WO 2012/ 011939PCT/ US2011/ 001235 SYNTHESI S OF CYCLOPENTAQUI NAZCLI NES
Technical Field The present invention relates to a new nethod for the
synt hesi swof20Bocdzepent aqui nazol i nes. I n particul ar, thecirsentiioor3goncer ns
a met hod of producing 6-am no-cycl opent al g] qui nazol i nes, in
enantionerically enriched form Background A nunber of patents and
publications are cited herein in order to nore fully describe and

10di scl ose the inventi onseNtHESS O ByeLOPENTAQUINAZOLINESCh the invention
pertains. Each of these references is incorporated herein by reference in
its entirety into the present disclosure, to the sane extent as if each

i ndi vi dual TedhaicahEeldvas specifically and individually indicated to be
incorporated by reference. 15Throughout this specification, including the
cl ai ms whi cﬂé@kémnvymoﬁaatwgogﬂak%ihoae&%é Shusigh Wi se, the word
"conpri se, vari ations suc rises” ‘and “"conprising,” will be
under st ddd ?W'WWPW"E%@“’IGHC'PlPért@H'abﬁhed"‘éet“&?'éﬁpﬂcﬁ'tné@é?etB‘Pd QftrspAUsinggr oup of
i ntegers ore-an@RScybpertablqlingzoinéd, ibémtistherdaly sHribRéd foRheger or step or
group of integers or steps. 20 It nust be noted that, as used in the
specification and the appended cl ai ns, the singular forms "a," "an," and
"the" incl uBackgrouwral referents unless the cont ext clearly dictates

ot herwi se. Thus, for exanple, reference to "a pharmaceutical carrier”

i ncludes m K%H@Bﬁeﬁéakm an Uﬂrcsmﬁ'léaa?e EiftaHeRdirSin ogélﬁii td P-%re' t esgﬁae’%’ages are

often EX resse In as one Eal’tl ar val ue, /or to
I

" about "1&nodisdesesbg W%fﬁ'paﬁn@me@éate PiibA ad te Whish therigentian rertsinss £aah ofanot her

enmbodi ment  {hB&d redRsncks RMhAJASrBE hBrRin byGréferdncy @ itseentiftdy iffo the pie8gntot her
particul ar i mations,

al ue. r ressed as_a
byt he uce SFotsiie. e e el ot el B i er i Fhar t ho
parti cul ar indiideallyrdicatesirto bh éncoguiaseli bereferenc€y cl opent aoui nazol i ne conpounds
and met hods of synthesis WO 94/11354 describes tricyclic corrpounds, havi ng

a cycl oPent al[ g] qui nazoline core, which are of general fornmula (I
5 Throughout this specification, |nclud|ng the claims which follow, unless the context

requires otherwise, the word “comprise,” and variations such as “comprises” and
“comprising,” will be understood to imply the inclusion of a stated integer or step or group

of integers or steps but not the exclusion of any other integer or step or group of integers

or steps.

20
It must be noted that, as used in the specification and the appended claims, the singular
forms “a,” “an,” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a pharmaceutical carrier” includes mixtures of
two or more such carriers, and the like.

25

Ranges are often expressed herein as from “about” one particular value, and/or to “about”
another particular value. When such a range is expressed, another embodiment includes
from the one particular value and/or to the other particular value. Similarly, when values
are expressed as approximations, by the use of the antecedent “about,” it will be

30 understood that the particular value forms another embodiment.



5(1) wherein Rl is hydrogen, am no, C"tal ky!, Cl4al koxy, hydroxy- Cl4al kyl
or fluoro-d _aal kyl; R2 i s hydrogen, Cl-4al kyl, C3_4al kenyl,

C3_4al kynyb,20teydnasay- C2_4al kyl , hal ogeno- C2_4al kyl or 1@cyarseei@herras kyl ; Ar
i s phenyl ene, thiophenediyl, thiazolediyl, pyridinediyl or pyrimdinediyl,
whi ch may optionally bear one or two substituents selected fromthe group
consi sting of hal ogen, hydroxy, am no, nitro, cyano, trifluoronethyl,

Cldal kyl a Alalj@nazolise\ebridouRds rid MetBb@ 4T sPrithégy mul a - NHCH( CO2H) - Al- Y1
wherein A is Cl_6al kyl ene and Y1 is carboxy, tetrazol-5-yl,

N- [ Cl4al ky| wal 9asmBbit desdibestyityclitegmpremys, halihg ay:yc)lmmntwgmmhazotnm caeol - 5-

yl t hi o, tet‘{"ﬁ A"le éérge gl%rﬁ% gr tetrazol -5-yl sul fonyl, wherein said

N ( phenyl su up may optionally bear one or two
substituents on the 20pheny| ring selected from hal ogeno, nitro, Cl4al kyl

and Cl4al koxy, or Y1 is a group of the fq{zrrul a - H CH( CO2H) - A2- Y2 wherein
the a-am no acid carbon atom has t e D- confii Btion, A2 is Cl.6al kyl ene
and Y2 is carboxy or tetrazol - ﬁl oL R3/(i s N-Iinked naturally-occurring
amno acid selected fromthe gro u@@ ng of Lal ani ne, L-Ieucine,

L-isol eucine, L-valine and L-phg afT e, 250r R3 is a group of the
formula - NH A3-Y3 wherein A3 is Cl. 3al kyl ene and Y3 is phenyl which may
optionaldy bear one, two or three slibstituents selected fromthe group
consi sting of hal ogeno, hydroxy, am no, nitro, cyano, trifluoronethyl,
G _aal kyl and Cl. 4al koxy. 30l n WO 94/11354 the synthesis of conpounds of
formul a | iwhereis & isfadrogen amino.iGhekyheCralkeni hisiran-Gerlley! OF lyase-fukadkyli| | ) |

where R4 is hydrogen or a protecting group, or a reactive derivative

Pr apar at | o 0P PRG0S, e Cr IRV EC ol HHERY S ol JoLoa G e o

pr ocedutes, cyaso-&} gatkyjescri bed, for exanple by reaction of a conpound of
formula (111), where Zis a 5 displaceable group, with an am ne of formula
HNR2- Ar - 0O2R5 where R5 is a carboxylic acid protecting group which can be
renoved af tA&ris phenylepedhiopkenediyipthinraledivt eviisinediy! ¢npyyimidinediyl, which may

optionally bear one or two substituents selected from the group consisting of halogen,
hydroxy, amino, nitro, cyano, trifluoromethyl, C,.,alkyt and C,_salkoxy; and

15
R? is a group of formula -NHCH(CO,H)-A'-Y' wherein A' is C,salkylene and Y' is carboxy,
tetrazol-5-yl, N-[C,_salkylsulfonyl]lcarbamoyl, N-(phenylsulfonyl)carbamoyl, tetrazol-5-
ylthio, tetrazol-5-ylsulfinyl or tetrazol-5-ylsuifonyl, wherein said
N-(phenylsulfonyl)carbamoyl group may optionally bear one or two substituents on the

20 phenyl ring selected from halogeno, nitro, Cs4alkyl and C,_4alkoxy, or Y' is a group of the
formula -CONH-CH(CO,H)-A%-Y? wherein the a-amino acid carbon atom has the D-
configuration, A?is Cisalkylene and Y2is carboxy or tetrazol-5-yl,
or R? is a N-linked naturally-occurring amino acid selected from the group consisting of L-
alanine, L-leucine, L-isoleucine, L-valine and L-phenylailanine,

25 orR¥is a group of the formula -NH-A%-Y? wherein A% is C,alkylene and Y? is phenyl
which may optionally bear one, two or three substituents selected from the group
consisting of halogeno, hydroxy, amino, nitro, cyano, trifluoromethyl, C,_alkyl and
C,.4alkoxy.

30 InWO 94/11354 the synthesis of compounds of formula | is described and may involve
reacting an acid of formula (I1), where R* is hydrogen or a protecting group, or a reactive
derivative thereof, with an appropriate amine R3-H.



OM The di splacenments on (I11) which are exenplified in WO 94/ 11354 al |

I nvol ve di spl acenent with conpounds of fornmula H2ZN-Ar- CO2R5 to form

i nt er mediwoesiaafifornul a (1V), which 10are subsequent| yPaTRigc@t®oi2eh t he
Co6-nitrogen to form conpounds of formula (I1). OHNNAr)r RR3 40 Se'N A
met hod of resol ving conpounds of general fornula (Il) to obtain the nore
active (6S)- enantioners is also revealed in WD 94/11354. This net hod

i nvol ves taking racem c acids 15of fornmulga (Jl1) and condensing themwth a
chiral amno acid, preferably L-gl @t amc al<1’|'°t§,\n/c9?| (S)-2-am noadi pic acid to
forman amide of fornmula (V) asR L xfure of diastereoisoners.

Use of an appropriate protease, such boxypepti dase & sel ectively
hydrol yzes the 206S-di ast er eoi smﬂr%ﬁN, ; ing for a straightforward
separation of 6S-(11) fromthe 6R—((\“/2. R2H A O N-i.NCH)n -ir -,,, , co,
0 co,

Preparation of the acids of formula (ll) themselves, by standard procedures, is also
described, for example by reaction of a compound of formula (lll), where Z is a
5 displaceable group, with an amine of formula HNR?*-Ar-CO,R°® where R® is a carboxylic
acid protecting group which can be removed after the coupling to produce compound (Il).
o z

R‘J\\N
(mn
The displacements on (lIl) which are exemplified in WO 94/11354 all involve displacement
with compounds of formula H,N-Ar- CO,R® to form intermediates of formula (1V), which
10  are subsequently alkylated on the C6-nitrogen to form compounds of formula (l1).

3
o HN’Ar\[rR
R4 0o

(v)

A method of resolving compounds of general formula (ll) to obtain the more active (6S)—
enantiomers is also revealed in WO 94/11354. This method involves taking racemic acids

15  of formula (1) and condensing them with a chiral amino acid, preferably L-glutamic acid,
or (S)-2-aminoadipic acid to form an amide of formula (V) as a 1:1 mixture of

diastereoisomers.

Use of an appropriate protease, such as Carboxypeptidase G, selectively hydrolyzes the
20 6S-diastereoisomer, allowing for a straightforward separation of 6S-(11) from the 6R-(V).
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This method of resolution is lengthy, as the am de has to be nade with an
ester of the amno acid, which is subsequently hydrolyzed to an acid of
formul a (WP.20Mmewver, the enzymatic hydrol ysis requi re®Crarsge10oessiti es
of the enzynme, and nmay not be technically or economcally feasible to scale
up to produce commercial quantities of conpounds of 5fornula (1). Further
conpounds, of general formula (VI) are disclosed in WO 95/30673 sorr il Al

(F§ fh 8 Oozl‘ﬂls(r%b%o&\/bﬂ%@édlfl?‘t;oms leh thycérsqg@ﬁmdamglwbe%a@@dwhvén eéiér_miekoxy,
I OX uor oa
QL or Sty e Secsen YﬁW&'Nﬁ%ﬁ% SeScl otcapuackl Areger e "o

Cl _4cyanoal dagymatic hyérdlyslsseqnmeajdrmwantnﬂns(m trensdye, andmayz ot beltechnically
pyridi nediy, WO
subst it uen tAsr e§5 g\‘%sfgﬁq {:alg\’ﬂ%?&plﬂw&eg%meéﬁﬁﬁhg%ngg Wmﬂ{cb%w%s c;f

trifl uorfondpmylla (|X:I _4dal kyl, and d _4al koxy, and wherein R3 is a group of
the formula:- -Al - Ar2 A2 Yl 20 in Wmch AI is a bond between the a-carbon
atom of the_ group - '( I—q , or is aCl 2 al kenyl group;

Ar2 is pherfy{r@ﬁ"econlpé’t’?‘éﬁe efngle fW’HP'@éWéﬁ@oﬁ'iﬂ'ose%y‘rwmsyP

pyrim dinediyl which in the case of phegayl gne HrayR3opt| onal |y bear one or
two substituent on the ring sele§ed froN ¢l §geno, nitro, O _aalkyl, and
Cl _4al koxy; A2 is a Cl.3al kyl gne Zal kenyl epgHgroup; and Y is
carboxy, tetrazol-5-yl, N (C1l. Aygl K) onyl ) car banoyl ,

N- (phenyl sul f onyl ) car banoyl wWRi cN may optional |y bear one or two

substi tuents on the 30pheny| ring sehected fromthe group consisting of

hal ogeno, rEerelh R |s-hy%rog¥n amlnc§:I C%I{alkyl Ci4alkoxy, C,shydroxyalkyl or C, 4fluoroalkyl;

O

10
wherein R? is hydrogen, amino, C,alkyl, Cs4alkenyl, C,4hydroxyalkyl, C,shalogenoalky!
or C,4cyanoalkyl;

Ar' is phenylene, thiophenediyl, thiazolediyl, pyridinediyl or pyrimidinediyl which may
15  optionally bear one or two substituents selected from halogeno, hydroxy, amino, nitro,
cyano, trifluoromethyl, C,_4alkyl, and C,_alkoxy; and

wherein R® is a group of the formula:-
-A'-ArP-AZ-Y!
20 in which A’ is a bond between the o-carbon atom of the group ~-CONHCH(CO,H)- and
AP, oris a C,., alkenyl group;

Ar? is phenylene, tetrazbldiyl, thiophenediyl, pyridinediyl or pyrimidinediyl which in the

case of phenylene may optionally bear one or two substituent on the ring selected from
25  halogeno, nitro, Ci4alkyl, and C,_alkoxy;

A?is a C,.salkylene or C,;alkenylene group; and

Y' is carboxy, tetrazol-5-yl, N-(C,_4alkylsulfonyl)carbamoyl,
N-(phenylsulfonyl)carbamoyl which may optionally bear one or two substituents on the
30 phenyl ring selected from the group consisting of halogeno, nitro, C,4alkyl, and C,_
salkoxy, tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or tetrazol-5-ylsulfonyl; or
Y'is a group of the formula:-
-CON(R)CH(Y?)Y?



4al koxy, tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or tetrazol-5-ylsul fonyl;

or Y1 is a group of the fornmula:- -CON(R)CH(Y2)Y3 in which Ris hydrogen,

Cl 4al kyl ,wQ2oealikssnyl or Cal kynyl; y2 is carboxy, tetrarorABS2011/001235

N- (Cval kyl sul fonyl ) car banmoyl, N-(phenyl sul f onyl ) car bamoyl whi ch may

optionally bear one or two substituents on 5the phenyl ring selected from

the group consisting of hal ogeno, nitro, Cl.4al kyl and Cnal koxy,

tetrazol - 5-jpiwhith®R isthglrogémc;_zikyl, @Lélkémylor%a@}nyazol 5-yl sul fonyl; and Y3

|s the residue of a naturally occurring amno acid NH2CH(CO2H) Y3; or Y3 is
a group of the formula:- 10-A4-CO2H in which A4 is a Cmal kyl ene group ot her

t han et hyl eYfds camexyetatraR3-5-y, N}(@JaaluyisuﬁbnyllmaruamowUNaphen&BuI@(ﬂy()@)'bafmoyll) Y5 in

which A5 is defl ned above 15 Y4 is
calr (l;oxy, te azoﬁggb@{]ld%(a BRJT'JQ @a F&éﬁ% %car banoyl ,
N- ( phenyd s u‘IhP ehsny) drg Wﬁﬁﬂ ffqmﬂ@rgfmﬂﬂlmIhﬁlngf@aF\'t"@n@A%ikyl 12

substit Uentéué’lﬂo%yhfétraﬂﬁ-@}ﬂthublt@ﬁaz%@b%hfﬁﬂylfo'i RPakAS-\HuRGR/,GAES sting of
hal ogeno, nitro, Cl4alkyl and Cl4al Koxy, tetrazol-5-ylthio,

tetrazol -5-ylsulfinyl or tetrazol-5-ylsulfonyl; and 20 Y5 is the residue of
a natural | yyus e resiogs 6fr murais &cwa@mmwmogwa;tohat when Ris
hydr ogen ange ‘g/g glrosupcoqliheqXXnula- Is not the residue of glutam c acid; or
10 -A*-CO.H

in which A% is a C.salkylene group other than ethylene;

wherein R® is a group of the formula:-

A>-CON(R)CH(Y*)Y®

in which A® is a C,salkylene group and R is as defined above

15
Y* is carboxy, tetrazol-5-yl, N-(Calkylsulfonyl)carbamoyl,
N-(phenylsulfonyl)carbamoyl which may optionally bear one or two substituents on
the phenyl ring selected from the group consisting of halogeno, nitro, C,4alkyl and
C,4alkoxy, tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or tetrazol-5-ylsulfonyi; and

20

Y® is the residue of a naturally occurring amino acid NH,CH(CO,H)Y? provided that when
R is hydrogen and Y* is carboxy it is not the residue of glutamic acid; or
Y® is a group of the formula:-
-A*-CO.H
25  in which A* is as defined above; or
Y® is a group of the formula:-
-A.-AP-AT-Y®
in which A® is a bond between the a-carbon atom of the group -A5-CON(R)CH(Y*) and
AP or is a Cy;alkylene group;
30
AP is phenylene, tetrazoldiyl, thiophenediyl, thiazolediyl, pyridinediyl or
pyrimidinediyl which in the case of phenylene may optionally bear one or two
substituents on the ring selected from halogeno, nitro, Ci4alkyl and C,alkoxy;

35 A'is a C.aalkylene or C..salkenylene group; and

Y® is carboxy, tetrazol-5-yl, N-(C,,alkylsulfonyl)carbamoyl,



Y5 is a group of the fornmula:- -A4-CO2H 25in which A4 is as defined above;
or Y5 is a group of the fornmula:- -A6-AP-A7-Y6 in which A6 is a bond

bet ween twe 2at20|1930n at om of the group -A5- CON(R) CH( Y4) pamais2013/00r235 s a
Cl_2al kyl ene group; 30 AP is phenyl ene, tetrazol diyl, thiophenediyl,

t hi azol ediyl, pyridinediyl or pyrimdinediyl which in the case of phenyl ene
may optionally bear one or two substituents on the ring selected from

ggl ggleEO lrww@nyl%ﬁoaweu}baaw \@hd’ﬁhkpéim;on?@fb@ai' 6neaor$1/9_3éﬁ§ﬁwbﬁt@®n0r

al keny car box etr
N TCr4al Ky 66 PrefifessRstadipm e SRy ES RO PSSR, Shp Sl 20 Fen may
optionally zhlezxy, te’mzota&i-yltmm t&tdzslt-s-ylslﬂﬁrnyi;omtrams-msetfgdyl ot ng selected from

t he group nitro, Cl4alkyl and Cl-4 al koxy,
tetrazol - %ﬁﬁs @'r azoltﬂgmglal finyl or tetrazol-5-ylsulfonyl; or

V\/nerelnf’RS |s a group of the forrrula AX-AB-X-Ar4 in which A8 is a

Cl4al kyl enqngfhgﬁw,s& Caawg,ﬁé@%p suf fonyl or nethylene; and Ar4 is
1,2,3-triazol-4-yl, 4-trijazol-3-ylor, except when X is nethyl ene,

tetrazol - 5- )§J'§S“!f'0y' ?\@0'&36%'BGWM6?Q/I) opt i onal | y being in the formof a
phar maceut i gral Ary isacx; B hiaadil eyl shbd 4-teazoR3/Bdr, except when X is methylene,

tetrazol-5-yl;

10
the compound (VI) optionally being in the form of a pharmaceutically acceptable salt or
ester.

Compounds of formula (1) and (VI) are of use as anti-cancer agents.
15  Particularly useful are compounds such as those disclosed in WO 03/020748, of general
formula (V1)

R2 3
o N,Ar R

Y
A"(CHz)p)\\N

(Vi)

H
N

wherein A is OR? or NR°R" and R” and R" are each independently hydrogen, C,.alkyl,
20  Cjialkenyl, Cs,4 alkynyl, hydroxy-C,4alkyl, halogeno-C,.alkyl or cyano-C,.alkyl, or R”
and R" together with the intermediate N form a five-or six-membered heterocyclic ring;

p is an integer in the range 1 to 4,
25  Arand R? are as defined above;

and wherein R* may, for example, be a group of formula: -A°>-CON(R)CH(Y*)Y® in which
A® is a C, alkylene group; R is hydrogen, C,_alkyl, Cs4 alkenyl or Caalkynyl; Y* is
carboxy, tetrazol-5-yl, N-(C,salkylsulfonyl)carbamoyl, N-(phenylsulfonyl)carbamoyl which

30 may optionally bear one or two substituents on the phenyl ring selected from halogeno,
nitro, Cq4alkyl and C,4alkoxy, tetrazol-5-ylthio, tetrazol-5-yisulfinyl or tetrazol-5-ylsulfonyl;
and Y?® is the side chain of a naturally occurring amino acid or a group of the formula: -A*-
CO,H in which A* is as defined above.



Compounds of fornula (1) and (VI) are of use as anti-cancer agents.
15Particul arly useful are conpounds such as those disclosed in WO

03/ 020748y0ab1¢amspal formula (VI1) (V1) wher ei nPATIUS2@W001235 NR. R1.
and R and Rl are each independently hydrogen, Cl4al kyl, 20C34al kenyl, C3-4
al kynyl, hydroxy- C24al kyl , hal ogeno- C24al kyl or cyano-Cl4al kyl, or R and
R . together with the internediate N forma five-or six-nenbered

het erocyclic ring; pis an integer inthe range 1 to 4; 25 Ar and R2

P e BT AP G14830S UM RESS o tioainas.or Ty B TR psoahge. SRR <

hydr ogen, Cﬂ:éminbmbanﬂoﬂemhipm;wmmurﬁa (MaNK N (6RS)- 2y dmayrbethyt;4-oxo-

tetrazol 4 f r hamoy|
whi ch- 30my6htt amge Bl naRtlol AR ) NIpieP Y B AL P

sel ect ed f rautampi}-Degiutemicractdr BGAOREA MY Iprepacted@s.shawik mSchemet s below.- 5- y | t hi o,
tetrazol -5-ylsul finyl or tetraza;5:ylsulfonyl; is the side chain of
a naturally occ A\ amiino acid oulgl of t m -Ad- CO2H in
which A4 is as -@ﬁ-‘ ahove. WO 20#2~011939PCHN, 901235 In WO

03/ 020748, tWé‘synt hesi s of conp8unds of fornula ("'II) i s descri bed,
starting from 5-am noi ndane. For exanpl e, co ound 1

(N-{N-{4-N-((6RS) - 2- hygt oxynet hyl - 4ox034
8-t et rahydro- 6H¥cyc| o- |6eU| udzol i n- p ynyl )
am noppenzoyl)-L-y- 5 gl ut a|¢I was prepared as

shown in Schenme 1, beldw. i. Ac20 NaO c: ii. Br2; |ii. CuCN, NwP;
iv. a) AcOH, HCl b) NaO1-10,0j; v. NaOMe Cl CH2CN; vi. a) CsOAc b) NaOHL. O;

o o o

0O
vii.
HN - HN + HN
HO\/k\ PO\)% PO\)\\
N N N

3 o]
(P = protecting group)

CO,Bu
viii. HN
Po.
N

[;
1
\x

Scheme 1:
i. Ac20, AcOH, NaOAc; ii. Br; iii. CUCN, NMP;
iv. a) AcOH, HCI b) NaOH,q); v. NaOMe, CICH:CN; vi. a) CsOAc b) NaOHsq);
10 vii. a) e.g. Piv;0, Et;N, DMAP b) (Ph1Si0),CrO, ‘BuOOH; viii. a) tert-butyl-4-aminobenzoate, decaborane;
ix. (propargyl)CoACO)eBF4; x. a) H' b) tri-tert-butyl —L-y-glutamyl-D-glutamate c) H’



10vii. a) e.g. Piv20, Et3N, DVAP b) (Ph3S10)2Cr02 13u00OH;, viii. a)
tert-butyl-4-am nobenzoate, decaborane; ix. (propargyl)Co2(C0)6BF4; x. a) W
b) tri-tewvo-2bigtoaho3ol-y-gl utanyl-D-glutamate c)l-r WD PCT/US2011/001235

2012/ 011939PCT/ US2011/ 001235 An inproved process for the synthesis of the
key tricyclic intermedi ate, conmpound 2 is described in US Patent 7,250,511,
and is shown in Scheme 2. Schene 2: |I. C 03, AcOH, H20; ii. 48% HBr ; iii.

Benaylutilxyicm praval @fdcdest foPIME symtiesid 6fithe bﬂtzty&ycﬁcE?tg’rrnedI@t_a_zwmundi geabor ane;
V. ) A . VL, , VI .
(propar gyl 9@5%%)’%@%%@%@%%&%@% s %&W@f’? g‘g’eﬁbet ods for the synthesis of

t hese conpounds are | ong and commonly exhibit a |low overall yield. They
al so contain steps which may not begsuitable for commercigl scale

production. Thes is _especial B ue{ of tihe propargyl ation step (step ix in
Schene 1 and ti}kﬂiii 15 2, 'Wm—c‘;h"i nvol, ves 4d| cati-onte—propar gyl

cobal t car boryl} conplex Whi ebnid3”both very QX{)Q I ke, and has to be
bot h nade and used under rigorously anhydrous and dnoxi c condi tions.
Furthernore, it requires renoy&N-&PAhe cobalt conpl e yr®&f additi onal
step. The reaction sequencey S very probl emat #e “scal ing to even

tens of grams. Thusygr J, sui tablve fgr c | scal e wor k.

Addi tionally, altho %(‘k;\@ﬁfne i scl osurgs ﬁoﬁ%e allove, and t he discl osures

in US Patent é’“?,/%ff‘,l‘é_ha\\éﬁ 7,528, 141, ~a §SCuSS the fact that conpound 2
te

is produced as a rac maki ng conpound 1 'a 1:1 m xture of
di astereoi soners, and that the 6%0i pner is the desired, QL& potent

i soner, none of themreveal y “or oduce conpound ["f\lﬁ enantionerical ly
pure formw thout the useHyfSadditional steps of amN-de&formation and
enzymati c hydroly éﬂ\l,,és scusged previoysl- guant ivfii es and cost of
the enzynes ,;hquj\%@,/iﬂ/\g}di tion to 5 Mﬁi\i}z\eﬁé the resol ution adds a
m ni mum of three~sSteéPps fo the sequence (WthNtRhe additi onal costs and

| osses of materi al th\@t such inefficiency incurs) nmean that these
applications do not stcIPse/aogmn'ocess whi ch coul d be used on a production
scale. The presept in\}eg‘lj,&r/él have devel oped new processes for the synthesis

of these 10 conpqunds. ;TheSe new synthetic processes will nake the overall
manuf act uri ng kHou i gler ably shorter, and higher yielding, better
capabl e of 'b@L,nJgN a“larger scale, and considerably | ess expensive

than the current processes. Furthernore, they reveal a highly feasible and
fully scal abl e strategy for obtaining

Scheme 2:
i. CrO,, AcOH, H.0; ii. 48% HBr ; iii. Benzyloxyacetyl chloride, DMF; iv. tert-butyl-4-aminobenzoate, decaborane; v.
CuCN, NMP; vi. H,0, EtOH/H,0; vii. a) H,/Pd EtOH; viii. {(propargyl)Co,(CO)¢BF,

10 In general, existing methods for the synthesis of these compounds are long and
commonly exhibit a low overall yield. They also contain steps which may not be suitable
for commercial scale production.

This is especially true of the propargylation step (step ix in Scheme 1 and step xiii in

15  Scheme 2, which involves a cationic propargyl cobalt carbonyl complex which is both very
expensive to make, and has to be both made and used under rigorously anhydrous and
anoxic conditions. Furthermore, it requires removal of the cobalt complex in an additional
step. The reaction sequence becomes very problematic on scaling to even tens of grams.
Thus it is unsuitable for commercial scale work. Additionally, aithough the disclosures

20 cited above, and the disclosures in US Patents 7,297,701 and 7,528,141, all discuss the
fact that compound 2 is produced as a racemate, making compound 1 a 1:1 mixture of
diastereoisomers, and that the 6S-isomer is the desired, more potent isomer, none of



15conmpound 2, and any desired anal ogues, in high enantionmeric purity,

all owi ng conpound 1 to be nade efficiently in the desired 6S

di ast er eoweaneyaieddbormin comrercial ly useful anounts. 8amrnseyi1obi2ehe

i nvention 20l n one aspect, the present invention provides a process for
produci ng a cycl opent aqui nazol i ne from a 5-am no- 6- hal oi ndanone conpri si ng
the steps of: (a) acylation of the 5-am no group; (b) cyani de displ acenent

of the 6- hath@m@éwapnov(@)prdwﬁé %Mﬁélﬁldcﬂlnbh@wtﬁhfehéd"? pQieCion pitduthedist Bf St ep
(b); and 23%%% % g - no 6- € go”ndanone to forma
cycl opent a R0%S er?éo ?’H@ Wg‘?ﬁ'a PPl WA Shect , the i nvention

provi des a process for producing a cycl opentaqui nazoline of general formula

(V111)- R pc iscrccBeihoudy, e Ryl dn b oPAE YhB)nabB66Ie, Rl o and
R are as I ne erelin m Nno- ol ndano eneral formula:
5 the fact that the resolutlon adds a minimum of three steps to the sequence with the
additional costs and losses of material that such inefficiency incurs) mean that these

applications do not disclose a process which could be used on a production scale.

The present inventors have developed new processes for the synthesis of these
10 compounds. These new synthetic processes will make the overall manufacturing route
considerably shorter, and higher yielding, better capable of being run on a larger scale,

and considerably less expensive than the current processes.

Furthermore, they reveal a highly feasible and fully scalable strategy for obtaining
15 compound 2, and any desired analogues, in high enantiomeric purity, allowing compound
1 to be made efficiently in the desired 6S diastereoisomeric form in commercially useful

amounts.

Summary of the invention

20 In one aspect, the present invention provides a process for producing a
cyclopentaquinazoline from a 5-amino-6-haloindanone comprising the steps of:
(a) acylation of the 5-amino group;
(b) cyanide displacement of the 6-halo group;
(c) hydrolysis of the nitrile group produced in step (b); and
25 (d) cyclisation of a 5-amino-6-amidoindanone to form a cyclopentaquinazoline ring

system.

In a further aspect, the invention provides a process for producing a

cyclopentaquinazoline of general formula (VIII):

30 (Vi
wherein R', R?, Ar and R’ are as defined herein,

from a 5-amino-6-haloindanone of general formula:



wherein X is a halide. In a further aspect the invention provides
processes for the preparation of 5cycl opent aqui nazoli ne conpounds of

general fwormizmigb), (VI) and (VII1) o HN (I) R2, A pc3/useomn/oorz3® HN
R2,N..Ar HNYR3T

0O
T
HoN
(IX)

wherein X is a halide.

In a further aspect the invention provides processes for the preparation of
5 cyclopentaquinazoline compounds of general formulae (1), (V1) and (VIil)

2
R\ A R3

HNO g 0 0 R%N’Ar\n/n\l/Rs'
. J\\N Hj,\\ O CO.H
R TN
0} (V)

o R\N,Ar\n/OR'
R’J\\N
(Vi)

10 wherein R", R% R’, Ar, R® and R® are as defined herein.

Also provided are intermediate compounds, useful in the synthesis of
cyclopentaquinazoline compounds, for example cyclopentaquinazoline compounds of
general formulae (1), (V1) and (VIll), use of these intermediate compounds in the

15  processes of the invention and methods for their synthesis.

