
The conbi ned organics vvere dried (MgS™) and concentrated under reduced
pressure s:agamOBéthQ-dxbéth &Mt@ as a V\hl te SO' l d (9mg 34% yl eld. .
ESMVE: niz 507 lL% félle E éﬁ‘; = 7.7Hz),
7.04- 7. 3379 3pplufign Bﬁ" roxy V'r)rfarbﬂmét? (31%9 (11¢$mfﬁ?'e) 'nDRM@m.M (2H ),
3. 14( 2H, ait)78@@&ad}ibd%s£—wldmrsﬁeno&m3r?e B0dkg( 186Inmdle).amd rBacdtn a3t t, J

7. 4z
(28, 4)E) ?@%ﬁg \é’a%{%ﬁ‘oﬁi stigred for a,fydhgnA hours,(THE reastioR WAY PuencBb by, 6, 7, 8-
t et r ahvdritbetadditich of- aZsardrhmmsom)lqnhefmtheﬁOﬂNeHO% &Omlﬁ%n&t&g%xﬂ:acted

((jrﬁil d?og@bf éﬂ‘t(é%ﬁﬁf“?-g%%fé %gl anP 2%@ ?S,%cr @aﬂ%sgq ge ncp Xoncer’ltrated

(2S) - 2- [ (anskef :euucmesaumm;glgeahe de?,lmerm'ediscteﬁﬁamg T0% yiefdradicatrequirdl ( 1750y,

0. 62mmol ) ) Y.

et hyl-2-] d4ﬂﬂ%ugﬁen&ll ;ﬂgml\?\%?@ '&H? C@CI&%b%@ﬁQHT% %F%?P&‘ﬁ”é{‘%i"é one

[Interne th%)EQ!HHQBl(QHng, J=6.0HEho| ) | Pd(dppf)ClZ (34ng, 0.04mmol), Et3N

(0.13m., 0.90nmmol) and NBu4Br (133ng, 0.40mvl). The reaction m xture was

heated at_120C for 1h in the mcrowave and concentrated under reduced

pr essur e. Stage 3ceyRivpentys B-iue-asnasswicadanylaminapthyiriperidin-pui-Niteed by col umm

chr omat og-j YarbdalehRae/ hept ane) to give the product (72ng, 30%yield).

ESVMS m z: L lt;fluj ag

(25, 4E) - 2“{??‘% Honyth F&HP@QFVE){S’T{?%M%P@OM%P'em}mﬁ -Yajaninase [R5Pmgy -

ﬁ; [“é' Tg arftsctorlyrhol@nm@E Porl.) Tva-dagbd BEVA @RIxBEINGINRrEarydtt MH 1R BRPA)PeNt - 4-en
ut

(7R) - 8- oyLI&d] B%‘H'PQ s a&?"b‘ﬁ}’lmft”[ fon3? BinsANEen SRR 61245192 CATMOD was

a ICi h}/gr optaeidiedi TheGéadtlbr aae siBdr a &hr@ﬁﬂ':mhéurb an@@lt‘h(qaﬁhahem tl@&ﬁﬂt aoﬁ[\rﬂ Cor oh
i OX action rred a or

and t hen%gg?\tgégﬁbgf g%meOr? b')”P T}l?c'gﬁ Yot wes ﬁ’r‘téadel#‘%ﬁ}lﬁgfddg 3\%@%'@% ssol ved

in DCM ( mgmyc hmsrhednnmedh diibtl Ke$E03 @h0 b centtated dind&re@ed prabsareapor at ed

under re bt phase chronat ography
af f or ded %éaggﬁor?np gbésy'%gfftgﬁ”&?v%éz 5*? @)iré-l] ‘10% yi el d). ESMB nfz: 533

[ MEH] +. 11- 1 NNR(300 MHz, MeOD) 8: 7.55-7.62 (1H, m), 7.39- 7.51 (4H m,
(101, mog ST 1Syhodhy i 'd**%ﬁéffﬁ Sgodeatnbiapgingly 37 1y
t, J=6. 2 sollgaogpf equppegt)yl 3. @g[{pmy!op(y)cgrbgny/t]amzl)o}etmylmez:d(DG4-1(IBM- n,
1.54-1.7§ te(‘t%dtoﬂ%arﬂ&@l)@laﬁﬁat@%hhorﬁg @%anﬁothﬁ)et@fﬁpgh‘g_)gr %ﬁﬂeﬂmgﬁv dér ot eridin

0-(4-{f( 7R cl opent v1- - 5- et hvl - 6- oxo tetr
2-vl | ami rp@ ‘é%Yfi roy_ld?lsﬁﬁgrgpn » 20%wiw) under an atmosphere of nitrogen. The

reaction mixture was evacuated and placed under an atmosphere of H,. This was



WO 2008/ 050096PC T/ GB2007/ 003998 54 The titled exanple was prepared
according to the general procedure outlined bel ow (Schene 20). Schene 20
Stage 1- VIy cO05{5&400¢ | PCT/GB2007/003998
N-(tert-butoxycarbonyl)-0-(4-{[(7R)-8-cycl opentyl-7-ethyl-5-nethyl 6-oxo-5, 6
, 7,8-tetrahydropteridin-2-yl]am no}phenyl)-L-honoserinate To a solution
of (7R)-8-cycl opentyl-7-ethyl-2-[(4-hydroxyphenyl)am no]-5-nethyl-718-

di hydr opt eri di n- 6( 5H) - onedl nt er medi at e422A] (120mg, 0.33mml) in DVF (2nl)
was addedepaatédp emthyt twodi)estndtieaneadtidn(diiewsd toutiowydsanbamudspherersbHbut anoat e

[ I ntermedi 3A] . (114 0, . The
reacti ondff’ﬁ'aéﬁ?ﬂ% ﬁ%@?ﬁ?q'gﬁgﬁ%’rﬂg@ﬁmﬁ‘gﬁ? tséa gtgﬁz?é%gg%‘c? ”’?q‘lgﬁ °t ﬂe)) Y¥&act i on
m xt ur e veisedihdthedeadtibh strdior 412 8ddifjonalTtchaur (The ceastion Mixtiewaai t h wat er (2
x 25m) I T o ' C ), and
concentr :ﬁﬂgﬁ%t}b\@gg’# regl%mz:aen %ﬁg@%@% c? eﬁaég\[}% %%‘\b\ﬁg c?|( Jlgtlﬁ(%% fication by
col unm clintermeediaje £2830ng). BRWS EnEA8% IMHHDr ded t he product as a pal e brown
solid (177 ng, 85%yvyield). ESMS: mz 637 [M+tH. 55 Stage 2- Cycl opentyl
0-(4-{[(7R)-8-cycl ogent y1l-7-et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-
t et r ahydrlotereedi@ta1®- y| | ani nol pheny1l) - L- honoseri nat e

Cyclopentyl O-[4-(aminomethyl)phenyll-N-(ferf-butoxycarbonvyl)-L-homoserinate

~boc

Colens
.

The title intermediate was prepared according to the procedure outlined below {Scheme

12).
Intermediate 3A
Benzylchleroformate,
/©/\ NH, NaHCO,, THF, H,O Q/\ﬁ’(:bz K,CO; DMF HN'!}“"c ’©/\Q,Cbz
0

HO Stage 1 HO Stage 2 0

o

10% Pd/C, EtOH | Stage 3

iy~ 2C gNHz
Yo
o
Scheme 12

Stage 1- Benzyl (4-hydroxybenzyl)carbamate

To a suspension of 4-(aminomethyl)pheno! (300mg, 2.44mmol) in 10% THF/H:0 (10mL)
was added NaHCO; (266mg, 3.17mmol). The mixture was cooled to 0°C and
benzyichloroformate (344pL, 2.44mmol) added slowly. The reaction was stirred for 1.5
hours at RT. The reaction mixture was partitioned between water (40mL) and EtOAc



cr):):), NHO Cycl opentyl

N-(tert-butoxycarbonyl)-0-(4-{[(7R)-8-cycl opentyl-7-ethyl-5-nethyl -6-0x05, 6
, 7, 8-t et r M2PEP00M6 di n- 2- yl | am no} phenyl) - L- honoser i natBECT/GBROLN039928mol )
was suspended in a solution of 4M HCI / dioxane (2nL). The reaction m xture
was stirred at Rl for 30 m nutes and concentrated under reduced pressure to
| eave a thick yellow oil. Trituration with Et20 afforded an off-white
solid, which was partitioned between D& (25nL) and sat. Na2CO3(25nlL). The

OF gani ¢ | L) WP QU s b teMITH agUidus RSAIY @te@(ﬁa&@@@&h reduced

pressure Ek%ﬁ&ﬁﬂghgtlt gdex% npl e as arn |ed white %glldg ) 60%
yield). E L Ihe cRApINSd pigaRiGreYersoveTRidried (Mgsp:) gnd ponps f(aﬁp s), 7.32
(2H, d, Jafddd rédiced Preduré 2hk, residus) ws Mitdratkd with he @n@ﬁ:(éﬁbld th8)prodhicldy 4. 19
(1 0, oo Al (6%%1%1%5%&*%/32%%9?3&2T 02 s ). e
exarrpl e in the foI | om ng table was prepared by nethods anal ogous to t he
Beanpl e PHES oY BB OISR el ab P gRoRg B hflopademi ' 2 o
0- ( 4- { [ ( 7Rnir®-leyyric @pidraygidpentyl esty | - 5- net hyl - 6- oxo-5, 6, 7, 8-t etrahydro
pter f"e” 5%&'*@%51@}99%2;@4 ARrSBRERN AbsrbamBR TR, Wl 7in NI [t 56
(231 2- arrwmawierd(mia[sspmarmw:m gpeatG/T immel) Aod clapenivl (2SE4 dram®&26, 7, 8-
tetra hydipplikddidosiylihhRb] ARdnond FrieMoaReNZRNMB 7ty U AURoRaHE |

reaction was heated for 20 hours at 60°C. The reaction mixture was concentrated under

reduced pressure and then partitioned between water (30mL) and EtOAc (30mL). The

aqueous layer was extracted with EtOAc {20mL.) and the combined organic layers were

dried (MgSQ;) and concentrated under reduced pressure. The residue was purified by

column chromatography (10-50% EtOAc/heptane) to afford the product (250mg, 74%

yield). ESMS: m/z 527 [M+H]’

Stage 3- Cyclopentyl O-{4-{aminomethyl)phenyl]-N-(fert-butoxycarbonyl}-L-
homaserinate

To a soiution of {8)-4-{4-{Benzyloxycarbonylamino-methyl}-phenoxy]-2-teri-
butoxycarbonylamino-butyric acid cyclopentyl ester {(250mg, 0.47mmol} in ethanol (8mL)
was added a slurry of Pd/C (50mg, 20% w/w) in EtOH {2mL}. The reaction was
evacuated and put under a H; atmosphere for 2 hours. The reaction mixture was filtered
through Celite® and washed with ethanol (15mL). The filtrate was concentrated under
reduced pressure to afford the title intermediate (110mg, 59% yield). ESMS: m/z 393
[M+H]". "H NMR (300 MHz, CDCl3) 8: 7.21 (2H, d, 8.1Hz), 6.84 (2H, d, J=8.4Hz), 5.38
(1H, m}, 5.22 (1H, m), 4.42 (1H, d, J=6.3Hz), 4.03 (2H, t, 6Hz), 3.80 (2H, s), 3.72 (1H,
m), 2.29-1.51 (9H, m) 1.45 (9H, s}, 1.28-1.20 (2H, m).



The titled exanpl e was prepared according to the general procedure outlined
bel ow (Schenme 21). Internediates 6A, 7A-10 OI TETU, DI PEA N ObOQ: DOM rt
St age 10@/QI2N8/08NP¢CI in di oxane, it Stage 2 ScherBCHEB2007/003998

44
Intermediate 11

tert-Butyl O-14-{aminomethyliphenyl}-N-[(benzyloxy)carbonvl]-L.-homoserinate

HN- P2 /@f\NHZ
XOWO
0

The title intermediate was prepared according to the procedure outlined below (Scheme
13).

methanel, Intermediate 3B .Chz N,Imoc
Q/\NHZ NaHCQ,, BOC,0 @/\N,boc K,CO, DMF o W /©/\H
HO HO

Stage 1 Stage 2 >ro

4M HC! in dioxane | Stage 3
Hn P ,©/‘NH2
OW o

Scheme 13

Stage 1- ferf-Butyl (4-hydroxybenzyl)carbamate

To a solution of 4-(aminomethyl)phenol (200mg, 1.62mmol) in MeOH (2.5mL) was
added sodium bicarbonate {(476mg, 5.68mmol) and BOC,0 (380mg, 1.79mmol). The
solution was stirred at RT for 72 hours. The reaction mixture was partitioned between
water (20mL} and EtOAc (20mL). The organic layer was separated and the aqueous
layer was extracted with EtOAc (10mL). The combined organic layers were dried
(MgS0,) and concentrated under reduced pressure to give the product as a yellow oil
(360mg). ESMS: m/z 224 [M+H]".



Stage 1- Cycl opentyl

(2S)-2-[(tert-butoxycarbonyflam noj-4-[(4-{[(7R)-8-cycl opentyl-7-

et hyl - 5- nMth3pp8/8508%60- 5, 6, 7, 8-t et rahydr opt eri di n- 2- yl | am PCT/GB2607/003998

i no) - 3- met hoxybenzoyl )ami no] buta noate 57 N1 N Ho To a solution of
4- (R7R) - 8-cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo- 5, 6, 7, 8-t et rahydropteri di n-2-y
| ] am no) - 3- net hoxybenzoi ¢ acid [Interrredl ate 2( (200rrg 0.47mmol ) in DCM
(5mL) was added 0-benzotriazol - 1-yl - N, VWV t et r anet hyl ur oni um

tetrafl uoIsugarmtre-t-(smﬁﬁwbe&y&aymdbbngpd-(Dl{[BEAb(Jﬁbxﬂ&monyQar%amtﬁyl} The
reaction nh g was stirred at RT for 30 m nutes before addi ng cycl opentyl
(2S) - 4- antRo. L[—izqnéq,steBrcﬁ %xycar bonyl ) am no] but anoate [Internedi ate 7A]
(269nmg, 0.84mmol). The reaction mxture was stirred at RT for a further 18

hours the ) th water (2 x 20mL). The
organic lgy%;h%%@ﬁéttag ?V\%%éﬁg% in c')rﬂ%\é%t%t}’gs%n under reduced pressure to
| eave a yE&ESMSwmdz $15 [MHHIT i cation by col utm chromat ogr aphy (100% Et OAc)
afforded t he product as a yellow solid (228ng, 70%vyield). ESMS. mz 694
: Sta %cl op ent(vag‘_
(25) 2- awﬁ - [iruB ety O--{(agingregtayl mhey-V-l(bersvoxglcadonyl-L-bomresingte7, 8-t et r a
fcnr/gr &ptq/e L lvé(;)lf tseurt])taMﬁﬂ@qﬂl&@)aﬁb&@rlmw&@é}zaMbe%mbBﬁM%%ﬁd}%@ih?l} bhbnyd1C ---?N
(29)-2-Rt B?T'O?tﬁj”f‘étﬁ;f%%g"!ﬂaﬁﬁ&a}“?ﬁ'h‘ﬁ?i disgqived ip ¢YIRjCligioxape Gomkhand stigedy | - 5-
get hyl - | ;5 ach&omwm&uteetﬂ%médétmatrﬁim% waeﬁltélrécﬁtg}dm@h lc%ntgeIsd?cw«xshedzwutrrrmL ) and
enzoy a was _di ssol ved in an

an 1O 1, SRR (o The S B BIQAGH Sk e RSB B d2at ) RT 1 or
2 hours awﬂhcummﬂ s:ﬁm?eb umul;]@queroed edwwaa&ureewﬁmeommﬂm@nmp@ﬁt aken up
in Et OAc shed wit Teorganlc
| ayer \/vasgl(?r?og@"ﬁ%%ﬂcsyﬁﬁe g’bﬁ#:%%% %W&%rl’ a}%cgwg{éar %rEsL PESWR0¢ f or d
t he tit| eakordti title srtermeodizitd as 8 ablbdrldst & rtH2ntR 96 %hi vidid)) ESESMﬁ;fz 248

[M+H]". "H NMR (300 MHz, CDCl3) §: 7.36 (5H, s), 7.19 (2H, d, J=8.5Hz), 6.83 (2H, d,

J=8.3Hz), 5.12 (2H, s}, 4.45 (1H, br. 5.}, 4.25 (2H, d, J=5.3Hz), 4.04 (2H. t, J=6.0Hz),

2.11-2.46 (2H, m) and 1.48 (9H, s).

intermediate 12A
1-Benzyl 2-cyclopentyl piperazine-1,2-dicarboxylate

(\NH
N

Cbz”

0 Q

O

The title intermediate was prepared according to the procedure outlined below (Scheme
14).



mz 594 [MrHr. 1H NVR (300 MHz, CDCI3) 8: 8.55 (1H, d, J=8.4 Hz), 7.70(2H,
br s), 7.62 (1H, s), 7.48 (1H, d, J=1.5 Hz), 7.32 (1H, dd, J=2.0, 8.6 Hz),
5.23-5. 19vVQ 2048/05§096 4. 55-4. 49 (1H, n), 4.24 (1H dd, J=3PET/GB2¢)7(493998 3 99
(3H, s), 3.92-3.80 (1H, m, 3.59- 3.47 (2H, nm, 3.35 (3H, s), 2.14-1.60
(221-1, m and 0.90 (3H, t, J=7.4 Hz). The exanples in the follow ng table
were prepared by nethods anal ogous to the method described above (Schene
21) using the appropriate internedi ate®. Exanple Stage 1 |ntermedi ates used
Nane ESM5 6 2C & 8 Cycl opentyl (43)-4( ?\}{,WR)-& cycl opentﬁﬂ,—mj-et hy1l-5-

met hyl - 6- oxo-5, 6, ., Sk et r|9pQ¥Or|.E|°pt enclipn-2-yljamno)-3-

met hoxybenzoy Darfl ngR- pawel €06l st 2686 TR H: iofar® A f tyl
4‘1(4‘(R7R)‘8cb€‘%ig mhcACBarBA BFCTPpent y

pentyi="7-ethy1"5- ne GTUXWT,T,’B-W, hydr opt eri di n-
oxyben¥#I') ami nol - L- p%nyl alahinate nz 656 [ MeH] +

2-yl |l am no) - 3-

Scheme 14

Stage 1- 1-Benzyl 4-terf-butyl 2-cyclopentyl piperazine-1,2,4-tricarboxylate

To a solution of 1-[(benzyloxy)carbonyi]-4-(tert-butoxycarbonyl)piperazine-2-carboxylic
acid (1.00g, 2.85mmol) in DCM {20mL) at 0°C was added cyclopentanol (520uL,
5.70mmol), EDC (602mg, 3.14mmol) and DMAP (35mg, 0.29mmol). The reaction
mixture was stirred for 48 hours at RT then the solvent removed under reduced
pressure. The crude residue was dissolved in EtOAc (30mL) and washed with 1M HCI
(15mL), 1M Na;CO; (15mL) and brine (10mL). The organic layer was dried (MgS0O,) and
the solvent removed under reduced pressure to give the product (1.23g, 95% yield).
ESMS: m/z 433 [M+H]".

