
WO 2009/053715PCT/GB2008/003621 THIENOPYRIMIDIENE DERIVATIVES AS PI3K INHIBITORS
Field of the Invention            The present invention relates to indolyl thienopyrimidine compounds and
to their use 5as inhibitors of phosphatidylinositol 3-kinase (PI3K). Background to the Invention
Phosphatidylinositol (hereinafter abbreviated as "PI") is one of a number of phospholipids found in cell
membranes. In recent years it has become clear that PI plays an 10 important role in intracellular
signal transduction. In the late 1980s, a PI3 kinase (PI3K) was found to be an enzyme which
phosphorylates the 3-position of the inositol ring of phosphatidylinositol (M.Whitman etal., 1988,
Nature, 332, 644-646).       PI3K was originally considered to be a single enzyme, but it has now been
clarified that a plurality of subtypes are present in PI3K. Each subtype has its own mechanism for Is
regulating activity. Three major classes of PI3ICs have been identified on the basis of their in vitro
substrate specificity (B. Vanhaesebroeck et al, 1997, Trends in Biochemical Sciences, 22, 267-272).
Substrates for class I PI3Ks are PI, PI 4-phosphate (PI4P) and PI 4,5- biphosphate (PI (4,5)P2). Class
I PI3Ks are further divided into two groups, class Ia and class lb, in terms of their activation
mechanism. Class Ia PI3Ks include PI3K p1 10a, p11013 20 and p1108 subtypes, which transmit
signals from tyrosine kinase-coupled receptors. Class lb PI3K includes a p1107 subtype activated by a
G protein-coupled receptor. PI and PI(4)P are known as substrates for class II PI3Ks. Class II PI3Ks
include PI3K C2a, c2p and C2y subtypes, which are characterized by containing C2 domains at the C
terminus. The substrate for class III PI3ICs is PI only. 25In the PI3K subtypes, the class Ia subtype has
been most extensively investigated to date. The three subtypes of class Ia are heterodimers of a
catalytic 110 kDa subunit and regulatory subunits of 85 IcDa or 55 kDa. The regulatory subunits
contain SH2 domains and bind to tyrosine residues phosphorylated by growth factor receptors with a
tyrosine kinase activity or oncogene products, thereby inducing the PI3K activity of the p110 catalytic
30 subunit which phosphorylates its lipid substrate. Thus, the class Ia subtypes are considered to be
associated with cell proliferation and carcinogenesis, immune disorders and conditions involving
inflammation.  WO 2009/053715PCT/GB2008/003621 2      WO 01/083456 decribes a series of
condensed heteroaryl derivatives which have activity as inhibitors of PI3 K and which suppress cancer
cell growth. Summary  5It has now been found that a series of novel thienopyrimicline compounds
have 



activity as inhibitors of PI3K. The compounds exhibit selectivity for the p1108 subtype of PI3 lcinase,
over both other class Ia and class lb PI3Ks. Accordingly, the present disclosure ,provides a compound
which is a thienopyrimidirte of formula (I):  10 R2 0(R3)   wherein W represents a thiophene ring; RI
and R2 form, together with the N atom to which they are attached, a group of the 15following formula
(Ha):  in which A is selected from: (a)a group selected from homopiperazine, piperanne, piperidine,
pyrrolidine and azetidine, which group is substituted by one or more substituents 20selected from
C3-C10 cycloalkyl which is unsubstituted or substituted, an 0- containing ring which is tetrahydrofuran,
tetrahydropyran or oxetane and which is unsubstitued or substituted, -NR'-(CR'2)1-X wherein each R'
is independently H or CI - C6 alkyl, r is 0 or 1 and Xis selected from C3-Clo  WO
2009/053715PCT/G82008/003621 3 cycloallcyl which is tutsubstituted or substituted, an 0-containing
ring which is tetrahydrofuran, tetrahydropyran or oxetane and which is unsubstituted or substituted,
and a 4-membered saturated N-containing heterocyclic ring which is unsubstituted or substituted, and
which group is 5optionally substituted by one or more further substituents; 



(b)a 4- to 7-membered saturated N-containing heterocyclic ring which includes 0 or 1 additional
heteroatoms selected from N, S and 0, the ring being fused to a second ring selected from a 4- to
7-membered saturated N-containing heterocyclic ring as defined above, a 5- to 12-membered
10unsaturated heterocyclic ring, a 5- to 7-membered saturated 0-containing heterocyclic ring, a 3- to
12- membered saturated carbocyclic ring and an unsaturated 5- to 12-membered carbocyclic ring to
form a heteropolycyclic ring system, the heteropolycyclic ring system being unsubstituted or
substituted; 15(c)a 4- to 7-membered saturated N-containing heterocyclic ring which includes 0 or 1
additional heteroatoms selected from N, S and 0 and which further comprises, linking two constituent
atoms of the ring, a bridgehead group selected from -(CR'2)11- and -(CR'2)-0-(CR'2)s- wherein each
R' is as defined above, n is 1, 2 or 3, r is as defined above and s is 0 or 1, the 20remaining ring
positions being unsubstituted or substituted; and (d)a group of formula (fib): (lib)  wherein ring B is a 4-
to 7-membered saturated N-containing heterocyclic ring which includes 0 or 1 additional heteroatoms
selected from N, 5 and 0 - 25and ring B' is a 3- to 12- membered saturated carbocyclic ring, a 5- to 7-
membered saturated 0-containing heterocyclic ring or a 4- to 7-membered saturated N-containing
heterocyclic ring as defined above, each of B and B' being unsubstituted or substituted; m is 0, 1 or 2;
4 R3 is H or C1-C6 alkyl; Ra is selected from R', halo, CN, C(0)NR'2, halo(CI-C6)allcyl, SO2R',
SO2NR'2, NR'SO2R', NR'C(0)R', NR'C(0)OR', NICC(0)NR'2, OR' and NR'2, wherein each R' is
independently as defined above; and R4 is an indole group which is unsubstituted or substituted; or a
pharmaceutically acceptable salt thereof. In a first aspect, there is provided a compound which is a
thienopyrimidine of formula (I):  



wherein W represents a thiophenering; R' and le form, together with the N atom to which they are
attached, a group of the following formula (Ha):  in which A is a group of formula (11b):  4a (11b)
[3,CBN wherein ring B is a 4- to 7-membered saturated N-containing heterocyclic ring which includes 0
or 1 additional heteroatoms selected from N, S and 0 and ring B' is a 3- to 12- membered saturated
carbocyclic ring, a 5- to 7- membered saturated 0-containing heterocyclic ring or a 4- to 7-membered
saturated N-containing heterocyclic ring as defined above, each of B and B' being unsubstituted or
substituted; m is 0, 1 or 2; RI' is H or C1-C6 alkyl; Ra is selected from R', halo, CN, C(0)NR'2,
halo(C1-C6)allsy1, SO2R], SO2NR'2, NR'502R', NR'C(0)R', NR'C(0)OR', NR'C(0)NR'2, OR' and NR'2,
wherein each R' is independently as defined above; and R4 is an indole group which is unsubstituted
or substituted; or a pharmaceutically acceptable salt thereof.        In a second aspect, there is provided
a pharmaceutical composition which comprises a pharmaceutically acceptable carrier or diluent and,
as an active ingredient, a compound as defined above.  4b Detailed description of the Invention      As
used herein, the term "fused" indicates that two rings are joined together by a common bond between
two adjacent ring atoms. The term "spiro-fused" indicates that two rings are linked through a single
common carbon atom, The term "bridgehead" denotes a linking group, of one or more atoms in length,
which connects two non-adjacent ring atoms. In each of these three cases a polycyclic (typically a
bicyclic) structure is the result. 



When any group, ring, group, ring, substituent or moiety defined herein is substituted, it is typically
substituted by Z or R5 as defined below.      A C1-C6 alkyl group is linear or branched. A CI-Co alkyl
group is typically a CI-Ca alkyl group, for example a methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl
or tert-butyl gimp. A C1-00 alkyl group is unsubstituted or substituted, typically by one or more groups
Z or R5 as defined below. Typically it is Ci-C4 alkyl, for example methyl, ethyl, i-propyl, npropyl, t-butyl,
s-butyl or n-butyl. Z is selected from H, unsubstituted C1-C6 alkyl, halo, -OR, -SR, -(C(R6)2),,R, -
CH2OR, -CF3, -(halo)-C1-Co alkyl, -(C(R6)2),10-(halo)-Ci-Co alkyl, -CO2R, -(C(R6)2)qCO21t, -
(C(R6)2)qCOR, CF2OH, CH(CF3)0H, C(CF3)20H, -(CH2)q0R, -(C(R6)2)q0R, -(CH2)INR2, -
(C(R6)2)qNRz, -C(0)N(R)2, -(C(R6)0qCONR.2 -NR2, -(C(R6)2)(1NR2, -(C(R6)2)(INRC(0)R, -
(C(R6)2),,NRC(0)0R, -S(0)R, -S(0) pN(R)2, -(C(R6)2)qS(0)pN(R)2, -0C(0)R, - (C(R6)2)q0C(0)R,
-0C(0)N(R)2, -(C(R6)2),10C(0)N(R)2, -NRS(0)pR, -(C(R6)2),INRS(0)pR, - NRC(0)N(R)2,
-(C(R6)2),,NRC(0)N(R)2, CN, -NO2, =0, a 5- to 12-membered aryl or heteroaryl group, which group is
tmsubstituted or substituted and a 4- to 7-membered saturated N-containing heterocyclic ring, wherein
each R is independently selected from H, CI-Co alkyl, C3-C10 cycloalkyl and a 5- to 12-membered aryl
or heteroaryl group, the group being unsubstituted or substituted, or when two groups R are attached
to an N atom they form, together with the N atom, a 4- to 7-membered saturated N-containing
heterocyclic ring; p is 1 or 2 and q is 0, 1 or 2.  WO 2009/053715PCT/GB2008/003621 5      R5 is
selected from C1-C6 alkoxy, OR6, SR6, S(0)3,R6, nitro, CN, halogen, -C(0)R6, - CO2R6, -C(0)N(R6)2
and -N(R6)2. R6, each of which is the same or different when more than one is present in a given
substituent, is selected from H, C1-C6 alkyl and C3-C10 cycloallcyl, and p is 1 or 2. 5A halogen or halo
group is F, Cl, Br or I. Preferably it is F, Cl or Br. A C1-C6 alkyl group substituted by halogen may be
denoted by the term "halo-C1-C6 alkyl", which means an alkyl group in which one or more hydrogens
is replaced by halo. A halo-C1-C6 alkyl group preferably contains one, two or three halo groups. A
preferred example of such a group is trifluoromethyl. 10A Ci-C 6 alkoxy group is linear or branched. It
is typically a CI-C4 allcoxy group, for example a nnethoxy, ethoxy, propoxy, i-propoxy, n-propoxy,
n-butoxy, sec-butoxy or tertbutoxy group. A C1-C6 alkoxy group is unsubstituted or substituted,
typically by one or more groups Z or R5 as defined above. A C3-C10 cycloallcyl group may be, for
instance, C3-C8 cycloalkyl such as cyclopropyl, 15 cyclobutyl, cyclopentyl, cyclohexyl, or cycloheptyl.
Typically it is C3-C6 cycloalkyl, for example cyclopropyl, cyclobutyl or cyclopentyl. In one embodiment
it is cyclopropyl. A C3-C10 cycloalkyl group is unsubstituted or substituted, typically by one or more
groups Z or R5 as defined above. A saturated 4- to 7-membered N-containing heterocyclic ring
typically contains one 20 nitrogen atom and either an additional N atom or an 0 or S atom, or no
additional heteroatoms. It may be, for example, anticline, pyrrolidine, piperidine, piperazine,
motpholine, thiomorpholine or homopiperazine. A 4- membered saturated N-containing heterocyclic
ring is typically azetidine. A 4- to 7- membered, or a 4-membered, saturated N-containing heterocyclic
ring as 



