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and its kinase activity peaks at the transition between the second gap phase and the
mitosis phases (G2/M) of the eukaryotic cell division cycle. Upon exit from mitosis PLK1
levels drop as a result of ubiquitin-dependent proteolysis. PLK1 has been reported to be
involved in the initiation of mitosis through activation of the cyclin-dependent kinase
CDK1/cyclin B complex, i.e. the master switch for mitotic entry (mitosis-promoting factor,
MPF Nature, 1990, 344, 503-508).
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According to the invention there is provided a compound of formula (i), or a salt, N-

oxide, hydrate or solvate thereof:
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(C2-Co6)al kynyl or (C3-C6)cycloal kyl group; R2 is
hydrogen, or an optionally substituted (C, -C6)al kyl,
(C2-C6) al kenyl, (C2-C6)al kynyl or (C3-C6)cycl oal kyl
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ring atoms; T is a radical of fornula RL'-Y - wherein
Y is a bond -0-, -S-, -NR6-, -(CO-, -9(02)-,

Rs%mmppemﬂﬁmm@dqd fra®f ORI OfRe:y ;CN, yROSY| OiFalegenpoptionally

S R Ek P G CP PR AR e RRTBAET, g o

Crils adkodly. weleeain Ry ard Baare@mdefpgncﬂﬁmltln hyqragee orpptinally Nb&ﬂt}ltﬁd
cpegeRlin M n and p are independently O or 1, Qis (i)
an optionally substituted dival ent nono- or bicyclic

carbocyclic or heterocyclic radical having 5 - 13

ring IANG aﬁ‘éﬁﬁkﬁfaﬂy sustitUteld)moriod of ﬁ%y@%%%rb&mﬁih@ ophétéronch@ ring ora
di val ent radical_of formula -Q - erein X2 1s -0-,

ring gyste/p hRIAAI URHL1%TMY FRMP's hydr ogen or optionally

substituted C1-C3 alkyl, and QL is an optionally

i tu div nt nmono- or bicyclic carbocyclic or

T'ﬁ@t”# tf?’rre“'?g& Al "A§ig 5 - 13 ring nenbers, Al k'

and Al k2 | ndependent |y represent optionally

15ubsgid yseds di cYSL Ry _
V37 B 0 S L el S 0a Gl SRR ERE P e e
Nlﬁs@d)enreNRs@:(IDsRal WEeTyinemeandzﬁg a@m_@a)%nkikwywmmen or
Op{‘ia‘%ll|§gl']b%tiMEdC(&r@%lk%PtI onally contain or

L' is a divalent radical of formula —(Alk")(Q)A(Alk?),- wherein
m, n and p are independently 0 or 1,

Q is (i) an optionally substituted divalent mono- or bicyclic carbocyclic or
heterocyclic radical having 5 - 13 ring members, or (ii), in the case where pis 0, a
divalent radical of formula -Q'-X2- wherein X2 is -O-, -S- or NR*- wherein R" is
hydrogen or optionally substituted C,-C5 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,-C; alkylene,
C,-Cs alkenylene, or C,-Cq alkynylene radicals which may optionally contain or
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by a wavy |ine may roma ring atidmPn pai d second
ring. In the coﬁg—' ds of the inventi en R is
ot her than hydrogen, &%ﬁ carbon atomto wiY¢h the R
substituent is attach Is asymmetric. Preferably the
st embereghem stry at that asymmetric center is R In
anot her broad aspect the invention provides the use of
a conmpound of formula (I) as defined above, or an
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The 9t¥Apounds mnth whi ch the invention is concerned

may be used for the inhibition of PLKL activity ex

vivao or in vivo.
Rs is hydrogen; or optionally substituted C,-Cg alkyl, C5-C; cycloalkyl, aryl or

heteroaryl or -(C=0)R;, -(C=0)ORg, or -(C=0)NRg wherein R is hydrogen or
optionally substituted (C,-Cg)alkyl; and

D is a monocyclic heterocyclic ring of 5 or 6 ring atoms wherein R; is linked to a
ring carbon adjacent to 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.

In the compounds of the invention, when R, is other than hydrogen, the carbon atom to
which the R, substituent is attached is asymmetric. Preferably the stereo chemistry at

that asymmetric center is R.

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.
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As used herein the term"Ca-Cb al kynyl", wherein a and
b are integers refers to straight chain or branched
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examplplmyb@ﬂﬂ 1- and 2-butenyl and 2-methyl-2-propenyl.

As used herein, the term "divalent (C,-Cy)alkenylene radical" means a hydrocarbon
chain having from a to b carbon atoms, at least one double bond, and two unsatisfied

valences.

As used herein the term "C,-C,, alkynyl", wherein a and b are integers refers to straight
chain or branched chain hydrocarbon groups having from two to six carbon atoms and
having in addition one triple bond. This term would include, for example, ethynyl, 1-
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As used herein, the unqualified term "heterocyclyl" or heterocycllc includes "heteroaryl"

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. lllustrative of such radicals are pyrrolyl, furanyl, thienyl, piperidinyl,



cycl opentyl ene, cycl ohexyl ene or

3-aza-bicyclo[3.1. 0] hexylene, radical" is a benzene,
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Unless otherwise specified in the context in which it occurs, the term "substituted”, as
applied to any moiety herein, means substituted with up to four compatible substituents,
each of which independently may be, for example, (C4-Cg)alkyl, (C1-Cs)alkoxy, hydroxy,
hydroxy(C;-Cg)alkyl, mercapto, mercapto(C;-Cg)alkyl, (C4-Ceg)alkylthio, phenyl, halo
(including fluoro, bromo and chloro), trifluoromethyl, trifluoromethoxy, nitro, nitrile (-CN),
oxo, -COOH, -COOR*, -COR*, -SO,R*, -CONH,, -SO,NH,, -CONHR*, -SO,NHR?,



hydr oxi des; with organic bases e.qg.
N- et hyl - D- gl ucam ne, choline
wo pdosObopge oxymet hyl ) am no- net hane, L-ar gi ni ne, PCT/GB2007/003998
L-1ysine, N-ethyl piperidine, dibenzylam ne and the
i ke. Those conpounds (l) which are basic can form
salts, including pharmaceutically acceptable salts
with inorganic acids, e.g. Wth hydrohalic acids such
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sugstr? eng rogm stry at each chiral centre. The invention
PHCTUCES &'l such di ast er eoi SOners and m xtures
thereof The term "ester” or "esterified carboxyl
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ycl openty are 1 ndependently selected from
hydr ogen, -CN, hydroxyl, halogen, (Cl- C6)alkyl, for
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C6) al kenyl , for exanple allyl

(C2
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didbyereSUNaRY With RaF S a@r@aéwmlardy anégbro&eﬁay&entre NR&RAvetien
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. Cl-C4 al ,
inqlef Bl B e ST a FRaTeE P 1 oay kot Yor

exanpl e net hyl or
The term "ester” or "esterified carboxyl group” in connection with substituent R; above
means a group R,O(C=0)- in which R, is the group characterising the ester, notionally
derived from the alcohol R,OH.

The substituents R,-Ry’
R is hydrogen, (C;-C¢)alkyl, for example methyl, ethyl, n- or iso-propyl, (C,-Ces)alkenyl,

for example allyl, (C»-Cglalkynyl, for example -CH,C=CH or (C3-Cg)cycloalkyl, for



ethyl. In one subclass of conpounds of the invention
R3 is nethoxy, fluoro or chloro, and R 3 is hydrogen,

wo baosiosnoas chl oro. The ring A Ring A is a nonoPCDGB2007/003998
bi -cyclic carbocyclic or heterocyclic ring or a ring
system having up to 12 ring atons. Exanples of such
rings are piperidine, piperazine, pyridine,

pyrim di ne, pyrazoline, tri%9zoline, furan, thiophene,
ex@rﬁblé‘ék@fopr&ﬂ)l %?absentw %P&J&loﬂé@l An of¥ 3Gt of Wﬁb@af the
I.adiazole rings. Currently preferred rings A are

inveREGRR is B di nyl and pyrinidinyl. Ring A may be
substituted by any of the optlonal substituents

RefS R0 (1AL B9 ERRTgE TeB 0y - ao-Propyt (G Colalkeny,
fortexamblu@myan(mzmmaycynﬁ heer éxala&jle Iou;a&cﬂi of (C-sCyteriaikliifnt
m no

xGBlaBlEriny, BRI PR DRI Cosy i o e P TBOGAT o
naphitid eh onadutetdss obcampuginds ofthe ineshitiin Ryosp@lopestylof t he
i nvention are converted by intracellular esterases to
the carboxylic acid. Both the esters and carboxylic
Rsaod &' anmipdéranderrlyiseleateidifiononydregeni N, yrydnaxyl t Haisigen o

Cefa'lkgri‘or e-xrglfﬁglg W %ﬁrg/l Wc oF |Q§ pt;:{?yﬁ [%:—éﬁ?l%%:f ?Jr %&gmple allyl, (Co-

ude no ester,
Colatkynd sfpoerdimpip -€drGa&ki o (Cacled) eyclogliylofoy sxamme oxblapraepyl, WO

oy Ao o GRBn ST RAGU LI o) ke RELES ROERD 7

I'n su

Ind@gmﬂwhmogen @r optipnait substitied G dEoplwalor @xamplemétwlror
ethyP ﬁr?orﬂergd'b@l@l?é J)f%ﬁ‘\rpoﬁrﬂfsklﬁw |ﬁ\§énﬁ5r§§§ls¢ﬁ‘@tﬁ6§§ﬁﬂdo‘90 8r chloro, and

carboxylic acid group. Intracellular carboxyl esterase
’?@ﬁEVHﬂgybﬁwﬁ%Péc rohydrol ysing the ester group of a

conpound of the invention to the correspondi ng acid
Thincl de the three known human enzyne isotypes hCE-1
——ﬁé@lz and hCE-3. Al though these are considered to be

Ringw |srmman<emzymlumdamcyamzqrme&r@dyeln rig or a rlng system having up
ave a,

to E%/E?%% N esseoé Tc@&%‘p&gm}/ ? Rer q?eplgferazlnF [B)ﬁlglne pyrimidine,
pynaamlkmextyllanﬂmerfaae thiopbere, pgede, ttiezdle, éstraadolen ogazol®, sexale,
oo SRRty bR YA K5l o

Hence, the broken cell assay described her ei n

RifY ¥ %s@béﬁ&é"d Q,hérfﬁf‘é\ﬁé' tiofAis Egstﬂ%tssr‘efgg] ﬁtg éﬁo%% for

SCreen or esters ave e require y r ol ySIS
exayppleichlero, bromeror figenof %lﬂ@@pr@emkdmeﬂwvmndmomgﬁth%n be

re-assayed in the sane carboxyl est erase assay when

conjugated to the rest of the nolecule via the chosen
IhﬁﬁﬁéﬂgﬁﬁLBn chenmistry, to confirmthat it is still a
This substituent contains the alpha amino acid or alpha amino acid ester moiety of

formula (X) or (Y), linked through a linker radical to ring A.

The ester compounds of the invention are converted by intracellular esterases to the
carboxylic acid. Both the esters and carboxylic acids may have PLK inhibitory activity in
their own right. The compounds of the invention therefore include not only the ester, but
also the corresponding carboxylic acid hydrolysis products.



car boxyl esterase substrate in that background. Subject
to the requirenent that they be hydrol ysabl e by

WO ndosasmbé ul ar car boxyl esterase enzynes, exanpCE&BRG07/003998
particul ar ester groups R7 include those of fornula
-(CCOOR 0 wherein R10 is RI1R12R13C wherein (i) R11
i s hydrogen or optionally substituted
(C1-C3)al kyl-(Z )a-[(Cl1l-C3)dlkyl ] b- or
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I e
matibwherayeualeply caugardd th tRImodilomHenee ks brolcageach @psa t h
deb&iBel ﬂé@%pﬁﬁd%é Gt éﬂﬁ%)(/vaﬁ‘ﬁ equﬂ:rkta"i\@ Qﬁﬁ% e fidf r@erh for ester?

op tional substi tuted ﬁDnOC& I C car ocyc Ic rin

ththhﬁvs theofevu'fqdﬁgdmsgmﬂ%% m@@%@@@owf@w%@ay then be
re-ak$HyEd mthb 816 Icmo%sbé?géecégssy Wh&gc&ﬁﬁa@éﬂ t@fth&egt%flr%

dr oge I n these
et e eGPl e gon i gt L £ BTG - o
caib®ylgsteaye subidtrateIR that Baickglo@hd.- but yl , cycl ohexyl ,
allyl, phenyl, benzyl, 2-, 3- or 4-pyridy|nethy|,
N- et hyl pi peridin-4- yl, tetrahydrofuran-3-yl,
Subjettiotyeteqyirgmen traaniHey babydrolyydble by mmd:‘gllbbntarbetyte)ste,rase

en?}émégo r ? op@é{&e&amélu ar %{E{fﬁ'{}%syRP Ei.{ﬁlfloee tf’\gse @W\u?a EC%)%EI{\’W

WhgrecuuB1oo$ RiBiaMiiCGa whedein exanpl es of R i ncI ude: N R7
and NFZ7 HR7 tNr H

() Ry is hydrogen or optionally substituted (C;-Cs)alkyl-(Z").-[(C1-Ca)alkyt],-
or (Co-Cs)alkenyl-(Z'),-[(C+-Cs)alkyl],- wherein a and b are independently 0 or 1
and Z' is -O-, -S-, or -NR;4- wherein R4 is hydrogen or (C,-C;)alkyl; and Ry, and
R13 are independently hydrogen or (C4-Cs)alkyl-;

(ii) R4, is hydrogen or optionally substituted R{sRsN-(C+-C;)alkyl- wherein
Ris is hydrogen or (C4-Cs)alkyl and Ry is hydrogen or (C4-Cs)alkyl; or Rys and Ry
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 R;; and Ry3 are independently
hydrogen or (C4-Cs)alkyl-;or

iii) R11 and R4 taken together with the carbon to which they are attached

form an optionally substituted monocyclic carbocyclic ring of from 3 to 7 ring



wherein R7 is as defined and di scussed above. The
group R8 The group R8 is present in the conpounds of
wo besiosoeent i on when R in fornula (1) is a radPCEGB2G07/003998
formula (X) R8 nay be, for exanple, optionally
substituted (Cl-C6)al kyl, (C3-C6)cycloal kyl, aryl or
heteroaryl, for exanple nethyl, ethyl, n-or isopropyl,
cycl opropyl, cyclopentyl, cydl ohexyl, phenyl, or
PYT bfbls orIB&yamcaadowcnbemg EpiterR B8R B AHGHIOEE MNAIR 3 is
(C- R16i wherein R16 is optionally substituted
(CLIE99 Xyl such as nethyl, ethyl, n-or isopropyl, or
n-, iso- or sec- butyl, (C3- CB)cycIoaIkyI such as

cycl opr I ycl open c ohexyl.  ph en
wiRT LR SRk 5 P BRni Riaryale e i B SCRaPIghY} nope- or
terphutyldgycloGaxyCadly ik ptheny, bercdyl, &s 3ben4fwr|dyl4nethyl N-methylpiperidin-4-
' I r
o SRR T RSN iy, MBI JFEE Py o,
magpholip@@te) . NHRERt yhrefesied immreﬁmiy@v@gmtycbpr tedputybnal | 'y
substituted (Cl-C6)al kyl such as nethyl, ethyl, or
n-or isopropyl. Currently it is preferred that R8 be
Theyigg gen. WD 2008/ 050096 PCT/ GB2007/ 003998 12 For
Wl’?é?r'ﬁ’%@c?&&&f fbifuld (W) edlahPiesWi RGRciddee t o be
adm ni stered systemcally, esters with a slow rate of
est erase cleava are preferred, since they are |ess
suscepti bl e to - systenmic netabolism Their ability

to reach their et tis ntact is thexpe or ep
i ncreased, and the ester an be conve{ted @o f he
_d%he aC|d Nr ggluct .

cells of the t ssu
where theHester is

However, for Ioc | adh ni st
ei t her dlrectly applied to the target tissue or
directed there by, for exanple, inhalation, it wll
whefeireR; is @s diefriadadndaliscubstld dbbee.est er has a rapid rate of
esterase cl eavage, to mnimse system c exposure and
consequent unwanted side effects. If a carbon atomto
Thejgiaup Rshe group R is attached is wunsubstituted, ie R

T Sy bl Rigst P bAPLENE o rERknub AR n PR 0 o
radicgl pifamiwa Glibstituted, or is part of a ring system

such as a phenyl or cyclohexyl ring. The radica
-L'-Y'" This radical (or bond) arises fro

Re msyttiee (o 8¥a'6?\%rﬁp§?@%“y§t'¢5é'f (Cotfeird!, 1(%3 @e W@'oellfél aryl or

hefFddnp, BN méthvpbthfﬂ Rok &OEMBW é)IcléSprlecﬁc%p@h?Q cftiéHexyl,
the inhibitor. C earl %’t e c

emstry str
PhERALOr PYII- I%@W%ﬁ MRIKRMBPS py%mger{ gt f@ﬁ{)}ﬁ Wherein Ry is

optishally substitatesl (Of-ChakyMaich ab hizshyl, ethyl, n-or isopropyl, or n-, iso- or sec-
butyl, (Cs-Cg)cycloalkyl such as cyclopropyl, cyclopentyl, cyclohexyl, phenyl, pyridyl,
thienyl, phenyl(C4-Csalkyl)-, thienyl(C,-Cgalkyl)- or pyridyl(Cs-Cgalkyl)- such as benzyl, 4-
methoxyphenylmethylcarbonyl, thienylmethyl or pyridylmethyl.

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

Currently it is preferred that Rg be hydrogen.



Y and L' are possible. However, when the inhibitor is

bound to the enzyne at its active site, the am no
wa@edod/oswper notif generally extends in a direce€DGBawWaP03998

fromthe enzyme, and thus mnimses or avoids

interference with the binding node of the inhibitor.

Hence the precise conbination of variable making up

the linking chem stry betwedd the amino acid ester
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_WCH2CH2- where Wis -0-, -S, -NH, -N(CH3)-, or
CHQN(Q}QC}QC}ﬂC}Q Further exanples of Al k' and
—h-ﬁd%‘iﬂ'el—ude di val ent cycl opropyl, cyclopentyl and
Thizyradiodl ggntont patise g from the Barticungt oﬁér}msaymgegpﬂeﬁemto Imiayhe

B R BB S b e crmi
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m and L' is a divalent radical including a
m‘%?)?d’ifﬁl,eaqomﬂ?“%% #WBPlechains and a mono- or bi cyclic
carbocyclic or heterocyclic radical with 5 - 13 ring
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radical -L'-Y'- in turn:

Y' may be, for example, -NR3-, -S-, -O-, -C(=0)NR;-, - NR;C(=0)-, or
-C(=0)0O-, wherein R; is hydrogen or optionally substituted C4-Cg alkyl such as
-CHzCHzOH;

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

-CHy-, -CH,CH,- -CH,CH,CH;-, -CH,CH(OH)CH,-, -CH,CH,CH,CH,-, -CH=CH-,
-CH=CHCH,-, -CH,CH=CH-, CH,CH=CHCH-, -C=C-, -C=CCH,-, -CH,C=C-, and
CH,C=CCH,. Additional examples of Alk' and Alk? include, in either orientation,



phenyl ene, pyridinyl ene, pyrimdinylene, pyrazinylene,

pi peri di nyl ene, piperazinylene, pyrrolidenylene,
w@yoosokm®ne, cycl opropyl ene, cycl obutyl ene, PCT/GB2007/003998

cycl opentyl ene, cycl ohexyl ene or

3-aza-bicycl o[ 3. 1. 0] hexyl ene, radical, but 1,4-

phenyl ene, 1, 4-piperidinylene, or 1,4- piperazinyl are

presently preferred. Specifild exanples of the radica
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As mentioned above, the conpounds with which the
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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 (I1A)

CH,
N.__O
R-L1-Y? j{:t[ L (1A)
N~ °N” °N
e

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

discussed above.



exanpl e syrup, acacia, gelatin, sorbitol, tragacanth,

or polyvinyl-pyrrolidone; fillers for exanple
wo a00805®96 sugar, mai ze-starch, cal ci um phosphaP@r/GB2007/003998

sorbitol or glycine; tabletting |lubricant, for

exanpl e magnesi um stearate, talc, polyethylene glyco

or silica; disintegrants for exanple potato starch

or acceptabl e wetting agentsldsuch as sodi um | auryl

sul phate. The tablets may be coated according to

nmet hods wel |l known in normal pharmaceutical practice.
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p- hydr oxybenzoate or sorbic acid, and if desired
conventional fl avouring or colourlng agents. WO
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hydrogengied edibleffajs; enmasifymgiagants, fonexaduie lecthin, sorblien meroatdfate,
or acacia; non-aqueous 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 propyl p-hydroxybenzoate or sorbic acid, and if

desired conventional flavouring or colouring agents.



adaptors (spacers, expanders) and pear-shaped

containers (e.g. Nebulator(r), Volumatic(r)), and
w@piosnsipe devices emtting a puffer spray PCT/GB2007/003998

(Autohaler(r)), for netered aerosols, in particular

in the case of powder inhalers, a nunber of technica

solutions are available (e.g. D skhaler(r),

Rot adi sk(r), Turbohal er(r) dbé the inhalers for exanple
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canents o e i nvention conprising amno acid
degeribied i Fyrepeasy Patery Application EP G:305t38ter s t her eof or
pharmaceutically acceptable salts, N-oxides, hydrates
or solvates thereof therefore ty |caI %tfurth_er
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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.



am nopeptidase inhibitor, a protease inhibitor, a

bcl -2 antagonist, an inhibitor of mlor and/or a
worewsosweal anti body; and (c) a pharnaceuti cal P§T/GB2007/003998

acceptable carrier or diluent. Al so provided is a

product conprising: (a) a compound (l), or a

phar maceutically acceptable salt, N oxide, hydrate or

sol vate thereof; and (b) a dgtotoxic agent, an HDAC

Thi @Br'nEbGnQJE of fﬁelﬁ‘\\)%ﬁﬁ& BPbHO| héle in c@r‘f]unéﬁgﬁ RARSRLMBESE known
inhibitor, a protease 1nhibitor, bcl -2 ant agoni st ,
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o8 1B REFERS & Aih SR AT PR BER RS EHate nldites
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" Conpr ehensi ve Organic Transformation”, 2nd Edition

Fu(t?'(il,{rI l‘ﬁ!)preseﬁ ikvenkigh Bflsides a Qr‘iﬂ%‘é@ﬁtlc@f c&#&fo@i’il@ﬁ}é&hbrﬁ.mg

Chem stry', 2nd Edition (Pe Katrit g/
revi@w af CPBPRUNAd|)cor aRhar ’Bﬂ?ﬁﬁl‘“%‘y aS‘ﬁﬁ‘fﬁ’far?é?s?%t N-oxigehydrate

Chem Regr solvate thbear: Rev" or primary liter at ure
sources identified b dard literature searches
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|nvent|on e red b n s rocesses
some ot oot Sy SRES mato QB PR BRar gl  Ehe
Exafg)! esa bbémcedntmalistmoemableicemisr ocdiloentbed  bel ow, it
may be necessary to protect reactive functional
groups, for exanple hydroxyl, amno and carboxy
Alsgrroenided inmareucheapriging: desired in the final product,
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reactions [see for exa , ecting Goups in
Organl c OrSiphakRigpLeof. aEFd Edition, (Wley), T.W
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inhibitor of mTor and/or a monoclonal antibody,
for the separate, simultaneous or sequential use in the treatment of the human or animal
body.