Stage 2- 1-Benzyl 2-cyclopentyl piperazine-1,2-dicarboxylate

1-Benzyl 2-cyclopentyl piperazine-1,2-dicarboxylate (200mg, 0.39mmol) was dissolved
in 4M HCl/dioxane (3mL) and stirred at 0°C for 1 hour. The reaction mixture was
concentrated under reduced pressure to afford the title intermediate as a colourless oil
{(145mg). ESMS: m/z 333 [M+H]". 'H NMR (300 MHz, CDCl,) 8: 7.20-7.28 (6H, m), 5.16-
5.17 (1H, m), 5.01-5.09 (2H, m), 4.49-4.60 (1H, m), 3.82 (1H, t J=14.8Hz), 3.43 (1H, ¢
J=12.9Hz), 2.26-3.12 (4H, m} and 1.51-1.76 (8H, m).



8 2C & 76 Cycl opentyl

N6- (4- (K7R) - 8-cycl opentyl- 7- et hyl- 5- net hyl 6- oxo-5, 6, 7, 8-t et rahydr opt eri di n-
2-yl ] ami nW-2908/980%0xybenzoyl )l ysinate mz 622 [ MrH + 9 BXO/GBAO7/@B89%pent yl
0-(4-{g4-{[(7R)-8-cycl opentyl-7-ethyl -

met hyl - 6- oxo-5, 6, 7, 13-t et rahydr opt eri di n- 2- Aam no) - 3-

met hoxybenzoyl ) am noI nmet hyl } phenyl) - L- honoserinate nfz 700 [ MftHr 10 2C & 9

Cycl opentyl 3-(1-{2-[(4-{R7R)-8-cycl opéityl- 7-et hyl - 5-

nmet hyl - 6- oxo-5, 6, 7, 8-t etrahydropt eri di n-2-yl | am no) - 3-

met hoxyber% tnq%gt hyl } pi perl di n-4-ypal ani nate mz 691 [ MtH *11 2C & 66
tert-Buty ff'\('f%m R) - 8-cycl opentyl- 7-et hyl-5- net hyl -

0xo0- 5, 6, 718Ben | dr(RaininctivilodBtagipg-1P-dicarboxylate

met hoxybenzoyDam nol - L- phenyl al ani nat e

NH,

&
The title intermediate was prepared according to the procedure outlined below (Scheme
15).

Nl/\fﬂ ONH\bDC (\N/\/ boc ?A\/

N
DCE, STAB Cbz™" 4M HCl in dioxane Cbz”

————
o ? Stage 1 O % Stage 2 %

Intermediate 12A

Scheme 15

Stage 1- 1-fert-Butyi 2-cyclopentyl 4-{2-[(terf-butoxycarbonyl}amino]ethyl}piperazine-
1,2-dicarboxylate

To a solution of 1-benzyl 2-cyclopentyl piperazine-1,2-dicarboxylate {intermediate 12A)
(165mg, 0.50mmol) in DCE (8 mL) was added the tert-butyl (2-oxoethyl)carbamate
(72mg, 0.45mmol), After stirring at RT for 10 minutes AcOH (35uL) and STAB (287mg,
1.35mmol) were added. After stirring for 1 hour the mixture was quenched with sat
NaHCO; (2mL) and diluted with DCM (10mL). The organic layer was washed with 1M
HCI (10mL), 1M NazCO; (10mL) and brine (10mL), dried (MgSO,) and evaporated under
reduced pressure to isolate the crude product (240mg). ESMS: m/z 476 [M+H]".



mz 644 wwHr  * In order to achieve selective Boc deprotection [Schene 21
Stage 2] the mxture was stirred at OC for 30 mnutes instead of RI for 2

hours. SYORKSMHIN6 12 tert - Butyl PCT/GB2007/003998
0-(4-{f(4-{1(7R) -8-cycl opentyl-7-ethyl-5-nethyl-6-ox0-E6,7,8-tetrahydro
pteridin-2-yllam no}-3-net hoxybenzoynam nol net hyl ) phenyl) - Lhonposeri nate N N
N'"Z 0 The titled exanpl e was prepared according to the general procedure
outlined bel ow (Schenme 22). Schene 22 @tage 1- tert-Butyl

N- [ ( benzystayy pe arBmnayl Beydlopdntl[4-@-dnhicodthyl Pipeyazdnepe R tighrbdxyddtay | - 5-

met hyl - 6-9x0-5. 6, 7. 8zt.etr ro ridi n-2-yl]am no}- 3-nmet hoxybenzoyDam no] -
nmet hyl } ph%ﬁf/ﬁ@ﬁ.ﬂ%ﬁ%cé %"he:{ye&agg&gt age 2- tert-Butyl

0-(4-{[( ZESWRNZ&TG)[MFH}Se‘h{tWR'(SQﬂ Mtk - GOt dy 11767 BK(EHDMB, 4/9885.20 (3H,

et ranydropt el Fhiiafi ¥h! 283 19 1 3186 R RS 8Y BRITIC]SR2IR6 ARNGNNH - L- horos

eri nate
1.44-1.85 (8H, m).

Intermediate 12C
1-Benzy! 2-teri-butyl 4-(2-aminoethyl)piperazine-1,2-dicarboxylate

(\ N/\/NHz
Cbz/Nr
;\

0

The title intermediate was prepared according to the procedure outlined below (Scheme
16).

cre N
Stage 1 fa) Stage 2 o]
oo 1

-

~boc
_boc 'butyl trichloreacetimidate N I/\NH
I/\N BF5.OFt,, cyclohexane, DCM Cbz/Nr 4M HC in dioxane Cbzer

H
N,
0F™""bes

Stage 3
DCE, STAB

,/\N/\/NHz (\N/\/H"boc
,Nr ‘ 4M HCl in dioxane cbz/Nr

4]

° /;\ e 0 4\

Scheme 16

Stage 1- 1-Benzyl 2,4-di-ferf-butyl piperazine-1,2,4-tricarboxylate

To a solution of 1-[(benzyloxy)carbonyl]-4-(terf-butoxycarbonyl)piperazine-2-carboxylic
acid (500mg, 1.37mmol) in DCM (10mL}) and cyclohexane (10mL) at 0°C was added
boron trifluoride triethyi etherate followed immediately by slow addition of 'butyl
trichloroacetimidate (600mg, 2.74mmol) in cyclohexane (10mL) over 15min. The



To a solution of tert-butyl

N-[ (benzyl oxy) carbonyl]-0-(4-{[(4-([(7R)-8-cycl oPentyl-7-ethyl-

5- et hyl - ¥002008/8508%67, 8- t et r ahydr opt eri di n- 2-yl i am no} - 3-REI/GBPYEIs2Ly pan no
]- methyl } phenyl)-L-honoserinate (132ng, 0.16mmol) in EtOH (5m ) under a
nitrogen atnosphere was added Pd/C (30ng, 20% w w). The reaction m xture
was evacuated and pl aced under an atnosphere of H2. This was repeated a
further two tines and the reaction alld%ed to stir under an atnobsphere of
H2 for 1 hemction Wheslloeed té warmmioR Uasd svaedfiod JoaTie Sddurpmgifodedl dattdhate and t he

filtrat t.ed .red d d, i fi ) |

Lhr omat oo U Wet Bbes. 808 St soriRSed ar s Rike 7 FirRiFs aeigre iberng L v ¢ o

sol i d (42tnQueBSislite®sTi) CelfevBis washe6 §@rdudhirwithDOIMRA HROMtrAbEolvaRC 3) 5:
8.52 (111 = - 7- - . 1 d, J=1.3Hz

553§ 32'6@?3 uffoct Edyced prifisdre " The Bginhe wil pufred Py cbmrdneotadiogeBly 4, 4 o
(3H, m), @O¥E(CHq/hegtinedtoAfford tBe pradyct 8. 208hitedtd)id §).2408, 52% (/ieh)). ESMSI=7. 6,
5.0Hz), Spdladadbey). 2. 08-2.28 (4H, m), 1.66-2.01 (10H m), 1.47 (9H, m

and 0.87 (3H, t, J=7.5Hz). 61 The exanples in the follow ng table were
prepared by nethods anal ogous to the nmethod descri bed above (Schene 22)

USi Ng_t hes@iRIoRIHeALS 2LBk BLAESbahSRe-1 XA RbSyBtege 1 | nternedi ates used
Nans ESVE. 15 2 A c|o"§§ﬂ?y| ® Y

12A Cy . .
4-(4-{[(7 PBZY%%rCB}S%PW-m%QW-EZﬁé_fwhw@la&61495"9, G-5@nmed masy dr opt er i di n-
2- yfl ani digdohddnezimaxGlReiEsY {15 DRIZiREd 8t RT fir B6uE. 3he mikidreGs [ MrHr 14
diluted in EtOAc (10mL}) and washed in 2M NaOH. The organic layer was then dried
(MgS0,) and evaporated under reduced pressure to give the crude product (240mg).

ESMS: miz 321 [M+H]".

Stage 3- 1-Benzyl 2-fert-butyl 4-{2-[(tert-butoxycarbonyl)amino]ethyl}piperazine-1,2-
dicarboxylate

Procedure as in [Scheme 15 Stage 1]

ESMS: m/z 464 [M+H]".

Stage 4- 1-Benzyl 2-terf-butyl 4-(2-amincethyl)piperazine-1,2-dicarboxylate

Procedure as in [Scheme 13 Stage 3]

ESMS: m/z 364 [M+H]". "H NMR (300 MHz, CDCl,) 8: 7.17-7.31 (5H, m), 4.98-5.20 (3H,
m), 4.44-4.91 (2H, m}, 3.83 (1H, t, J=14.8 Hz), 3.04-3,52 (4H, m), 1.91-2.46 (4H, m) and
1.35 (9H, s). :

Intermediate 13
Cyclopentyl (25)-2-[{tert-butoxycarbonyllaminolpent-4-enocate

bOC\N 0
H i >
0

The fitle intermediate was prepared according to the procedure outlined below (Scheme
17).




2C & 12B Cycl opentyl 442-[(4-{[(7R)-8-cycl opentyl -7-

et hyl- 5- net hyl- 6- oxo-5, 6, 718-t et rahydro

pt eri di n-WOyS&E96} - 3- et hoxybenzoyl ) ani no) et hyl } pi pePEFIGRIGI083Boxy| at e
mz 325 15 20 & 12C tert-butyl 4-{2-[(4-{[(7R)-8-cycl opentyl-7-

et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-tetrahydro

pteridin-2-yl]am no}-3-nmet hoxybenzoyl) ng' no] et hyl } pi per azi ne- 2- car boxyl at e
mz 637 [ MtHr  Exanpl e 16 Cycl onent vl

(2S) - 2- am no- 44 ( 34( 4 IME 8- cycl ongent v1- 7x - 5- net hv1- 64joxo-5, 6, 7, 8-
t et r ahvdr oot ] [ n-%&i'%ﬁ% no) - 3- hoxvggi{%%lp%{p{téﬁﬁinol pyrr ol 1di n- 1-yl | but ano
ate 0-0 N1-12 ery}JarrpI was pFeH&Fed—&eeorgi ng Yo {he general
procedur eH (16 Ifedgedv ( Sc&frey OH SchefB998 St age®ty"tert: I
3-[(4-{[(7R) -85cycl opentyl-7- et Kyl - §- net hyl - 6- oxo0-5,6,7,8-tetra 0

pteridi n-2-yl]am no}-3-net hoxybenzoyf| am no] pyrrolidi ne-1-carboxyl ate .

Scheme 17

Stage 1- (2S)-2-[(fert-Butoxycarbonyl)amino)pent-4-enoic acid

To a solution of (25)-2-aminopent-4-enoic acid (1.00g, 8.70mmol) in 1M NaOH (20mL)
and dioxane (10mL) at 0°C was added BOC,0 (2.28g, 10.5mmol). The reaction mixture
was allowed to warm to RT and stirred for an additional 18 hours. The pH was checked
and adjusted to basic when necessary. The reaction mixture was concentrated under
reduced pressure and the aqueous phase washed with Et;0 (2 x 10mL) to remove the
excess BOC,0. The aqueous phase was acidified to pH2 with 2M H,S0, and extracted
with EtOAc (4 x 20mL) while saturating the aqueous each time with sodium chloride. The
combined organic layers were dried (MgSQ,) and concentrated under reduced pressure
to afford the product (2.2g, 100% yield). ESMS m/z: 238 [M+Na]".

Stage 2- Cyclopentyl (23)-2-[{fert-butoxycarbonyl)amino]pent-4-enoate

To a solution of (§)-2-tert-butoxycarbonylamino-pent-4-enoic acid (2.20g, 10.2mmol) in
DCM (50mL) was added DMAP (125mg, 1.02mmol), cyclopentanol (1.1mL, 12.2mmol)
and £EDC (2.15g, 11.2mmol). The reaction was stirred for 65 hours and concentrated
under reduced pressure. Purification by column chromatography (5% EtOAc/heptane)
afforded the titled intermediate as a clear oil (1.75g, 60% yield). "H NMR (300 MHz,
CDCly) &: 5.61-5.78 (1H, m), 5.21 (1H, dd, J=8.3, 3.4 Hz), 5.15 (1H, dd, J=2.9, 1.2 Hz),
5.10 (1H, d, J=1.3 Hz), 4.25-4.38 (1H, m}, 2.49 (1H, dd, J=12.8, 6.4 Hz), 1.53-1.92 (8H,
m) and 1.44 (9H, s).



To a sol ution of

44[ (7R) - 8-cycl opent yl- 7- et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-t etrahydroPt eri di n2-yl
] am no) - WOonasp#eeyIsenzoi c acid [I nternedi ate 2C] (200ng,PA/gBmendiz9ssn DCM
(10nm.) was added TBTU (170nmg, O0.52mmol) and DI PEA (1631.11, 0.94mmol). The
m xture was stirred at RT for 30 mnutes. tert-Butyl

3-am nopyrrolidine-1-carboxylate (980, q 56mmol ) was added and the reaction
mxture was stirred at RT for another 2lhours. The mixture was diluted with
DCM (10nL), washed with water (2 x mmg_lgjnd brine (10rrL) The organic

| ayer was ! ! e

St age 2-
4-{[ (7R)-8-Cycl opentyl-7-et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-t et rahydr opteri di n- 2-
yl ] am no} - 3- net hoxy- N- pyr | di -3-yl benzam i de tett-Butyl

3-[(4-{[ (7R -8-cycl opentyT t hyl 5,6,7,8-tetrahydro
mgg] | i di ne-1-carboxyl ate

pteridin-2- yl]am no}- 3-net hoxybe,nz
(22nmg, 0.36mmml) was dissolved in 4MHC N/ Hio¥an® (6nL) and stirred at RT

for 1 hour. The reaction was concentrat ed und&&reduced pressure to afford

the product as a white solid (120ng, 68% yi el ESVMS: mz 494 [ M+H|t St age
3- Cyclop '
(29)-2- [(?5‘? r*k%ﬁawy@dv%&ﬁwar%#ﬁmrdmf@ébq mcﬂt(rerwﬂieedc@eiqwoﬁfmhame 7-

et hyl - 5- nt8)ayl - 6- oxo-5, 6, 7, 8-t et rahydropt eri di n-2-yl ] am no} - 3- net hoxybenzoy
pam no] pyrrolidin-1-yl }butanoate To a stirred solution of

4- (R7R) - 8-cycl op NH,7- et t hyl - 6- o 7,8-tetrahydro
pteridin-2-yijani - 3- naghxmma até(;/(g gl idi ﬁ%@l 0 25mol )
in DVF (5mL) v Wa dded Kz%ﬁm—e—?—»Omml) NadH ( ) and
(S)-cycl opent 3@1 br onp- E‘gﬂtert but oxycar bonyl )an*l* no b t anoat e
[intermedi ate 3A Ong, 0.37mmol ). The reaction m xture stirred at
80C over ni gHT‘“’EﬁéfatF%n diluted with Et0Ac (10nL). Thej mi xturé was washed
with water (2 x 10nL) and brine (10nlL). The organic | pyer was dried (MySH)
and concentrated under reduced pressure. T/ deEse R g 99%s purified by
col utm chr omat ogr aphy (0-2% MeOH/ DCM to afford the pfoduct as a pale

yell ow solid (140ng, 71%yield). ESMS: nfz 2 d MrHr . " St age 4- Cycl opentyl
(2S) - 2- am no- 4-{31(4-{R7R) - 8- cycl opent y1- n hyI ,6,7,8-tetr
ahydropt eri di n-2-yl ] am no} - 3- net hoxybenzoyDam noﬁ.doy | Ij{ but anoat e
Cycl opentyl (2S)-2-[(tert-butoxycarbonyl)am

nol -4-{31(4-{[(7R) -8-cycl opentyl-7-ethyl-5- nethyl-6- oxo 5, ,8-tetrahyd
ropteridin-2-yl]am no}-3-net hoxybenzoyl)am no] pyrrolidinl } but anoat e
(140ng, 0.18nmol) was dissol ved i ngdMbiCk4di oxane (5nl) and stirred at RT
for 2 hours. The reaction was concentrated under reduced pressure. The
residue was triturated with Et20, filtered and dried under reduced pressure

663" [ Mgy KT PoHPIRIoR Ao edtBuy PRk slevoBeni Sy Abovis (1" <)
7.61 (1H 0xg)5,6,%.8datrghygiropteridip-2ryllamipo}-L-ghesylataninated, J=8. 7Hz) 6.66 - 6.72
( lH . To Holatich. olgl-g—'ld'bhlcmw &cﬂzemg“r @tﬁyl@#ﬁgth@l? E'%g@m%@gmd&%; 9, 3.8

1H,
2. 83 ‘t"%ﬁlH*etT“?‘-'%’a’fé’éwﬁ?ﬁ 0.34mgrol)in ?@t’(cswﬂ‘mw g@ﬂqxvaszddsd(sH m, (1. 47 -

2 05 (22thcment;@4839n.6&Hr(tdrt-bu1m@c5rbbR9| L h&ﬁé@lﬁmt@[lht@ &ﬁaté%ALgW'( gghtefrg' 33)

was prepay b ds, anal ggous to the met hod_descri bed ab

using th ﬁg‘ﬂﬁ ?péﬁe ) ﬁLH‘? BT Btxiie wes Aadied 3*51%@ for 4 hauss, reedied and
concentrated under reduced pressure to give a brown residue. The residue was purified
by column chromatography (5% methanol / 1% NH,OH in EtOAc) to afford the product

as a yellow solid (89mg, 43% yield). ESMS: m/z 607 [M+H]".



used Nanme ESMS 17 4A Cycl opentyl (2R)-2-amno-4-{3-[(4-{[(7R)-8-

cycl opentyl-7-et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-

t et r ahy d VoP2e8I0§0086 2- y| ] ami no} - 3- met hoxybenzoyl ) PCT/GB2007/003998

am no] pyrradi n-1-yl }butanoate mz 663 IIMF Flr 65 Exanple 18 Cycl ooent vl
(2S)-2-am no-4461(44f ( 7R1- 8-cycl opent v1l- 7- et hyl - 5- net hyl - 6- oxo-5, 617, 8-

t et rahydropteridi n-2-vl| am nol - 3- met hoxybenzovnam nol - 3- azabi cycl or 3. 1. Olhe
x-3-vl) butanoate H N O Nc The tltigd exanpl e was prepared according to

t he procestdge200fdidpeati bel(TRY-g-Selvpertyi2Athyl-5-methyl-6-ox0-5,6,7,8-
tetrahydropteridin-2-yflamino}-L-phenylalaninate
To a solution of (S)-2-tert-butoxycarbonylamino-3-[4-((R)-8-cyclopentyl-7-ethyl-5-methyl-
6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-L-phenylalaninate (32mg, 0.05mmol} in
DCM (3mL) was added 4M HCl/dioxane (3mL). The reaction mixture was stirred at RT
for 4 hours and concentrated under reduced pressure to give a brown residue. The pH of
the residue was adjusted to 9 with saturated NaHCOj; solution (3mL} and then extracted
with EtOAc (3 x 10mL). The combined organics were dried (MgSQ,) and concentrated
under reduced pressure to afford the title example as a white solid (9mg, 34% yield).
ESMS: m/z 507 [M+H]*. "H NMR (300 MHz, CDCl5) &: 7.43 (2H, d, J = 7.7Hz), 7.04-7.33
(3H, m), 5.06-5.24 (1H, m), 4.02-4.18 (1H, m), 4.20-4.44 (2H, m), 3.14 (2H, m}, 2.83-
11.04 (1H, s), 1.32-2.14 (18H, m) and 0.80 (3H, t, J = 7.4Hz).