Also provided is a method comprising chromatographic resolution of a compound of
general formula (Vliia) into its enantiomers:

2
R R\
_ (0] —Ar ,
Q N~AL _or N TOR
(o] /]\
. "\ iy X
6S-(Vllia) 6R-(Vllla)

20

wherein R", R%, R’, and Ar are as defined herein.

10



co2H OR2. ..ArrOR O O HN RIN (M11) 10wherein R, R2, R, Ar, R3 and R3.
are as defined herein. Also provided are intermnedi ate conpounds, useful in
t he synt hweis120fi1139cl opent aqui nazol i ne conpounds, for erammise011/001235

cycl opent aqui nazol i ne conpounds of general fornulae (1), (M) and (MI1),
use of these internedi ate conpounds in the 15processes of the invention and
nmet hods for their synthesis. Al so provided is a nethod conpri sing

chr onmat ogr apiso pravigied istdn impravkd ettaiorthel spitheg Rt balinek @f geHeral fdfnlulaa) 1 nt o
its enantioners: wherein RL., R2, B, and Ar are as defined herein. Also
provided is an inproved nethod fo R‘t\heA' Resis of anmines of gener al
formula: R2 ArOR HII 0O(xv) wher ei H Ar and R are as defined herein.
5 Detailed Description of the Invention t &R The present invention

provi des nowkéreinBZhatend Rrard fieddiinepasrdin, on of a cycl opent aqui nazol i ne
conpound from a 5-am no- 6- hal oi ndanone.

5 Detailed Description of the Invention

Methods

The present invention provides novel methods for the preparation of a

cyclopentaquinazoline compound from a 5-amino-6-haloindanone.

10  The methods typically comprise the steps of:
(a) acylation of the 5-amino group;
(b) cyanide displacement of the 6-halo group;
(c) hydrolysis of the nitrile group produced in step (b); and
(d) cyclisation of a 5-amino-6-amidoindanone to form a cyclopentaquinazoline rihg

15 system.
The steps may be performed in any suitable order.

In some embodiments, the steps are performed in the order: a), b), ¢}, then d).
20 In other embodiments, the steps are performed in the order b), a), ¢) then d).
In other embodiments, the steps are performed in the order b), c), a) then d).

Other steps which may optionally be included in the methods of the invention include:
(e) reduction of the 1-keto group to produce an indan-1-ol
25 (f) coupling of an amine nucleophile to the indan-1-ol produced in step (e); and

(g) chromatographic resolution.
Other optional steps in the method may include protection, deprotection, and protecting
group exchange steps, as well as any other necessary derivatisation and functional group

30 manipulation steps.

5-Amino-6-haloindanone starting materials

In the methods of the present invention, a cyclopentaquinazoline compound is prepared

from a 5-amino-6-haloindanone.

11



10The methods typically conprise the steps of: (a) acylation of
the 5-am no group; (b) cyani de displacenment of the 6-hal o group; (c)

hydr ol ysiwoab1ztieo3ni tril e group produced in step (b); amdT/US2011/001235 ( d)
cyclisation of a 5-am no-6-am doi ndanone to form a cycl opent aqui nazol i ne
ring 15system The steps may be perforned in any suitable order. In sone
enbodi nents, the steps are perforned in the order: a), b), c), then d).

20l n ot her enbodi nents, the steps are perforned in the order b), a), c¢)

then d). In_aqther adi ts, the.steps are .perforned i h der b), c¢),
2y “Uheh’ ) InapRErBRAREn M e sTriRant B8 PP Tl R B ®Oet notis o
the i nvention inclu; X (e) reduction of the 1-keto group to
produce an i ndg )| 25(f) coupling of an am ne nucl eophile to the

i ndan-1-01 E ) n step (e); and (g) chronmatographic resol ution.

O her optioAdl steps in the nethod may include protection, deprotection,
and protecting ﬁ’poup exchange steps, as well as any ot her necessary

deri vat i satwimreiaxds bakde. onal group 30mani pul ati on steps.

5- Ami no-6- hal oi ndanone starting nmaterials In the nmethods of the present

i nvention, a cycl opentaqui nazoline conpound is prepared froma

5- am no- 6- hlalsome@abodiments| X isssatectashfizon tFre@it Br apthd. 5- am no- 6- hal oi ndanone i s

a compound Gfsof@leMbbogimehtt) X ifsdilhbd o -BfiHaeBR X 1s a halide.

In some embodiments, X is -Br.

10 (a) Acylation step

Acylation of the 5-amino group comprises reaction of a 5-aminoindanone compound with
an acylating agent. The product of the acylation step may be referred to as a
5-acylaminoindanone.

15 In some embodiments, acylation is carried out on the 5-amino-6-haloindanone starting
material to produce a 5-acylamino-6-haloindanone.

In some embodiments, acylation is carried out on a compound of formula (1X), as defined

above, to produce a compound of formula (X):

R"/U\N
H

(X)
wherein X is as defined above and R" is -R" or a derivative or protected form thereof.

20

In some embodiments, the acylation step comprises reacting the 5-amino-6-haloindanone
25 with an acylating agent.

Acylation can be carried out with an acyl chloride, an anhydride, or other activated
carboxylic acid derivative, such as a an acyl azide or pentafluorophenyl or 1-
hydroxybenzotriazolyl ester, as are known in the art. Alternatively, acylation may be

30 carried out by treatment of the amine with the appropriate carboxylic acid, in the presence
of a coupling agent, such as a carbodiimide, eg DCC, EDC, a 2-halopyridinium salt, or

12



5 1In some enbodi nents, X is selected from-F, -Cl, -Br and -1. In sone
enbodi nents, X is selected from-C and -Br. In sone enbodinents, X is -Br.
10(a) Acywaeatnmmisesep Acyl ation of the 5-am no group conpcrasgomeenss on of a
5- am noi ndanone conmpound with an acyl ating agent. The product of the
acylation step may be referred to as a 5-acyl am noi ndanone. 151 n sone
enbodi nents, acylation is carried out on the 5-am no-6-hal oi ndanone

stnrta;lréI i Nng medcavdtéd aﬁumomdsﬂmrﬁsﬁeo%sxduama@aoﬁ»dwbebgg@gweanowrmmsmn In
enbodi nents, acyl 0 arr.i 0 ound of

defi ned abo‘%?éta'"tp{)e %d;ﬂg%o ﬂg'&%’ﬁ' ogt" ‘?fgh epRyp s achf ergubﬁ’ rggcr;’trg)'
enbodi nent smtrtmmlxadthdnoe]pmue@dcplretﬂramem site dwytreadgiob khka carboxylic acid, with

5- am no- 6- n@grgé/f)&%ﬁporl égw %Swﬁ‘%ﬂ' .étﬂg? ﬁospﬁﬁé‘l ation can be carried

out with a an an er activated carboxylic acid
derivatidve, such as a an acyl azi de or pent afI uor ophenyl or 1-

hydr oxybenzgisbinaeRibslinpis@he adftifg Sgém @¥Mpkdestat@ridkilic abldid? femulaweloo,H
acyl ation may be 30Qcarried out by treatnent of the am ne with the

appropr i at €@ AMRINGa%e8ki d, in the presence of a coupli ng agent, such as a
carbodii m de, eg DCC EDC, a 2-hal opyridiniumsalt, or

2012/ 0119398CT| USpOA41 004232 Rabival efh @aion %%Q;Fhoﬂh%ﬁ%@ﬁﬁ&égﬁer&?&h as_BOP

or PyBOP, as areeknno taln

ni t roge of situlb reaetioreofgr Gulpoxylc mxydﬁdomwlaa@ @@drbmtmcwm'mg agemt-xed anhydrl de
produced, preferably in situ, by reaction of a carboxylic acid, with a

chl or ophosphat e ester, nost preferably diethylchl orophosphate 5 1In sone

embodi ment sNSABE FEPPEITeRs. '&@éﬁt‘p"esﬁﬁ?”té%%C'%{OVBB'FQ?BR?Pieé ehcid of formula

R1CC2H and g se@behbB@in2g8Mhe coupling abéntsOdeth@emedpizphate. t he acyl ati ng agent
is a mxed phosphoric anhydri de generated in 10situ by reaction of a
carboxylic acid of formula RL'CO2H with a coupling agent.

15 In some embodiments, the coupling agent is used in the presence of a base.

In some embodiments, the base is triethylamine.

In some embodiments, the carboxylic acid is a compound of formula:
O

R")I\OH

20 wherein R" is selected from -R' or a derivative or protected form thereof, where R' is as
previously defined.
In some embodiments, -R" is selected from -R' where R' is as previously defined.
In some embodiments, R" is -R" wherein R’ is protected hydroxyC,.alkyl.

25 In some embodiments, the carboxylic acid is a compound of formula:
0

o N
PG'” OH

where PG' is a protecting group.

30
Suitable protecting groups for hydroxyl groups are known in the art and include, but are
not limited to ether or ester protecting groups, for example: C,4 alkyl (e.g. t-butyl) ether;
benzyl, benzhydryl (diphenylmethyl), or trityl (triphenylmethyl); trimethylsilyl or
t-butyldimethylsilyl; or acetyl. Other protecting groups which may be suitable for use in the

13



In sonme enbodi ments, the coupling agent is a chl orophosphate ester. In sone
enbodi nents, the coupling agent is diethylchlorophosphate. 15In sone

enbodi mrenwe,20t2ma1930upl i ng agent is used in the presenceprofi/is2biase123s n sone

enbodi nents, the base is triethylamne. In sone enbodi nents, the carboxylic
acid is a conpound of fornula: 0 RL.) OH 20wherein RI. is selected from-Rl
or a derivative or protected formthereof, where RL is as previously

def i ned. | I rb(;éwﬂieln@éﬁﬁﬁﬁlbm?ﬁé found BY. ini“Broteztiee GRfpé rn(mngai\fh&SWitBéﬁs"RI Greens

previ ously |nent Is -R1l erein Rl is

prot ect ed ha>7‘ Q@gﬁ 4&5’?%&/‘?” J%’:’v\m& Ssdr?ﬁt])?a&étems the carboxylic acid is a
conpound of fornmula: 0 POl CH mhere PGL is a protecting group. 30 Suitable

protecting (igHp8mbBlimBNA P8V sgt&aeﬁoﬁrb%nm?mﬂ:@ dnBE,Jaliand i ncl ude, but

are not Rer “or —ester Pro ectin rou Qr exanple ClL 4

al kyl (& g. '"tSO'BGteTIb?d'@Fﬁ@rPGb'ér%yPkY'bl@rFEWWOd("&ﬁ"EPnBﬁ;yFsrfé’t”ﬁyl) or trityl
(triphenyl net hyl); trlnethyIS|IyI or t-butyldinethylsilyl; or acetyl. O her
protecting rou use in t WO

D032/ 011090 PETTBRIbI GO PP A4 B PERMITHSEIHE  ound . g. i n

" Pr ot ecti venGomepmbbdimengaine cartysylidiasd 't-bfbxydeetieacicand P. Wits; 4t h
Edition; John Wley and Sons, 2006). In sone enbodinents, PG is selected

from benzyl (-CH2Ph) and Cl-4 al kyl.
10  (b) Cyanation step

Cyanation comprises conversion of the 6-halo group to a 6-nitrile. The product of this
reaction may be referred to as a 6-cyanoindanone.

In some embodiments, cyanation is carried out on a 5-amino-6-haloindanone to produce
15 a 5-amino-6-cyanoindanone.

In some embodiments, the cyanation is carried out on a 5-acylamino-6-haloindanone to

produce a 5-acylamino-6-cyanoindanone.

In some embodiments cyanation is carried out on a compound of formula (X), as defined

20 above, to produce a compound of general formula (XI):
0

NC: :: f
o)
R"/U\N

H
(X1

wherein R is as defined above.

25 In some embodiments, cyanation comprises displacement of the 6-halo group with a
cyanide nucleophile.

In some embodiments the cyanide nucleophile is selected from zinc cyanide, potassium
cyanide, sodium cyanide, cuprous cyanide, or nickel cyanide, optionally in the presence of

30 acatalyst.

In some embodiments the cyanide nucleophile comprises sodium or potassium cyanide in
the presence of a catalyst.

14



5In sonme enbodi nents, PG is Cl1 -4 alkyl. In sone enbodi nents, PG is
t-butyl. In sone enbodi nents the carboxylic acid is benzyl oxyacetic acid.
In sonme ewbadixmam3s the carboxylic acid is t-butoxyacet iPCTASR@1/0026H)
Cvanation stet, Cyanation conprises conversion of the 6-halo group to a
6-nitrite. The product of this reaction may be referred to as a
6- cyanoi ndanone. In sone enbodi nents, cyanation is carried out on a
5- am no- 6- halseine@aibedithents the eyanide nliblgofhilaBbmprides CUpD0s By@aidenethel n sone
enbodi nents, the c?/ana}t i Qn is carried out on a 5-acyl am no- 6- hal oi ndanone
to produce %e%e-"ﬁ?i? ARG 6- cyanoi ndanone. In some enbodi ments
cyanati on ilp somerembddinentsdine eyaoidrmoclaobhilé corprings ain€ Xyanidesin dief prasance 0f above,
to producedg?.ﬁgg%pund of general formula (XI): 0 ONC RL)(N H (xi) wherein
R ' is as defined above. 25ln sone enbodi ments, cyanation conprises
di spl acéhenp semeeRwodimesisdheyexsniseiiuEiRorRDie gamprires mirkelcypNde i the presenceome
enmbodi nent seftah@tdhni de nucl eophile is selected fromzinc cyanide,
pot assi um cyani de, sodi um cyani de, cuprous cyani de, or nickel cyani de,
optionally in the presence of 30a catalyst. In sone enbodi nents the cyanide
nucl eophi | eingomplentbedineat] thencatalypits asmnsitiorciyiaal chtalyst. t he presence of a
catal yst. In some embodiments the transition metal is complexed with a triarylphosphine or with an
10  arylated bisphosphine.

In some embodiments, the catalyst is a palladium catalyst.

In some embodiments, the catalyst is a nickel catalyst.

In some embodiments the catalyst is a crown ether

15 In some embodiments the catalyst is a quaternary ammonium salt

In some embodiments, the catalyst is selected from tetrakis(triphenylphosphine) palladium
(Pd(PPh3),) , bis-(bis-[diphenylphosphino]ferrocene) palladium, tris(dibenzylidineacetone)
dipalladium (Pdx(dba)s), tris(triphenylphosphine)nickel, and

20 bis(triphenylphosphine)phenylnickel chloride

In some embodiments, the catalyst is selected from tetrakis(triphenylphosphine) palladium
(Pd(PPh;).) and bis-(bis-[diphenylphosphino]ferrocene) palladium.
In some embodiments the catalyst is tetrakis(triphenylphosphine) palladium.
25 '
(c) Hydrolysis step

Hydrolysis comprises conversion of the 6-nitrile produced in the cyanation step to an
amido group (carboxamide). The product of this reaction may be referred to as a 6-
amidoindanone.

30
In some embodiments, hydrolysis is carried out on a 5-amino-6-cyanoindanone to
produce a 5-amino-6-amidoindanone.
In some embodiments, hydrolysis is carried out on a 5-acylamino-6-cyancindanone to
produce a 5-acylamino-6-amidoindanone.

35

15



WO 2012/ 011939PCT/ US2011/ 001235 I n some enbodi nents the cyani de nucl eophile
conpri ses cuprous cyanide in the presence of a catalyst. In sone
enbodi nerwe 2ote1esani de nucl eophil e conpri ses zi nc cyaniPd@/usnoiiioe12ps esence
of a catalyst. 5In sone enbodi nents the cyani de nucl eophil e conprises
ni ckel cyanide in the presence of a catalyst. In sone enbodinents, the
catalyst is a transition netal catal yst. I n sone enbodi nents the
L r anﬁ iti ﬁn bk ei’rﬁao&ﬁiéﬁisﬁ%ﬁﬁolWrsI i8 carried barqﬂ Pbonspuna of ferlﬁrlwué ph), a8 déﬁ}lwyl at ed
i sphosphi nbodi ne cat t is a palladiumcatalyst. In
sone enbodreﬁ’é’ﬁ?go pE°ﬁe CRATAMRAY ogg%\"eﬁ? é‘f{ﬁ‘l"%c(gﬁ)al yst. In some embodi nents
the catalyst is a crown ether 15 In sone enbodinents the catalyst is a
quat emary anmoni gmn sal t 5l n sone enbodi nents, the catalyst is selected from
tetrakis(tripheyl phosphi ne) palladrunr(Pd(PPh3)4) ,
bi s- (b|s4d|phemylﬂq;igi} o]ferrocene) palladium tris(dibenzylidi neacetone)
dlpalladlunrgﬂd\ dha) tris(triphenyl phosphi ne)nickel, and
20b|s(tr|ph%nyl@hosphlne)phenylnlckel chloride In sone enbodrnents t he
catal yst is select®d fromtetrakis(triphenyl phosphi ne) pall adi um
(Pd(PPh3) 4) and bi s- (b|s4d|phenylphosph|no]ferrocene) pal |l adium 1In sone
enbodi nents the cataly i s tetrakis(triphenyl phosphine) palladium (c)
Hydrol ysis whesgin Ay dy 2% gefined bergipr i ses conversion of the 6-nitrite produced
in the cyanation step to an anldo group (carboxanlde) The product of this
reaction na be referred t 0 as i ndapone. sone, enbodi nent s,
hydr ol ysi s %d'@)ﬁ'srﬁ“@ﬂ %a?m%m&bzaaw&‘% %9'%%?%%@% Bisfke a

5- am no- 6- enrdorndanone. I n some enbodi ments, hydrolysis is carried out on
a 5-acy} Am Ao O N ARG HMIRN Ao s PJn?%’éSs?tr&tr'%éﬁt%h%%ldf‘o' 6-am doi ndanone.

In some embodiments, hydrolysis comprises treatment with formic acid.

In some embodiments, hydrolysis is carried out in the presence of magnesium sulfate.

In some embodiments, after treatment with acid, water is added.

15 In some embodiments, hydrolysis comprises treatment with hydrogen peroxide.
In some embodiments, hydrolysis comprises treatment with hydrogen peroxide in
aqueous ethanol.
In some embodiments, hydrolysis comprises treatment with hydrogen peroxide and
potassium carbonate in aqueous ethanol.

20
In some embodiments treatment with hydrogen peroxide is followed by treatment with an
aqueous base.
In some embodiments the aqueous base is sodium hydroxide solution.

25 (d) Cyclisation Step

Cyclisation comprises conversion of a 5-acylamino-6-amidoindanone to a
cyclopentaquinazoline. The product may be referred to as a 2-substituted
cyclopenta[g]quinazoline-4,6-dione.

30 The intermediate a 5-acylamino-6-amidoindanone can be cyclised to the desired tricyclic

cyclopenta[g]quinazoline-4,6-dione, for example by treatment with a base.

16



35 WO 2012/ 011939PCT/ US2011/ 001235 I n sone enbodi nents, hydrolysis is
carried out on a conpound of fornmula (Xl), as defined above, to produce a
conpound WO 29w fornula (XI1): 5 wherein R is as #efTiused ierss n.
Hydrol ysis nmay be carried out by any nethod of nitrile hydrolysis known in
the art. 10l n sonme enbodi ments, hydrolysis conprises treatnment with acid.
In sone enbodi nents, hydrolysis conprises treatnment with formc acid. In
sonme enbodi Inebing enfbpdimainiss tyglisagion aomprisds triebtment dftEecopipepsstoffomiular@dinasi um
sulfate. In e ' w.after tr t W d, water is added.
151 n sone ec@g%?%%o&?%h%&%ﬁsglt??{og% g%rrﬁfgr?ié%’g‘gtorf }345,%, [r}rlgggl”g/ith hydr ogen
peroxide. In sonme enbodi nents, hydrolysis conprises treatnment with hydrogen
peroxi de in aquepus ethanol. In some enbodi ments, hydrolysis conprises
treatment with hydrqQgen//peroxi de and potassi um carbonate in aqueous

et hanol . 20 IkNso bogi ments treatnment wth hydrogen peroxide is

fol | owed by ,t/r/E@t AVt h an aqueous base. I n sone enbodi nents the aqueous
base i s sodfum H\S/droxi de solution. 25(d) Cvclisation Step Cyclisation
conpri ses conversi@®t) of a 5-acyl am no-6-am doi ndanone to a

cycl opery aqui nazol i ne. The product may be referred to as a 2-substituted
cycl opent al g] qui nazol i ne-4, 6-di one. 30The internediate a

5-acyl ani noWmRraiRiR] ds Av9eBAG aBaMe- be cyclised to the desired tricyclic

In some embodiments, the base comprises an alkali metal alkoxide.
In some embodiments, the base comprises potassium f-butoxide.

10  In some embodiments, the base comprises sodium methoxide.
In some embodiments, the base is a solution of an alkali metal alkoxide in the
corresponding alcohol.
In some embodiments, the base is a solution of sodium methoxide in methanol.
In some embodiments, the base is a solution of potassium ¢-butoxide in t-butanol.

15
In some embodiments the base comprises sodium or potassium hydroxide.
In some embodiments the base is a solution of sodium or potassium hydroxide in water,
or in an alcohol, or in a mixed water-alcohol solvent system.
In some embodiments, the alcohol is selected from methanol or ethanol.

20
Depending on the exact chemistry used to generate the 5-(2-oxyacetamido)-indan-1-one-
6-carboxamide, this cyclisation may be carried out automatically in situ during or
immediately after the formation of the carboxamide, or the carboxamide may be isolated,
and cyclised in a subsequent step.

25
In some embodiments, cyclisation occurs spontaneously upon formation of a 5-acylamino-
6-amidoindanone in the preceding step.
In some embodiments, cyclisation occurs spontaneously upon formation of a 5-acylamino-
6-amidoindanone in the hydrolysis step.

30 Insome embodiments, cyclisation occurs spontaneously upon hydrolysis of a
5-acylamino-6-amidoindanone by treatment with hydrogen peroxide followed by treatment

with an aqueous base.
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cycl opent a[ g] qui nazol i ne- 4, 6-di one, for exanple by treatnent with a base.
WO 2012/ 011939PCT/ US2011/ 001235 I n sone enbodi nents, cyclisation conprises
t r eat mentwof2or/amspound of fornula (XI1) as defined aboeeTmistéiimotzase, to
produce a conpound of formula (XIIl1): (XI1l) 5 wherein Rl is as defined
above. In sone enbodi nents, the base conprises an alkali nmetal al koxide. In
sone enbodi nents, the base conprises potassiumt-butoxide. 10 In sone
enbodi nent 9n sbhe ebm@mﬁmtéﬁsa(s) ami(idumermtrrwﬂudamséasutismvre enbodi nents, the

base is a solution, of. an alkal de ng
al cohol . | ?\'nSS'H% eg’r%g'ﬁ"en h?tgps c%an({)@ia%cs??a so n%%u?vé?é%g&ﬁl%ﬂﬂéét hoxi de in
met hanol . |add8ioneofdyiodemeerpxide. tftiowied Hy cplsceatret@ﬂ aquesws baselottessi um

t - but oxi de &Q?%ﬁan}ﬂ% _g%nom],gnlﬁbn%one enbodi ments the base conprises sodium
or potassi um hydr oxi I'n sonme enbodi nents the base is a solution of

sodi um o ﬁatsa@guembprﬁ@»%h%aﬁer\s fectivwm or potagsiimyAydseXidshol , or in a ni xed
wat er - al COhﬂlsomelemaalm%mtmmbawns%oaeo@dmﬁshdmmb&utsm al cohol is sel ected

f t hanal t ch dt
genar ate | 8 s8p STRgRERie P MEYOPHLAOLSD b catpoai L O RTcl i cat i on

may be carrlnedmetetnbaumemstﬂheakdcylamﬁhcsﬁ-tyandtmuamg-ooe id aseenixatreinaraf t er t he
formation quteg ﬁghgpxam de, or the carboxam de may be isol ated, and

cyclised in sequent step. 25
10  In some embodiments, the aqueous alcohol comprises 20% water in ethanol.

in some embodiments, addition is performed at 0-5°C.
In some embodiments, after addition, the mixture is allowed to warm to 25°C and

spontaneously exotherm, to form the cyclopentaquinazoline ring system.

15 In some embodiments, the crude cyclopentaquinazolinedione produced by the above

methods is purified by crystallization, preferably from isopropanol/hexanes mixtures.

Further steps

In some embodiments, the method of the invention further comprises conversion of the 2-
20  substituted cyclopenta[glquinazoline-4,6-dione product of steps (a) to (d) to compounds of
general formula (1) to (VIII).

Conversion of the 2-substituted cyclopenta[g]quinazoline-4,6-dione to compounds of
general formula (1) to (Viil) may be performed by methods known in the art, for example
25 asdisclosed in WO 03/020748 (see Scheme 1).

In some preferred embodiments, however, the 2-substituted cyclopenta[glquinazoline-4,6-
dione is subjected to further steps, comprising:
(e) reduction of the indanone keto group to produce an indanol

30 (f) coupling of an amine nucleophile to the indanol produced in step (e).

In some embodiments, a further step comprising:
(g) chromatographic resolution;
is also performed.
35
Optionally, one or more further steps comprising:
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In sonme enbodi ments, cyclisation occurs spontaneously upon formation of a
5-acyl am no6- am doi ndanone in the preceding step. In sonme enbodi nents,

cycl i sat iwp 2020m19spont aneously upon formation of a PCT/US2011/001235

5-acyl am no6- am doi ndanone in the hydrolysis step. 30l n sone enbodi nents,
cyclisation occurs spontaneously upon hydrolysis of a

5-acyl am no- 6- am doi ndanone by treatnent with hydrogen peroxide foll owed by
treat ment whj proeotir0gregpienoasier proWstiag didup 21haagK T/ US2011/ 001235 I n sone
errbodirrentszjre %eg%l cé and (d) are carried out consecutively. In sone
enbodi nent ' ¢ § 8bsu &Y' and (d) are carried out consecutively by sequenti al
addi ti ons of hydrogen peroxide, followed by concentrated aqueous base to
the 5-acyl ai) pg fsgyapei ndan-1-one. 5In some enbodi nents the base is sodi um
or potassi um nydroxiade. In sonme enbodi nents, the base is at a concentration

of abouts 6Mnel ladsRo® step e brigs réducliditofivelingsrRine RetoQfouptHes-kdto Group) of
concentration of 30% w v éag). |, N sgne qugdlnents tge )

5-acyl am no? %Wpsﬁaigi?&aﬁ-z lingtb-§ligne; o hg PRRAUEYIPRY Rerelfired iugbaind?™®bhol . 101 n
sone enbodi ments, the aqueous al cohol conprises 20% water in ethanol. In
sone enbodi nents, ption i rf - I odli s, after
addi tion, tlﬁgogr'ﬁg)? %rg&el'n}eggafepgtﬁﬁ % %"\[E\r;}e;otrjon"ﬁ %Bgfg(go%er?gb @g%n?zg)ﬁ%dg’gﬁ&tgxm her m
to form t hetopyasluope hithyduwxnaraiipenalglauinpzolnst ane. Ibsameemeodimendslithent s, t he
crude cygl %BF&%{&;E@%Q%HH@Q'M&&E%@&c’?bff§t&fé (@P@ye methods is purified

by crystallization, preferably fromisopropanoVhexanes m xtures. Further
st eps In sone enbodi nents, the nethod of the invention further conprises
conver si on |afsomB@embodidientshridudtioh edcayied s en aabopaitidw ZsrmiuRaXH) Bs difred

product of aSDtO\e/gﬁo{)@duéeoa S pgu%d%P%PnQHQ%%IV?:f

9 OH
100
' NS
#/J\N

15 *IV)
wherein R" is as defined above.

In some embodiments, reduction comprises treatment of the cyclopenta[g]quinazoline-
4,6-dione with a reducing agent.

20
Preferably, the reducing agent used is active enough to reduce the 6-keto group, but not

reactive enough to cause reduction in the pyrimidone ring of the quinazoline.

In some embodiments, the reducing agent is a hydride based reducing agent.

25 In some embodiments, the reducing agent is selected from sodium borohydride, and
formate salts in the presence of ruthenium diamine diphosphine catalysts for transfer
hydrogenation.

In some embodiments, the reducing agent is sodium borohydride.
In some embodiments, the reducing agent is sodium borohydride in ethanol.

30
() Coupling step

Coupling comprises conversion of the hydroxy group of the indanol into a leaving group,
followed by reaction with an amine nucleophile.
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general formula (I) to (VIII). Conversion of the 2-substituted

cycl opent a[ gl qui nazol i ne- 4, 6-di one to conpounds of general fornmula (I) to
(VIT1) nayokeizpandser ned by net hods known in the art, foPceimauli@OR3s as

di scl osed in WO 03/020748 (see Schene 1). In sone preferred enbodi nents,
however, the 2-substituted cycl openta[g] qui nazoline-4,6- dione is subjected
to further steps, conprising: (e) reduction of the indanone keto group to
produce an indanol 30(f) coupling of an am ne nucl eophile to the indanol

roduced in st 1 n. some. . embodi nment a.further ste nprising, (9)
Ehr omat ogr AP EE TR sh EUPUER &R P Ein B YA E R SRR o e
further stepw, toorrpdicsiarfgamin®ceddrnG{d]9@8RClnaI$204.1/ 001235 (h) protecting
group renoval or protecting group exchange; are also included. (e)
Reduction step 5 The reduction step conprises reduction of the indanone
keto group (reseeegmbegimegisotqiipling caUnRipes eRiHth? §9RAUNE LbfoWa £XI¥) 8% one. The
product mayddied absve! With 5rparame@ngér{é¢amﬂnu|al(n\/§one enbodi nents, reduction is
carried out on a cycl openta[ g] qui nazol i ne-4, 6-di one, to produce a
6- hydr oxy- cycl opent a[ g] qui nazol i ne-4-one. In sone enbodi nents, the
10cycl opent gig) arli oline-4,6-dione is the product of steps (a)-(d). In
sone enbodin%%{s, reduction is carried out on a conpound of fornmula (XlI11)
as defined above, Oto gtwduce a conpound of formula (XIV): 15()ay) wherein
R1' is as deiQFd above. )

0 produce a compound of formula (Villa):

10

R2
(0] \N/Ar

OR’
HN I :[S 0
. N
W/J\N

(Villa)

wherein R", R?, Ar and R’ are as defined herein.

Converting the alcohol into a leaving group may be performed by any reaction which

15  converts a hydroxy group (-OH}) into a leaving group, i.e. a group which is more easily
displaced by a nucleophile. Examples of leaving groups are well known in the art, and
include mesylate, tosylate, nosylate, triflate, alkoxide, phenoxide, halide, phosphonate,
phosphate, p-nitrobenzoate. Methods for converting hydroxy groups into leaving groups
are commonly used in organic synthesis (See March’s Advanced Organic Chemistry, 5%

20 Edn. p446 and references quoted therein. Smith, M. B.; March, J.) Wiley Interscience
2001)

In some embodiments conversion comprises a mesylation reaction.
In some embodiments, conversion comprises reaction of the alcohol with a mesylating

25 agent selected from methanesulfonic anhydride (Ms,0; (MeSO,),0) or methanesulfonyl
chloride (MsCl; MeSO,ClI) to produce a mesylate group (-OMs; -OSO,Me).
In some embodiments, conversion comprises reaction of the alcohol with methanesuifonic
anhydride (Ms,0O; (MeS0O,),0).