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 (I) 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"



final step in the synthesis of a conpound of genera
formula (1), and the processes according to the

w0 nooensioon descri bed herein after are under st opdr/G82007/003998
extend to such renoval of protecting groups.
Abbreviations AcOH = acetic acid Boc or boc =
tert-butoxycarbonyl BOC20 = Di-tert-butyl di carbonate
Chz benzyl oxycar bonyl DBU 1%

Editboa He¥, @W&Mﬁ"‘%cw{yr@hg m@aﬂm%sf%lon 2" Edition (Wiley),

| of oet hane di chl oronet hape

R. 91 lr%%‘fﬁ‘woﬁ?’f"gio% PLAtRQCY AR beisty n@t rﬁﬂ'tﬁ’fh Bey S?’P’P'&Pv AR
Kabolviky= redieWQirfWésf@Jbﬁaﬁfdﬂ?d irPigpk hes@‘ll l'mich%h%rﬁ Lﬁeésgxl‘ CRerERev”,
m NOpPr op) car podl,l mae
or i er Rl SR e AT Her 3 s R i dEm:
se&dndbinsourdee sbhgH aaiOhemiddAidrastssen “Bbisteéic’. aci d WO
2008/ 050096, PCT/ GB2007/ 003998 drochl or i

T SRR LR AT B s Bepr s ar @ Rnee OGRS et
Whuzinrdne desagibed s@difi callyum thieltExaptis drelosle INVb©rbactionst dmnrmed
be%%a?(%ﬁ%%@%%% glégt@c!? ?éa%tive'\ﬁgc%alzgr&ﬂgi, AL ;9@ H)?otr@xyl,
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-tert-butyldicarbonate

Cbz = benzyloxycarbonyl

DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCE = dichloroethane

DCM = dichloromethane

DIPEA = diisopropylethylamine

DMAP = dimethylaminopyridine

DMF = dimethylformamide

DMSO = dimethyl sulfoxide

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

EtOH = ethanol

Et,O = diethyl ether

Et;N = triethylamine

H,SO, = sulphuric acid



NaHCO3= sodi um hydrogen carbonate Nal = sodi um i odi de

NaOH = sodi um hydroxi de NBS = N-brono succi ni m de
WONBWEB50096 t et r abut yl anmoni um brom de  NVM = N-P@t/BBR007/003998

nor phol i ne Pd(dppf)d 2 =

di chl oro- (1, 2- bi s- (di phenyl phosphi no) et hane) - pal | adi um

(I'1) Pd/C = palladiumon carbon PPh3 = tri phenyl

phosphi ne PyBrOP = 18

HcpI= quroEﬁlbﬁc gy r ol i di nophosphoni umrhexaf | uor ophosphat e
= sodi um triacet oxyborohydride TBTU =

H@tb'e’}'l'i%‘f’%yé’fa?m’iaz)?fe N, N, N, N -tetranet hyl uroni um
K2CQ§E@Bia§gumbgrb@hete TFA = tr| fl uoroacetic acid THE =

trahydro = aqueous g = gram(s) LCMS = high
Fﬁ'&“ﬁ%h%‘%"’f'?ﬁw d chronat ogr aphy/ nass spectronetry
MeQH = mathdniogr an(s) mn = mnutes nL = mlliliter(s) L
= crolltre(s | = mole(s) mmol = mllinole(s)
Mﬁ\ggl INeRIereays Larﬁg‘agte)tl c resonance RT or rt = room
N%@@pesadlume:aeb@hate saturated WO 2008/ 050096

NaP,_leséSfaé%QWé f@3998 19 Commerci ally avail abl e reagents

and s (HPLC grade) were used wi thout further
NahiiQsf=i sodiumoydragsneariosatger e renoved usi ng a Buchi
Ndi QlsBhiYimSya@or ator. Mcrowave irradiation was carried
out using a Biotage InitiatorTM Ei ght m crowave

Naé%}-hf Rediyrg dydroxide

NBS = N-bromo succinimide

NBu4Br = tetrabutylammonium bromide

NMM = N-methyl morpholine

Pd(dppf)Cl, = dichloro-(1,2-bis-(diphenylphosphino)ethane)-palladium(ll)
Pd/C = palladium on carbon

PPh; = tripheny! phosphine

PyBrOP = Bromo-tris-pyrrolidinophosphoniumhexafluorophosphate
STAB = sodium triacetoxyborohydride

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

THF = tetrahydrofuran

aq = 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 resonance

RT or rt = room temperature

sat = saturated



Purification of conpounds by flash chromat ography
columm was perforned using silica gel, particle size
wa@6088pwng 230- 400 nesh) obt ai ned from Fl uor ochrP@T/GB2007/003998
Purification of conpounds by preparative HPLC was
performed on G| son systens using reverse phase
Axi aTM prep Luna C18 colums (10pm 100 x 21.2mm),
gradient 0-100% B (A = watd®/ 0.05% TFA, B =
f
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pugficatioBiSekuents3tTe [@poVaY usipe étErlJ@WE!P@fY eugPerater dYligfougve
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geV 'pﬁHlelle's?-z%leU@?aﬂ?\g 2@@{ 400IntHh) oMBRLY Frbd udrbtemMBuNRStion of
performed on an ('51% ent HPllOO LC s st em usi ngpreverse

comﬁagredsmxrpae@i@ve Urfréas(ReBiRMeEshor & Brivplemg uSHe Enerse

phésé?{i%ﬁt ;{ré‘p EurYéB@ﬁH cdlurﬁhsl("/(@prﬁomu x:z'azmﬁh gBacﬁem 0- 100% B (A =
acetoni tri

% Fo
e S A ool O 7B e BB 7053 A0y ©
dedpdorimatzsdng. a GL315B DAD det ector. I\/ass spectra were
obt ai ned over the range mz 150 to 800 on a LC/ MSD SL
GL956B detector. Data were integrated and reported
'HINVR gp&hrarvigira técorded oo alBrekdst3R0 iMHiz AdspedBomstss in deuterated

RS S RO TR BBy

antlysis avaa wpifermedadthriidrethehed Eisn(Marek) platears ridelllsmla}lze(i Eisigaiky

hgﬂn) NNOR2NOR R Internediate ~ IN O NN v :
"-H-OH2A NC. NHNN-OW® -OH2B R1L O -CO2H 2C 6
b --M -C2H 2D Internmediate 1 -F -CO2H 2E -H -1 2F

Ar%f y%ﬁ% Wﬁ%%@ﬁ%ﬁ%n%’n Abllbﬁ‘ttl-ﬂ:‘ﬁ%@l@ts%ste& using reverse
phase Luna C18 columns (3pm, 50 x 4. 6mm) gradlent 5-95% B (A = water / 0.1%
Formic acid, B = acetonitrile / 0.1% Formic acid) over 2.25 min, flow = 2.25mL/min. UV
spectra were recorded at 220 and 254nm using a G1315B DAD detector. Mass spectra
were obtained over the range m/z 150 to 800 on a LC/MSD SL G1956B detector. Data
were integrated and reported using ChemStation and ChemStation Data Browser

softwares.



R2~ O -tbutyl Cbz 1 3B bocce O2 4B NN HRlL

-cycl opentyl Boc 2 3SCH O -tbutyl Coz 2 3DO NH2 O
wobbososoobN boc O-Il n O R2,NO, RlL NHz H v QCDGB2001/003998

Internediate 7A Internediate 5 RlL R2 Internedi ate n=

3 Internediate 7B -cycl opentyl Boc 6A -tbutyl Boc 6B

O boc boc.NH JJNO N CYO O NH2 Internedi ate 8

Intermediate 9 Figure 1 WD22008/ 050096
InRrhe&Brda07/ 003998 21 O HN boc NH2 HN Cbz O, | NH2
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Intermediate 8 Intermediate 9

Figure 1



O O - CH2CH2NH2 -'"butyl 12C R2 boc, NO H O

Internmediate 13 Figure 1 (continued) Internediate 1:
w@ ZdgoD0en| or o- 8- cycl opentyl - 7- et hyl - 5- et hyl Fcﬂemzdoyms%s

ropteridin-6(5H-one N NOCNNDbD The title

i nternmedi ate was prepared using nethodol ogy descri bed

in W2004076454. WO 2008/ 050096 PCT/ GB2007/ 003998 22

I ntermedi ates 2A - 2F Generd&l Procedure R2 ~ NHZ N O

RLR2/ NOI NN CONNEOH HZO conc. HOI NN N H

Rl 6 Internediate 1 Schenme 1 Internediate 2A:

(7R) - 8 C,ycl opemty! - by 2-1(4- hydmﬁ?&yp W@ m |

nol - wl - d ropterl
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\ NNN I'ﬁ'te@mediate 10 Intermediate 11
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boc\N (@]
H i >
(o]

Intermediate 13

Figure 1 (continued)

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

I
c/hlll\/rxlj:Nf/
O

The title intermediate was prepared using methodology described in W0O2004076454.



The title internediate was prepared from Internediate

1 according to the general procedure (Schene 1). To a
WG odosnsome of PCT/GB2007/003998

(7R) - 2-chl oro-8-cycl opentyl - 7- et hyl - 5- net hyl - 7, 8-di hyd

ropteridin-6(5H)- one [Internediate 1] (200ng,

0.68mmol ) in EtCH (2n.), water (8nL) and concentrated

HCl (0.2nL) was added 4-ani #dphenol (148ngy, 1.36mmmol).
|ntIhﬁed.9@§tziAarme xture was refluxed for 18 hours and

ﬁ%ntrat ed under reduced pressure. The residue was

G"'BSF S bet ween sat. NaHCOB (20nL) and a mi xture

of MeOH/ DCM (1:3, 20 The aqueous | ayer was

separated and extrac:ag@\th MeOH DCM (1:3, 20 ni).

The conbi ned'organlc }é/ weys e dried l\/g§043 and
concentrtﬁi u edufed pr essy

_SO| i d. c Vﬂtdb—hH 5&:&@ H@lff OROE
internmedi ate as a grey ‘sol i d (12

t| avya br own
[

Iy, H 50% y) el d) .
ESMS: nmiz 36 MH—I]+. H NMR ( DMSO-d6, 300@) 8.90 (1
Hs)864 H s), 7.74 (1 H, s), 7.43 d,
J=8.9 Hz),™gmedits’oH d, J=8.9 Hz), 4.39- 4.29 (1H, n),
4.16 (1H, dd, J=3.6. 7.8Sk#dme B.22 (3H, s), 1.99-1.54
(10H, m, 0.77 (3H, t, J=7.4 Hz). WD 2008/ 050096

PCT/ GB2007/ 003998 23 The internediates in the table
Intbﬂhémawm prepared by rret hods anal ogous to the

_(thELS C,ycl opentyl 7-et hyI 2-[(4- hydroxy mz 398 2B
- OH 2- et hoxyphenyl ) am no] - 5 nmet hyl -7, 8- [ MtH| +
dlhydropterldln 6() - one

4-{[ (7R) - 8- Oycl opent - ;@t&ﬁ;w 6- mz 426 2C
-Owve - CO2H oxo-5, 6, 7, t idin-2-yi] [MH +
am no} - 3- net hoxybenzoi c aIEH d
4-{[ (7R) - 8- Cycl opent yl - 7- et hyl @T&t hyl-6- mz 410 2D
-Me - CO2H oxo-5, 6, 7, 8-tetrahyd eridin-2-yl]
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-methyl-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=3.6, 7.8 Hz), 3.22 (3H, s}, 1.99-1.54 (10H, m), 0.77 (3H, t,
J=7.4 Hz).
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Intermediate 3A:

Cyclopentyl (2S)-4-bromo-2-{(tert-butoxycarbonyl)amino]butanoate
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Stage 1- O [tert-butyl (dinethyl)silyl]-L-honoserine To
a suspension of L-honoserine (1.00g, 8.40mmol) in
waec@somopei | e (10n) at O ' C was added DBU ( 1PGRGB2007/003998
8.80mmol,). tert-Butyl-dinethyl silyl chloride (1.33g,
8.80mmol) was then added portionw se over 5 m nutes
and the reaction mxture allowed to warmto RT and
stirred for 16 hours. The w4 e solid was filtered and
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Ste@bdedowﬂlbe@femmwl )si q—La%moseﬂ;Ee 3mTD|) EDC t(1 619,
reactl on

T AP LEhsEE o0t BP rkgoeten e L) a1 0°C was
addeunlsm(n anmons sorambl, redhm@ﬂ dl)ﬁ@tﬁ)‘a $Me chibhd: @r33g€8.80mmol)

e o 4 Ao PR By S PR G BBED Hre PR werm t

RT @8idtiyred Tavd 6doganT ite Waiteesolidvaas (ittered aGdyS€Ddr vamdhcetonitrile to

t d +Th d
oS FRIALFSoIer B ea BE eag Higgy The o) due uas
to afford the product (2.24g, 73%yield). ESMS: mz

2 Wbl butoy @Bon -O%@r{&ﬁﬁ%rﬁ%tmll silyl]-L- homo efine

(tert-butox carbody tron of
To%sgwlﬂnﬂf O-[tert-butyl(dimethyl)silyl]-L- homosenne (1 809 7 70mmol) in DCM

(108n{Lt) &f b@w&&zdeéafﬁl? ‘NW(;' 1)5mQ H b %Pno*i)létnu'ddbzfﬁe(ﬁ Ryb) &1 dnthdi.

L- honoseri nate %
Thaé?%f*'%@*&kﬁﬁé‘iase@f@at Tlfeomyowx/as”@tqwé@sa%movw@nfierr
reduGed préfsSure BhOMR re@Thas WaEsAEE th BITAMR gna\’oﬁﬁb (I_

T“%ge |a§§fevra%%k§dé'}/'§%94 @Nﬁ%@ﬁ enl{ﬂﬁge %'ég FQEFSSWﬁd%B'Ve

the erddee prdd ot edioh veas ttakeafforoiael witteupfuateciuriasation ¢2.6%y, 9o%!

yieW)! B8V H/£5de /AN Standing



(1.00g, 95%yield). ESMS: mz 310 [ M+Na] +. Stage 5 -

Cycl opent yl

W@ 263/0800bs ono- 2- [ (tert - but oxycar bonyl ) am no] bup@ncab®?7/003998
To a suspension of NBS (1.86g, 10.4mmol) in DCM (16mnL)
was added a solution of triphenyl phosphine (2.56g,
9.70mmol ) in DCM (7nmL). The solution was stirred for 5
m nutes after addition. Pyridfine (0.34nl, 4.20mmol)
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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
triphenyl phosphine (2.56g, 9.70mmol) 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-(tert-butoxycarbonyl)-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,O (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]". "H NMR (300 MHz, CDCl;) 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).
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NaHCO3 (2 x 1 Onl). The coniBrned aqueous | ayers were
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h

concentrat ed under reduchkd essfre. The residue was
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Scheme 3

Stage 1- (35)-3-{[(Benzyloxy)carbonyllamino}-4-tert-butoxy-4-oxobutanoic acid

To a solution of (3S)-3-amino-4-fert-butoxy-4-oxobutanoic acid (900mg, 4.75mmol) and
sodium hydroxide (280mg, 7.13mmol) in 25% water/dioxane (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 NaHCO; (2 x 10mL). The combined aqueous layers were



To a solution of NBS (520ng, 2.91 nmol) in DCM (10nl)
was slowy added a solution of triphenyl phosphine

w@ 8003asn09R. 72rmol ) in DCM (1 Onl). The m xt ur ePEEEB2007/003998
stirred at RT for 5 mnutes before pyridine (94L,
1.16mmol ) and a solution of tert-butyl N
[ (benzyl oxy) car bonyl ] - L- honoserinate (0.30g, 0.97mmol)
in DCM (20nm.) were added dr2@pwi se. The m xture was
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(10mL), water (10mL) and brine (10mL). The organic |ayér was dried (MgSQ,) and

concentrated under reduced pressure to give the product as a clear oil (0.3g, 51% yield).

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

Stage 3- tert-butyl (2S)-2-{[(benzyloxy)carbonyl]amino}-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 tert-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 15mL) and
triturated with Et,O (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 chromatography (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 7.39-7.30 (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).
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Stage 1- 5-Benzyl 1-cycl opentyl
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(2S)-5-(benzyl oxy)-2-[(tert-butoxycarbonyl)am no] - 5- ox
opentanoic acid (15g, 44.5mmol) in DCM (220nm) at 0OC
was added cycl opentanol (4.8nL, 53.3mmol), EDC (9.4qg,
48. 9mmol ) and DVAP (543ny, 484mml) The reaction
Intarm’edlaeesﬁs allowed to warmto RT and stirred for a
re was dil uted
: e HT (50mL), 1M
NaZCCB (30nm.) and br| ne (50rrL) The organic | ayer was
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nitrogen before addition of Pd(OH)2 on carbon
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purgedﬂ@ hydrogen gas for i od of 5 m nutes
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316 [ MtH +. Stage 3- Cycl opentyl

N- (tert-butoxycarbonyl)-5-hydroxy-L-norvalinate |To a
stirred solution of 1-cycl opentyl i) EtOCOCL NMM, THF | gtage 3
N- (tert-but oxycarbonyl)-L-gl utamatic Acrd {6%3
21.4mol ) in THF(150n) ats -20C was added NWM ( O%FL
27.8muol ) and ethyl chl ofom at esg A5, 25 6

The reaction mxture stlrred‘d"‘e%Cfor 2 urs.
The solid was rem)vuad at| ORwY¥as added. drlopwi s
over 20 minutes to a Hso ut n of sodi um bor ohfldr de

(2.43g, 64.1 mmol) in T (20mL) and water (5nl)

OC. The reaction m xtureSekene#| owed to warmto RT and

left for a further 4 hours. The mxture was acidified
and the THE renoved under reduced
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TolatsoRutiof 3 (2 S16QBaAzylofy)i2ettekt MRS arbonyl)amino]-5-oxopentanoic 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]".
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chromatography (0-5% MeOH/DCM) to give the product as a clear oil (5.0g, 78% yield).
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Stage 4- Cyclopentyl 5-bromo-N-(fert-butoxycarbonyl)-L-norvalinate

To a suspension of NBS (3.54g, 19.9mmo!) 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-(tert-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 Et,O 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).



3A [ Schene 2] starting with D-honoserine. ESMS: mz
351 [ MtH] +. Internedi ate 4B: Cycl opentyl
wWG208009N- (t ert - but oxyca rbonyl ) - D norval i nat BCT/BB2007/003998
"YO _0 HO The title internmedi ate was prepared
according to the procedure outlined for internediate
3C [ Schene 4] starting with of
(2R) - 5- (benzyl oxy) - 2-[ (t ert -3ut oxycar bonyl ) am no] - 5-
oxopentanoic acid. ESMS: mlz 365 [ MtH +. WD
|n@998A.QﬁQ§196 PCT/ GB2007/ 003998 31 Internediate 5 OR
yl -5-m et hyl cycl ohexyl
SEPENGEARRBIRA-NOIMAINEIE 4. oxobut anoate O
HNAO O O The t|t| e | ntermsdl ate' vvas pr epar ed
according to the procedure gutlined bel ow (Schenme 5).
OO0 Il Il HNO (-)-Menthol, DVAP HNAO HO EDC, DCM
Y --~"? Stage 1 ". O Si Scheme 2 Stage 2) THF, H20,
Stage 2 AcOH OO Pess I\/HI‘CBI n HN k O periodinane,

HN ~' O N O\K

The title intermediate was prepared according to the procedure outlined for intermediate
3B [Scheme 3] starting with (4S)-4-amino-5-tert-butoxy-5-oxopentanoic acid. ESMS: m/z
409 [M+Na]".

Intermediate 4A:
Cyclopentyl (2R)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate

Br

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\”/\[gOO

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

Br
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(1R, 2S,5R) - 2-i sopr opyl - 5- net hyl cycl ohexyl
WOR(BesM09b Ut oxycar bonyl )-O-[tert - PCT/GB2007/003998

butyl (di met hyl )silyl]-L-honoserinate To a suspensi on

of

N-(tert-butoxycarbonyl)-O[tert-butyl (dinethyl)silyl]-

L- honoserine [Schene 2 Stagd 2] (6.22g, 19mmol) in
,m@g%g ;?e ) at 0C was added (-)-nenthol (5.85g,
), DMAP (228rTg, 1 87nm%I and EDC (3. 93q,

I A, A
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—Qﬂi—m&for a further 18 hours. The reactlon m Xt ure
was concentrated under reducedj prgssure. The residue
was purified by colum chro 5} hy (20%

Et OAc/ hept ane) to giyve thQ; pr duct as a clear oil
(4.86g9, 55% vyield). 9ép[|\/HrNa]+ VO
2008/ 050096 PCT/ GB200 998 32 Stage 2-

(1R 2S, 5R) - 2-i sopr opyl - 5- net hyl cycl ohexyl
N-(tert-butoxycarbonyl)-L- honposerinate A suspension

Theftitl¢ ifRr@8diate) was- prepgred pgdordingrietthe procgdire hetlydd below (Scheme

5)I\I- (tert-butoxycarbonyl)-0O
[tert-butyl (dinethyl)silyl]-L-honmoserinate
(4. 86g, 14. Ormbl) in THE / water / acetic agidl (60nL :

60nL: 180m) eat(menatﬂ osae for 20 howy'so”The
reacti oan/as di ] uted wiEPH DCEL OAC p shed
W th sat %ol utiog ggom_) 1 b (30nl) and

brine (30ML). nggf organl % layer was dﬂ_ed (QL\SO4) and
concentrated u reduced pressure to afford the
product (nén@stdpyield). ESMS: nfz 38 [I\/H\Ia] St age
3- (1 R 2S,5R)-2-isopropyl -5-met hylcygliohex
(25)-2-[(tert butoxycarbonyl) ami Am] eZﬂ’i’ﬁ(%buta
noate To a suspension of

(1R 2S,5R) - 2-i sopr opyl 5- net hyl cycl ohexyl

N-(tert-butoxycar 1) - phz.ligposerinate (5 Oﬂ%h
rein

1. 40mol ) in DCl ) adrodidweas added HIESS

peri odi ngne. (295 1. 54mfM . The reeR A MRS

al | oned @ to R and sahdyred fop, 8 hours. To the
sol ution ed 1:1 Na2SO3 / NaHCO3[ sat ur at ed

solution (30nm.) and the mxture stirred for 15 mn.
The organic | ayer was sepprahed and t he aqueous | ayer
extracted wwth DCM (2 x 10nmL). The conbi ned organic

| ayers were washed with 1:1

Stage 1- (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl N-(tert-butoxycarbonyl)-O-[tert-
butyl(dimethyl)silyl]-L-homoserinate

To a suspension of N-(tert-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 (3.93g, 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]".