Example 2

Cvclopentyl (28 .4E)-2-amino-5-(4-{[{7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7.8-
tetrahvdropteridin-2-yllaminolphenyl)pent-4-encate

5
H,N y N¢IN o
o ? - ﬁ N N
The title example was prepared according to the procedure outlined below (Scheme 18}:

intermediate 13
Pd(dppf)Ci,, NEt,

CIC BE g i
O Rl

intermediate 2F

HC! [ dioxane / DCM | Stage 2

I

Scheme 19



medi ate 2C 66 Stage 1- tert-butyl

-{[(7R) - 8-cycl opentyl-7-ethyl-5-nethyl - 6-oxo-5, 6,7, 8-tetrahydro

i di n- WO/ZPFHRNS| - 3- met hoxybenzoyf | am no] - 3- azabi cyc|R(TZGB2007/has22ne- 3- ca
| ate To a stirred solution of

[ (7R) - 8-cycl opentyl- 7- et hyl - 5- met hyl - 6- oxo-5, 6, 7, 8-

tetrahydropterl di n-2-yl] am no}-3-net hoxybenzoic acid [Internedi ate 2(C]
(200ng, 0.47nmmol) in DCM (10nL) was addad DI PEA (0.16nlL, 0.94mmol) and TBTU
(167ny, OSE%@ml?)R-aTb 6 7-RthykL@licsbpAEnyRardi]-53Rethjimg-es before

addi tion %%iert ?C éﬁagﬂrﬁ noy :Et(zabl g?clscﬁj 3. r€1M]O] he;mane 3-car boxyl ate

[ W200612 rppted '1 H)®"86mol ). The reaction was stirred for a further 30

m nut e? 2aTITd Ezgtr.:.Liarxatic»r?1 Jsrecyarbprér_m €2 Syas|(@itibutgicatbdryh BaMolpbhrd-pnaitsl Was heddvvl t 3

wat er [ gani ayer . concent rated under
reduced pfj'étgg'i‘f%d-éaj[e %@1?@%ﬁ*ﬁﬁ“%ﬁ?’i‘%ﬁ%&%ﬁ%ﬂ%ﬂ' 73 af ford

t he pr oduethyled({4rioghipheng)ahirad}-623&hy-7, Bdi¥ydro pledipin-GESVEoneanlirterf@diafd\af] t St age
2.
N- 3- azabi eve g SHMEPRSEERRIEASHeAPABmY S OIITL P- 0B Fret hyl - 6- oxo
5, 6, 7, 8- t NBudnythlem. 8r0uimo!)2Tlyd feantionahixBrerwasbeated aZReTQfor tibin thBut vl

St [eg |4 d{ [ ( %@rﬁﬁé@%h%ﬁ&w&ﬁaz uRldPrba el Rt LS TRX Brude fusiiud Wa LhasHES ©

yl ] ami no} or8o méichand/kisified preeivmo Fhpmatesiery dFe EtQACherianr do give theboxy| at e
(230ng, O ,%gmfjmdx@g%sﬂ}l@meggg@ th2: 43 fdHjdi oxane (5ni) and the reaction

m xture was stirred for 1.5 hours and concentrated under reduced
pressure. The re5|due vvas triturated with Et20 and then partitioned between
DCM (5nl) swgd 25 TycldpetPRt k) 2-f %hq)uw)@aérbsnw a¥fHo]-BASERR)W-dydlopadtyllia 2 COB,

dri ed ncentrated under re re sureto affordthe r oduct
as a mf]:\/?%t%oﬁ W8%¥i1%9%5 Sé’eﬁr/t)eymdaepferﬁ’gw%ﬁ?m@ h%sr“[ pir4-ergalge 3- P

Q’z(é | opent o a solutl?.n of (TR)-ElS)-Cchopentyl-T-ethy‘l 26[(4 lodophen¥l)Ram:go] -5- mlethyl -7.8- 7

(29) 2.1 s B SAeah DRV ATl Bk Sl s ket
%2? gggb?eczomz glmemircd(l))olr']iéaexﬂea&]dnevﬂxt&re/dvédosttmmﬂa‘ fb“mraami?théénti eﬂwcsgt!aléd on of

e o o er diog preBEHs Jit FoskidelbarenBaove ) toar SR R M g

g %g)Zm/:q1 b(r)NQBﬁﬁ’:@m)mLm dOb (NGB10,) andievapdesied oyddr ogmey pressure. Purnf cahogtbg 3A
{157y, o TEse s bodiibatrIRRaed e 8 DR REROMEu & SB50E il ). “The

m xture vmeldh@ﬂ\@lmézt 5ZDBHH]T. ‘HNMR)(BOQ MHH MaQR)ok 7(55-7h62<(tlur m)\Walo-

concentr a ?(-H—W‘ G‘F?]gﬂ‘?%dtﬁwﬁﬁ%%% 1{(52@)&%?#'% Qg,ée,% ﬂl ssolved in

Et OAc (10nL) ‘ard was e orgari € yer S dried
(MgSO™4)  @H. amdk. 3 titk ddrixbéd 3 Gritinr 4.82 thirt )88z ud.&7 (1, a,fx:@m-iz)hézm tle

product agasPL@N29al i1 AACTHe- 6 oW, Al) .54 F7¥FoH Thiant/Ped (SHTL] -

J=7.4 Hz)

Example 3

Cyclopentyl O-(4-{[(7R})-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-
2-yllaminoiphenyl)-L.-homoserinate

et sed
5 Ty




St age 4- Cycl opentyl

(2S)-2-am no-4-{64(4-{[ (7R)-8-cycl opentyl-7-ethyl -5-net hyl - 6- oxo-5,6,7,8-te
t r ahydr op¥@R2908{08096 y| | ani no} - 3- net hoxybenzoyf | ani no] - 3- BER®B2YAT(083938 1. 0] hex
-3-y1l) butanoate Cycl opentyl

(2S)-2-[ffert-butoxycarbonynam no]-446-[(4-{[(7R)-8-cycl opentyl -7-ethyl -5-
nmet hyl - 6- oxo-5, 6, 7, 8-t etrahydropt eri di n-2-yl ] am nol - 3- net hoxybenzoyl ) am no]
-3-aza bicycl o[ 3. 1. 0] hex- 3-y1} but anoat® (228ng, 0.29mmvl) was suspended in
4M HC / di gK@fieo(x@hblediish drBfarb@ asddrdiny WBiths gerRral@focslilireloRtingd béfdwf or 1.5
hour s and concentrated under reduced pressure. The residue was purified

usi ng pr é'Fe(ﬁ‘?@ "HPLC and then the product concentrated by freeze drying
for 60 hours The resultl ng solid was dissolved,n DCM (5n) and 2CC3
(5mM) andHe nut esermebia@ 301 gani c Iﬁyer w?s separ ated, drd ed
(My504) and ed under Nal GG SHF pr essur e heNt“i‘ Ie exarrpl e
as a clear o ™ 675 H1+ R

CDCl 3) 8: 8. 47R1(1T‘| 8 5Hz) 7599817 65 (3H, M), I 25 | ;LH,H d, J 7)
5.23 (2H, s), 5161 ,J59Hz)434449(1|$ 15(1§§dd
J=7.9, 3. 8Hz) s), 3.55 (1H, dd, J=8.4, 3.9 Hz 3.22 1 (4H,
n, 3.18(1H, d"““ﬁ“”é‘* ), 2.92(1H, br. s). 2. @Y,d(o;ahgm@m f8gedHz) |
2.34-2.44(2K, m, 1.38- 2 15 (20H, m and 0.81 (3H, t, .4Hz). Exanple 19
Cycl ocent vl
5-{44(4-{1(7R)-8-cycl ooentvl-7-ethvi-5-net hyIHQ sopt eri
di n-2-vl | am no} - 3- net hoxvbenzovl | am nol ohenv11- nor va he title

conmpound was prepared by the foll ow ng net hodob gme 25

Stage 1-

41(7R) - 8-cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo0-5, 6, 7, 8 tetrahydropt#\dl n- 2-
yl ] am nol - N- (4-i odophenyl) - 3- net hoxybenzam de To a stirred sol ut of
44] (7R) - 8- cycl opent y1- 7- et hyl - 5- mettR§8M%2hx0- 5, 6, 7, 8-t et r ahydr o
pteridin-2-yll am no}-3- rret hoxyben20| c acid [Int er nedi ate 2C1 (200i ng,

0.47mmol ) _in THE ed4|o 54

(6ny, O. )CV%SPH@E}N' °ny3®3%$0‘3¥‘&”§{?35 Pé@w%@%ﬁhy‘ The
reaction &Sﬂo%d 5667 Maﬁjidrdswtaﬁtiu&tz yimipuphahydi-homesdnagtew t h water (10m.),
dried (My504), and concentrated under reduced pressure. Purification by

col um chr omat ogr aphy (40-50% Et OAc / heptane) afforded the product (81.9ny,
28% vyield). ESM5s mz: 627 Hr. Stage 2- Cycligentyl

(2S, 4E) - 2-[ (t ert - but oxycar Jpnyl) api - RI®) - 8- |
tefra ydropt eri di n- 2- 0] am no} - 3-

cycl opent y1- 7- et hyl - 5- m&Phyl I6- 6Xo-

met hoxy benzoyl ) am no] pheny nt - 43 red sol ution of

4-{[ (7R) - 8-cycl opentyl- 7- et hyl } 5- net hyl -#%- oxo- 5, 6, 7, 8-

t et rahydropteri di n-2- ynam no (4-1 odophenyl nmet hoxybenzam de (81. 9ny,
69 0.13mmol) in DWMF (3nl) was ded cycl opent
(2S)-2-[(tert-butoxycarbonyl)am no] pent-4-enoate [internediate 13] (56ny,
0. 20mmol ), Pd(dppf)Cl2 (11ng, 0.01mmol), Et3N (40121, 0.29mvl) and NBu4Br

En 45?2\’/\6\9;%?&220“ J?hmrs-a;zdlt o %dr?ﬂgirivélﬂyr-ﬂ-[mw‘?dr’ﬁﬁﬁﬂﬁdylﬁﬁrn|ﬂ6§$@némylrﬂetl-l |d Eet \n\gs
| oaded ond'Eyqr?E?S"di%Q 5561"?”?1['@8”3?/’ @8%8%%&9 mgfj"d'af’%lﬁﬂglwg%ﬂﬁﬁﬁmhept ane)
}\lf)f ]9: Y:r : bedeare du@ntg(lﬁﬂmgl br3ﬁn%&lﬂ(léh{fhtoxﬁﬁklﬁnnﬂ)munb]butaﬁbag@nt&rm@atbopent yl
L et hyn. BT AAHOR KX o LT Fio Pl ARG, e

zoyl) am foo k0 phaspt $40°C-arartherd ihaaeaz:tldlymimpemay diluted with EtOAc (25mL) The

(28, 4E) - 2- [ ) Regtyl - 7-ethyl
5- et hyl - g'F\% 8%98}33%%?‘?'&?‘8% W‘mer)la é/ﬁ %g}o_r -nﬁyl? oxyEenzoyfIam n
o] phenyl }:Immm\ﬂg&%hmvi@n(:@ﬂmged l@d%min)d nresswdniqasfﬁ@)brmeowas passed

t hrough a :%.pr I t ogy, HGC 2,
SS). The P e'i:u on \Aclgléun%?&#rbrﬂ'd@g%ph?/ﬁ&%%}%hef%fgom@&rtﬁ %%N?ggt(%% /C) in full
H2 node. OﬁMn@WlCi@t'/émﬁ 83%LuRle)- ﬁﬁMSnﬁJ{-‘ﬁ"ﬁ%[WéH]for 30 nin, with a
tenperature of 25C and H2 pressure of 1 bar. The solution was then -
evaporated to dryness to afford the product (50ngy, 100%vyield). ESMS niz:
784 [ MtHr .



St age 4- Cycl opentyl

5-(4-[(4-{[(7R)-8-cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-

t et r ahydr WSt 2908/¢f09R62- y| | am no} - 3- met hoxybenzoyl ) am no] plEGEGB2007/603098al | nat e
To a solution of cyclopentyl

N- { Rt er 1- but oxycar bonyf | oxyl carbonyl1}-5-(4-[(4-{[(7R)-8- cycl opentyl
-7-ethyl-5-nethyl-6-oxo0-5, 6,7, 8- tetrahydropterldln 2-yl]am n0}- 3-

nmet hoxybenzoyl ) am no]j phenyl} L- nor valPPnat e (25ng, 0.03mmol) in DCM (1nl)
was added Stage-R:=1Qydioparayl éO- (BT R)-8&ydBpenty )7-etiNE-meagic-ow-516 Xisdr e was stirred

at RT for pressure. Purification by
preperati \t/eén%ﬂ @Q%;ﬁ‘ég@%ﬁ@h@ﬂ ngkgﬁﬁ%r’g%as a white solid (3ng, 14%
yield). ESM5 mlz: 342 [(M+2)/2]. 1H NWR (300 MHz, MeOD) 8; ppm 8.14 (1H, d,
J=8.1 Hz), 7.66-7.78 (41-1, n), 7.26-7.54 (3H, m, 5.37 (1H dd, J=4.0, 1.9
Hz), 4.53 (1H, dd, J=6.8, 3.4 Hz), 4.45 (1H t] J=8.2 Hz), 4.09 (2H s),
3.38 (3H, s), 2.73-2.95 (2 Crg0o2. 20 vsolnAt) . 1.62-1.87 (12H, m) and
0.94 (3H, t, J=7.5 Hz). 70 Exanpl cl gpentyl

(2S, 4E) - 2- ami no- 5- (4- [ ( 4- {?(7&) 8- cy€l openity1-H- etfiy1- 5- net hyl - 6- ox05, 6, 7, 8
-tetrahydropteridin-2-yllam - 3- net hoxybenz m no] phenyfi pent - 4- enoat e
The title conpound was prepa by the follo nmet hodol ogy ( Schene 26):
Schenme 25 Stage 2 Schene 26 St age 1- Cycl openty

(2S, 4E) - 2- am no-5-{4-[ (4- {[(7R) 8-cycl oPent yl - 7- ethyl 5- et hyl - 6-

o TG AP By SRR PO Prery oo

(2S, 4E) - 25, p(&&tettralm}r@ptgfm Mﬁa‘h%a]WBTﬂl)-Bhérﬁeie(nﬁate (177mg, 0. 28mdmol) was g I
7R) - 8- r r n- 2-

| L oy 3 kpefRatlh ¥isollnc obin BTG RBED TRe Fealich i S SBR  02 %5

(36ny, 0. BEAersi0)minwepand motrMumwm Plesslire taleave chdk:,k y@il68ohol ) . The

reaction f’ﬂxtﬁ?a‘ﬂé@w)f@ﬁtz@ ggbfo%d S%f\.hfquthfe%)&.@#]h%ﬁfﬁas &9%?%5'& bahegdn Bager reduced

pressure and redi ssol'v er was washed with
1M NaHCOB(2Pmbhend sairNasgOs WSM)T@rmgmﬁgwava@osemramdydm(Mgam aniccati on by
preperati es@méuﬁka%aaurfc@f Qﬁdcé eééufré | 10%

D orey " e %a ch?r %ngaf%ﬁﬁfﬁﬁ tifle aﬁarﬁpwf%& ER\A@%S geggmgo ‘i m
7.39- 7. 51Mp4G% M’f‘d) -FES: H536| Mﬁ'al] HENMB) 30&6Mtlz. Mg ) BABE5 fHtH3).4, 7.6, 7. 3
Hz), 5.267.52&H, (dlbigmrhz)éTBQzlew,J d@H -6515'3503 R 42643'?9 iyt J=8.8
Hz)417%;9llaH J] %) 2}, é(l—?t ‘(ﬂ%)

1.79-2. 064 &, 'f%Z S 849%95#%% %)5%61"{ B1d= 6@"'@4&(%)6) 71

Exanpl e 22.11-@y6dl(2@¢mh)ydnd 0.75 (3H, t, J=7.5 Hz).

544-1(4-{[(7R) - 8-cycl opentyl-7- et hvl - 5- et hyl - 6- oxo0-5, 6, 7, 8-tetrahydropteri
di n-2-vl ] am nol - 3- net hoxybenzoynam nol ohenyl | - 4- hydr oxv-L-norval i nate
Schene 27The example in the following table was prepared by methods analogous to the method

described above (Scheme 20) using the appropriate intermediates.