30 In some embodiments, the mesylating agent is added portionwise.
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In sonme enbodi nents, reduction conprises treatnent of the

cycl opent a[ g] qui nazol i ne4, 6-dione with a reducing agent. 20 Preferably, the
reduci ng woent2/ussd i s active enough to reduce the 6-ketaTgisoup/00i28i not
reactive enough to cause reduction in the pyrimdone ring of the

qui nazoline. In some enbodi nents, the reducing agent is a hydride based
reduci ng agent. 25 In sone enbodi nents, the reducing agent is selected from
sodi um bor ahdine @mbodim@nfs@onwdrsiorns edrbFises converspnas a triflateoFOT It ORDUQKE). di am ne

di phosphin I - I ransfer hvdr nat i e enbodi nents, the
reduci ng aég%‘?&?ﬁiégl{nﬁﬂsﬁé?%@%??odn."sﬁg%ggﬁoé‘og%o%&@ﬁ 's, t he reducing
agent is sodfluprernetharepuionid@nhydride i 1(F:CSD,L0) otoilysiromethdswiondehlgtideng
conpri ses c(qftyi,e;fs@'g@;lc@f t he hydroxy group of the indanol into a |eaving
group, followed by reaction with an am ne nucl eophile. WO

2012/ 01T39PCT/ US2011/ 001235 | n sone embodi nent s, coupling is carried out

gn a 6- hydrlﬁ&ﬁm@)éﬁib@ﬂiﬁiéb&[ ﬁblcgmdﬂéi@rﬂﬂeb&fbn% caMid out @t Pvaétipeétatare, for .

-am no-cycl opent ui hazol i ne-4-ope. 5lLn so e/crg)‘?fere‘,r&ts coupl i ng
conpri ses CW&P%L%B%'H%%I 00% ‘?fé’FP?m B ek?'\%))m?if@ -ffeft ey a%fg?slflvm th an
am ne of geprefeadblyf faommA0aC(txXM0 °CR2N, AArO R. H (XV) to produce a conpound of
formula (Villa): 10

10 In some embodiments, conversion is carried out in the presence of a base.
In some embodiments, the base is an amine base.
In some embodiments, the base is a tertiary amine base.
In some embodiments, the base is a tertiary amine based selected from triethylamine and
Hunig’s base (Et,N'Pr).

15 In some embodiments, the base is triethylamine.
In some embodiments, the base is used in excess.

Reaction with an amine nucleophile comprises treating the product of the conversion

20 reaction with the amine nucleophile.

In some embodiments, conversion is carried out in situ i.e. the product of the conversion

is not isolated but is reacted directly with the amine nucleophile.

25 In some embodiments, the amine, the indanol and a base are mixed together in a solvent
and methanesulfonic anhydride is added to this mixture.
In some embodiments, the methanesulfonic anhydride is added in portions.
In some embodiments, the methanesulfonic anhydride is added in about 4-8 equal
portions.

30 In some embodiments, a time of between about 10 and about 30 minutes is left between

addition of each portion.

in some embodiments the solvent is a solvent of low ionic power.

In some embodiments, the solvent is selected from THF, dichloromethane, ethyl acetate,
35 orisopropyl acetate.

In some embodiments, the base is a tertiary amine base.
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(Milla) wherein Rv, R2, Ar and R are as defined herein. Converting the

al cohol into a leaving group may be perfornmed by any reaction which
15conver twoaotydisay group (-OH) into a | eaving group, PCEUSa01g001285 Whi ch
is nore easily displaced by a nucl eophile. Exanples of |eaving groups are
wel | known in the art, and include nesylate, tosylate, nosylate, triflate,
al koxi de, phenoxi de, halide, phosphonate, phosphate, p-nitrobenzoate.

Met hods f orin eomi¥ embbdithehtg dthe Y§iseis aupdiaryrziningd R¢d Balegie® fipr tdstkylanineand y used
in organic nthe§§§ %@Fé March's Advanced Organic Chem stry, 5th 20Edn
p446 and ré e oS GEYER therein. Smith, M B.: March, J.) Wley

I nterscience 2001) In sone enbodi nents conversion conprises a nesyl ation

reaction. In sb,ﬂe%&%pd.ﬁ\%hedw%mr% th‘é%‘é@%ﬁ& 8 nfRIHeb & |cra%ﬂﬁrfd9%ré)éa&1he

al cohol wit ating 25 agent selected from net anes oni ¢ anhydri de
(Ms20; (5IVE50%920<}9 "Pr%t“rfaﬁé'%‘mrf%ﬁ%sQ’:’H'I'BPl"H’é”‘E'l\/BCI MeS02Cl1) to produce a
nmesyl ate group (-Ovs; -0S02Me). In sone enbodi nents, conversion conprises
reaction of the aI Qni c anh drid

t I S02) 20
o O ARt 51 IRRERU O & AN e 05 NB20 LAER0R20) .
enbodi ment ssquivakestscompaed@pthedetancionversion to a triflate (-0Tf; -0S02CF3) -
I Lo, ' [ | with
tri 11 vor onat RaRG o padiiaNe Ml ki Sptde358e Rt Fho il r BoBPRE ol
t ri f I uotGomeaduiyplentsicomparedtd heiinlangiTf Cl ; F3CS2C1). 5 In sonme enbodi ments,

the conversion reaction is carried out at |low tenperature, for exanple at a
terrperature of O Cor below preferably from-78 Cto 0 C and nost

pref er abl y P S8HF emgogimepts. the methenesuiopicanbyAsda isHsEd & an Rt Sf eut Z3car ri ed
out in the meolessajutaleats campamd to the isdamel. enbodi ments, the base is an am ne
base. I n some enbodi nents, the base is a tertiary am ne base. In sone
enbodi nents, the base is a tertiary am ne based selected fromtriethylam ne
and Hu n1ﬁg' dnisame e(rEinN‘ems) the conversion reaction is carried out at a temperature of from 10-

30°C.

The above alternative/preferred embodiments may be combined in any compatible
combination, as will be understood by those skilled in the art. For example, in some

20 embodiments, the indanol and about 2.5-3.5 equivalents of the amine nucleophile and 4-6
equivalents of a tertiary amine base, such as triethylamine or N-ethyldiisopropylamine, are
mixed together to form a solution in a solvent of low ionic power, such as THF,
dichloromethane, ethyl acetate or isopropy! acetate, and in the temperature range of 10-
30°C, 2-3 equivalents of methanesulfonic anhydride, are added in 4-8 equal portions, with

25  10-30 minutes between each addition.

In some embodiments, the amine is O-t-butyl 4-(N-propargylamino)benzoate.
In some embodiments, the indanol is a 2-(oxymethyl)cyclopenta[g]quinazoline-4-on-6-ol.
In some embodiments, the indanol is 2-(t-butyldimethylsiloxymethyl)cyclopenta[g]

30 quinazoline-4-on-6-ol.
In some embodiments, the indanol is 2-(t-butoxymethyl)cyclopenta[glquinazoline-4-on-6-
ol.

In some embodiments, the product of the coupling step is purified by crystallization from a
35  suitable solvent.

Solvents for crystallisation include, but not limited to, methanol, isopropanol/hexanes

mixtures and ethyl acetate.
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151 n sone enbodi nents, the base is triethylam ne. In sone enbodi nents, the

base is used in excess. Reaction with an am ne nucl eophil e conprises

treati ng wbeorradset of the conversion 20reaction with POe/s2INM01235

nucl eophile. In sone enbodi nents, conversion is carried out in situi.e.

t he product of the conversion is not isolated but is reacted directly with

the am ne nucl eophile. 251 n sone enbodi nents, the am ne, the indanol and a

base are m xed together in a solvent and net hanesul foni c anhydride is added

to this mxture. |.n .sone _enbodi ments he t.hanesul f.oni dride is
hoded i pardesambe, R ST EPEARE R POt EnBa SRR e P AP APRed °;
added i n abyrrystalizatiopufadm peolventrsich 39 methaganisomropardl/meeanes mixturésnandof

bet ween abo&ﬁw%gag@d about 30 mnutes is |left between addition of each
portion. |In sone enbodi nents the solvent ,is a solvent of |ow ionic power.

I n sone enbodi nents, the sol vent isosele%tgdvfron1THE, di chl or onet hane,
ethyl acetate, 35or isopropyl acetale. In so@p”ghbodinents, the base is a

tertiary am ne base. WO 2012/01£§?9 0P1/ 001235 I n sone enbodi nents,
the base is a tertiary am ne bﬁi N fromtriethylamne and Hunig's
base (Et2N Pr). In sonme enbodi nents, the am ne, the base and the

nmet hanesul foni ¢ anhydri de are each, Bvmlependently, in 2-4-fold nol ar
excess over the indanol. In sone enbodi ments, the am ne nucl eophile is used
in an annuq%égf about 2.5-3.5 nolar equivalents conpared to the indanol. In
sone embodi om 4 Dami ne base is used in an anount of about 4-6

ol ar 10equhé/s%llu%grt1 gonqgn%eggggargt%nto?ﬁ\el er}\gn ?o?rlwe'rs of the product of step (f) using chiral

chromatography.
10
In some embodiments, resolution comprises separating a compound of formula (Villa)

into its enantiomers:

2
R RN
_ O —Ar "
Q N ArW/OR' .N ?//OR
HN o)

HN
As ° R“/L§

R N

6S-(Vllla) 6R-(Villa)

15  The product of the previous steps in this process is racemic. The inventors have found
that it has very suitable properties for resolution by chiral chromatography on a chiral
stationary phase. Various stationary phases (also referred to here as resins, regardless of
whether they consist of a polymeric base, silica, polysaccharide, or other materials),
solvents, and methods for chiral chromatography are known in the art.

20
Furthemmore, the enantiomers may be obtained from the separation as amorphous solids,
in high enantiomeric excesses, for example =89.8%, and with high chemical purities, for
example in the 98-99% range. Addition of a crystallization step subsequent to the
resolution, may provide crystalline material, with good handling characteristics and high

25  purity, for example >99.8 % by HPLC.

In some embodiments, chromatographic resolution comprises conventional single column

chromatography using either low pressure (for example in a glass column apparatus),
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In sonme enbodi nents, the nethanesul fonic anhydride is used in an anount of
about 2-3 nolar equivalents conpared to the indanol. 151 n sonme enbodi nents,
t he conveweizore/memetion is carried out at a tenperat urePofi/tSeamod3s 30C.
The above alternative/preferred enbodi nrents may be conbined in any
conpati bl e conbination, as will be understood by those skilled in the art.
For exanple, in sone 20enbodi nents, the indanol and about 2.5-3.5

equi val ent smediurh bﬁasamfbmf&shmnﬁo&mwyrémyamdwigh fresd (HigrePérforménge Liquid | ar y

am ne base, | ami ne or N-ethyldiisopropylam ne, are m xed

t oget her té3'§$ﬁ¥§%§ Fﬁk% in a solvent of lowionic power, such as THF,

di chl oronet hane, ethyl acetate or isopropyl acetate, and in the tenperature

range of 1Q; sgrqgen%oginﬁﬂfé' ﬁﬁ&ﬁ%&%&dﬂ&%hﬁﬂﬁé&%&%@éGu&?&}m garinde, are added

in 4-8 equal portions, m nut es between each addition. In some
enbodi ment s°h'<i’ﬂ?é°%fﬁi”f¥e“$'§9 paolent systerm CRPBINBE AN GIHeRKN SUPHETEBLtEe SHSh some
enbodi ment sas dalsdnl diskde04 moBifidr such as methanol, ethanol or isopropy! alcohol in proportion

2- (oxynethyl clo t qui.nazol i.ne-4-on-6-0l. In sonme enbodi nents, the
PRI NN SRR M s R
30qui nazol i ne-4-on-6-0l. In sone enbodi nents, the indanol is

2- (- but oxy, |ﬁ%§)iﬂ¥ le)n(rbé h\%ﬁén% {)rﬂlatg@}agﬁﬁ%gomﬁ?n u?ég a conﬁllu*ous gmbtl CJ|an§0rTE

enbodi nment s ep I's puri
crystallq za&hrwtogrgnhyatemet %ugh@%mu}@ﬁd mowpgy bedwfyom@ﬁog@pp)s {SMBagat i on

i ncl ude, bU\Vari&QItor|ahgbﬁ1€|q/atr|9tlorf§ﬁ‘<hb@ﬁ'mthebﬁ%ﬁ& gRAngrddiexanes m xtures and
ethyl acetate 12/ 011939PCT/ US2011/ 001235 For exanple, in sone

enbodi ments, a cycl opentaqui nazoline of formula (Villa) is purified by
crystal | i zahisome fembotliments| Werhiral vedin 3 Seletied &0l resinsiagiudipg oot Adtdimited B,

m xtures ang, etoxl AT A Ging, but not limited to (S.S) or (R,R) Whelk-O1 resins (Regis
15  Technologies, USA), or cellulose or amylose based resins such as ChiralCel OD,
ChiralPak AD or Chiralpak IA (Daicel, Japan).

In some embodiments, chromatographic resolution comprises the use of
(S,8)-Whelk-O1 resin, preferably packed in multiple columns for use in a simulated
20  moving bed chromatographic apparatus.

In some embodiments, the solvent for elution comprises a solvent, or a mixture of
solvents selected from linear or cyclic Cs-Cg hydrocarbons, such as hexane or n-heptane,
and a lower alcohol (methanol, ethanol, isopropanol, t-butanol ); acetonitrile/lower alcohol

25 (methanol, ethanol, isopropanol, -butanol) mixtures; and dichloromethane/methyl t-butyl
ether mixtures.

In some embodiments, chromatographic resolution comprises eluting with 40%
dichloromethane/60% MTBE.

30 In some embodiments, chromatographic resolution comprises eluting with 40%
methanol/60% acetonitrile.

In some embodiments, chromatographic resolution comprises simulated moving bed
chromatography eluting with 40% methanol/60% acetonitrile on a Chiralpak AD® resin.

35 In some embodiments, chromatographic resolution comprises simulated moving bed
chromatography eluting with 40% dichloromethane, 60% methy! t-butyl ether on a (S,S)-
Whelk-O1 resin.
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5(Villa) (g) Chromatographic resolution Resolution conprises separation of
the enantioners of the product of step (f) using chiral chromatography. 10
In sonme ewbadimam3g, resol ution conprises separating a ecmmsand/oof235 or nul a
(Villa) into its enantiomers: 6S-(V11la)6R-(V1lla) 15 The product of the
previous steps in this process is racemc. The inventors have found that it
has very suitable properties for resolution by chiral chromatography on a
chiral stationary phase. Various stationary phases (also referred to here

s, ) _ | c Ceilica,
pol ;2322%#53%?*5%’P"?’%@w%f‘*%‘?%f??é?%ﬁﬁxé‘%ﬁ@“ﬁ?{f s BRuRERA ARG 0] o2
chr omat ogr agpramaiegraphyovhiereim (§. 5 Whetk-ODesinus packedrintaa plurptyoheelembsrer s may be

obt ai ned f rgyRdnb 6 he PRlcAlatePdte FadadBAB IIRLSIGAY iHS:solvBnty SBmEARINILIRARIthC
excesses, for exan&\l e 9.8% and with high chem cal purities, for exanple in

the 98- $99%theBR/Be SRt 8YSKM-of a crystallization step subsequent to the
resolution, may provide crystalline material, with good handling

h teristi hi gh, 2 |t faQr | e.>99. 8 %. H |n sone
cmbodi ment o 67 EitbedPlisratatt LB P SrvEdRER St ettt sl Urmgl o

col um chr dongg axdurensiandisaidroglueins lage of iokernal digreeteeof(adbout mampl e in a gl ass

col um apparatus), nediumpressure (flash chromatography) or high pressure

(H gh Performance Liquid Chromatography, HPLC). In sone enbodi nents,
chr omat Wyr dpPee embedinents thecgappats dsiog pigthe arpgratyy ini0fh-5e ke it ogr aphy,

using a solgieived 0eEHIERNBoMetaRE, 60% RkthoNtbutylefdPATaCdonbdrfdliorséfaibuts uch
16 g/L.
In some embodiments, loading is performed at a rate of about 35-45 mL/minute, and an
operating pressure of about 25-35 bars. ’
15 In some embodiments, elution is performed with a 40% dichloromethane, 60% methyl ¢-

butyl ether solvent mixture at a rate of about 100-250 mL/min.

In some embodiments, the desired amorphous enantiomer (6S-Vllla), from the chiral

chromatographic procedure is further purified and converted to a crystalline solid by
20  crystallization from a suitable solvent system.

In some embodiments, the solvent system for the crystallisation is selected from

isopropanol/hexanes and isopropanol/heptanes mixtures.

In some embodiments, the methods of the invention lead to an N-(cyclopentaquinazol-4-

25  on-6-yl)-N-(propargyl)aminoarylcarboxylic acid (6S-Vlila, R' = H, R' = CH,OH, R? =
propargyl, Ar = 1,4-phenylene), which contains less than 0.4% of depropargylated
material N-(cyclopentaquinazol-4-on-6-yl)-aminoarylcarboxylic acid (6S-Vllla, R'=H, R' =
CH,OH, R?=H, Ar = 1,4-phenylene.

30 R'/R" chemistry and protecting group manipulation

Further chemistry to manipulate the group at the 2-position of the cyclopentaquinazoline
product (i.e. group R"), for example to deprotect or derivatise it to the group R' desired in
the final product may be performed, if needed, at any suitable time during the synthesis,
as will be evident to a person skilled in the art.
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as carbon dioxide, a nodifier such as nethanol, ethanol or isopropyl

al cohol in proportion in the range 0 to 60% by volune, and a chiral resin.
In sonme ewbadimami3s, chromatographi c resolution uses a eomitisauews1283] t i
colum 10 chronmat ography techni que, such as simulated novi ng bed

chromat ography (SMB) or Varicol or any other variations known in the art
and a chiral resin. In sone enbodi nents, the chiral resin is selected from
resi ns i ncl Baliexgmpleyin somk eribotireetst @ prdRbatikd grohyf):mntnga:iaﬁaaf 'thecdrdndi Rigor Rlut not

limted to i hn or
cel | ul ose o'&ég%fag"rgag%asedéw %!se{nr?g&%ﬁgﬁecp'zg éfﬁl r'a é %%re rgﬁ%\“ﬁwﬁg) or
Chi r al pak | ®a¢tionicoaditionsh avhsequent siepsinghe eyfithasist s, chr omat ogr aphi c

resol ution conprises the use of (S, S)-Wel k-01 resin, preferably
packed in multiple colums for use in a sinulated 20 noving bed..

chr onat oyr alfcBeFReiMants. Ploteclinheroup BYIRRgMTEY invelye g‘éﬂ'O'@ﬁttonf%R el ution

conpri ses afofi®vedasyire-pidtediolwith dh @ltérhathel preBétmg yedupct ed from | inear or
cyclic C6-C8 hydrocarbons, such as hexane or n-heptane, and a | ower al cohol
(et hanol , ethanol, isopropanol, t-butanol ); acetonitrile/lower alcohol
25( met hanol Eoreithplel in sbmemnmpaintehts R! sty e @l grouyi oftformeds -CiaaD-PG’, where

di chl oronet B t K
chromat o rap | C i%é%?dntglgéﬁ}bc% r| se[g Jé?'?ﬁi[dJ r?tfﬁesé ﬂn&gﬁﬁdﬁ%?%%%ﬁ ltgﬁo Re/ 60%
MIBE. 300 n ewhangemaberearmied OL&WGMP%UPQEMR@"\* @§b¢ sXnithesisc torpplpertbee| ut i ng

Wi th 40% Mebhiid blofRUBRGBLOPE! With 8n akdmAREDrdtediRg grRPL S, chromat ogr aphi ¢
resol ution conprises sinulated noving bed chromat ography eluting with 40%

met hanol / 60i acetonitrile on a Chiral pak AD(r) resin. 35ln sone
enbodi nent sin sohea@mtiodpienEha berzglgobtattingyrapip rdptesd withd ltat-Bayldmethysied

chr omat ogr ag%cﬁgu%&g u%ép\ezﬁO%%&mR Aoly-ig hane, 60% nethyl t-butyl ether

on a (S,9 ONE' enbo I'ment s, chromat ogr aphi c
resol ut 1on Baemeiembodimiants. atbedzyh@tvernyoﬂsem\gcgﬂmmmt Rigs sgrtacedmih @i n

(S, S) - Wel kfe%bu[ﬁcﬁrh@th&l&lyp@tﬁgﬁgot’e&tn@ Foup éﬁeﬁh’eWcl@&n(ﬁ@téﬂ@?aan&b% of the
racemate are | oaded onto colums in a solvent system and eluted with 5

the sane sofedesionsirpem

In some embodiments, protecting group exchange comprises debenzylation of R* with
20  aluminium trichloride.

In some embodiments, protecting group exchange comprises silylation by treatment with

tert-butyldimethyisilyl chloride and imidazole.

In some embodiments, protecting group exchange comprises debenzylation of R" with

aluminium trichloride, followed by silylation with tert-butyldimethyisilyl chloride and

25 imidazole.

Protecting group removal

Optionally, after resolution, one or more deprotection steps is carried out, to remove any
remaining protecting groups and reveal the final product.

30
Conditions for the deprotection will depend on the nature of the protecting groups.
Methods for the removal of common protecting groups are known in the art, see for
example “Protective Groups in Organic Synthesis” (T. Green and P. Wuts; 4th Edition;
John Wiley and Sons, 2006).

35
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In sone enbodi nents, about 1 kg of (S, S)-Welk-01 resin is packed into
eight 10 cmlong colums and said colums are of internal dianeter of about
50 nm 10wvo 28 1ssbodi nents the racemate i s | oaded i nt @CrhiS2@pparas us i n
0.5-1.0 kg lots dissolved in 40% di chl oronet hane, 60% net hyl t-butyl ether
at a concentration of about 16 g/L. In sone enbodi nents, loading is
performed at a rate of about 35-45 mUm nute, and an operating pressure of
about 25- 35ntsamsembEJmea&nee;eabad;hrasamrpﬁseseieptdtéuﬂorh 8f pesrippiun@ df fotrilla a 40%

di chl or onet e % et - byt et he ol ven tur t arate of
albout 100- Z(S/gpr?{ﬁg' a{aneF%edsag’%e 3%%?98&‘%%{’? p'foﬁ 8&5|?%‘§(\?‘ r phous

enant i oner WieseivR] issdejecteddront yaragenr arthino e aetayloGralkhi fiporoCeaikyleor s f urt her
purified aﬂﬂfven ,%Fk IdRHQ thrS%é/rﬁtaﬁénE gﬁd ﬁPérb%s?K v%% YiSfifddal 1 zation from a

sui t abl e SO sys I ments e so vent system for the
crystal |8 sation is sel ect ed fromi sopropanol / hexanes and

| sopr opanol jh 3Rk @RdddifertsUfchiovall dt sERIIA p?df&Qiﬂg GRIUbS is difabrel R NGiAGIe Sfept he
invention lead to an N-(cycl opent aqui nazol -

250n-6-yl)-N-(propargyl)am noaryl carboxylic aci d (6SVIlla, R = H Rl =
CH20H, R2 =|npbmpaaﬁg>3bhimeﬁfs reribvédt-g betadtied gloupsiirora IR D rgraiprehd| freesthe iRan 0. 4%

of depropa at ed

N (cycl operﬁa u'f‘r?acfg]%gﬁﬁd gflf%myuﬁ (Vllr?]org 13 's ger{)og)w(mial? " %{r(':qle St(eBS- Villa, R =
H Rl =sI0CH2OH, R2 = H, Ar = 1, 4- phenyl ene 30 R7R1. chenistry and

protecti ng %QMBe%BblméhétdeBFbté:ddBﬁ BGihpris€ bstie¥t With 48N pul ate the group at

the 2- p05|t|on of the cycl opentaqui nazol i ne product (i.e. group RI), for
exanpl e to Béﬁ’ﬂ“ﬁteé‘tppd'ﬂ‘renﬁé?? geid Isssé'eicfedtf@"‘t’ﬁ@e@' B‘H?J'“RP%%"'? é‘éi‘“f n the final

product mayinkBemperibodifeets, thk a8rR8s edlectéd frén ¥trény dorfslvithtdoURtefidHsiofbw he
synthesis, as wll be evident to a person skilled in the art. 35 W)
2012/011939'?5€FPPJ§ 1/ 001235 For exanple, in sone enbodi nents, a protecting
group ftr mingomarembofiments, theaoid ieleated Irdrd sulfuyic lbeid esudfbrin geids, fperchiaric

alternati veao?; cﬁ&%ﬁéd&gro%ﬁé‘é’md which is nore conpatible with the reaction
condi tions sequent steps in the synthesis. 5l n some enbodi nents,

prot ecti ng 'QrSB’EPB egpbedigegts. thgacidisy oethanesyiewe aeidi on of R, fol |l owed by
re- protectlon vvlth an alternative protecting group. For exanple in sone
enbodi nent s ma oup. of formulg -CH2-0-PG, where PGl is a
prot ecti ng 'BrSB'ﬁ‘B Hé’ E‘F‘«?\?fso{'f 'dd%’F‘Fﬁ'@H‘?s”ﬁtﬂ"'f ﬁ‘”ég’eofg%‘ﬁﬁﬁr &Ly ot ect i ng

group 20  acetonitrile solution.

In some embodiments, the acid is commercially available 70% aqueous methanesutfonic
acid.

25  if methanesulfonic acid is used it can also serve as a solvent for the reaction.
Commercially available 70% aqueous methanesulfonic acid is considerably cheaper than

many other acids, and the presence of the water reduces any undesired exotherm.

In some embodiments, deprotection is performed at a temperature of about 5°C.

30
In some embodiments a protecting group on R and the protecting group R' are removed
in a single step from the N-(2-(protected)cyclopentaquinazol-4-on-6-

yl)aminoarylcarboxylate ester 6S-(VIlla), after resolution.
35 In some embodiments said protecting groups on R' and R’ are removed by treatment of
compound 6S-(Villa) with a strong non-nucleophilic acid, such as a sulfonic or sulfuric

acid, in a suitable organic solvent.
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10exchange may be carried out, at any convenient point in the synthesis, to
repl ace the original protecting group PGL with an alternative protecting
group. | nweane/mansedi nents a benzyl protecting group isPpceplSaciedolss h a
tert-butyldinmethylsilyl protecting group, using nethods known in the art.
151 n sone enbodi nents, a benzyl ether protecting group on IRl is repl aced
wth a tert-butyldinmethylsilyl ether protecting group after the cyclisation

step (d) ang sbabenrbolifrentsgtiecéadion BlpPfof®dd at or below RB°csoNe enbodi nent s,
protecting group exchange conprises debenzylation of RL with 20al um ni um
trichloride. In sonme enbodi nents, protecting group exchange conprises

si |yl ati on Inysomeeatbadintentsi thie streng Adrutydiedphili¢ agid s$ddyis metiapesulfeniamdd. In

| dazol e, b 0T, RNAGLERLSe i A1EFL) Bl BEOUAEKGARAF vEOTRERASR, L

debenzyl ation o alumrdiumtrichlori

tert- butdl dsamea eyhasiments trinsthanesulfeniczsidrs aka eansentration et:?q“ﬁ° LY wa@p Thenpval

Opti onal |y, inghitt&hpéra®fd id ipredérablp e ROBFEraAgPr Ot ection steps is carried
out, to renobve any remaining protecting groups and reveal the final

pr oduct Conditions for the deprotection will depend on the nature of the
pr ot ecti ng igrsompemblineatstheoeadtibeisrquensheld bypocringonto grackedddd, agd theoups ar e

(T "Green agaian siBEs SGveRERREY Sivchakatidotlai i ok gRaihasfl o0
enbodi ntht spH 8dPr fotlaveadi byrredustipn ofdbe plddpd (. eomihomtbaneaulﬁmmman@fhehor mul a
(Vi) or (ééuééta%)x oﬁﬁue%ﬁd é‘?%fs‘&@ﬁ(o% fltPé?uoRraQt@PE&naetfohrb% SBWH&EIta% aaﬂé”“' a

(VI'11) wherein IS selec fromh en, amno, d-| , oxy,
f 1 uor oCl4al ¥ying OBtPeHer&&V@e%té‘P ﬁg?‘l%wﬁe’ EWeightr ogen: and R2 and Ar are as
previously defined. 5 In sone enbodi nents, renoval of several protecting

Bt ot oot i ng. BrtBEMHP AR REPBEes T RORPPHIR BN SLe P a compound of
f or mul a1g VI yllaninmarylodrdxgl)c dcid (pegr 68Mitkd R 7 Hissiubjgtted 4 apisolalion procedure.
In some embodiments, the isolation procedure comprises pouring the reaction mixture
from the deprotection step into an excess of dilute sodium or potassium hydroxide
solution.
In some embodiments, the dilute sodium or potassmm hydroxide solution is cold e.g. at a
20 temperature of 0-5°C. A
In some embodiments, the dilute sodium or potassium hydroxide solution is provided with
an external cooling bath, such that the temperature during the addition does not rise
about about 20 °C.
In some embodiments, the dilute sodium or potassium hydroxide solution is preferably at
25  aconcentration of around 2M.
In some embodiment, the final pH of this mixture is equal to or greater than 10.

in some embodiments, the isolation procedure subsequently comprises addition of a
dilute acidto precipitate the product.

30 Insome embodiments, the dilute acid is added until the pH of the suspension is stabilized
at about pH 5.
In some embodiments, the acid is dilute methanesulfonic acid.
In some embodiments, the acid is dilute aqueous methanesulfonic acid at a concentration
of about 1M.

35 In some embodiments, addition of acid is followed by stirring, preferably until the
precipitate is granular.
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In sonme enbodi nents deprotection conprises treatnent with acid. In sone
enbodi nents the acid is selected frommneral acids and suffonic acids. In
sonme enboapreerE193bhe acid is selected from strong aci deCmiuskoiaoornseri ons
of low nucleophilicity. 151 n sonme enbodi nents, the acid is selected from
sul furic acid, sulfonic acids, perchloric acid and tetrafl ouroboric acid.
In sone enbodi nents, the acid is nethanesul fonic acid. In sone
enbodi ment sin sbine eddodimedtsN@irhgraaribn ofthe acid) tHe tediperailveudinaintairedtiethie,0-i n
20acet oni t%Lf solution. In sonme enbodinents, the acid is commercially
avai l abl e a? H%ous met hanesul foni ¢ aci d. 25I f methanesul fonic acid is
used it canlnabme egwodimeats the isolatiampro¢esiure fughereaiprisgs. colienting thei radteal by
avail abl e 7, nsi derably cheaper than
many ot her fﬁtﬁtﬁﬂ‘éﬁ@&?f e'ngg’%‘g'r? e o?Nt egr]m(}a(?%ﬁgr educes any undesired
exotherm |n some enbodiments, deprotection is performed at a tenperature

of ?bo'ltjt 5Gn ssﬂelemb%@lﬁféngnmglbg@%&)téhw (@Ww @ﬂ(&&ﬂ%yﬂa&&-msl he
rotectin ou e InN.a.s
R O o o B et BNsRea A Az e S Ao M RB TR DL SR st or

6S-(V1lla), d@f-dtecrtedersmbtbbnmn acibandhysicoxgmethgrdoistiestte givai(@iS)st,M{@ct i ng gr oups
on Rl and v r : a strong
non- nucl eogmﬂﬁ?%rﬁeqm(l} ‘?.é'ﬁ}?%45 8et%{r Eoo%)’ﬂ_gga(;ér&?‘%ﬂ%@?%zgﬁ%ﬁﬂ)N wré?hzsw tabl e
or gani c1%o|whaminommwmmg@m@wausmm/ 001235 In sone enbodi nents, the
reaction is perforned at or below 25C. In sone enbodi nents, the strong

non- nucleophlllc aC|d used is nethanesulfonlc acid. In this case, as

nment i oned aBWNRYedsyrhesls of amino-benzg €85 the solvent for the reaction. In

>, >ome, eTOog IR @Pi@%ﬂ@ﬁ%@?ﬁ bt ?30'&%?@&&618??%%?"?%3 Sl
R\N ,Ar\n/OR
H

0 xv)
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wherein R?, Ar and R’ are as defined herein.