Na2SC3 / NaHCO3 sol ution (15nL), dried (MgSO4) and
concentrated under reduced pressure to give the title

WO ndoensmoé at e as a colourless oil (480g 97% yi BETGEB2007/003998
ESMS: mfz 378 [MFNa] +. 1H NMR (CDCI3) 8: 7.90 (1 H,
m, 5.30 (1 H dJ=4.7Hz), 4.70-4.57 (2H, m), 4.45 (1
H br. s), 2.92 (2H, t, J=5.7Hz), 1.91-1.68 (6H, m,
1.58 (9H, s), 1.05-0.85 (4H,32n) and 0.66 (6H, d,
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I
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cycl opentanol (0.585n, 6. 44mm|) DVAP (39nm,

O 32rm0|) and EDC (O 6559, 3 39rm0|) The reaction
ture was_al stirred for
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ex(ra@edrgnth DCN(I)Z(Z f ? (gmLo)nTrLe comblned organic Iayers were washed with 1:1
Na,SO; / NaHCO; solution (15mL), dried (MgSO,) and concentrated under reduced
pressure to give the title intermediate as a colourless oil (480g 97% yield). ESMS: m/z
378 [M+Na]*. '"H NMR (CDCl3) &: 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\N O\O
0]



1.32mmol ) in EtOAc (1 OrL) was added 10% Pd /C (48nyg,

10% ww). The flask was evacuated and put under a
whyasosg®m at nosphere for two hours. The react i POT/G82007/003998

evacuated and the mi xture filtered through Celite(r),

washing with excess Et OAc (20nL). The filtrate was

concentrated under reduced pressure to afford the

title internediate as a pirﬂéoil (432ngy, 98%yield).
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according to the procedure outlined below (Scheme 7).
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Stage 2- Cyclopentyl 4-amino-N-(tert-butoxycarbonyl)-L-phenylalaninate

To a solution of cyclopentyl N-(tert-butoxycarbonyl)-4-nitro-L-phenylalaninate (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).



col um chr omat ogr aphy (20% Et OAc / heptane) to give
the product as a yellow solid (320ng, 54%yield).
waESheosmwde 389 [ MHFNa] +. Stage 2- tert-Butyl PCT/GB2007/003998
4-am no- N-(tert-butoxycarbonyl) -L-phenyl al ani nat e
Stage 1 product (0.53g, 1.40mml) was dissolved in
MeOH (29nL) to nake a 0.05M solution. The sol ution
was passed through an H Cub&4TM conti nuous
|ntBMﬁéd]gﬁl’63 or (Thal es Nanotechnol ogy, HC 2, SS). The
on. f QHm Cat Cart TM (10%
RO ARERS 31 nUnin was
mai nt ai ned, vvlth a terrperature of 25C and H2 pressure
of 1 bar. The product was el uted l|_|nto 2M NaOH WO
2008/ 050096 PCT/ GB2007/ 003968 5 120m.) and the MeOH
renoved under reduced pressy The aqueous sol ution
was extracted with EtOAcf(2 X 20nL). The conbi ned
organi c |l ayers were dp¢ Q4 and concentrated
under reduced pressure t#p alforldcthe title
internmedi ate as a yell ow 0i ?. (0.15g, 31%yield).
ESI\/B rriz 359 [I\/H\la]+ "H NWVR (300 MHz, MeOD) 8: 6.97

Th% tltlgm§r@em?ew&£s %'épa(r%q_laccaéjlnthoiI@p gog uQeHZ medaﬁggowg(]S&E'eme
7).(18H, s). Internmediate 7A Cycl opentyl
(2S)-4- a%no 2-f (tert-butoxycarbonyl)ani nol butanoate

W!ncgoroac;rngtet I t l e I nedlb.gj) g;(;g!i(%%cﬁrerergar gd

NH

ac ng t¥Fheoperecddure o
bodNHBOC oNHBoC Pd/ §ege 1HZ NHB(Q& O Br N3, skbd, 40 foco o
)" H"N3 v AcOH, EtOH, rt /YO OStagelOStad‘.'e K
0 (Ynternmediate 3A) Scheme 8 Stage 1- Cycl opentyl °
(2S)-4-azido-2-[(tert-butoxycarbonyl)am no] but anoat e
To a solution of cycl opeRtydme 7
(2S)-4-brono-2-[(tert-butoxycarbonyl)am no] but anoat e
[Intermedi ate 3A] (1.00g, 2.90muol) in DVF (30nL) was
Staglbdes-8diyum Rz tleoxy€arBay|)-4-nitro-L-phenylalaninate

To a solution of N-(tert-butoxycarbonyl)-4-nitro-L-phenylalanine (500mg, 1.61mmol) in
66% DCM / cyclohexane (30mL) at 0°C was added boron trifluoride diethyl etherate
(10uL) followed immediately by dropwise addition over 10 minutes of tert-butyl
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% vyield). ESMS: m/z 389 [M+Na]".

Stage 2- tert-Butyl 4-amino-N-(tert-butoxycarbonyl)-L-phenylalaninate
Stage 1 product (0.53g, 1.40mmol) was dissolved in MeOH (29mL) to make a 0.05M
solution. The solution was passed through an H-Cube ™ continuous hydrogenator

~ (Thales Nanotechnology, HC-2, SS). 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



14.3mmol ). The reaction m xture was stirred at 40C for
32 hours and concentrated wunder reduced pressure. The
w0 e@Bas®Inas partitioned between Et20 (1 COnl) PETGB2107/003998
Na2CO3 (100nm.). The organic | ayer was separat ed,
washed with sat. Na2CO3 (100ni), and brine (100nL),
dried (MgSO4), and concentrated under reduced pressure
to give the product as a yeélSlow oil (1.05g). This

(20 ddarﬁtthmouﬁedo%d iviat rdauEd d\arE s, imhb @g&é&re solafdBvas
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nd finally stirred under an atnosphere of
In%%é@ggnwgt RT for 2 hours The reactl on m xture was
dAS - hamingk2-fitedt ppate and t he
flltrate was concentrat ed under reduced pressure. The
residue was partitioned between Et QAc (50nL) and sat.
Na2CO3 (50mL). The organic | )5P@? was separat ed,
washed with brine (50ni),ydried (MSO4), and
concentrated under reg e présshiie to | eave a yel |l ow
oil. Purification by\eel und chromat ography (2% ammoni a
: 5% MeOH in DCM afforded the title intermnmedi ate as
a colorless oil (638ng, 78%yield over 2 steps).
ThESMSintdinadide ivds\irEpared btdyhihd 3QRk phodedurdbiitedbelciv EBzheme
(1H br d), 5.21 (1 H m, 435 (1 H m, 2.81 (2H
m 1.89 (2H, m, 1.81-1.55 (8H m and 1.45 (9H, s).
Internmedi ate 7B Cycl opentyl
N2- ('t t but oxycar bonvl ) | ysi nate HN boc :r0 NH2

QED%EI)H’UAG |n,naﬁr5md40a;te was opjﬁgr%red A é%gl ng@lﬁsbj\/\

Stage 1

{Intermediate 3A)

Scheme 8

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

To a solution of cyclopentyl (2S)-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 stirred at 40°C for 32 hours and concentrated
under reduced pressure. The residue was partitioned between Et,O (100mL) and sat.
Na,CO3 (100mL). The organic layer was separated, washed with sat. Na,CO; (100mL),
and brine (100mL), dried (MgS0O,), and concentrated under reduced pressure to give the
product as a yellow oil (1.05g). This product was used without further purification. ESMS:
m/z 335 [M+Na]"
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s)for 2 hours. The reaction mxture was filtered
through Celite(r) and concentrated to give the title
intermediate (250ng). ESMS: miz 315 [ MrH +. 1H NMR
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The title intermediate was prepared according to the procedure outlined below (Scheme
9).

EDC, DMAP
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HNT o] Cyclopentanol, DCM HN o
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Pd(OH), / C. H, | Stage 2
Ethanol

T

Scheme 9



1-tert-Butyl 2-cyclopentyl

(2S,4S) - 4-am nopyrrolidine-1,2-dicarboxylate QO O
whoms/osdds The title internedi ate was prepared BCGBAI0MGO399S

to the procedure outlined below (Schemre 10). WO

2008/ 050096 PCT/ GB2007/003998 38 EDC, DVAP Pd(OH)2 O

HO Cycl opentanol, DCM 0 Et OH, Refl ux Cycl ohexene 0

NBoc Stage | NBoc Stage 2 NBdc BnO BnO HO i) MO,
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31.
wilf i 3 ARy wiaoet Vgt e TEBFRLY) e bobrik BE g aried (MgSO.)
andicanagntrated sinderireduedd pressiae o give cilde ardusttasranad (1.489,8100%
viel SRR s B Wichique el bt rka o B AR AP

organi c | ayer was dried (MgSO4) and concentr at ed
StageierCyclogantzidViitetbulpxycabondiysoate pal e yel l ow oil.

e o e
(1.689, 2(63’»"2\1@ )in esmyﬁ@wawas Hy @ﬁd@dmﬁaqw hu]rw%an garpon
(22{5%6*,' b’@‘k%’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 allowed 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 (2S,4S)-4-aminopyrrolidine-1,2-dicarboxylate

Q.

H,N

,boc

The title intermediate was prepared according to the procedure outlined below (Scheme
10).



Stage 2- 1l-tert-Butyl 2-cyclopentyl
(2S, 4R) - 4- hydr oxypyrrol idine-1,2-dicarboxylate To a
wae odosbsmm of 1-tert-butyl 2-cycl opentyl PCT/GB2007/003998
(2S, 4R) - 4- (benzyl oxy) pyrrol i di ne-1, 2- di carboxyl ate
(5.21 g, 13.4 nmmol) in EtOH cycl ohexene (5:1, 120 nl)
was carefully added pall adi um hydroxi de on carbon
(521 ng, 209 w) The reacti & mixture was evacuated

and flushed with nitrogen 3 tinmes and refl ux for 21
hourso The r eaciomen ure was fi IPt@ped th@gh
CeHPte(r) ab@otdae, bid trabe was conderfi&f@d un

redu Bocpr Essgr‘grt‘o"l eav%ﬁaalm‘gw_oﬁ NBoc
Puri f ycati on by ‘col utm ch t ography (50%

Et Oﬂﬁ’@?’hept ane) afforded tdé product as a pal e pisdk oil
(3.77g, 100 %yield). ESMS: mz 621 ul 2 Mt DNJAP ben)
2008/ 050096 PCT/ GB2007/003998 39 Sf UGN WF, 55°c | Stage 3
1-tert-Butyl 2-cyclopentyl

(2S,4S)-4-(215-triaz-1-en-

2-yn-1-yl ) pyrrolidipe-
di car boxyl ate To a sol ut of 1-tert-butyl
2-cycl opentyl (2S, 4R) - 4- hyglrOxy- pyrroI’TdiﬁPﬁhenl

1, 2-

di carboxyl ate (3.07g, 10.3mply.in ’ ) Qs
was added Et3N (2.90nL, 20.3qpol), DVAP“r25ny, %)
1.02mmol ) and net hanesul fony{ chl ori de (0.87nL, W
11.3nmmol ). The reaction mxture was allowed to warmto
RT and stirred for 1 houBchem®e’0 m xture was washed
with water (50nmL) and brine (50nL). The organic | ayer
was dried MySO4) and concentrated under reduced

Stage tsuted-Butn @-ayelgpentivd (v dRhf-seamryiexxy)pyirotilire-121despoxylate
TANshIgRAIH m@-@‘-(ggnz@/ﬁbxgofr?eﬂ-@) &omo)\\é‘ﬁ@%r@ﬂg eslo6gl €. 7mmol)

reacti on m xture was irred

in BEMUBETLL § QS Otoe Ebaetroainpepinel 2 OoRea! SETIBII IR 2.
1 éo%QQ&Hnd S0 (;EQ@A\Q 7@the m%tl&{ @@(mré:wlaé‘ilﬁfwew warm to

separ brine (20

Ly A
RTa?ﬂ:P %ﬁrﬁe é?ﬁtarfﬁ'i”@d 19#&@&8 Frembdte iﬁ’Pé%@ﬁ’Peé’ W'B‘ ?‘%-aNP@CQB 230mL )
1MPRCE(3DRL) SV tstink-(30rMU The 6?bhleﬂhy§b/w§é)brw@”(MgSO4 ) and

h t 0% Et QAc/ hept ff th tl
copCHATBIGH ?ﬂsy%aatﬁﬁsg@gg I b 3alyeon gh i asaln biegifinn
chFdngat@&iprE‘ryZ{ s Foleit @AShag_e;ie{)-aff&rdbe tHe- ;Budi%dt ana egxloh@rﬂss il y3.21g,

-4-am.n i ne-.1,2-di carboxyl ate To a
Bsto el b s MHE 1 DDA Ao g o
(2S,4S)-4-(215-triaz-1-en-2-yn-1-yl ) pyrrolidine-
stgag 1 BRERE S AUBadry £l Rt IBR bbbl 5t bolterd
To(Bsdutign of OJerivbuty! 2-Hisloprertdd 25 4R)-di(Renzyloxylayraidiaeda-ed
dléé%xgll eeg@%q fgu W}iﬁ rﬁ'&l) |ﬁtéf@ﬁil295ﬁ‘ex%% [#21, 15BinfL) YRS carefullyd

repe reactlon al |
adfied e@'|a¢'umf¢véf°x&wna1aﬁw;iﬁ%?r@g F0%Mpwi The regctigpunisturengas
evh&Rtdd £ fUsHEdWith 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 yellow 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]".



was filtered through Celite(r)and the filtrate was

concentrated under reduced pressure to |eave a pale
w@edoBoswoos | . Purification by col um chr omat ogregigB2007/003998

(5-10% MeOH/ DCM) afforded the title internediate as a

thick colourless oil (1.34g, 45%yvyield). ESMS: mz

299 [MrH + and 597 [2M+Na]+. 'H NMR (300 MHz, CDCl 3)

8:5.27-5.19 (1H, m, 4.31- 918 (1 H m, 3.75-3.63 (1

Sté‘besﬁi) 1,2te§rt3§(2%l @Hc?@ll(_)r?gﬂ'fg n%@ 31_8)3?_@21 %%2(2 fgjl-;-l’ -Jh-1Mpyrrolidine-1,2-

dicgfhexyla%0096 PCT/ GB2007/ 003998 40 Inter msdl ate 9
ToQysdIdior ot YterBbityll 2-cyclopentyl (2S, 4R) 4- hydroxy-pyrrolldme -1,2-

o G aET R0 ThPRE Bt G5y R EIgpr o)

(2190md; g@dmariod), DRIA\PY( 25rag, GCDmemr @hdrgemanéshliorm ché@itier(@.87mL,

11%*&23’36?‘%59% éﬁ&[}g@g Wﬁwh/ ope |rr or-d Ech'he
migtuteawiesl wakied w@bzvamra@bnl;l) aptl ag@e @SO(DLHCFr@mImMan dried
e o ok
(100mig @nd sesdiwa pgide {10Gmey 5. Smmedryvap| added. The reaction mixture was
stiffed SrdobE edris days Catwad gy tbfﬁ’ﬂ &Ml pattitloR¥E baRBEA WhRX Y00/L)
and EtORc (2%%m{ The organic layer was separated, washed with brine (200mL), dried
(MgS0O,) and concentrated under reduced pressure to leave a pale yellow oil.
Purification by column chromatography (30% EtOAc/heptane) afforded the title
compound as a colourless oil (3.26g, 98% yield). ESMS: m/z 671 [2M+Na]’

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

To a solution of 1-tert-butyl 2-cyclopentyl (2S,4S)-4-(2[°-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;) §:5.27-5.19 (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).



pi peridine-1 -carboxylate To a solution of

3-{I-[(benzyl oxy) car bonyl ] pi peridin-4-yl}-N-(tert-buto
woymankomy| ) al ani ne  (250ng, 0.62mmol ) in DCM #EIGR2@T/003998

0C was added cycl opentanol (0.11 nmL, 1.23mmol), DVAP

(9.6my, 0.06mmol), and EDC (180ngy, 0.68mmvl). The

reaction was allowed to warmto RT and stirred for a

further 16 hours. The reacti4dn nmi xture was dil uted
IntekhBdiatées er (30nL) and Et OAc (30nL). The aqueous | ayer
was rte e>%tract edtvvlth

nnnnn

(|\/g504) and concentrat ed under reduced pressure to
gi ve crude product (340ng, >100% yi el whi ch was
used without further PN catl  m z 475
[ MFH] . WD 2008/ 0500965 PCII{ GBROO /003998 41 St age 2-
Cycl opent yl
N-(tert-but oxycar yl )G 3- pi peridi n-4-yl al ani nate To a
sol ution of
N- (tert-butoxycarbonyl)-3-pi peridi n-4-yl al ani ne
Thedie injermediaEr#as prepared et:cmhm to(tBerprocegiise edffirgd felgw (Scheme
11§\_dded pal | adi um hydr oxi de on carbon (68ng, 20% w w)
under an atnosphere of nitrogen. The reaction m xture
was evacuated and pl aced under an atnosphere of H2.
This was repeated a furtfer two tines and theeaction
all owed to emstomer, povdemocdny” a MO phe;rd@Hp/fc,Mzbotd'

bowme I%eesttingin, ni Xt
LN goqicent r at eq under
g| ve the pr oduct (250ny 100% vyield). ESMs:

[ MMFH] +. Stage 2a- Benzyl (2-oxoethyl)carbanmat
sol ution of benzyl (2-hydmexyethyl) carbamate (|210ng,
1.08nmol €) in D@ (3ai9H _atocM 78CF et

peri odi nane (504ng! 1. 19neeéeadd. The' r eact istemas

hours. The reaction vvas quenched b t he of a
sat urat ed sol utimgn of %(%“\HCCI?“(Z rrL
then extracted _wi (
or gani cs vver@d? ) and cB¥éent r aﬁ%ﬁ under
reduced presstre@o give the desired prod (150ny,
70% yield) which required no further purification. 1H
NVR (300 MHz, CDC13) 8: §chegq i, s), 7.28-7.30 (5H,
nm, 5.06 (2H s) and 4.08 (2H, d, J=5.0Hz). Stage 3-
CZC| 0 entlyl _ | |
Stage 1 f‘é’w{/[ﬁ@@lﬁsmbaﬁwy%%ésmmrﬁ-m BRHWIPH-prarTReL y
pipdridNe{t-&irboxylatg oxycar bonyl ) al ani nate To a sol ution of
Tq(ié/dlot&?\%él{ - onyllpiperidin- -N-(tert-butox onyl)alanine
G e S el e A b G e
(26@bE ros2mmol) 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 aqueous layer was re-extracted with EtOAc (2 x
30mL.) and the combined organic layers washed with brine, dried (MgSQO,) and
concentrated under reduced pressure to give crude product (340mg, >100% yield) which
was used without further purification. ESMS: m/z 475 [M+H]".