Example | Intermediates Used Name ESMS
Cyclopentyl O-(4-{[(7R)-8-cyclopentyl-7-

4 28 8 A ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydro m/z 567

pteridin-2-yi Jamino}-3-methoxyphenyl)-L- [M+H]"

homoserinate




Stage 1- Cycl opentyl

N-(tert-butoxycarbonyl)-5-{4-[(4-{[(7R)-8-cycl opentyl -7-et hyl - 5-

met hyl - 6 V6R@UB/0600P6 8- t et r ahydr opt eri di n-2-yl ] am no} - 3- nRERGBIHERIIYE ) ani noj
phenyl}-4- hydroxy-L-norvalinate To a solution of cycl opentyl

(2S, 4E) - 2- Rt ert - but oxycar bonyl ) am nol-5-{4-[ (4-{[(7R) - 8-

cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-t etrahydropteri din-2-yfiamno)-3
- et hoxy benzoyl ) am no] phenyl) pent - 4- etfoat e [ Scheme 25, Stage 2] (130ng,
0.17mml ) in THF (2nL) at O0C was a@dadpledd ane- di met hyl sul fi de conpl ex
(80ul, O. 7 I e §Li 1 ﬁitff’-éthgi QQ# !ﬁi_gtoxg)%s%éore addi ng
et hanol - . (133ny,

0. 87muol )tetr drapks EN] ethoxybe molbyisgngeteher 3 hours and t hen at
RT for 8 hours. The reaction mxture was concentrat ed, 72 extracted in

Et 0OAc (3 x 50nL), dried (NgSO4) and concentrated to give the product (90nyg,

75%vyield). ESM5: mz 800 Hjt St ge 2- Cycl opént yl

5-{4-[(4-{[(7R) -8-cycl op k wiﬁ 6,7,8- tetrahydro-

pteri di n-2-yl ] am no}- 3- net oxybengoy y1} hydr oxy- Lnorval i nat e
i ; 1H NMVR (300 MHz,

Procedure as in [ Sche - StageZ?]

~—~~

MeOD) 8: 8.12(1 H, d, .3 Hz), 7.74-8. 661 (5H, J), 7.40(2 H, dd J=1.8,
8.6Hz), 5.31 (1 H, m), 4. 49-4.38 (3H" m 404(3 s), 3.33 (3H, s),
3.10-3.09(21-1, n), 2.17-1.62(22H, m and 0.89( t, J=7.5 Hz). Exanple

22 Cycl ogpny | d tined bel
(29) - 2- am nok%ljl PIRGIP PRPAE S EPSp folne g?mé'iah?/m?e “Tethyl - 6- 0X0- 5, 6, 7, 8-

t et r ahvdr(Scbeme didn- 2- yl | ami nol - 3- rret hoxvbenzovl | ani nol pi peridi n-1-vi| but ano
ate The titled exanpl e was prepared according to the general procedure
outlined below (Schene 28): Schene 28 Stage 1- tert-Butyl

4-[(4-{[(7R) - 8-cycl opentylm‘zmg&g%lm%n@t hyl - §<0%x0-% 6, 7, 8- |

tetrahydropberl d| n 2-yq am no) - 3 [_l;ngy enzoxpam_ m\;@irl di ney lccar boxyl at
|

e To a s DCM rt
4-(1(7R - P90y pepg § ; -ox
pteridin-2-ylIYa hoxybeﬁzm c acid ter medloaté' 2C] 500rrg

1.18mmol) in 20rr1_ was added TBTU (415rrg 29mm|) and EA (0. 41,
2.35mmol ). The reacti m xture was stirred at for 30| m nutes and then
tert-butyl 4- am naopigperidine-1-carboxylate (282ng, 1.41 ) was added.
The reaction mxture was 74 4M HClin dioxane, rt | Stage 2

. 0]

YO

o’ o TN NN
e

Scheme 21

Stage 1- Cyclopentyl (28)-2-{(tert-butoxycarbonylyamino}-4-[(4-{[(7R)-8-cyclopentyl-7-
ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl}Jamino]

butanoate



stirred at RT for another 30 mnutes and then diluted with DCM (30nL). The
sol ution was washed with water (2 x 30nL), dried (MgSO4) and concentrat ed
under redWeWOHIWEHUre to | eave a thick brown oil. Trit kGH/GBZONME3IS

Et 20/ heptane (1:3) afforded the product as a beige solid (528ng, 74%
yield). ESM5: nmlz 608 [MrH. Stage 2-

4-{[ (7R) - 8-cycl opentyl- 7- et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-t et rahydr opt eri di n- 2-
yl | ani no) - 3- met hoxy- N- pi peri di n-4-yl beAZamide 1 N O Ho tert-Butyl
4-[(4-([(7R) -8-cycl opentyl-7- ebtyl- 5- met hyl- 6- oxo-5, 6, 7, 8-t etrahydropteri di
n-2- yliam nol - 3- met hoxyben pam ny] pi peri di ne- I- car boxyl ate (528ng,

0. 87mmvol ) was suspended i IM @ne (10m.). The
ho% and E;%ent rat ed under
d Wt

reacti on m xture was stirr:;tg at RHfo
ue was trit Et and then partitioned

reduced pressure. The ‘ a
bet ween DCM (100nL) and.s@at. Na2CO3 (5(1))71_)*'.i The gani c | ayer was
separated, washed wth sat. Na2CO3 (56rrL), drie SM) and concentrated
under reduced pressure to afford the product as hi ck yellow oil, which
a(/ﬂ : difi te‘ljcls@%olﬁti@‘ﬂéﬁﬂ&?ﬁﬂs@@gopeﬁﬂﬁ@%ﬁ}l-@meﬁﬁ%xo@.é,T,QOtgtrﬁMﬁl"&-- Stage 3-

cl open . . o . .
(28) - o | (VerdnoflayealrbBRpPIAeTAS 20 iatermadiate 2PRZ08TG, & ABPERDY - 7-
et hyl - 5- nBCW/(5nib) @x9 a8d<d, G-b8nictidzaly-gi Pt BTN dbtFamdstiyiaohiD@ tetdafiiBidaoxybenz oy f

42 rrry - B0l Ghlig ploame TR PRATR PR " Ramitl Phedeeaon raomat 1 i n2-y

] ami no) - 3stimetdiad RY-foF 30 minoied ibefode gddenaattpdatyl((28Bagmid-2Qremol ) in DVF (2nl)

75 1 nt el eaRER i dlatoaRt AR ard LRI SERRID e R ana Nt

(59ny, 0. midtere Wes stiined atdiclor a furtinex 1 8iheursdrensiiluted @dth KICNS (BOnflorant5 hour s,

diluted w e . I m.) and
dried (Né%%)%ﬁ%&%%ﬂ%#? ’“ﬁzmgg’ﬁ g&'{‘?g%éﬂ?sl?& %IM@%)@Q%%HF%EE%%@ to | eave
a yel | ow Wider radyeed preagure e lgvecoyalinw cihPuificatisgrysioluniredroveatgdoNy  af f or ded
L h'(a P odugioag Eﬁ)clil’l‘,‘glggﬁr{i;éﬁ’{ﬂecbr&ﬁﬁt 8Ya yaRi 3016 (Shemd=Pd4E yidl) ZESMS: MHH] - Stage
(28) - 2- an@ﬁ?%m%*{- 4-1(4-{[(7R) -8-cycl opentyl-7-et hyl - 5-

nmet hyl - 6- oxo-5, 6, 7, 8-t et rahydropt eri di n-2-yl ] am no) - 3- net hoxybenzoypam no] p

i peridinl_yl}Rhutanoate. 0O N Cycl I

(2S) - 2- (?éﬂ%gbht’g%ﬁ@ﬁﬁ E?o?%gzraj’a’%ﬁdﬂ?ﬁ&%ﬁ(%@f?"?ﬂ)?ﬁb363?611%tBIé'rﬁ’?fO:7- et hyl - 5-
net hyl - 6- 587 Btefaffydoodteidirnbyluripb)es-hdiioxbsnzbapinedbiRameid0xy benzoyl ) ani no]
pi peridi nl-yl }butanoate (86ngy, 0.11lmvol) was suspended in a solution of 4M
HCl / di oxane (5nL). The reaction mixture was stirred at RT for 20 minutes
and concentrated under reducld, presgure. The resijdue was triturated with

Et 20 and then partitionedd 5m.) 0 Na2CO3(25nL). The
organi c | ayer was separated, dri eﬂ ( ) d |[con¢entrated under reduced
pressure to afford the r~p4% exanpl e N N (49 ng, 65%vyield).

(11-1, s), 7.50-7.47 (2H, m, 5.24-5.19 (1H m 54-4.47 (1H, m, 4.28
(1H, dd, J=3.5, 7.7 Hz), 4.01 (3H, s), 3.95-3.8 11, m, 3.66-3.59 (1H,
m, 3.32 (3H, s), 3.01 (2H, s), 2.50 (2H, t, J=7.2 Hz), 2.19-2.10 (2H m,
1.99-1.68 (23H m and 0.86 (3H, t, J=7.5 Hz). 76

Cyclopentyl {28)-2-[(ferf-butoxycarbonyl)amino]-4-[{4-{[{7 R}-8-cyciopentyl-7-ethyi-5-

ESMS mz 677 [MrHr. 1 (300 MHz, 00 8.49 ?(1H, d, J=9.0 Hz), 7.77

methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxy benzoyl)amino]butanoate
(228mg, 0.33mmol) was dissolved in DCM (20mL) and 4M HCl/dioxane (10mL) was
added. The reaction mixture was stirred at RT for 2 hours and concentrated under
reduced pressure. The residue was taken up in EtOAc (50mL), washed with sat. Na,CO,
(25mL), brine (25mL). The organic layer was dried {MgSQ,) and concentrated under
reduced pressure to afford the title example as a white solid (180mg, 92% yield). ESMS:



Exampl e 23 tert-butyl

5444(44117R) - 8-cycl opentvl-7-et hvl-5- net hvl - 6- oxo-5, 6, 7, 8-t etrahvdropteri di
n- 2-vi| a0 peIsS00set hoxvbenwf | ani nol oi oeri di n- 1- v1l - L- REFGRROHANP8 o The
titled exanpl e was prepared according to the general procedure and

met hodol ogy outlined above (Schene 28) Stages 1-3 As Schenme 28 in using
internediates 2C (stage 1) and 3D (st q%e 3). The stage 4 deprotection step
was carried out using nethod B as outl4®ned bel ow. Stage 4 (Method B)-
tert - but yhz 594 [M+H]+ "H NMR (300 MHz, CDCl5) &: 8.55 (1H, d, J=8.4 Hz), 7.70 (2H, br s),

O R A P Ry Ry iy o ovter
S,{fl[ ?L Ie(l’)lg 055-1.148 (tH,ag)e 424 §t10,didc 13.6,618 Hbl BB (3H, s), 3.92-3.80 (1H, m), 3.59-

cycl openti{/ﬁm 3?%83}#9?}194'41(@%%7'5 7%30 ?Ol(r aihydr-"o‘gprflze?ri di n-2-yl]am no}-3

- met hoxybenzoyf | am no] p| per| din-1-1/1}-L-norvalinate (290ny, 0.36muol) in
Et OAc (6 9 ystem
was evacua e H%g%?] qer agtﬂé @gogﬁgﬁb%tg?rég%wg ﬁ%l?ﬁ\ﬁnédéﬂto )hev\rgtf}ﬁogp
appar at us:leambeld;attp\z@@@eﬂna I2éblus’dw the sppropiiate @fﬁ?m‘@d'la?ﬁeat ed twice and the
m xture was allowed to stir for 90 hour at RT under a hydrogen atnosphere.
The system was evacuated of hydrogen_and the palladiumresidues filtered
over Celii %4%)” TheSGEQEI‘ie(r was washed t@ ughly with Et 0Ag t he
combi ned F¥ e!ﬂté'm?ﬂﬁt&?e under reduce pr essure. The residue was
purifie bV col unnm (‘Hﬁﬁ‘i’mtn r‘r‘n\lnlr‘rnnrlflno ol | owed
by 5-10% MeOH / [DCM to el ute ?YF‘ERTO‘E'MSH EURSEP PR PIE o amyd 606as a
white sglid§g 37nb, 1BY&\E el d) metFSMBe-5A7 BB FGdrPmarrin-2-yiEriNRIvR 3%9 T;Mdz CDCI 3)
8: 8.53 |1 H, J=8.5 Hz), 7mﬁf%(qiber|zbyi)ﬁm)mo]l7pr5iﬂété H, s) 7.47 .- d} J=1.5
Hz), 7.3+ H—dd—3=853+5H)r——645(t++H—d——F=75Hz)—% it
J=7.7 HzZ), 4.21 (1 H, dd, J=[/Cy8lppedtylA-[(HH)7R)- ﬂﬂcyc)@entylﬂ-em@ﬁ(@ﬁyf- Thidds6 3. 97(3
H s), 3317 3.44(%cR Gm B6.5%3-563 8 libtratSroptetidiB2yifamido}-ad, J=8.9 Hz), 2.40(2
U T ey | 159 1 2 20 bty pleRdinnad and 0. 47 70 o, 3=7.4
Hz). The exanples in the foI tabl e were prepared by ngthods anal ogous
to the thod—destribed—abov (:cnema 28)_using the a prijate
i ntermedj at es. Exanpl e | nt er péxdbrend ({SEER-Sewigeeniy- n%ﬂyﬁ'g'ﬂet%rremfz 622
8 2C& 7B 6-0x0-5,6,7 8-tetrahydropteridin-2-ylJamino}-3- MeH]+
methoxybenzoyl)lysinate
Cyclopentyl O-(4-{{(4-{[(7R)-8-cyclopentyl-7-ethyi-6- miz 700
9 2C & 10 methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-yl]Jamino}-3- M+H
methoxybenzoyllaminomethyl}phenyl)-L-homoserinate {
Cyclopentyl 3-(1-{2-[{4-{[(7 R)-8-cyclopentyl-7-ethyl-5- m/z 691
10 2C &9 methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-yljamina}-3- M+H]'
methoxybenzoyl)amino]ethyl}piperidin-4-yl)ataninate [
tert-Butyl 4-[{4-{[{7R}-8-cyclopentyl-7-ethyl-6-methyl-6- miz 644
*11 2C & 6B oxo-5,6,7,8-tetrahydropteridin-2-ylJamino}-3- MHT
methoxybenzoyl)amino}-L-phenylalaninate [ ]

* In order to achieve selective Boc deprotection [Scheme 21 Stage 2] the mixture was

stirred at 0°C for 30 minutes instead of RT for 2 hours.



ESMS Stage 1 Stage 3 24 2C 3C A Cycl opentyl 5-{444-{K7R)-8-cyclo
pentyl-7-ethyl- 5-methyl-6-o0x0-5,6,7,8-tetrahydro pteridin-2-
yfi am no) W8 18¥/#¥8fbenzoyl ) ami no] pi peridi n-1- y1) -L- nOrGRIGBMAT/@030%8 z 691

[ MkH] 25

59
Example 12

fert-Butyl O-(4-{[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5.6,7 .8-tetrahydro
teridin-2-vlJamino}-3-methoxybenzoyaminolmethyliphenyi)-1.-homoserinate

Q l
~ N0
XW@“@Q@L

The titled example was prepared according to the general procedure outlined below

(Scheme 22).
Intermediates 11, 12A, 128 or 12¢ 0 |
0 ] TBTU, DIPEA N, .0
N._,0 DCM, rt R1 NT i
HO N™ — JQ
Jﬁ- I Stags 1 N™ "N” N
N® "N° °'N o H
e ’
-
Intermediate 2C
H, EtOH, 20% P/C | Stage 2
Q |

o " é

Scheme 22
Stage 1- tert-Butyl N-{(benzyloxy)carbonyi]-O-(4-{[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-

methyi-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoylJamino)-

methyl}phenyl)-L-homoserinate
Q |
- P2 /@/\ﬁkQ N’/INf/
}/O\H/K/\O NJ\\N z
o o " G

Procedure as in [Scheme 21 Stage 1] using intermediates 2C and 11.



2C 36 B t-Butyl (2S)-2-am no-4-(44(4- ([(7R) 8-

cycl opentyl- 7- et hyl - 5- et hyl - 6- oxo-5, 6, 7.

t et r ahy drVHR2e18{089086 2- y| ] ani no) - 3- met hr m benzoyl ) ami no] PCT/GB2007/003998

pi peri din-1-yl }butanoate MZ 665 [ MtHr 26 2D 36 B t - Butyl
(2S)-2-amno-4-(4-[(4-E7R)- 8-

cycl opentyl-7-ethyl -5-net hyl - B-0zo-5, 6 8-tetra

hydr opt eri di n-2-yl | am no) - 3- net hyl benzéﬂll ) am no] piperidin-1-Abutanoate
M Z 649 [Stagh - 7-Bikyl 65(4-{[(4-{[{7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-

tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]methyl}phenyl)-L.-homoserinate

0 |
~_N_O
XOE/N&/\OD/\ ﬁLE:LHiNXNL

To a solution of fert-butyl N-[(benzyloxy)carbonyl}-O-(4-{[(4-{[(7R)-8-cyclopentyl-7-ethyl-
5-methyl-8-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]-
methyl}phenyl)-L-homoserinate (132mg, 0.16mmol) in EtOH (5mL) under a nitrogen
atmosphere was added Pd/C (30mg, 20% w/w). The reaction mixture was evacuated
and placed under an atmosphere of H,. This was repeated a further two times and the
reaction allowed to stir under an atmosphere of H, for 1 hour. The reaction mixture was
filtered through Celite® and the filtrate concentrated under reduced pressure and purified
by column chromatography (10% MeOH / DCM) fo yield the titled example as a white
solid (42mg, 38% yield). ESMS: m/z 688 [M+H]". 'H NMR (300 MHz, CDCl,) &: 8.52 (1H,
d, J=8.5Hz), 7.56-7.70 (2H, m), 7.48 (1H, d, J=1.3Hz), 7.27-7.32 (2H, m), 6.88 (2H, d,
J=8.5Hz), 6.53 (1H, t, J=5.5Hz), 4.44-4.62 (3H, m), 4.21 (1H, dd, J=7.7, 3.6Hz), 3.95
(3H, s), 3.59 (1H, dd, J=7.6, 5.0Hz), 3.31 (3H, s), 2.08-2.28 (4H, m), 1.66-2.01 (10H, m),
1.47 (9H, m) and 0.87 (3H, t, J=7.5Hz).