25 defined above is unsubstituted or substituted on one or more ring carbon atoms and/or on any
additional N atom present in the ring. Examples of suitable substituents include one or more groups Z
or R5 as defined above, and a C1-C6 alkyl group which is unsubstituted or substituted by a group Z or
R5 as defined above. When A is a group selected from piperazine, piperidine and pyrrolidine which is
30 substituted by -NR'-(CR'2)r-X as defined under (a) above, parameter r is typically 1. A is typically
substituted by a group selected from cyclopropyl, cyclobutyl, -NH-CH2-cyclopropyl, -NH-cyclopropyl,
-NH-CH2-tetrahydrofuranyl, -NH-tetrahydrofuranyl, -NH-C1.12-  WO
2009/053715PCT/GB2008/003621 6 tetrahydropyranyl, -Nil-tetrahydropyranyl and azetidinyl. Specific
examples of such a group A include the following structures:     10 (iii)(iv)      The group A is optionally
substituted by one or more further substituents. Such further substituents are typically selected from
groups Z and R5 as defined above. A 5- to 7-membered saturated 0-containing heterocyclic ring
contains at least one 0 15atom and 0, 1 or 2, typically 0 or 1, additional heteroatoms selected from 0,
N and S. It is, for instance, tetrahydrofuran, tetrahydropyran or morpholine.      A 3- to 12- membered
saturated carbocyclic ring is a 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10, 11- or 12-membered carbocyclic ring
containing only saturated bonds. It is a monocyclic or fused bicyclic ring system. It is, for instance, a 3-
to 7-membered saturated carbocyclic ring. 20 Examples include cyclopropane, cyclobutane,
cyclopentane, cyclohexane and cycloheptane, and bicyclic ring systems in which two such rings are
fused together.      An unsaturated 5- to 12-membered carbocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, II- or
12-membered carbocyclic ring containing at least one unsaturated bond. It is a monocyclic or fused
bicyclic ring system. The group is non-aromatic or aromatic, for instance a 5- to 12- 25 membered aryl
group. Examples include benzene, naphthalene, indane, indene and tetrahydronaphthalene rings, or
phenyl, naphthyl, indanyl, indenyl and tetrahydronaphthyl groups. The group is unsubstituted or
substituted, typically by one or more groups Z or R5 as 



WO 2009/053715PCT/GB2008/003621 7 defined above.      An aryl group is a 5- to 12-membered
aromatic carbocyclic group. It is monocyclic or bicyclic. Examples include phenyl and naphthyl groups.
The group is unsubstituted or substituted, for instance by a group Z or R5 as defined above. 5An
unsaturated 5- to 12-membered heterocyclic group is a 5-, 6-, 7-, 8-, 9-, 10, 11- or 12-membered
heterocyclic ring containing at least one unsaturated bond and at least one heteroatom selected from
0, N and S. It is a monocyclic or fused bicyclic ring system. The group is non-aromatic or aromatic, for
instance heteroaryl. The group may be, for example, furan, thiophene, pyrrole, pyrrolopyrazine,
pyrrolopyrimidine, pyrrolopyridine, 10 pyrrolopyridazine, indole, isoindole, pyrazole, pyrazolopyrazine,
pyrazolopyrimidine, pyrazolopyridine, pyrazolopyridazine, imida7ole, imidazopyrazine,
imidazopyrimidine, imidazopyridine, irnidazopyridazine, benzimida7ole, benzodioxole, benzodioxine,
benzoxazole, benzothiophene, benzothiazole, benzofuran, indolizinyl, isoxazole, oxazole, oxadiazole,
thiazole, isothiazole, thiadiazole, dihydroimidazole, dihydrobenzofuran, 15 dihydrodioxinopyridine,
dihydropyrrolopyridine, dihydrofuranopyridine, dioxolopyridine, pyridine, quinoline, isoquinoline,
thienopyrimidine, quinoxaline, tetrahydrobenzofuran, tetrahydroquinoline, tetrahydroisoquinoline,
5,6,7,8-tetrahydro-imida7o[1,5-a]pyrazine, 5,6,7,8-tetrahydro-imid27o[1,2-a]pyrazine, thienopyrazine,
pyrimidine, pyridazine, pyrazine, triazine, triazole or tetrazole. The group is unsubstituted or
substituted, typically by one or 20 more groups Z or R5 as defined above.      Heteroaryl is a 5- to
12-membered aromatic heterocyclic group which contains 1, 2, 3, or 4 heteroatoms selected from 0, N
and S. It is monocyclic or bicyclic. Typically it contains one N atom and 0, 1, 2 or 3 additional
heteroatoms selected from 0, S and N. It may be, for example, a 5- to 7-membered heteroaryl group.
Typically it is selected from the heteroaryl 25 groups included in the above list of options for a 5-
to12-membered unsaturated heterocyclic group. Examples of a 4- to 7-membered saturated
N-containing heterocyclic ring which is fused to a second ring as defined above to form a
heteropolycyclic ring system include a group selected from azetidine, pyrrolidine, piperidine,
piperazine, morpholine, 30 thiomorpholine and homopiperazine, said group being fused to a second
ring as defined above. The second ring is typically a 4- to 7-membered saturated N-containing
heterocyclic ring as defined above or a 5- to 12-membered unsaturated heterocyclic group. More
typically  WO 2009/053715PCT/GB2008/003621 8 the second ring is a 5-, 6- or 7-membered
saturated N-containing heterocyclic ring or a 5- to 7-membered unsaturated heterocyclic ring. Typical
examples of the second ring include azetidine, pyrrolidine, piperidine, piperazine, morpholine,
thiomorpholine, homopiperazine, pyrrole, imidazole, pyridine, pyridazine, pyrimidine, pyrazine,
tetrahydrofuran and 5 tetrahydropyran. Examples of the resulting heteropolycyclic system include
octahydropyrrolo[1,2-a]pyrazine and octahydro-pyrrolo[3,4-c]pyrrole. Specific examples of the
heteropolycyclic system include the following structures: 



(d)(e)(f) 15  (8)  Examples of a 4- to 7-membered saturated N-containing heterocyclic group as defined
above which includes a bridgehead group -(CR'2)0- or -(CR'2),-0-(CR'2),- as defined above include
3,8-diaza-bicyclo[3.2.1]octane, 2,5-diaza-bicyclo[2.2.1]heptane, 8-aza-  WO
2009/053715PCT/GB2008/003621 9 bicyclo[3.2.1]octane, 2-aza-bicyclo[2.2.1]heptane,
3,6-diaza-bicyclo[3.1.1]heptane, 6-azabicyclo[3.1.1]heptane, 3,9-diaza-bicyclo[4.2.1]nonane and
3-oxa-7,9- diazabicyclo[3.3.1]nonane. Specific examples of this group include the following structures:
10 0 



(d') (e')        Examples of a group of formula (11b) as defined above include groups derived from a 4-
to 7-membered saturated N-containing heterocyclic group as defined above which is spire-fused at
any available ring carbon atom to a 3 to 12- membered saturated carbocyclic ring, typically to a 3- to
6-membered saturated carbocyclic ring, or to a 4- to 7-membered 15 saturated N-containing
heterocyclic group. Examples include a group selected from azetidine, pyrrolidine, piperidine and
piperazine which is spiro-fused at a ring carbon atom to a group selected from cyclopropane,
cyclobutane, cyclopentane, cyclohexane, azetidine, pyrrolidine, piperidine, piperazine and
tetrahydropyran. The group of formula (fib) may, for instance, be a group derived from 3,9-
20diazaspiro[5.5]undecane, 2,7-diazaspiro[3.5]nonane, 2,8-diazaspiro[4.5]decarie or 2,7-
diazaspiro[4.4]nonane. Specific examples of a group of formula (Ilb) include the following structures:
WO 20091053715PCT/GB2008/003621 10    (iv')     



5     (v')(vi')   (vii')(viii')          R4 is an indolyl group which is unsubstituted or substituted. The indolyl
group may be linked to the thienopyrimidine core via any available ring position. It may, for instance,
be an 15indo1-4-yl, indo1-5-yl, indo1-6-y1 or indo1-7-y1 group. Typically it is indo1-4-y1 or indo1-6-yl,
more typically an indo1-4-y1 group. When substituted, the indolyl may be substituted at one or more
available ring positions. Typically it bears a substituent on the benzene moiety of the indole group. For
instance, an indo1-4-y1 group is typically substituted at the 5-, 6- or 7-position, more typically 20at the
5- or 6-position. An indo1-5-y1 group is typically substituted at the 4-, 6- or 7- position, 



more typically at the 4- or 6-position. An indo1-6-y1 group is typically substituted at the 4-, 5-  WO
2009/053715PCT/GB2008/003621 11 or 7-position, more typically at the 4- or 5- position. An
indo1-7-y1 group is typically substituted at the 4-, 5- or 6-position, more typically at the 5- or 6-position.
When the indolyl group is substituted it may be substituted by a group Z or R5 as defined above. In a
typical embodiment the indolyl group is substituted by a group selected 5 from R, -OR, -SR, -S(0)R,
CH2OR, -C(0)R, -CO2R, CF3, CF2OH, CH(CF3)0H, C(CF3)20H, -(CH2),10R, -(CH2),INR2
-C(0)N(R)2, -NR2, -N(R)C(0)R, -S(0)N(R)2, -0C(0)R, OC(0)N(R)2, -N(R)S(0)p R, -NRC(0)N(R)2,CN,
halo, -NO2 and a 5-membered heteroaryl group containing 1, 2, 3 or 4 heteroatoms selected from 0, N
and S, wherein R, p and q are as defined above in the definition of Z. In another typical embodiment
the indolyl group is 10 substituted by a group selected from CI - C6 alkyl, CN, halo, -C(0)NR2,
halo(CI-C6)alkyl such as CF3, NO2 , OR, SR, NR2,C(0)R, SOR, SO2 R, SO2NR2 , NRC(0)R, CO2 R
and a 5- membered heteroaryl group as defined above. In another more typical embodiment the
indolyl group is substituted by a group selected from CN, halo, -C(0)NR2, halo(C1-C6)alkyl such as
CF3, -SO2R, -SO2NR2, and a 5-membered heteroaryl group containing 1, 2, 3 or 4 15 heteroatoms
selected from 0, N and S. In the above embodiments R is typically H or C1-C6 allcyl.      Typically the
substituent on the indolyl group is an electron-withdrawing group. When the substituent is a
5-membered heteroaryl group it may be, for example, furan, thiophene, pyrrole, imidazole, pyrazole,
triazole, tetrazole, oxazole, isoxazole, oxadiazole, 20thiazole, isothiazole, or thiadiazole.      In one
embodiment a substituted indolyl group is an indo1-4-y1 group substituted at the 5- or 6-position, in
particular the 5-position, by CN, halo, -C(0)NH2, -CF3, -S02Me, - SO2NMe2 or a 5-membered
heteroaryl group as defined above. Typically the indo1-4-y1 group is substituted at the 5- or 6-position
by halo, in particular by F. More typically the indo1-4-y1 25group is substituted at the 5-position by
halo, in particular by F. The parameter m in formula (I) is 0, 1 or 2. Typically m is 1 or 2. More typically
m is 1.      When, in above definition (a) of A, the homopiperazine, piperazine, piperidine, pyrrolidine,
morpholine or azetidine group is optionally substituted by one or more 30 substituents, it is substituted
on a ring carbon atom or a ring heteroatom by one or more groups Z or R5 as defined above. Typical
examples of the substituent include halo, oxo (=0), -C(0)-N(RI)2 and -C(RI)2-ORI wherein RI is H or
unsubstituted C1-05 alkyl. Examples of  WO 2009/053715PCT/6B2008/003621 



12 -C(0)-N(RI0)2 include -C(0)-N(CH3)2 and -C(0)-NH2. Examples of -C(1(1)2-ORI include -CH2-0H
and -CH2-0CHI           When, in above definition (b) of A, the heteropolycyclic ring system is
substituted, it is substituted on a ring carbon atom or a ring heteroatom by one or more groups 5 Z or
R5 as defined above. Typical examples of the substituent include oxo (=0), -C(0)- N(Itm)2 -C(0)0RI
and -S(0)2 RI wherein RI is as defined above. Examples of the substituent -C(0)-N(RI)2 include
-C(0)-NH2, -C(0)NH(CH3) and -C(0)N(CH3)2. Examples of -C(0)R' include -C(0)CH3. Examples of
-C(RI)2-0111 include -CH2-0H and -CH2-0CH3. Examples of the substituent -C(0)0R' include -C(0)0H
and - I 0 C(0)0CH3. A typical example of -S(0)2 RI is -S(0)2 CH3.      When, in above definition (d) of
A, the ring B or B' is substituted, it is substituted on a ring carbon atom or a ring heteroatom by one or
more groups Z or R5 as defined above. Typical examples of the substituent include halo, C1-C6 alkyl,
-C(0)-N(RI)2, -C(0)RI, - C(0)0R' and -S(0)2 RI wherein RI is as defined above. Examples of the
substituent - 15 C(0)-N(RI)2 include -C(0)-N112, -C(0)NH(CH3) and -C(0)N(CH3)2. Examples of -
C(0)R' include -C(0)C113. yde-C(121)2-ORI include -CH2-0H and -CH2-0CH3 Examples of the
substituent -C(0)0R' include -C(0)0H and -C(0)0CH3 . A typical example of - S(0)2 RI is -S(0)2 CH3.
The thiophene ring W in formula (I) adopts either of the two available regiochemical 20 orientations.
Thus, in one embodiment the thienopyrimidine is of the following formula (Ia): (la)N    wherein RI, R2,
R3,R4 and m are as defined above for formula (I). In a second embodiment the thienopyrimidine is of
the following formula (lb):  13 (lb) N-(C(R3)2), NR4 wherein R', R2, R3, R4 and m are as defined
above for formula (I).      Specific examples of compounds of the invention include the compound listed
in the following Table 1: 