0. 74mmol ) in DCE (5nL) was added benzyl
(2- oxoet hyl )carbamate (131 ng, 0.67mmol). The
wo eashsom was all owed to stir for 30 m ns and pdEGBIDABI399S
(424ng, 2.01 mol) was added. The reaction was
stirred for a further 16 hours and then quenched by
the addition of sat. NaHCO3 solution (10m ). The
m xture was extracted with BEM (3 x 30nL), the

sragam;fcldpam@r N-(féﬂrmtda%arbdw BhikdraRPL)1aRAMate

T B o S et oD o Pt s i Pl
etmano%ail_waﬂwauay addeddatadium aydrskid® b esrbeh (68mg, 20% wiw)
unggr ?t%lﬁs%%r%g tgcg;tgﬁt Cear%gcc{lo}qlrrzl)%lljfaenwansaetv%cua-lt-ed and placed under
anZtfhdsph2rg cﬁf(kbe'ﬁzlglh/ex;e))eaﬂebarfwtﬂam/mm}\& anyd thpirgeetiordallowéd to
stidu | rlggwémf %tﬁ{otsp}ge%il% BrH 01(:%{ gﬁgnyrlszﬂz & Eelgp ﬁ(?ure \P}gs gltered through
qu:@l%a@l pwmyme@umctee reshucediprigasuré tBgivg thEOftWLW) (260rde.r>180%

naekhe L hfrogen. The reaction mxture was
'eztg/g%%at e@ B‘I g!:ed under an atnosphere of H2. This

was WO 2008/ 050096 PCT/ GB2007/ 003998 42 repeated a

Stégaﬁélqenw}@z Bkd@ﬁyl ag}gaﬁgt@ reaction allowed to stl r
here H2 urs

T°|c?o§°c"|'tk9ﬁ °6Per5é('| Eﬁuﬂﬁ?mqswrcaﬂaa@t%f?@mgbbﬁwmwg in DCM (3mL)

at 27?3’@’{\!\)&)5 a‘dlﬂéd Déeﬁ;dﬂﬁ'n’tlﬁfﬁ_?_lilqdd?fénéqugm 1@Hnﬁdl©dTlﬁeDrfeaaﬁ)n was
a I Oha our.s e.r
AP fortimt R, M 264 ot kNG it PacIod dasquenched by

the aditbadf prsatsatedsdl@iogiod ¢ 1tNEBS O} INafHCCDﬂIZ&hUWd&h@w extracted
W'ta/?&&ggge)ﬁ t‘jgm,y)SThe comg’ned Lrgar'{'l:s were dtrl é?ﬁgéé‘ angi concentrated

und)au{redLQQmmsmrtehy bivp It’ren;dsired@r(odeﬁt(#&ﬂmﬁgﬂp%anéjd) rvyHu)h reqiiced

no; nr?n heﬁcg Ioen vvas pr@BgMeﬂaz é@g? §|959 Fﬁgzi)groce ur@) >.06

(2id,L8) lanch d DBHRH cly JESOHRYE  12) . Benzyl chI or of or mat e,
Intermediate 3A\ | NH2 NaHCG3, THF, H20\ | HCbz
K2CO3 DMF O HN boc \ N Cbz H HO Stage 1 HO Stage 20

Stage$- Q)@l;zgpp@;yl@-ﬁ gﬂf{ﬁpe&zﬂgy)®rbonyl]amino}ethyl)piperidin-4-y|]-N-(tert—

butoxycarbonyl)alaninate

To a solution of cyclopentyl N-(fert-butoxycarbonyl)-3-piperidin-4-ylalaninate (250mg,
0.74mmol) in DCE (5mL) was added benzyl (2-oxoethyl)carbamate (131mg, 0.67mmol).
The reaction was allowed to stir for 30 mins and then STAB (424mg, 2.01mmol) was
added. The reaction was stirred for a further 16 hours and then quenched by the addition
of sat. NaHCQO; solution (10ml). The mixture was extracted with DCM (3 x 30mL), the
organic layers combined, dried (MgSO,) and concentrated under reduced pressure to
give the product (240mg, 69% yield). ESMS: m/z 518 [M+H]".

Stage 4- Cyclopentyl 3-[1-(2-aminoethyl)piperidin-4-yl]-N-(tert-butoxycarbonyl)alaninate
To a solution of cyclopentyl 3-[1-(2-{[(benzyloxy)carbonylJamino}ethyl)piperidin-4-yI]-N-
(tert-butoxycarbonyl)alaninate (240mg, 0.46mmol) in ethanol (5mL) was carefully added
palladium hydroxide on carbon (48mg, 20%w/w) under an atmosphere of nitrogen. The

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



HN. boc Il NH2 Schene 12 Stage 1- Benzyl

(4- hydr oxybenzyl ) carbamate To a suspensi on of
wd2qoansmesret hyl ) phenol (300nmg, 2.44nmol) in 10P€T7EBLI2003998

(1 OrL) was added NaHCO3 (266ng, 3.17nmol). The

m xture was cooled to OC and benzyl chl orof ormate

(344L, 2.44mol) added slowWy. The reaction was

stirred for 1.5 hours at RBZ The reaction nmixture was

fatdd 4 fuRRECwD @&t @Rd mt rehctioft Qdwedad @tuﬁtr@érsar\/\ﬁmosphere of H,

f°r|23208/ S VA INBgr BTl PR B et et TR BT 25k ) was

added axd thaeéatlomstirted féat dDAadd(tidnar)p. ho?ﬁhem@rdabtiwdnmugawas
rs trated
g 8 B i B Cohairley e SARSH RS PR e
intbrepEdte(250mgf. (ESMB: iz 394 Ddikklt. as a white solid
(610my, 97%yvyield). ESMS: nmz 258 [ M+tH] + St age 2-
(S)-4-[4-(Benzyl oxycar bonyl am no- net hyl ) - phenoxy] - 2-te
Intermediatexddcar bonyl ami no-butyric acid cycl opentyl

C tyl (R[R(anfdldt RENVASNAZYM-butoxycarbonyl)-L-homoserinate
')%h%%y FOXybenzyl J car banat € D, Aol ) 1N

(5m.) was added potassium carbonate (107rrg, 0. 77mol )

and cycl opentyl (2S)-4- byego- 2-
[(tert-but oxycarbonyl) noj WZ[i nt er nedi at e
3A] (219ng, O0.64nmoP e on was heated for 20
hours at 60C. The reagtion mxture was concentrated
under reduced pr% e and then partitioned between
wat er (30nL) and c (30nL). The aqueous |ayer was
extracted with Et QAc (20nL) and the conbi ned organic
| ayers were dried (MgSO4) and concentrated under
The @l FRGmBHIBESW S preddt8d BEDIHMPIOWRS probEdurd B&HINRY befd (GEHeme
chr omat ogr aphy ('10-50% Et OAc/ heptane) to afford th
12hr oduct (250ny, 74% vyield). ESMB: nmiz 527 [ M+H +

Stage 3- gXGkRRAN N Intermediate 3A
AR NaHOSL e, fohen (er KQub¥Wxycar bomyfl“) L H'Cbz
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"O(S) - 4- [ 4- (BertA? bxyd&r bonyl ami no- PHY| ) - phe oxy] 2-te
rt- butoxycarbonyl am no-butyric acid cyclkopéntyl ester
(250mg, 0.47mmol) in ethanol (8nL) was added a sljurry
of Pd/C (50ng, 20%ww in EtOH (2nlL). They P@AGIOH) Btage 3
was evacuated and put under a H2 at nosphere for
hours. The reaction mxture was filtered through

Celite(r) and washed with ethanol (15nL). TheHijgct rj‘@ﬂw

was concentrated under o

G/O

0]

Scheme 12

Stage 1- Benzyl (4-hydroxybenzyl)carbamate

To a suspension of 4-(aminomethyl)phenol (300mg, 2.44mmol) in 10% THF/H,O (10mL)
was added NaHCOQO; (266mg, 3.17mmol). The mixture was cooled to 0°C and
benzylchloroformate (344uL, 2.44mmol) added slowly. The reaction was stirred for 1.5

hours at RT. The reaction mixture was partitioned between water (40mL) and EtOAc



reduced pressure to afford the title internediate
(110nmg, 59%yield). ESMS: nmz 393 [MrH +. 1H NWR (300
wOrmg/OSDM 3) 8: 7.21 (2H, d, 8.1Hz), 6.84 (2H,Pdr/GB2007/00399s
J=8.4Hz), 5.38 (1 H m, 522 (1 H m, 4.42 (1 H d,
J=6.3Hz), 4.03 (2H, t, 6Hz), 3.80 (2H, s), 3.72 (1 H,
, 2.29-1.51 (9H, m 1.45 (9H, s), 1.28-1.20 (2H, m.
WO 2008/ 050096 PCT/ GB2007/ 0083998 44 Internediate 11

(4t§rﬁ[)t T%’Bﬁéamc Iayer was separated and the aqueous Iayer was re extracted wnth
O [4- (am nonet hyl ) phenyl | - benzy g%}car

EtQ8s &0mia+ Bhe qqrebmsd organ'qieverwe drws Mg o qnﬁtcem?@t:rﬁtsﬁe

unﬂ@ﬁreﬂu&ﬁ@ﬁ&@u@c‘?ﬁ& fsidge Wastmt@rawa%mdwg%ng Klts bcﬂgdﬂ@ﬂlwegﬁbdn&t as
Z ocC

TR IS, SHorS B\ E M TBECoRIB DVE O H O 1O
Stage 1 HO atzaggéo AM HCI i n di oxane Stage 3

stebe £3/8) iRz PR PR R B e B e g o Belotcarbony

andind- anntyntmammdsyplo)apmtelruster(ZOOrrg, 1.62mol) in MeOH

To b aﬂ%%%%@?%@%%@b%ﬁ?%nﬁéh‘tg‘¢%W°'&f" RN omL)

wagasided p@tasmhrat:arhwnefteﬂngh@ll?@momaed iceeienantyh (46)4thremo-2-

[(t%)?gngf\}caﬁr)'i)hwa%ncﬁ?%fgﬁg&e W@Frﬁedlétg%&@é gﬁ\gh (géﬁﬁ]@ol ). The

he” or aye was Se

reaian s heatay B ZAmeursat PAIE: 3He aackoEmiEe Was Rencentrated under

re&%’e'pF&Qur@fagame% daﬁ)ﬁ%ﬁéd M\éwvserdt‘vbt%ﬂ 30H¥§1§%Etcﬁt&tsomL The
concentrated under reduced ggnessure to gl ve

aqgpRRYeT #8S SURAGLYFOAC(3EDIWAN tRsskamb 'ﬂ‘?dzmQ%’llc layers were
drielyiilS0.) VRY 2ERRHEHEE QRddredducta Preés 1 3B Sresidbe 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-(tert-butoxycarbonyl)-L-
homoserinate

To a solution of (S)-4-[4-(Benzyloxycarbonylamino-methyl)-phenoxy]-2-tert-
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, CDCls) 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).



Stage 2- tert-Butyl

N-[ (benzyl oxy) carbonyl ]-O (4-{[ (tert-butoxycarbonyl)am
w0 p@Bs@bhyl }  phenyl ) - L- honoseri nat e Procedur BCHEBR0V7/003998
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aqueous | ayer vv;z;' extiracted With Et CAc (3 x 10mL) and

t he combi ned organic were dried (MySO4) and

concentrated under reduced pressure to afford the

title internediate as a colourless oil (152ng, 95%
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Scheme 13

Stage 1- fert-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 (390mg, 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
(MgSO,) and concentrated under reduced pressure to give the product as a yellow oil
(360mg). ESMS: m/z 224 [M+H]".



Schene 14 Stage 1- 1-Benzyl 4-tert-butyl 2-cyclopentyl
pi perazine-1,2,4-tricarboxylate To a sol ution of

wd 2qo8bsmngg/| oxy) car bonyl ] -4-(tert - but oxycar bonyPQpGB2007/003998
per azi ne- 2-carboxylic acid (1.00g, 2.85nmmol) in DCM
(20m.) at OC was added cycl opentanol (520L,
5. 70mmol ), EDC (602ng, 3. 14mmvol) and DVAP (35nm,
0.29mmmol ). The reaction nixSure was stirred for 48

Sthgémsteﬂieum M[(b@ﬁz;ﬂ&@)c%ﬁdo\ﬁ?l[lb (aqnw&@tdaw@tﬁsorryg@mmaplnethyl}
Phgé@ H?m The crude residue was di ssolved in Et QA

giffnfldshed with IM HO  (15nL), 1 M NaZCCB
(15nm.) and brine (1 Om). The organic |ayer was dried

SO4) .a t renpved. ynder reduced
PR AR Elpag A o B TPy aesalE B0 yi el )
ESA®/B0/z51 5 (MBR'[ MkH] +. St age 2- 1- Benzyl 2-cycl opentyl

pi perazi ne- 1, 2-di carboxyl ate 1-Benzyl 2-cycl opentyl
pi per azi ne- 1, 2-di car boxyl ate (200ng, 0.39mmvl) was
Stage 3-0bn-8dtyl Drid4aminanethyonteny]-Vdthenzydara) oathionylk B-hamogetinate

S P AL s GRS po
homeseninatai(28Pmeg 3%91@911) was Hissalvest in 4M HGW5Heyane EiBL) FndAtired
at 6%1& %Hﬂlﬁ'utesl Hh@'M%cﬁ&plglxMFB wa%r&) th@eugﬂ @t@ aR8 waStdd with
etr(a_pq 1ﬁ71L) ] hg QeS(d‘yPﬂ watsr%lutfg \AgtphE)tOAg 1&ng iaa fh@ pH adjtjlstgdoto 12
with= M NBOR)soluBor Ghd alqaec{léhbyemvaaes&rabt&ﬂwuﬂn Et@Aewx 10%L) 3
th%gcggég%oggg%gsg\ll%gg g@ ZI\//Igogg %%gd cgfn7cent|rantg§ Lr%eer IrgJu%eJ' gr%ssure to
afférdtBe &g mmehémht)amsraeroamrle& dil, (252hh g, B5POYigIH R ESMINM/z AR4
NEEE o PN oo e PG 7rR BhET 126 Cub o i en.a

J=83Hz), 6. 182K, $)4-4N( 1) &r.I8:); 4.25 KHh @G J+5.DHz), 4.64 NHE t, JN6,0HZ),
2.11-2.46 (2H, m) and 1.48 (9H, s).

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

The title intermediate was prepared according to the procedure outlined below (Scheme
14).
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1 OStage 2 OO Internediate 12A Schene 15 Stage 1-
wQ@2408/0500But yl 2- cycl opent yl PCT/GB2007/003998

4-{2-[(tert-butoxycarbonyl)am no] et hyl } pi perazi ne-

1, 2-di carboxylate To a sol ution of 1-benzyl

2-cycl opentyl piperazine-1, 2-di carboxyl ate

[ nternmedi ate 12A] (165ng, 46. 50mmol) in DCE (8 mi -)
was added the tert-butyl (2-o0xoetlyl)carbamate &(,Ierg,
045rmo| @fter stirring at[ R for 10 minutes

(35L) [an b§

P Le08 o LeaStyol) (ke gﬂgd CbA
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(15'e852 The org nlc
| ayer ‘wa8”"washed with 1 M HC D10n), 1M Na2CO3
(10mL) and brine (10nL), dried—(MySO4) and evapor ated
under reduced pressure to isolate the crude product
(240ng). ESMS: mz 476 [ M+H] +. WO 2008/ 050096
PCT/ GB2007/ 003998 48 Stage 2- 1 Benzyl 2-cycl opentyl
4-(2-ami noethyl)plpera§q &e1'%_ di car boxyl at e
Procedure as in [Schene 14 Stage 2]. ESMS: nmfz 376

MEH] +,. 1H NWVR 7-7.31 H m,
St%sea’é-". Borypy %ﬁﬂ-@aﬁ 3-flgheny fe%azme- 3%%%0*('%%
ToJaFédut&nle)-[(bSn%xﬁ)c%boﬁylH (teRt-butbx@hrtibrdfpiketbkiner- calrbdxylic

1.44-1. 8H, . I r iate 1 1- Benzyl
aci i’Paﬁ@?@m“ﬁ&%@%ﬂm‘aﬁE&Cﬁwe? 3édsacvpiEPatanol (raguL,
5. 'E}ndncbl tE@O @oxmb, Atammol) and DMAP, (35GI0. 2amdl). TBe@ealdtien
title Ier te e redacordln to t
ikt o Ao e et R RO € Rk SRR BVl lr sffcea
prédsutey The¢ riudé residuacetsidissdiaeadinrEOABIKBONN.) and washed with 1M HCI
(15mL), 1M Na,CO; (15mL) and brine (10mL). The organic layer was dried (MgSO,) 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-Benzy! 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;) &: 7.20-7.28 (5H, 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, t
J=12.9Hz), 2.26-3.12 (4H, m) and 1.51-1.76 (8H, m).



r- JI BF3.COEtz, cyclohexane, DCM Cbz'N 4M HCl in

di oxane Cbz'NJ Cbz'N Stage 1 OQ Stage 2 o O OH H 0!
WO 28/0B0B STAB Stage 3 H NNH /~ r N'~N boc BIwGBR07/003998

HCl in dioxane Cbz' INO O p Stage 4 Schene 16 Stage

1- 1-Benzyl 2,4-di-tent-butyl

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

1-[ (benzyl oxy) car bonyl ] - 4- (t48rt - but oxycar bonyl ) pi per az

i ne-2-carboxylic acid (500ng, 1.37mmol) in DCM (1

Onl) and cycl ohexane (10r1L) at OC was added boron
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1-BériW 2él@didbbmy Af2-dmbathy)digersAteor pacaiboRyistat e (600ng,
2. 74mmol ) i n cycl ohexane (101) over 15mn. The WD

2008/ 050096 PCT/ GB2007/ 003998 49 reaction was al | owed
to warmto RT and stirred for 30mim,. Sodi um hydrogen
carbonate (80ng) was a(jpbed, and stirri ng conti nued
for a further 10 minuted beflore filtering through
Celite(r). The Celiga&pﬁ washed thoroughly with
DCM and the filtrate Solvgnt renoved under reduced
pressure. The residue ified by colum
chromat ography (10% Et OAc/ leptane) to afford the
product as a white solid (072409, 42%yield). ESMs:
mz 443 [M+H +. Stage 2- 1 zyl 2-tert-butyl
pi perazi ne- 1, 2-di car boxyl ate 1- Benzyl
Thé tifle fhterin@BibtelMidPreparb@ Eéq%lrd?@q thitke Arobéd FRLRMAH Bl (Scheme
240nmg, 0.57mmol) was dissolved in 4M HCl / di oxane
15¢-1. 5m.) and stirred at RT for 1 hour. The m xture was
diluted in EtQAc (1 On) and washed in 2M NaOH. The
organic |ayer was then dried |
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Coz r DCE, STAB Cbz’Nr 4M HCl in dioxane CbZ r
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Intermediate 12A

Scheme 15

Stage 1- 1-tert-Butyl 2-cyclopentyl 4-{2-[(tert-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]".



(MyS™) and evaporated under reduced pressure to give
the crude product (240ng). ESMS: m z 321 [ MtH| +.
wWEL@gos®96 1- Benzyl 2-tert-butyl PCT/GB2007/003998
4-{2-[(tert-butoxycarbonyl)am no] et hyl } pi perazi ne-1, 2-
di car boxyl ate Procedure as in [Scheme 15 Stage 1]
ESMS: nmlz 464 [ M+H] +. Stage 4- 1-Benzyl 2-tert-butyl
4- (2-ani noet hyl ) pi per azi ne- ¥82-di car boxyl at e
sthg@gLdlBePz@D-dyBloperty) ANB-atinoak ipSlazfmeMt-ditirBo
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(‘ééj‘ @%@Heﬁv-%ﬁ%ybérb%%w» é%rﬁﬁ%@%‘t m). eAbA A8 (4H. m) and
1.00¢85I(8P, MO The title internedi ate was prepared

according to the procedure outlined bel ow (Schene

17). WO 2008/ 050096 PCT/ GB2007/003998 50 BOCzO, NaCOH
Intlerr@yctllamp'eﬁu anol Dionne EDC, DVAP, DVF H zN OH Stage 1

To a soI ution of (28) 2-am nopent 4-enoi c acid (1.00g,

8.70mmol) in 1 M NaCH (20 d,Hdl oxane (10n) at 0OC
was added BOC20 (2.28g, The reaction

m xture was all owed 0/ to RT and stirred for an
addi ti onal 18 hours. was checked and adj usted

t o basi c when necessaryo @ reacti on m xture was
concentrat ed under

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

boc NH

_boc ‘butyl trichloroacetimidate |/\N (\
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Scheme 16

‘/\N/\/NHz (\N/\/ “boc
,Nr 4M HCl in dioxane /Nr

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

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



reduced pressure and the aqueous phase washed wth

Et20 (2 x 1 OrL) to renove the excess BOC20. The
waouensmphase was acidified to pH2 with 2M H2ZBAGBRW7/003998

extracted with EtOAc (4 x 20nL) while saturating the

aqueous each tinme with sodiumchloride. The conbined

organic |layers were dri ed ( SO) and concentrated

under reduced pressure ford the product (2.2g,

reddi0f gk ellcﬂrbed t&-alfbm 13 RT aaagtlrféw‘fblﬁd%m Hcfiln Rydrogen carbonate
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threadtuCeleP. The Celite® was washed thoroughly with DCM and the fi iitrate solvent
Sl A S R AL 6k 5781 Sty
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@&@l(z. 159, 11.2nmmol). The reaction was stirred
m/’?ggs h]o'urs and concentrated under reduced pressure.

Purification by colum chromat ography (5%
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ESEX%: ggg%éﬂcﬂ)cl opentyl - 7- et hyl - 5- et hyl - 6- oxo-5 6 7

8-tet rahydr opteridin-2- yllam no} L- phenyl al ani nate 0
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le@&oh!éniB 18). NHZ Internediate 1 et hoxyet hanol , 150

Pr%c%gg;re%s“fn IScJNeFr\e 1@St5’§éc1]N O Stage 1 boc~\NH H Nk NN H
ESMS: m/z 464 [M+HJ".

Stage 4- 1-Benzyl 2-tert-butyl 4-(2-aminoethyl)piperazine-1,2-dicarboxylate

Procedure as in [Scheme 13 Stage 3]

ESMS: m/z 364 [M+H]". "H NMR (300 MHz, CDCl3) &: 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 (2S)-2-[(tert-butoxycarbonyl)amino]pent-4-enoate

boc\N 0]
H i >
0

The title intermediate was prepared according to the procedure outlined below (Scheme
17).
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afford the product as a yellow solid (89ng, 43%
yield). ESMs: mz 607 [ MtH +. WO 2008/ 050096
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title exanple as a white solid (9ng, 34%yield).
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rol iy 132 iy o g el 1503
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s8R 3%, sy BTt UL B,
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afforded the titled intermediate as a clear oil (1.75g, 60% yield). '"H NMR (300 MHz,
CDCl3) 8: 5.61-5.79 (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).
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Scheme 18

Stage 1- Cyclopentyl N-(tert-butoxycarbonyl)-4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-
0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-L-phenylalaninate

To a solution of (7R)-2-chioro-8-cyclopentyl-7-ethyl-5-methyl-7,8-dihydropteridin-6(5H)-
one [Intermediate 1] (100mg, 0.34mmol) in 2-ethoxyethanol (2mL) was added
cyclopentyl 4-amino-N-(tert-butoxycarbonyl)-L-phenylalaninate [Intermediate 6A]
(170mg, 0.51mmol). The reaction mixture was heated at 150°C for 4 hours, cooled 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]".