A Cycl opentyl 5-{4-[(4-{7R)-B-cycl opentyl-7-ethyl -

5- net hyl - 6- oxo-5, 6, 7, 8-t et rahydr opt eri di n- 2-

yfi am no) WL 188/¥8benzoybani nol pi periclin-1- 0)- D nor vakGCTEBOKDIBIBO 1

[ MitHr 28 2D 3A A Cycl opentyl (2S)-2-amno-4-{4-[(4-([(7R)-B-

cycl opentyl-7-et hyl - 5- net hyl - 6- oxo-5, 6, 7B-tetra

hydr opt eri di n-2-yl ] am no) - 3- net hyl benzoill ) am no] piperidin-I-yl)butanoate
MZ 661 [MrH 29 2E 35 B t-Butyl (2S)-8!am no-4-{44(4-([(7R)- 8-

cycl opent Yhe &xamigslin Shefolidwihg tablexeerd plepared-by methods analogous to the method

e RSHpAd e UeAE Pk e b opmate Wit TS

pi peridin
) Stage 1
Example Intermediates Name ESMS
used
Cyclopentyl 4-(4-{[(7 R)-8-cyciopentyl-7-ethyl-

13 26 & 12 5-methyl-6-0x0-5,8,7,8-tetrahydropteridin-2- m/z 606
yllamino}-3-methoxybenzoyl)piperazine-2- [M+H]
carboxylate
Cycl tyl 4-{2-[{(4-{[(7 R)-8- -7-

Al
ethyl-5-methyl-6-0x0-5,6,7 8-tetrahydro
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aminolethyl}piperazine-2-carboxylate

Example 16

Cyclopentyl (23)-2-amino-4-{3-[{4-{[{7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5.6 .7 .8-
tetrahydropteridin-2-

rrolidin-1-yl}butanoate

The titled example was prepared according to the general procedure outlined below
{Scheme 23).
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Scheme 23

Stage 1- fert-Buty! 3-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,8,7,8-tetrahydro
pteridin-2-ylJamino}-3-methoxybenzoyl)amino]pyrrolidine-1-carboxylate

boc,
3 '
H N° N
0 d

To a solution of 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-
2-yi] amino}-3-methoxybenzoic acid [intermediate 2C] (200mg, 0.47mmol) in DCM
(10mL) was added TBTU (170mg, 0.52mmol) and DIPEA (163, 0.94mmol). The
mixture was stirred at RT for 30 minutes. tert-Buty! 3-aminopyrrolidine-1-carboxylate
(98ul, 0.56mmol) was added and the reaction mixture was stirred at RT for another 2
hours. The mixture was diluted with DCM (10mL), washed with water (2 x 20mL} and
brine {10mL). The organic layer was dried (MgS0O,) and concentrated under reduced
pressure. The residue was purified by column chromatography {0-1% MeOH in DCM}) to
afford the product as a yellow solid (220mg, 78% vield). ESMS: m/z 594 [M+H]".



[ MitHr 78 Exanpl e 32

(1R, 2315R) - 2-i sopropyl- 5- net hyl cycl ohexvl (2S) - 2- am no- 4-144(441(7R)-8-cvcl o
pent y1- 7- WO 2008/050096 PCT/GB2007/003998

et NA- 5- met hvl - 6- oxo- 5, 6, 7, 8-t et rahydropt eri di n-2-yl | am nol - 3- met hoxvbenzovh
am nol piperidin-1-yllbutanoate The title conpound was prepared by the
foll ow ng nmet hodol ogy (Schenme 29): k [Exanple 22 Stage 2 HN1O RN

O *"-product] 1?N STAB, DCE tc tfft9St&e 1r9 Internmediate 5 4M HCO /

di oxane | Stagegd 42([(785-B@yelogéntyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-

yljamino}-3-methoxy-N-pyrrolidin-3-ylbenzamide
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tert-Butyl 3-{(4-{{(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0xc-5,6,7,8-tetrahydro pteridin-2-
yllamino}-3-methoxybenzoyl)amino]pyrreolidine-1-carboxylate {(22mg, 0.36mmol) was
dissolved in 4M HCl/ dioxane (6ml.) and stirred at RT for 1 hour. The reaction was
concentrated under reduced pressure to afford the product as a white solid (120mg, 68%
yield). ESMS: m/z 494 [M+H]".

Stage 3- Cyclopentyl (28)-2-[(fert-butoxycarbonyl}amino]-4-{3-[{(4-{{(7 R}-8-cyclopentyl-7-
ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-yllJamino}-3-methoxybenzoyl Jamino]
pyrrolidin-1-yl}butanoate

O” Q. Neboc
H

N |
/o H é

To a stirred solution of 4-{{{(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro
pteridin-2-yijamino}-3-methoxy-N-pyrrolidin-3-yibenzamide (120mg,0.25mmol) in DMF
(5mL) was added K,CO; (140mg, 1.0mmol), Nal (75u, 0.5mmol} and (S)-cyclopentyl
(28)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate [intermediate 3A] (130mg,
0.37mmol). The reaction mixture was stirred at 80°C overnight and then diluted with
EtOAc (10mL). The mixture was washed with water (2 x 10mL) and brine (10mL). The
organic layer was dried (MgSOy) and concentrated under reduced pressure. The residue
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Ester Exanple No. Acid Nanme Acid Exanple No. ESMS 1

4- ([ (7R) - 8- Cycl opentyl- 7- et hyl - 5- net hyl - 6- oxo- 5, 6, 7, 8-

t et r ahydr B8t ¥P$/BR0A262- y| | ani no) - L- phenyl al ani ne 34 nl z 43RCT/(B407/203998
(28, 4E) - 2- Ami no- 5- (4- {K7R) - 8-cycl opentyl- 7-et hyl- 5-

met hyl- 6- oxo-5, 6, 7, 8-t etrahydropt eri di n-2- yljam no}phenyl) pent-4-enoic
acid 35 mz: 465 65

Example 18

Cyclopentyl {2S5)-2-amino-4-{6-[(4{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5.6.7 .8-
tetrahydropteridin-2-yllamino}-3-methoxybenzoyl Jaminol-3-azabicyclo[3.1.0]hex-3-yi}

butanoate
H.N

= WA l

The titled example was prepared according to the procedure outlined below (Scheme
24);
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[ MF1-1]+ 3 0-(4-{FR)-8-Cycl opentyl-7-ethyl -5-nethyl -6-o0xo0-5, 6, 7, 8-
tetrahydropteridi n-2-yliam no} phenyl)-L-honD5erine 36 mz 469 fIVH;B- 4
0- (4- { FRWQ2¢83(050)8€nt y1- 7- et hyl - 5- et hyl - 6- oxo- 5, 6, 7, 8- PCT/GB2007/003998
t et rahydropteridi n-2-yl | am no) - 3- net hoxyphenyl) -L- honoserine 37 mz 499
[ MiHI + 5 (28)-2- Ami no-44(4-{[(7R)-8-cycl opentyl-7-ethyl -5-net hyl -
a- 0xo-5, 6, 7, 8-t ei rahydropt eri di n- 2- ol ay no} - 3-
met hoxybenzoyDamni no] but ananoi ¢ acid 3 z 526 [ M+tF11-1- 6
(4S) - 4- [ (Stage Q-7!@)!—!31%@&_504&{éﬁl—&tyﬂop@h%?e&yh@mww-ﬁm&-éﬁ.7.Sjtetrahydm _
5,6, 7, 8- tGLAANY 1RS]S Hehickyderz8yaRfo) 3:azTE 00 1 V¥ R8I BBbxrater Of 1 ne
To a stirred solution of 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7.8-
tetrahydropteridin-2-yl] amino}-3-methoxybenzoic acid [Intermediate 2C] (200mg,
0.47mmol) in DCM (10mL) was added DIPEA (0.16mL, 0.94mmol) and TBTU (167mg,
0.52mmol). The reaction stirred at RT for 30 minutes before addition of tert-butyl 6-
amino-3-azabicyclo[3.1.0Jhexane-3-carboxylate [WO02006123121] (111mg, 0.56mmol).
The reaction was stirred for a further 30 minutes and then the mixture was diluted with
DCM (15mL.) and washed with water (2 x 5mL).The orgatiic layer was dried (MgSO.)
and concentrated under reduced pressure. The resulting solid was triturated with Et,0 to

afford the product as a white solid (230mg, 81% yield). ESMS: m/z 606 [M+H]".

Stage 2- N-3-azabicyclo[3.1.0]hex-6-yl-4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyi-6-oxo-
5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzamide

tert-Butyl 6-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro pteridin-2-
ylJamino}-3-methoxybenzoyl)amino}-3-azabicyclo[3.1.0]hexane-3-carboxylate (230mg,
0.38mmol) was suspended in 4M HCl/dioxane (5mL) and the reaction mixture was
stirred at RT for 1.5 hours and concentrated under reduced pressure. The residue was
triturated with Et,O and then partitioned between DCM (5mL) and sat Na;COs (5mL).
The organic layer washed with sat Na,CO;, dried (MgS0.) and concentrated under
reduced pressure to afford the product as a white solid {152mg, 80% yield). ESMS: m/z
506 [M+H]".

Stage 3- Cyclopentyl (25)-2-{{fert-butoxycarbonyl)amino]-4-{6-[(4-{[(7R)-8-cyclopentyl-7-
ethyl-5-methyi-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoylJamino]-3-
azabicyclo[3.1.0]hex-3-yl}butancate

To a stirred solution of N-3-azabicyclo[3.1.0]hex-6-yl-4-{[(7 R)-8-cyclopentyl-7-ethyl-5-
methyi-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzamide (152mg,
0.30mmol) in DMF (3mL) was added cyclopentyl (28)-4-bromo-2-{{tert-butoxycarbonyl)
amino]butanoate [Intermediate 3A] (157mg, 0.45mmol), K,CO; (166mg, 1.20mmol) and
Nal (90mg, 0.60mmol). The mixture was heated at 80°C for 24 hours. The reaction
mixture was concentrated under reduced pressure, the resulting residue was dissolved
in EtOAc (10mL) and washed with brine (10mL). The organic layer was dried (MgSQ.)



39 mz 538 [ M+tFIFF 8 AP-(4-{[(7R)-8-cycl opentyl-7-ethyl-5-nethyl-6-o0xo-
5,6,7,8-tetrahydropteridin-2-yljam no)-3- nethoxybenzoyd ysine 40 m z 554
[ ME111+ OWE 3088/658096( [ ( 7R) - 8- Cycl opent yl - 7- et hyl - 5- net hy | RGVGRH07/003998
5,6,7,8-tetrahydropteridin-2-yljam no)-3- nmethoxybenzoyDam noj net hyl }
phenyl ) -L-honoserine 41 mz 632 13

4-(4-{[ (7R) - 8- Cycl opentyl-7-et hyl-5-net hyl - 6- oxo-5, 6, 7, 8-

t et rahydr opt eri di n- 2- yeani no} - 3- net ho®/benzoyl ) pi per azi ne- 2- car boxyl i c
aci d 42 mand baitehiMtbd-lifdter reduced pressure to afford the title product as a brown solid

(228mg, 98% vield). ESMS: m/z 775 [M+H]".

Stage 4- Cyclopenty! {28)-2-amino-4-{6-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-oxo-
5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]-3-azabicyclo[3.1.0]hex-
3-yl} butanoate

Cyclopentyl (2S)-2-[(fert-butoxycarbonyl}aminoc]-4-{6-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-
methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino)-3-aza
bicyclo]3.1.0]hex-3-yl}butancate (228mg, 0.28mmol) was suspended in 4M HCl/dioxane
(5mL) and the reaction mixture was stirred at RT for 1.5 hours and concentrated under
reduced pressure. The residue was purified using preperative HPLC and then the
product concentrated by freeze drying for 60 hours. The resulting solid was dissolved in
DCM (5mL) and Na,CO; (5mL) and stirred for 20 minutes. The organic layer was
separated, dried (MgSO,) and concentrated under reduced pressure to afford the title
example as a clear oil (23mg, 12% yield). ESMS: m/z 675 [M+H]". 'H NMR (300 MHz,
CDCl) &. 8.47 (1H, d, J=8.5Hz), 7.43-7.65 (3H, m), 7.25 (1H, d, J=6.6Hz), 5.23 (2H, s),
5.16 (1H, t, J=5.9 Hz), 4.34-4.49 (1H, m), 4.15 (1H, dd, J=7.9, 3.8Hz), 3.92 (2H, s), 3.55
(1H, dd, J=8.4, 3.9 Hz), 3.22-3.31 (4H, m}, 3.18 (1H, d, J=9.0Hz), 2.92 (1H, br. s), 2.57
(2H, t, J=8.3Hz), 2.34-2.44 (2H, m), 1.38-2.15 (20H, m) and 0.81 (3H, t, J=7.4Hz).

Example 19

Cyclopentyl 5-{4-[{4-{[(7R)-8-cyclopentyl-7-ethyi-5-methyl-6-ox0-5,8.7 . 8-tetrahydro-
teridin-2-yllamino}-3-methoxybenzovllaminolphenyl}-L-norvalinate

HN o i
5 ot

The title compound was prepared by the following methodology (Scheme 25):




14 4-{2-[(4-{9g7R)-8-Cycl opentyl-7-ethyl-5-nmet hyl-6-oxo05, 6,7, 8-tetrahydro
pteridin-2-yllam no)-3- methoxybenzoyl) am no]ethyl)piperazine-2-carboxylic
aci d 43 WO 20054086 ( 28) - 2- ami no- 4- {3-[ (4-{[ (7R) - 8- Cycl oBERGPBROCTO§N 1- 5-
met hyl- 6- oxo-5, 6, 7, 8-t etrahydropt eri di n- 2-yfi am no) - 3-

met hoxybenzoyf | am no] pyrrolidin-I-yl}butanoic acid 44 mz 595 [ M+1-11+ 18
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Stage 4

Stage 1- 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-
ylJamino}-N-(4-iodophenyl)-3-methoxybenzamide

To a stirred solution of 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro
pteridin-2-yl] amino}-3-methoxybenzoic acid [Intermediate 2C] (200mg, 0.47mmol) in
THF (4ml) was added 4-iodoaniline (154mg, 0.7 1mmol), DMAP (6mg, 0.05mmol),
DIPEA (0.25mL, 1.41mmol) and EDC {99mg, 0.52mmol). The reaction mixture was
stirred at RT overnight, washed with water (10mL), dried (MgS0,), and concentrated
under reduced pressure. Purification by column chromatography (40-50% EtOAc
/heptane) afforded the product (81.9mg, 28% yield). ESMS m/z: 627 [M+H]".

Stage 2- Cyclopenty! {2S,4E)-2-[(tert-butoxycarbonyl)amino}-5-{4-[(4-{[(7R)-8-
_cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-yljamino}-3-methoxy
benzoyl)amino]phenyl}pent-4-enoate

To a stirred solution of 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-yllamino}-N-(4-iodophenyl)-3-methoxybenzamide (81.9mg,



mz 623 [MFI ]+ 82 Ester Exanple No. Acid Nane Acid Exanple No. ESMS 27

5-{4-[(4- 7R) - 8- Cycl opentyl- 7- et hyl- 5- net hyl - 6- oxo- .
5, ES 7F E(S-t&[PE?& O8RSt eri di n- 2- yf | ami no) - 3- net hoxybenzoy fRCHEBWPHDI3EYS di n- 1

-A-D-nonraline 47 mlz 623 [ M+H +

69
0.13mmol) in DMF (3mL.) was added cyclopentyl (28)-2-[(tert-butoxycarbonyl)amino]

pent-4-enoate [intermediate 13] {(56mg, 0.20mmol), Pd(dppf)Cl; (11mg, 0.01mmol), Et;N
(40ul, 0.28mmol) and NBu,Br (42mg, 0.13mmol). The reaction mixture was heated at
120°C for 1h in the microwave and concentrated under reduced pressure. The crude
residue was loaded on silica and purified by column chromatography (40%
EtOAc/heptane) to give the product (50mg, 30% yield). ESMS m/z: NI.

Stage 3- Cyclopentyi N-{[(ted—butoxycar’bony!)oxy]carbonyI}-5-{4-[(4—{[(7R)-8-cyclopentyl
-7-ethyl-5-methyl-6~oxo-5,6,7,8-tetrahydropteridin-z-yI]amino}-3-methoxybenzoy|) amino}
phenyl}-L-norvalinate

Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{4—[{4-{[(7R)—8-cyclopentyf-?-ethyl-
5-methyl-6-oxo-5,6,7,8—tetrahydropteridEn-2-yl]amino}-S-methoxybenzoyl)amino]
phenyl}pent-4-enocate (50mg, 0.06mmol) in MeOH (5mL) was was passed through an H-
Cube™ continuous hydrogenator (Thales Nanotechnology, HC-2, $S). The reaction was
performed using a 30mm CatCart™ (10% Pd/C) in full H, mode. A flow rate of 1mL/min
was maintained for 30 min, with a temperature of 25°C and H, pressure of 1 bar. The
solution was then evaporated to dryness to afford the product {50mg, 100% yield).
ESMS m/z: 784 [M+H]".

Stage 4- Cyclopentyl 5-{4—[(4—{[(7R)-8—cyc!opentyl-?-ethy|-5-methyl-6-oxo-5,6,7,8—
tetrahydropteridin-2-yl]amino}-3-rnethoxybenzoyl)amino]phenyl}-L—norvalinate

To a solution of cyclopentyl N-{[(tert-butoxycarbonyl)oxy]carbonyi}—S-{4-[(4—{[(7R)-8—
cyclopentyl -7-ethy|-5-methyl-6-oxo-5.6,7,B-tetrahydropteridin-2-yi}amino}-3-
methoxybenzoyl) amino] phenyl}-L-norvalinate {25mg, 0.03mmol} in DCM (1mL) was
added 4M HCl/dioxane (30p!, 0.12mmol). The reaction mixture was stirred at RT for
Thour and evaporated under reduced pressure. Purification by preperative HPLC
afforded the title example as a white solid (3mg, 14% yield). ESMS m/z: 342 [(M+2)/2]".
TH NMR (300 MHz, MeOD) §; ppm 8.14 (1H, d, J=8.1 Hz), 7.66-7.78 (4H, m), 7.26-7.54
(3H, m), 5.37 (1H, dd, J=4.0, 1.9 Hz), 4.53 (1H, dd, J=6.8, 3.4 Hz), 4.45 (1H, t, J=8.2
Hz), 4.09 (2H, s), 3.38 (3H, s), 2.73-2.95 (2H, m), 1.90-2.21 (10H, m), 1.62-1.87 (12H,
m) and 0.94 (3H, t, J=7.5 Hz).