Table 1   Compound No. Structure Name 1 o C ) \Io NH cN)Ns 6-(4-Azetidin- 1 -yl-piperidin- 1
-ylmethyl)- 2-(6-fluoro-1H-indo1-4-y1)-4-morpho lin4-yl-thieno[3,2-cipyrimidine 2 s
Cyclopropylmethyl-{142-(5-fluoro-1Hindo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-yhnethyll-piperidin-4-yllamine  )iNH N1101 <IN  3   C) o s_AN
Cyclopropylmethyl-{142-(6-fluoro-1Hindo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethylkpiperidin-4-yllamine 



NH  >----/IP <01   WO 2009/053715PCTIG82008/003621 14 4 s NH Nis
Cyclopropyl-{142-(6-fluoro-1H-indol-4- y1)-4-mospholin-4-yl-thieno[3,2-
d]pyrimidin-6-yhnethylkpiperidin-4-y1) - 01111110 5 o   ( ) s -.....IN t\INH N10 N
6-[(S)-1-(Hexahydro-pyrrolo[1,2- a]pyrazin-2-yl)methyl]-2-(1H-indol-4- y1)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine 6 



o C ) r-11-SANIIIIINH a cIIP N 2-(5-Fluoro-1H-indo1-4-y1)-64(5)-1- (hexahydro-pyrrolo[1,2-a]pyrazin-2-
yl)methyl]-4-morpholin-4-yl-thieno[3,2- d]pyrimidine 7 sN NH N 0 N
2-(6-Fluoro-1H-indo1-4-y1)-6-[(5)-1- (hexahydro-pyrrolo[1,2-a]pyrazin-2-
y1)methy11-4-morpholin-4-y1-thieno[3,2- d]pyrimidine 8 s- \NH N110
6-(Hexahydro-pyrrolo[3,4-c]pyno1-2- ylmethyl)-2-(1H-indol-4-y1)-4-
momholin-4-yl-thieno[3,2-d]pyrimidine  WO 2009/053715PCT/OB2008/003621 15 9 



s_ NH N 40 0 2-(5-Fluoro-1H-indo1-4-y1)-6- (hexahydro-pyrrolo[3,4-e]pyrrol-2-
ylmethyl)-4-morpholin-4-yl-thieno[3,2- a]pyrimidine 10 sC ) sLN NrCkW ab NH el
2-(6-Fluoro-1H-indo1-4-y1)-6- (hexahydro-pyrrolo[3,4-e]pyrrol-2- ylmethyl)-4-morpholin-4-yl-thieno[3,2-
dhoyrimidine 11 0 C ) N /NH Nio 6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-
2-(1H-indol-4-y1)-4-morpholin-4-ylthieno[3,2-d]pyrimidine 12 o C )    S,-% I-UN si NH 



41, 6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-
2-(5-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine 13 o C ) s ja,,,,,, /NH Nio
6-(2,7-Diaza-spiro[3.5)non-2-ylmethyl)-
2-(6-fluoro-1H-indo1-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine  WO
2009/053715PCT/OB2008/003621 16 14 o ( ) N sw 6-(3,8-Diaza-bicyclo[3.2.1)oct-3-
ylmethyl)-2-(6-fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidine  (k\A NH N40 



16 0 ( ) , NI-ab NH (7)C-INel N H
siLNfluoro-1H-indo1-4-y1)-4-morpholin-4-yl6-[(13,55)-1-(3,6-Diazabicyclo[3.1.11hept-6-y1)methy11-2-(
6- thieno[3,2-djpyrimidine 18 SN /NH N40 6-(2,7-Diaza-spiro[3.5]non-7-ylmethyl)-
2-(6-fluoro-1H-indo1-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine 19 _,o) ...-11  r_cs----ApN Nik'sni si
NH 11, 6-(2,8-Diaza-spiro[4.5]dec-8-ylmethyl)-
2-(6-fluoro-1H-indo1-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine  



20 S- \NH N40 NH 6-(2,7-Diaza-spiro[4.4]non-2-ylmethyl)-
2-(6-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine  WO
2009/053715PCT/OB2008/003621 17 21    o C ) N s N N H
2-(6-Fluoro-1H-indo1-4-y1)-4-morpholin4-y1-6-(octahydro-pyrrolo[3,2-c]pyridin5-ylmethyl)-thieno[3,2-cf
lpyrimidine 



22 H N H   0 ( ) S* s NH IP
2-(6-Fluoro-1H-indo1-4-y1)-4-morpholin4-y1-6-[(3aS,7aR)-1-(octahydropyrrolo[3,2-c]pyridin-5-yl)methy
lk thieno[3,2-a]pyrimidine 23 N  \ o ( ) CAIN( s NH IP-
2-(6-F1uoro-1H-indo1-4-y1)-4-mmpholin4-y1-6-[(3aR,7a8)-1-(oetahydropyrrolo[3,2-c]pyridin-5-yl)meth
ylk thieno[3,2-d]pyrimidine 24 N iHi 



s o C ) N NH NIlk 2-(6-Fluoro-1H-indo1-4-y1)-6-[(R)-1- (hexahydro-pyrro1o[1,2-a]pyrazin-2-
yl)methy1]-4-morpholin-4-yl-thieno[3,2- d]pyrimidine 27 HN    4-[2-(5-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-d1pyrimidin-6- ylmethy1]-1-oxa-4,9-diazaspiro[5.5]undecane     \NH Nis
WO 2009/053715PCT/GB2008/003621 



18 28 o C ) 942-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrinuidin-6-
ylmethyli-1-oxa-4,9-diazaspiro[5.5]undecane  isiAN   \-"Ndiati NH LW  29 HiltL. -C.)s.-21N
742-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethy1]-2,7-diaza-spiro[3.5]nonan-1- one  NH N *  31 S. 



NH Nis 6-(4-Azetidin-1-yl-piperidin- 1 -y1rnethyl)-
2-(1H-indol-4-y1)-4-morpholin-4-ylthieno[3,2-4pyrimidine 32 o C ) "NNH c)IIP 01 I re----Ic m
6-(4-Azetidin-1 -yl-piperidin-1-ylinethyl)-
2-(5-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[3,2-4pyrimidine 33 N
6-(3,8-Diaza-bicyclo[3.2.1]oct-3- ylmethyl)-2-(1H-indol-4-y1)-4- morphotin-4-yl-thieno[3,2-4pyrimidine
NH Nio  34 0 ( ) N 



,is -.AN 6-(3,8-Diaza-bicyclo[3.2.1]oct-3- ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-4pyrimidine  ,,NH Nis   WO 2009/053715PCT/G112008/003621 19 35 N  o C
) N N  NH 0 6-(3,8-Diaza-bicycloP.2.1]oct-8- ylmethyl)-2-(6-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-cipyrimidine    



36 (N\ N---7 <:( S o N N N CF3 NH  6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
4-morpholitt-4-y1-2-(2-trifluoromethyl1H-indo1-4-y1)-thieno[2,3-a]pyrimidine 37 iN\ i-j S N N NH  



I 4-16-(4-Cyclopropyl-piperazin-lylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-y1]-1H-indole-6-sulfonic acid dimethylarnide 38 ir`\ N-2 <1 S N N NH is 0N
416-(4-Cyclopropyl-piperazin-1- ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-y1]-1H-indole-6-carboxylic acid amide 39  (Ns N---7 4 S  ela NH CF3
6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
4-morpholin-4-y1-2-(6-trifluoromethyl1H-indo1-4-y1)-thieno[2,3-d]pyrimidine  WO
2009/053715PCT/GB2008/003621 20 40 



N-  NH (--19\S NSIP <1 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
2-(6-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[2,3-alpyrimidine 41 chi\Ssi NH N--/IP 111
6-(4-Cyclopropyl-piperazin-1-ylmethyl)- 2-(6-methanesulfony1-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[2,3-4pyrimidine 42 / NH CI\ S( is NSF millirr <I
6-(4-Cyclopropyl-piperazinThylmethyl)-
2-(5-fluoro-1H-indol-4-y1)-4-morpholin4-yl-thieno[2,3-a]pyrimidine 43 CN / / 



NNH Si  NS <11 446-(4-Cyclopropyl-piperazin- 1 - ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-y1]-1H-indole-2- carbonitrile 44 <1 N c..._N 4-[6-(4-Cyclopropyl-piperazin-1-
ylmethyl)-4-morpholin-4-yl-thieno[2,3- d]pyrimidin-2-y1]-1H-indole-6- carbonitrile  NH S N . CN   WO
2009/053715PCT/GB2008/003621 21 45 'Ck c_N-\) 



N s N - NH 0 CN 446-(4-Cyclopropyl-piperazin-1- yhnethyl)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidine-2-y11-1H-indole-6- carbonitrile       46 <ik N N S N NH 0 



0NH, 4-[6-(4-Cyclopropyl-piperazin-1- yhnethyl)-4-morpholin-4-yl-thieno[3,2-
d]primidine-2-y11-1H-indole-6- carboxylic acid amide       47   o CN ) - NH IIIP
6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
2-(6-fluoro-IH-indo1-4-y1)-4-morpholin4-yl-thieno[3,2-4pyrimidine  Ci <IN  



48 'S N c_14 S N N CF, - NH 40 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
4-morpholin-4-y1-2-(2-trifluoromethyl1H-indo1-4-y1)-thieno[3,2-c]pyrimidine   \    49 



s o    ) Cj ..,N N NH ao F FF 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-
4-morpholin-4-y1-2-(6-trifluoromethyl1H-indo1-4-y1)-thieno[3,2-d]pyrimidine  iN\ <f \     WO
2009/053715PCT/GB2008/003621 22 50 



'S N c_NS NH N SO,NMe2 6-(4-Cyclopropyl-piperazin-l-yhnethyl)-
2-(6-methy1-1H-indo1-4-y1)-4-morpholin4-yl-thieno[3,2-d]pyrimidine 51 'S N C--+I\ s NH Nio SO,Me
6-(4-Cyclopropyl-piperazin-l-yhnethyl)- 2:(6-methanesulfony1-1H-ind01-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine 52 \N Nis 6-(4-Cyclopropyl-piperazin-1-yhnethyl)-
2-(5-fluoro-1H-ind01-4-y1)-4-morpholin4-yhthieno[3,2-4pyrimidine 53 S NH 



Nis 6-(1,8-Diaza-spiro[4.5]dec-8-ylmethyl)-
2-(5-fluoroAH-indol-4-y1)-4-morpholin4-yl-thieno[3,2-4pyrimidine    54 0   C ) siz-N NC1/4"--LN--NH a
IP 2-(5-Fluoro-1H-ind01-4-y1)-6-(7-methyl2,7-diaza-spiro[3.53non-2-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-4pyrimidine  WO 2009/053715PCT/GB2008/003621 23 55 s H 1-
{242-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethy1]-2,7-diaza-spiro[3.5]non-7-y1} - ethanone 56 o C ) 



N S,...AN_ /NH N 0 H, 0-
(3R*,4S*)-4-Azetidin-l-y1-142-(5-fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmet
hy1]- piperidine-3-carboxylic acid amide 57 s NH N310 01 I-NH, (3Rt4R1-4-Azetidin-l-y1-112-(5-
fluoro-IH-indol-4-y1)-4-morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmethyl]- piperidine-3-carboxylic acid
amide 58 o C ) r(8---;- Nab NH 4111
()-6-((Cis)-4-AzetidM-1-y1-3-fluoro-piperidin-l-ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-momholin-4-yl-thi
eno[3,2- d]pyrimidine 59 a- 



()- {(trans)-4-Azetidin-1-y1-142-(5-
fluoro-1H-indo1-4-y1)-4-morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmethylk piperidin-3-y1} -methanol  NH
N 0 01 H07   WO 2009/053715PCT/GB2008/003621 24 60 s \NH N40 CJHO
()-{(Cis)-4-Azetidin-l-y1-142-(5-fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylinethy
l]- piperidin-3-y1} -methanol 61 s \N N 40 ,., , .N ,../r.s, b 



2-(5-Fluoro-1H-indo1-4-y1)-6-(7-
methanesulfony1-2,7-diaza-spiro[3.5]non2-ylmethyl)-4-motpholin-4-yl-thieno[3,2- dlpyrimidine 62 0 C)
re4NNH N-\---Ns  IIP 242-(5-Fluoro-1H-indo1-4-y1)-4-  morpholin-4-yl-thieno[3,2-cipyrimidin-6-
ylmethy11-2,7-diaza-spiro[3.5]nonane-7- carboxylic acid dimethylamide 63 o C ) s-,AN [-UN sh NH WI
242-(5-Fluoro-1H-indo1-4-y1)-4-  morpholin-4-yl-thieno[3,2-dlpyrimidin-6-
ylmethy11-2,7-diaza-spiro[3.5]nonane-7- carboxylic acid methyl ester    64 o C ) NH 



i-NCSA\N' s  \NJIP .'--0 N (R)-842-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrimidin-6-
ylmethyl3-hexahydro-pyrazino[1,2- a]pyrazine-1,4-dione  WO 2009/053715PCT/G112008/003621 25
65 o C s ,I.N) I---c Fr.? N s NH 111P 74245 -Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidin-6- ylmethylj-3 -oxa-7,9-diaza- bicyclo [3 .3 .11nonane 66   