In particular an improved synthesis of O-t-butyl 4-(N-propargylamino)benzoates, i.e.
compounds of formula (XV) where R? is propargyl and R’ is t-butyl, is provided.

20
Amines of general formula (XV) may be prepared from 4-aminobenzoate esters of general
formula H,N-Ar-CO,R’, where Ar and R’ are as previously defined.

The method for the synthesis of amines of formula (XV) preferably comprises:

25
(i) trifluoroacetylation of a 4-aminobenzoate of general formula H,N-Ar-CO;R’, to produce
a trifluoroacetamidobenzoate ester of general formula:

F3C-C(=0)-NH-Ar-CO,R’ where Ar and R’ are as previously defined;

30
(i) propargylation of said trifluoroacetamidobenzoate, to produce a (propargyl-
trifluoroacetamido)benzoate of formula:
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In sone enbodi nents, the reaction is quenched by pouring onto cracked ice,
and the resultant slurry is converted to a solution by basification (e.g.

wi th sodiwozhizdnossdvde) to 10pH 8-10, followed by reductipom/uskotttioe12piH to 5
(e.g. with nmethanesul fonic acid) and then collection of the solid e.g. by
suction filtration, after conpletion of a slow precipitation, and drying of
the final product e.g. to 1-3% water by weight. In sone enbodi nents,

gl obal |y deprotected (cyclopentaquinazol-4-on-6- 15yl ) am noaryl car boxylic
acid (e.g. 68Vl JAa,oRl = is subjected to an isolation procedure. In

sonme enbodi nt 'ﬂﬂe |solat|on procedure conprises pouring the reaction
m xture fro c:(g@protectlon step into an excess of dilute sodium or
pot assi um h drOX|dé solfuti on. In some enbodi ments, the dilute sodi um

or potassium hydroxide solution is cold e.g. at a 20 tenperature of 0-5C.

I n sonme enbeirerBhisprofangy! end At andsRidhrelas previpadiyndafinadnamddr oxi de sol ution is
provided with an external cooling bath, such that the tenperature during
the addition does not rise about about 20 C. I n sone enbodi nents, the
di | ut e sodi(xhysirolyis efdhe piedvst @f Bp (B /2 stuteigive thesdgsired aminiel of fagmulas g
concentration of around 2M In sonme enbodinent, the final pH of this
mxture is equal to or greater than 10. In some embodi ments, the isolation
pr ocedur e s% Ry conprises addition of a dilute aci dt o precipitate

t he product | njf sone enbodi nents, the dilute acid is added until the pH
of the suspension%is ¢X¥pilized at about pH 5. In sone enbodi nents, the
acid is dilute nethanesulfonic acid. In some enbodi nents, the acid is

di | ute aqueous nethanesulfonlc acid at a concentration of about 1M 35In
some enbodiwhene B’ isenargybancdAr angi Rl aresas pevipvidvidefipedt i rring, preferably
until the precipitate is granular. WO 2012/ 011939PCT/ US2011/001235

10 In some embodiments, step (i) comprises treatment of the 4-aminobenzoate with

trifluoroacetic acid anhydride in pyridine.

In some embodiments, step (ii) comprises dissolution of said trifluoroacetamido-benzoate
in a dipolar aprotic solvent, and treatment with a propargyl electrophile and an appropriate
15 inorganic base
In some embodiments, the dipolar aprotic solvent is selected from e.g. DMF, DMA and
NMP.
In some embodiments, the propargyl electrophile is selected from propargyl! chloride,
propargyl bromide and propargyl mesylate.
20 In some embodiments, the inorganic base is selected from sodium carbonate, potassium
carbonate, and caesium carbonate.

In some embodiments, step (ii) comprises dissolution of said trifluoroacetamido-benzoate
in DMF, and treatment with propargyl bromide and potassium carbonate.

25 In some embodiments, in step (ii), the reaction is carried out at room temperature.
In some embodiments, in step (ii), the reaction is carried out at a temperature of about 35-
45°C.
In some embodiments, in step (ii), the reaction is carried out for about 24 hours.
In some embodiments, in step (ii), 2 equivalents of propargyl bromide are used.

30 In some embodiments, in step (ii), the reaction is carried out with at least two equivalents
of potassium carbonate.
In some embodiments, in step (ii), propargylation is monitored by an in process control.
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In sonme enbodi nents, during addition of the acid, the tenperature is

mai ntained in the 0- 5 C range. In sone enbodi nents the isolation procedure

further cwopnizas3gol | ecting the material by filtrati onprPar/usestiodfegati on,

washing with water, and drying. 5 In some enbodi ments, resolved 2-protected
(6S)-4, NMd(2-(oxynet hyl)-4-o0x0-3,4,7, 8-

t et rahydr o- 3H cycl opent a[ g] qui nazol i n-6-y1) - N-(prop-2-ynyl)am no) benzoat e
est er? a; e |1depmelefbbaitheatd, Whén Sreadesofadtaisiamtamonntexy srploydd, wateeis es t o
give (6S)-4 o

(hydr oxymet §%° thg fepctionymixtyse ?fé?rrpé?ﬂ%qybat'gﬁscsyg B iebe areast B RITPIR 6- y1) - N
- (prop-2- lfyanihpeacessoddmroizoi ¢ acid in good yield and purity. | nproved
synthes' s oh sBHLRALBEREAR! St A & 4df wﬁQiFri?\\é'léjé‘d?:tlhée&BrééWFaPN&Qs gEbhad for

t he synt hesi's am nes of general 1111 wherein
R2, Ar ahd Empgraturgdintidn pweeﬁsrf@r\@?lﬁshcrw\thahﬁh?.trélup@m%tﬁmldﬁﬁ t8¥nt hesi s of
0- t butyl 4nahbiypegpar gyl am no) benzoates, i.e. conpounds of formula (XV)
where R2 is propargyl and R is t-butyl, is provided. Am nes of general
formula (XV) may be prepared from 4-am nobenzoate esters of general fornula
H2N- Ar - CO2RCompduatie Ar and R are as previously defined. The nmethod for the
synthesis of amnes of fornmula (XV) preferably conprises: (i)

trifluor oatheynraseinbinverﬂioa prbviges metieds end internediates ferithe synthesig oF2N- Ar - CO2R

to prod t n
Foch o i © \ckpbripdifiRBRE B AARRTEARNE SBimets, 1Mol folcd: )

pr opar gyl at methoq)?ar@antamqq'atw@f Hhacurthesisefirfim neeyclppelglguipazolne
(propar gyl tédnfdoumd.oacet am do) benzoate of formula: WO
2012/ 011939PCT/ US2011/ 001235 - 2 1;t, ,ArOR

In some embodiments, the invention provides methods for the synthesis of a

15  cyclopentaquinazoline compound of general formula (VIII):

(Vi

wherein R', R?, Ar and R’ are as defined herein.
20
In some embodiments, an amino-cyclopentaquinazoline obtainable using the processes
of the invention is an anti-cancer compound of general formula (I):
R% 3
e
HN 0
R‘J\\N
()
wherein R', R?, Ar and R® are as defined herein.

31



N 0O O CF3 where R2 is propargyl and Ar and R are as previously
defined; and (iii) hydrolysis of the product of step (iii) in situ to give
t he desi rwoarinm3ef formula: 5 R2 r-11 (XV) where R2 i 2Cpruspangyiz3and Ar
and R are as previously defined. 10l n sone enbodi nents, step (i) conprises
treatnment of the 4-am nobenzoate with trifluoroacetic acid anhydride in
pyri di ne. In sone enbodi nents, step (ii) conprises dissolution of said
trifluoroacetam do-benzoate in a dipolar aprotic solvent, and treatnent
with a propargyl. el T ophile an n ropriate 15 ' sone
enbod nont o e EEEEBRS AR ik RRaRe L Eodah ik 8Rb e Bafasdh T2
NMP. | n sonef tesripeetitine istascompeangyplfpamudy (Vikl ect rophil e is sel ected from
propargyl chloride, propargyl brom de and propargyl nesylate. 20l n sone
enbodi nents, the inorganic base is selected from sodi um carbonate,

pot assi um carb ate,'ﬁﬂdA aeli urrcarbonate. In sone enbodinents, step (ii)
conprises dissqgjution pof s idYXrifluoroacetam do-benzoate in DMVF, and
treatment wH | bPoni%e"and pot assi um carbonate. 25In sone

enbodi nent s 4 i), the reaction is carried out at room tenperature.
In sonme enbodi ments, in step (ii), the reaction is carried out at a

t enper ature of abd{t 35- 45C. In sone enbodinents, in step (ii), the
reaction is carried out for about 24 hours.

wherein R', R?, Ar and R* are as defined herein.

Groups R', R>, Ar, R’ and R®

10 In the compounds of formula (1), (II), (V1), (VII), and (VIN) the groups R, R?, Ar, R’, and R®

are as defined herein.

The groups R', R?, Ar, R, R®, R¥, A, A%, A3 A%, A, Y', Y2, Y3, Y*, Y°, and R are defined
herein as independent variables. As will be recognised by those skilled in the art, any

15 compatible combination of these groups and substituents may be utilised in the
compounds, methods and compositions of the present invention.

All compatible combinations of these and other defined variables are specifically
embraced by the present invention, and are disclosed herein as if each and every

20 combination were individually and explicitly recited.

R1
R'is independently selected from hydrogen, amino, C,.,alkyl, C,4alkoxy, fluoroC,4alkyl,
hydroxyC,4alkyl, or protected hydroxyC,_4alkyl.

25
In some embodiments, R is independently selected from Cialkyl, fluoroC, 4alkyl,
hydroxyC,4alkyl, or protected hydroxyC,_4alkyl.

In some embodiments R is selected from optionally protected hydroxyC,_salkyl.
30 In some embodiments R' is hydroxymethyl or protected hydroxymethyl.

R
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In sonme enbodi ments, in step (ii), 2 equivalents of propargyl brom de are
used. 30l n sone enbodinents, in step (ii), the reaction is carried out with
at | east wooequissal ents of potassi um carbonate. |n sompCErdsedilmenss, in
step (ii), propargylation is nonitored by an in process control. WO

2012/ 011939PCT/ US2011/ 001235 I n sone enbodi nents, when an excess of

pot assi um carbonate is enployed, water is added to the reaction m xture

af ter proparyy lirepéridehtty sdeatgd ftodn bﬁir@genl €agikyDB8%atkeniy| eialkbyyl.aydiory050CeSS

control. e ment Eer water is added, stirring is continued
f or severaVaQSE&gq%4an°r éﬁgﬁg ure, until in process controls show that

the trifluoroacetamde is conpletely hydrolyzed. Conpounds The present

i nvention %%@%ﬁbgemﬂgsRa@gnde%ﬁaéwgé}é n%difr&ﬁ c&%ﬁ%aﬁeﬂ p of 10

cycl opent aqui nazol i ne conpoun In sone e ments,” the |nvent|on
provi des m@mmgnvéMdrpnx%m%ﬂ1 halls«lkY! apdheyapphi4aiyl s of a

6-anino-cyc|openta[g]qU|nazol|ne conpound. In sone enbodi nents, the

i nvention prOV|des 0 f .a cl openta azol i ne
conpound. of NGEMEANISORETERT B GIePFodeih - ke iC- Ay ohor GHRIOG s as
defi ned herlmsnme%ﬁmbbdumtseRérstmtépammmy Casnllgnyino- cycl opent aqui nazol i ne

obt ai nabl e %bmg em?ﬁlﬁ{eﬂ&eﬁsgﬁn&peﬁ&%ﬂy B%Sgrtghon IS an anti-cancer conpound
of gener al or
10
Ar
Ar is independently selected from Cs 5 arylene, optionally substituted on the ring with one
or two substituents selected from halogeno, hydroxy, amino, nitro, cyano, trifluoromethyl,
Ci4alkyl and C,4alkoxy.
15
In some embodiments, Ar is independently selected from phenylene, thiophenediyl,
thiazolediyl, pyridinediyl or pyrimidinediyl, which may optionally bear one or two
substituents selected from the group consisting of halogeno, hydroxy, amino, nitro, cyano,
trifluoromethyl, C,4alkyl and C,4alkoxy.
20
In some embodiments, Ar is phenylene optionally substituted on the ring with one or two
substituents selected from halogeno, nitro, C,4alkyl and C;.4alkoxy.
In some embodiments, Ar is unsubstituted phenylene.

25 RlandR®
R? is a group of formula -NHCH(CO,R”)-A’-Y" wherein A' is C,salkylene, R” is hydrogen
or a protecting group, and Y' is carboxy or a protected form thereof (i.e. -CO,R"), tetrazol-
5-yl, N-[C4alkylsulfonyl]lcarbamoyl, N-(phenylsulfonyl)carbamoyl, tetrazol-5-yithio,
tetrazol-5-ylsulfinyl or tetrazol-5-ylsulfonyl, wherein said N-(phenylsulfonyl)carbamoyl

30 group may optionally bear one or two substituents on the phenyl ring selected from
halogeno, nitro, Cy_salkyl and C,_salkoxy, or Y' is a group of the formula
-CONH-CH(CO,R")-A%-Y? wherein the a-amino acid carbon atom has the D-configuration,
AZis Cysalkylene and Y? is carboxy or a protected form thereof (i.e. -CO,R"), or tetrazol-
5-yl, wherein R” is hydrogen or a protecting group,

35 orR¥is a N-linked naturally-occurring amino acid selected from the group consisting of L-
alanine, L-leucine, L-isoleucine, L-valine and L-phenylalanine or a suitable carboxy-
protected form thereof,
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RR,A, .EE3ONr-u)rr%o0 (1) wherein Rl, R2, Ar and R3 are as defined
herein. In further enbodi nents, an am no-cycl opent aqui nazol i ne obt ai nabl e
usi ng t hewpnorsasss of the invention is a conpound of f@®cwES201GW01235 H Ar YN
YR3. 0 002H 5(VI) wherein Rl, R2, Ar and R3. are as defined herein. G oups
Rl, R2, Ar, R, and R3 10In the conpounds of formula (1), (Il1), (M),
(Vi1), and (M11) the groups R, R2, Ar, R, and R3 are as defined herein.
;';ge grgUpRZ #R3 i#zﬁgroﬁbﬁf tRe foriRala -_RSI-JV-‘N \»éh%n AA&_,Cy_&éikyléWB arwl\_’3| i?/BI?)enyB, Y Y4, |

, an re defined herein as independent yariables. e recogni se
by those sk‘f‘"l“qé'aa}' ﬂ&loﬁﬁ"y ,'°%§>”°1%@5W&?Pf’%\¥ “tsoﬁ%qcf?gtf'f%sghWSTQr?“ﬁ’ese gr oups
and subst i t ecomsistingaihalbbgend, hydrexggaminot hitro, cyano, triflucromethyl, C,alkyt and

Ci4alkoxy.

In some embodiments, R® is a group of formula -NHCH(CO,R”)-A"-Y" wherein A' is
C,salkylene, R” is hydrogen or a protecting group, and Y’ is carboxy or a protected form
thereof (i.e. -CO.R"), tetrazol-5-yl, N-[C, salkylsulfonyl]jcarbamoyl,
N-(phenyisulfonyl)carbamoyl, tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or tetrazol-5-ylsulfonyl,
10  wherein said N-(phenylsulfonyl)carbamoyl group may optionally bear one or two
substituents on the phenyl ring selected from halogeno, nitro, C,4alkyl and C,4alkoxy, or
Y' is a group of the formula -CONH-CH(CO,R”)-A%-Y? wherein the a-amino acid carbon
atom has the D-configuration, A% is C,.¢alkylene and Y? is carboxy or a protected form
thereof (i.e. -CO,R”), or tetrazol-5-yl, wherein R” is hydrogen or a protecting group.
15
A' is independently C,salkylene.
In some embodiments, A’ is independently selected from:
-CH,-;
-CH,CH -
20 -CH,.CH,CH,- -
-CH,CH,CH,CH,-;
-CH,CH,CH,CH,CH_~;
-CH,CH,CH,CH-CH,CH.,.

25 In some embodiments, A’ is independently propylene (-CH,CH,CH,-).

Y' is carboxy or a protected form thereof (i.e. -CO,R”), tetrazol-5-yl,
N-[C,alkylsulfonyllcarbamoyl, N-(phenylsulfonyl)carbamoyl, tetrazol-5-ylthio, tetrazol-5-
ylsulfinyl or tetrazol-5-ylsulfonyl, wherein said N-(phenylsulfonyl)carbamoyl group may

30 optionally bear one or two substituents on the phenyl ring selected from halogeno, nitro,
Ci4alkyl and C,_alkoxy or Y' is a group of the formula -CONH-CH(CO,R”)-A%-Y? wherein
the o-amino acid carbon atom has the D-configuration, A? is C,salkylene and Y? is
carboxy or a protected form thereof (i.e. -CO,R"), or tetrazol-5-yl, wherein R” is hydrogen
or protecting group.

35

34



conpounds, nethods and conpositions of the present invention. Al
conpati bl e conbi nati ons of these and other defined variables are

speci fi cavbypoembiseed by the present invention, and arePdirdamsbagmdi2Berei n as
if each and every 20conbi nation were individually and explicitly recited.
R1 Rl is independently selected from hydrogen, am no, Cl.4al kyl,

Cl _sal koxy, fluoroCl 4al kyl, hydroxyCl4al kyl, or protected

hydr oxyd aleKMbemZﬁdnhién&QW&sﬁH& éhdaaw earbcb?a/ or & pralE@EEREe tdraof gied. #Ciked from
Cl4al kyl , o) dr OXy prot ect ed hydroxyCl4al kyl .

In some enb i "i'ih%%?%e@t 8’9 ?%ngmupfjnal ly protected
hydr oxy Cl4ahlsgine eB{bodlmeetsn’é’ismmedemmmI)scamoxye‘. -GQetl).oxynet hyl or protected
hydroxynet hyl . R2 WD 2012/ 011939PCT/ US2011/ 001235 R2 i s independently

sel ected from hydrogen, O 4alkyl, Ca 4al kenyl, Cadal k\ép.%'!’ 2ﬁédr oxy- C2-
4al kyl , Sal 9Eemagmbpgimentsc Y his @EIroup:0lys formula -GANKEHECOR I Y8 hereimtre s

i ndependent (pr=Yors I I N4 S 4+l
hydr oxyC24a (Il‘ég)l%) aﬁgl%%()fna%ga&ﬁg débf%nﬁg@éﬁ&f@ %.rtxﬁ?llkygone enﬁﬂ?érrg%?sor R2 is

i ndependent?d 9’°t§St$§If<R'€h‘9P’e°tée4§9@ﬁ3ﬂr tet@lzo'cf’yﬁﬁ’éﬂﬂe'ﬂgl"k%/’l'yd’qgr?"%?re

enbodi ment sprofBatinggréupdependent |y C3_4al kynyl . I n sone enbodi nents, R2 is
i ndependently propargyl. Ar Ar is independently selected from C5_20
arylene, optionally substituted on the ring with one or two substituents
sel ect eth f r &% nabpeyenatly Giydikgens. ani no, nitro, cyano, trifluoronethyl,

Cmal kyl and GL4al ﬁ%’&l’s ehid ﬁﬂ?‘?""%ﬁpazof@ﬂé@‘i‘eﬁ orh:S 1 ndependently sel ected

from phenyl ene, enedl y pyri di nediyl or

pyri m di ned1C)Hz, Whl ch may optionally bear one or two substituents sel ected
fromthe gr¢ ﬁon3| sting of hal ogeno, hydroxy, am no, nitro, cyano,
trifluoromet F’ 2Cl4al kyl and Cl4al koxy. In sone enbodi nents, Ar is

phenyl ene Ortm—ionéttl-iy -substituted on the ring with one or two substituents

sel ect ed f r om’haf o eno nitro, Cl4al kyl and Cl 4al koxy.
-CH,CH,C

-CHZCH2CHZCH2CH2-;
-CH,CH,CH,CH_-CH,CH,.
In some embodiments, A? is independently propylene (-CH,CH,CH.-).

20 Y?is independently carboxy or a protected form thereof (i.e. -CO,R”), or tetrazol-5-yl.

In some embodiments, Y2 is independently carboxy or a protected form thereof
(i.e. Y2 is -CO,R”, wherein R” is hydrogen or a protecting group).
In some embodiments, Y? is independently carboxy (-CO;H).
25
R

In some embodiments, R is independently a group of formula -NHCH(CO,R")R®.

R” is hydrogen or a protecting group, as defined above.

30
RY is a group of formula: -A°>-CON(R)CH(Y*)Y® in which A® is a C, alkylene group; R is
hydrogen, C,4alkyl, C54 alkenyl or Cssalkynyl; Y* is carboxy or a protected form thereof
(i.e. -CO2R"), tetrazol-5-yl, N-(C,_4alkylsulfonyl)carbamoyl, N-(phenylsulfonyl)carbamoyl
which may optionally bear one or two substituents on the phenyl ring selected from

35 halogeno, nitro, C,,alkyl and Cqalkoxy, tetrazol-5-ylthio, tetrazol-5-ylsulfiny! or tetrazol-5-
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In sonme enbodi ments, Ar is unsubstituted phenylene. 25 R3 and R3' R3 is a
group of fornula - NHCH(CO2R') - AL-Y1 wherein Al is Cl _6al kylene, R' is
hydr ogen wo 2a1zarod3ect i ng group, and Y1 is carboxy or a pcotuseti@dof2es m
thereof (i.e. -CO2R'), tetrazol 5-yl, N4ACl4al kyl sul fonyl ] car banoyl ,

N- ( phenyl sul f onyl ) car banoyl, tetrazol-5-ylthio, tetrazol-5-ylsulflnyl or
tetrazol -5-yl sul fonyl, wherein said N (phenyl sul fonyl)carbanoyl 30 group

][Tay OEt : ona}léarfomaerndonﬁes e sTdWéhﬁH beh h%tg%:ﬂ Sc&ﬁlrfghﬁhl &diy br 4 grogp 6Rthect ed
rom hal o - a 0]
Formil s - CCRAHCBLBRAY e Al s FS1RE 50 Kyl Se APHUFFLRe SiftRas ¢ he

D-confi guratl on, A2 is Cl1_6al kyl ene and Y2 is carboxy or a protected form

t her eof (i m%%@lanﬂy%éﬁ% ol 5-yl, wherein R' is hydrogen or a

protecting gr oup, I i nked natural l y-occurring am no acid

sel ected f rb@mﬁ@"@pémnﬁoﬁsismdeng\dﬁhﬂy_se'%tmqm L- I euci ne, L-isol eucine,
L-val i ne angyl-phenyl al anine or a suitabl e carboxyprotected formthereof,

or R3is a grdup of the forrmula -NH A3-Y3 wherein A3 is Cl_3al kyl ene and Y3
i s phenyl w@HBHpay optional |y bear one, two or three substituents sel ected
fromthe gr ﬁo%il sting of hal ogeno, hydroxy, am no, nitro, cyano,

trifl uororre'(tzﬁ'gp 22al kyl and Cl4al koxy. 5 In sonme enbodi nents, R3 is a
group of forgwbg ciNdEH( CO2R") - Al1- Yiwherein Al is Cl.6al kylene, R' is

hydr ogen or a’prdtécting group, and Y1 is carboxy or a protected form

t her eof 1qi . €H,CBEHRCH Cldet r azol - 5-yl, N4CL_4al kyl sul f onyl ] car banoyl ,

N-(phenylsuﬁf I tetrazol 5-ylthio, tetrazol - 5y|su|finy| or
tetrazol F?%%FP%MV\Aerel n said N (phenyl sul fonyl)carbamoyl group

nay opt i onainlspmeeaibodiren®; At iwondepesdentiygop e (-CHEHBENY! ring sel ected
from hal ogeno, nitro, Cl_4al kyl and Cl4al koxy, or" Y i a group of the
formul a - CONH- CH(CO2R") - A2- Y2 wherein the a-amino acid carbon atom has the

D-confi gUI’aIQI|§]-Ii'y,drd§3nl@14Qiﬂ6@44l@{ﬂeﬁ?%r@_§blmwl S car boxy or a protected form
t her eof 41 e. -CA2R"), or tetrazol-5-yl, wherein R" is hydrogen or a

pr ot ect] g group. 15 Al is independently Cl_6al kyl ene. I n sonme enbodi nents,
Al i s i ndeparsdmetembogieientst Bds hydosgen ofB25 alkylCH2CH2-; 20 -CH2 CH2 CH2' -. -

- CH2CH2CH2 qﬁ'%‘ofne embodiments, R is hydrogen.

Y* is carboxy or a protected form thereof (i.e. -CO,R"), tetrazol-5-yl, N-(C.

20 salkylsulfonyl)carbamoyl, N-(phenylsulfonyl)carbamoyl which may optionally bear one or
two substituents on the phenyl ring selected from halogeno, nitro, C,4alkyl and C,_alkoxy,
tetrazol-5-ylthio, tetrazol-5-ylsulfiny! or tetrazol-5-ylsulfonyl.

In some embodiments, Y* is carboxy or a protected form thereof (i.e. Y*is -CO,R",
25 wherein R” is hydrogen or a protecting group).
In some embodiments, Y* is carboxy (-CO,H).

Y? is the side chain of a naturally occurring amino acid or a group of the formula: -A*-
CO,R” in which A is C, alkylene and R” is hydrogen or a protecting group.

30
In some embodiments, Y° is the side chain of a naturally occurring amino acid.
In some embodiments, Y® is a group of the formula: -A*-CO,R” in which A% is C, alkylene
and R” is hydrogen or a protecting group.

35 A'is independently C,salkylene.
In some embodiments, A is independently selected from:
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- CH2CH2CH2CH2CH2- ; - CH2CH2CH2CH2- CH2CH2. 251 n sone enbodi nents, Al is

i ndependently propyl ene (-CH2CH2CH2-). Y1 is carboxy or a protected form
t her eof (WOe012@CBR'), tetrazol-5-yl, NACl4al kyl sul f onylPrTarsbamoyi23s

N- ( phenyl sul f onyl ) car banoyl, tetrazol-5-ylthio, tetrazol-5- ylsulfinyl or
tetrazol -5-yl sul fonyl, wherein said N (phenyl sul fonyl)carbanoyl group may
30optionally bear one or two substituents on the phenyl ring selected from
hal ogeno, nigH o, C _aal kyl and O ,tal koxy or Y1 is a group of the fornula
- CONH- CI—I(CozR'2 -A2-Y2 wherein the a-amino acid carbon atom has the

D- confi gur af@Hgwt,“A2 is Cl1_6al kyl ene and Y2 is carboxy or a protected form
thereof (i. o "), or tetrazol-5-yl, wherein R' is hydrogen or
protecting or etp2 38 WO 2012/ 011939PCT/ US2011/ 001235 I n some enbodi ment s,
Y1l is mdep@ﬂdentctl-ycaa{ boxy or a protected formthereof (i.e. Y is -

CO2R', whereif drogen or protecting group). In sone enbodi nents, Yl
i's mdepfénd’@r'ib@?:%pb'@& N,(-CO2H). 5 In sone enbodinents, Y1 is a group of
the forml a=CEN gg;ﬁzp,l A2-Y2 wherein the a-am no acid carbon atom has
the D-confi gurzat?or? ks 1. 6al kyl ene and Y2 is car boxy or a protected

form t her eoh s@meembodliﬁ%ﬁt&)Ahs ifdeperateotly &hyléne (#DI#/GH ¥). R' i s hydrogen or a
protecting group. 10A2 is independently Cl_6al ky ene. In sonme enbodi ment s,
A2 is independently selected from -CH2CH2-; -CH2CH2CH2-; - 15

- CH2 CH2 CH2 GhiZ oine efitid Gim2aid2RHRG-itoup of%ﬁ}{ﬂida?CI-IZCl-IZ- CH2CH2* I n sone

enbodi Rt 5.c»€€Hi&=bjm$a$(%‘iﬂ}é%cﬂ&@ﬁ}édiﬂe (- CH2CH2CH2-) .

rR
R’ is hydrogen, or a protecting group.

15 In some embodiments, R’ is hydrogen.

in some embodiments, R’ is a protecting group.
In some embodiments, R’ is a protecting group independently selected from C,4 alkyl,
benzyl or allyl.

20 In some embodiments, R’ is a C,4 alkyl protecting group.

&!:
Each R” is independently hydrogen or a protecting group.

25 In some embodiments, R” is hydrogen.

In some embodiments, R” is a protecting group.
In some embodiments, R” is a protecting group independently selected from C, 4 alkyl,
benzyl, allyl, or a silyl protecting group.
30
In some embodiments, R” is a silyl protecting group.

Various silyl protecting groups are known in the art (see, for example “Protective Groups

in Organic Synthesis” 3™ Edn. TW. Greene and PGM Wuts Wiley New York, 1999).
35
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20Y2 is independently carboxy or a protected formthereof (i.e. -CO2R'), or
tetrazol -5-yl. In sone enbodinents, Y2 is independently carboxy or a

prot ect edwbanmwiiispeof (i.e. Y2 is -COR2R', wherein R' i eCyde@gmeni2es a
protecting group). In some enbodi ments, Y2 is independently carboxy
(-CO2H). 25 R3. In sone enbodinents, R3 is independently a group of fornula
-NHCH(CO2R')R3'. R' is hydrogen or a protecting group, as defined above. 30

R3. is a greuwemefenfrbment, R &2 siHMrdt:tnG Yroupindeperdting sédecté$rgm CL. 6

al kyl ene group; R i d n, . . 4.a L. OF | kynyl; Y4 is
car boxy or t&"’%F“HEM?’&W‘PE}?’%%%&%ﬁ@}%“tngwsﬁﬁ?é?mﬁ | -5-yi,

N- ( Cl4al ky| pheinfidimethyisilylisBirhNe.), Kb(iykighyhsilyF (631 BulPbAorisisuprbpyidily I SiRBY
optionally bear one or two substituents on the phenyl ring selected from
35hal ogeno, nitro, Cl4al kyl and C _aal koxy, tetrazol -5-ylthio,

tetrazol? 5- ‘y\ISS?G'IemeWriimﬂtsﬁ BY iser@i+3kyl pratectiun @rord-1939PCT/ US2011/ 001235

yl sul fonyl | |naBfhe Embodinidhts, RY ii%e@&ﬁe'd'?ro‘ﬁ%c m@th?ﬂ&tﬁ&lal-ﬂrbfpﬁ%%b |%u@i“/JBQ%ﬁC' d or
a group of the fornula: -A4-CO2R -6 al kyl ene "and

hydr ogen orsﬁu%ra(?f’é‘ctﬂtﬂg group. A5 |s |ndependently Cl_6al kyl ene. 51 n sone
enbodi nents, A5 is independently selected from -CH2CH2-; -CH2CH2CH2-: -

- CI—|ZCI—|ZCI—|2qI—|Sohne L0 G Zecrﬂ—|s’2&|,—||2s -b%%;'['z" _ CH2CH2CH2CH2- CHRCHR .

10
Certain preferred compounds
In some embodiments, a compound obtainable using the processes of the invention is a
6-amino-cyclopenta[g]quinazoline as disclosed in WO 94/11354, WO 95/30673, or WO
03/020748.