28 (28)-2-Am no4-{4-[(4-WR)-8-cycl opentyl-7-ethyl -5-

net hyl - 6- 0xo-5, 6,7, 8-tetra hydropteridin-2-yflam no)-3.

met hyl berW@y908473#936] pi peri di n-1-yCbut anoi ¢ acid 48 nt ZPEHSBRN(4P399%
(23)-2-Am no-4-(44(4-{[(7R) -8-cycl opentyl-7-ethyl-5-

met hyl - 6- oxo-5, 6, 7,8-tetra hydropteridin-2-yflam no) - 3-

fl uorobenzoyl)am no] piperidin-1-yl}butanoic acid 49 rn/z 598 [ M-H + 31
(2R) - 2- Ami no-4- (44(4-{[(7R)-8-cycl open?‘%/l- 7- et hyl - 5-

met hyl- 6- oxo-5, 6, 7, 8-tetra hydr opt Exangpla28- yf | am no) - 3-

met hoxybenzoyf | am i peridind- ' -

ML Can 1T (e BileRAR) b STl LR R R T fhyPO iy B0 1M = 7
51627, 8- t 6,7 etinmpuirametidin-2ydriack hrmpth@xybenzoyl Jamino]phenyl}pent-4-enoate

met hoxybenzoyf | am nol - L- phenyl al ani ne 51

e |
| O

P

The title compound was prepared by the following methodology {Scheme 26):
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Scheme 26

Stage 1- Cyclopentyl (28,4E)—2-amino-5-{4—[(4-{[(7R)-8-cyclopentyl-?-ethyl-5-methyl-6-
oxo-5,6,7,8—tetrahydropteridin—2—y|]amino}—s-methoxybenzoyi)amino]phenyi}pent—4-
enoate

To a stirred solution of cyclopentyl (2S,4E)-2-{(fert-butoxycarbonyl)amino]-5-{4-[(4-
{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-oxo—5,6,7,8-tetrahydropteridin—2—y|]amino}-3-
methoxy benzoyl)aminojphenyl}pent-4-enoate [Scheme 25, Stage 2] (36mg, 0.06mmol)
in DCM (2mL) was added 4M HCl/dioxane (20uL, 0.08mmol). The reaction mixture was
stirred at RT for 2 hours, concentrated under reduced pressure and redissolved in DCM
(10mL). The organic layer was washed with 1M NaHCOj3 (10mL), dried (MgSO,) and
evaporated to dryness. Purification by preperative HPLC afforded the titled example as a
yellow oil (3mg, 10% yield). ESMS m/z: 342 IM/2]*. "H NMR (300 MHz, MeOD) 8: 7.55-
7.62 (1H, m), 7.39-7.51 (4H, m), 6.61 (1H, d, J=15.6 Hz), 6.17 (1H, ddd, J=15.4,7.6, 7.3
Hz), 5.26-5.34 (1H, m), 4.39 (1H, dd, J=6.3, 3.3 Hz), 4.32 (1H, t, J=8.8 Hz), 4.17 (1H, 1,
J=6.2 Hz), 3.25 (3H, s), 2.83 (2H, t, J=6.7 Hz), 1.79-2.06 (SH, m), 1.54-1.78 (8H, m) and
0.86 (3H, t, J=7.4 Hz).
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Measur ement of Biol ogi cal Activity PLKYIEnzyne Assay The ability of

conpounds to inhibit PLK-1 kinase &xbimpld 31 was neasured in an assay

performed by Invitrogen (Paisley, UK). The t-LYTETm bi ochem cal assay

enpl oys a fl uorescence- based coupl ed- enzyme format and i s based on the
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Scheme 27

Stage 1- Cyclopentyl N-{tert-butoxycarbonyi)-5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-
methyl-6-oxo-5,8,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino}phenyl}-4-
hydroxy-L-norvalinate

To a solution of cyclopentyl (28,4E)-2-[(fert-butoxycarbonyl)amino]-5-{4-[(4-{[(7R)-8-
cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-yl}Jamino}-3-methoxy
benzoyl)amino]phenyl}pent-4-enoate [Scheme 25, Stage 2] (130mg, 0.17mmol) in THF
(2mL) at 0°C was added borane-dimethyisulfide complex (80ul, 0.87mmol). The mixture
was stirred for § hours at 0°C before adding ethanol (0.3mL), water (0.27mL) and
sodium perborate tetrahydrate (133mg, 0.87mmol). The reaction was stirred at 0°C for a

further 3 hours and then at RT for 8 hours. The reaction mixture was concentrated,
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Cyclopentyl (2S)-2-amino-4-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyi-6-0x0-5,6,7.8-
tetrahydropteridin-2-yllamino}-3-methoxybenzoylaminolpiperidin-1-yltbutanoate
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The titled example was prepared according to the general procedure outlined below
{Scheme 28):
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Scheme 28
Stage 1- fert-Butyl 4-[(4-{[{(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,8,7,8-
tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]piperidine-1-carboxylate

0 |
e é

boc..

To a suspension of 4-{[(7R)-8-Cyclopentyl-7-ethyl-5-methy}-6-ox0-5,6,7,8-tetrahydro
pteridin-2-yl] amino}-3-methoxybenzoic acid [Intermediate 2C] (500mg, 1.18mmol} in
DCM (20mL) was added TBTU (415mg, 1.29mmol) and DIPEA (0.41mL, 2.35mmol).
The reaction mixture was stirred at RT for 30 minutes and then tert-butyl 4-
aminopiperidine-1-carboxylate (282mg, 1.41mmol) was added. The reaction mixture was
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stirred at RT for another 30 minutes and then diluted with DCM (30mL). The solution
was washed with water (2 x 30mL), dried (MgSQ,) and concentrated under reduced
pressure to leave a thick brown oil. Trituration with Et;O/heptane (1:3) afforded the
product as a beige solid (528mg, 74% yield). ESMS: m/z 608 [M+H]".

Stage 2- 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-
ylJamino}-3-methoxy-N-piperidin-4-ylbenzamide

HN
SYINW
_0

tert-Butyl 4-[(¢{[(7R)—8-cyciopentyl-?-ethyl-5-methyl~6-oxo-5,6,T,B-tetrahydropteridin-z-
ylJamino}-3-methoxybenzoyl)amino]piperidine-1-carboxylate {528mg, 0.87mmol) was
suspended in a solution of 4M HCl/dioxane {10mL). The reaction mixture was stirred at
RT for 1 hour and concentrated under reduced pressure. The residue was triturated with
Et,O and then partitioned between DCM (100mL) and sat. Na;CO; (50mL). The organic
layer was separated, washed with sat. Na,CQO; (50mL), dried (MgS0O,} and concentrated
under reduced pressure to afford the product as a thick yellow oil, which solidified on
standing (407mg, 92% yield). ESMS: m/z 508 [M+H]".

Stage 3- Cyclopentyl (25)-2-{(tert-butoxycarbonyl)amino}-4-{4-[(4-{[{7R)-8-cyclopentyl-7-
ethyl-5-methyl—6-oxo-5,6.T.S-tetrahydropteridin-2-yl]amino}-3—methoxybenzoyl)amino]
piperidin-1-yl}butancate

OTO
HI /‘Q . |
N NN
g e

To a solution of 4—{[(7R)-8-cyclopentyl-T-ethyI-S-methyl-6-oxo-5,6,7,8-tetrahydropteridin-
2-ylJamino}-3-methoxy-N-piperidin-4-ylbenzamide (100mg, 0.20mmol) in DMF (2mL)
was added cyclopentyl (28)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate
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[Intermediate 3A] (103mg, 0.30mmol), K.COj; (108mg, 0.79mmol) and Nal (59mg,
0.40mmol). The reaction mixture was stirred at 80°C for 15 hours, diluted with EtOAc
(20mL), washed with water {2 x 20mL), brine (20mL) and dried (MgSOQ,). The solvent
was concentrated under reduced pressure to leave a yellow oil. Purification by column
chromatography (5% MeOH/DCM) afforded the product as a white solid {86 mg, 56%
yield). ESMS: m/z 777 [M+H]".

Stage 4 (Method A)- Cyclopentyl {2S)-2-amino-4-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-
methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]piperidin-
1-yi}butanocate.

0. .0
GH:NT/\O 0 '
~_N._.0
0 é

Cyclopentyl (25)-2-[(tert-butoxycarbonyl)amino}-4-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-
methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino)piperidin-
1-yl}butanoate (86mg, 0.11mmol) was suspended in a solution of 4M HCl/dioxane
(5mL). The reaction mixture was stirred at RT for 20 minutes and concentrated under
reduced pressure. The residue was triturated with Et,O and then partitioned between
DCM (25mL) and sat. Na,CO; (25mL). The organic layer was separated, dried (MgS0O,4)
and concentrated under reduced pressure to afford the title example as a white solid (49
mg, 65% yield). ESMS m/z 677 [M+H]". 'H NMR (300 MHz, CD;0D) 8.49 (1H, d, J=9.0
Hz), 7.77 (1H, s), 7.50-7.47 (2H, m), 5.24-5.19 (1H, m), 4.54-4.47 (1H, m), 4.28 (1H, dd,
J=3.5, 7.7 Hz}, 4.01 (3H, s), 3.95-3.87 (1H, m), 3.66-3.59 (1H, m), 3.32 (3H, s), 3.01 (2H,
s), 2.50 (2H, t, J=7.2 Hz), 2.19-2.10 (2H, m), 1.99-1.68 (23H, m) and 0.86 (3H, t, J=7.5
Hz).
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Example 23

tert-butyl 5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6.7,8-tetrahydropteridin-

2-yllamino}-3-methoxybenzovl}aminolpiperidin-1-yl}-L-norvalinate
0

The titled example was prepared according to the general procedure and methodology
outlined above (Scheme 28)

Stages 1-3 As Scheme 28 in using intermediates 2C (stage 1) and 3D (stage 3,
The stage 4 deprotection step was carried out using method B as outlined below.

Stage 4 (Method B)- fert-buityl 5-{4-[(4-{[{7R)-8-cyclopentyl-7-ethyl-5-methy!-6-oxo-
5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]piperidin-1-yi}-L-
norvalinate

To a solution of the stage 3 product; fert-butyl N-[(benzyloxy)carbonyl]-5-{4-{(4-{[(7R)-8-
cyciopenty!-7-ethyl-5-methyl-6-oxo-5,6,7,B-tetrahydropteridin-2-y|]amino}-3—
methoxybenzoyt)amino]piperidin-1-yl}-L-norvalinate (290mg, 0.36mmol} in EtOAc (6mL)
was added palladium hydroxide (60mg, 20% wt/iwt.). The system was evacuated and put
under a hydrogen atmosphere (using a 3-way tap apparatus and hydrogen-filled
balloon), this was repeated twice and the mixture was allowed to stir for 90 hour at RT
under a hydrogen atmosphere. The system was evacuated of hydrogen and the
palladium residues filtered over Celite®. The Celite® was washed thoroughly with EtOAc
and the combined filtrates evaporated under reduced pressure. The residue was purified
by column chromatography (100% EtOAc to remove impurities followed by 5-10%
MeOH / DCM to elute product) to afford the title example as a white solid (37mg, 15%
yield). ESMS: m/z 679 {M+H]". 'TH NMR (300 MHz, CDCl;) &: 8.53 (1 H, d, J=8.5 Hz),
7.67 (1 H, s), 7.58 (1 H, s), 7.47 (1 H, d, J=1.5 Hz), 7.34 (1 H, dd, J=8.5,1.5 Hz), 6.45 (1
H, d, J=7.5 Hz), 4.50 (1 H, t, J=7.7 Hz), 4.21 (1 H, dd, J=7.8, 3.7 Hz), 4.00 - 4.10 (1H,
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J=6.7 Hz), 1.59 - 2.21 (20 H, m), 1.45 (9 H, s) and 0.87 (3 H, t, J=7.4 Hz).

The examples in the following table were prepared by methods analogous to the method

described above (Scheme 28) using the appropriate intermediates.

Intermediates
used
Example Stage 4 Name ESMS
Stage | Stage method
1 3
Cyclopentyl 5-{4-[{(4-{[(7R)-8-cyclo pentyl-T-ethyl- miz
5-methyl-6-oxo-5,6,7,8-tetrahydro pteridin-2-
24 | 2¢ | 3c | A rreoxe yere p e 691
yi]lamino}-3-methoxybenzoyl) amino}piperidin-1-

+
yl} -L-norvalinate [M"'H]
t-Butyl (28}-2-amino-4-{4-{(4-{[{TR)-8- m/z

lof I-7-ethyi-5-methyl-6-0x0-5.6,7.8 -
25 | 2c | 3B B | SyoopenwiTelhyrometty 665
tetrahydropteridin-2-ylJamino}-3-methoxy

+
benzoyl) amino] piperidin-1-yl}butanoate [M+H]
t-Butyl (28)-2-amino-4-{4-[(4-{{(7R)-8- miz
cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetra

26 | 2D | 3B g | YyeopenyreyrymetTEone 649
hydropteridin-2-yllamino}-3-methylbenzayt)

-+
amino] piperidin-1-yBbutanoate [M+H]
Cyclopentyl 5-{4-[(4-{[(7R}-B-cyclopentyl-T-ethyl- miz
5-methyi-6-0x0-5,6,7,8-tetrahydropteridin-2-

27 | 2c | 48| A o Sreyeepenee 691
yllamino}-3-methoxybenzoyl)amino]piperidin-1-

-
yl}-D-norvalinate [M"'H]
Cyclopentyl (28)-2-aminc-4-{4-[{4-{[{7R)-8- m/z
cycl |-7-ethyl-8-methyl-6-0x0-5,6,7 8-tetra

28 | 2D | 3A | A | SYCopenblTelhySmelylGox ¢ 661
hydropteridin-2-yiJamino}-3-methylbenzoyl)

+
amino] piperidin-1-yl}butancate [(M+H]
t-Butyl (28)-2-amino-4-{4-[(4-{[(7R}-8- miz

el tyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-
20 | 26 | 3B g | (yeopenymremybomeniy G ox 653
tetrahydropteridin-2-yllamino}- 3-fluorobenzowl)

+
amino] piperidin-1-yijbutancate [M+H]
Cyclopentyl (28)-2-amina-4-{4-[(4-{{{7R)-8- m/fz

! tyl-7-ethyl-5-methyl-6-
30 oF 3A A cyc0pen?' -ethyl -me y oxo-5678tet'ra 665
hydropteridin-2-yllamino}-3-fluorobenzoyl)amino]

+
piperidin-t-yljoutancate [M+H]
Cyclopenty! (2R}-2-amino-4-{4-[(4-{[{ 7R)-8- m/z
cyel tyl-7-ethyl-5-methyl-6 -5,6,7,8-tet

31 2¢ 4A A v Open'y. -ethy 'me yl-6-0x0 elra 677
hydropteridin-2-yllamino}-3-methoxybenzoyl)

+
amino] piperidin-1-ylibutanoate [M+H]
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Example 32

ethyl-5-methyl-6-ox0-5,6,7.8-tetrahydropteridin-2-yllamino}-3-methoxybenzovyllamino]

piperidin-1-yl}butanoate

tlea<Seed
-0 d

The title compound was prepared by the following methodology {Scheme 29}:
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Scheme 29

Stage 1- (1R,28,5R)-2-isopropyl-5-methylcyclohexyl (2S)-2-[(fert-butoxycarbonyl)amino]
-4-{4—[(4-{{(7R)-8-cyciopentyl-7-ethy|-5-methyl-6-oxo-5,6.7,8-tetrahydropteridin-2-
ylJamino}-3-methoxybenzoyl)amino]piperidin-1-yljbutanoate

To a solution of (1R,28,5R)-2-isopropyl-5-methyicyclohexyl (28)-2-{(tert-butoxycarbonyl)
amino]-4-oxobutanoate [Intermediate 5] (140mg, 0.39mmol) in DCE (15mL) was added
4—{[(7R)-8-cyclopentyl-?—ethyl-5-methy[-6-oxo-5,6,7,8-tetrahydropteridin-z—yl]amino}-3-
methoxy-N-piperidin-4-ylbenzamide [Example 22, Stage 2] (108mg, 0.30mmol). The
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solution was stirred for 30 min before addition of sodium triacetoxy-borohydride (193mg,
0.91mmol). The reaction stirred for a further 18 hours at RT. Sat NaHCO; (10mL) was
added and the reaction stirred for 20 minutes. DCM (10mL) was added and the organic
layer separated. The aqueous layer was extracted with DCM (2 x 10mL). The combined
organic layers were dried (MgS0,) and concentrated under reduced pressure.
Purification by flash column chromatography (2% MeQOH / DCM) afforded the product as
a clear oil (68mg, 24% yield). ESMS m/z 847 [M+H]".

Stage 2- (1R,28,5R)-2-isopropyl-5-methylcyclohexy! (2S)-2-amino-4-{4-[(4-{[(7R)-8-
cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-yllamino}-3-
methoxybenzoyl)amino] piperidin-1-yl}butanoate

To a solution of (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl (28)-2-{(terf-butoxycarbonyl)
amino] -4-{4-[{(4-{[(7R)-8-cyclopentyi-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-
yllamino}-3-methoxybenzoyl)amino]piperidin-1-yl}butanoate (11mg, 0.01mmol} in DCM
(1mL) was added 4M HCl/dioxane (1mL). The solution was stirred at RT for 3 hours. The
mixture was then concentrated under reduced pressure to give a the title example as a
white solid (6.1mg, 63% yield). ESMS m/z 747 [M+H]". "HNMR (300 MHz, MeOD) 5 7.90
(1H, d, J=8.3Hz), 7.68-7.55 (3H, m), 4.56-4.47 (1H, m), 4.45-4.07 (4H, m), 4.01 (3H, s),
3.75 (2H, m), 3.67 (2H, s), 2.77 (1H, m), 2.64-1.06 (38H, m) and 082 (3H, d, J=7.0Hz).

Example 33
4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6.7.8-tetrahydropteridin-2-vilamino}-

3-methoxybenzoyilaminol-L-phenylalanine
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The title compound was prepared by the following methodology (Scheme 30):
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Example 7

Scheme 30

Stage 1- 4-[(4-{[(TR)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-
yljamino}-3-methoxybenzoyl}aminec}-L-phenylalanine

To cyclopentyl 4-[{4-{[(7R)-8-cyciopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydro
pteridin-2-ylJamino}-3-methoxybenzoyl)amino]-L-phenylalaninate [Example 7] (45mg,
70umol} in THF (3mL) was added to a solution of lithium hydroxide (8.4mg, 0.35mmol) in
water (3mL). The reaction mixture was stirred at RT overnight and concentrated under
reduced pressure. Water (4mL) was added and the pH was adjusted to pH=5-6 with 1M
HCI. The aqueous was extracted with n-butanol (3 x10mL). The combined organic layers
were washed with water (5mL), brine {(5mL), dried (MgSQ,) and concentrated under
reduced pressure. Purification by preparative HPLC afforded the title example as a white
solid {37mg, 90% yield). ESMS m/z: 588 [M+H]". '"H NMR (300 MHz, DMSO-d6) &: 10.17
(1H, s), 8.48 - 8.75 (1H, m), 8.18-8.34 (4H, m), 7.83 (1H, ), 7.73 (2H, d, J=8.7Hz), 7.61-
7.67 (2H, m), 7.23 (2H, d, J=8.5 Hz), 4.36 (1H, dd, J=6.8, 3.2 Hz), 4.14-4.30 (2H, m),
3.96 (3H, s), 3.23 (3H, s), 3.07 (2H, d, t=6.4 Hz), 1.43-2.04 (10 H, m) and 0.76 (3 H, ,
J=7.4 Hz).
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The examples in the following table were prepared by the ester hydrolysis method

described above (Scheme 30).