N NH Nis 64443 ,3 -Difluoro-azetidin- 1 -yI)- piperidin- 1
-ylmethy1]-2-(5-fluoro-1Hindol-4-y1)-4-morpholin-4-yl-thieno[3,2- d]pyrimidine 67    s N NH N 64443 ,3
-Difluoro-azetidin- 1 -y1)- piperidin- I -yhnethylj-2-(1H-indo 1-4-y1)- 4-moipholin-4-yl-thieno [3,2-
cflpyrimidine 68  S  N 



NH is 6-(6,9-Diaza-spiro[4.5]dec-9-ylmethyl)- 245 -fluoro-1H-indo1-4-y1)-4-morpholin4-yl-thieno[3
,2-a]pyrimidine        69 021)  s N - NH 0 (R)-742-(5-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-34-thieno[3,2-cflpyrimidin-6- ylmethylkhexahydro-oxazolo[3,4- a]pyrazin-3-one  WO
2009/053715PCT/6B2008/003621 26 70 



s 712-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrimidin-6-
yltnethyll-5,6,7,8-tetrahydro[1,2,44triazo1o[4,3-alpyrazine  NH N  71 o ) s,..)L
(a]pyrazin-7-yltnethyl)-2-(6-fluoro-1H6-(5,6-Dihydro-8H-imidazo[1,2-
indo1-4-y1)-4-morpholin-4-yl-thieno[3,2- dipytitnidine  /NH alp Oa  72 o   C ) S---IN  INH c-No)Nis 



p F 644-(3-Fluoro-azetidin-l-y1)-piperidin-1- ylmethy1]-2-(1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-cipyrimidine 73 1 S /NH c-N?Nis p F 644-(3-Fluoro-azetidin-l-y1)-piperidin-1-
ylmethylj-2-(5-fluoro-lH-indol-4-y1)-4- morpholin-4-yl-thieno[3,2-cipyrimidine 74 o C )
sit.Npiperidin-4-y1}-azetidin-2-one 1-{1-12-(1H-Indo1-4-y1)-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-6-ylmethy1]-  1NH 0N is at,   



WO 2009/053715PCT/6132008/003621 27 75  s....N NH Nis (0N )1-0-12-(5-Fluoro-1H-indo1-4-y1)-4-
molpholin-4-yl-thieno[3,2-4pyrimidin-6- ylmethyll-piperidin-4-y1}-azetidin-2-one 76 N 8NNH N io
()-8-[2-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yhthieno[3,2-4pyrimidin-6-
yhnethylkoctahydro-pyrazino[2,1- c][1,4]oxazine 77 /--N c_ > o \N-1 s H We 



(R)-842-(5-Fluoro-1H-indo1-4-y1) 4- morpholin-4-yl-thieno[3,2-cflpyrimidin-6-
ylmethylkoctahydro-pyrazino[2,1- C][1,4]oxazine 78 (--:: 7 \-0 o C ) s-AN Ns NH 111P
(S)-842-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-4pyrimidin-6-
ylmethylkoctahydro-pyrazino[2,1- C][1,4]oxazine 79 /-N '. $- NH (R)-842-(5-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-a]pyrimidin-6- ylmethyll-hexahydro-pyrazino[2,1- c][1,4]oxazin-4-one  WO
2009/053715PCT/OB2008/003621 28 



80 o _  CN0D C s N NH 0 542-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-cflpyrirnidin-6-
ylmethyl]-hexahydro-pyrrolo[3,4- c]pyrrole-2-carboxylic acid dimethylamide 81 0 NH,  S...N N _ NH io
542-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyThhexahydro-pyrrolo[3,4- c]pyrrole-2-carboxylic acid amide 



82 0 na-12  $ NH 0 2-[2-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyll-2,7-diaza-spiro[3.51nonane-7- carboxylic acid amide    / N   83    s - NH 



io 6-(4-AzetidinThyl-piperidin-1-ylmethyl)- 2-(6-methanesulfonyl-1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine     N   84  O Co) NSj\LI?N t-SAN si NH IP (4aRt8aR
*)-642-(5-Fluoro-M-indol-4- y1)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyl]-1-methylhexahydro-pyrido[3,4-b}[1,4]oxazin-2- one  WO
2009/053715PCT/GB2008/003621 29 85 



0, ) S-... \ N NH is 4- {4-[2-(5-Fluoro-111-ind01-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethylkpiperazin-l-yll-tetrahydropyran-4-carboxylic acid amide  7 HIV    86  s \ N NH is SO,Me 



6-[(S)-1-(11exahydre-pyrrolo[1,2- a]pyrazin-2-yOmethyl]-2-(6- methanesulfonyl-1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine 87  $ N NH is
2-(5-Fluero-1H-indel-4-y1)-4-rnmpholin4-y1-644-(tetrahydre-pyran-4-y1)-
piperazin-1-ylmethylphieno[3,2- d]pyrimidine 88  0, -- s - NH als
2-(1H-Ind01-4-y1)-4-morpholin-4-y16-[4- (tetrahydro-pyran-4-y1)-piperazin-1-
ylmethy1]-thieno[3,2-djpyrimidine.   N   



89  $ NH is ()2(5-Fluoro-IH-ind01-4-y1)-6-[4-(2-
methyl-tetrahydro-furan-3-y1)-piperazinl-ylmethyl]-4-morpholin-4-yl-fineno[3,2- d]pyrimidine.   N   90
(0,) L( N C-N 0 C )  sji,4 "N 1 NH 4-   



(th)2-(5-Fluom-1H-indo1-4 yl) morpholin-4-y1-644-[4-furan-3- y1)-piperazin-1-ylmethyll-thieno[3,2-
dlpyrimidine  WO 2009/053715PCT/GB2008/003621 30 91 9. o --s 8"-N \NH N110
2-(5-Fluoro-1H-indo1-4-y1)-6-(5- methanesulfonyl-hexahydro-pyrrolo[3,4-
c]pyrrol-2-ylmethyl)-4-morpholin-4-ylthieno[3,2-alpyrimidine 92 NS \  \NH Nao 1-
(542-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d}pyrimidin-6-
yhnethyThexahydro-pyrrolo[3,4- c]pyrrol-2-y1} -ethanone 93 o C) 



N \s---IIN- J....N"at NH IIP (142-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethylkpiperidin-4-y1) -methyl- (tetrahydro-pyran-4-y1)-amine 94 0-11o L 5CI) N-,..--1...-N_ \INH N ii
F Cyclobutyl- {142-(5-fluoro-1H-indo1-4- y1)-4-morpholin-4-yl-thieno[3,2-
cipyrimidin-6-ylmethylkpiperidin-4-y11- methyl-amine 95 o C) NS-....--%_ NH IIIP
()-{142-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6- ylmethyIkpiperidin-4-yll
-methyl(tetrahydro-furan-3-y1)-amine 96 HO 0 



C ) Ns% NH IP 1-11 42-(5-Fluoro-1H-indo1-4-y1)-4- morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethylkpiperidin-4-y1} -az,etidin-3-ol  WO 2009/053715 PCT/GB2008/003621  31 97   s N NH 0110
2-(5-Fluoro-1H-indo1-4-y1)-644-(3- methoxy-azetidin-1-y1)-piperidin-1-
ylmethyl]-4-morpholin-4-yl-thieno[3,2- cipyrimidine 98 N (-1--: dcc o \o--/ 



o C ) s NH ell s__ANylmethy1]-1-(tetrahydro-pyran-4-y1)- 412-(5-Fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-c]pyrirnidin-6- piperazin-2-one  and the pharmaceutically acceptable salts
thereof.        Synthetic strategies for producing thienopyrimidines of formula (I) via suitable precursor
compounds, and the production of those precursors, is depicted in the synthetic 5 schemes 1 to 13
which follow in the Examples section.      One suitable synthetic strategy for producing a
thienopyrimidine of formula (I) employs the precursor carboxaldehyde of formula (II):  wherein W is as
defined above. Starting from this precursor the synthesis comprises toperforming, in either order, a
reductive amination and a palladium-mediated (Suzuki-type) cross-coupling reaction.      A compound
of the invention may thus be produced by a process which comprises treating a compound of formula
(II):  WO 2009/053715PCT/GB2008/003621 32  wherein W is as defined above, with an amine of
formula NHRlaR2a in which Rh and R2a are as defined above for RI and R2, or Rh and Rh are as
defined above for RI and R2 wherein an N atom is present and is protected by an amine protecting
group, in the presence of a suitable S reducing agent; treating the resulting compound of formula (IV):



R2. wherein W, Rh and R2a are as defined above, with a boronic acid or ester thereof of formula Ity
B(0RI5)2 in which R4' is selected from a group R4 as defined above and a group R4 as defined above
in which the indole N atom is protected, and each RI5 is H or CI-C6 alkyl or the to two groups ORI5
form, together with the boron atom to which they are attached, a pinacolato boronate ester group, in
the presence of a Pd catalyst; and, if R4', R and/or R2a includes an amine protecting group, removing
the protecting group. Any suitable amine protecting groups may be used in Rh and/or Rh, for instance
a t-butoxycarbonyl (130C) group. Any suitable group may be used to protect the indole N atom, for
instance a t-butyldimethylsilyl 15group.       A compound of formula (I) may also be produced by a
process which comprises treating a compound of formula (H):  WO 2009/053715PCT/GB2008/003621
33  wherein W is as defined above, with a boronic acid or ester thereof of formula R4B(OR15)2 in
which R4 is as defmed above and each R15 is H or C1-C6 alkyl, or the two groups OR15 form,
together with the boron atom to which they are attached, a pinacolato boronate ester 5group, in the
presence of a Pd catalyst; treating the resulting compound of formula (III):  R4 wherein W and R4 are
as defined above, with an amine of formula NHRIaR2a in which Rh and R2a are as defined above, in
the presence of a suitable reducing agent; and, if Rh and/or 10 re includes an amine protecting group,
removing the protecting group. In this embodiment of the process the N atom of the indole group R4
may, if necessary, be protected before the compound of formula (III) is treated with the amine of
formula NERIaR2a . In that case the indole protecting group is removed in a subsequent step, using
conventional methodology. Both the reductive amination step and the Pd-mediated cross-coupling
step take place 15 under conventional conditions. The palladium catalyst may be any that is typically
used for Suzuki-type cross-couplings, such as PdC12(PPh3)2. The reducing agent in the amination
step is typically a borohydride, for instance NaBH(OAc)3, NaBH4 or NaCNBH3, in particular
NaBH(OAc)3. Alternatively, a compound of formula (I) may also be produced by a process which  WO
2009/053715PCT/GB2008/003621 



34 comprises treating a compound of formula (11) as defined above with a reducing agent, to reduce
the -CHO fiinctionality to -CH2OH, and then treating the resulting compound with an agent which
converts the OH moiety into a leaving group, thereby yielding a compound of formula (V):  (V)   5NCI
wherein L is a leaving group. Suitable examples of leaving groups include chloro, bromo, tosylate and
mesylate groups. The compound of formula (V) is then treated with an amine of formula NHRla12.2a
in which Rla and R2a are as defined above, in the presence of a base such as potassium carbonate or
cesium carbonate in a solvent such as DMF, to yield a compound 10 of formula (I). This strategy is
depicted in scheme 6 which follows. A variation in the synthetic strategy for producing a
thienopyrimidine of formula (I) entails attaching the group R4 to the thienopyrimidine core by Suzuki
coupling and then protecting the indole N atom of the group R4. The process comprises treating a
compound of formula (VI):  (VI)  77# 15NR4a in which W is as defined above, P is a toluenesulfonyl
group and R48 is a group R4 as defined above in which the indole N atom is protected by
toluenesulfonyl, with a compound NHRIaR2a as defined above under suitable conditions. The indole N
atom is protected by any  WO 2009/053715PCT/GB2008/003621 35 suitable protecting group, for
instance a toluenesulfortyl group. All protecting groups are removed subsequently, using conventional
methodology. This strategy is illustrated in scheme 8 which follows. Thienopyrimidines of formula (I)
may be converted into pharmaceutically acceptable 5 salts, and salts may be converted into the free
compound, by conventional methods. Pharmaceutically acceptable salts include salts of inorganic
acids such as hydrochloric acid, hydrobromic acid and sulfuric acid, and salts of organic acids such as
acetic acid, oxalic acid, malic acid, methanesulfonic acid, trifluoroacetic acid, benzoic acid, citric acid
and tartaric acid. In the case of compounds of the invention bearing a free carboxy substituent, the
salts 10 include both the above-mentioned acid addition salts and the salts of sodium, potassium,
calcium and ammonium. The latter are prepared by treating the free thienopyrimidine of formula (I), or
an acid addition salt thereof, with the corresponding metal base or ammonia. 