15

In some embodiments, the compound is a cyclopentaquinazoline compound of general

formula (VII) as defined above wherein R is hydrogen, amino, C;alkyl, C,alkoxy,

fluoroC,_4alkyl, hydroxyC, salkyl, or protected hydroxyC,_alkyl; R? is C;4alkenyl

Cs4alkynyl, or cyanoC,4alkyl; Ar is phenylene optionally substituted on the ring with one
20 ortwo substituents selected from halogeno, nitro, C,4alky! and C,4alkoxy; and R’ is

hydrogen, or a protecting group selected from C,4 alkyl, benzyl or allyl.

In some embodiments, the compound is a cyclopentaquinazoline compounds of general
formula (VIIl) as defined above wherein R is C,_alkyl, fluoroC,_4alkyl, hydroxyC,.alkyl, or

25 protected hydroxyC,alkyl; R? is C;4alkenyl Cssalkynyl, or cyanoC,_alkyl; Ar is phenylene
optionally substituted on the ring with one or two substituents selected from halogeno,
nitro, Ci4alkyl and Ci4alkoxy; and R’ is hydrogen, or a C,4 alkyl protecting group.

In some embodiments, the compound is a cyclopentaquinazoline compounds of general

30 formula (Vill) as defined above wherein R* is hydroxymethyl or protected hydroxymethyl;
R? is Csalkynyl; Ar is unsubstituted phenylene; and R’ is hydrogen, or a t-butyl protecting
group.

In some embodiments, a compound obtainable by the methods of the invention is 4-(N-(2-

35 (hydroxymethyl)-4-ox0-3,4,7,8-tetrahydro-3H-cyclo-penta[glquinazolin-6-yl)-N-(prop-2-
ynyl)amino]benzoic acid.
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In sonme enbodi ments, A5 is independently propylene (-CH2ZCH2CH2-). R is

hydr ogen, Cl_4al kyl, C3_4 al kenyl or C3_4al kynyl. 15 In sonme enbodi nents, R
i s hydr ogwo 2012/021934 al kyl. I n some enbodi nents, R is hy@#Ccogmsno11¥d1235
carboxy or a protected formthereof (i.e. -CR2R'), tetrazol-5-yl, N (C1.
204al kyl sul f onyl ) car banoyl , N-(phenyl sul f onyl ) car banoyl whi ch may
optionally bear one or two substituents on the phenyl ring selected from
hal ogeno, nitro Cl. . 4al kyl and Cl4al koxy, tetrazol -5- yIthi o,

tetrazol - | su or tetrazol n so nts,
Va | car bdbyoDP SmBpBRI RGN SrEPate oY Meunetyops o tilpidiEn SNAGIEET
i's hydr oger[Ne((GS:)-aehydtowmetrhgl-“goxw:p)t 7 ,8-tetrainae-@fkoydl- pmta[g]qumazolls-ﬁe)d) Koxy
(-C2H). Y5 is 4he,si of noaC|dora
group of th‘@“ﬁpé f) m%%l&%nﬁz I&aﬁx&h— ﬂbﬂﬁ] é:C?dgfm)gg qal ylene and R' is
hydrogen or a protecting group. 30 In sone e bodP et sy Y5 I's the side
chain of a naturally occurring am no- /ae\d oe enbodi nents, Y5 is a
group of the formula: -A4- CO2R' Q n whi ciN-7%, i # Cl{ﬁI | kyl ene and R' is
hydrogen or a protecting gr OLWT M s i ndependent | y Cl. 6al kyl ene. In sone
enmbodi nents, A4 is |ndependen @@a from -CH2CH2-; -CH2CH2CH2-; -
-CHZCHZCHZCHZ- 5 - CH2CH2CH > H

0]
HO,C™
ONX-0801
5 CO,H
The present invention also provides certain compounds, useful as intermediates in the
synthesis of cyclopentaquinazolines via the methods of the invention, and methods for
their preparation.
10

These compounds may include the following:

5-(t-butoxyacetamido)-6-bromoindan-1-one;
5-(benzyloxyacetamido)-6-cyanoindan-1-one;

15  5-(t-butoxyacetamido)-6-cyanoindan-1-one;
6-aminocarbonyl-5-(benzyloxyacetamido)indan-1-one;
6-aminocarbonyl-5-(t-butoxyacetamido)indan-1-one;
2-(benzylyoxymethyl)-4,6-dioxo-3,4,7,8-tetrahydro-3H-cyclopenta[glquinazoline;
2-(hydroxymethyl)-4,6-dioxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazoline;

20 2-(t-butoxymethyl)-4,6-dioxo-3,4,7,8-tetrahydro-3H-cyclopentajg]quinazoline;
2-(t-butyldimethylsiloxymethyl)-4,6-dioxo-3,4,7,8-tetrahydro-3H-cyclopentalg]lquinazoline;
(R,S)-2-(t-butyldimethylsiloxymethyl)-6-hydroxy-4- oxo-3,4,7,8-tetrahydro-3H-
cyclopenta[g]quinazoline;

(R)-2-(t-butyldimethylsiloxymethyl)-6-hydroxy-4- oxo-3,4,7,8-tetrahydro-3H-

25 cyclopenta[g]quinazoline;

(S)-2-(t-butyldimethylsiloxymethyl)-6-hydroxy-4- oxo-3,4,7,8-tetrahydro-3H-
cyclopenta[g]quinazoline;

(R,S)-2-(t-butoxymethyl)-6-hydroxy-4- oxo-3,4,7,8-tetrahydro-3H-
cyclopenta[glquinazoline;

30 (R)-2-(t-butoxymethyl)-6-hydroxy-4- oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazoline;
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- CH2CH2CH2CH2- CH2CH2. I n sone enbodi nents, A4 is independently ethyl ene

(- CH2CHz-) . In sone enbodi nents, R3'" is a group of formula: 10

- CH2CH2 C(wO2biieH{Be2 H) CH2CH2CH2CO2H R R i's hydrogen, @®cTaispeioerss ng
group. 151 n sone enbodi nents, R is hydrogen. In sonme enbodinments, R is a
protecting group. In some enbodiments, R is a protecting group

I ndependently selected fromCl_4 al kyI benzyl or allyl. 20In sone

errgodl m;nt S(S)-El(t b@o@meml)@mw}oxw%ms um-@frgmro-ﬁi-/c na[g]mgnazollne t- i

I ndependent 18] e tln up; Iments, R' Is
hydr ogen. tf'I’Y‘g Mrf@&‘&%’é‘ﬁ’( ime &g}yﬁ é‘BPZ%’?‘bI’% t8‘{ﬁq‘?’dl i

enbodi nent sqycllabenta{g}aupazﬂua@tylm(gomaﬁynylmmehdmoaley sel ected f rom Cl4

al kyl, be“ZMJu §§9M'N-((9 [(t-@htﬁcjj ¥ Bf 8&%}%&&6%&3 st&ra%?% _gjibodi ments, R’

is a sil AT ous S| r ot éc I'ng groups are known in
the art séyclowﬁa[e};aalnﬁzcén%ﬂﬂ)dtlﬂmwém@aﬂmp@berr?oejegan| c Synthesis" 3rd Edn.

TW. G eeng ﬁé_ilyd b3 1- By 1@idh NGOG e thyh-A%5kb-3,4, Y tetrahydro-3H-
2012/ 011939P {JS 011 1235% Inmgon%@e yggmants R- |sya silyl protecting

group i nderﬁﬁ&%‘?ﬂtﬁ‘gq%%@f‘@d )r’?’é‘?fP'P'?Tyﬁr‘é'?arWP%)P?rgﬂoa'@ Si Me3), triethylsilyl
(-SiEt3), tt-mew gdma)nm uyl(smdtqsdyn(efhsl)m&m 7, apémybmgmt hyl silyl (-Si Phe2),

L ou & PSR i EVBE A TReRaER Y| (S Pr3). sin sore
10  t-butyl (6S)-4,N-((2-(t-butoxymethyl}-4-oxo-3,4,7,8-tetrahydro-3H-cyclopentafg]quinazolin-
6-yl)-N-(prop-2-ynyl)amino)benzoate;
t-butyl (6R)-4,N-((2-(t-butoxymethyl)-4-ox0-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazolin- .
6-yl)-N-(prop-2-ynyl)amino)benzoate.

15 The invention also relates to the following compounds, their use as intermediates in the
synthesis of cyclopentaquinazolines via the methods of the invention, and improved
methods for their synthesis:

5-(benzyloxyacetamido)-6-bromoindan-1-one;

20 (6S)-4,N-((2-(hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazolin-6-yl)-N-
(prop-2-ynyl)amino)benzoic acid;
(6R)-4,N-((2-(hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[glquinazolin-6-yl)-
N-(prop-2-ynyl)amino)benzoic acid;
(6RS)-4,N-((2-(hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazolin-6-yl)-

25  N-(prop-2-ynyl)amino)benzoic acid.

Examples and Discussion

The following examples are provided solely to illustrate and further explain the present
invention, and are not intended to limit its scope. The discussion herein is focussed on

30 specific embodiments of the invention, however it will be clear to those skilled in the art
that the principles described will also be applicable to other compounds falling within the
general definitions above.

In certain embodiments, two processes differing in the use of the 2-hydroxymethyl

35 protecting group have been developed to make (6S)-4,N-((2-(hydroxymethyl}-4-oxo-
3,4,7 8-tetrahydro-3H-cyclopenta[glquinazolin-6-yl)-N-(prop-2-ynyl)amino)benzoic acid 4.
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In sone enbodi nents, R' is selected fromnmethyl, ethyl, i-propyl, n-propyl,
t-butyl, i-butyl, s-butyl and n-butyl. In sone enbodinents, R' is t-butyl.
10 Certaiwopnefm|igded conpounds In sonme enbodi nents, a cecpasadiobi2as nabl e
using the processes of the invention is a 6-am no-cycl opent a[ g] qui nazol i ne
as disclosed in WO 94/11354, WD 95/30673, or WD 03/020748. 15 1In sone
enbodi nents, the conpound is a cycl opent aqui nazol i ne conpound of general
formula (VMIlI1) as defined above wherein Rl is hydrogen am no, Cl4al kyl,

T e

optionally bamlaysltetrteut Thls provésite breirolgushiant aboves memute tocbesaamid thigegh © tbel ect ed

b ot ect i ng DBSICUbAFs rfdoos i, BgSer rsREs reblfedlo rpliyfle BEg) o
enbodi mént gmay hat be ameatitte with @le@,hcnemm @qmcrpazgy! graup @@Fﬁ?d!ﬁ%'"efsog%her al

fornula (Viddharie dFISifo'téEﬁQ% §o0yEis WARES bt dtihis Stad.4al kyl , fluoroCl4al kyl ,
hydr oxyCl4al kyl , 25protected hydroxyCldal kyl'; R2 is C3_4al kenyl

C3_4al kynyl, or cyanoCl4al kyl; Ar is phenyl ene opti onal Iy substituted on
the ring WiRémmeonhe bunzylsgtmﬁ;brbmw bet wath (B, drmsmdﬂedaa@ewmph fartr o,

d | kyl d Cua

oroan, T JBRens RLGTH Han bReop i AR Rer 858 Tig s dbhaialueeh b
conpountfs dhisdpenamt dba\wefreacmm wag Weated witisexbets h@tdyldtb@ﬂ’efwrlshlende Rhbichs
hydr oxymet hy v dﬁlr éaﬁly %yéiiﬁ 5@5@59 to tRe chrreshorify bwb\nyﬁﬁmétﬁ){lsﬂyl
unsubstitute en I'o

gen, or a t-butyl protecting group.
In sone entﬁiﬂ‘?"nﬁﬂ’ﬂ§519é°&%fﬁ'b¥i9'ﬁcﬁ°’dm%ﬂor§é?ﬂse by the nethods of the invention
is 4-(N-(2-
35( hydr oxyne

)-N- (prop-2 tﬁ%ﬁ%ﬁ%ﬁﬁf‘g@h’%PEthﬂg'}’?nggégsti‘ﬁ@%ﬁr%ﬂﬁﬁ@ &%C] ?r‘]?ge(?Fﬁ?I n-6-y1

obt ai natdl e dsya tineyl etieheidbe bégibrieg ofrivesynthatic rauté\ahditHislprotecting group is

[N-Q6S) - 2- h%mﬁggéﬁynyﬁxﬂre%cf? Oco?‘ldﬂor?ﬁ &EE%LB%[E}MQ&Q %HB_QX% pe?’r%v@& gldtﬂé“ nazol i

n-6-y1) - N(pr am nolhenzo M C aci
( ONX- 0801) . glgpal deprotectlon in the final step Some reactlons are change dunng the sequence

from the original route, but overall, 2 steps are removed from the route and better yields
and lower costs may be obtained.

20
Zn(CN),
Br. D’} PhCH,OCH,COOH OB PA(PPh), m } HCOZH
#~/ NEty Ph o\)x DMA 69% Ph\/o\)l\ 7
(EtO)zPOCI 2 sleps 90%
0
Hz%ocm KOBu! A'C'o TBDOMSC!
.0 T MeOH HN * DM o Ho NEG, DCM
N 50°C ph_ -\ I \)\ 51%
85% 2 steps

§ I /Bu‘
MSzo
1\ NaBH,, § _NEt,
rPrOAc
TBDMSO\)\ v 91% Taomso\/L/ji:[

20°C 32%

&
o

: B
% o-BY o Yo 2N OH

(e] N7 o}

N-
/ Chiral SMB MeSO4H J
HN/1 | x /\) Chrom *HN | ‘j:S 9% HN’ (\
TBOMSO._~y P~ g TBDMSO\)\N Z Ho s, 4

14 14(s)

Scheme 3. Improved synthesis of 6S)-4,N-{(2-{hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-
cyclopentalg]quinazolin-6-yi)-N-(prop-2-ynyljJamino)benzoic acid 4, using benzyl, t-butyl, and t-butyldimethylsilyl
protecting groups.
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CO2H 5 The present invention also provides certain conpounds, useful as

i nternmedi ates in the synthesis of cyclopentaqui nazolines via the nethods of
t he i nverwOan12/amonet hods for their preparation. 10 These/usenpoourds nay

i nclude the follow ng: 5-(t-butoxyacetam do)-6-bronoi ndan-1-one;

5- (benzyl oxyacet am do) - 6- cyanoi ndan- 1- one;

155-(t - but oxyacet am do) - 6- cyanoi ndan- 1- one;

6- am nocar bony1l- 5- (benzyl oxyacet anmi do) i ndan- 1- one;

6- am nocar bgny1- 5- tox

2 (benzyl ygﬁl%‘é*ﬁy ‘?"ZX @Eﬁ’ %"dﬁ V]?CEO'%I H%Qg%e”éw?é%%b LM PO Pqui nazol i
amino-6-bromoindan- 1-one 8 into the corresponding amide 9. However, this process was

2 (hydroxy ol i ne;

202- (t - but ?‘ég‘ﬁ% o)ﬁe%fﬁc égﬁﬁ]o Oa41§7g28s95|§ %@p ?{%k@g@ weg{ﬁcycﬁé%&% eEﬂgijtﬂt"}znazol |

ne: 5 inthe 60-65% range (uncorrected) and the purity was only around 80%.

2-(t-butyl di methyl sil oxynet hyl) -4, 6-di oxo-3, 4,7, 8-tetrahydro-3H cycl opent a|
g] qui nazol i ne; but IdlnethyIS|onynet

yl ) - 6-hydr oxy- 4-
oxo-3, 4, 7, %Q‘%?MW%]?'&N&FW@P Frichyith dipthy ﬁ'\‘!ﬁ%‘?mﬁ%"atg and t"'gthy'am}/"e gavea
(R -2-( t- bumy(baiauﬁfe/tihcd whichxgyadtiigidntly Beylateld 4phirb-6-bothothddn-1-dhetgatb tighy dr o- 3H-

(22;: Ygl_ ?f ?BL%%‘?W@F‘%%%% gﬁgﬁgtiahi}?tjdaéd ﬁciycgpreg(g‘;agfents such as carbonyl diimidazole
0x0- 3, 4107, Bardgsataihyy chigro®ringte mepetnied, by} tailedtwzwbduce acceptable quantities of amide
g)‘?osé i (7t 8@?&1}(@?&5@}@\?&)’ !héﬁ@ h‘?{ %S?ipﬁ‘\orc-carbo?(ljlf anréydnde process works in good

qui na
30(R) -2-(t- B@IPGR@R’EPHWWWGSHQ%P@
oxo-3, 4,7, 8-tetrahydro-3H cycl opent a[ g] qui nazol i ne;

2012/ 011939 201 01235 rret h
oxo- 3. 4. 7. oI TLTYOR TG S3S Eyaatish it CHERINHE Z5 escabed '"Wﬁ%%% for 5
(6RS) - 41 5\14( ébe(amldimﬁ-waﬂmcrmhy] Bliowevey ntbis hl@éC)lem-WBS( net3ouhd o 8e bedlr fakgiile or aHcycl 0
pent a[ g] qui \i
(6S)-4. N ( ('g%%’%%' aq\dd‘]a} ‘Nf?(' patd P%%d éryéﬁt ?r@"m%}%o GG G examindd %i%%& 34
This was found to work satlsfactonly with both tetrakls tnphenylphosphlne palladlum and
bis-(bis-[diphenylphosphinolferrocene) palladium, with somewhat better yields being
obtained with the latter catalyst. Nitrile 10 produced that way was obtained in 68% overall
20 yield from amine 8.

Hydrolysis of nitrile 10 to diamide 11 went very cleanly in formic acid containing
magnesium sulfate at 40-50°C, followed by an aqueous work-up, to give 11 in 90% yield.
In turn diamide 11 was cyclised by treatment with potassium t-butoxide in t-butanol or

25 methanol at 50°C, to give tricyclic cyclopentaquinazolinedione 6 in 85% yield.

It was found that the benzyl group of the benzyl ether 6 could be removed cleanly with
boron trichloride in dichloromethane, to give the free alcohol 12, but on a larger scale it
was easier, and cheaper to use aluminium chloride in dichloromethane. Three molar

30 equivalents of AICI; were required to make the reaction go to completion, and although
the reaction appeared clean by chromatography, the yield of 12 could not be determined,
as the product could not be satisfactorily purified from precipitated aluminium salts. The
crude alcohol 12 was silylated with {-butyldimethylsilyt chloride and triethylamine in
dichloromethane, and the product was isolated after aqueous work-up, clean-up with

35 activated charcoal and magnesol or filtrol, and a final heptane trituration to give quite
clean silylated cyclopentaquinazolinedione 7 in 51% yield on the two steps.
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5cycl opent a[ g] qui nazol i n-6-yl)-N-(prop-2-ynyl)am no)benzoate; t-butyl

(6R) -4, Nd(2-(t-butyl di net hyl sil oxynet hyl) -4-o0xo0-3, 4, 7, 8-tetrahydro-3Hcycl op

ent a[ g] quwoaapliim3g- y1) - N- ( pr op- 2- ynyl ) am no) benzoat e; PCpAISFd11/001235

(6RS) -4, N4(2- (t-butoxynet hyl)-4-oxo0-3, 4,7, 8-tetrahydro-3Hcycl opent a[ g] qui na

zol i n-6-y1)-N-(prop-2-ynyl)am no)benzoate; 10t-butyl

(6S)-4, NMd(2-(t-butoxynethyl)-4-oxo-3,4,7,8-tetrahydro-3H cycl opent a[ g] qui na

%g'RI) n;, ﬁl:z’(l%ed\dcﬁdgf SARetdny Z#it?\%ﬁiii[]ﬂ)ﬂbﬁé}h@@ﬁtiﬁ getmhufaﬁfogm tegllg_)frature, followed[ | qui
-4, - (t-butoxyne - 4- 0X0- .. 7.8-tetrahydro- cycl.a a[ gl quin

o0 1 oy )58 TRLSBR G Pehi o PR PG e RT T e R BBet ok 71

the foll owyigd.conpounds, their use as internediates in the synthesis of

cycl opent aqui nazol i nes via the methods of the invention, and inproved

met hods for _their synthesis: 5-(benzyl oxyacetam do)-6-bronoi ndan-1-one;

20( 6S) - £ N-Thedoyamars alrg fasnd fhat chirabsedudction netisnds enarygfdynichame kyewoipdhtt af g] qui

nazol i n-6-yid cbhid bBLORT té-ghB)the AFinTIdiRRASAh S96%led.. For example reduction with _

(6R) -4, NA( 2- (hydr oxynet h I) - 4- 0xo0-3,4,7,8-tetrahydro-3 Cé/C| OrB nt aL‘g] gui naz

ol in-6-y1) _sqqluUbQO _tg_a%ilqt?gqﬁ/lﬁgmgwgbq)remg@iua}he resence of a chiral rutheniu

(6RS) - 4, N- (datalysh pebvidxy et TBONIS frotectedindandl if-98ete.@hydr o- 3H-cycl opent a[ g] qui n

azolin-6-yl)- 25N (prop-2-ynyl)am no)benzoic acid. Exanples and D scussion

The foll owi ng exanples are provided solely to illustrate and further

explain the present inventign, and, are not iRnt ended tip limpHits scope. The

di scussion herein is focussad Oﬁﬁyﬁ,ﬁé‘&ft"i C embogivey $ the invention,

e

however it will be clear ' t SKILEGRT 4 Tta:hﬁogr/ﬂ\\t princi pl es
described will al so™5¥S NCabPe 0 soehe conpounds Yalling within the

general definitions above. 7 In certain enbodi nent® two processes

differiy in the use of the 2-hydroxynethyl 35protect®h§®group have been

devel oped to make (6S)-4, N-((2-(hydroxymethyl)-4-oxo- .

ﬁ’zgi’ Z 2&} gﬂ&b&@ﬁ%éth&%%&?@ﬁl}r@ FAOGARRAY hb T Bnthhba I thB sQBsequardty | ) am no) be
cdupling step, and so a route involving later resolution was preferred.

15  The key coupling reaction between alcohol 13 and O-t-butyl 4-(N-
propargylamino)benzoate 5 has several potential problems, as any electrophile made
from 13 will be intrinsically unstable, with several potential unproductive decomposition
mechanisms, and amine 5 is a highly deactivated nucleophile. Thus the two components
are poorly matched, but by using a marked excess of amine 5, and by generating the

20 mesylate in the presence of the nucleophile, in a not very ionizing solvent, a protocol was
found which allows for 13 and 5 to be coupled together to form intermediate 14, which
contains the entire molecular framework, in around 50% yield on a sub-kilo scale and
37% yield on a multi-kilo scale, based upon compound 13.

25 To cary this reaction out, a solution of alcohol 13, and 3.2 equivalents of amine 5, were
dissolved in isopropyl acetate, containing 4.2 equivalents of triethylamine cooled to 10°C,
and then 2.2 equivalents of methanesulfonic anhydride was added in several equal
portions over a period of at least an hour. A considerable exotherm was noted after each
addition. The reaction mixture was subjected to an aqueous work up and purified by

30 column chromatography.

In general, it was found that the in situ generated 6-mesylates of 2-

(oxymethyl)cyclopenta[g]quinazoline-4-on-6-ol react with simple O-alkyl esters of 4-(N-
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In the first route, shown in Schene 3, the 2-hydroxynethyl group is
initially protected as a benzyl ether. This proves to be robust, and all ows
t he rout ewoaotzéditmeri ed through to the tricyclic di one @Crmusgooeowsel ds.
However, conditions required to renove the benzyl group 5may not be
conpatible wwth cleanly retaining the propargyl group on the N6-am ne, so
an exchange of protecting groups is carried out at this stage. Renoval of

the benzyl ﬂb&t@ylmmsmedﬂﬂt&es@mmiatkyﬂehs)@w J@d%wnlsthws‘-aloa&svw gh for

reasons of cost wa | ace th er
al c?)holS pr otﬁh%gﬂr o ‘80 Eg]‘\ﬂlime??ﬁl'" %’I@ﬁ@&é"é’ ?V‘B}%? §°a[t? g%\f"@fi"%"? h
excess t - buhydedatawd bgdcsynélqd bashd on trebestartifig Z-wamnml)ctyeﬂpertta[g]qamatqhne—ait er a

h t t-Q t i {
oD S 001 S5 el 08 of REh SRAURSO S hod M K SLTR BbbotE Bllfarndy 11
Schenme 4 térdiunigs/biasees it gk, andoltif, id?shprm@mredetmﬂagetaten O'UEQBFPPSét her at

the begi nni nQtHs o e séweﬁth@tlb&yf&lm Bropafylahioibdiz4te 6k | 'tHwan%Q%dHﬁ-
conpatible wth all reaction conditions Used subsequently, and is cleanly

renoved i n $HE a§itRIEMPEEHIRfA0EE MBYE Peendeinditp Rgpdw@nigg9ecdne reactions are

changed during the sequence fromthe original route but overall, 2 steps
are renoved_fromthe rout nd bet éél el ds nd Io wer CCr)‘Stb may be
obt ai ned. 20"°EREWE C3MPRYRG G rES Vteﬁ I§"os|ma simulated moving

6S) - 4, NHD2- ¢hngrdatograpiet dpplajatut; itio CBiralpak@BAD@ tstatibyatly pheie3eluting with 40%
cycl opent al | b GO TR Dol Ricos 9 JEFRALR AR ity UST N9

benzyl, t-buty protectlng rou

2012/011939¢®¢M$NMF%0§%WM@ 'reﬁewqrp%mm 19% RForTreptment of

defc:rlt Eed Iﬂsﬁuﬂaémaﬁesm&ﬁ@ae%m dc@toﬁﬂﬂé’%ﬁ tzsdé: foaawmﬁarbémau@damub one 8
Into e corre

e b CoRdiER O s A B iodige 1 i dhe p 8 8$&tﬁa@?%r%ﬁﬁgaetacgfmary

bei ng o8 y lghhbrowe s6idti6 3BGundng® Welthcorrected), and the purity was only
around 80% Activation of benzyl oxyacetic acid with diethyl chlorophosphate
and triethylam ne gave a m xed anhydride, which very efficiently acyl ates

5- am no- 6- br onoi nda n to the corres kng am de 9. veral standard
coupling rea m%@%ﬁ% m;@g&é—wand MI

chl orof ormat g r(aéggod)u oduce antities of
am de 9. The d| scovery that e m xed1phosphor| car bdkylg ¢ anhydri de
pr ocess2omor ks i n good gl eld aond hi gh purity was u&eﬁpect e
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Scheme 4. Improved synthesis of 6S)-4,N-((2-(hydroxymethyl)-4-ox0-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazolin-
30 6-yl)}-N-(prop-2-ynyl)amino)benzoic acid 4, using only t-butyl protecting groups.

Another route is described above. It relies on the fact that by changing conditions for the
annulation reactions to add the pyrimidone ring onto the indane portion of the tricyclic
core, one can use the {-butyl protecting group for the oxygen, which eventually becomes
35 the hydroxyl of the 2-hydroxyethyl substituent on the cyclopenta[g]quinazolone species,
throughout the entire sequence, whilst removing it very efficiently at the last step, as was



The crude am de 9 was cyanated, with CuCN NVMP as described in WO 03/020748
for 5- 15acet am do- 6-bronoi ndane. However, this reaction was not found to
be at al Iwbeasydl®sIon a | arge scal e, and pal | adi um cat alrgsas2ayaness on w t h
zi nc cyani de was exam ned instead. This was found to work satisfactorily
with both tetrakis triphenyl phosphi ne palladium and

bi s- (bi s- R i phenyl phosphi nol ferrocene) palladium wth sonewhat better

yi el ds bei ngneltirabmpsund 140 Thizealbws tdathes:@u‘eaifns;tnglel\br&téutng gil&xpnmdgmﬁ;d t hat
way was obtai ned in 68oovg d| Y sis,of nitrile
107 o ot oe SN Y0 Etlgen DS PrerrbrEsR Y v Spsiant M A MBS urm

sul fate at clerdli@ficichof d>fcwesynh3esarasampmmepmoﬂeemng group eychangélsequer@d®d yi el d.
In turn di -t Wi th potassiumt-butoxide in
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cycl opet aqui nazol i nedione 6 in 85%yield. It was found that the benzyl

group of theg lh?leevn&Ish'@ﬂteﬁa&l%ﬂoq JPEDGEXRYAHR é&ideﬁifhl Hethii cRiofPh&dphbiel 4nl or i de

i n di chl oronet hane, to give the free al cohol but on a | arger scale it
was easi er, r'%thxiafeﬁegryg% at"H"ed’s"é‘h&Wlﬂ% Wh'ﬁrr‘n"%eregHeH%V qylatRscheBNB®at hane. Three
mol ar 3oequrdrablﬁdﬁr§1-6ﬁe Q\ltcﬁlaa coREspondingy amiie 150n Bﬂ-be%tm I Fre0s- bmmugacbft 0

I d h t h
ield of 12 BROME SreTlehibreR fubs “ng B s de R B EaERh T 1T
sati sf atsx orpdllgduqnmiri d!iinetlhylaceiannmeeat BpP0W odive nitnierfiGlimb 8-AR Yoyieldaftercr ude
al cohol 12 wascSi by tl.?s% WDtIJithas% éﬁ'ﬁ ﬁ@ﬁ%%h%ﬂ)rﬁbesan?fei St @84 on a

triethylamne’in ororrethane was i'sol at ed aFter
aqueous vxorqm!iﬁca'm %ﬁpﬁﬂ?fﬁ/\ﬁotbﬁ’ 'W?'W&M’éﬂ hengxtyer- and nagnesol or
filtrol, and a final heptane trituration to give quite clean silylated
cycl openta | nazol | ned ne 7 in 51%

h st.e Reducti on of
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by a smalemydsﬂysismfamﬂe 46 isowt 8seny; gadha onqaamtthydnolyelsragdgwheatbhensmg

pyri m doi n&@aﬁjgg&geﬂoi?ldg Q\(y%c}ﬁbﬁlsdﬂh%o?_hﬁlowg %?%Hr %dﬁ d;o%dgt%fﬁ{}gr; atedd aI

reduction are known coul use
gi ve the pytﬁmnef@bifﬁhﬁaﬁ@ﬂ' instgad.9ivis eeagtion negwreémmléan@m&qt alterwi t h SOdI um

formate andoauﬁﬁiaa&%rxsb@dsaw Magché 6ntb&unﬁ$h%luﬁ€d%’h@ﬁ?¢n¢f 88%,GtId & a
r ut heni um cat al ected indanol. in 98%e. e.

rovid
owovor -t HPYlSselR RAsR 7R o %E’Pgéﬁé%lfﬂ (Pt HRHS B TRIBRY AU
subsequant mpidpiecongpositiop of tha tydrogen gepomtide, iany atewiat gorhpdtiele withbib tddction was

preferred. sequence.

Reduction of ketone 17 with sodium borohydride in ethanol worked well, giving the
corresponding pyrimidoindanol 18 in 90% yield. The inventors also found that chiral

25 reduction methods, many of which are known in the art, could be used to give this
pyrimidoindanol in >90% e.e. (e.g. as described above for the TBDMS-protected species).
As this enantiomeric purity is generally not maintained in the subsequent coupling step, a
route involving later chiral resolution is currently preferred.

30 Coupling of indanol 18 with O-t-butyl 4-(N-propargylamino)benzoate 5 was carried out
under very similar conditions to those described above, giving the key fully protected core
molecule 19 in 60-65% yield on medium scale, and 50% yield on a muilti-kilo scale.