To a solution of
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resi due was redissolved in B2M (1 Or) washed with 1 M

sthgd 528, fobehtyl4 mlse&d@w a@@ - RURPY.cesle rader
reduced pr essure. Purification reverse phase
tetgatvdivatea gl MG drrieaYRiABNetet | e exanpl e as a yel | ow

To $oldtiBAf é‘)@lfeanﬁJxﬁaarb@@Mﬁmﬁ’d 4- @Ei&[c%é‘;ﬂe‘htyl -1 BtHYMR methyl-

i %7é1tetr¥§%tef@m1%wza"H%ﬁ?b@“efv'a ipteigma Lol i

DGM @Bmﬂ) whshitided M2GCIRLi4né 13nkl,). THe, redctidd nfidtutd, waktstirred at RT
3, 3,3 Hz

forﬁ_%om&é 13_% ongerk[:oated( %;?_dleg ge)dubeﬁ:[ %’gssc.lﬁ_}g g(lve) %bréw% 7?_é<§ueHThé bH of

the res@u@ wab afijdbted itg 9 with S4tufatetBNAH9ED; sgluten 3oL )B6d(tBe+ extracted

wEEgAe [ AT RO et PSR hore o (1geod ang coneeniae

under- reéwqegrpy@sgmtg @afferidihe title example as a white SO|Id (9mg, 34% yleld

AN d%%&%@@“%%#@a%#%ﬁ%w i s

(3t ), e m/)a‘b,o%rﬂéﬁéﬂédn)aéééf@iﬂ@l"t o)1t @Hinen.a.83-
11Rf4C{‘?ﬁMJé'r ?I\%%tm' 184, rﬁf‘ém g 287 boc  HO

I nt'er |ate KZCO DMVF Stage 1
NEt RLR2RLH Intermedl ate 2A-2B HCl /
dloxane/ DCM St age 2 HZNe@akple™ N-- N\/O O NEt R2
Rl H Schene 20

Cyclopentyl (2S,4E)-2-amino-5-(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-

tetrahydropteridin-2-yllamino}phenyl)pent-4-enoate

The title example was prepared according to the procedure outlined below (Scheme 19):
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Scheme 19



Stage 1- Cycl opentyl

N-(tert-butoxycarbonyl)-0O (4-{[(7R)-8-cycl opentyl -7-et
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(1H, m), 4.39 (1H, dd, J=6.3, 33Hz ), 4.32 (1H, t, J=8.8 Hz), 4.17 (1H, t, J=6.2 Hz), 3.25
(3H, s), 2.83 (2H, t, J=6.7 Hz), 1.79-2.06 (9H, m), 1.54-1.78 (9H, m) and 0.86 (3H, t,
J=7.4 Hz)

Example 3

Cyclopentyl O-(4-{[{7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-

2-yllamino}phenyl)-L-homoserinate
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ny, 60%yield). ESMS: mz 537 [MrH +. ' H NVR (300 Mz,
MeOD) S: 7.55 (1H, s), 7.32 (2H, d, J=9.0 Hz), 6.76
WQ 2088/08009¢9=9. 0 Hz), 5.15-5.09 (1H, nj, 4.28- 4. ROT/GBR)07/003998

n, 4.11 (1 H dd, J=3.6, 7.5 Hz), 4.01-3.95 (2H, m,
3.55 (1 H t, J=6.5 Hz), 3.20 (3H, s), 2.11-1.51
(20H, m and 0.75 (3H, t, J=7.5 Hz). The exanple in
the followi ng table was prepdred by nethods anal ogous
et R R et
M5 Cycl opentyl O (4- {[(7R) 8-cycl opentyl -
2B & 3A ethy - b- rrethyl 6- oxo-5, 6, 7, 8- tetrahydro rriz
H6pter/i ] aER@he 3 et hoxypbﬁenyl) L- [I\/H—|]
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ent-yt
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yl - 6 0X0-5

tetrahydropteri d| n- 2-yl | am no} - 3- net hoxybenzoyl ) am nol
butFBRE 42BN |-12 01 OBl N O Odd hioiTloem 11kgth N N
6 The titled exanple was prepared according tq the
general procedure outlined bel ow (Schema 21).

I ntermedi ates 6A, 7A-10 0 O N O TBTU, D PgA N L' NN
O HON | DCM rt boc H Stage 1 0O
b 6 o Internediate 2C oo
R2
Scheme 20

Stage 1- Cyclopentyl N-(tert-butoxycarbonyl)-O-(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-
6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}phenyl)-L-homoserinate

H |
oc” 0] N N._.O
A -
(ONN 0] N~ N N
O e

To a solution of (7R)-8-cyclopentyl-7-ethyl-2-[(4-hydroxyphenyl)amino]-5-methyl-7,8-
dihydropteridin-6(5H)-one_[Intermediate 2A] (120mg, 0.33mmol) in DMF (2mL) was
added cyclopentyl (2S)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate [Intermediate
3A] (114mg, 0.33mmol) and K,CO; (90mg, 0.65mmol). The reaction mixture was stirred
for 40 hours at 40°C and then the reaction mixture was diluted with EtOAc (25mL). The
mixture was washed with water (2 x 26mL) and brine (25mL). The organic layer was
dried (MgSO,) and concentrated under reduced pressure to leave a brown oil.

Purification by column chromatography (100% EtOAc) afforded the product as a pale
brown solid (177 mg, 85% yield). ESMS: m/z 637 [M+H]".



AM HCl in dioxane, rt Stage 2 ONLN NOHI ~ J.

L OONNN-~oH a Schene 21 Stage 1- Cycl opentyl
W@ 283/0200p t er t - but oxycar bonyl ) am no] - 4- [ (4- { [ (FR)/6B27003998

| opent yl -

et hyl - 5- net hyl - 6- oxo0-5, 6, 7, 8-tetrahydropteridin-2-yl]a

m no} - 3- met hoxybenzoyl ) am no but anoate WD

2008/ 050096 PCT/ GB2007/ 0039 57 HN boc OONO HO
Sthgé 2) Cyclopaniyl @Q4-Q{('B'\’)l8=l<t)ﬂclbﬁeﬁtﬁll 7-ethy| -5-methyl-6-o0x0-5,6,7,8-

4- 7R) - 8- I tyl-7- th t hyl - 6- -5,6,7, 8-
te&raer{yb{ﬂg%@@;ﬁ%%@ﬁrﬁoj%ﬁ-;m% rl’ﬂ?}trrg m)et hox;%gnzoi c
acid [Internmediate 2C] (200ng, 0.47mol) in DCM (5nl)

was added
O benzotriazol - 1-yl - N, N N N tet r angt hyl ur oni um

tetrafl uoro- HZI)ZIN d DI PEA

(0. 16n, O.94nnn| . The re was stirred
at RT for 30 mi Rut bef o d| pentyl
(2S)-4-am no-2-[ (text but oxy b am no] but anoat e
[ nternedi ate 7A] 9ny, O. 84mm| he reaction -

m xture was stirred at RT for a fur 18 hours then

diluted with DCM (20nmL), and dvvashed W|th vvatgr (2 x
: i G | i
L T T T
5,87, B-tet%hyﬁrfobteatilhmqyl}amum}lﬂmﬂmw-thfomémwa@ Mymg (0. 28miol) was

g%e%%ggi u}ag E%ﬁé&luﬁ?(gr/g%g%e[ @ml_.'? %eée%c 8rs1’ %llxture(/vas sWéd at

R1Tpc B@) pmmtqsl and concentrated under reduced pressure to leave a thick yellow oil.
T”“@@:"é‘;’!@[&tgﬁ) 'gﬁdr[iédﬂ’ér{ l)f{-%ﬁi)[é §6nﬁ¥&ﬂwi8rP%Q£ ¥er'tit76n%ti I@él\/\?e%h rIB%I\}?
24mig-andtsebNpeb Or{RBmLKIThe orgphidavienops Senasatexddyibe (Ma30y) and
coh@Bi A& r8ddded bresQure to afford the title example as an off-white solid (90
" mg, 60% yield). ESMS: m/z 537 [M+H]". 'H NMR (300 MHz, MeOD) &: 7.55 (1H, s),
7.32(2H, d, J=9.0 Hz), 6.76 (2H, d, J=9.0 Hz), 5.15-5.09 (1H, m), 4.28-4.19 (1H, m),
4.11 (1H, dd, J=3.6, 7.5 Hz), 4.01-3.95 (2H, m), 3.55 (1H, t, J=6.5 Hz), 3.20 (3H, s),
2.11-1.51 (20H, m) and 0.75 (3H, t, J=7.5 Hz).

The 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 & 3A ethyl-5-methyl-6-oxo-5,6,7, 8-tetrahydro m/z 567

pteridin-2-yl Jamino}-3-methoxyphenyl)-L- [M+H]*

homoserinate




OBl INNO OHHN 1-10 Cycl opentyl
(2S)-2-[(tert-butoxycarbonyl)am no]-4-[(4-{[(7R)-8-c6
W edospsmdg/| - 7- et hyl - 5- PCT/GB2007/003998
nmet hyl - 6- oxo-5, 6, 7, 8-t etrahydropt eri di n-2-yl ] am no} - 3-
nmet hoxy benzoyl ) am no] but anoate (228ng, 0.33mml) was
di ssolved in DCM (20nm.) and 4M HCl / di oxane (10nlL) was
added. The reaction m xture Sas stirred at RT for 2
hours and concentrated ugghple’seduced pressure. The
50

mgrdgge@ S@OHaamb}eaﬁ@tamvbaﬁz@dl)mdelbutaheﬁu ced pressure
to afford the title exanple as a white solid (180ng,
92% yi el d). ESI\/S WD 2008/ 050096 PCT/ GB2007/ 003998 58
mz 594 [ MrH +. ' HNWYVR (800 MHz, CDCI3) 8: 8.55 (1 H,

d, J=8.4 Hz), Z)Wkt ] 7. s), 7.48 (1
H d, J=1.5 o) 32 N H 2.0, g6 H),
5.23-5.19 (1 . 4.55- 240 24 (1 H,
dd, J=3.86, Hz) 3.99 (3H, sh, 3.92(3.80 (1 H m,
3.59- 3.47 (2H, m), 3.35 (3H s), 2..60 (22H, m
and 0.90 (3H, t, J=7.4 Hz). The exanp in the
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Scheme 21

Stage 1- Cyclopentyl (25)-2-[(tert-butoxycarbonyl)amino}-4-[(4-{[(7R)-8-cyclopentyl-7-
ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2- yl]amlno} -3-methoxybenzoyl)amino]
butanoate



Cycl opentyl O (4- {[(4 {[(7R)-8-cycl opentyl -7-et hyl -
mz 700 9 2C & 1

Woredosph0086 0xo- 5, 6, 7, 8-t etrahydropteridin-2-yl ]| pem/o826034003998
nmet hoxybenzoyl ) am no] net hyl } phenyl ) - L- honoseri nat e

[ MtH + Cycl opentyl
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2C & 9

nmet hyl - 6- oxo- 5, 6, %ogetrahydropterl di n-2-yl]am no}- 3
met hoxYbenzoYI )arﬁ’ﬁo] eth@}Pi Peridin- |4 Y ) al ani nat e

[MtH + tert-B
4-[ (4-{[ (7R) - 8- ckcl operl yI th;ﬁ:Ime/v@/s Mz 644
*11 2C & 6B

oxo-5, 6, 7, 8- rahydropterlnb‘yl]ano) 3- [ MrH] +
nmet hoxybenzoyl ) am no] - L- phenyl al ani né * In order to
achi eve selective Boc deprotection [Schiene 21 Stage 2]
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mitureNv&s et at RT R aMuititer N8 lholis, therSlimtpel withHD OM KEAHAL ) Hard
wa:lsﬂ'gd \Qlth th ?{2’? %n?L T@e organic layer was dried (MgSO,) and concentrated
under reduced pressure to leave a yellow oil. Purification by column chromatography
(100 % EtOAcC) afforded the product as a yellow solid (228mg, 70% yield). ESMS: m/z
694 [M+H]".

Stage 2- Cyclopentyl (2S)-2-amino-4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-oxo-
5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]butanoate

NH, 0 |
GOE/KAHK@\NJ‘:N\/IE::/C/
o " G

Cyclopentyl (2S)-2-[(tert-butoxycarbonyl)amino]-4-[(4-{[(7 R}-8-cyclopentyl-7-ethyl-5-
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 (MgSO,) and concentrated under
reduced pressure to afford the title example as a white solid (180mg, 92% yield). ESMS:
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-7-ethyl -5- nethyl - 6- oxo-5, 6,

7,8-tetrahydropteridin-2-yl]am no}-3-nmet hoxybenzoyl

)am no] - net hyl } phenyl)-L-honoserinate O HN Cbz N N N
O OOHI HNO 6 Proceduré8as in [Scheme 21 Stage 1]
m/28bA + teﬂrmwhz

838 6@5@% )bls 580 #@8@5@996 70 (2H, br s),

PCT/ 07/ 0039 tert
7631 3y (48{TH PRY=185 b‘ﬁbﬁ&&gh'{'w’d 7= %Ph@ﬁ J'é) Pethy 19 6o 2b-

45'&545(1&m 4.24 (1H, dd, J=3.6, 7.8 Hz), 399(3H s), 3.92-3.80 (1H, m), 3.59-
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NNO,O6 To a solution of tert-butyl
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deSerivet hydved Soamd 2 6), using-thedpmbyrdteipteemediates.2- y| | am no} -

3- net hoxybenzoyl ) am no] -

nmet hyl } phenyl ) - L- honoseri nat e

(132ng, 0.16mmol) in EtOH (5ml) under a nitrogen
at npspher Stages! added Pd/ C (30ng,,, 20% w w). The
Example || ointermediates \las evacuated NARE pl aced under anESMS
at nospherevedd H2, [This was repeated a further two
tines |and the regddytoatAPoEd(tRy8stclopeniycRév-an | /2 606
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filterled through Qeldnb§hdnloyfeRtholioibdd t rat e (M+H]
concentrat-edunder—reduced—pressure—and purified—{by
col unm chromat ogr g piyyopé&@%(wmalcym&yl t- é}h)y’é @btayl-t hem 17 656
t I7t | eq eXQ@B'@\ as % o‘M"é & ?8-tetrahydropterld|n 2-yllamino}-3-
[M+H]+
methoxybenzoyl)amino]-L-phenylalaninate
Cyclopentyl NG-(4-{[(7R)-8-cycIopentyl-7-ethyl—5-methyl- m/z 622
8 2C & 7B 6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3- M1+
methoxybenzoyl)lysinate [ ]
Cyclopentyl O-(4-{{(4-{[(7R)-8-cyclopentyl-7-ethyl-5- m/z 700
9 2C & 10 methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3- MHT*
methoxybenzoyl)amino]methyl}phenyl)-L-homoserinate [M+H]
Cyclopentyl 3-(1-{2-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5- m/z 691
10 2C &9 methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3- .
methoxybenzoyl)amino]ethyl}piperidin-4-yl)alaninate [M+H]
tert-Butyl 4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methy!-6- miz 644
*11 2C & 6B 0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3- .
methoxybenzoyl)amino]-L-phenylalaninate [M+H]

* 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.



solid (42ng, 38%yield). ESM5: mz 688 [ MrH +. 1H NWMR
(300 MHz, CDCI3) 8: 8.52 (1H, d, J=8.5Hz), 7.56-7.70
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6.88 (2H, d, J=8.5Hz), 6.53 (1 H, t, J=5.5Hz),
4.44-4.62 (3H m, 4.21 (1 H, dd, J=7.7, 3.6Hz), 3.95
(3H, s), 3.59 (1 H, dd, J=7.6, 5.0Hz), 3.31 (3H, s),
2.08-2.28 (4H, m, 1.66-2.0159(1 OH, m, 1.47 (9H, m
and 0.87 (3H, t, J=7.5H&gxq ££08/ 050096
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Scheme 22
Stage 1- tert-Butyl N-[(benzyloxy)carbonyl]-O-(4-{[(4-{[(7 R)-8-cyclopentyl-7-ethyi-5-

methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]-
methyl}phenyl)-L-homoserinate

Q |
_Cbz ~_N_O

Procedure as in [Scheme 21 Stage 1] using intermediates 2C and 11.



~N ONXNL H The titled exanple was prepared accordi ng

to the general procedure outlined below (Schene 23).
wO@D0B0BAO50096 PCT/ GB2007/ 003998 62 0 N boc PCT/HBDOR003998

NXOH NO1NOTBTU D PEA DCMONN" ~" N O 4M

HCl /Dioxane NONN/ HI HStage 1 NIIN N Stage 2 N

NN' i0O H~i0 H Internediate 2C Nal, K CO, DM

Intermediate 3A or 4A Stage@® [ID-0 NHT & NHBoC 0 O
St%é’fﬁd tbﬂ\é@ly@éﬁkﬁ-? (4- ﬁW@S(-c\,ycfépgﬁtﬂﬂ' e@l( Céwﬂﬁo% £5738-H \

heme 23 Stage 1-
tetfq_p,ygroB@(l?lp 23yl]fa(nmo%-[3(n7¢§510)gb§@;@yl %@Wthyl}ph@thmnpsmlnate
ethyl -6-o0x0-5,6,7,8-tetra hyd ro
pteridi n-2-yl]am no}- 3-nmet hoxybenzoy) am no] pyrrolidine

- 1- carboxylate bocaNJN&ci NOHG® To a

sol ution of N7 o

4- {[(7R 8 cycl cﬁp nty et HyI th)Q\/-Eog/%;ﬁ, 7, 8-
tetrahyd |n02 yl'] am no} |qeth®xy enZ0i c acid
[ I ntermed atre 2C] (200nmg, O0.47mpol) 1 Omn) was

added TBTU (170ng, 0.52mmol) and Dl PEA (1 )
0.94mmol ). The mxture was stirred at RT Tor 30
m nutes. tert-Butyl 3-am nopyrrolidine-1-carboxylate

To a solution of tert-butyl N-[(benzyloxy)carbonyl]-O-(4-{[(4-{[(7 R)-8-cyclopentyl-7-ethyl-
5-methyl-6-0x0-5,6,7,8-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) to yield the titled example as a white
solid (42mg, 38% yield). ESMS: m/z 688 [M+H]". "H NMR (300 MHz, CDCls) &: 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).
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Example 16

Cyclopentyl (2S)-2-amino-4-{3-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5.,6,7 8-

rrolidin-1-yl}butanoate

The titled example was prepared according to the general procedure outlined below
(Scheme 23).




(2S)-4-bronmo-2-[(tert-butoxycarbonyl)am no] but anoat e

[internediate 3A] (130ng, 0.37mmol). The reaction
waoroosusmIsvas stirred at 80C overni ght and t henpdi/GBR@d003998

with EtOAc (10nL). The m xture was washed wi th water

(2 x 10nL) and brine (10m.). The organic |ayer was

dried (MgSO4) and concentrated under reduced pressure.

The resi due WD 2008/ 050096 RCT/ GB2007/ 003998 64 was

purified by colum chromatography (0-2% MeOH/ DCM to

afford the product as a pale yellow solid (140ng, 71%

ield). ESMS: “r z 522 [ MFH +. St age 4- c,ym opentyl

o (99) - gogmipfios s aol@ﬁ\&);%p &l opent X3 et by %ImL
/"\/ tage
5,8, 7 8- trahi'/a&"ﬂopteridigﬂt'y ani noy - 3- rreth I@eﬁz y

I)a,m edQtlzpyrrolldln1y|}butano e [D-0O NHz ONaO
9Nt .110 " b Cycl opentyl

(28) 2 [(tert but oxycar bonyl ) am no] - 4- { 3- [ ( 4e. ) - 8-
CyCl Oper@l et hyl [ntermediiEAorM Stage 3

nmet hyl - 5 6, 7, 8- tetrahydropterl d|or>r<&\yl]am noy - 3-
met hoxybenzoyl Nam noj pyrrpl [ dl mﬁ'HCIIaonabél }but nogt e

(140ngy, O0.18 o

(5mL) and sti rred 2 hgur4s The reéc %L

concentrated under ueduce ressure. The residue "wa
triturated with Et20, filtered and dried under reduce
pressure to afford the title exanple as a white solid
(60nmg, 50% vyield). ESVS:S¢Hemet® [ MFH +. 1 H NMR (300
MHz, CDCI3) S: 8.56 (1 H, d, J=8.5 Hz), 7.69 (1 H, 5s),
7.61 (1 H s), 7.51 (1 H d, J=1.7 Hz), 7.44 (1 H, d,
Stdge81 -t Butyb3-f(8-{f(7 )-8 eydcbehtyl- Tﬁ)ethyES-g\%th}I @oi@S,(GJJS&'-IIt_eIaZtr;ﬁ)wydro
pt%"d%z '?ﬁ"”é) mghﬂéyb(eizciﬁf%ai’"”{’b@‘?dﬁ%} ,Ca’§°’§’l?‘?3H s),
2.95 - 3.05 (1 H m, 2.83 (1 H d, J=10.0 Hz), 2.46
- 2.71 (3H, n)bocz 11 - 2.45 (3H, n), 1.47 - 2.05 (22H,
m, 0.89 (3H, U\I=7.5 Hz). The exanple in the
foll ow ng tabl e/wak proepar ed by met hods anal ogous to

the method desc abpre (SG N using the
StZiQe Exanpl e

appropriate intermedat
I nt er medi at e Nane ESMS e” N~ °N

_0

To a 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 TBTU (170mg, 0.52mmol) and DIPEA (163ul, 0.94mmol). The
mixture was stirred at RT for 30 minutes. tert-Butyl 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 (MgSQ,) 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% yield). ESMS: m/z 594 [M+H]".



cycl opentyl (2R)-2-amno-4-{3-[(4-{[(7R) -8 17 4A
cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo0-5,6,7,8- mz 663

wo edos@sdoyalr opt eri di n- 2-yl ] am no} - 3- net hoxybenzegt/B2007/003998
[ MkH + am no] pyrrolidi n-1-y1l} butanoate WO 2008/ 050096
PCT/ GB2007/ 003998 65 Exanple 18 Cycl opentyl
(2S)-2-am no-4-{6-f(4-{f(7R) -8-cycl opentyl -7-ethyl -
et hyl - 6- ox0-5,6,7,8- tetra M3yd ro pt ari di n -2-vl
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cyc ex- 3-yl ut anoat e
y']émNDN:”TQ’?(PQ)‘V"ﬁPWQ“RW 3~y'bthf-’-a'@deThe titled exanpl e was
prepared according to the procedure outlined bel ow
(Schenme 24): boc-N~ NH, boc N HO\ N~ N O DI PEA, N
\NNOIDCI\/I:H:/I/NNNNNN 110 H Stage 1 i 0
H internedi at @4 HCl / di oxaneN St age 2 HN boc

i nternmedi ate 3A H NI/I jl/\/
Ay

O

tert-Butyl 3-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro pteridin-2-
ylJamino}-3-methoxybenzoyl)amino]pyrrolidine-1-carboxylate (22mg, 0.36mmol) was
dissolved in 4M HCI / 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 (2S)-2-[(tert-butoxycarbonyl)amino]-4-{3-[(4-{[(7 R)-8-cyclopentyl-7-
ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]
pyrrolidin-1-yl}butanoate