Ester Acid
Exampie Acid Name Example ESMS
No. No.
1 4-{[{7R)-8-Cyclopentyl-7-ethyl-5-methyl-6-ox0-5,8,7 8- 34 m/z 439
tetrahydropteridin-2-yljamino}-t -phenylalanine [M+H]*
(25 ,4E)-2-Amino-5-(4-{[(7R}-8-cyclopentyl-7-ethyl-5- m/z: 465
2 methyl-6-0x0-5,6,7,8-tetrahydropteridin-2- 35
yllamino}phenyl)pent-4-encic acid [M+H]+
miz 469
3 O-(4-{{(7R)-8-Cyclopenty!-7-ethyl-5-methyl-6-0x0-5,8,7,8- 36
tetrahydropteridin-2-ylJamino}phenyl}-L-homoserine [M+H]+
O-(4-{[(7R)-B-Cyclopentyl-7-ethyl-5-methyl-6-ox0-5,8,7,8- m/z 499
4 tetrahydropteridin-2-yl Jamino}-3-methoxyphenyf)-L- 37 MH+HI+
homosering [ ]
(28)-2-Amino-4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl- m/z 528
5 6-0x0-5,8,7,8-tetrahydropteridin-2-yllaminc}-3- 38 MH+HI+
methoxybenzoyl)aminc]butananoic acid [ ]
(4S)-4-[(4-{[(7R)-8-Cyclopentyl-7-ethyl-5-methyl-6-oxo- miz 538
6 5,6,7,8-tetrahydropteridin-2-yllamino}-3- 39 MeHL
methoxybenzoyl}amino]-L-proline [ ]
N-{4-{{(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-oxo- m/z 554
8 5,6,7.8-tetrahydropteridin-2-ylJamino)-3- 40 Mo
methoxybenzoyl)lysine [ I
O-(4-{[(4-{i(7R)-8-Cyclopentyl-7-athyl-5-methyl-6-0x0- m/z 632
9 5,6.7,8-tetrahydropteridin-2-yljamino}-3- 41 MtHL
methoxybenzoyl)aminojmethyl} phenyl}-L-homoserine [ ]
4-(4-{[(7R)-8-Cyclopentyl-7-ethyl-5-methyi-6-0x0-5,8,7,8- mfz 538
13 tetrahydropteridin-2-yljamino}-3- 42 M+H1+
methaxybenzoyl)piperazine-2-carboxylic acid [ ]
4-{2-[(4-{[(7R)-B-Cyclopentyl-7-ethyl-5-methyl-6-0xo- mfz 581
14 5,6,7,8-tefrahydro pteridin-2-yflamino}-3- 43
methoxybenzoyi) amino]ethyl}piperazine-2-carboxylic [M+H]+
acid
(28)-2-amino-4-{3-[(4-{[(7R}-8-Cyclopentyl-7-ethyl-5- miz 595
16 methyl-6-oxo-5,6,7,8-tetrahydropteridin-2-yllamino}-3- 44 M+H1+
methoxybenzoylJamino}pyrrolidin-1-yl}butanoic acid [ |
(28)-2-Amino-4-{6-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5- miz 607
18 methyl-6-0xc-5,6,7,8-tetrahydropteridin-2-ylJamino}-3- 4L
methoxybenzoyl)amino}-3-azabicyclo[3.1.0]hex-3-yl} {M+H]+
butanoic acid
5-{4-[{(4-{[{(7R}-8-Cyclo pentyl-7-ethyl-5-methyl-6-oxo- m/z 623
24 5,8,7 8-tetrahydro pteridin-2-ylJamino}-3- 46
methoxybenzoyl)amino]piperidin-1-yl} -L-norvaline [M+H]+
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Ester Acid
Example Acid Name Example ESMS

No. No.

27 5-{4-[(4-{[(7R)-8-Cyclopentyl-7-ethyi-5-methyi-6-0xo- 47 m/z 623
5,6,7 8-tetrahydropteridin-2-y[Jamino}-3-
methoxybenzoylyamino]piperidin-1-yl}-D-norvaline [M+H]+
(28)-2-Amino-4-{4-[(4-{[(7 R)-8-cyclapentyl-7-ethyl-5- m/z 593

28 methyl-6-0x0-5,6,7 8-tetra hydropteridin-2-yllamina)-3- 48
methylbenzoyl)amino] piperidin-1-yi}butancic acid [M+H]+
(25)-2-Amino-4-{4-[(4-{[(7R)}-8-cyclopenty!-7-ethyl-5- m/iz 598

30 methyl-6-ox0-5,8,7,8-tetra hydropteridin-2-ylJamino}-3- 49
flucrobenzoylyamino] piperidin-1-yBbutanoic acid [M+Hj+
(2R)-2-Amino-4-{4-[(4-{[(7R)-8-cyclopentyl7-ethy!-5- m/z 609

3 methyl-6-0x0-5,6,7 8-tetra hydropteridin-2-yljamino}-3- 50
methoxybenzoyl)amino] piperidin-1-yi}butanoic acid [M+H}+
4-l(4-{[(7 R)-8-cyciopentyi-7-ethyi-5-methyl-6-oxo- m/z 588

7 5,6,7,8-tetrahydropteridin-2-yllamino}-3- 5
methoxybenzoyl}jamino]-L-phenylalanine [M+H]+
4-{4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-oxo- m/z 539

13 5,6,7,8-tetrahydropteridin-2-yljamino}-3- 52 [M+H}+
methoxybenzoyl)piperazine-2-carboxyiic acid
(25)-2-amino-4-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5- m/z 609

22 methyl-6-0x0-5,6,7 8-tetrahydropteridin-2-yllamina}-3- 53
methaxybenzoyllaminc]piperidin-1-yl}butanoic acid [M+H]+




NT 53 A NT 88 Broken Cell Carboxyl esterase Assay Any given conpound of the
present invention wherein R7 is an ester group, nmay be tested to determ ne
whet her i WO3088/850p%%e requi renent that it be hydrol ysed DBCT/GB2QEB039M ar
esterases, by testing in the follow ng assay. Preparation of cell extract
U937 or HCT 116 tunour cells (- 109) were washed in 4 volunes of Dul beccos
PBS (- 1litre) and pelleted at 525 g for 10 mn at 4C. This was repeated
twice and the final cell pellet was reddspended in 35 nL of cold

honogeni siMeastitenient of Bidiadmallattiviy NaCl 130 mM Cad 2 0.5 mM pH 7.0 at

25C). Honpbgenates were prepared by nitrogen cavitation (700 psi for 50 mn
at 4C). The honobgenate was kept on ice and supplenented with a cocktail of

i nhi bi t or PLKH Emzpmle Assagent rati ons of: Leupeptin 1 ttM Aprotinin 0.1 RM E64
8 ttMPepstatin 1.5 pMBestatin 162 p. M Chynostatin 33 p. M After
clarification of the cell honogenate by centrifugation at 525g for 10 m n,
t he resul fThegbilitypéecorapaunt!s weishibis BUK-d kirmss activitg wab nessareddreamadsayi t y and was

stored at ja80MGeHBY ibvittdgBH B&dey, YRGS the PRIV TEM HSdnemidd §8&%39Mploys a
fluorescence-based, coupled-enzyme format and is based on the differential sensitivity
of phosphorylated and noﬁ-phos;)horylated peptides to proteolytic cleavage. The peptide
substrate is labelled with two fluorophores—one at each end—that make up a FRET
pair. In the'primary reaction, the kinase transfers the gamma-phosphate of ATPio a
single serine or threonine residue in a synthetic FRET-peptide. In the secondary
reaction, a site-specific protease recognizes and cleaves non-phosphorylated FRET-
peptides. Phosphorylation of FRET-peptides suppresses cleavage by the Development
Reagent. Cleavage disrupts FRET between the donor (i.e., coumarin) and acceptor (i.e.,
fluorescein) fluorophores on the FRET-peptide, whereas uncleaved, phosphorylated
FRET-peptides maintain FRET. A radiometric method, which calculates the ratio (the
Emission Ratio) of donor emission to acceptor emission after excitation of the donor
fluorophore at 400nm, is used to quantitate reaction progress.

The final 10 pb. Kinase Reaction consists of 2.8-25.3ng PLK1, 2uM Ser/Thr 16 Peptide
substrate and ATP in 50mM HEPES pH 7.5, 0.01% BRIJ-35, 10mM MgClI2, 1mM EGTA.
The assay is performed at an ATP concentration at, or close to, the Km. After the 60
minute Kinase Reaction incubation at RT, 5yl of a 1:8 dilution of Development Reagent
is added. The assay plate is incubated for a further 60 minutes at RT and read on a
fluorescence plate reader,

Duplicate data points are generated from a 1/3 log dilution series of a stock solution of
test compound in DMSQ. Nine dilutions steps are made from a top concentration of
10uM, and a 'no compound' blank is included. Data is collected and analysed using
XLfit software from IDBS. The dose response curve is curve fitted to model number 205
(sigmoidal dose-response model). From the curve generated, the concentration giving
50% inhibition is determined and reported.



Hydrol ysis of esters to the correspondi ng carboxylic acids can be neasured
using the cell extract, prepared as above. To this effect cell extract (-30

pg / tot AVO3845%096| une of 0.5 nl) was incubated at 37CPEHGE2887(08399%c) 25

mv 125 mM NaCl buffer, pH 7.5 at 25C. At zero tine the ester (substrate)

was then added at a final concentration of 2.5 ' AM and the sanples were

I ncubated at 37C for the appropriate tine (usually O or 80 mn). Reactions
were stopped by the addition of 3 X vobtlines of acetonitrile. For zero tine
sanpl es ti0s0 ssseitoweier dlibeatedit aradE S ramgesastfalotve est er conpound. After

centrifugation,. for 5 mn, sanples were anal ysed for the ester and
its corre W%%S&%ggﬁr boxylic acid at RT by LCMS (Sciex APl 3000, HP1100

bi nary puRangeGICFNdm 1@ tad@BgMaphy was based on an AceCN (75x2.1 nm

colum a j R of 5- 95 % acetonitrile in water /0.1 %formc
aci d. Thgﬁ?@g@?‘g&eﬁw p?@sents data showi ng that several ami no acid ester

nmotifs, chfFiNphtestedt o various intracellular enzyne inhibitors by several
different |linker chem stries are all hydrolysed by intracellular
car boxyesterases to the correspondi ng_acid. Structure of am acid ester
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Cell inhibition Assay
Cell inhibition assays were carried out using either method A or method B

Method A

Cells were seeded in 96W tissue culture plates (1 well = 30mm?) at a density of 500 celis
per well in 50p! of the appropriate culture medium {see below). 24hrs later 50ul of the
compound prepared in the same medium was added as 4 fold dilutions to give final
concentrations in the range 0.15nM-2500nM (n=6 for each concentration). The plates
were then incubated at 37°C, 5% CO. for 120hrs. Celi proliferation was assessed using
WST-1 (a metabolic indicator dye, Roche Cat no. 1 644 807) according to the
manufacturers instructions. The results were calculated as percentage of vehicle
response and IC50 values represent the concentration of compound that inhibited the

vehicle response by 50%.

HCT-116 culture medium - Dulbeccos MEM (Sigma D6546) plus 10% heat inactivated
fetal calf serum (Hyclone SH30071 Thermo Fischer Scientific) containing 2mM
Gilutamine (Sigma cat no G-7513) and 50U/ml Penicillin and Streptomycin Sulphate
{Sigma Cat no P-0781).

Method B ‘
Cells were seeded in 96W tissue culture plates in 50ul of the appropriate culture medium
(1 well = 30mm?) at a density according to cell type [HCT-116, 750cells/well, Hut-78 &
U937, 1500celis/well].
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24hrs later 50l of the compound prepared in the same medium was added, made as 12

fold dilutions to give final concentrations from 10000nM to 0.28pM (n=6 for each
concentration).

The plates were then incubated at 37°C, 5% CQ, for 72hrs.

A tritiated thymidine incorporation assay was used as a measure of cell proliferation. In
short, cells were incubated with 0.4pCifwell for 4hrs before harvesting onto filtermats.
These were dried, meltilex scintillation sheets melted on, then sealed in bags and *H
emission counted on a Trilux microbeta counter.

The results are calculated as percentage of vehicle response and IC50 values represent
the concentration of compound that inhibits the vehicle response by 50%.

IC50 results were allocated to one of 3 ranges as follows:
Range A: IC50 <100nM

Range B: IC50 from 100nM to 500nM

Range C: IC50 >500nM

NT = Not tested
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The resuits obtained for compounds of the Examples herein are given in the table below.

Example Number | hibitor Activity vs I ooy Y vs
{method A)
1 A B
2 A A
3 A B
4 A A
5 A A
6 A A
7 B A
8 A A
9 B A
10 A A
11 A B
12 A A
13 A B
14 A A
15 A A
16 A A
17 A A
18 A A
19 A A
20 A A
21 NT NT
22 A A
23 A A
24 A A
25 A A
26 A A
27 A A
28 A A
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Inhibitor Activity | phibitor Activity vs
Example Number Vs HCT 116 cell line
PLK1 (method A)

29 A A

30 A A

31 A A

32 A NT
33 A NT
34 A NT
35 A NT
36 A NT
37 A NT
38 A NT
39 A NT
40 A NT
41 A NT
42 A NT
43 A NT
44 A NT
45 A NT
46 A NT
47 A NT
43 A NT
49 A NT
50 A NT
51 A NT
52 A NT
53 A NT
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Broken Cell Carboxylesterase Assay

Any given compound of the present invention wherein Ry is an ester group, may be
tested to determine whether it meets the requirement that it be hydrolysed by
intracellular esterases, by testing in the following assay.

Preparation of cell extract

V937 or HCT 116 tumour cells (~ 10%) were washed in 4 volumes of Dulbeccos PBS (~
1litre) and pelleted at 525 g for 10 min at 4°C. This was repeated twice and the final cell
pellet was resuspended in 35 mL of cold homogenising buffer (Trizma 10 mM, NaCl 130
mM, CaCl, 0.5 mM pH 7.0 at 25'C). Homogenates were prepared by nitrogen cavitation
(700 psi for 50 min at 4°C). The homogenate was kept on ice and supplemented with a
cocktail of inhibitors at final concentrations of:

Leupeptin 1 uM

Aprotinin 0.1 pM

E64 8 uM

Pepstatin 1.5 uM

Bestatin 162 uM

Chymostatin 33 pM

After clarification of the cell homogenate by centrifugation at 525g for 10 min, the
resulting supernatant was used as a source of esterase activity and was stored at -80°C

until required.

Measurement of ester cleavage

Hydrolysis of esters to the corresponding carboxylic acids can be measured using the
cell extract, prepared as above. To this effect cell extract (~30 g / total assay volume of
0.5 mL) was incubated at 37°C in a Tris- HCI 25 mM, 125 mM NaCl buffer, pH 7.5 at
25'C. At zero time the ester (substrate) was then added at a final concentration of 2.5
uM and the samples were incubated at 37 C for the appropriate time (usually O or 80
min). Reactions were stopped by the addition of 3 x volumes of acetonitrile. For zero
time samples the acetonitrile was added prior to the ester compound. After centrifugation
at 12000 g for 5 min, samples were analysed for the ester and its corresponding



The tabl e bel ow shows that Exanple 22 containing a cleavable esterase notif
has much greater activity in cells than the conpound | acking the esterase
motif, coMEbIMBOINWEXanpl e 46 in W04076454), even t houghCHEBROORENS9S| i | ar
enzyne activities. Conpound Structure Inhibition of PLK (1C50, nM

I nhi bition of W37 cell proliferation (1050, nn) (nethod B) Ratio
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carboxylic acid at RT by LCMS (Sciex API 3000, HP1100 binary pump, CTC PAL).

Chromatography was based on an AceCN (75x2.1mm) column and a mobile phase of 5-
95 % acetonitrile in water /0.1 % formic acid.

The table below presents data showing that several amino acid ester motifs, conjugated
to various intracellular enzyme inhibitors by several different linker chemistries are all
hydrolysed by intracellular carboxyesterases to the corresponding acid.
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The table below shows that Example 22 containing a cleavable esterase motif has much
greater activity In cells than the compound lacking the esterase motif, compound |
(Example 46 in W004076454), even though both have similar enzyme activities.

Inhibition of PLK inhibiton of
IC50, nM usszcell | patio
Compound Structure (IC50, nM) proliferation
(IC50, nM) celllenzyme
ester acig |(method B)
L ;
N (o]
N N
Compound | “LQJ:I&L 4 16 0.4
-
q"f“"’() b 6
Example 22 LQL’I@L 6 (Example | 0.09 0.015
A0 53)




.16 6 (Exanple 53) 0.09 0.015 91 Cdains: 1.A conpound of forrmula (1), or
a salt, Noxide, hydrate or solvate thereof: wherein Rl is hydrogen, or
an opt i on¥A 3P0&0AN896 t ut ed (Cl- C6) al kyl, (C2-C6)al kenyl , RCORCBBENA0KYI8/| or
(C3-C6) cycl oal kyl group; R2 is hydrogen, or an optionally substituted
(C1-Co) al kyl, (C2-C6)al kenyl, (C2-C6)al kynyl or (C3-C6)cycloal kyl group;

91
Claims:
1. A compound of formula (1), or a salt, N-oxide, hydrate or solvate thereof:
Ry CH,
1
T N_.O
=
X o
e
N° N N 'R,
H |
R,
R,
wherein

R, is hydrogen, or an optionally substituted (C4-Ce)alkyl, (C2-Cg)alkenyl, (C,-Cs)alkynyl or
(C3-Csg)cycloalkyl group;

Rz is hydrogen, or an optionally substituted (C,-Cg)alkyl, (C2-Cg)alkenyl, (C,-Cs)alkynyl or
{C5-Ce)eycloalkyl group;

Ry and Ry’ are independently selected from hydrogen, -CN, hydroxyl, halogen, optionally
substituted (C,-Cg)alkyl, {Cz-Ce)alkenyl, (C2-Ceg)alkynyl or (C5-Ce)cycioalkyl, -NRsR; or
C4-C, alkoxy, wherein Rs and Rs are independently hydrogen or optionally substituted
(Ci-Celalkyl;

ring A is an optionally substituted mono- or bi-cyclic carbocyclic or heterocyclic ring or a
ring system having up to 12 ring atoms;

T is a radical of formula R-L'-Y'- wherein
Y'is a bond, -O-, -S-, -NRe-, -(C=0)-, -8(03)-, (C=0)NRg-, -NRg{C=0})-, -S(0O3)NR¢-, -
NRsS(O2)-, or -NRs(C=0)NRg-, wherein Rg and Ry are independently hydrogen or

optionally substituted (C4-Cs)alkyl;