Compounds of the present invention have been found in biological tests to be inhibitors of PI3 kinase.
The compounds are selective for the p1108 isoform, which is a class 15  Ia PI3 kinase, over other
class la PI3 kinases. They are thus selective for the p1108 isofonn over both the p110a isoform and
the p1 10j3 isoform. In particular they are selective for p1108 over pl 1 Op. The compounds are also
selective for the p1106 isoform over p1 l&', which is a class lb kinase. The selectivity exhibited by
compounds of the invention for p1106 over other isoforms of PI3 kinase is at least 2-fold. Typically the
selectivity is 5-fold, or 10-fold, or 20- 20 fold, or 50-fold, rising to 100-fold or higher in many cases.
Thus the compounds may be 2- fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p1108
over p11013. They may also be 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 100-fold selective for p1108
over p1 10a or over pl lOy A compound of the present invention may be used as an inhibitor of PI3
Idnase, in 25 particular of a class Ia PI3 kinase. Accordingly, a compound of the present invention can
be used to treat a disease or disorder arising from abnormal cell growth, function or behaviour
associated with PI3 kinase, in particular the p1108 isoform of PI3 kinase. Examples of such diseases
and disorders are discussed by Drees et al in Expert Opin. Ther. Patents (2004)      14(5)903 - 732.
These include proliferative disorders such as cancer, immune disorders, 30 cardiovascular disease,
viral infection, inflammation, metabolism/endocrine disorders and neurological disorders. Examples of
metabolism/endocrine disorders include diabetes and  WO 2009/053715PCT/G82008/003621 36
obesity. Examples of cancers which the present compounds can be used to treat include leukaemia,
brain tumours, renal cancer, gastric cancer and cancer of the skin, bladder, breast, uterus, lung, colon,
prostate, ovary and pancreas. A compound of the present invention may be used as an inhibitor of
P13 kinase. A 5 human or animal patient suffering from a disease or disorder arising from abnormal
cell growth, function or behaviour associated with P13 kinase, in particular with the p1108 isoform of
P13 kinase such as an immune disorder, cardiovascular disease, viral infection, inflammation, a
metabolism/endocrine disorder or a neurological disorder, may thus be treated by a method
comprising the administration thereto of a compound of the present 10 invention as defined above. A
human or animal patient suffering from cancer may also be treated by a method comprising the
administration thereto of a compound of the present invention as defined above. The condition of the
patient may thereby be improved or ameliorated. A compound of the present invention can be
administered in a variety of dosage 15forms, for example orally such as in the form of tablets,
capsules, sugar- or film-coated tablets, liquid solutions or suspensions or parenterally, for example
intramuscularly, 



intravenously or subcutaneously. The compound may therefore be given by injection or infusion. The
dosage depends on a variety of factors including the age, weight and condition of 20 the patient and
the route of administration. Daily dosages can vary within wide limits and will be adjusted to the
individual requirements in each particular case. Typically, however, the dosage adopted for each route
of administration when a compound is administered alone to adult humans is 0.0001 to 50 mg/kg,
most commonly in the range of 0.001 to 10 mg/kg, body weight, for instance 0.01 to 1 mg/kg. Such a
dosage may be given, for example, from 1 25to 5 times daily. For intravenous injection a suitable daily
dose is from 0.0001 to 1 mg,/kg body weight, preferably from 0.0001 to 0.1 mg/kg body weight. A daily
dosage can be administered as a single dosage or according to a divided dose schedule.      A
compound of the invention is formulated for use as a pharmaceutical or veterinary composition also
comprising a pharmaceutically or veterinarily acceptable carrier or diluent. 30 The compositions are
typically prepared following conventional methods and are administered in a pharmaceutically or
veterinarily suitable form. The compound may be administered in any conventional form, for instance
as follows:  WO 2009/053715PCT/682008/003621 37       A) Orally, for example, as tablets, coated
tablets, dragees, troches, lozenges, aqueous or oily suspensions, liquid solutions, dispersible powders
or granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use
may be prepared according to any method known in the art for the manufacture of pharmaceutical
compositions and such 5 compositions may contain one or more agents selected from the group
consisting of sweetening agents, flavouring agents, colouring agents and preserving agents in order to
provide pharmaceutically elegant and palatable preparations.       Tablets contain the active ingredient
in admixture with non-toxic pharmaceutically acceptable excipients which are suitable for the
manufacture of tablets. These excipients may TObe for example, inert diluents, such as calcium
carbonate, sodium carbonate, lactose, dextrose, saccharose, cellulose, corn starch, potato starch,
calcium phosphate or sodium phosphate; granulating and disintegrating agents, for example, maize
starch, alginic acid, alginates or sodium starch glycolate; binding agents, for example starch, gelatin or
acacia; lubricating agents, for example silica, magnesium or calcium stearate, stearic acid or talc;
effervescing 15 mixtures; dyestuffs, sweeteners, wetting agents such as lecithin, polysorbates or lauryl
sulphate. The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and adsorption in the gastrointestinal tract and thereby provide a sustained action over a
longer period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate
may be employed. Such preparations may be manufactured in a known 20 manner, for example by
means of mixing, granulating, tableting, sugar coating or film coating processes.      Formulations for
oral use may also be presented as hard gelatin capsules wherein the active ingredient is mixed with an
inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin
capsules wherein the active ingredient is present as 25such, or mixed with water or an oil medium, for
example, peanut oil, liquid paraffin, or olive oil. 



Aqueous suspensions contain the active materials in admixture with excipients suitable for the
manufacture of aqueous suspensions. Such excipients are suspending agents, for example, sodium
carboxymethylcellulose, methylcellulose, hydroxypropylmethyl- 30 cellulose, sodium alginate,
polyvinylpyrrolidone gum tragacanth and gum acacia; dispersing or wetting agents may be
naturally-occurring phosphatides, for example lecithin, or condensation products of an alkylene oxide
with fatty acids, for example polyoxyethylene  WO 2009/053715PCT/GB2008/003621 38 stearate, or
condensation products of ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters derived
from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or condensation products
of ethylene oxide with partial esters derived from fatty 5 acids and hexitol anhydrides for example
polyoxyethylene sorbitan monooleate.       The said aqueous suspensions may also contain one or
more preservatives, for example, ethyl or n-propyl p-hydroxybenzoate, one or more colouring agents,
such as sucrose or saccharin. Oily suspension may be formulated by suspending the active ingredient
in a vegetable 10oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such
as liquid paraffin. The oily suspensions may contain a thickening agent, for example beeswax, hard
paraffin or cetyl alcohol.       Sweetening agents, such as those set forth above, and flavouring agents
may be added to provide a palatable oral preparation. These compositions may be preserved by this
addition 15 of an antioxidant such as ascorbic acid. Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, a suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending agents are exemplified by those already
mentioned above. Additional excipients, for example sweetening, flavouring 20 and colouring agents,
may also be present.       The pharmaceutical compositions of the invention may also be in the form of
oil-inwater emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis oils, or a
mineral oil, for example liquid paraffin or mixtures of these. Suitable emulsifying agents may be
naturally-occurring gums, for example gum acacia or gum tragacanth, naturally 25 occuring
phosphatides, for example soy bean lecithin, and esters or partial esters derived from fatty acids an
hexitol anhydrides, for example sorbitan mono-oleate, and condensation products of the said partial
esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emulsion may also
contain sweetening and flavouring agents. Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, sorbitol or sucrose. 30 In particular a syrup for diabetic patients can
contain as carriers only products, for example sorbitol, which do not metabolise to glucose or which
only metabolise a very small amount to glucose.  WO 2009/053715PCT/GB2008/003621 39       Such
formulations may also contain a demulcent, a preservative and flavouring and coloring agents. 



B) Parenterally, either subcutaneously, or intravenously, or intramuscularly, or intrastemally, or by
infusion techniques, in the form of sterile injectable aqueous or 5 oleaginous suspensions. This
suspension may be formulated according to the known art using those suitable dispersing of wetting
agents and suspending agents which have been mentioned above. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a non-toxic paternally-acceptable diluent or
solvent, for example as a solution in 1,3-butane diol. 10Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this purpose
any bland fixed oil may be employed including synthetic mono- or diglycerides. In addition fatty acids
such as oleic acid find use in the preparation of injectables. 15C) By inhalation, in the form of aerosols
or solutions for nebulizers.        D) Rectally, in the form of suppositories prepared by mixing the drug
with a suitable non-irritating excipient which is solid at ordinary temperature but liquid at the rectal
temperature and will therefore melt in the rectum to release the drug. Such materials are cocoa butter
and poly-ethylene glycols. 20E) Topically, in the form of creams, ointments, jellies, collyriums,
solutions or suspensions. The invention will be further described in the Examples which follow:
EXAMPLES 25 General Synthetic Procedure Scheme 1  Conditions: (i) H2SO4, 21 h. (ii) Dioxane,
DMF-DMA, 80 C 24 h, 90 C 16 h. (iii) Me0H-TFIF Raney(r) Nickel, N112N112.1120, RT, 40 it (iv)
DMSO, KOAc, Pd(cIPP02C12 80C. Scheme 2      Conditions: (i) DMF, 'FFAA, 0 C. (ii) 10% aq NaOH,
100 C, 1 h. (iii) Me0H, H2SO4, 65 C, 18 h. (iv) T1(OCOCF3)3, TFA, RT, 2 h. (v) H20, Kl, RT. (vi)
Me0H, 40% aq NaOH, 65 C, 2 h. (vii) pinacol bonne, 10 Et3N, dioxane, Pd(OAc)2,
bis(cyclohexyl)phosphino-2-biphenyl, 80 C, 30 min. 



Scheme 3    Conditions: (i) THF, NaH 0 C then TBSC1, RT, 25 h. (ii) sBuLi, TMEDA, THF, -78 C, 2 h.
(iii) B(0iPr)3, THF, -78 C-4-10 C, 15 min. (iv) 2.4 M HC1. 20 Scheme 4  WO
2009/053715PCT/GB2008/003621    Conditions: (i) (C0C1)2, DCM, 2 h RT. (ii) N113-1120, 3 d, RT.
(iii) POC13, Toluene, II 1 C, 45 min. Scheme 5 BrBr Br    10 Conditions: (i) DCM-pyridine, 0 C, TFAA,
2 h, RT. (ii) benzoyl peroxide, CCI4, 80 C, irradiation, 1372, 16 h. (iii) Toluene, PPh3, 60 C, 2 h then
DMF, 16 h, reflux. 15 Scheme 6  00 



Cr  r (ii) NH,N"         0 C ) N BrN CI  Conditions: (i) urea, 190 C, 2 h.; (ii) POC13, 100 C, 24 h;
morpholine, RT, 1 h; (iv) n-BuLi, -78 C, TMEDA, TI-IF 1 h then DMF -78 C--oRT; (v)NaBH4, THF-IMS,
RT, 2 h. (vi) DCM, PPh3, C8r4, RT, 5 h. (vii) R1R2NH, K2CO3 or Cs2CO3, DMF, RT (viii)
Na(0Ac)3BH, 1,2-dichloroethane, RIR2NH, HOAc, RT.  WO 2009/053715PCT/GB2008/003621
Scheme 7  



5 Conditions: (i) DMF, Cs2CO3, RT. (ii) dioxane-HC1, RT. (iii) Na(0Ac)38H, 1,2-dichloroethane,
R1R2NH. (iv) Suzuki coupling. Scheme 8 10 Conditions: (i) NaBf14, THT-IMS, RT, 2 h. (ii) 4-indole
boronate ester, CH3CN-H20, Na2CO3, PdC12(Ph3)2, 140 C microwave (iii) THF-DCM, Nall, RT, 10
min then TsCI, 40 C, 3 h. (iv) cyclic amine, DMF, K2CO3, 2 h, RT. (v) Dioxane -1MS, NaOH, H20 RT,
3 h. (vi) TFA-CH2C12, RT. 15 Scheme 9  Conditions: (i) OSO2NCO, CH2C12, -78 C-+RT. (ii) 6 N
HC1, 100 C.(iii) iPrOH-H20, NaOH, 80 C, 3.5 h. (iv) POC13, 100 C, 24 h; (v) morpholine, RI, 1 h; (vi)
n-BuLi, -78 C, TMEDA, TEM 1 h then DMF -78 C-frRT Scheme 10   HN NBoc   10 Conditions: (i)
CH3CN, PhCH2Br, A, 2.5 h. (ii) NaBH4, A, 2.5 h. (iii) IMS, Pd(01-)rC, H2, RT, 10 h. Scheme 11 15
Bac 



(1) Boc < \X> R1 R2     R1 R2  Conditions: (i) DCE, azetidine or substituted azetidine, Na(0Ac)3BH, 18
h. (ii) CH2C12-TFA, RT. 20    25 Conditions: (i) DMF, TMSC1, 17 h, 80 C. (ii) CH3CN, SelectFluorm, 2
h, RT. (iii) Na(0Ac)3BH, DCE, azetidine. (iv) CH2C12, TFA, RT. N 0 30 Scheme 13  Conditions: 