H
QO N-boc
H

QA A
_0

To a stirred solution of 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro
pteridin-2-ylJamino}-3-methoxy-N-pyrrolidin-3-ylbenzamide (120mg,0.25mmol) in DMF
(5mL) was added K,CO; (140mg, 1.0mmol), Nal (75ul, 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 (MgSQO,) and concentrated under reduced pressure. The residue
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2008/ 050096 PCT/ GB2007/ 003998 66 Stage 1- tert-butyl
6-[(4-{[(7R)-8-cycl opentyl - 7- et hyl - 5- et hyl - 6- oxo-5, 6,
7,8-tetrahydro pteridin-2-yl]ami
no} - 3- met hoxybenzoyl ) am no] -63- azabi cycl o[ 3. 1.0]
wé% ﬁﬂf& @y&ﬂf&@&*brﬁbﬁgraﬁﬁy (50 %'MJMD@M) ) éf?&?d e roduct asa

5 70 I—é -0X0-5,6,7,8
pa{ee)ie low ﬁ?/'t? (Fé%T‘%r /‘dy'?'d)n E§'\@ﬁ ]“/éﬁ?%wﬁ'ﬂ* met hoxybenzm C
acid [Internmediate 2C] (200ny 0.47mmol ) in DCM

10 s _ad DI PEA . 94 )
St B GRE R By % IR S BT v
5,817 8 déteshytrepieridinadyljatmira)-3aheth@tybelmolyyamiGe)pyrrolidin-1-yl}butanoate
am no- 3-azabi cycl o[ 3. 1. 0] hexane- 3- car boxyl at e
[W2006123121] (11ing, 0O0.56mmol). The reacti on was
stirred for a fukther 30 m nutes and then the m xture
was diluted wt €1 5nL) and washed with water (2
X 5nlL). The organi | r was dried (MgS™) and
concentrated under redicedopressure. [ The resulting

solid was triturated w\try t qaf d the product
as a white solid (230ng, 81 Néi . mz 606
[ MMH] . St age 2-

I\I-3 azab| cycl 0[3 1. O] hex 6 yI 4 {[( - 8-cycl opentyl -

CV?'°Be'?t)é|t ?%h%fﬁf‘%tpt%”é?"iya?rﬁo’?ﬂ ?'I“]'”th‘ﬁ%} 43R heclPpenty bl -5
mdtﬁ}l-% dxoisyd,7 @'tétfd"ry{il[obmm& ﬂ}éﬁil@% rﬁét]vibxyBelﬁd&lb}émlﬁomyrrohdm-

Jopinraiey e BtpEL AR A Bt bend e
at BYdore2 Rouear Trerghetion wad20ngkntrated under reduced pressure. The residue
was triturated with Et,0O, filtered and dried under reduced pressure to afford the title
example as a white solid (60mg, 50% yield). ESMS: m/z 663 [M+H]*. 1H NMR (300
MHz, CDCl;) &: 8.56 (1H, d, J=8.5 Hz), 7.69 (1H, s), 7.61 (1H, s), 7.51 (1H, d, J=1.7 Hz),
7.44 (1H, d, J=8.7Hz), 6.66 - 6.72 (1H, m), 5.09 - 5.16 (1H, m), 4.47 - 4.69 (2H, m), 4.23
(1H, dd, J=7.9, 3.8 Hz), 3.99 (3H, s), 3.48 (1H, t, J=6.2 Hz), 3.34 (3H,s), 2.95 - 3.05 (1H,
m), 2.83 (1H, d, J=10.0 Hz), 2.46 - 2.71 (3H, m), 2.11 - 2.45 (3H, m), 1.47 - 2.05 (22H,
m), 0.89 (3H, t, J=7.5 Hz).

The example in the following table was prepared by methods analogous to the method
described above (Scheme 23) using the appropriate intermediates.

Stage 3
Example | Intermediate Name ESMS
used
Cyclopentyl (2R)-2-amino-4-(3-[(4-{([(7R)-8-
17 4A cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8- m/z ?63
tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl) [M+H]
amino]pyrrolidin-1-yl}butanoate




0. 38mmol ) was suspended in 4M HCl / di oxane (5nL) and
the reaction m xture was stirred at RT for 1.5 hours

wanasosmeent r at ed under reduced pressure. The PEFGBRD7/003998

was triturated with Et20 and then partitioned between
DCM (5nL) and sat Na2CO3 (5nL). The organic |ayer
washed with sat Na2CQO3, dried (MJSO4) and concentrated
under reduced pressure to &ford the product as a
white solid (152ny, 80%piafipld 48 ESM5: mz 506 [ MH] +.
St age 3- Cycl opentyl
(2S)-2-[(tert-butoxycarbonyl)am no]-4-{6-[(4-{[(7R)- 8-
Cyelopbatig P Y d-amino-4-{6-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5.6,7.8-

e SR T N A A O IR R or AN,

Nrituy = O TICUTIUAY D

butanabiecycl o[ 3. 1. 0] hex- 3-yl } butanoate To a stirred
sol ution of 3 azabi cycl o 3. 1.

0] hex- 6-yl - 7R) - 8-cycl opentyl - 7- et hyl -
met hyl - 60x 78tetrahgdropter|d|n 2y|]amno} 3-

nmet hoxyben O 30mmmol ) in DI\/L: (%m_) was
added cy entyl N7
(2S)-4-b -2-[(tert-but nyc nyl/b§ but anoat e

[Internediate 3A] (157ny, 0. 45 gj (X66ny,
1.20mmol ) and Nal (90ng, 0.6Q®ml). The M Xxture was
heated at 80C for 24 hours. The reactio i Xture was
concentrated under reduced pressure, the resulting
resi due was di ssolved in EtOAc (10rr1_) and washed with

TR GLARTE e nreas 67 Dts Y e Ry E e g fgonee

24xnder reduced pressure to afford the title product as
a brown solid (228ng, 98%yield). ESMS: mz 775
[ MH] +. Stage 4- Cycl opentyl
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hour Sy ud hexafedSUll4l Ng solid was di ssolved in DCM (5n1_)
and Na2CO8 ( rrL% and stirred for 20 m nutes. The

mayer was separated, dried (MgSO4) and
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%\ reduced pressure to afford the
t|tIe

Scheme 24
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exanple as a clear oil (23nmg, 12%yield). ESVM5: mz
675 [ MFH +. 1H NMR (300 MHz, CDCI3) 6: 8.47 (1H, d,

wa @885y 7.43-7.65 (3H, m, 7.25 (1H d, J=6PGHBB2007/003998
5.23 (2H, s), 5.16 (1 H, t, J=5.9 Hz), 4.34-4.49 (1
H m, 4.15 (1 H dd, J=7.9, 3.8Hz), 3.92 (2H s),
3.55 (1 H dd, J=8.4, 3.9 Hz), 3.22-3.31 (4H, m,
3.18 (1 H, d, J=9.0CHz), 2.926(1 H, br. s), 2.57 (2H,

Stbge 9 =t§rtiébh§/) 6-[(4- {gﬂR)ZS éy%log%ﬁ{yl meth 15- %%gﬁg%gﬁ 5%‘1 ,8-WBrafififio

ptejldfn42-§:lj1’34mn?} %mﬁf)x@e{gﬂw awm §1aqu|@tcm hﬁé@W-carboxylate
To dstPred-sbiufiory ofSt-{{@R)-8ley€logentyp7 stthyils Ainethyl-6-0x0-5,6,7, 8-
S g e L R
0.47onmmal pin D @t $1Qomte) paas eddday/ DIFEA {001 6nalviiOragnimed! hardiot BKYY (16 7mg,
o 4TS Pscn PR R0 RTLBRNTLORGN o B0 b
antihd\B-akahieyctofd 1 .8ihex@€-3-carboxylte BY@200812PR1HEPA Gl (256mmol)
Thgtr@%%?@mags%q @B{I&ﬁﬁerwf @? theh tg&m W '\(H's\lﬁﬁ%é@w:th
DCM (15mL) and washed with water (2 x 5mL).The organlc layer was dried (MgSO,)

and concentrated under reduced pressure. The resulting solid was triturated with Et,O 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-cyclopenty!-7-ethyl-5-methyl-6-0xo-
5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzamide

tert-Butyl 6-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro pteridin-2-
yllamino}-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,CO; (5mL).
The organic layer washed with sat Na,CO;, dried (MgSQ,) 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 (2S)-2-{(tert-butoxycarbonyl)amino}-4-{6-[(4-{[(7 R)-8-cyclopenty|-7-
ethyl-5-methyl-6-o0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]-3-
azabicyclo[3.1.0]hex-3-yl}butanoate

To a stirred solution of N-3-azabicyclo[3.1.0]hex-6-yl-4-{[(7R)-8-cyclopentyl-7-ethyl-5-
methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-yllJamino}-3-methoxybenzamide (152mg,
0.30mmol) in DMF (3mL) was added cyclopentyl (2S)-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 (MgSQO,)
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Example 19

Cyclopentyl 5-{4-[(4-{[(7R)-8-cyclopenty|-7-ethyl-5-methyl-6-0x0-5,6,7.8-tetrahydro-

teridin-2-yllamino}-3-methoxybenzoyl}amino]phenyl}-L-norvalinate

HZNI\/\Q\ 0
/O

l
O

The title compound was prepared by the following methodology (Scheme 25):



Et OAc/ heptane) to give the product (50ng, 30%yield).
ESMS nfz: NI. Stage 3- Cycl opentyl
woRqoppsmpd - but oxycar bonyl ) oxy] car bonyl } - 5- { 4- [ #&F/GBEORN03998
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thoxybenzoyl ) am no]j
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rea I on m xt uPe was irred at RT for 1 hour and

evapor at ed under redieed pressure. Purification by

preperative HPLC affordg f*,gt,,;be gitle exanple as a
white solid (3ng, 14%yie ESVMS mz: 342 [(Mt2)/2] +

1 H NMR (300 MHz, MeCD) 6; ppm814(1H d, J=8.1
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/heptane) afforded the product (81.9mg, 28% yield). ESMS m/z: 627 [M+H]".

Stage 2- Cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{4-[(4-{[(7R)-8-
cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-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-ylJamino}-N-(4-iodophenyl)-3-methoxybenzamide (81.9mg,
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tetra hyd
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Stage 4- Cyclopentyl 5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]phenyl}-L-norvalinate

To a solution of cyclopentyl N-{[(tert-butoxycarbonyl)oxy]carbonyl}-5-{4-[(4-{[(7R)-8-
cyclopentyl -7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-
methoxybenzoyl) amino] phenyl}-L-norvalinate (25mg, 0.03mmol) in DCM (1mL) was
added 4M HCl/dioxane (30ul, 0.12mmol). The reaction mixture was stirred at RT for
1hour 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]".
1TH NMR (300 MHz, MeOD) §; ppm 8.14 (1H, d, J=8.1 Hz), 7.66-7.78 (4H, m), 7.26-7.54
(38H, 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).
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et hanol (0.3nL), water (0.27nL) and sodi um perborate
tetrahydrate (133ng, 0.87mmol ). The reaction was

iR e g Ay e by R lou e R 8000R GRRGRaE

4MHCI / dioxane mN N7 l!l o)
j:v\@ XKQ )\X L s::: é HJ\QNJQ[NL
; A

Scheme 25 Stage 2

Scheme 26

Stage 1- Cyclopentyl (2S,4E)-2-amino-5-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-
oxo-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]phenyl}pent-4-
enoate

To a stirred solution of cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{4-[(4-
{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-
methoxy benzoyl)amino]phenyl}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 NaHCO; (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 [M/2]". "H NMR (300 MHz, MeOD) &: 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, ,
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 (9H, m) and
0.86 (3H, t, J=7.4 Hz).
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Et QAc (3 x 50mL), dried (MySO4) and concentrated to
w@rooe/osdoes product  (90nmg, 75%vyield). ESMS: m eCBGB2007/003998
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Scheme 27

Stage 1- Cyclopentyl N-(tert-butoxycarbonyl)-5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-
methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]phenyl}-4-
hydroxy-L-norvalinate

To a solution of cyclopentyl (2S,4E)-2-[(tert-butoxycarbonyl)amino]-5-{4-[(4-{[(7R)-8-
cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxy
benzoyl)amino]phenyl}pent-4-enoate [Scheme 25, Stage 2] (130mg, 0.17mmol) in THF
(2mL) at 0°C was added borane-dimethylsulfide complex (80ul, 0.87mmol). The mixture
was stirred for 5 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,



Internedi ates 2C-2E 4M HCl / dioxane, rt Stage 2 R2 O

ONO~ Internediates 3AA46 HNO "H" X~ n NOI
w(K2@808500bal , DMF, 40 CH N N7 N O 171 N N N PCT/GBRNN7/003998

N Stage 3 RL HRL H nethod A = 4M HCl / dioxane, rt

OR Stage 4 nethod B =Et CAc, 20% PdOH, H2 R2 O O
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1- tert-Butyl 72
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acid [Internmedi ate 2C] (500ny, 18mmol
was added TBTU (415ng, 1.29mvol) and DI PEA

Pro€eddilends in 2S demeale) Stagéble reaction mixture was stirred
s V2780 (AP RHGGR B MHE SRebB] 8 e E A, 4, =83 Hz), 7.74-7.66
(5H, m), 7.40 (2 H, dd J=1.8, 8.6Hz), 5.31 (1 H, m), 4.49-4.38 (3H, m) 4.04 (3 H, s), 3.33
(3H, s), 3.10-3.09 (2H, m), 2.17-1.62 (22H, m) and 0.89 (3 H, t, J=7.5 Hz).

Example 22
Cyclopentyl (2S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-

-3-methoxybenzoyl)aminolpiperidin-1-yllbutanoate
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The titled example was prepared according to the general procedure outlined below
(Scheme 28):



am nopi peri di ne- 1- carboxyl ate (282ng, 1.41 mol) was

added. The reaction m xture was WD 2008/ 050096
wEROBEBD0O7/ 003998 74 stirred at RT for anot heeT/882007/003998

m nutes and then diluted with DCM (30nL). The sol ution

was washed with water (2 x 30nmL), dried (MgSO4) and

concentrated under reduced pressure to |eave a thick

brown oil. Trituration w th7Bt20/heptane (1:3)
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To a suspension of 4-{[(7R)-8-Cyclopentyl-7-ethyl-5-methyl-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



was added cycl opentyl

(2S)-4-brono-2-[(tert-but oxycarbonyl ) am no] but anoat e
wWWEROEBHIO50096 PCT/ GB2007/ 003998 75 [ I nt er nERPCEBGB28A003998

(103nmg, 0.30mml), K2CO3 (109ny, 0.79mmmol) and Nal

(59nmg, 0.40mml ). The reaction mxture was stirred at

80C for 15 hours, diluted with EtQAc (20nL), washed

with water (2 x 20nL), briné4(20nL) and dried (MySO).
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Stage 3- Cyclopentyl (2S)-2-[(tert-butoxycarbonyl)amino]-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-
ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]
piperidin-1-yl}butanoate
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To a solution of 4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-
2-ylJamino}-3-methoxy-N-piperidin-4-ylbenzamide (100mg, 0.20mmol) in DMF (2mL)
was added cyclopentyl (2S)-4-bromo-2-[(tert-butoxycarbonyl)amino]butanoate
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The titled exanple was prepared according to the
general procedure and met hoddl ogy outlined above
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0.4l 4 he EeAcho BB Was S rerial 00 far dh Pagre %lefeﬁd@eﬁt%a
2@na)$wawddlvﬂmdvdm@rl wW.20mE}, dgre R0nVBbhe dridd) MJdSD,J. mutsylk/ent

wa gnéanyai &%&ﬁ@f&%ﬁ@ﬁ%&' W leats 8 vele S PRbpSRbRd Bek iy

chionaatograghy (& MelDHADCM)\dffprded thopredlict aataevhite salids(@6 utg, 66%

sk duct; tert-butyl
y'ﬁ?{)[ '%%@ﬁz P et'}:/‘a[-'gonyl ]-5-{4-[(4-{[(7R) - 8-
cycl opentyl - 7- et hyl - 5-m et hyl - 6- oxo-5, 6, 7,
Stﬁ%«% ﬁ&ﬁl@l@éﬂ ZAgy'F\gc?or%rehga %S 2%!%#0] @? [ 4'@[@R %ocy\?lgpentylt7 -ethyl-5
me(tmé@r@(o 56,3 8rietrhydioptepdiakeyliasynoy-3- mﬁbowae@@ybwna]@mamim-
1@(,@{3%5@ (60ng, 20% wt/wt.). The system was evacuat ed
and put under a hydrogen atnosphere (using a 3-way
tap apparatus and hydrogen-filled balloon), this was
repeated tw,ce @ndpothe m xture was allowed to stir for
90 hour at ﬁer a hydrogen atnosphere. The system
was evacuat ed  of- h aad the pall d| um r esi dues

filtered over Cellte( lite sovvashed
t horoughly with Et OAc ancﬁth ne trates
evapor at ed under reduced pres ue was

purified by colum chronat ogr, phy' (1000 Et QAc to
renove inpurities foll owed by 5-10% /| DCMto
elute product) to afford the title exanp e as a white

Cy%l éﬁmggp%ﬁé%mm%ﬁb&)f arE&MjMéM(&-{@ﬂ@) -§- Mb\zﬂptntyrlﬂemm
me;_tpyl §)-oxo-,6' &g, 8(tgtrq.tryd@Pterlgln&ylkeplr’_q} 3dneth10)iybgn$_q2/5)aml-po]§w (lq_ln-
1-yihbuththoatd ¥86rhg, D. B miragl) wés tispéridedtih adolutlshofSIMHALI/didxane

(st ghe el it W 0 SRR ot 57 Golett onder
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 (MgSO,)
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).



77 m, 3.97 (3 H s), 3.31 - 3.44 (1 H m, 3.32 (3 H,
s), 2.95 (2 H d, J=8.9 Hz), 2.40 (2 H, t, J=6.7 Hz),
wQa28/050026 21 (20 H, m), 1.45 (9 H, s) and 0. 87P(BGH2007/003998
J=7.4 Hz). The exanples in the follow ng table were
prepared by nethods anal ogous to the nmethod described
above (Schenme 28) using the appropriate internedi ates.
Internmedi ates used Exanpl €6Stage 4 Nane ESMS St age
Stage nmethod 1 3 Cycl opgiyiay 4-1(4-{[ (7R -8-cycl o
pentyl -7-ethyl - mz 24 P Balipio2d
5- net hyl - 6- oxo-5, 6, 7, 8-tetrahydro pteridin-2- 691

te-bUtQINa- {10} 4- 24 ?I%léthvlfsmwétﬁl'lm ®RLS 6718-thtrihykdropteridin-
-L-norval I nat MrH| + - utx
2-\(I gg\}mommthqxv e va)\mlne E@ é-yl}l-ﬂg-gorvg@ ;_QC 3B B

cyclopent Oethyl 5- nethyl 6- 0x0-5,6,7,8 - 665
tetrahyd a m i no} - 3- net hoxy benzoyl)
ani no] ~ pi per d| yI Hbut not e [I\/H—|] + t{Butyl

(2S)-2-am no- 4- [(4 Zﬁf
cycl opentyl - 7- et hyl - 5- net hyl - - 5/J|\6 8-1etyra 649
hydr opt eri di n-2-yl ] am i no} - 3- neffhy[Nen¥oyN m no]
pi peridi n-1-yl } but anoate [ MtH] >0 Cycl opﬁ-&?l
5-{4-[(4-{[(7R) -8-cycl opentyl -7-et hyl - 27 2C 4B A
5- net hyl - 6- oxo-5, 6, 7, 8-tetrahydropteridin-2- 691
The|tilledrexen}pl@wae prepasedaxgearding dnthe gehgralnreeedure 4nd methodology
fiefaly [ MtH] + Cycl opent yl
”}4#5}%‘3% ar%sﬁgénl;@% -[(4-{[(7TR)-8- mz 28 2D 3A A
cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo-5,6, 7, 8-tetra 661
sthyés 1-8PALStdnie 75 la'u)éin% lerRlated-20 mge 1l§>sﬂa 9M|(st¥ge 3).
ani no] piperidin-1-yl }butanoate [
(2S)-2-amno-4-{4-[ (4-{[(7R) - 8- n12
The stage 4 deprotection step was carried out using method B as outlined below.

d Z N B

Stage 4 (Method B)- tert-butyl 5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-oxo-
5,6,7,8-tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]piperidin-1-yl}-L-
norvalinate

To a solution of the stage 3 product; tert-butyl N-[(benzyloxy)carbonyl]-5-{4-[(4-{[(7R)-8-
cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-
methoxybenzoyl}amino]piperidin-1-yl}-L-norvalinate (290mg, 0.36mmol) in EtOAc (6mL)
was added palladium hydroxide (60mg, 20% wt/wt.). 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]". '"H NMR (300 MHz, CDCls) &: 8.53 (1 H, d, J=8.5 Hz),
767 (1H,s),7.58(1H,s), 7.47 (1H,d, J=1.5Hz), 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,



29 2E 3B B cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo-5, 6, 7, 8-
653 tetra hyd ropterid in-2-yl]amino}-3-fl
wa@orslosngeoyl ) am no] pi peridin-1-yl}butanoat e PE&REB2007/003998
Cycl opentyl (2S)-2-amino-4-{4-[(4-{[(7R)-8- nlz 30 2E
3A A cycl opentyl -7-et hyl - 5- net hyl - 6- oxo-5,6,7,8-tetra
665 hydropteridin-2-yl]amino}-3-fluorobenzoyl)am noj
pi peridin-1-yl}butanoate [ MM + Cycl opentyl
m)(@@)l'(t?HaQS' 591 43{4415 (—|4m{)[3(§ 18-s),14.95 (23H, d2@=84é\Hé) 240 (2 H, t,
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am no] piperidin-1-yl}butanoate [ MtH + WO 2008/ 050096