L' is a divalent radical of formula (AIk")(Q)(Alk?),- wherein

m, n and p are independently 0 or 1,



R3 and R3' are independently selected from hydrogen, -CN, hydroxyl,

hal ogen, optionally substituted (Cl-C6)al kyl, (C2-C6)al kenyl,

( C2- CB) a M4y pROB/O8I09¢ C3- CB) cycl oal kyl, - NR5R6 or Cl- C4 al ReXEBP2UHAIEPH R5 and
R6 are independently hydrogen or optionally substituted (Cl-C6)al kyl; ring
Ais an optionally substituted nono- or bi-cyclic carbocyclic or
heterocyclic ring or a ring systemhaving up to 12 ring atons; T is a
radical of formula R L'-Yl- wherein YI%4s a bond, -0-, -S, -NR6-, -(C=0)-,
-S(02)-, -(C=0)NR6-, -NR6(C=0)-, -S(02)NR6-, - NR6S(02)-, or -NR6(C=0)NR5-,
wherein R6 an .are j.ndepend | yv..hydrogen or. i | ]y spbstituted
(CL- C8) al kyl : d‘i&ﬂé"&"ﬁ‘?’\?ﬁ?%‘%ﬁ{f’%&y divgen ¢t P%’rogﬁfcgagc(%fk%f%yn(Al k2) p-
wherein m n aetkrgeyalicradicdidaeing &ntlI3ying mamikrs, oB(i),@h thescage Whene op0i anal | y
substituted diyal ent - i | i I | i 3] ld ¢ radical
havi ng 5- 13 r‘%“’%&f”ﬂ@%@pﬁmﬁu‘ TC?%S?AINﬁer? 'ﬂgﬁ Esg)s{%"v\sﬁ?lgfr)gR Q%igerr%fmglédi val ent
radi cal of f orhydiogen Odepi@naliysubstituteC-Cs alkg, and @' is@n oRigmaliymerstiuiedrA i s

hydrogen or O%ngfée}ngbllo}(o-s&%%lr:ﬁchga%cﬁibgﬁhé\%rl&f)l/clif?élﬁ’cag'néviﬁgss a4y R i onal l'y

substituted d nono- I cyclic carbocyclic or heterocyclic radi cal
havi ng 5-13 remperanbers, Alle and Alk2 independently represent optionally
substituted divalent (Cr C6)cycloal kyl radicals, or optionally substituted
strai ght or branched Cl- (6)al kyl ene, (C2- al kenyl ene,

(C2- Cb) al kynyl@!ﬁ1ear}da@f‘£c_'é!ﬂ§9%ﬁ'ﬁﬁq¥ 'ﬁﬁﬂ?s%f’étﬂﬂﬁ‘éﬁ%}"b%w{;&iqﬁv t&réf nminate in an
o1 opt 1 onal 1 v e oot nt facmul a (%) or
or optionally substitute - a ; ) radi.c aor.mul a or
(Y) R77.Th\xi Ge¢'eylens. f@zﬁﬁé%wz'm?&i'ﬂﬁ)?y?yr\y%nﬁ r%‘%’:\?azso‘%@lji‘ T3 cid group

(- COON), or arbp86haly cofitaimrdrintiate in ahytien (-Ps)pihicetiey (Sreor@mimp (HIR)

ntracel Tular cathoXyl RPLHa25e BFTBRarl QubsRRLP R K MRS @ 0T OuP;

R is a radical of formula (X) or (Y)

R, R,
> % HN D
RN ,

wherein

R; is a carboxylic acid group (-COOH), or an ester group which is hydrolysable
by one or more intracellular carboxylesterase enzymes to a carboxylic acid

group;

Rs is hydrogen; or optionally substituted C-Cg alkyl, C3-C; cycloalkyi, aryl or
heteroaryl or -(C=0)Rs, -{C=0)ORs, or -(C=0)NRgwherein R is hydrogen or
optionally substituted (C-Cs)alkyl; and

D is a monocyclic heterocyclic ring of 5 or 6 ring atoms wherein Ry is linked to a ring
carbon adjacent the ring nitrogen shown, and ring D is optionally fused to a second
carbocyclic or heterocyclic ring of 5 or 6 ring atoms in which case the bond shown
intersected by a wavy line may be from a ring atom in said second ring.



R6 i s hydrogen; or opti onal |y substituted C1-C6 al kyl, C3-Crcycl oal kyl,
aryl or heteroar (C=0)R6, -(C=0)0R6, or -(C=0)NR6wherein R6 is

hydr ogen B’P@B’E’?%Wél |y substituted (Cl-C6)al kyl; and D iRCTAGRORE042898
heterocyclic ring of 5 or 6 ring atons wherein R7 is linked to a ring
carbon adj acent the ring nitrogen shown, and ring Dis optionally fused to
a second carbocyclic or heterocyclic ring of 5 or 6 ring atons in which
case the bond shown intersected by a w&y |ine may be froma ring atomin
said second ring. 93 2. A corrpound as claimed in claim1l wherein Rl is

ethyl. 3. Aco ound cl ai n m1 im2 wherein R2 is
cycl opent ¢ U%Wﬁ " ‘f'%”“rr{e‘ﬁh?rﬁméﬁ)}s 8'#’a]t he preceding cl ai ms

wherein ri ng Ais a phenyl ring. 5A conmpound as clained in any of the

precedi ngxcl ai H%?%%\I%I% c?mgg'ﬂi facrnreclaq 9 AT BIH t%?y?f%‘?qtyiﬂ uor onet hyl ,

tr|fluoronethoxy oro Iuoro
ethyl, n- and i so-propyl, aIIyI -CH2CF_CH, cycl opropyl, cyclopentyl,

| oh ; t hyl
CYo Ll BRI B B el RSeS|

met hoxy, f'!‘gjoro or chloro, and R 3 IS hydrogen, fluoro or chloro. 7. A
conpound as clainmed in claiml having fornmula (1A): wherein R3 is

met hoxy, fluoro or chloro, and the renmining variables are as defined in
claim1. 8. A cHRPODRNIRS daimesinenyief Hiepresedingciame wagieiyReand Reatther ei n R2

is of forAydrégen( MethoRftuskmiethdky RN, in§diBi Fehidrd, HuoroMhRii, N
trifluoromethyl, ethyl, n- and iso-propyt, allyl, -CH,C=CH, cyclopropyl, cyclopentyl,
cyclohexyl, -NRsRg wherein Rs and R are independently hydrogen, methyl or ethyl.

6. "A compound as claimed in any of claims 1 to 4 wherein R; is methoxy, fluoro or
chicro, and R’; is hydrogen, flucro or chloro.

7. A compound as claimed in claim 1 having formula (IA):

CH,
N O
R-L1-Y1 /N“:I L (IA)
NN

R,

wherein R3 is methoxy, fluoro or chloro, and the remaining variables are as defined in
claim 1.

8. A compound as ¢laimed in any of the preceding claims wherein R; is of formuia
"‘(C=O)OR10 wherein Rip is R11R12R13C- wherein

(i) R4; is hydrogen or optionally substituted (C+-Cs)alkyl-(Z"),-[(C1-Cs)alkyl],
or {C,-Cs)alkenyl-(Z’ }a-[{C+-Cz)alkyl],- wherein a and b are independently 0 or 1
and Z'is —O-, -$-, or -NR,4- wherein Ri4 is hydrogen or {C;-Ca)alkyl; and Ry, and
Ri3 are independently hydrogen or (C4-Cj)alkyl-;



(1)R11 is hydrogen or optionally substituted

(C1- &) al kyl - (Z1) - RC1- C3) al kyl | b- or (C2-C3)al kenyl - (Zl% Eﬁﬁpl kylk-
wher ei n VARWSHSH¥E | ndependently 0 or 1 and Z1 is -0-,PC

wherein R14 is hydrogen or (Cl-C3)al kyl; and R12 and R13 are |ndependently
hydrogen or (Cl-C3)al kyl-; 94 (ii) R11 is hydrogen or optionally
substituted RL3RL6N- ( Cl- C3) al kyl - mheriin R15 is hydrogen or (01-C3)al kyl
and R16 is hydrogen or (Cl-C3)alkyl; R15 and R16 together with the
nitrogen to which they are attached forn1an optionally substituted

monocyclic hetg j;]ocngI ls%%g}oggréglf oo'}%%{y Bbstiitb9re efmﬁ(corciﬂuﬁMWleFein

het erocyclic r g sy$ at ons

i ndependent | y Ry érhygeagepor (QEiQE%YbM@/Rw 1a)lnydrqgen|0)' (RiG:)kd arBRs @"ﬁk%n
together wi th (hanGafifiqRe hiftodéH tsmfﬁémxe@ére aasér?eeh&% érpas;moaasyopt i onal Iy

substituted rmnccllc carbotyclic ring rrom3 ring atons or
bi cyclic car b(ﬁ*}aéﬂtp@d mangeysfie betprogyclig ”BQJOflé ‘P"leh@'”&?@ﬁs orBieyclivi3 i s

hydrogen. 9. rét&eeg%ﬁ@ﬁwb @,@teﬁl &1g8d 0iridg GtoMdaRd ROSMRIRY, BbOndeper@dnay | |
ethyl, n- or iso-p n-, sec- or tert- butyI cyclo%exyl, allyl, phenyl,

benzyl, 2-, 3- hvarog&nﬁm el | Nnet hyl pi peri di n-4-yl,
t et rahydr of uran- 3-yl, nethoxyet hyI i ndanyl, norbonyl, dinmethylam noethyl,

o o, Hp ety R B e SR PR Pt D0,
precedi ng cl alfﬁﬁnuhepte:lnlallﬁubstxtateﬂatbmaglrchotarbmytcm mgo{)‘roariﬁto%rings hydr ogen.
12. A compound t?@s%kﬁa@%érﬁo%&%ﬁr{g $3RnPiragedb o gletiBnaRETE . | the

radi cal LI, ound- ag ey of the
precedi ng cI alhudmgeer ein, in the radi cal L1, Alk1l and Alk?2 radl cals, when
present, are sel ected from -CH2-, -CH2CH2- -CH2CH2CH2-, - CH2CH( OH) CH2-,

- CH2CH2CH2CH2-, - CH=CH, - CH=CHCH2-, -CH2CH=CH , - CH2CH=CHCH2-, - CEC-,

- CECCH2- , 9.- CHCE@npoupiizSRRREd igiafain 8 whergiCRis metighizthyl n2 ogipg-propyl,

- GH2CH2 fert: R, allyt PHOMGHRSAZAVER: or 4- YRRy, N-
-042042%%@%’ &?R\an g(]@vglsfeﬁll\:{%cycl 0 ropyl ¢l opentyl and cycl ohexyl

radi cal s; mvwm@lmgdmﬁ-yl tetgahydrofyepn-3uy. W%ﬁ‘y d@!?Y NPWPONYU. conpound” as

cl ai med lﬂlnﬁﬂb{/ia@ﬁ:n&éﬁ/l PR&ERShodng! ai N8 wherein, in the radical L', Q when
present, is di val ent phenyl ene, pyridinyl ene, pyrimdinyl ene,

pyrazinylene pi peri di nyl ene, piperazinylene, pyrrolidenylene, pyrrolene,

cycl opr opyd.enea céypbunasyiArhed incyeaih @netiiraih agis cpslcientybantbebatybr
3-aza-bicycl o[ 3. 1. 0] hexyl ene radical 15. A conpound as clained in any of
claims 1 to 13 wherein Q when present, is a divalent 1,4-phenyl ene,

1, 4- pi per i i nyA eompowrd &b, olkimed pemyof tgl peenedingdlaias where®.R & redigalafid as

clained i | ai I Jomt he group consisting of: Cycl opentyl
4-[(4-{[({;’@9%-(&%]‘13&5%@9%4 ét hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-t etrahydro
pteri di n2-yl ] am no}- 3- met hoxybenzoyDami noi - L- phenyl al ani nat e,
12. A compound as claimed in any of the preceding claims wherein, in the radical L',
Y'is -NHC(=0)-.

13. A compound as claimed in any of the preceding claims wherein, in the radical L',
Alk' and Alk? radicals, when present, are selected from -CH,-, -CH,CHz- -CH,CH,CHg-,
-CH,CH{OH)CH,-, -CH,CH,CH,CH,-, -CH=CH-, -CH=CHCH_~, -CH,CH=CH-,
-CH,CH=CHCH,-, -C=C-, -CECCH,-, -CH;C=C-, CH,C=CCH, -CH W-, -CHzCHW-,
-CH,CH-WCH_-, -CH,CH.WCH(CH;)-, -CH,WCH,CH,-, -CH,WCH,;CH,WCH,-,
-WCHchz-. -CH,CH;N{CH,CH,OH)CH,, and divalent cyclopropyl, cyciopentyl and
cyclohexyl radicals; W being -O-, -8-, -NH-, or -N{CH3)-.



Cycl opent yl

0- (4- {[(4?& 7R 8 cycl opentyl-7-ethyl -5-net hyl - 6-o0xo0-5, 6,7, 8-tetrahydro
pteridin- ) - 3- met hoxybenzoyDani noi et hyl } phenyRQT/GBRSAIE3EP8 nat e,
tett-buty

4-1 (4- {R?R) 8-cycl opentyl-7-et hyl -5-net hyl - 6-oxo0-5, 6, 7, 8-tetrahydropteridin
-2- yliam no}- 3-net hoxybenzoypam noR- phenyl al ani nat e, tert B utyl

0- (4-{[ (4-{[(7R) - 8-cycl opent y1- 7- et hyl %3- net hyl - 6- oxo- 5, 6, 7, 8-t et r ahydr o

pt eri di n- 24yl | Ardomppuidd aetibiowieanoyfDenpracidig Oaimispitensih,)in theh@dsw@eh nat e,

I t
& (o T Bheben ressrt s ST RdVIRDP. RyTBYATMSnS: BYBZIONEEay dr o
pteridin- EWWIBYWVFR)PFPS‘&IEMQORWBDWM)?M pyrrolene, cyclopropylene,
' t h
(21 (4 HOR R LR Rrenb RO kb ek B s okvgol- Loewiege ety ar o
pteridi n2-yliam no) - 3- net hoxybenzoyl ) am no] et hyl } pi per azi ne- 2- car boxyl at e,

Cycl opentyb.  Acom ound ascla!med in any of ¢l 11013 h
(2S) - 2- am no- 4- E’ (TR 8 ey ey L R P s e B2 5 6, 7, 8-

t et r ahydr gpyplEns fji’-ﬁ %"Y;ﬂf]eawrwaeﬂdmwéﬂﬁﬁﬂHeﬁwésazwwpﬂoaqsﬁqber| di n- 1-yl } but ano
ate, 96 Cyclopentyl 5- {4 [(4 {[(7R) 8 cyclo

pentyl-7- éhyl net h ﬁ -tetrahydro

pteri di n- g-yl ]Qr?PWB?U ?Fe‘i'?i%‘??ﬂb Q'EM 59'%%?}3#&9@5? fenpis{ing of:

-L-norvalinate, t-buty

(29)-2-a th 0X0-5,6,7,8 -
t et rahyd?gg@%??ny}ﬁ[[él“@({rﬁiéi%%?peﬁyﬁéteﬁy' '”PJ%M% ’%’ rrégftrghydm pteridin-

pi peri di n2¥lghinbl$-aetiaixgberizey)dmino]-L-phenylalaninate,

(2S)-2-am no-4-{4-[(4-{[(7R)-8-cycl opentyl-7-ethyl-5-nethyl-6-oxo-5,6,7, 8-
tetrahydropteridin-2-yl ] am no} - 3- met hyl benzoyDani no]

pi peri di nCYclgngnil Oadcl d-€(7 R Cxsipprotyl7-ethyl-5-methyl-6-oxo-5,6,7,8-tetrahydro

ot kS O R b o 50 7

pi peridi n-1-yl } but anoat e, t buty
(2S) - 2- anigicoulyl {44c4L 4&1 Bw&p&wy@tamsmﬁétﬂyl% c%té/é 7%@?&% opleridihQz-2. 6. 7, 8-

tetrahydro teri 0}-3-fl uorobenzoyl)a

pi peri di nYEmjpe} MﬁWSé’P@"Z‘EPEW"B'SthPnylaianmate
(2S) - 2-am no- 4- {44(4 {[(7R)-8-cycl opentyl-7-ethyl-5-nethyl-6-oxo0-5,6,7,8-

o1 per i i RS S AR S b R B S RSY SRtk e erragiyat os

t her eof . ptérid|nﬁ-mhmmeen&thmbemmwsmbmmyquyl)&J-mn@eﬁ@éfeound as clainmed
in any of the preceding claims, together with a pharmaceutically acceptable

carrier. 18. The use of a corrpound as claimed in any of clains 1 to 16 in
t he pr epafeiomsntyb#-{2[(44iifris3-cicpehiglk7-ethgel-mettyl-6foxe-6|d,7 pattahidroat | ve

?Lrsrgﬁfgs pteftdin-2 Y iEmiha 3 dtetfid:3baRdy Qmﬂofétrml}%%e Aneld &3 Boxy‘gte,Of solid
tert-butyl 4-{2-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydro pteridin-
2-ylJamino}-3-methoxybenzoyl) amino]ethyl}piperazine-2-carboxylate,

Cyclopentyl (28)-2-amino-4-{4-[(4-{[(7R)-8-cyclopenty!-7-ethyl-5-methyi-6-ox0-5,6,7,8-
tetrahydropteridin-2-ylJamino}-3-methoxybenzayl)amino)piperidin-1-yl}butanoate,

tert-butyl 5-{4-{(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro pteridin-
2-ylJamino}-3-methoxybenzoyl)amino]piperidin-1-yl}-L-norvalinate,



20. The use as clained in claim18 for treatnent of haemato-oncol ogi cal

tunmours.

96

Cyclopentyl 5-{4-[{(4-{[(7R)-8-cyclo pentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro
pteridin-2-yilamino}-3-methoxybenzoyl) amino]piperidin-1-yl} -L.-norvalinate,

t-butyl {2S)-2-amino-4-{4-[(4-{{(7 R}-8-cyclopentyl-7-ethyl-5-methyi-6-0x0-5,6,7,8 -
tetrahydropteridin-2-ylJamino}-3-methoxy benzoyl) amino] piperidin-1-yl}butanoate,

t-butyl (235)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-yilamino}-3-methylbenzoyl)amino] piperidin-1-yl}butanoate,

Cyclopentyl (2S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyi-7-ethyl-5-methyl-6-0x0-5,6,7 8-
tetra hydropteridin-2-ylJamino}-3-methylbenzoyl)amino] piperidin-1-yl}butanoate,

t-butyl (2S5)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-yllamino}-3-flucrobenzoyljamino] piperidin-1-yf}butanocate,

Cyclopentyl (2S5)-2-amino-4-{4-f(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetra hydropteridin-2-ylJamino}-3-fluorobenzoyl)amino] piperidin-1-yl}butanoate,

and salts, N-oxides, hydrates or solvates thereof.

17. A pharmaceutical composition comprising a compound as claimed in any of the

preceding claims, together with a pharmaceutically acceptable carrier.

18. The use of a compound as claimed in any of claims 1 to 16 in the preparation of

a composition for treatment of cell proliferative diseases.

19. The use as claimed in claim 18 for treatment of solid tumours.

20. The use as claimed in claim 18 for treatment of haemato-oncological tumours.