(i) DCE, azeticline, Na(0Ac)3BH, 2 h, RT. (ii) DMF, NH2CHO, Na0Me, 100 C. (iii) CH2C12, TFA, RT, 1
h. 5 (iv) CH2C12, DIBAL, -70 C---)RT, 1.5 It Scheme 14     0 MeONH 10Boc Conditions: (i) THF,
MeMgBr, 0 C, 3 h, then RT, 72 h. (ii) CH2C12-TFA. 15 Scheme 15  n=1, RI= 2 or nt--2, tn=1
Conditions: 20 (i) CH2C12-TFA. (ii) CH2C12, Et3N, 18 h, RT, MeS02C1 or Me2NC(0)C1 or
Me0C(0)C1 or TMSCNO. (iii) Suzuki coupling conditions.  WO 2009/053715 Scheme 16  (I) (ii)
Conditions:   (i) CH202, (Boc)20, Et3N, RT. (ii) CH2C12, mCPBA, 0 C---iRT, 4 h. (iii) Et0H, NaN3,
NH4CI, 78 C, 10 h. (iv) 5 Et0H, Pd-C, 112. (v) CH2C12, Et3N, 0 C then chloroacetyl chloride, 0
C--+RT, 10 h. (vi) THF, Nall, 0 C->RT, 6 h. (vii) Nail, DMF, 0 C then Mel, 0 C-1,RT, 10 h. (viii) 2.0 M
HCI-diethyl ether, CH2C12.    Conditions: 



(i) CH2C12, Et3N, ctdoroacetyl chloride, 0 C-)RT. (ii) THF,13u0K, 0 C. (iii) C112C12-TFA, RT, 2 h. (iv)
dioxane, LiA1H4, 80 C, 2.5 h. 15 Scheme 18    Conditions:     (i) Me0H-H20, KCN,
tetrahydropyranone, RT. (ii) Me0H-1120, Na0H, H202, RT. (iii) 2.0 M Ha in Et20, 20 CH2C12. 25  WO
2009/053715PCT/GB2008/003621 General Experimental Details: NMR Spectroscopy 5 NMR spectra
were obtained on a Varian Unity Inova 400 spectrometer with a 5 mm inverse detection triple
resonance probe operating at 400MHz or on a BruIcer Avance DRX 400 spectrometer with a 5 mm
inverse detection triple resonance TX1 probe operating at 400 MHz or on a Bruker Avance DPX 300
spectrometer with a standard 5mm dual frequency probe operating at 300 MHz. Shifts are given in
ppm relative to tetramethylsilane. 10 Purification by column chromatography: Compounds purified by
column chromatography were purified using silica gel or Isolute(r) cartridge or Redisep(r) cartridge,
eluting with gradients from 100-0 to 0-100% of cyclohexane/Et0Ac, or from 100-0 to 0-100 %
pentane/Et0Ac or from 100-0 to 70-30 % 15 DCM/Me0H (with or without the addition of NH3 0.1 %).
'Silica gel' refers to silica gel for chromatography, 0.035 to 0.070 mm (220 to 440 mesh) (e.g. Fluka
silica gel 60), and an applied pressure of nitrogen up to 10 p.s.i accelerated column elution. Where thin
layer chromatography (TLC) has been used, it refers to silica gel TLC using plates, typically 3 x 6 cm
silica gel on aluminium foil plates with a fluorescent indicator (254 rim), (e.g. Fluka 



20 60778). Purification by preparative HPLC: Compounds purified by preparative HPLC were purified
using a C18-reverse-phase column (100 x 22.5 mm i.d Genesis column with 7 p.m particle size, UV
detection at 230 or 254 nm, 25 flow 5-15 mL/min), or a Phenyl-Hexyl column (250 x 21.2 mm i d.
Gemini column with 5 um particle size, UV detection at 230 or 254 nm, flow 5-20 mL/min), eluting with
gradients from 100-0 to 0-100 % water/acetonitrile or water/Me0H containing 0.1 % TFA or
water/acetonitrile containing 0.1 % formic acid. The free base was liberated by partitioning between
Et0Ac and a saturated solution of sodium bicarbonate. The organic layer was dried 30 (Mg504) and
concentrated in vacuo. Alternatively, the free base was liberated by passing through an Isolute(r)
SCX-2 cartridge, eluting with NH3 in methanol.  WO 2009/053715PCT/GB2008/003621 Microwave
Reactions: Microwave experiments were carried out using a Smith Synthesiser or a Biotage Initiator,
which uses a single-mode resonator and dynamic field tuning, both of which give reproducibility and
control. Temperatures from 40-250C can be achieved and pressures of up 5 to 20bar can be reached.
All solvents and commercial reagents were used as received. Non-commercially available
reagents/reactants were prepared according to procedures described in the literature. 10
Abbreviations used in the experimental section: aq. = aqueous BOC = t-Butoxycarbonyl bs = broad
singlet (NMR) 15 CS2CO3 = cesium carbonate d = doublet (NMR) DCE = 1,2-dichloroethane DCM =
dichloromethane DIPEA = diisopropylethylamine 20 DMA = dimethylacetamide DMAP =
dimethylaminopyridine DMF = dimethylformamide DMSO = dimethylsulfoxide eq. = equivalents 25
Et0Ac = ethyl acetate Et0H = ethanol h = hour(s) 



HATO = 0-(7-Azabenzotriazol-1-y1)-N,N,IV',N'-tetramethyluronium hexafluorophosphate HC1=
hydrochloric acid 30 H20 = water HPLC = high pressure liquid chromatography IPA = isopropanol
1MS = industrial methylated spirit iPrOH = isopropanol LCMS = liquid chromatography mass
spectrometry M = molar 5 m = multiplet (NMR) Me0H = methanol mg = milligram MgSO4 =
magnesium sulphate min = minute(s) 10 mL = millilitre Na2CO3 = sodium carbonate NaHCO3 =
sodium hydrogen carbonate NaOH = sodium hydroxide Na2SO4 = sodium sulfate 15 NH4OH =
ammonium hydroxide solution NMR = nuclear magnetic resonance q = quartet (NMR) Rt = retention
time RT = room temperature 20 t = triplet (NMR) 



TBAF = tetrabutylammonium fluoride TBDMS = tert-Butyldimethylsily1 TFA = trifluoroacetic acid Tiff =
tetrahydrofuran 25 TLC = thin layer chromatography General synthetic strategies Reference Example
1Formation of boronate esters 30       The boronate ester formed in scheme 1 was prepared as
follows. To a solution of halide (1 eq.) and bis(pinacolato)diboron (1.3 eq.) in DMSO were added KOAc
(3 eq.) and [1,1'-bis(diphenylphosphine)ferrocene]dichloropalladium (0.05 eq.). The mixture was
heated  at 90 C until completion of the reaction. The reaction mixture was pardoned between Et0Ac
and H20. The organic layer was washed successively with 1120 and brine, dried over Na2SO4 and
evaporated to dryness. The resultant residue was then purified by column chromatography. 5
Reference Example 2Suzuki coupling          The Suzuki coupling reactions depicted generally in
schemes 19 and 20 below were performed using one of the methods set out below. When RI = H in
these methods, indole 10 boronic acid was used as the reagent. Scheme 19    15 Scheme 20    20
Method A 



A mixture of the appropriate 2-chloro-thienopyrimidine (1 eq.), Cs2CO3 (1.5 - 2 eq.), indole boronate
ester (1.2 - 1.5 eq.) or indole boronic acid (1.2 eq.) and tetralcis(triphenylphosphine)palladium (0.05 -
0.1 eq.) in dioxane/water (3:1 or 2:1) was heated at 125 C - 140 C, for between 10 and 50 min in a
microwave reactor (Smith synthesiser or 25 CEM Discover). The resulting mixture was diluted with
water then extracted with ethyl acetate. The combined organic extracts were dried (MgSO4), filtered
and concentrated then  WO 2009/053715PCT/GB2008/003621 purified by either preparative HPLC or
column chromatography to give the desired product. Alternatively, the reaction mixture was loaded
onto an 'solute(r) SCX-2 cartridge, washed with Me0H then eluted with 2 M NH3 in Me0H. The
resulting residue was then purified by either preparative HPLC or column chromatography to give the
desired product. 5 Method B  A mixture of the appropriate 2-chloro-thienopyrimidine (1 eq.), Na2CO3
(2 eq.), indole boronate ester or indole boronic acid (1.5 eq.) and bis(triphenylphosphine)palladium (II)
chloride (0.1 eq.) in acetonitrile/water (2:1) was heated at 140C for 20 -50 min in a 10 microwave
reactor (Smith synthetiser or CEM Discover). The resulting mixture was diluted with water then
extracted with ethyl acetate. The combined organic extracts were dried (MgSO4), filtered and
concentrated then purified by either preparative HPLC or column chromatography to give the desired
product. Alternatively, the reaction mixture was loaded onto an Isolute(r) SCX-2 cartridge, washed with
Me0H then eluted with 2 M NH3 in Me0H. 15 The resulting residue was then purified by either
preparative HPLC or column chromatography to give the desired product. Method C A mixture of the
appropriate 2-chloro-thienopyrimidine (1 eq.), Na2CO3 (1.5 eq.), indole 20 boronate ester or indole
boronic acid (1.2 eq.) and tetralcis(ttiphenylphosphine)palladium (0.1 eq.) in acetonittile/water (2:1)
was heated at 140 C, for 10 - 30 min in a microwave reactor. The resulting mixture was diluted with
water then extracted with ethyl acetate. The combined organic extracts were dried (MgSO4), filtered
and concentrated in vacuo then purified by either preparative HPLC or column chromatography to give
the desired product. 25 Alternatively, the reaction mixture was loaded onto an 'solute) SCX-2 cartridge,
washed with Me0H then eluted with 2 M NH3 in Me0H. The resulting residue was then purified by
either preparative HPLC or column chromatography to give the desired product Method D  30 A
mixture of the appropriate 2-chloro-thienopyrimidine (0.1-0.2 mmol), K3PO4 (0.5 mL of a 1.27 M
aqueous solution), dichlorobis(tricyclohexylphosphine)palladium (II) (0.05 eq.) and indole boronate
ester (1.3-1.5 eq.) in dioxane (1 rriL) was heated at 125 C for 20 - 50 min in  



WO 2009/053715PCT/GB2008/003621 a microwave reactor (Smith synthesiser or CEM Discover).
The resulting mixture was diluted with water then extracted with ethyl acetate. The combined organic
extracts were dried (MgSO4), filtered and concentrated then purified by either preparative HPLC or
column chromatography to give the desired product. Alternatively, the reaction mixture was loaded 5
onto an Islute(r) SCX-2 cartridge, washed with Me0H then eluted with 2 M NH3 in Me01-1. The
resulting residue was then purified by either preparative HPLC or column chromatography to give the
desired product. Reference Example 3General method for BOC-deprotection  10To a solution of the
relevant BOC-protected amino-thienopyrimidine in DCM was added TFA and the resulting solution
was stirred at RT for 30-180 min. The resulting mixture was diluted with water then extracted with
DCM. The combined organic extracts were dried (MgSO4 or Na2SO4), filtered and concentrated in
vacuo, then purified by either preparative HPLC or column chromatography to give the desired
product. Alternatively, the reaction 15 mixture was loaded onto an Isolute(r) SCX-2 cartridge, washed
with Me0H then eluted with 2 M NH3 in Me0H. The resulting residue was then purified by either
preparative HPLC or colutnn chromatography to give the desired product. Reference Example
4General method for TBDMS-deprotection  20To a solution of the relevant TBDMS-protected
5-fluoro-1H-indo1-4-yl- thienopyrimidine in THF was added TBAF and the resulting solution was stirred
at RT for 30 min, then concentrated in vacuo. The resultant residue was purified by either preparative
HPLC or column chromatography to give the desired product. 25 Preparation of Intermediates
Reference Example 5  4-N1V-Trimethyl-3-nitro-benzenesulfonamide 30To a solution of dimethylamine
in H20 (40% w/w, 15.0 mL, 120 nunol) at 0C was added a solution of 4-methyl-3-nitro-benzenesulfonyl
chloride (9.42 g, 40 mmol) in DCM (60  WO 2009/053715PCT/GB2008/003621 mL) over 30 milt The
resulting mixture was stirred at 0 C for 30 min before being allowed to warm to RI and stirred
overnight. The reaction mixture was diluted with H20 (100 mL) and DCM (40 mL), and the layers were
separated. The organic layer was washed in succession with water, HCI (aq., 0.1 M) and brine before
being dried over Na2SO4 and 5 evaporated to dryness to give the title compound as a pale yellow
solid (9.13 g, 94%). [M + f1] Reference Example 6 Br 