007 0 98 .7 anpl e 3
Thﬁféa%z gf%t 9q:|31g\6|89 6%‘% wgge?%?wﬁa%g%wsw(g%/?nalogous to the method
de6@Bed 2bavd (Sohemé 48)fUsthg{thd ZpProdiatey bteppediatgt.- 7-
et hyl - 5- et hyl - 6- oxo0-5, 6, 7, 8-tetrahydropteridin-2-ylla
m _no} - 3- met hoxybenzoyl ) anm nol

pi peri di RtedmedtalebUt anoatie NH2 [~ O NV NQO M N|O \ N
N N~ a Theed it &, S9N ound was prepared by the
f&P“I'"Eﬂ}ﬁ n%Nrret noddl tieg(Scheme 29) :NameQ / [ Exanpl|e ESMS
$tage 2| Pieey PiSduct | o N OO HN O STAB, DCE 0 aN /
INCNO O Stadelt H\|[HN .Ointermediate 5
Cyclopentyl 5-{4-[(4-{[(7R)-8-cyclo pentyl-7-ethyl- m/z
24 2C 3C A 5-met.hyl-6-oxo-5,6,7.8—tetrahydr<.3 pten"idin.‘zl- 691
yl]Jamino}-3-methoxybenzoyl) amino]piperidin-1-
yl} -L-norvalinate [M+H]
t-Butyl (2S)-2-amino-4-{4-[(4-{[(7R)-8- m/z
25 2C 3B B cyclopentyl-7-¢.at.hyl-5-metl"1yl-6-oxo-5,6,7,8 - 665
tetrahydropteridin-2-ylJamino}-3-methoxy
benzoyl) amino] piperidin-1-yl}butanoate [M+H]
t-Butyl (2S)-2-amino-4-{4-[(4-{[(7TR)-8- m/z
26 2D 3B B cyclopent'ylj7-ethy|-5—‘methyl-6—oxo-5.6.7,8-tetra 649
hydropteridin-2-ylJamino}-3-methylbenzoyl)
amino) piperidin-1-yl}butanoate [M'*'H]
Cyclopentyl 5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethy!- m/z
27 2C 4B A 5-met.hyl-6-oxo-5.6.7.8-tetrahydr.opte|jidin.-2'- 691
ylJamino}-3-methoxybenzoyl)amino]piperidin-1-
yl}-D-norvalinate [M+H]
Cyclopentyl (25)-2-amino-4-{4-[(4-{[(7R)-8- m/z
28 2D 3A A cyclopent'ylt7-ethyl-5-.methyl-6-oxo-5,6,7,8-tetra 661
hydropteridin-2-ylJamino}-3-methylbenzoyi)
amino) piperidin-1-yl}butanoate [M+H]
t-Butyl (2S)-2-amino-4-{4-[(4-{[(7R)-8- m/z
29 2F 3B B cyclopentyI—7-‘et‘hyl-5-metl?yl-6-oxo-5.6,7,8- 653
tetrahydropteridin-2-ylJamino}-3-flucrobenzoyl)
amino] piperidin-1-yl}butanoate [M"'H]
Cyclopentyl (25)-2-amino-4-{4-[(4-{[(7R)-8- m/z
30 2E 3A A cyclopent.ylj7-ethy|-5-'methyl-6-oxo-5,6,7,8-tet‘ra 665
hydropteridin-2-ylJamino}-3-fluorobenzoyl)amino]
piperidin-1-yljbutanoate [M+H]"
Cyclopentyl (2R)-2-amino-4-{4-[(4-{[(7R)-8- m/z
31 2C 4A A cyclopenttylj7-ethyl-5-.methyI-G-oxo-S,6,7,8-tetra 677
hydropteridin-2-ylJamino}-3-methoxybenzoyl)
amino] piperidin-1-yl}butanoate [M+H]+




AM HCl / dioxane Stage 2 N~ OaN N\ NOFHI NNN
0O H Schene 29 Stage 1-
W@ 1R8A[0R) - 2- i sopropyl - 5- et hyl cycl ohexyl PCT/GB2007/003998
(2S)-2-[(tert-butoxycarbonyl)am no]
-4-{4-1(4-{[ (7R -8-cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo-
5, 6, 7, 8-tetrahydropteridin-2-
yl ] am no} - 3- met hoxybenzoyl ) 88 no] pi peri di n- 1-yl } but ano
ate To a solution of (XExample 32
R, 2S, 5R) - 2-i sopr opyl - 5- et hyT cycl ohexyl
(2S)-2-[(tert-butoxycarbonyl) am no]-4-oxobutanoate

f1,{R’;'ZBt:ifmg?pﬁbﬁ/l-@]métﬂ%he)@l &%mtﬁramé-n {D@E-{K(iﬁm):vdl@‘éntvl 7-
ethyl-5- h idj

/-eth
g

pipeatiinoyitbiitpiopter i di n- 4-y| benzam de [Exanpl e 22 St age
2] (108ngy, O.30mol). The WD 2008/ 050096

PCT/ GB2007/ 003998 79 solution was stirred for 30 mn
bef or e addi ti onVof sodi um triacet oxy-borohydride
(193ny, heoreaction stirred for a
further QUP S at 3a NLoOrl) was added
and the reactf_on stirret fzw\mnu es. DCM (1 On L)
was added and the organic a;ﬂer separated. The
aqueous | ayer was extracted’w th (2 x 1 OrL). The
conbined organic |ayers were drie (I\/gSO4) and
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col uim chr omat ogr aphy ( 2A) af f or ded
the product as a cl ear oi | (68nm %yl el d). ESI\/IS
mz 8479 [ExampB12 (1R 2 \i‘/’t{??z |sopropyl
et hy! rgyof ohexyis m Q G
\:@}Qypiawd 9ox0- N e et nWﬁ/p
i, do n-2 yI]am } 3 met hox{benzoyl ) dhi )\/

pipe]ﬂdlnlyl}butanoate To a solution of o N é
( hBmesatedR) - 2- 1 sopr opyl - 5- m et hyl cycl ohe yI
(2S)-2-[(tert-butoxycarbonyl) am no]

-4-{4-[(4-{[ (7R - 8-cycl opent y| 4ii=@tdeshe- Htapeett hy| - 6- 0X0-
5,6,7,8-tetrahydropteridin-2-

yl ] am no} - 3- met hoxybenzoyl ) am ng}pi peri ti n-1-yl } but ano

ate (11 ng, 0.01 mol) i wag added 4M
HCl / di oxane (1 nlL). The s i gn wag stifired at RTNfgr

3 hours. The mixture was t em_concentr%t @ nﬁ?&[ L

reduced pressure to give a the title exanp BS NN

0 é

Scheme 29

Stage 1- (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl (2S)-2-[(tert-butoxycarbonyl}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-yl}butanoate

To a solution of (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl (2S)-2-[(tert-butoxycarbonyl)
amino]-4-oxobutanoate [Intermediate 5] (140mg, 0.39mmol) in DCE (15mL) was added
4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydropteridin-2-ylJamino}-3-
methoxy-N-piperidin-4-ylbenzamide [Example 22, Stage 2] (108mg, 0.30mmol). The



white solid (6.1ng, 63%yield). ESMS mz 747
[ MtH] +. THNVR (300 MHz, MeOD) 8 7.90 (1 H, d,
w0 28885y 7.68-7.55 (3H, m), 4.56-4.47 (1 H PIT/GB2007/003998
4.45-4.07 (4H, m), 4.01 (3H, s), 3.75 (2H m, 3.67
(2H, s), 2.77 (1 H m, 2.64-1.06 (38H, n) and 082
(3H, d, J=7.0Hz). Exanple 33
4-f(4-{f(7R) -8-cycl opentyl - 7Met hyl - 5- net hyl - 6- ox0- 5, 6,

SOKHIgﬂ {vas ERfadhosy Bl tQa'fd?fe Zaditi érﬁéﬁsa@ium tnacetoxy-borohydrld H£1 93mg,
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g FRpa Lo 1P GRS oyaL Wb gt PR @ B TES shisplpes
organticlhgare wafe dstead®ig2O,) and concentrated under reduced pressure

P |f|%a(t§ %&ﬁ%@dcro%urﬁ%/ gl'l gt%é%lphy 2%} MébHS/ El;@l\ﬂygf}or@edqﬁg p%duct as

o) terl
a gl¢draiti6fmg, 34MQ®XESMSMI8)4&WME L- phenyl al ani ne To
cycl opent I
&[ g 7RE -cycl opentx -7-ethy - met hyl - 6- oxo-5, 6,
Stageg (@ réoisopropyl-5-met yIcycIohexyI 28 -2-amino-4- {4 [(4-{I( 7R) -8-

cyaBﬁédtﬁJﬂb't@yl-ﬁ%é}ﬁﬂ'A%o&xo m@n@%ﬁg@%%\ﬁ ?% ,nd;-:;phenyl a

| ani nat e [Exa
meifRrvherzgY! r%'B?]LHR%'H'“OkY'}qE?%‘PE% hydrOX| de (8. 4rrg
Toth stitidR lof (1R2S, BR}-2isobrl)5- m’étwcp@@fetxquzsm {(telpvrtﬁncw@sarbonyl)

sti.r ove ni ght con r at
anying) %@@K‘E‘ R e oSS e e ey SpRa St 2
yl]aid]nb‘ﬁB-Gtétthylpﬂ'rEBylﬁar’Mmd]blpéndm 1yifbutaridate @qumgP0L81mMas!) in DCM
t ract g ut a
(L R I ot it ind i ohaeb fr e KT Bf 3 pgurs. The
ml(dﬁrel_\)las tdemn emho(ehmem)mc&m tedvoed presswe &dgivenal the title example as a
white solid (6.1mg, 63% yield). ESMS m/z 747 [M+H]". "HNMR (300 MHz, MeOD) § 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-6-0x0-5,6,7.8-tetrahydropteridin-2-ylJamino}-

3-methoxybenzoyllaminol-L-phenylalanine

The title compound was prepared by the following methodology (Scheme 30):



reduced pressure. Purification by preparative HPLC

afforded the title exanple as a white solid (37ng,
wOoMswsmwbal) . ESMS m z: 588 [ M+H] +. 1H NMVR ( 300rd##&B2007/003998

DVSO-d6) 6:10.17 (11H, s), 8.48 - 8.75 (1H, m,

8.18-8.34 (4H, m, 7.83 (11H, s), 7.73 (2H, d,

J=8.7Hz), 7.61- 7.67 (2H, rr) 7.23 (2H, d, J=8.5 Hz),

4.36 (1 H dd, J=6.8, 3.2 ,414430(2H,n),
@\ (3H, s) 3. 23 (3H, s), 3.07 (2d, J=6.4 Hz)

0 H a d 0. 76 73 Heo .
2008/NQ5 -u 0399& 181 Thes, in
fol |l owi ng thab repared by the ester“hy )d\(/%gi/

met hod descril eoN abo e {Scheme 30). Ester Acill &
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mz: 465 2 nethyl-6-0x0-5,6,7,8-tetrahydropteridin-2-
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Tohydbperity @i (-7 R)-§ic) copent)-Bletiyy-5)mdthyGroxee, 6, 8-tgthdbifire 4

ot R Y SLARE RN B I B TR .87 Redind
70}umod) rOFHR (3melt) Inax adtexhipl @) sdlutioB 8f Ithikinhydoaideg@rimge0.B5hmbl) in

w{t/%r%r}}?)z %E"% Ee%?:tdi'én[ hikiuvd WAEL A RTOREMgh: akd Es¥hirated Gitder

rediucod preBs@e.NVater etnmld wad radpedeanditha pBi-wds) adjstes)) to H=88 with 1M

+ t i i d )
H(% L\@'Fl azﬁu ?%\? %&%%8&% l"i\gﬁugérﬂopﬁ» )@6 2 T%e%‘&?n&n%d orggmc Ieglers
were wtazhesls/eth vzfat@ (Pm8), bene &WdrdipﬁéMgaDw azldwop%ﬁﬁrﬁ@}i ugder
recj?& B’F,’és ﬂrﬁ@é‘t)bh%%‘?é’da}ﬁ% Ii-lﬁliLCLafBFc@d'tﬁ‘@tlt[e Jxaﬁlple as a white
Vo- (4- ig clopentyl - 7- et h'y

solig (3785490% yigld)., @M%m/é&ﬁé M piler |FH1~'MR2(39)Q MHgi %?0315 §010.17
(1|M+§5|, 848 - 8.75 (1H, m), 8.18-8.34 (4H, m), 7.83 (1H, s), 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, J=6.4 Hz), 1.43-2.04 (10 H, m) and 0.76 (3 H, t,

J=7.4 Hz).
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ki nase transfers the gamra- phosphate of ATP T0 a

single serine or threonine residue in a synthetic

FRET- peptide. In the secondary reaction, a

site-specific protease recogni zes and cl eaves

non- phos

phoryl at ed FRET- pepti des.

Phosphoryl ati on of

FRET- pepti des suppresses cl eavage by the Devel opnent

Reagent .
(i.e c

Cl eavage di srupts FRET between
oumarin) and acceptor (i.e

t he donor




fluorescein) fluorophores on the FRET-peptide, whereas
uncl eaved, phosphoryl ated FRET-peptides maintain
WO-R6%/050096 adi onetri c net hod, which cal cul at es PEEGBaG07003998
(the Em ssion Ratio) of donor em ssion to acceptor
em ssion after excitation of the donor fluorophore at
400nm is used to quantitate reaction progress. The
final 10 pL Kinase Reaction 8onsists of 2.8-25.3ng
Mggslﬁ;emg,gl\gfgaloyy‘a, A@mP%I?“ de substrate and ATP in
T 50MVI HEPES % BRI J- 35, 10mM MyCl2, 1nM
EGTA. The assay is perfornmed at an ATP concentrati on
PLEK1,EMyn§3Q§§yt0 the Km After the 60 mnute Kinase
Reaction incubation at RT, 5pL of a 1:8 dilution of
Devel opnent Reagent is added The assay plate is
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the appropriate culture nedium (see below) . 24hrs

| ater 501 of the conpound prepared in the same nedi um
ThediwaktfddKinaseiReastion gorsists &fi23-223rg FEKT.i2nM Ser/Thr 16 Peptide

suBQthQ@QﬁJ ATP 500 Hé?%sf mﬂ% @omrﬂ\&l&%@OﬂMM Nfe1d,AmM EGTA.
each concentration). pl at es
The assay is performed at an ATP concentratlon at, or close to, the Km. After the 60

minute Kinase Reaction incubation at RT, 5pL 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 DMSO. 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.



were then incubated at 37C, 5% CO2for 120hrs. Cell
proliferation was assessed using WST-1 (a netabolic
wo pasoa0es dye, Roche Cat no. 1 644 807) accorPRCTIGBR@7/003998
the manufacturers instructions. The results were
cal cul ated as percentage of vehicle response and | C50
val ues represent the concentrati on of conmpound t hat
inhibited the vehicle respdidse by 50% HCT-116
ICE8 FsHfSware HilstBted BB RE § AnglVENS forbpdra D6546) pl us 10%
heat | nactivated fetal calf serum (Hycl one SH30071
Range A Io<de¢ Scientific) containing 2mM  d utani ne

Rdn@bm%&tonnm(ﬁwmbnﬂnd 50U Penicillin and

Str o] ul phate (Sigma Cat no P-0781). Method B
RaAgP s >é‘gogg'\jded in 96Wtissue culture plates in 50l
NO$ N‘ohteSiappropri ate culture medium (1 well = 30mMmR) at

a density according to cell type [HCT-1 16,

750cel | s/wel |, Hut-78 & U937, 1500cells/well]. WO
Th20e8/t6 5btaped REToBR20MIE/ d) (BR&EMPBS H2ddin arel gintesrin §@|taljé below.

t he conpound prepared in the sane nedi um was added,

made as 12 fold dilutions to give final

concentrati ons from 10000nM to 0. 28pM (n=6 for each
Céignﬁﬁmgna,;éég The plates were then incubated at 37C,

C2 for 7 hrs Atritiated thym dine incorporation
assay was used as a neasure of cell proliferation. In

CelihfHiBitiorCshys W @atrid@ WAk MhbhmBthdl Wi drwRlthod®r 4hrs
before harvesting onto filtermats. These were dried,

meltilex scintillation sheets nelted on, then seal ed
Méthobags and 3H em ssion counted on a Tri [ ux m crobeta

ounter. The lts are | at rcenta

o8t teped fultil e Feds Fhugla e PReBF ol S B ofo0 cets
pe€ aBiL mrﬁmacbﬂtmamﬁromtawmammcé mbmnml(m Haildvg. 24hes laedni50llef the

respopse by 50% ICBO results ted to on
col B ELREPSEd Pl 505 et weradteets reBaaigavaindt
cohé&rafisrarim fHeGandge @1 EEM)-BEDOrFRdihgé f&2. eakiCohcebbdtivk). \The plates
weIFQ Ehe‘w?r?c&:ggtex\@( g’P’QSIS‘%S&QZQfgr P ﬁ‘sGE%ﬁ’Sﬂufgpa%gﬁ §/as 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
Glutamine (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-1186, 750cells/well, Hut-78 &
U937, 1500cells/well].



86 The results obtained for conpounds of the Exanples

herein are given in the table below |Inhibitor
W@ewBM500y6 vs | nhibitor Activity vs Exanpl e NupdEGBRIOKD03998
HCT 116 cell line (nethod A 1 AB 2 AA 3AB 4A

A 5S5AA 6AA 7BA 8AA 9BA 10AA 11 AB
12 AA 13AB 14 AA 15 AA 16 AA 17 AA 18 AA
19 AA 20 AA 21 NT NT 285A A 23 AA 24 AA 25 A

24frs 186r éo;fhof 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% CO, for 72hrs.

A tritiated thymidine incorporation assay was used as a measure of cell proliferation. In
short, cells were incubated with 0.4uCi/well 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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I nhibitor Activity Inhibitor Activity vs Exanple
wowoBes00ye HCT 116 cell line PLKL (nmethod A) PO1/6B2007/003998

30 AA 31 AA 32 ANT 33 ANI 34 ANT 35 ANT 36

A NT 37 ANNT 38 ANT 39 ANT 40 ANT 41 A NT 42

A NT 43 ANT 44 ANT 45 ANT 46 A NT 47 A NT 48

A NT 49 ANT 50 ANT 51 ARO6NT 52 A NT

The results obtained for compounds of the Examples herein are given in the table below.

Inhibitor Activity vs | [nhibitor Activity vs
Example Number PLK1 HCT 116 cell line
(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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Cel |

Car boxyl est erase Assay Any given conpound of the
W@e@sest9é nventi on wherein R7 is an ester groupCT/GB000003998

tested to determi ne whether it neets the requirenent

that it be hydrolysed by intracellular esterases, by
testing in the follow ng assay. Preparation of cell
extract U937 or HCT 116 tunt8fr cells (- 109) were
washed Tn 4 vol unes of ikhbRecAesityBS |{kibitord AdtivRty v@Np
pel | etExhngple Mdmb@rf or [ 10 m wwsat 4' G ﬁ@-rs"\gege"m@,geated
twce and the final cell piKtet was r eFHEMRa 35
n-ef—ee+d—herpgeri-sHrg—huter—(+pEra—to—kv Nau. 130
m\ CaCI 2 025 v pH 7/0 at Z'SCC) Hom)genat%s wer e
prepared uy trogen—t¢avitation Ot fAJl 50—nh
at| 40 . The ¢1ormgenat( k%pt on ce and
supprementeg, Wi th a OCKtaIA of TMpIbitors,at fina
concentrations of: Leyipeptin 1 gM Aprotinin 0.1 gM
E6¢ 8 gM Pegstatin 1.5 M Begtatin [162 gM nghynostafin
33 gM After clarificalion of the cell honpbgenate by
centrifugatg®mn at 525¢ for 10 min, fhe resalting
supernat ant was used as a source of| esterase activify
and was sto84d at -80CC untAl requjred. M¥dsureneng
of est-er r\l Qa\laga I—l\lrl n! ys: S Sf esters—to th\.,
co respondﬁ@ carboxyl iC aciﬁs can be rreas!)‘rTed usi npg
th cetHt—extract—prepared RS above—To—this—effec
cel] | extract” (-30 pg totalassay pyol une 0.5 n-)
\'/\\aﬁjlncuoatgp at 37CC[in a Txis- A 25 25 mvi
buffer, pH 7.5 af 25CC. At zefo tine the estef
(sjubstrate)sgas then added ag a finpl concegtration| of
2.6 gMand the sanplés were incubated at 37C for the
appropriate3sgine (usually O ar 80 mn). Redgctions
were staopped by the addition of 3 x| volumes of
acetonitril € For zer¢ timeAsanples the at8tonitrife
s—added—pr-or—to—th¢—ester—corpouhd—ARHer
\(l:gnt ri fugat t #bn 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




at 12000 g for 5 mn, sanples were analysed for the
ester and its correspondi ng WO 2008/ 050096
wEROBEBD0O7/ 003998 89 carboxylic acid at RT bpct:GB®07/003998
(Sciex APl 3000, HP1 100 binary punp, CTC PAL).
Chr omat ogr aphy was based on an AceCN (75x2.1 nmm)
columm and a nobil e phase of 5- 95 % acetonitrile in
water /0.1 % formc acid. T table bel ow presents
data showi ng that several amino acid ester notifs,
conjugated to various intracellular enzyne inhibitors
BrokenGolb Carbaxylestarase Assayker chenistries are all

AV |y SBGurivor iy &@ge%k In%ﬁron%ﬁ{ewm%tawéﬁe%r&@ hBEbe

correspondi ng acid drolysis e Preparation
testgd togleammingrehetiier §mes tﬁ%ﬁﬂ”&@'ﬂ“é’?‘ t'&%r’ﬁ feehRed Phker

intkdBI i s Rearab MHyl tadting it Aelokigeissayonj ugate R- Linter
Mo 0 O -CH2CH20- 100-1000 W2006117552 o0 ~ H2N |

R-Linke /\ NHOH 0 S 0- -(CHAD CH2NHCH2- 1000- 50000
W)Z%E&%Izz g%\'?lOHN R- Li nke N..HOH ~ L CH2
35 W2006117549 S X "N O 1o H R
UQ:QI7 E‘CN 11 htt’)‘{%lﬁ%gﬁ) b 1%5’2were wash>e500 Ql mZe%Oo B:L% c70s ngSN~
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 uM

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 ug / total assay volume of
0.5 mL) was incubated at 37°C in a Tris- HCl 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 0 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
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e NH, -JlI r-xXI Z CO >50000 W2006117567 N N NH2 o
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shows that Exanple 22 containing a cleavabl e esterase