The crude product 19 from this reaction has somewhat different solubility characteristics
35 from its silylated analogue 14, and it was found advantageous after stripping the organic
extracting solvent to crystallize most of the crude oil from methanol, where about 58% of

crude 19 was obtained on a nearly molar scale, and then chromatographing the residual
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Nk

met hanesul foni c '§§q § ur{a?@%%t@ﬂgyﬁﬁﬁﬁ%gﬁﬁh fgﬁ 50r

Huni g' s bas® (S,
i sopropyd abds gave 19 1zs§ in BeawnaetIItmer@szbeﬂsyMthzar(ebbvpr}o%fﬁmgycyammb%twdzoat e as

the ami ne, &I%fg 98 I @ﬁnél%@hsth & Hﬁﬁti&@%ﬂ@éecan%%u gipg to be

advant ageo racemc c rrpou using a snall sinul ated
movi ng bed 'i@f@?ﬁmﬁWmﬁW gappan a%hy@ld 9 S3HP Yewith 89 B‘é’kﬁ{ 3andagY-93 %depurrityonar y
phase, el utpywpioM th 40% MeOH in acetonitrile. This di-protected formof the
desired aci was obtained very efficiently with 97% recovery of the
desired enantioner, 14S in >99.9% EE. Treatnent of 14S with net hanesul fonic
aci d i n2@acelnitiaily, trielseme@obaﬁdéprdteﬁioomnhnﬁmsmtmmes famhvemoraofdmshetouse of

sodi um hydr%,legﬁiisgg tclf %jnggr(t) Ilj_%%in IQO\;?\%?VO% a Igl%e%@%é rtﬁg Hg’\eoéf%cgt%hﬂ' aé”‘s a

151 i ght brown so roved synt hesis
of the solvent for the methanesulfomc acnd deprotection of 19S to the desnred
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i n306-yl 2-
or ot oct 1 g GPERIRA AR IS P L% 7S BRAF BB o FEoPEPISAY GHAIER 1 act

t hat by2% haragh aguedns dicthadasulfboit atid@oation) lcadledinitinBaotoPOns to add t he
pyrim done ring onto the indane portion of the tricyclic core, one can use

the t-butyl protecting group for the oxygen, which eventually becones
It has been found that under strongly acidic conditions, the 6-amino group is protonated,

and that this species is susceptible to nucleophilic attack at the 1-propargyl position,
leading to N-depropargylation. Therefore, more preferred conditions for this deprotection
30 involve the use of strong acids with counterions of low nucleophilicity, such as sulfuric
acid, sulfonic acids, perchloric acid and tetrafluoroboric acid. Methanesulfonic acid has
been found to be especially preferable, as it can also serve as a solvent for this reaction.
Commercially available 70% aqueous methanesulfonic acid has been found to be the
most preferred solvent for this reaction.
35
The use of this solution is economically desirable as it is rather cheaper than anhydrous
methanesulfonic acid, and it was found that the presence of the water prevents a
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35t he hydroxyl of the 2-hydroxyethyl substituent on the
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cause 20r apadiitidd @paBMSH hinBiint f 1MRQuENBTegRIhepafdIt A%, and are not
conpatible wth this reaction sequence. Reduction of ketone 17 with sodium
borohydride in ethanol worked well, giving the correspondi ng
pyri m dth ndweodcidlg pioduddyythie prbcedhauldhecdried its a alatep comtemtabf DI723.0 ettomall 25
reducti on v TR f in the art, could be used to
give this g%%@ggg%%ndanéﬂghﬁﬁhggab(%nhB?@mg as descrlbed above for the
TBDVG- prot ected species). As this enantioneric purity is generally not
mai ntai ned in the subsequent coupling step, a route involving later chiral
resolution is currently preferred. 30 Coupling of indanol 18 wi th 04-butyl
4- (N- propar gyl am no) benzoate 5 was carried out under very simlar
conditions to tho descri bed abwove, ¢iving tha;key fully protgcted core
mol ecul e 19 iﬁ:ﬁ?ﬁg5¢HY'ebd gdirum| scgl e 50% yi 4 Jrekti-kilo
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Scheme 5. An Efficient Synthesis of O-t-Butyl 4-(N-propargylamino)benzoate 5

A further component of this invention is a simple three-step, two-pot, preparation of the

25 key amine intermediate O-t-butyl 4-(N-propargylamino)benzoate 5, illustrated in Scheme 5
above. As amine § has to be used in a threefold molar excess during the coupling
reaction, and then half of the coupled product has to be discarded because it is the wrong
enantiomer, the cost of amine 5 is seen disproportionately in the final cost of goods, and
the cheapest synthesis possible of § is required. A very efficient and short sequence for

30 making amine 5 from O-t-butyl 4-aminobenzoate 20 is described in this application.
Treatment of amine 20 with trifluoroacetic acid anhydride in pyridine leads quantitatively to
trifluoroacetylation of the 4-amine to form O-t-butyl 4-(trifluoroacetamido)benzoate 21,
which can be isolated in 94-97% yield, and greater than 99% purity on a multi-kilo scale.
Dissolution of amide 21 in DMF, and treatment with 2 equivalents of propargyl bromide,
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The crude product 19 fromthis reaction has somewhat different solubility
characteristics 35 fromits silylated anal ogue 14, and it was found

advant agewo0eitiea39st ri ppi ng the organi c extracti ng sol vemust@iooyssal | ize
nost of the crude oil from nethanol, where about 58% of crude 19 was

obt ained on a nearly nolar scale, and then chromat ographi ng the residual

WO 2012/ 011939PCT/ US2011/ 001235 oil to obtain another 17.7% of crude 19.
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out using |’§6§5\86'E?AHB‘P PREPSHeB8Tateg Aning s SUlkalle f?éPsey'Pé'I“HSY(’)‘fheSﬁ 0H5BMPURd99. 8%
EE and 99. 98pythe prickés/ddeyritiualif this2ddpliédtion) ih Ywo factoRsaii 7g+8Tvabvelgipyi@d.ect i on
conditions that were used for conversion of 14S into 4 were used to convert
19S into 4, However, on a large scale, the use of acetonitrile as the

sol vent15 orEXPERIMENTAhSEOTIONI ¢ aci d deprotection of 19S to the desired
hydr oxybenzoi c acid 4 was found to be somewhat problematic, and eventually
a sinpler process was devel oed V\/nereby sol id 19S was added directly to a
comrer ci al | 3{Bepayiexyp¢etamic B8 ja8-1nenehnesul f oni ¢ aci d sol ution, cool ed
initially to OC It has been found that under strongly acidic condi t | ons,

t he 6-am no p ot onat ed ndthat this.species is susce eto
ol eopi 114 Y5Mtas pEofHapkas eipsiivia Beuidh Sien stelingcghoer and a
N- depr azmar gyletThe flask Wesrchbigee withmberzyfuxgdcetic ecld ¢1B6ond, 0003 nfiady artdidrg

depr ot ect | OfriBbRUAbE LMD 3o LoialhqRd ARk Teti AioFBHBL I OBSEth | O

nucl eophi | i uric acl oni c” acl oric ‘acid and

erc
tetrafl uor db@QZ%“@bfPHPWGI@YH%é@BWﬁQ apditiercofdriethyariee (0. i‘%mﬁdo PeRSyeolkspeci al | y

&r) ef er abl ﬁ THeSrehdtioh anxtarb%ssa%w&j t@%t.aats@émeaﬁpefrauretfd o‘herh%ﬁpédtﬂﬂen 5-
mMercl a

avail a 0% aq b sul n| c acid has been _found to
be the rmstgl"b'f‘%ﬁé’n’?’%?r é’lﬂa%'?ﬁ (%Eg ﬁ% L @"f tunggrrected for a purity of about
25 90%) and triethylamine (0.35 mL, 0.0025 mol) was added. The reaction was refluxed for
24 hours and an aliquot was removed and analyzed by HPLC. The reaction was

approximately 80% complete. The solvent was removed on the rotary evaporator
affording a brown viscous residue. To the residue was added 4 mL of a 20%
methanol/water mixture. A free flowing solid formed which was filtered off, washed with 4

30 mL of cold (0 °C) methanol and dried without heating in the vacuum oven. 220 mg (59%)
of the desired benzyloxyacetamide 9 was obtained as a tan powder after drying. TLC
Analysis: R; = 0.68 (50% EtOAc/hexanes). HPLC 10:90 to 90:10 CH3;CN:H,0 over 15 min.
Hold at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at 220 nm, Phenomenex
Jupiter C18 column 4.6 mm x 250 mm at 29 °C: (11.17 min, 94.3A%) 'H NMR (CDCl,,

35 400 MHz): 2.65-2.75 (m, 2H), 3.05-3.15 (m, 2H), 4.17 (s, 2H), 4.72 (s, 2H), 7.30-7.50 (m,
5H), 7.95 (s, 1H), 8.65 (s, 1H), 9.39 (br, 1H).
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The use of this solution is economcally desirable as it is rather cheaper
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aci di c sol LB-(thzMvacemﬁﬁem-bﬁrﬁd\dsmdidmwbydroxi de solution all the way to

8, led h
ual tty of BIBEhIBS et Sinety il eB AT e o L Eaes T Eb gD
addi ti on ofcaverted dheewa¢duple solla(alddltlon fuanelydneira neﬂwsccmddma@delra@lxwel% was used
to sinply r&laRfqlif ffﬁv%bWN%QHoel%bhﬁdérgf?r)ac% gfﬁa@@robyslyas magnast@e

reaction is conplete e met hanesulfonic acid m Xture may be

transfery edN@Q'aiwwte@te& faic RHIDORT abPULESH P %)mnePMASE (3378 Ao NItBageRNER,
equi pped W gubbRA tms&gmnabesemﬂd; GEAL vkgaélbs ébﬂxtléﬁ)fdr heimitdies. tre imestating soldioas not

ri se above 20 rl i ch en_redji ssolves in
t he basic s‘ﬁ?ﬁﬁqu&déggﬁ)hgs ?qé?@lnﬁmgl? Foﬁ edo*@'pq) ot egg @g ')ogh?‘las been
added to t heswmmnw/vasdherdheateqlb%é@bnd Whetreméd ditsolidtZn@EN)p 6372 g, 3.18

repr eci pi t%Sl?gXHé%xg{sQ%g@r%ﬁﬁ agB{j? odts >rHe ﬁgnu@%smed%e%m

met hanesul f pro 'S process could be dried
to a wat®er Atdhatdime tog regctiondvag jvdard de ble Q%Qletél(b)e'e@ ppd TCand wasitheén synt hesi s

of conpoundybwedfd¥dPto20°A AndFifr | 'oQérﬁ@ht st kel etatole Lpldéreﬂjétb‘\bsphere of N,.

4- (N- propar yI am no) benzoate 5 A further corrﬁonent of this inventiogn is a
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it is tthe wotovweddydPA (500eml). Thesombised e@hdamerﬂaall@wes tesaiedry di 3pmwmonit@nat ely

in the fi ”aelefo?@ﬁmcq(1995)6'585°/9ﬂgdtcgﬁe&&?ﬁpgﬂod%)fmuhgy%f$2%Q§/%éiﬁrﬁaﬁ’(§a5 i s

required. A ver I cl ent hort sequence amne 5 from
04- butyl 4- %ﬁﬁ“%@éh’f‘é‘é’d’@tymf’%’) BQ%YF?"PYS@BWW{ Thip gaigsig| W%Sa‘ﬁeéﬁ’"eqﬂryéfaﬂ‘ﬁent of
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guantitativel t ropace .0 ne

4-(trifl uorﬁda%oetf’%?i %&Bé@%@g‘f@%ig "PﬂJ%ta?ﬁ boef°f 81O 0%5/%5@218 Wel d,
and gr ezt er mtiram LBO46230 nm, Yhenonzenex Vupitek CN® cadomh 4.6 Minss280ummah29iC: am de 21
i n DMF, and.tr=gat: t o 0 g g

2012/ 011939%2??31@?%1‘)é“’ok‘z‘%'ﬁﬁ%%@m?u? 7BpRi o, TERLEn AR bonate
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25 A 22L, 3 neck flask, equipped with an overhead stirrer, electric heating mantle,

condenser, an N, inlet, and a type-J Teflon® covered thermocouple, was charged with
nitrile 10 (797 g, 2.49 moles - corrected for a purity of 756% by weight), formic acid (6400
ml) and magnesium sulfate (510 g). The resulting brown viscous mixture was heated to
40°C with stirring and was allowed to stir at that temperature for 4 hours. At that time the
30 reaction was judged to be complete by TLC and LC analysis. The reaction mixture was
allowed to cool to 20°C and stir at that temperature overnight. The following morning the
reaction mixture was poured into 24 liters of water. The resulting yellow solid was
collected by vacuum filtration rinsing with water (2 x 1500 mi) followed by isopropanol
displacement wash (1 x 1500ml). The crude product was allowed to air dry to a constant
35 weight to afford 1030 g (886 g corrected for purity of 86% by weight - 103%). The water
content was 1.02% by Karl Fischer titration. The material was used directly in the next
step without further purification. Rf = 0.37 (65% EtOAc/hexanes) HPLC 10:90 to 90: 10
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pot assi um carbonate already in solution gives a solution with a pH around
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t her mocoupl e, 1'd™addi t a ret [Ux condens I ask was
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ol ), as isp ww&&mlom T%F&dltnﬁ@&ell@w%ﬁd Wis &le@B@by vatauRGifatignd DVAC
(3320 m). Nltr?’%gnwa hrough the resulting dark viscous sol ution

for 40 m ndfr@glg waterd{2 §t1p9q:1plhd' he g|teatcpbq1was allowed todryin the funnel overnight

25 and was then transferred to a shallow aluminum foil lined tray and was allowed to air dry

in a fume hood for two or three days to afford 518 grams of a yellow powder. This material
was 75% pure by weight for a corrected yield of 388 gms (87%), and contained 5% water
by Karl Fischer titration. Rf = 0.25 (65% EtOAC/hexanes). The material was dried further
at 75°C for 24h in an oven with a nitrogen sweep until the water content was 0.5% by KF
30 titration. HPLC 10:90 to 90: 10 CH3CN:H,0 for 15 min. Hold at 90:10 for 2 min, 0.025%
TFA Buffer, 1.5 mL/min, UV at 220 nm, Phenomenex Jupiter C18 column 4.6 mm x 250
mm at 29°C: (rt 8.83 min, 98 A%) 'H NMR (CDCls, 300 MHz): 2.74-2.81 (m, 2H), 3.24-
3.32 (m, 2H), 4.56 (s, 2H), 4.72 (s, 2H), 7.32-7.45 (m, 5H), 7.65 (s, 1H), 8.68 (s, 1H), 9.80
(br, 1H).
35
2-(Hydroxymethyl)-4,6-dioxo-3.4,7,8-tetrahydro-3H-cyclopenta[glquinazoline 12.
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was added Pd2(dba)3 (52.4 g, 57.0 mmol) foll owed by DPPF (58.4 g, 105
mml ). The resulting slurry was then heated to 85C and was treated with
solid zZn(veNpRR14@7839g, 3.18 nol) portion-w se over a peripali/uskoiz/oheas s. The
reaction was stirred at 85C for 3 hours. 10 At that time the reaction was
judged to be complete (by LC and TLC) and was then allowed to cool to 20C
and stir overnight at that tenperature under an atnosphere of N2. The
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under reduced pressure (60 nbar) with heating (45C water bath). The

resul ting aqueous m xture was returned to the original reaction vessel and
cooled to 10C. The pH of that mxture wAd lowered to 4 by the addition of




2.5M hydrochloric acid. The resulting yellow solid was coll ected by vacuum
filtration rinsing wth water (2 x 1000nmL). The filter cake was allowed to
dry in thwofarwahosever ni ght 25 and was then transferreacrasaoighai2Bow
alumnumfoil lined tray and was allowed to air dry in a fune hood for two
or three days to afford 518 granms of a yell ow powder. This material was 75%
pure by weight for a corrected yield of 388 gns (87%, and contai ned 5%
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30 followed by a solvent flush with 2L of hexanes afforded a light green solid which was

triturated with hexane (1.5 L) at ambient temperature for 1-2 hours and filttered. After air
drying overnight at 20°C 458 grams of the desired alcoho! as a light green solid was
obtained (92%). The KF of this material typically showed a water content of 0.5% water by
weight. TLC analysis Rf = 0.20 (75% EtOAc/hexanes). HPLC 10:90 to 90:10 CH;CN:H,0
35 over 15 min. Hold at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at 220 nm,
Phenomenex Jupiter C18 column 4.6 mm x 250 mm at 29°C: (11.68min, 98.0A%) 'H
NMR (CDCl,, 300 MHz): 0.19 (s, 6H), 0.97 (s, 9H), 1.99 (d, 1H), 2.0-2.15 (m, 1H), 2.5-
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30acetonitrile) and a top and bottom | ayer of celite 21 (500 grans each).
The filter pot was rinsed with acetonitrile (10L, ACS grade) prior to

addi ng t wonematiisn m xture to the pot. Once the reacti @enTmiszene23s

cont ai ning green solids was added, the filter pot was rinsed with
acetonitrile (80L, ACS grade), collecting 10L cuts. The washi ng operation
was nonitored by TLC until no nore product was detected in the washings.
This was 3%. so(mamt)raam oi(m vidy; 801-3.8 (raf fH); 4.78 (2 2k 503-5 d(aqudéd) whag (s, mepded to
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washed 26th 3 L of brine (2x) and dr| ed over anhydrous sodium sul fate.
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flush with 2

ush W * {nazolin; IR YAk ate Wours and filtered.
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35  brought to about 17°C, just prior to charging methanesulfonic anhydride. To the
suspension was added solid methanesulfonic anhydride (460 gm, 2.64 mole) in 5 equal
portions. There was an exotherm to about 22°C after each addition which was allowed to
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(R) -2-(t-Butvldinethyl sil oxvnethyl)-6-hvdroxv-4-oxo-3, 4,7, 8-tetrahvdro-3Hcy
cl opent aral qui nazoline 13R  To a magnetically stirred two-phased m xture
of di chl owormetams9(5 nL) and water (5 i), was added t ReTRESL@nM(2690 ny,
0.002 mol), sodiumformate (680 ngy, 0.010 nol), tetrabutyl amoni um brom de
(64 ng, 0.0002 nol) and chloro[ (1 R 2R)-TSDPENJ (pcynene) rutheniun(ll) (25
ng, 0.00004 nol). The reaction mxture was stirred at room 10t enperature
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t-Butyl (6 S)-4,N-({2-(t-butyldimethylsiloxymethyl)-4-ox0-3,4,7,8-tetrahydro-3H-
25 cyclopenta[glquinazolin-6-yl)}-N-(prop-2-ynyl)amino)benzoate 14S

The preparative chiral separation was done on a CHIRALPAK AD® column with a 1: 1
mixture of hexane/isopropanol as eluent. The temperature during the resolution was 25°C
and the UV detection wavelength was 330 nm. Using these conditions, 1715 grams of
racemic compound 14 were separated. The desired enantiomer 14S (781.2 g) was the

30 first eluting peak and was obtained in 99.6% e.e and 95.3% purity. [a],*° (c=1.015;
CHCI) -75.8°.

(6 S)-4 N-((2-(Hydroxymethyl)-4-oxo0-3,4,7,8-tetrahydro-3H-cyclopentalglguinazolin-6-yl)-
N-(prop-2-ynyllamino)benzoic acid 4.

35 A 2L, 3 neck flask was equipped with an overhead stirrer, an addition funnel, a N, inlet
and a type-K Teflon® covered thermocouple. An empty secondary containment vessel
was placed under the reaction vessel. The flask was purged with N, and charged with
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charge of the anhydride. This required about 10-15 m nutes for each
addition of the anhydride. The reaction was allowed to stir at 20-25C for
30 m nut esp 2areh1HBRC data confirned the starting nateri @CThsdoibaere3s
consunmed. At this point, the reaction was 5partitioned between water (4L)
and ethyl acetate (4L). The layers were separated and the aqueous |ayer was
re-extracted with ethyl acetate (4 L). The conbi ned organic extracts were
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1: 1 mxture of hexane/i1sopropanol as eluent. he nper at ur

urin
resol uti on WSESEPhﬁdotgﬁéo of 19&"@9‘5 K oxeR/ ’EWgt"iﬁ"%s?OHQGOfrﬁW'"lB Pﬁg%t hese
condlt tions, ﬁ% E&ﬁgrﬁmmﬁ.nr@vamzo?:g?rm@ut Bndleﬂék WBit& CBRRIuA s mﬁhsaz_g@sh red
enanti oner e I.Is e | | S Il ned 1 n
99.6% e. e affl aﬁ%géﬁ(%hr%@/ m'T)a hpBeensl wes: 93%1—%%3'? W%WS%G 39)8%2):

f6S) - 4, 201( 22. Gﬁ-lywcémvmlﬂl, Rwvit). 581(m)x1<b+)12 -3, (B, t1H), B3t ld- BNy I30e@ 2% ar gl qui naz

olin-6-vl) |gc|!?| &%2 r f{ask was
equi pped ngh ahﬁggegﬂyg%s@MQ%FP%M% a 9_%0%'21) nne é‘?a) ﬁl?rheﬂi’e hd a
type- K Tef | 682 {9, 2oy &08a). 78 eo¢BubT(d. AH. &9biey 7$0darith): yC.dbt Eleenent
vessel was @loagedeaded.of RENTOIL IFR0nY ©6C:6d7.88T bi: hlaasknnag spur ged wi th N2
and charged with WO 2012/011939PCT/ US2011/ 001235 acetonitrile (1000 m)
and the protected quinazolinone 14S (112 gm 0.2 nol), as a solid, in one
por t i on25 Tos{tRutegscdtarnidg)-G-brortojndah-1ramenst errperature was added

met hanesul f 3 i P 30

T nut o, A Rapne k10 €4 Mekedrcaiy BB pédHY caipB PR ieB ) Gty
added, a ye#8 reiux seidgnsesma F‘Gﬁmékawdraemmgeomlet The flask was charged with tert-

butoxyacetic acid (250 g, 1.89 mol, 1 eq) and dry dichloromethane (6.25 L). The flask was

cooled in an ice- salt mixture to - 5 - 0 °C. To the solution was added diethyl

30 chlorophosphate slowly over a period of 15 min (816 g, 4.72 mol, 2.5 eq) followed by the
dropwise addition of triethylamine (478 g, 4.73 mol, 2.5 eq) over a period of 30 minutes
with the temperature of the reaction not exceeding 25°C during the addition. The stirred
reaction mixture was gradually allowed to warm to 25-30°C for one hour and then 5-
amino-6-bromo-1-indanone (282.5 g, 1.25 mol, 0.66 eq) and triethylamine (478 g, 4.73

35 mol, 2.5 eq) were added. The reaction was refluxed for 24 hours and an aliquot was
removed and analyzed by HPLC. The reaction was found to be complete (Starting
material < 0.5 %). The solvent was removed on the rotary evaporator in vacuo affording
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5exot her med approxi mately 6C during the addition. After approximtely three
hours a precipitate started to form The reaction was allowed to stir
over ni ghtweatorzoom3penperature. In the norning, a thick pcedaispitaveshad
formed. The reaction was anal yzed by HPLC and found to be conplete. The
reaction mxture was poured into a nmechanically stirred 1: 1 ice/water

m xture (4L). The pH of the slightly turbid m xture was approximately 10
1. 3. The phk powhhRcO®! rusit @) Tithe BesiiigMastaaded.3 L(of/a-200 rhethphblmeater) Wit h

t he addition. of =115 m).. bei ge soli hi s
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oven 15 %t %@%mﬁagmwd@ﬁﬂarwagn 2 grams of the desired acid (94%

whi ch was 95% pure by HPLC. The water content of the solid was found to be

0. 9% as det rm ned Kar| Fischer an C 10: 90 t0.90:. 10 CH3CN: H20
over 15 min' Q—’B?tar'adf"}é%"‘i'bzep(ﬂ"dgo‘fﬁdﬁogﬁxégyg/bggFApB[ﬂ‘tfyecro mparisontoaN, — UV at
220 nm Phearaiptics staddsrd oeknowhSueityl URRLE 16:9010 90: 250HFON:41,048€r 1§ iin. HoBl. 21

m “) ZTQez”ggﬁ%%rﬁﬁ@% g%gs@g'%ﬁ(euﬁeg'“(% AQI\@Q R z’g‘gﬂ NH@% m%%x igpiéém (m
( m 1H) 108. 8318-3 cOUM( ABqaim x1280 mrp|at 39°€1 61266 win, 95 A%, Thezyodust displayed the) |

7 80 (Z (?Lfol)l&v\'i’ﬂé ptK;sBZhén@lcal%Mpe&.eg ‘ﬁh‘él\hR ((ZDél’é :{o‘é) Mrli)’h 38 s7gHgQ ssgé%s J= 9/22)

67.88; ot @.34). 3%3'3 1@('54?'*)2%%7(%2'311?&?\&%:6&)61%? &fo)"'é 95dRbi1Rlan- 1- one 15.
A flame-dried 10 L, 4 necked round bottom flask was equi pped with a
mechani cal 5 16 t her no- socket and a nitrogen
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The material was analyzed and found to be 78.5 weight % pure by comparison to an

analytical standard of known purity. HPLC 10:90 to 90:10 CH3CN:H,O over 15 min. Hold
35 at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at 220 nm, Phenomenex Jupiter

C18-3 column 4.6 mm x 250 mm, 5pm at 29 °C: (10.97 min, 91.8 A%) 'H NMR (CDCl,,
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5- (t - But oxyacet am do) - 6- cyanoi ndan-1-one 16. 15A 5 L, 4 necked round
bottom fl ask was equi pped with a nmechanical stirrer, a argon inlet, a solid
addi ti on worenelo11sad a refl ux condenser. The flask was ebansed 1w 12B5
2-tert-butoxy acetam de 15 (370 g, 1.08 mol, 1 eq) and N, N-di net hyl
acetamde (2.3 L). Argon was bubbl ed through the resulting dark viscous
solution for 30 mnutes. After degassing, tetrakis (triphenyl phosphine)

pal | adi um (3¢d.MHS: 1.93 M@Hmln D70¢n ), 326326 da2H)04.00 s, 205,t8.000 (sNEH),

sol ution ry was then heated to 85 C and was treated with
solid Zn(Cl\é]g6 gHgbg?qus §4 ‘mol, 0.59 eq) added in 5 aliquots over a period

of 50 m nutes. The reactlon was stlrred at 90 C for 2 hours. At that tine

the reactiof 2% moms,ﬁl | oned to

cool to roo enper at ure under
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35 at 90: 101.6 ef) Wasdddied Ardp2(ise dveh apirbkifatelyl3thminliets NThéMnierald@ onthe

Phenonmenex Ju lter 18- 3. col 29 C 97 m n,
91.8 A% 1H R %ﬁ %%%/%‘i@@%ﬁﬁgﬁ%‘gi?g@“%‘ﬁa p(?eti 43 (s,
9H), 2.18- 2thé?ea(ctrq>n Ba§ allo@ed lo Sir RE tWenty idutesat 0 érxd wad-then 8laved(ts wadhd) , 8. 76
( S, 1H) 9. o

2- (t But oxvrre?é{p%mp}t%urgl 0oX erelépon afpgn%ag??ughe\f them)jig'_a xg?)aetﬂ Gﬁlcl ui nazol i ne
17. 5 A5 qccuwhrom@dk%@mmmﬁwe@éth@dﬁaqtlpabw %'d@ﬁtﬂ m'mtelm 49° hani cal

stirrer, anﬂa@rﬂoﬁ@?é&fo@ébrﬁ(?l@\ﬁﬁ'by‘imﬂcwﬁlt thispdid, tha lr&Tct.onT\h@s édnﬁﬁé’tewas
pur ged with N2 and char% rt-but ox an-5-y1)

S L A TN S B e T T e
Stirrinzp vvamsulmte(148tgad 4anal, 2 b wassadded m@mmpensmnmmhedad o 0- 5C

dr ogen ' 9 v,. 240 l,, e W se
o o9en, PeL gt (SR B B T o ERkp BB a0
nore t han Gthe mixture was adjusted from approximately 6 (in|t|a| pH) to 4 with 85% phosphoric acid

(50 mL) using a calibrated pH meter. The mixture was concentrated under reduced
pressure until most ethanol was removed, further water (1 L) was added, and the mixture
25 was allowed to stand for several hours. The precipitate was collected by filtration, washed
with water (2 L) and dried at 50°C for 8 hours. Then the solid was further stirred with 20%
isopropanol/hexanes (8 L) for 2 hours. The solid was collected on a Buchner funnel and
finally washed with hexanes (1 L), sucked dry and placed in a vacuum drying oven at
60°C and dried to constant weight. 114 g (57 %) of the desired pyrimidinone 17 was

30 obtained as a greenish yellow powder.

The material was analyzed and found to be 82.5 weight % pure by comparison to an
analytical standard of known purity. HPLC 10:90 to 90:10 CH;CN:H,0 over 15 min. Hold
at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at 220 nm, Phenomenex Jupiter

35 C18 column 4.6 mm x 250 mm at 29°C: (8.09 min, 93.3A%) 'H NMR (CDCl,, 300 MHz):
1.35 (s, 9H), 2.77-2.81 (m, 2H), 3.29-3.31 (m, 2H), 4.5 (s, 2H), 7.64 (s, 1H), 8.7 (s, 1H),
9.65 (bs, 1H).
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A slight exothermwas noted during the addition. The m xture was allowed to
stir at this tenperature for thirty mnutes and then 6N sodi um hydr oxi de
sol uti on WoO2d1m11932. 12 nol, 1.6 eq) was added drop w sePovars2appor2ss mat el y
30 mnutes. The tenperature of the reaction was kept between 0-5C during
the addition. After the addition was conplete, 15 the reaction was all owed
to stir for twenty mnutes at 0OC and was then allowed-to warmto room

t emper at ur e, vvhereupon a spontaneous exothermto approxi mately 60C
occurred.
appr oxi mat i as S - C Ot . '

point, the 18eact|on was corrpl ete. The reaction mxture was cool ed to room
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phosphoric acid (50 nL @ a calibrat
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Xt u
concent r at edefRsteras %‘H&%\Tth %%%‘iﬂaégeﬂﬂ’('{ﬁ '@Sﬁ?%ﬂ%ﬁg ée‘{wgé
further \Nattetrar(yaroL:)H-mpadldmhuumdufehe (250, ur&7425ma,s eq) hmﬂ\adanob(ﬁt)aﬁd for
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oo 2" s BBl 25 Sk €50 S iR Y22 BE
stirredOn tdg) BR0eipsdionepeanel 15miretaeeri¢d  Afterfroups, dwmogerkious selbtian wass
col | ect ed gdg)é%éﬁusmﬁ@ réébﬂ&%aé‘fﬂxggéd éb%dlé{e wgﬁitﬁmpﬁd hriacsRBRSwdsl L), sucked

dry and pl In a vacuumd oven at dried to constant weight.
114 g (57 /"@yowrd ’f’W@C‘ﬂ’e@i’tf‘éﬁfﬂW‘f‘tPfﬁ'E?Srib?fésci'tc)\ﬂﬂ§eaj(5"¥?8§%u Fethegarky greeni sh

yel | ow powdesidueligs adtded sl L as0. WNI—ME@Qscﬂuﬁ@nff@lded bpwaer 825 b). WRé ghtof % pur e

by conpari an _an ti st andar 0 ri o, HPLC 1Q: 90 .t o
oy 0 s sty e 2k Fom AR gy Snf e H’,“F‘éf’é’z‘g‘?/sﬁtﬁﬂ Bif'ter,
1.5 nmim, (U\%OarnL)mmglarqahu?uedohlmmW JA polidpre@Bita@iFomuddy which was atiowed2860 mm

2t 7395 8%.8 s%?fo ho%géagé?tg%ar(lh] M\(%ﬁ%kg’tuon%)&ewz'}he goh?@aéﬁlt rg 8 7 (s

1H), 9.65 (wheq_w,th waméglwqﬁnpgwp@qqqgmm/ag *amtil the moisture content
(R §)-2-(t mlesmm Ii\%l bbﬁaumadzrse@arﬂs ©00%) 3f the deSirddahdaablH & Bgteciish-opent aki

| aui nazol i ne our necked round bottom flask was equi pped with a
mechani cal ?ﬂ'?WF%‘P’deéﬂhg%Gﬁf RBIW-et . The flask was cooled in an ice bath to
10- 15 2 (tenperature of the bath is checked with a thernmometer, internal

tenperatur erh\@arﬁatgﬁél Wa@ n&gzetaeatn@@&ﬂd 1«;’ be ;9 w(e:)ght % pure by comparison to an
analytical standard of known purity. HPLC 10:90 to 90:10 CH;CN:H,0 over 15 min. Hold
at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at 220 nm, Phenomenex Jupiter
C18 column 4.6 mm x 250 mm at 29°C: (7.08 min, 96.6 A%) 'H NMR (CDCl,, 300 MHz),
25 1.30(s, 9H), 2.05-2.15 (m, 1H), 2.5-2.61 (m, 1H), 2.85-3.0 (m, 1H), 3.1-3.3 (m, 1H), 4.48
(s, 2H), 5.34 (t, 1H, J= 4.8 Hz), 7.45 (s, 1H), 8.30 (s, 1H), 9.54 (bs, 1H).

t-Butyl (6RS)-4,N-((2-(t-butoxymethyi}-4-oxo-3,4,7,8-tetrahydro-3H-
cyclopenta[glauinazolin-6-yl)-N-(prop-2-ynyl)Jamino)benzoate 19.