NO, 0 .0 10 3-Bromo-4,N,N-trimethy1-5-nitro-benzenesulfonarnide To a solution of
4-N,IV-trimethy1-3-nitro-benzenesulfonamide (8.57 g, 34.7 mmol) in concentrated sulfuric acid (80 mL)
was added 1,3-dibromo-[1,3,5]triazinane-2,4,6-trione (5.97g, 20.8 mmol) and the orange reaction
mixture was stirred at RT for 16 h. A further 2 g of 1,3-dibromo-[1,3,5]triazinane-2,4,6-trione was
added and stirring continued for 5 h. The 15 reaction mixture was then poured onto ice and water and
stirred for 15 min. The resulting milky/white solid was filtered and washed with H20, before being
dissolved in Et0Ac. The organic layer was dried over Na2SO4 and evaporated to dryness to give the
title compound as a white solid (10.41 g, 93 %). [M + H](79Br) 325.0 (81Br) 20 Reference Example 7
Br  1-Bromo-5-methanesulfony1-2-methy1-3-nitro-benzene Prepared according to the method used in
the preparation of 3-bromo-4-N,N-trirnethyl- 25 5-nitro-benzenesulfonamide using
4-methanesulfony14-methy1-2-nitro-benzene in place of 4-
N,N-trimethy1-3-nitro-benzenesulfonamide. The title compound was obtained as a white solid (17.0 g,
85 %). [M + H](9Br) 296.0 (8IBr)  WO 2009/053715PCT/GB2008/003621 Reference Example 8  NO2
1-Bromo-5-fluoro-2-methyl-3-nitro-benzene Prepared according to the method used in the preparation
of 3-bromo-4-N,N-tritnethyl- 



5 5-nitro-benzenesulfonamide using 4-fluoro-1-methy1-2-nitro-benzene in place of 4-N)V-
trimethy1-3-nitro-benzenesulfonamide. The title compound was obtained as a yellow solid (68.0 g,
79%). NMR SH (300 MHz, CDC13) 2.59 (s, 311), 7.50 (dd, J = 2.8, 7.6, 1H) and 7.58 (dd, J = 2.9, 7.4,
1H). I0 Reference Example 9  4-Bromo-1H-indole-6-sulfonic acid dimethylamide To a solution of
3-bromo-4-N,N-trimethy1-5-nitro-benzenesulfonamide (9.15 g, 28.3 15 mmoD in dioxane (60 mL) was
added DMF-DMA (11.3 mL, 84.9 mmol). The deep red reaction mixture was heated at 80 C for 24 h
followed by heating at 90 C for 16 h. The mixture was cooled to RT and concentrated to 50 % of the
volume, poured into H20 and extracted into Et0Ac. The organic layer was isolated and washed with
1120, then brine, dried over Na2SO4, and evaporated to dryness to give
3-bromo-4-(2-dimethylamino-viny1)-N,N- 20 dimethy1-5-nitro-benzenesulfonamide as a red solid (10.4
g, 91 %). To a suspension of the amide (10.4 g, 25.7 mmol) and Raneye-Nickel (suspension in H20,
20 rnL) in MeOH:THE (1:1, 200 mL) was added hydrazine monohydrate (1.9 inL, 38.6 nunol) at 0 C
and the mixture stirred at RT for 40 min. The reaction mixture was then filtered through Celite and the
filter cake washed with 25 Et0Ac and H20. The aqueous layer was isolated and then extracted with
Et0Ac. The combined organic layers were washed with H20, followed by brine, dried over Na2SO4
then evaporated to dryness. The resulting pink solid was purified by column chromatography, and
subsequently recrystallised from iPrOH and Et0H to give the title compound as a white solid (3.5 g, 41
%).  WO 2009/053715PCT/6B2008/003621 NMR 8H (400 MHz, CDCI3) 2.72 (s, 61), 6.70 (m, 111),
7.49 (apparent t, J = 2.7, 1H), 7.68 (d, J = 1.1, 114), 7.94 (m, 114) and 9.04 (bs, 114). Reference
Example 10 Br 5ob 4-Bromo-6-methanesulfony1-1H-indole      Prepared according to the method used
in the preparation of 4-bromo-1H-indole-6- sulfonic acid dimethylamide using
1-bromo-5-methanesulfony1-2-methyl-3-nitro-benzene in 



place of 3-bromo-4-N,N-trimethy1-5-nitro-benzenesulfonamide. The title compound was 10 obtained
as a white solid (1.8 g, 76%). NMR 8E1(300 MHz, CDC13) 3.11 (s, 31), 6.70 (m, 111), 7.52 (dd, J =
2.5, 3.0, 1H), 7.81 (d, J = 1.5, 111), 8.10 (dd, J = 1.0, 1.5, 111) and 9.34 (bs, 111). Reference Example
11  Br  15 4-Bromo-6-fluoro-1H-indole      Prepared according to the method used in the preparation of
4-bromo-1H-indole-6- sulfonic acid dimethylamide using 1-bromo-5-fluoro-2-methy1-3-nitro-benzene in
place of 3- bromo-4-N,N-trimethy1-5-nitro-benzenesulfonamide. The title compound was obtained as a
20 white solid (6.06 g, 33 %). NMR 8H (300 MHz, CDC13) 6.57 (apparent t, J = 2.7, 111), 7.04 (dd, J =
2.1, 9.1, 110, 7.12 (dd, J = 2.1, 9.1, 111), 7.20-7.25 (m, 111) and 8.25 (s, 111). Reference Example 12
Br 25   4-Bromo-1H-indole-2-carborylic acid amide Oxalyl chloride (0.9 mL, 10 mmol) was added to a
suspension of 4-bromo-1H-indole-  WO 2009/053715PCT/GB2008/003621 2-carboxylic acid (2.1 g,
8.8 mmol) in DCM and the mixture was stirred for 2 h. The solution formed was added drop-wise to a
stirring mixture of ammonia (37%, 50 mL) and ice (50 mL). The resulting mixture was allowed to stand
for 3 days. The mixture was filtered and the filtrate extracted with Et0Ac. The solid from the filtration
was dissolved in Et0Ac and the 



5 organic solutions were combined, dried (MgSO4) and then evaporated to afford the title compound
as a brown solid (2.1 g, 100 %). NM. 8H (400 MHz, CD30D) 7.11 (dd, J = 7.5, 8.3, 1H), 7.16 (d, J =
0.9, 1H), 7.25 (dd, J = 0.78, 7.54, 11-1) and 7.43 (d, J = 8.3, 1H). 10 Reference Example 13 Br
4-Bromo-1H-indole-2-carbonitrile      Phosphorous oxychloride (1.9 mL, 20 mmol) was added to a
suspension of 4-bromo1H-indole-2-carboxylic acid amide (1.32 g, 5.5 mmol.) in toluene (10 mL) and
the mixture 15 was stirred at reflux for 45 min. On cooling, the mixture was poured into an aqueous
Na2CO3 solution (sat., 50 mL) and the mixture stirred until effervescence had subsided. The layers
were separated, the aqueous phase extracted with Et0Ac and the combined organic layers dried
(MgSO4) and evaporated to dryness. The crude material was purified by column chromatography to
afford the title compound as a solid (1.00 g, 82%). 20 NMR 8H (400 MHz, CDC13) 7.22-7.28 (m, 2H),
7.35-7.40 (m, 2H) and 8.79 (s, 111). Reference Example 14 Br    4-Bromo-2-trilluoromethy1-1H-indole
25A solution of 2-methyl-3-bromo-aniline (6.05 g, 37 ramp') in pyridine (8 mL) and DCM (150 mL) was
cooled to 0 C and treated drop-wise with trifluoroacetic anhydride (11.5 mL, 81 4 minol). The reaction
mixture was stirred at RT for 2 h, then quenched with an aqueous solution of ammonium chloride. The
organic layer was dried over MgSO4, and  WO 2009/053715PCT/GB2008/003621 



evaporated to dryness to give N-(3-bromo-2-methyl-phenyl)-2,2,2-trifluoro-acetamide as an off-white
solid, which was used without farther purification (10 g). NMR. on (400 MHz, CDC13) 2.38 (s, 311),
7.14 (apparent t, J = 8.0, 111), 7.53 (d, J = 8.0, 1H), 7.66 (d, J = 8.0, 111) and 7.75 (bs, 111). 5A
solution of N-(3-bromo-2-methyl-pheny1)-2,2,2-trifluoro-acetamide (2.1 g, 7.4 mmol) and benzoyl
peroxide (100 mg) in carbon tetrachloride (50 mL) was heated to reflux under irradiation (150 W
tungsten lamp). A solution of bromine (0.55 mL, 10.4 mmol) in carbon tetrachloride (3 mL) was then
added drop-wise to the refluxing solution, and heating was pursued for 16 h. The reaction mixture was
left to cool to RT and diluted with DCM. The to organic layer was washed with sodium thiosulfate, and
evaporated to dryness to give N-(3- bromo-2-bromomethyl-pheny1)-2,2,2-trifluoro-acetamide as a
brown residue which was used without further purification (2.9 g). NMR 5H (400 MHz, CDC13) 4.71 (s,
211), 7.30 (apparent t, J = 8.0, 111), 7.55 (d, J = 8.0, 1H), 7.82 (d, J = 8.0, 111) and 8.79 (bs, 111).
15A solution of N-(3-bromo-2-bromomethyl-phenyl)-2,2,2-trifluoro-acetamide (2.9 g) in toluene (40 mL)
was treated with triphenylphosphine (2.3 g, 8.7 nunol). The solution was stirred at 60 C for 2 h, then
cooled to 0 C. The beige solid that precipitated was collected by filtration, washed with diethyl ether,
then dissolved in DMF (60 mL), and heated to reflux under nitrogen for 16 h. The reaction mixture was
evaporated to dryness, then partitioned 20 between Et0Ac and a sat. sodium carbonate solution. The
organic layer was isolated, dried (MgSO4), and purified by column chromatography to give the title
compound as a yellow solid (1.55 g, 84%). NMR 814 (400 MHz, CDCI3) 7.00 (s, 1H), 7.19 (apparent t,
J = 7.9, 1H), 7.36-7.41 (m, 2H) and 8.53 (bs, 1H). 25 Reference Example 15  NO2
2-Methy1-1,3-dinitro-5-trifluoromethyl-benzene To a solution of 4-methylbenzo-trifluoride (9.51 g, 59.4
mmol) in concentrated 30 sulphuric acid (120 mL) was added potassium nitrate (15.0 g, 0.149 mol)
and the resulting mixture stirred at RT for 16 h. The reaction mixture was poured onto ice and water
then  WO 2009/053715PCT/GB2008/003621 



extracted into Et0Ac. The organic layer was washed successively with 1120 and brine, dried over
Na2SO4 and evaporated to dryness to give the title compound as a yellow solid (13.84 g, 93%) NMR
SH (400 MHz, CDC13) 2.67 (s, 3H) and 8.27 (s, 2H). 5 Reference Example 16
6-Trifluoromethy1-1H-indo1-4-ylamine inPrepared according to the method used in the preparation of
4-bromo-1H-indole-6- sulfonic acid dimethylamide using 2-methyl-1,3-dinitro-5-trifluoromethyl-benzene
in place of 3-bromo-4,N,N-trimethy1-5-nitro-benzenesulfonamide. The title compound was obtained as
a white solid (10.7 g, 99 %). [M + HIE 201.1 15 Reference Example 17  ,C
4-Iodo-6-trifluoromethyl4H-indole To a suspension of 6-trifluoromethy1-1H-indo1-4-ylamine (10.7 g,
53.4 mmol) in HC1 20 (aq., 15%, 240 mL) was added a solution of sodium nitrite (5.52 g, 80.1 mmol)
in 1120 (10 mL) slowly at 0 C. The reaction mixture was stirred at RT for 1 h before a solution of
sodium tetrafluoroborate (23.5 g, 0.214 mol) in 1120 (30 mL) was added. After stirring for 15 min, the
resulting precipitate was collected by filtration and washed with a sodium tetrafluoroborate solution
(aq., sat) before dissolving in acetonitrile (100 mL). This solution 25 was added slowly to a suspension
of sodium iodide (24.0 g, 0.160 mol) in acetonitrile (100 mL) and the mixture stirred at RT for 16 h. The
reaction mixture was concentrated to 30% of the volume and partioned between Et0Ac and 1120. The
organic layer was isolated then washed in succession with sodium thiosulfate, 1120 and brine, dried
over Na2SO4 and evaporated to dryness. The resulting brown oil was purified by column
chromatography to 30 give the title compound (9.77 g, 59 %).  WO 2009/053715 [M - 1-1] 310.1
Reference Example 18 



PCT/GB2008/003621    0 0 5 4-(4,4,5,5-Tetramethyl-[1,3,21dioxaborolan-2-y1)-1H-indole-6-sulfonic
acid dimethylamide      Prepared by using the general method (Scheme 1). The title compound was
obtained as a white solid (1.85 g, 46%). [M + Hr. 350.2 (1B) 351.2 (1B) 10 Reference Example 19 0"0
4-(4,4,5,5-Tetramethy1-11,3,21dioxaborolan-2-y1)-6-trifluoromethyl-1H-indole          Prepared by using
the general method (Scheme 1). The title compound was obtained 15 as a pale yellow solid (1.37 g,
92 %). [M + HI+ 311.2 (113) 312.2 (113) Reference Example 20 0"0  0 0 20
6-Methanesulfony1-4-(4,4,5,5-tetramethy1-11,3,2jdioxaborolan-2-y1)-1H-indole Prepared by using the
general method (Scheme 1). The title compound was obtained as a pale yellow solid (2.4 g, 51 %).
WO 2009/053715PCT/GB2008/003621 