ChigPRIPIRRRY Wk H"!‘?e&roé‘aﬁl“e‘fce%'t (79%q JmmhoQlenn 8nq A Zipbtie ghase of 5-

950 ApEtoNithld MGEtErgo t e formicericrise noti f, conpound |
(Exanmpl e 46 in WO04076454), even though both have
simlar enzyne activities. Inhibition of PLK

Therndbld belowmpresepis@ath stdvidiBat seedrhl draito acid Estepmutifd, conjugated

to %lla’olﬂgﬁnWa%eIRﬁaqleinEﬁﬁea ﬁwh%ﬂors by several different linker chemistries are all

hydrolysed by intracellular carboxyesterases to the corresponding acid.
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cell/enzyme (1C50, nM ester acid (nethod B) N H N
I NO4 Conpound I NINN 1.6 0.4 1-- H10 <YOIOH J
WO 200805008 6 Exanple 22 " 11 NIN N C, 6 ( Exanpl BCDGB2007/003998
0. 015 53) WD 2008/ 050096 PCT/ GB2007/003998 91
Clainms: 1. A conmpound of forrmula (1), or a salt,
N-oxi de, hydrate or solvate thereof: R3'" CH3 TINNO
HNNRL R2 R3 wherein R90Gs hydrogen, or an
optional Iy substituted (C, -C6)al kyl, (C2-C6)alkenyl,
Tr{eQBmQ@)sl%W%)ﬁGMé thal Exdrivpsle @ﬁ):&r}tsuhﬁ |akd’éav5t5l9 B&era@@ Mo‘ilf has much

or an optionally subsfituted C6) a
9“?@? )('EYI iR &pip tha"(’@? cempayndaskingghe e%t@?S@H)%‘Sx EP’BB‘PWI'
(ES4APIB 46 MBWand 0 454 lefen thdeGebsie Rhle/sinRarepbatle A&tRes.
hydr ogen, -CN, hydroxyl, hal ogen, optionally
substituted (C, -C6)al kyl, (C2-C6)al kenyl,
(C2-Chyal kynyl ar (C3-CB)cycl oal kyl =NRSRG or (C1-CA
al koxy, erein R5 and R6 fre i ndependen |J,Mb,hy,d5'£gen
or optiongally substituted | (‘chibi #‘QFR‘;K nJoBgceN
Cpipaundl ||y substruttuteed nonjp- oft¢ "'&/ch rmaerbﬂM/&I" aﬁzyme

or hetergcyclic ring or a (IC50, nM)
ester acid (method B)
N NS0
Compound | HJ\Q\ﬁ)\:,I&L 4 16 0.4
o
Croro

ARGt oo 6
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ring systemhaving up to 12 ring atons; T is a radica
of formula R-L'-Y' - wherein Y is a bond, -0-, -S-,
wo N8/5009¢ C=0) -, -S(02)-, -(C=0) NR6-, -NR6(C=QeT/GB2007/003998
-S(02) NR6-, - NR6S(02)-, or -NR6(C=O NR9-, wherein R6
and R9 are independently hydrogen or optionally
substituted (C -C6)alkyl; L' is a divalent radical of
formula -(AK' )M Qn(A k2)p Wherein m n and p are
Claipsiependently O or 1, WO 2008/ 050096 PCT/ GB2007/ 003998
92 Qis (i) an optionally substituted dival ent nono-

or hicyclic, carbo ic or eterocyclic radi ca
1. pavirigrpouna §PpmiGH fil pEa e Nipide, Ajdrete s shiSte ddereqthe: o
pis 0, a divalent radical of formula -Q -X2- wherein
X2 is -0-, -S or NRA- wherein RAis hydrogen or
optionally substituted Cl1-C3 alkyl, and QL is an
optional |y substituRged divale nono- or bicyclic
carbocyclic or heterocyclic radi éal. having 5 - 13 ring
menbers, Al k' Tand Al KR i Py represent
optionally subst{tTuped)dijyal gnt (C3- Cﬁ)éﬁcloalkyl
radi cal s, or opt S MNUt eg strai ght or
branched, (Cl- C6Yarkyiktne, (C- C6)al kenyl ene, or
(C2-Co6) al kynyl epg’ radi cal s which may optionally
contain or termfate in an ether (-0-), thioether
(-S-) or amno (-NR A) link wherein RA is hydrogen or
optionally substituted (Cl-C3)alkyl; R is a radica
whgfeif ormula (X) or (Y) RZ R7 HN D RC-N (X (Y)
R\MOBYyRbdenRer drSopiof@ly Ra¥stited 6 1TL)MyDYO,-Cs)eNBEHY),.(CRCq)alRyny! or
ester gro whi ch is hydrolysable Dby one or nore
(Cofre)P R 'mﬂ'QF“carboxylesterase enzynes to a carboxylic
acid group; R8 is hydrogen; or optionally substituted

0Ty AT, g ARG SR o
(Ch@elcydrertkybgroup;

R; and R;' are independently selected from hydrogen, -CN, hydroxyl, halogen, optionally
substituted (C4-Cg)alkyl, (C-Cg)alkenyl, (C,-Cg)alkynyl or (C3-Cs)cycloalkyl, -NRsRg or
C4-C4 alkoxy, wherein Rs and R are independently hydrogen or optionally substituted
(C4-Ce)alkyl;

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-, -NRg-, -(C=0)-, -S(0,)-, -(C=0)NRg-, -NRg(C=0)-, -S(O2)NR¢-, -
NRsS(O3)-, or -NRg(C=0)NRg-, wherein Rg and Rg are independently hydrogen or
optionally substituted (C4-Cg)alkyl;

L' is a divalent radical of formula —(AIk’)m(Q)n(AIkz)p- wherein

m, n and p are independently 0 or 1,



optionally substituted (C -C6)alkyl; and Dis a

nmonocyclic heterocyclic ring of 5 or 6 ring atons
wobmsesmmIi7 is linked to a ring carbon adj acertT/GB2007/003998

ring nitrogen shown, and ring Dis optionally fused to

a second carbocyclic or heterocyclic ring of 5 or 6

ring atonms in which case the bond shown intersected

by a wavy line may be from&2ring atomin said second

ring. WO 2008/ 050096 PCT/ GB2007/003998 93 2. A

conmpound as clainmed in claim1 wherein R is ethyl. 3.

A cEhiséiAR optiong|.puhstituted divalenkmeneror BicksiincartpReiePh R2

i's %@r&‘?@lf&trﬁblcal‘hawﬁg 6QNROHY thetbefd, éi(ﬂﬁ(ﬁwihe cagwwﬁére?wso a
preced|n9 cl ai ns ﬁ n,ring ALs ap rin

C DRI eioat STt 10 2y Mel0 G e R TR ISR R 5
V\hem%r’ﬁgeﬁgor&mﬂoﬁﬁfy sabﬁltutéﬂ/d(-ogﬁﬁyl ARt 'ax ¥n optionally substituted
t r| fl u% Prret 0

-CN, hydr.oxyl, chloro, f|uoro, ,

PG By oD e A petefebel Gl i 1 12 rng
allyﬁembeBHZC—CH, cycl opropyl, cycl opentyl,
cycl ohexyl, -NRSR6 wherein R5 and R6 are independently
hydrogen, nmethyl or ethyl. 6. A conpound as clained in
any Atk whaﬁlh%nqeneodmtwﬂerresamt sBionsllyrsubbtisxtgd diviieot 633or
chl 7

Qf}%m@élﬂll (%o?’célss ﬂ:ﬂ?g%ub&ltﬂ% Srdignt %Pbr%fu@hed %1-

conpou al me avl ng or mu

CH3 Celalkglere L(€- %)ame(wlﬁ)e ON(Gg-G) alkysylsn@ramvétsemmctwsay S

et REudhally LSHAIR oPferRiAbRNIR an @fh@r @@9 t'hft‘)@ﬁ\'el:‘( 89 of ﬁfn'm%bt RRA-)
are as defined in claiml npound as cl ai ned

in ARy wBeren® ip hudraermyy QPF'%%SMW&MWBMW
formula -(C=0)ORL0O wherein Riois RI1RI2R13C- wherein
ti [ bsti tuted
R belrogsd o yPUEAR a1 Ca) alkyl Tbs or
(C2-C3) al kenyl -(Z1) a [(Cl G3) al kyl ] b- vvherein a and b

are i ndependently ORor and Z1 is -S-, or
-NR14- wherein R14 hydr ogen or (81 yl; and
R12 and
HN D
Ré__ﬁ
(X) (Y)
wherein

R; is a carboxylic acid group (-COOHY), or an ester group which is hydrolysable
by one or more intracellular carboxylesterase enzymes to a carboxylic acid

group,

Rgs is hydrogen; or optionally substituted C,-Cg alkyl, C5-C; cycloalkyl, aryl or
heteroaryl or -(C=0)Rg, -{C=0)ORe, or -(C=0)NRs wherein Rg 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.



R13 are independently hydrogen or (Cl1-C3)al kyl-; WO
2008/ 050096 PCT/ GB2007/003998 94 (ii) R11l is hydrogen

w@eroosfpsioamnal |y substituted RI5R1I6N- ( Cl- C3) al kyPET/GB2007/003998
wherein R15 is hydrogen or (Cl-C3)al kyl and R16 is
hydrogen or (Cl-C3)al kyl; or R15 and R16 together
wth the nitrogen to which they are attached form an
optionally substituted nmond8yclic heterocyclic ring
of 5- or 6- ring atons or bicyclic heterocyclic ring
systemof 8 to 10 ring atoms, and R12 and R13 are

2. ndpermrosng gs c'ﬁmddgéﬁma)ﬂ whereidBy iglefyl- - or (iii) R11
and R12 taken together with the carbon to which t hey
are attached form an tional | bstit uted
3. o ALSRIRLNA 25 BBITFEIT €8 AG BN 2 BRI Rs 5 SYSREMYAL o

or bicyclic carbocyclic ring system of 8 to 10 rlng

.5 Bsariresndas Pafrecd gy & e prgpAng BRYT Wizrdig o A1 Bheny

nngso propyl, n-, sec- or tert-butyl, cyclohexyl,
allyl, phenyl, benzyl, 2-, 3- or 4- pyri dyl methyl, N m
et hyl piperidin-4-yl, tetrahydrofuran-3-yl,

5 nmet Hosoyeolpd as claideadyin anmfrtbgnl_selcedingiblﬁimswweaeﬁh Roenthb' are

hy&ﬁggn,%étw {PMLoroéachox“y C@ﬂpor fhyf Ship oahl]\’ﬂ?ai ﬂélhﬁ' aim 8

rein I's cyclopenty
trituenqroeinid, etkyl.ol-@nehise-nropyhlylofCH.eCHr @@@arqngl eycidpestyl,

cyﬁ@fgérﬁgg\rl]i%ﬂf?h@mﬁr@ﬂ' £Rd RO%re uﬁd%‘b%éﬁ&& ) dréguh, B?tHyEor ethyl.

ound as cf ai I'n any
precedi ng clainms wherein, in the radical L', Y is

6.~ NHG s sound 3s ciﬁmﬁé‘?irm‘aHVQf @smshab m%\ﬂl\eferh RE% nQafth&JS}eﬂuoro or
recedln clainms wherein, in the radical nd

ch “PQ?”F’&R'%BY@OQ%QVP'B%%@WP are sel ect ed from CH2

C:C”
£ c-éd%"m“”%?&ga@ed '&%@%&"9 &iﬁ%' )CHZCHZW
- CH2CH2WCH2-, - CH2CH2WCH( CH3) -, - CH2WCH2CH2-
- CH2WCH2 CHR WCH? - -WCH2CH2-, - CHQN(CHQCHQOH)CHQ
and di val ent cyclopropyl cyclop ﬁyl and cyclohexyl

radi cals; Wbeing -£ N(C%?A
2008/ OSOOQGR-EC‘W 00 QSK/ )

3

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

claim 1.

8. A compound as claimed in any of the preceding claims wherein R; is of formula
-(C=0)0OR;y wherein Ry is R11R12R13C- wherein

) Ry is hydrogen or optionally substituted (C;-C3)alkyl-(Z*")s-[(C1-Cs)alkylls-
or (C,-Cs)alkenyl-(Z'),-[(C4-Cs)alkyl],- wherein a and b are independently O or 1
and Z' is —O-, -S-, or -NR;4- wherein Rq4 is hydrogen or (C,-C;)alkyl; and R4z and
Rz are independently hydrogen or (C4-Cz)alkyl-;



14. A conpound as clained in any of the preceding
clains wherein, in the radical L', Q when present,

WO 2008/08li0v@l ent phenyl ene, pyridi nyl ene, pyri n BCTGB2I0/003998
pyrazi nyl ene, piperidinyl ene, piperazinylene,
pyrrolidenyl ene, pyrrolene, cycl opropyl ene,
cycl obutyl ene, cycl opentyl ene, cycl ohexyl ene -or
3-aza- bi cycl o[ 3. 1. 0] hexyl ené4r adi cal 15. A conpound
as clainmed in any of clains 1 to 13 wherein Q when
present, di val ent 1, 4- phen
D S8 pe Frcis Ryt orglaal PSRN R R sbE -Calaidaerein
16. R\ mOWypRYasoBE®, OsRikyEshd Ry & BdMgén 5L(G A fakyi; 0P R stdhe Rie

gro onsi. ng, of : C ent yl ,

e 0 g e e PG M gtecker frman optignalt s o,
7 8-sUla$titlahg/d1booqytlmrleﬂbrncychc ring of 5- or 6- ring atoms or bicyclic
2- Z:hlg%g&{}&fc g HLANOF 35070 %hd SBHLChAdRAIRER, B8N AR rently
C>(4W@®g¢=@{67%%kﬂwbyclopentyl-?-ethyl-s-nethyl

-6-0x0-5,6, 7, 8-tetrahyd ro
pteridi n-2-yl]am no}-3-nmet hoxybenzoyl ) am no] net hyl }
pherW) ) - Rs ie takaatagetheewith thgtoarbon to which they are attached
4- (félm{eﬁr( e hﬁw%%t@ut@@mehyéycﬁc @r%@ycl% rmﬁtolf‘from 3to 7 ring

yl - 6- oxo- tetra eri
yI ] éltﬁ’?Fo?’ t?BCYﬁ\g’( %%%@ﬁi’@ Isysdﬁ'f‘r?ég-tﬂ%ﬂ%?%‘ﬁa?ﬂdn%ﬂ@ g
t er ty&aben.
O (4-{[(4-{[ (7R -8-cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo-
5 6, 7,8-tetrahydro
9. pt erA cbinpony bi; almnnm}m dlaites hmm;ehemms/dnmm, atb]/ et drydor @byl

e Reehor e BT SRy S ERED PRt ok oY o 5

metBylpigeridd-#-ot, tettapgdrofuran-3-yl, methoxyethyl, indanyl, norbonyl,

th b I
d"%tﬁﬂh']q ﬁl%P’%/Hogmoam nhé['g?ca%gx;ng%, )t ert-butyl

4-{2-[(4-{[(7R)-8-cycl opentyl - 7- et hyl - 5- net hyl - 6- oxo0-5
10 6, 764 &nidluh&ay gl%ﬁ’neqtlﬁ Eiaf 8 wherem R1o is cyclopentyl or tert-butyl.
2-yl'] am'no} - 3- net hoxybenzoyl)
am no] et hyl } pi per azi ne- 2- car boxyl ate, Cycl opentyl

1 1( 23)/3( &n%@uﬂ@aécléﬂn&d(lﬂarﬁ)[ 6FAR pRrédifd BRI WHerein ®Li&Y% lradrcdlof

‘ ¥{m6 0XO0-
OW&H il 59ise'}yf’fﬂgﬁ”2 yl ] ami no} - 3- net hoxybenzoyl ) ani no]
pi peridin-1-yl}butanoate, tert-butyl

12, 6{ ?\ ‘%)("f @&Lé%%l?@eﬁ/rglﬁp)g?fﬂﬁgprecec?rgg?glalms wr%rc-l‘?lx in 91e ragcaﬁ L',

Y'2s WHGRDRo} - 3- met hoxybenzoyl ) am no] pi peri din-1-yl}-L-n
orval i nate, WD 2008/ 050096 PCT/ GB2007/003998 96
Cycl opentyl 5-{4-[(4-{[(7R)-8-cyclo
13pentAydompognthgs clgimesttimahy &- thﬁ(pmSecﬂngg:lsmtselvh%\éW dn the radical L',
| =Ya e TR t
A"F’ﬁﬁj"ﬁ@#ﬁ* (b PRt 8 OREBIRAP il S CH -CHOH.CHr,
-CHa Gl QHn'noChlaquzq"(QH{ CHRCHS. SrtiCoisaht. yCHECFéT@'N"I 5-m

-cﬂzéwkcﬁcnzi%&& 6=§CH2- -CHQC C-, CHgC CCHz CH2W— -CH,CH,W-,
tetracylropterl I n-2- 2)

o B B B o e N,
~WECHCH=, a0HITH A EU-AH OH)EK Bhd 8ivakal @BBPploplI; dychibBity-apdm

cyflgt?%;‘ﬁhﬂ?a%lgt\&rqemgﬁ- 91 T4 ABINSHAY et hyl benzoyl ) ani no]
pi peridin-1-yl}butanoate,



Cycl opent yl

(2S)-2-am no-4-{4-[(4-{[(7R) - 8-cycl opentyl - 7-et hyl -
weeiglos®oxo-5,6,7,8- tetra PCT/GB2007/003998

hydr opt eri di n- 2-yl ] am no} - 3-m et hyl benzoyl ) anm no]

pi peridin-1-yl}butanoate, t-butyl

(2S)-2-am no-4-{4-[(4- {[(7R) 8 cycl opentyl - 7- et hyl -

et hyl - 6- oxo-5, 6, 7, 8-
141 et rAAEBHE SR @g cRirfsdln ¥hy 8fthé s&ec&s.ﬁé Hemtw&aw ih 48 ra@ikal L',

eridin-I-yl}butanoate, Cyclopenty -2-am i
e@ Present is %F'(’?’?Tt p@eex}%’?eo py&lﬂyﬁnewgm pylg'\ef,rpérlaﬁlyylene
plpéirdl?vﬁl@né,,pﬁpehﬁnylén%t pyrolidenylene, pyrrolene, cyclopropylene,

cyﬁlﬁg rteﬁe :ﬁ’l}"iofgﬁ"?}ﬁ%} ﬁ%@%‘%ﬁ%f ge{z?a ICYH_O g{(i gﬁn]gxy%ne radical

hydrates or solvates thereof. 17. A phar maceut i cal

1500n&\og'on¥ o?l d%ganJ] dllﬁgn ofcc? lefg1 h eﬁl He\ghénnprgg%t q;a
o

eding C
dl\mh:mt ﬁﬂaﬂmylem [1y4- apere#uww@beordact-mlmazm&new@calse of a
conpound as clained in any of clains 1 to 16 in the
preparation of a conposition for inhibition of PLK1
16act iAganypaund @ clatneskin clainy il gelected from the:gieyd comsisting of:
treat ment of conditions nediated by PLK1 activity,
ses admnistering to a subject suffering

Cs@l?@ﬁntdh "s@ﬁ@/’aﬁ -@riogentyivicethmomethyt-axaehpdhteialydro pidricin-
2%&%&@ rﬁéﬂwo%eﬁi@nﬁamﬂ -NpRéHylafinirateédi M5 1 to 16. 20.

e use as claimed in claim 18 or a nethod as cl ai ned
inclaim19 for treatnent of cell proliferative
Cy&loﬁpeﬂsle@-lw—m WR&B%@%tW—W@BEW?@?Q&B& (IS 9.8 t&tiahyiﬁlme
s,.cl ai t ho C a| ne |n
Pl B R el she T gP Rl T ok S hSite e, 0.

as clained in claim18 or a nethod as clalmed inclaim
tert-Buty PA-{ (4B BB Y ciopQhty MAEHR 28608 0.5 8 7 &-1IBH Fopteridin-2-

ylJamino}-3-methoxybenzoyl)amino]-L-phenylalaninate,

tert-Butyl O-(4-{[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro
pteridin-2-ylJamino}-3-methoxybenzoyl)aminolmethyl}phenyl)-L-homoserinate,

Cyclopentyl 4-{2-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro

pteridin-2-ylJamino}-3-methoxybenzoyl) amino]ethyl}piperazine-2-carboxylate,

tert-butyl 4-{2-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro pteridin-
2-yllamino}-3-methoxybenzoyl) amino]ethyl}piperazine-2-carboxylate,

Cyclopentyl (2S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-ylJamino}-3-methoxybenzoyl)amino]piperidin-1-yl}butanoate,

tert-butyl 5-{4-[(4-{[(7R)-8-cyclopentyl-7-ethyl-5-methyl-6-ox0-5,6,7,8-tetrahydro pteridin-
2-ylJamino}-3-methoxybenzoyl)amino]piperidin-1-yl}-L-norvalinate,
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Cyclopentyl 5-{4-[(4-{[(7R)-8-cyclo pentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-tetrahydro
pteridin-2-ylJamino}-3-methoxybenzoyl) amino)piperidin-1-yl} -L-norvalinate,

t-butyl (2S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8 -
tetrahydropteridin-2-ylJamino}-3-methoxy benzoyl) amino] piperidin-1-yl}butanoate,

t-butyl (2S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-ylJamino}-3-methylbenzoyl)amino] piperidin-1-yl}butanoate,

Cyclopentyl (2S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetra hydropteridin-2-ylJamino}-3-methylbenzoyl)amino] piperidin-1-yl}butanoate,

t-butyl (28S)-2-amino-4-{4-[(4-{[(7 R)-8-cyclopentyl-7-ethyl-5-methyl-6-0x0-5,6,7,8-
tetrahydropteridin-2-ylJamino}-3-fluorobenzoyl)amino] piperidin-1-yl}butanoate,

Cyclopentyl (2S)-2-amino-4-{4-[(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 inhibition of PLK1 activity in vitro or in vivo.

19. A method of treatment of conditions mediated by PLK1 activity, which comprises
administering to a subject suffering such disease an effective amount of a compound of

formula (I) as claimed in any of claims 1 to 16.

20. The use as claimed in claim 18 or a method as claimed in claim 19 for treatment
of cell proliferative diseases.
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21. The use as claimed in claim 18 or a method as claimed in claim 19 for treatment

of solid tumours.

22. The use as claimed in claim 18 or a method as claimed in claim 19 for treatment

of haemato-oncological tumours.