30 A 20L, 3 neck round-bottom flask was equipped with a mechanical stirrer, a reflux

condenser and argon inlet. The flask was purged with argon and (R,S)-2-(t-butoxymethyl)-

6-hydroxy-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazoline 18 (240 g, 0.833 mol, 1

eq) and ethyl acetate (12 L) were charged to the flask. Heating was begun and the

mixture was heated to reflux until a clear solution was obtained. The reaction mixture was
35 allowed to cool to room temperature. At this point, triethylamine (566 mL, 3.99 mol, 4.8

eq) and tert-butyl propargylaminobenzoate ( 614 g, 2.66 mol, 3.2 eq) were added

followed by addition of methane sulfonic anhydride (362.4 g, 2.08 mol, 2.5 eq) in five
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The flask was purged with N2 and charged with

2- (t-butoxynet hyl) -4, 6-di oxo-3, 4,7, 8-

t et r ahydrwo2bk2nicd3epent a[ g] qui nazoline 17 (250 g, 0. 874poolus2diiee)3and
ethanol (5 L). To the resulting yell ow suspensi on was added solid sodi um
borohydride (43 g, 1.22 nol, 1.4 10 eq) in five portions over a 15 mnute
period. After 2 hours, a honpbgeneous sol ution was obtained, and the
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t enper at ur At°t’Pﬁ°§’eE)t8 )nt triethyl anmine (566 niL, 3.99 nol, 4.8 eq) and
tert-butyl propargylam nobenzoate ( 614 g, 2. 66 m)l 3.2 eq) wer e added
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| PC dat a co irmed the starting i1 ndanol had been conplete consuned. The
reaction m XG’F%mW&‘a‘e ROQmaly The tvst ‘é‘a%ef'?'r"}‘aédj@ﬁl"h‘chﬁ?lf%ia h@“@WPB %’6129%@. um
di hydr ogen (Bb3%)bpdasirs@butityptodut 9.L) . The | ayers were separated and the

This material was analyzed and found to be 98.2 weight % pure by comparison to an
analytical standard of known purity. HPLC 10:90 to 90:10 CH;CN:H,0 over 15 min. Hold
at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at 220 nm, Phenomenex Jupiter

30 C18 column 4.6 mm x 250 mm at 29 °C: (14.6 min, 98.3 A%) 'H NMR (CDCls, 300 MHz):
1.32 (s, 9H), 1.58 (s, 9H), 2.19- 2.2 (m, 1H), 2.34-2.41 (m, 1H), 2.58-2.63 (m, 1H), 3.02-
3.23(m, 1H), 3.24 -3.3 (m, 1H), 3.9 (dd, 2H), 4.5 (s, 2H), 5.66-5.69 (t, J = 8.1 Hz,1H),
6.96 (d, 2H, J=11.4 Hz), 7.54 (s, 1H), 7.94 (d, 2H, J= 11.4 Hz), 8.13 (s, 1H), 9.59 (bs,
1H). *C NMR (CDCl,): 27.5, 28.4, 30.0, 30.5, 36.0, 61.3, 63.8, 72.0, 75.5, 80.1, 80.8,

36 112.7,120.7,121.3,122.5, 123.1, 131.3, 141.1, 149.2, 151.2, 151.4, 154.0, 161.5, 166.0.
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aqueous | ayer was re-extracted wth ethyl acetate (4.8 L). The organic

| ayers were conbi ned and washed with 4.8 L of brine and dried over

anhydr ousweadizmisal f ate. Renoval of the sol vent in vaceoTafSbandert3s
approximately 800 g of a thick brown liquid. To the crude materials was
added 2.5 L of nethanol and the m xture was stirred vigorously 10for 3
hours for conpl ete precipi tatl on. The solid was collected by filtration and
washed wit hg &8)-40f- Bt Rptaldq@abadolin-vacuo
for 4 hours_t ord 1 he desireo (58 %uncorrected)
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stirred 60 esoll ected,an % |, sopr opyl
1 conar - hox Bl a8 eiHin, Silsfie Afbarsifia Wag hran bR Bt eatbleum 48 eE . For 6
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mat eri al r' onto
. oyt | SRRt G8eRlste G | PuBs 8P fraer kgt RRERICH GOERGABEO" |0
15 min. Hol @49 968‘?@0)81; ap amorphgus ghd yelloywsplid, BﬂIFﬁeBU"tYPf 59% andany at 220

nm Phenonegntichhétciebest®df @3.8%col um 4.6 mm x 250 mmat 29 C (14.6 mn,
98.3 A% 1H NWR (CDCI 3, 300 MHz): 1.32 (s, 9H), 1.58 (s, 9H), 2.19- 2.2 (m
1H), 2.34-2.41 (m 1H), 2.58-2.63 (m 1H), 3.02- 3.23 (m 1H), 3.24 -3.3
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sol vent m Xadig Lo ARRGEDy hplc ddly¥is. [ogo 1%, wh in CH,Cl, at 25°C. -100.3°.
(6R, S) 4, N-%Q(JZ (/t Iﬁﬁut@(r)g%yr?et% fy)' 4[083(0/3‘?”3'"7 & tzeatrahydro0 3Hcycl opent a[ g] qui

nazol i n-6-y1)-N-(prop-2-ynyl)amn no) benzoate, 19, (800 g) was fed into the
appar at 265 a@®Sp4 N(B{HydFsXymbingn-4ldx o4 ditethinodro BrL KR Bent BRIAUINBESINL6-yI)-

tert-butyl ether at r.at of.40.54n1/n1 n, and the apparatus was run at
anbi ent temm%'lo feed rate of 380 nbnminute, and an
aver aged opteBtayI|(6@-4W<é(§s(ubmomneitlﬁ‘yl)bﬁom—&t,ﬁiastetranyaroawoyclamta[@qnmazemw-i n

07 5% as e TNaPSRuEYPrmibPariek @) (AURliaWon odedielForlignch 2 (%,

enant i oner i {Braugh gspgwgqar fgrgweg%a solution of 70wt% methanesulfonlc acid in water (100 m,

rraterlal

30 9.8N, 0.98 Mol) under nitrogen at ambient temperature with mechanical stirring. No
exotherm was observed. The resulting suspension, with the solid floating on top of the
solution gradually cleared after stirring for about one hour at ambient temperature. The
resulting dark amber solution was agitated for four hours, when in process hplc showed
the reaction was >99% complete. The reaction mixture was then charged into a

35 mechanically stirred aqueous solution of NaOH (500 ml, 2.0 N, 1000 mmol) at 5°C over
15 minutes, while maintaining the internal temperature below 20°C. An off-white solid
precipitated out during the addition. The reaction vessel was rinsed into the quench
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15A 50 liter glass-jacketed reactor was sequentially charged w th anorphous
19S (2.30 kg) and n-heptane (21.50 kg). The reaction m xture was stirred
and al | ows0 20/ona93n t 0 65C. | sopropyl al cohol (6.91 kg) paadaisgéiomiz3thar ged
to the reaction mxture, while maintaining the internal tenperature at
approxi mately 65C. Once a honpbgeneous mi xture was obtained, the solution
was allowed to cool to OC over a period of 8 hours. The resultant 20slurry
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process hp|C e reaction was >99% co reaction mxture

was then ch@MRQds 30QMhizE58dd12a3d @nllHy): Z44-2- P%a“aﬁﬂe%%%)él(mt 11dkh3dP- NaoH
(500 M, 2.828\m, 0% .8a1al08 (ABq@GI—DVHFJ,1—-518’@ AELLS 2 #AE), 2.38%¢, 2 5Tag, t he

internal t eqpe f S e during
the additio J%'fﬁ g} 5?943% %‘ggse’f@\kﬁg r% ) ﬂ%%gdc% %agﬁ‘i’ﬂﬁ ?S(é)éj s,
2012/011]&391?GT/ U82011/ 001235 vessel with 5.0 m of 70wio aqueous MsOH. The
pH at the end of the addition was about 10.0. Using an aqueous sol ution of
1.0 N MsOH (-30 m_) and a callbrated pH neter, the pH of the resulting

m xt ure wasOd#dB : e i ng suspension was stirred at 5C

for five hoypg fs&rékie%woamo%tntfesﬁe a.a;s%‘ed%thaarﬂwhgnéa&u&@rér)d drw' ng

this time the 5soli1d became anul ar. e sol tered shed
with wat er ipigt andplaggd on %'ée*gétb daled” @aﬁ@'ua?" @fde'&PUWbdcamwoae'HPatﬁt(ZMn |n
vacuo Vedg h fpg ﬁnbr1féhp.a¢yﬁmﬁe waomU&@sts@wadae@mﬂdoréa&e%&aﬂhﬂndé)é&%r

B

| i ght bei ge puri t A% term ned PLC 90 to
00:10 CrBaN-£8 g\}e“req te Wi ppaigfaingst SWagle'HP‘F{a QYSTEA B f er
1.5 nlm n, rhMLm wa9@ammed t@hmnoﬂemwevatu}amtntred faC28 howrs anth pduréd pvera r@ixtrerm at

29 C 10 (8 o2k ( m@?ﬁdﬂmwsg B )g;rg%pﬁ%f hgqea,.ﬂng MRure &a@s‘g@% AeL&ym ned

by Karl Fi scher  a | oMeri c excess was
det er ni ned 'picatibrpted pHipeter. Thhisimpgyre wemedragted vahEtRAE (3 X 4 L).4The QJan("Pﬁd 1H),

2.44-2. 58 (moatldktracts WeredvddBed With 1M aqudoddkitrid adia (£ K13 L2 |'§aiur§te8‘ﬂ¢al—|¢(ﬂ ( ABqd,
1H, 1H, J1 = .8 Hz)

7.03 (d, 2#5iﬁ§§a§'|%édr&‘)d'”"*/2'§%"‘{;‘?°'“i'?f)‘ ?Z%E)Bﬂ”?‘gg"eé&a 4~'I"§"%§’oa’\‘—’iz) 7.83 (s,

151H). evaporated to give a off-white solid, and dried in vacuo at 25- 30 °C for 8 hours to give
374 g of the product (100% yield).

30 The material was analyzed and found to be 99.1 area % pure. HPLC 10:90 to 90:10
CH5CN:H,0 over 15 min. Hold at 90:10 for 2 min, 0.025% TFA Buffer, 1.5 mL/min, UV at
220 nm, Phenomenex Jupiter C18 column 4.6 mm x 250 mm at 29 °C: (13.22 min, 99
A% ) *H NMR (300 MHz; CDCl;) 8 1.61 (s, 9H), 7.64 (d, J = 8.7 Hz, 2H), 7.97 (bs, 1H),
8.03 (d, J = 8.7 Hz, 2H).

35
O-t-Butyl 4-(N-propargylamino)benzoate 5.
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O-t-Butyl 4-(trifluoroacetam do)benzoate 21. A 3L, four necked round
bottom fl ask was equi pped with a nmechanical stirrer and a N2 inlet, and

pl aced orwarnoiomigsath. To a OC solution of tert-butyl 4pamiusehenanase (250
g, 201.29 nol, 1 eq) in pyridine (750 nL) was slowy added trifluoroacetic
anhydride (406 g, 1.94 nol, 1.5 eq) at a rate which maintai ned the internal
tenperature below 5 C. The m xture was warnmed to roomtenperature, stirred
for 24 hOUf/SSla,ﬁder@bl(eGdo@‘\d&foﬁamﬁiaxltWéﬁe@ﬁpdeﬁ&wtﬁ‘b rf€ohanisl sliferkiiamet(8. 5 L) .

The pH of the re | i brated pH neter.
TP vt ursCends Ne et Mtk offg iermse e S 17051 28y del Foseali o
extracts waremida$3e% salution ib thuersp 88Q1g, 256 mok 2 &q), €.CQ; 063D d. B,843unlLid ed)ed
NaHCO3 (2 i

NA2SOA. (f |1 O (8 800 St AR 140, BlEd 6% Py ubter i B O o1
Vacuo atS DIvasHEdEs | Bhe B Bixtuee wps SRS keurs #ns the cRRUENS FABOYRSYT ol d) . 30

The mat eri aloi¥iéed W’ﬁi&éﬁ%ﬁdﬂéﬁﬂ% MHWéteTr@n@SlrQ&dhogfv%@gﬁffgﬂiﬂﬂ% ;@EA%LS,Of ]?0 to
0 uf fer,

90: 10 CH3CN:

15 o R 40035 3be i sokhian ey e i hednd; YT
29 C (13. 2&prava theQurifo@sd 4 8dMR%) 300 MHz; CDC13) 8 1.61 (s, 9H), 7.64 (d, J
= 8.7 Hz, 2H), 7.97 (bs, 1H), 8.03 (d, J = 8.7 Hz, 2H). 35 O-t-Butyl

4- (N- propar qvl am no) benzoate 5. A 5L, four necked round bottom fl ask was
equi ppet? wi the reatetat as acalyzedtand faund te be P8 sisrakié tpueen HPRC NQ: 900 8810 A i xt ur e
of the intefRN: ﬁtd?ofér(@m?n giold]at%% 1’6%n2 Aa.neabzs%ﬁ@n%m} 1% ALAS B8R A

solution in toluene 3.84 mol, 3 eq)

and DVF (228 nn), P\Nagorg?neﬁgeaterGHSm'uwa&r%matx 2&9@"‘@88%% (?%G%m";r, 98- 7hd
wat er ( 10 %)) 1|5\WR dwmz ) esuss snmm&aw@ =WwasHS tiH) €6l (daod =& .4our s and

the resultin tr ed W water and air
dried to glk’%zég %‘%\%15 "{3 é‘ﬁ%ﬁg cql‘}é ggﬁ@(i)\,\? %ﬁ]'éz " solid was
further1griturated with 2 % et hyl acetate/hexanes m xture to i nprove the
purity (250 g, 84.4% . 10 The material was anal yzed and found to be 98.7
area % pure. HPLC 10:90 to 90:10 CH3CN: H20 over 15 mn. Hold at 90:10 for 2
mn, 0.025% TFA Buffer, 1.5 nmUmn, UV at 220 nm Phenonenex Jupiter Cl18
colum 4.6 mMmm x 250 mmat 29 C (12.62 mn, 98.7 A % )1H NVR (300 MHz;
CDClI3) 81.58 (s, 9H), 2.24 (t, J = 2.4 Hz, 1H), 4.0 (dd, J = 2.4 Hz, 2H),
4.23-4.31 (m 1H), 6.64 (d, J = 9.0 Hz, 2H), 7.86 (d, J = 9.0 Hz, 2H). 15
Clains 1. A process for producing a cycl opentaqui nazoline froma

5- am no- 6- hal oi ndanone conprising the steps of: 5(a) acylation of the

5-ami no group; (b) cyanide displacenent of the 6-halo group; (c) hydrolysis
of the nitrile group produced in step (b); and
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(d) cyclisation of a 5-(N-acyl am no)-6-am doi ndanone to forma

cycl opent aqui nazoline ring system 10 2. A process according to claiml1,
wherei n (W 2acvdiad3von of the 5-am no group conprises rea&criusaoiafore3s

5- am noi ndanone conpound with an acyl ati ng agent. 3. A process
according to claim2 wherein the acylating agent is generated in situ by
15reaction of a carboxylic acid wwth a coupling agent. 4. A process
accordi ng tOlairdsai m 3 wherein the carboxylic acid is a carboxylic acid of
formula RICO2H, wherein RL' is selected fromRl or a protected form

t hereof, and wherein Rl is independently selected from hydrogen, am no,

Cl. 4al kyl , TlAgirdassy for pididlcing 8 Ciclet@nteglipatojide ey @1%ahinpi6-halsinganonect ed
hydr oxyCl4al Kyl mnfsin 95@3@315 according to claim3 or claim4, wherein the
acyl ati ng agent ?s X m xed phosphoric anhydri de generated in situ by
reacti orP of t kR asyptirnagfithe5-awing 9fp4 a chl or ophosphate ester. 6. A process

accordi ng to @)cyam&e Bikplaéehdi®ofltht 8-halo gib@:ei n (b) cyani de di spl acement of
the 6-hal o grgqt;gyfc]ogprig s di.spl acenent of the S hal 0 group with a cyanide
nucl eophil e s rolysts b Hevitrle QEQHRAr ,Ceglﬁ‘tsé%%qb f"€yani de, sodi um cyani de,
and cuprous cYdrdydsatiodfiacBi@-agylantind)ieearpideindaroee ¢f foan aayebpestaquinazdlingr ocess
according to cl q_inglét;?temherei n the catalyst is a palladiumor nickel

0 a

catal yst, conpl ex triaryl phosphi ne or bidentate bi sphosphine |igand.
8. A prHtess according to claim6, wherein the catalyst is a palladium

speci es 3502@5%&93 bRt %mnmewhérafag%)aa% LB &rthe S bhmEoN] RRRReEd ne)

pal | adi um WO 2012/ 011939PCI/ US2011/ 001235 5 A process according to any
one of cl ai s "eBHP & 2 HpBIneinAanaRs %Vﬂ?%%lhsa"cﬁcy'gﬂ@ 39t | e group produced
in step (b) conprises conversion of the 6-nitrile produced in the cyanation
step to an am,de. 510. A.process . according to.claim.9 wherein hydrolysis
conpr i See tF o AARSRE ArERRLB A 2 YRS ok Su Blef R goR SR U Cher oi n
hydr ol y$8 s comgactioed at cadaixplieracidwithha ¢amplingcageot.d i n t he presence of

magnesi um sul fate. 1012. A process according to claim9, wherein hydrolysis
conprises treatnent with hydrogen peroxide. 13. A process according to

claim 12, wheAdreresyaserdg & dadmpriheeain thecatrsylc agidtiha Fyapofieaciper oxi de and
pot assi um car kpRekRCD,ANNRRER RETi§ 3é1&dted from R? or a protected form thereof, and

wherein R' is independently selected from hydrogen, amino, C,.alkyl, C,_alkoxy,
20 fluoroC, 4alkyl, hydroxyC, 4alkyl, or protected hydroxyC,.alkyl.

5. A process according to claim 3 or claim 4, wherein the acylating agent is a mixed
phosphoric anhydride generated in situ by reaction of the carboxylic acid with a
chlorophosphate ester.

25

6. A process according to any one of claims 1 to 5, wherein (b) cyanide displacement of
the 6-halo group comprises displacement of the 6-halo group with a cyanide
nucleophile selected from zinc cyanide, potassium cyanide, sodium cyanide, and
cuprous cyanide, optionally in the presence of a catalyst.

30

7. A process according to claim 6, wherein the catalyst is a palladium or nickel catalyst,

complexed to a triarylphosphine or bidentate bisphosphine ligand.

8. A process according to claim 6, wherein the catalyst is a palladium® species
35 complexed to a phosphine, such as tetrakis(triphenylphosphine) palladium
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15 14. A process according to any one of clains 1 to 13, wherein (d)
cyclisation of a 5-(Nacyl am no)-6-am doi ndanone to forma

cycl opentwquioreAam3dne ring system conprises treatnment oPCTAISA11/001235

5- (N-acyl am no) - 6- am doi ndanone with a base. 2015. A process according to
claim 14, wherein the base is a solution of an alkali netal alkoxide in a
Cl-4 al kyl al cohol. 16. A process according to claim15, wherein the base
i s a sol uti®nAgiocess addoading torhpbnabkaeimdd to A, wirezeio (¢)hgdrolysidiohtheaitdlehol . 17. A
process accor (] A f ] al . . rel clisation
B a5 (N acy bisbf plhulln 848 B petibnedbdiBectich Br b g R B e ng
syst em occur s cygretrresteniodnamide.i ng step (c) hydrolysis of the nitrile
group. 18. A process according to claim 17, wherein steps (c) and (d)
conprise seqguential 30addition of h drpggn Bproxide aqd &ﬁ%gous sQdi um or
pot assi tn h{fHARKPEES BeFoHling Riclaina Sowherrin Tydrolysis SATRLRSS-UEH IS WERAS'Y- one i n
an aqueous al cohol, the m xture then being allowed to warm and

spont aneous exot her o form a.,cycl apent agui n | j j ) m. 3519.
A orocess b AR reordiRe el dooyierp R Rk SGHS PARReS Fob i TR . g

purification efidirtbe presercexyf olagpesitragulfatezol i ne produced by crystallization
of the material from an isopropanol/hexanes m xture. WO
2012/ 011939PCT/ US2011/ 001235 20. A process according to any one of clainms 1
to 19, TQrtTeA REeness pedordingtosiaim Sowherei)hygrolysiscrgAriess tiegngnhwlihone ket o
group to produgsogen peisladeol . 521. A process according to claim 18, wherein
(e) reduction of the indanone keto group to produce an indanol conprises
treatnment of an i ndanone with a hydri de based reduci ng agent. 22. A process
accordi ng t18.&l moces®accovdigy wictairh e, wissleio ibpdrolysje nomprises treatmenbeittohydri de. 10
g?épAoP-r 0cess h%gé)erndﬂep&ic}eoar@%ta%gﬁmoéartgdngfeqﬁ agtgaoLQ eﬁ\%nol]c urther conprising a
15
14. A process according to any one of claims 1 to 13, wherein (d) cyclisation of a 5-(N-
acylamino)-6-amidoindanone to form a cyclopentaquinazoline ring system comprises

treatment of said 5-(N-acylamino)-6-amidoindanone with a base.

20  15. A process according to claim 14, wherein the base is a solution of an alkali metal

alkoxide in a Cy4 alkyl alcohol.

16. A process according to claim 15, wherein the base is a solution of an alkali metal
alkoxide in the corresponding alcohol.17. A process according to any one of
25 claims 1 to 13, wherein (d) cyclisation of a 5-(N-acylamino)-6-amidoindanone to form
a cyclopentaquinazoline ring system occurs spontaneously during step (c) hydrolysis
of the nitrile group.

18. A process according to claim 17, wherein steps (c) and (d) comprise sequential
30 addition of hydrogen peroxide and aqueous sodium or potassium hydroxide to a
mixture of the 5-acylamino-6-cyanoindan-1-one in an aqueous alcohol, the mixture
then being allowed to warm and spontaneously exotherm, to form a

cyclopentaguinazoline ring system.
35 19. A process to according to any one of claims 15 to 18, further comprising purification of
the crude cyclopentaquinazoline produced by crystallization of the material from an

isopropanol/hexanes mixture.
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(f) coupling of an am ne nucl eophile to the indan-1-ol produced in step
(e). 24. A process according to claim23, wherein coupling conprises
conver si onoab12the325hydr oxy group of the indanol into aPCEaW2IA/00261P,

foll owed by reaction with an am ne nucl eophile. 25. A process according to
cl aim 24, wherein conversion conprises reaction of the indanol wth

nmet hanesul foni ¢ anhydride, and treatnent with an am ne nucl eophile. 20 26.
A process according to claim25, wherein conversion conpri ses m xing the

i ndanol, th m ne nuc hil e and bhase, ip .a, solvent .of oni ¢ power,
and aad 1 0P BProtieS oAy BAF o eiRs dre 8 BeRE RvEP R 2 8P ob oo,
process accor (k) neductiorcofahenin@fione datorgrauprtg pmducengn indanal.ndanol , t he am ne
nucl eophile and a tertiary amne base in a solvent of |owionic power, and

addi ng net hanesul foni ¢ anhydride in 4-8 equal portions, with 10-30 m nutes
bet ween Seacl- Aduieaesaccording teickim 18, wihareia (eluedustpmo tae indanpniedelopraup tmount

of about 2. 5- ZroauEPAfind SOIENRPrRBS Beathldft SfRlindh¥n AL A8 baSedused 1 n an
anount of about 4-6 nolar 30equi val ents, and net hanesul Toni c anhydride is

used in an anBfFN@PISMout 2-3 nol ar equi val ents; and wherein the reaction
tenperature is in the range of 10-30C. 28. A process according to any one

Formita (X2 Apursss ARarinde i 27, s 31 ﬁ@%@%ﬁ?ﬂ%&ﬁ%&‘é&%@?”a'

wherei nR2 is i ndependent |y selected from hydrogen, .ial kyl,

?aﬁglciezg: %(3 %&o@g&‘&%'rdmd%%rn@é}{e CRaidiRs 5 lo 25 Efurﬂg?co%rﬁ’rlg Ptep of:
Y N (f) coupling of an amine nucleophile to the indan-1-ol produced in step (e).

24. A process according to claim 23, wherein coupling comprises conversion of the
15 hydroxy group of the indanol into a leaving group, followed by reaction with an amine
nucleophile.

25. A process according to claim 24, wherein conversion comprises reaction of the
indanol with methanesulfonic anhydride, and treatment with an amine nucleophile.
20 .
26. A process according to claim 25, wherein conversion comprises mixing the indanol,
the amine nucleophile and a base, in a solvent of low ionic power, and addition of the
methanesulfonic anhydride to this mixture.

25  27. A process according to claim 26, comprising mixing the indanol, the amine nucleophile
and a tertiary amine base in a solvent of low ionic power, and adding methanesulfonic
anhydride in 4-8 equal portions, with 10-30 minutes between each addition;
wherein the amine nucleophile is used in an amount of about 2.5-3.5 molar
equivalents, the tertiary amine base is used in an amount of about 4-6 molar

30 equivalents, and methanesulfonic anhydride is used in an amount of about 2-3 molar
equivalents; and wherein the reaction temperature is in the range of 10-30°C.

28. A process according to any one of claims 23 to 27, wherein the amine nucleophile is

an amine of general formula (XV):
RA_ _Ar_ _OR'
N
N

35 0
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Ar is independently selected from C5-20 arylene, optionally substituted on
the ring with 5one or two substituents sel ected from hal ogeno, hydroxy,

am no, niwoap12oyaese, trifluoronethyl, Cl4al kyl and Cl 4alPkois2o0ianci2Bs i s
hydr ogen, or a protecting group. 29. A process according to any one
of clainms 23 to 28, wherein the product is purified by 10crystallization
froma suitable solvent. 30. A process according to any one of clains 1 to
29, further conprising a step of: (g) gRvpnat ographi c resol ution. 1531 A

di ch I
Carri od out  of"oRE S BORraPuERoR et bftiel: CoanRCrrliehEsCudkbh g o
claim 30 or chydroxy3Q. aliichaoCr..alkyl oneyangCasikyt resol ution conpri ses
conventi onal afisﬁuépgmeﬁwga&&@@%@m dWlend BNy QUbsti hht@ﬁoﬁﬁﬁ‘éw\ﬁth

20supercritica romat y or contli uous rru

chr omat ayr aphyn%qctw%gbsyq@msaqe %@M@'WO(WY Pine MreRYaN8l resin as
stationary ph@mgorome{’@; anmg%gq§4mgréjidng to claim32 wherein the chiral
stationary pg érse ected fromPirkle type resins such as (S,S)

Whel k- 01, Is\HEOREM Pr AREPIEHINY 89¥Por cel | ul ose 25based chiral resin such
as Chiral pak AD 34. A process according to any one of clainms 30 to 33,

mxt ure of SbryRRpeeasrabfal #hes PR SR A Yt B o bPaBa RPURRINEL C

from C6lQ o (Bce/ateﬂizail@nl’fremwltablerwhemit ane and 30a | ower al cohol (nethanol,

et hanol , isopropanol, t-butanol ), acetonitrile/lower alcohol (nethanol,
et hanol , i rs{éqE)ropanol t-butanol) m xtures and dichl oronet hane/ nmet hyl
t - butyl Afroqess aecording toﬂanB?:éfs‘%a"aééd? dp; ﬁ@ﬂn%carnpnwea #erefains 30 to

34, furt her C ) RhioRiairaph@ rgsdlatlohi zat i on 35step fol l owi ng the

chromat ographic resolution, to increase the chemcal purity of the product
obtai ned fromthe colum, and to convert it to a crystalline formif it was
obt ai neth i N3 lamredess scdoodimg torotaim 30 ewhdteio fgitahmegddgraphic resolution is carried out

on the product of step (f) coupling.

32. A process according to claim 30 or claim 31, wherein chromatographic resolution
comprises conventional column chromatography at low, medium, or high pressure,
20 supercritical fluid chromatography or continuous multi column chromatography such

as Simulated Moving Bed (SMB), with a chiral resin as stationary phase.

33. A process according to claim 32 wherein the chiral stationary phase is selected from
Pirkle type resins such as (S,S) Whelk-O1, (R,R) Whelk-O1 and amylose or cellulose
25 based chiral resin such as Chiralpak AD.

34. A process according to any one of claims 30 to 33, wherein chromatographic
resolution comprises elution with a solvent or a mixture of solvents selected from a
linear or cyclic hydrocarbon selected from C6 to C8 such as hexane or n-heptane and

30 a lower alcohol (methanol, ethanol, isopropanol, t-butanol ), acetonitrile/lower alcohol
(methanol, ethanol, isopropanol, t-butanol) mixtures and dichloromethane/methyl t-
butyl ether mixtures.

35. A process according to any one of claims 30 to 34, further comprising a crystallization
35 step following the chromatographic resolution, to increase the chemical purity of the
product obtained from the column, and to convert it to a crystalline form if it was
obtained in amorphous form from the chromatography.
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WO 2012/ 011939PCT/ US2011/ 001235 36. A process according to claim 35,
whereby crystallization conprises crystallisation froma solvent system
sel ect ed woemzaoppopanol , i sopropanol / hept ane and i sopPoparsediiiercahes
m xtures. 5 37. A process according to any one of clains 1 to 36, further
conprising at |east one step of protection, deprotection, or protecting
group exchange. 38. A process according to claim37, wherein
protecting group exchange conprises 10renoval of a protecting group on Rl
andr epl acengnt, with anot her protegctin roup...39. A pro rding to
a3y, wsdirels BROrUR i BB P i A SR BRES BB SRR OR v e
renoved i n a sisnlyest system selestedtfiom iBbRrapanpl, sopwpanb)/bgpthnpant aqui nazol - 4-
on-6-yl)am nog}roﬁlloggﬁ(;?m?)yénggg]-ﬁ%gr 6S-(VI1lla), after resolution. 15 40. A
| al m 39 3

process accor gtoc erein said protecting groups on are renoved
by treatfrent of conpound 6S-(V11lla) with a strong non-nucl eophilic acid in

a suitabl e oF dahbdess atotRdihg todiny @he BELIAIMs 33636 ArtHek coMpidifF SISastbfdtéh Ng t O
claim40 where non- nucl Sq(ﬁ)hl lic aél d used i s nethanesul fonic
tertHapro Fnge

Eg{ t he st rong
acid. 42. A pPblraestion, depraieriipn o Rp e t he met hanesul fonic acid

al so acts as the solvent for the reaction. 25 43. A process according to

concont r at | 8 bPerok e Aralr o S WAEFbHRBRR b N ndilerealts °

concentration o i'n the

20- 25C t@&inge. rgaovalof a/prptedingasoupcwoR tindgenlacement wittearstther Ipzdteating group. 43
wherein a globally deprotected ‘

N(cycl opent aqui nazol - 4-on-6-yl ) am noaryl carboxylic acid (6S-VIlla, where R
= H is subf®chB@cess agroming tyelpighs hmbering 8'0&9#& groppgn Rpand thegraterding
reaction m xt grepiRN b removed il aGingleOdteh florh theeN-$D(Hrotatted)ciiipRatiquifaieyds oxi de,
such that the fi n@lﬁg}pH of the m xt r greater than 10;

red.s.equal to
35addi ti on of °HrY 'WEP'%W@M??gﬁfééggé?wagﬁﬁ?rlre?‘?lu"g'OBH of the suspension is
stabilit®d at 5; stirring until the precipitate is granular; collecting the
material by,d i A bfoRbdsUecHuing &8 bihind $8Ahdr@ said prEISEING Grotip Bn WA Riovad sy dr i ng.
treatment of compound 6S-(Vllla) with a strong non-nucleophilic acid in a suitable
organic solvent, at or below 25°C.

20 41. A process according to claim 40 whereby the strong non-nucleophilic acid used is
methanesulfonic acid.

42. A process according to claim 41 wherein the methanesulfonic acid also acts as the
solvent for the reaction.
25
43. A process according to any one of claims 40 to 42 wherein the methanesulfonic acid
is at a concentration of 70wt% in water, and the initial temperature is in the 20-25°C
range.

30 44. A process according to any one of claims 40 to 43 wherein a globally deprotected N-
(cyclopentaquinazol-4-on-6-yl)aminoarylcarboxylic acid (6S-Vllla, where R' = H) is
subjected to an isolation procedure comprising:
pouring the reaction mixture into ice and/or cold dilute sodium or potassium hydroxide,
such that the final pH of the mixture is equal to or greater than 10;

35 addition of dilute methanesulfonic acid until the pH of the suspension is stabilized at 5;
stirring until the precipitate is granular;

collecting the material by filtration or centrifugation;
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45. A nethod of synthesis of a cycl opentaqui nazol i ne conpound, conpri sing
5chr omat ogr aphi ¢ resol uti on of a conpound of general formula (Villa)
(Villa) wereizniRI39 R2, R, and Ar are as previously defPcmamotinon3sits
enantionmers: 6S-(V11la)6R-(V1lla) 10 46. A nethod for the synthesis of
am nes of general fornmula: R2 ArOR Il 0 (XV) wherein R2, Ar and R are as
defined in claim27, said nethod conpri sing: i)

trifluoroacet YahingWithfvaterdar@m nobenzoate of general fornmula H2N-Ar- CO2R
to 15produce g‘trifl uor oacet am dobenzoate ester of general fornula:

F3C C(=0) - N\t AP"82R where Ar and R are as previously defined; (ii)

propargyl ation of said trifluoroacetam dobenzoate, to produce a

| t g £l j - for : CF3 wh R2
L o opar oyl AARRPGSY AL sAPEERRL RadlindzBiB ofoclinf cofladelih £ LR X2
of the producehrematpgegphiciresojution oka eempayngiofgenera fmgla{¥aini ne of ~ f or nul a:

2
R2 1111 o R

OR'
HN I :[ '> 0
f NS
R‘/kN

{Vllia)
wherein R", R4 R’, and Ar are as previously defined, into its enantiomers:

2
o) RZ\N/AF7//OR. Q R\::N 7]/OR'
R"/I\\N RfA\N

6S-(Vilia) 6R-(Vilia)

10  46. A method for the synthesis of amines of general formula:
R _Ar__OR'
N
o]
(XV)
wherein R?, Ar and R’ are as defined in claim 27, said method comprising:
i) trifluoroacetylation of a 4-aminobenzoate of general formula H.N-Ar-CO.R’, to

15 produce a trifluoroacetamidobenzoate ester of general formula:

F3;C-C(=0)-NH-Ar-CO,R’ where Ar and R’ are as previously defined;

(i) propargylation of said trifluoroacetamidobenzoate, to produce a (propargyl-
trifluoroacetamido)benzoate of formula:

RA_ _Ar_ _OR’

N
o)\cj)l/
20 ?

where R? is propargyl and Ar and R’ are as previously defined; and
(iii) hydrolysis of the product of step (iii) in situ to give the desired amine of formula:
R _Ar__OR'
N

° v
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O(xv) where R2 is propargyl and Ar and R are as previously defined. 47. A
process according to any one of clains 1 to 45, wherein the

cycl opentwquiorezamne i s a conpound of general fornmula @UIIUSpO1100R3S N

ArOR O N (M11) wherein R1L is independently selected from hydrogen, am no,
Cl _esal kyl, Cl1_4al koxy, fluoroCl_4al kyl, hydroxyCl4al kyl, or protected

hydr oxyd 4al kyl ; 10R2 is independently selected from hydrogen, Cl1_4al kyl,
Ca_4al kenyl, Q&eréﬂizké’ﬁrbbargmédﬂMMnM@'a&bPevdﬂ@lb@@ﬁne@m kyl or

cyanoCl. 4al kyI Ar is independently selected fromC5_20 arylene, optionally
substituted on the ring with one or two substituents selected from

hal ogeno, MdAgxycesaataoalingitotang pne yiotams 136 #b fwheosin tretdyyibpentiquirakelipe and
Cl_4al koxy; a[;‘da 5m oﬁn X eglgr%pfo Ia"f\llgf ot ecting group. 48. A process
according to any o ? wherein the cycl opent aqui nazol i ne
20i s a donpound of general for mula (1): (1) wherein Rl is independently
sel ected from hydrogen, am no, Cl_4al kylg2 Cl, 4alkoxy, fluoroCl_4al kyl,

hydr oxyCl_4al kyl , or protected hyd . 25

o]

(Vi)

wherein R' is independently selected from hydrogen, amino, Cy4alkyl, C,alkoxy,
fluoroC,_4alkyl, hydroxyC,_salkyl, or protected hydroxyC,_salkyt;

10 R? is independently selected from hydrogen, C,alkyl, Csalkenyl, C;4alkynyl,
hydroxy-C,.4alkyl, haloC,_4alkyl or cyanoC,_4alkyl;

Ar is independently selected from Cs., arylene, optionally substituted on the ring with
one or two substituents selected from halogeno, hydroxy, amino, nitro, cyano,
15 trifluoromethyl, C, salkyl and C,4alkoxy; and

R’ is hydrogen, or a protecting group.

48. A process according to any one of claims 1 to 45, wherein the cyclopentaquinazoline

20 is a compound of general formula (l):
‘ R? 3
e
HN O
R‘J\\N

0
wherein R' is independently selected from hydrogen, amino, C_salkyl, C,4alkoxy,
fluoroC, 4alkyl, hydroxyC, salkyl, or protected hydroxyC,alkyl;
25
R? is independently selected from hydrogen, Cyalkyl, Cs4alkenyl, C5alkynyl,
hydroxy-C,.alkyl, haloC,_salkyl or cyanoC,alkyl;
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R2 is independently selected from hydrogen, Cl_4al kyl, C3_4al kenyl ,

Ca. 4al kynyl , hydroxy-C2. 4al kyl , hal oC2_4al kyl or cyanoCl 4al kyl ; V\D
2012/ 011980RCI/WBBY11/ 001235 Ar is independently sel ect (PdTmsmmmﬁl_zzs)
arylene, optionally substituted on the ring with one or two substituents
sel ected from hal ogeno, hydroxy, amno, nitro, cyano, trifluoronethyl,
Cki al kyl and Cl 4al koxy; and 5R3 is a group of fornula - NHCH CO2R') - Al- Y1

vvhelr3 ein Al iSAQ%JrﬁﬁbK%deﬁfh%elé%r{]ed ﬁo@yzggowﬁéheobp@nanﬁmﬁth@e ofteihg vdthd Y1 is
carboxy or a protected formthere razol -

NACTaa kyl sai PGt ShasifHsgle soReeR oy PRy Rioks i ito: PPz of - 5.

yl t hi o, t et r aurifiberbmgthgiiClatkyllandrC,jadkoxgzamd- 5- yl sul f onyl , wherein said

N- (phenyl sul fonyl ) car bamoyl group may optional |y bear one or two
substituents on t he 10phenyl ring sel ect e1d 1f rom hal ogeno, nitro, .1 al kyl
and C14d koxyR’ isra group of femar iy (C@h%”)fﬁorYrrmhareutﬁ\lH%aawmez 'R 'SA2 Y2
wherein the ap@p &%‘dﬂot@&fne‘@?o@t%m%érb r%%?&tb&@&?&nhqmre&z i's

Cl_6al kyl ene and Y2 i s carb rote formthereo
tetrazol - 5-yl etiERlBaflN-foal & SaniGaRampy Nl&?fzﬁ"é'éwf%')@fwvl tetrazolgy R | 5

a N-linked namufcaltétsazacs;mmﬁnygoraérrM| agrsdfcﬁ@i @®hérenh daldom t he group
consi sting 15¢f

- ' L-le L-
L- phenyl al ani Ele‘p%?n%ka@fﬂgﬁ%? gg%’ﬁé?%r"égf@@ﬁ%g‘eq‘rgpﬁof ﬁvé)rsélggt'tuedg ?&thl S a
group of0 t he phenyliing seMetedFronghalbgene] nir\E:iallkyCan@El lajkomn er Xhis axBoimsofpheny |

whi ch may opt j %QMUY%Q@H Bili?c%ﬁ“‘?A@W WRERR tﬁé’RsaH ﬁ&?&‘é éarﬁ&l £6MGts tHeom the

group consisting o eno am no,
trifluoromet hPrcontuationyh” iafelsatyEne 4o IXo)@ﬁamy ovsa pm?@éomtmre@f 99 to

cl ai m 48, V\he[e@,lagm_sEﬁ Wherdin 8r gqug,fgeﬁ, gF gB}erCt,W(,gozH) Al- Ylwherein A is
Cl_6al kyl ene and, Y1 s car boﬁ(y—ot etra

N-[ C1_4al kyl s@T RoRIN-t4es aaYy Rﬁlwrwr'g a%/ ifl SpleFted PR Ahpgroup consisting
25t et r aw| - 5- wf t-Biadine tLeletddd IL-iSolatckiel [ ivalde apb LtgHeh@diahinG oy sulabeny|

wherein said N hen ny, bamoyl group may optionally bear one or
two substi tueﬁ?ré gtﬁgtgdhen;}‘ngr‘r%ﬁg sel ected from hal ogeno, nitro,

d _aal kyl ando@%alalgamsp of e fyrmuls -NH-@P-SlpherkintAlds Cosatiulene and Y is phenyl
- CONH- CH( CO2H), AR m@ o\mﬁ{aﬁ%ﬁ?érf&ﬁe w8 Bt Weé“&lbgtltfi@r{t SdleAb LN ER dr

D-configurati on, | ene and Y2 i1s carboxy or tetrazol-5-yl,
30or RBis a ﬁP'TSﬁ‘iR%af h?&%gaﬂ%lhvgﬁoe%@mq Hﬁma?biaﬁe talyogora@thd Graglkyl@ath t he
group camnsi st cnghikdky.L- al ani ne, L-leucine, L-isoleucine, L-valine and
L- phenyl al ani ne,
49. A process according to claim 48, wherein:
R® is a group of formula -NHCH(CO,H)-A'-Y"' wherein A' is C;salkylene and Y is
carboxy, tetrazol-5-yl, N-[C,_salkylsulfonyljcarbamoyl, N-(phenylsulfonyl)carbamoyl,

25 tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or tetrazol-5-ylsulfonyl, wherein said
N-(phenylsulfonyl)carbamoy! group may optionally bear one or two substituents on the
phenyl ring selected from halogeno, nitro, C,4alkyl and C,alkoxy, or Y' is a group of
the formula -CONH-CH(CO,H)-A%-Y? wherein the a-amino acid carbon atom has the
D-configuration, A% is C;salkylene and Y? is carboxy or tetrazol-5-yl,

30 or R? is a N-linked naturally-occurring amino acid selected from the group consisting
of L-alanine, L-leucine, L-isoleucine, L-valine and L-phenylalanine,
or R% is a group of the formula -NH-A%-Y® wherein A® is Cyalkylene and Y2 is phenyl
which may optionally bear one, two or three substituents selected from the group
consisting of halogeno, hydroxy, amino, nitro, cyano, trifluoromethyl, C,_4alkyl and

35 Cjaalkoxy.
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or R3is a group of the fornmula -NH A3-Y3 wherein A3 is Cl_3al kyl ene and Y3
I s phenyl which may optionally bear one, two or three substituents sel ected
from t he woao/amssi sti ng of hal ogeno, hydroxy, am no, RCTMS201EPares;
trifluoromethyl, Cl4al kyl and 35Cl4al koxy. WO 2012/ 011939PCT/ US2011/001235
50. A process according to any one of clains 1 to 45, wherein the
cyclopentaquinazoline Is a conmpound of general formula (VI): RArE V NLR3.
N'y y O cogtiia we)ss Ead’wcmguaaIR;cohéofcﬂﬁlmsertdaﬂt»l/r)eraﬁ!hﬁcayeldpémﬁnmydmgen

am no, C1. 4aIEy ? o¥¥ qurggi _4al kyl, hydroxyCl_4al kyl, or
protected hydPRSEF R Rbfomeul (dpendent I y sel ected from hydrogen,
Cl_4al kyl, C3_4a|keny| C3 4al kynyl , hydroxy-C2_4al kyl , hal oC2_4al kyl or
cyanoCl_4al kyl; 10 Ar i 2mdepe.ndently sel ect ed fron1C6 20 aryl ene,
optionally substléuted onr Ni with one or two substituents selected
from hal ogeno, hyk nté}p, cyano, trifluoromethyl, Cmalkyl and
Cmal koxy; and ik roup of orrrul a. -A5-CON(R CH(Y4) Y5 in which A5
is a Cl-6 al kyj'éhe p° R is hydrogen, Cl1_4al kyl, C3_4 al kenyl or .

C3_4al kynyl; Y4 is @ [yboxy or a protected forn1thereof tetrazol - 5-yl,
N—(C1_4alkylsulfonyl)carbannyl N—(phenylsulfonyl)carbanDyI whi ch may
optional®y beahewiteR op lﬂdﬂbefmb@ﬁeﬂ%ﬁ‘tf@"bhﬂtfmnpmmw Crplty. Sefalexed from
hal ogeno, mtmeoro@,l@ﬂ@lokydm@&a@a%ab&@aéd Hy@tokpE Qhtip; YI thi o,

tetrazol -5-yl sul finyl

R? is independently selected from hydrogen, C,alkyl, C;alkenyl, Cs,alkynyl,
hydroxy-C.,_4alkyl, haloC,4alkyl or cyanoC;_salkyl;

10
Ar is independently selected from Cs 5, arylene, optionally substituted on the ring with
one or two substituents selected from halogeno, hydroxy, amino, nitro, cyano,

trifluoromethyl, C,4alkyl and C, alkoxy; and

15 R?¥ is a group of formula: -A’-CON(R)CH(Y*)Y® in which A® is a C, alkylene group; R
is hydrogen, C,_alkyl, Cs4 alkenyl or Cs4alkynyl; Y* is carboxy or a protected form
thereof, tetrazol-5-yl, N-(C,4alkylsulfonyl)carbamoyl, N-(phenylsulfonyl)carbamoyl
which may optionally bear one or two substituents on the phenyl ring selected from
halogeno, nitro, C,4alkyl and C,_alkoxy, tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or

20 tetrazol-5-ylsulfonyl; and Y® is the side chain of a naturally occurring amino acid or a
group of the formula: -A*-CO,R” in which A* is C,¢ alkylene and R” is hydrogen or a
protecting group.

51. A process according to claim 50, wherein R® is a group of formula: -A°-

25 CON(R)CH(Y*)Y® in which A% is a C, alkylene group; R is hydrogen, C,_alkyl, Cs
alkenyl or C;4alkynyl; Y* is carboxy, tetrazol-5-yl, N-(C,4alkylsulfonyl)carbamoyl,
N-(phenylsulfonyl)carbamoyl which may optionally bear one or two substituents on the
phenyl ring selected from halogeno, nitro, C,.4alkyl and C,_alkoxy, tetrazol-5-yithio,
tetrazol-5-ylsulfinyl or tetrazol-5-ylsulfonyl; and Y® is the side chain of a naturally

30 occurring amino acid or a group of the formula: -A*-CO,H in which A* is C, alkylene.

52. A process according to any one of claims 1 to 51, wherein R is selected from
optionally protected hydroxyC, 4alkyl.
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20 tetrazol -5-ylsulfonyl; and Y5 is the side chain of a naturally occurring
am no acid or a group of the fornmula: -A4-CO2R' in which A4 is Cl-6

al kyl ene woaoR01Iw9hydr ogen or a protecting group. 51. ARCprse@ssorstor di ng
to claimb50, wherein R3" is a group of fornmula: -A5- 25CON(R)CH(Y4)Y5 in
which A5 is a Cl1_6 al kylene group; R is hydrogen, Cl_4alkyl, C3.4 al kenyl
or C3_4al kynyl:; Y4 is carboxy, tetrazol-5-yl,

N- ( C1_4al kyl sul f onyl ) car banoyl , N-(phenyl sul fonyl )car barmoyl which may

optionally one or t S uent s. n rin sel ected from
opt onal 1Y e S0 Slech s BURSHILUGHL 200 & s, Bl By Bieg o0

tetrazol - 5- y| sdrbkymydthydr t etrazol -5-yl sul fonyl; and Y5 is the si de chain of
a naturally 30occurring anmno acid or a group of the formula: -A4-CO2H in
which A4 is Cl-6 al kylene. 52. A process according tg any one of clains 1
to 51, wher 24 A mRacess agasirding locny 00erebPRiIMS P 159, Wiesein & EdndsrendsyizL_dal kyl .
53. A process c¢gh ing to claimb52, wherein Rl is hydroxynethyl or
protected hydroxyrethyl. 5 54. A process according to any one of clains 1
to 53, wherein R2 is independently G34al kynyl. 55. A process according to
cl ai m 54, W& ngirocdse atrdinglotive Saf Wierpin R3as giépend &g prdpapdypcess accor di ng
to any one of clains 1 to 55, wherein Ar is phenylene, optionally
substituted on the ring with one or two substituents selected from

hal ogentQ nb8.Aqrod@iss adcuirding tosamgt oGenaf dlaimg. 1 to S5, whesdin AAiSrnh@O!HST!B aptimally ng to

clai m 56, wherig ti;é?itu’f’éd 6r§thb' ’RE#W&H Bﬁé’&ﬁ@o%@ﬁﬁ&’deﬂ&%le&dﬁ% %%erﬁt?o ggeording

to any one of clalns wher ei n I's a group of
NHCH( CC2H) R3. 46'%@%%8!@31 is a group of fornula: -AS5- CON( R CH(Y4) Y5 in
which A5 is a ClL_6 al kyl ene group; R IS hydrogen Cl4al kyl, C3-4 al kenyl or

C3. 4al kynyl ; i s carbox su fonyl ) car banoyl ,
AT D S-S 3 o AR T e Gy SRR S e
substitt®nts on the phenyl ring selected from hal ogeno, nitro, Cl4al kyl and

Cl - I al koxy, 5# ?\Jf ?gegzg Fé F&é]t?%ny % Pagh 5 t¥ '5%%&@}{ le%ra rou? Pf formula -

tetrazol - Re ai'de chain 9 occurring
am no aci d or W%@Qpﬁ | vhrseindy’ nﬂﬁafoupmme ﬁTQﬂN(BWWX hYgln@/hIC'BA

al kyl ene. 25595a61 |k1ﬁ&%sgré\ﬁmn oééh @mélkzw glké‘f{}lﬂb%%lgorgllﬁgﬂs wher ein

R3. i
pr oc:a:saagr:glrjﬁ?r%ﬁq é?t"éﬁ?)'séﬂf ?1455"&%9{%’"31')‘3? BP%lyﬁ”F?“VI)%arﬁa'B?yét ecting

gr oup i p@lepenadithinyaysptiedlig dedr onoCivolsubkiityénts bethe\dheoyl riag kgtbcte@flom
halogeno, nitro, Cy4alkyl and C,_alkoxy, tetrazol-5-ylthio, tetrazol-5-ylsulfinyl or
tetrazol-5-ylsulfonyl; and Y® is the side chain of a naturally occurring amino acid or a
group of the formula: -A*-CO_H in which A* is C, alkylene.

25 59. A process according to any one of claims 1 to 58, wherein R* is a group of formula:
-CH,CH,C(=0O)NHCH(CO,H)CH,CH,CH,CO,H.

60. A process according to any one of claims 1 to 59, wherein R’ is a protecting group
independently selected from C,.4 alkyl, benzyl or allyl.
30
61. A process according to claim 60 wherein R’ is a Cy4 alkyl protecting group.
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61. A process according to claim60 wherein R is a Cl.4 alkyl protecting
group. WO 2012/011939PCT/ US2011/ 001235 62. A process according to any one
of cl ai rew0 202/8193%her ei n t he 5-am no- 6- hal oi ndanone i sPaTASAPAONRE3DT
general formula: 5wherein X is a halide. 63. A process according to any
one of clainms 1 to 45, wherein the cycl opentaqui nazoline cornpound is
(6RS)-4-(N-(2-(hydroxynet hyl) -4-o0xo0-3, 4,7, 8-tetrahydro-3H cycl opent a] g] qui n
azol i n- 6- y192. N-prdiesPactoping thaifly DR BRAGIME A ta6il Wherkth thé 5-afifd-6baBmdasdser di ng

itg any one of isca! (%lmrg%u%d ;[)fogedﬁgr‘al %hngﬂlg:' n the cycl opent aqui nazol i ne cornpound

(6S)-4-(N-(2-(hydroxynet hyl)-4-oxo-3, 4,7, 8-tetrahydro-3H cycl opent a[ g] qui na
zolin-6-yl)-N-(prop-2-ynyl)am no] benzoic acigl. 15 65. A process according

to any one of clainms 1 to 45, whereinxibhe _cycl opentaqui nazoline conmpound is
N-{N-{44N- ((6S) - 2- hydr oxynet hy1- 4- oxo- @m t et rahydro- 6H cycl openta[ g] qu
i nazol i n-6-yl)-N-(prop-2-ynyl)aminglpenrzoyY)-L-y-glutanyl)-D-glutanmic acid

(ONX-0801). 20 65. A compound, useful (r)the nmethods of clains 1 to 64,

sel ect e% from,k 5- H - but oqacet am do) - 6- br onoi ndan- 1- one;
5- (benzyl oxya®BEEM%5)2 B8 anoi ndan- 1- one:
5-(t-but oxyacet am do) - 6- cyanoi ndan- 1- one;

256- am =Dz i i - 1= : . .
250 OB RIS: SRR TSRS YRS 95 e cccpamnsin

2- (benzyl yoxy GePPRHNY isi6ESHHENG2-Ehvaroxymethub-dmo b Beteandreéhevalog] qui nazol i

ne; WD 2012/ 9dS3RinazdindOmLAerS lamino]benzoic acid.
2-( hydri) ymet Eyl 59@% 6- di oxo-%, 3&7%ingg?rgﬂ§]d$%z-ogﬁcéycI opent a[ g] qui nazol i ne;

2- (t-but'oxynet hyl ) -4, 6-di oxo- 3, 4, 7, 8-t et rahydr o- 3H cycl opent a[ g] qui nazol i ne
; 64. A process according to any one of claims 1 to 45, wherein the cyclopentaquinazoline

e O Al b o el

oxo- 3, 4, 7, 8-t eentalaipdingzdipe6-d)y i (erpeRt il bArinelhenzeic avist:

15  65. A process according to any one of claims 1 to 45, wherein the cyclopentaquinazoline
compound is N-{N-{4-[N-((6 S)-2-hydroxymethyl-4-ox0-3,4,7,8-tetrahydro-6H-cyclo-
penta[g]lquinazolin-6-yl}-N-(prop-2-ynyl)amino}benzoyl}-L-y-glutamyl}-D-glutamic acid

(ONX-0801).
O
COH
o = \\ N—
H
1,00
H

o
HOC™
ONX-0801

COH

20
65. A compound, useful in the methods of claims 1 to 64, selected from:

5-(t-butoxyacetamido)-6-bromoindan-1-one;
5-(benzyloxyacetamido)-6-cyanoindan-1-one;
5-(t-butoxyacetamido)-6-cyanoindan-1-one;

25 6-aminocarbonyl-5-(benzyloxyacetamido)indan-1-one;
6-aminocarbonyl-5-(t-butoxyacetamido)indan-1-one;
2-(benzylyoxymethyl)-4,6-dioxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazoline;
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(R) -2-(t-butyl di net hyl sil oxynet hyl) - 6-hydroxy- 4-

oxo- 3, 4,7, 8-tetrahydro-3Hcycl opent a[ g] qui nazol i ne;

(S)-2-(t-wotzgidiimsphyl si | oxymet hyl ) - 6- hydr oxy- 4- oxo- 3, 2CT/iB2a1et0e2Bydr o- 3H
10cycl opent a[ g] qui nazol i ne; (R, S)-2-(t-butoxynethyl)-6-hydroxy-4-

0xo0- 3, 4, 7, 8-tetrahydro- 3Hcycl opent a[ g] qui nazol i ne;

(R)-2-(t-butoxynet hyl)-6-hydroxy-4-

0x0-3, 4,7, 8-t el(hyy ﬁmerr@iylam.&aﬁm a[agﬂaﬁmy'a&;@f%mopenta[g]qu.nazonne

é?glsépgng ;[ gij ég F%H&l dr O% X 7 8-te?rahydro-3H-cyc§open¥a[§a}qa/ nazollneH-

(6RS) - 4, N4( 2- (zt(t-mlu;twhdtmeudwh\etriyt)membmds)t7zB-tettmy3ro43H- 8-t etrahydro-3Hcycl o
pent a[ g] qui nazol i n-6- - top- 2-ynyl ) am no) benzoate; t-butyl

(6S)-4, N ((2- %’?qdr?g{‘tg[gi‘?]‘kr{‘e%'WSi | oxymet hyl ) - 4- 0xo- 3, 4, 7. 8-t et r ahydr o- 3H-
20cycl ogent a[ (}.§iRfiebutidimebylpiloxymethyh-Ghydroyyrgt 9xerd. 43 Betvdioe3H - but yl

(6R) -4, N-((2- (.,);dotb%ﬂét Jp%tzgmea | oxynet hyl ) - 4- oxo- 3, 4,7, 8-tetrahydro-3Hcycl o
pent a[ g] qui nazol I am no) benzoat e;

(GRS) -5 N o- (RO FRATYPIDS G ) DSOS G ol gl i
zolin-6-yl)- ch]H fta qm)dz),mm no) benzoate; 25 t-butyl

6S) -4, N ((2- t et - I t [
ol n- Byl N£%>p£¢i-b°é% IS b G pR R Gy repent al ol auina
(6R)-4, M ((2- (:yoldwamaigjqwldzylin)e 4- oxo- 3, 4,7, 8-tetrahydro- 3Hcycl opent a[ g] qui na
201 0 1) - NABL RGO IURRROBIEs 30, B! 2 compound

5- (benzyl oxyaé@%ﬂ@@qwa@'&ﬂ%l ndan- 1 one

(6S) -4, NA( 2- (W@%ﬁﬁ%«rﬁé’th%)—éﬁ%@x@ 4ox6-35%, 7 8ltétAdhydoHBH- cycl opent af g] qui naz

oli n-6- yl)-N- Eﬁﬁ am no) benzoi c aci d,

(6R) -4, N4(2 (f 8 "Pﬁj%g INg; ox0- 3, 4, 7, 8-t et r ahydr o- 3H- cycl opent a[ g] qui naz
ol i n- 6-185y1 ) {y-2- @moqoxﬁnqmw 3-ydron) benadi 47, 80tchhydrodH-

(6RS) -4, N4( 2- r : ~4-0x0-3, 4,7, 8-tetrahydro-3H cycl opent a[ g] qui na
zolin-6- yl)- &l regé&g&@/@ék MR no) benzoic acid in the synthesis of a

cycl opent aqui bty (PRE)-bN-((3it-brividimetbsilaxyrerihyreaxd-3 4 Jiftetsalydet-3d ains 1 to

cyclopenta[g]quinazolin-6-yl)-N-(prop-2-ynyl)amino)benzoate;
t-butyl (6 S)-4,N-((2-(t-butyldimethylsiloxymethyl)-4-0x0-3,4,7,8-tetrahydro-3H-
20 cyclopenta[g]quinazolin-6-yl)-N-(prop-2-ynyl)amino)benzoate;
t-butyl (6R)-4,N-((2-(t-butyldimethylsiloxymethyl)-4-ox0-3,4,7,8-tetrahydro-3H-
cyclopenta[g]quinazolin-6-yl)-N-(prop-2-ynyl)amino)benzoate;
t-butyl (6RS)-4,N-((2-(t-butoxymethyl)-4-oxo0-3,4,7,8-tetrahydro-3H-
cyclopenta[g]quinazolin-6-yl)-N-(prop-2-ynyl)amino)benzoate;
25 t-butyl (6 S)-4,N-((2-(t-butoxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-
cyclopenta[g]quinazolin-6-yt)-N-(prop-2-ynyl)amino)benzoate; and
t-butyl (6R)-4,N-((2-(t-butoxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-
cyclopenta[g]lquinazolin-6-yl)-N-(prop-2-ynyl)amino)benzoate.

30 66. Use of a compound according to claim 65, or a compound selected from
5-(benzyloxyacetamido)-6-bromoindan-1-one;
(6S)-4,N-((2-(hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazolin-6-
yi)-N-(prop-2-ynyl)amino)benzoic acid;
(6R)-4,N-((2-(hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]lquinazolin-6-

35 yl)-N-(prop-2-ynyl)amino)benzoic acid; and
(6RS)-4,N-((2-(hydroxymethyl)-4-oxo-3,4,7,8-tetrahydro-3H-cyclopenta[g]quinazolin-6-
yi)-N-(prop-2-ynyl)amino)benzoic acid
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in the synthesis of a cyclopentaquinazoline or intermediate as defined in any one of
claims 1 to 64.
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