NMR (300 MHz, DMSO-d6) 1.36 (s, 1210, 3.18 (s, 311), 6.87 (m, 111), 7.73 (apparent t, J = 2.5, 111),
7.85 (d, J = 1.5, 1H), 8.07 (dd, J = 1.01 1.5, 111) and 11.73 (bs, 1H). Reference Example 21  5 0'13,0
10 4-(4,4,5,5-Tetramethy1-11,3,21dioxaborolan-2-y1)-2-triflumomethyl-1H-indole      Prepared by
using the general method (Scheme 1). The title compound was obtained as a white solid (1.5 g, 55%).
NMR 8H (400 MHz, CDC13) 1.40 (s, 1211), 7.33 (dd, J = 7.0, 8.3, 111), 7.42 (s, 111), 7.53 (d, J = 8.3,
1H), 7.70 (d, J = 7.0, 111) and 8.37 (bs, 1H). 15 Reference Example 22  B.
6-Fluor0-4-(4,4,5,5-tetramethyl-[1,3,21dioxaborolan-2-y1)-1H-indole          Prepared by using the
general method (Scheme 1). The title compound was obtained 20 as a white solid (4.6 g, 61 %). NMR
511 (300 MHz, CDC13) 1.39 (s, 12H), 7.02 (m, 111), 7.14-7.19 (m, 111), 7.20-7.26 (m, 1.14), 7.38 (dd,
J = 2.4, 9.9, 1H) and 8.16 (s, 1H). Reference Example 23  YA/ o,B.0  



WO 2009/053715PCT/GB2008/003621      A solution of 4-bromo-1H-indole-6-carbonitrile (1 g, 4.50
mmol) in methanol (10 inL) was treated with 30% aqueous hydrogen peroxide (2.7 mL, 4.95 mmol)
and a 1 M aqueous sodium hydroxide solution (5 mL) then heated at 40 C for 1 h. The reaction mixture
was cooled, treated with water and cooled in an ice-bath. The resulting precipitate was collected 5 by
filtration, washed with water and dried in vacuo to obtain 4-bromo-1H-indole-6-carboxylic acid amide
(1.05 g, 97%), which was transformed into the title boronic ester by the general method (Scheme 1)
(0.80 g, 67 %). NMR on (300 MHz, DMSO46) 1.35 (s, I2H), 6.78 (m, 1H), 7.10 (s, 1H), 7.51-7.54 (m,
1H), 7.94-7.97 (m, 2H), 8.06 (s, 1H) and 11.40 (bs, 1H). 10 Reference Example 24 o ,0
5-Fluoro-4-(4,4,5,5-tetramethy141,3,2Jdioxaborolan-2-y1)-1H-indole A solution of 5-fluoroindole (5 g,
37.0 mmol) in DMF (40 mL) was treated at 0C 15 with trifluoroacetic anhydride (6.1 inL, 42.6 mmol).
After 30 min, the reaction was poured into water and the resulting precipitate collected by filtration,
washed with water, then dried in vacuo. The solid was then dissolved in 10% aqueous NaOH (200 mL)
and heated at reflux for 1 h. The reaction mixture was then cooled, washed with dichloromethane and
acidified with aqueous HO. The resulting white precipitate was collected by filtration, washed with 20
water, taken up in dichloromethane, washed with water, dried (MgSO4) and evaporated in vacuo. The
resulting material (5 g, 75%) was dissolved in methanol (80 inL) and treated with concentrated
sulphuric acid (2 mL) then heated at reflux overnight. The reaction was cooled and the resulting
precipitate collected, washed with water and evaporated in vacuo to give 5-
fluoro-1H-indole-3-carboxylic acid methyl ester as a peach-coloured solid (4.5 g, 83 %). 25A solution
of thallium tris(trifluoroacetate) (8.45 g, 15.6 mmol) in TFA (35 mL) was added to a solution of
5-fluoro-1H-indole-3-carboxylic acid methyl ester (2 g, 10 4 mmol) in TFA (10 mL) at room temperature
and stirred for 2 h. The reaction mixture was evaporated in vacua and the resulting residue suspended
in water (25 mL) before being treated with a solution of potassium iodide (5.2 g, 31.3 nunol) in water
(50 mL). The reaction mixture was  WO 2009/053715PCT/GB2008/003621 treated with
dichloromethane (100 mL) and methanol (5 mL) and the resulting precipitate removed by filtration
through celite. The organic layer was separated, washed successively with sodium thiosulfate solution
and brine, then dried (MgSO4) and evaporated in vacuo. The resultant material was 5 dissolved in
methanol (60 mL) and treated with 40% aqueous NaOH solution (60 mL) then refluxed for 2 h. The
reaction mixture was cooled and extracted with DCM/Me0H (ratio 95:5), dried (MgSO4), filtered and
evaporated in vacuo to give a crude solid. Purification by column chromatography gave
5-fluoro-4-iodo-1H-indole as a pale brown solid (1.05 g, 39 %). NMR 8H (300 MHz, CDC13) 6.49-6.52
(m, 1H), 6.95 (apparent dt, J = 0.4, 8.6, 111), 7.26-7.33 



10 (m, 2H) and 8.35 (s, 1H). A solution of 5-fluoro-4-iodo-1H-indole (261 mg, 1.0 nunol) in dioxane (1
mL) was treated with triethylamine (0.2 mL, 1 4 nunol), palladium acetate (4.5 mg, 0.02 mmol) and
bis(cyclohexyl)phosphino-2-biphenyl (28 mg, 0.08 mmol) then heated to 80 C. A solution of
pinacolborane (1 M in THF, 2.66 mL, 2.66 mmol) was added via syringe. After 30 min, the 15 reaction
mixture was cooled, then diluted with water (10 mL) and DCM (10 mL). The resulting mixture was
passed through a phase separation cartridge, and the dichloromethane layer was evaporated in vacuo
to obtain the title compound which was used without further purification. 20 Reference Example 25
4-(4,4,5,5-Tetramethy141,3,21dioxaborolan-2-0)-1H-indole-2-carbonitrile
4,4,5,5-Tetramethyl-[1,3,2]clioxaborolane (2.1 mL, 14.5 nunol) was added drop-wise to a mixture of
4-bromo-1H-indole-2-carbonitrile (1.27 g, 5.8 mmol), palladium acetate (33 25 mg, 0.145 mmol),
triethylamine (1.21 mL, 8.7 mmol) and 2-(dicyclohexylphosphino)biphenyl (203 mg, 0.58 mmol) in
dioxane at 80 C. The reaction mixture was stirred at 80 C for 5 h then allowed to stand at RT
overnight. The reaction mixture was diluted with DCM and washed with water, then the organic layer
was isolated, dried (MgSO4) then concentrated in vacuo. The resultant crude material was purified by
column chromatography to afford the title  WO 2009/053715PCT/GB2008/003621 compound as a
brown solid (1.02 g, 66%). NMR. 8u (400 MHz, CDC13) 1.40 (s, 12H), 7.36-7.42 (m, 111), 7.51
(apparent dt, I = 1.0, 8.3, 1H), 7.67-7.74 (m, 2H) and 8.51 (s, 1H). 5 Reference Example 26
14tert-Butyl-dimethyl-silany0-5-fluoro-1H-indole      To a solution of 5-fluoro-1H-indole (30.0 g, 0.222
mol) in anhydrous THF (250 mL) was added sodium hydride (60 % suspension in mineral oil, 10.22 g,
0.255 mol) portionwise 10 and maintaining the solution at 0 C. The reaction mixture was stirred at 0 C
for 20 min, then a solution of tert-butyl-chloro-dimethyl-silane (40.15 g, 0.266 mol) in anhydrous THE
(20 nth) was added and the solution stirred at RT for 25 h. The reaction mixture was poured into H20
and the layers separated. The aqueous layer was extracted with Et0Ac and the combined 



organic layers were dried (MgSO4), then concentrated in vacua The resultant residue was 15 purified
by column chromatography (silica gel, cyclohexane:DCM 100 % to 50:50) to provide the title
compound was obtained as a colourless oil (41.2g. 74%). IHNMR (400 MHz, CDCI3): S 0.60 (s, 6 H),
0.94 (s, 9 H), 6.58 (dd, J = 3.2, 1.0 Hz, 1 H), 6.87-6.93 (m, 1 H), 7.23 (d, .1 = 3.2 Hz, 1 H), 7.24-7.29
(m, 1 H) and 7.41 (m, 1 H). 20 Reference Example 27  HO,B4OH
[1-(tert-Butyl-dimethyl-silany1)-5-fluoro4H-indol-4-y11 borouic acid To a solution of
1-(tert-butyl-dimethyl-silany1)-5-fluoro-1H-indole (30.0 g, 0.12 mol)     in anhydrous THE (1000 inla)
were added N,N,N',/V'-tetramethylethylenediamine (36.6 mL, 25 0.241 mol) and a solution of s-butyl
lithium (1.4 M in cyclohexane, 172 niL, 0.241 mmol) at - 78 C. The resulting mixture was stirred at -78
C for 2 h, then triisopropyl borate (37.5 mL, 162.7 nunol) was added dropwise. The resulting solution
was stirred at -78 C for 40 mm,  then allowed to warm to -20 C. An aqueous solution of HCI (2.4 M,
250 mL) was added and the resulting mixture was poured into H20. The layers were separated and
the aqueous layer extracted with Et0Ac. The combined organic layers were dried (MgSO4) and
concentrated in vacuo. The resultant yellow solid was then crystallised from DCM and cyclohexane to
give 5 the title compound as a white solid (25.0 g, 71 %). 1H NMR (400 MHz, CD30D): 8 0.62 (s, 6 H),
0.92 (s, 9 H), 6.51 (d, J = 3.2 Hz, 1 H), 6.79- 6.90 (m, 1 H), 7.30-7.36 (m, 1 H) and 7.54 (dd, J = 9.0,
4.6 H; 1 H). Reference Example 28 10   1H-Thieco[3,2-cipyrimidirm-2,4-dione       A mixture of methyl
3-amino-2-thiopheriecarboxylate (13.48 g, 85.85 mmol) and urea (29.75 g, 5 equivalents) was heated
at 190 C for 2 hours. The hot reaction mixture was then poured onto sodium hydroxide solution (2N,
300 mL) and any insoluble material removed by 15 filtration. The mixture was then acidified to pH 6 by
the addition concentrated HO with cooling. The resultant white precipitate was collected by filtration
and air dried (9.49g, 66%). 611 (400 MHz, d-6 DMSO) 11.60-11.10 (2H, br, s), 8.10 (1H, d, J 5.2), 6.90
(1H, d, J 5.2). 



Reference Example 29  CI Sw 20NA"Cl 2,4-Dichloro-thieno[3,2-4pyrimidine      To a suspension of
1H-thieno[3,2-d]pyrimidine-2,4-dione (10.0 g, 59.52 nunol) in acetonitrile (50 inL) was added
phosphorous oxychloride (300 mmol, 5 equivalents, 28 mL) and the mixture heated at reflux for 24
hours in a flask fitted with a mechanical stirrer. The 25 reaction mixture was then cooled and poured
cautiously onto ice-water (250 mL) maintaining the temperature below 20 C. The mixture was filtered
to yield 2,4-dichloro-thieno[3,2- d]pyrimidine as an off-white solid (9.15 g, 75%). 611 (400 MHz,
CDC13) 8.13 (IH, d, J 5.5), 7.56 (1H, d, 15.5).  WO 2009/053715PCT/6B2008/003621 Reference
Example 30 C ) Nckt1 2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidine A mixture of
2,4-dichloro-thieno[3,2-d]pyrimidine (8.68 g, 42.34inmol), morpholine 5 (8.11 mL, 2.2 equivalents) and
methanol (150 inL) was stirred at room temperature for 1 hour. The reaction mixture was then filtered,
washed with water to yield the title compound as a white solid (11.04 g, 100%). OH (400 MHz, d-6
DMSO) 8.30 (IH, d, J 5.6), 7.40 (1H, d, J 5.6), 3.90 (4H, t, J 4.9), 3.74 (4H, t, J 4.9). 10 Reference
Example 31  cON) '11 



0Tr CI 2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde To a solution of
2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (1.0 g, 3.91 15 nunol) in anhydrous THE (50 mL)
was added N,N,Ar,N'-tetramethylethylenediarnine (0.68 mL, 4.53 mmol) and the resulting mixture was
cooled to -78 C. n-Butyl lithium (2.5 M in hexanes, 1.9 mL, 4.75 mmol) was added dropwise and the
resulting suspension allowed to warm to -30 C over 1 h. The reaction mixture was cooled to -78 C and
treated with DMF (0.7 mL, 9.04 nunol), then stirred at RI for 30 min. The reaction mixture was cooled
to 0 C 20 before an aqueous solution of HC1 (0.5 M) was added and the mixture stirred for another 30
min. The precipitate that formed was collected by filtration, washed twice with water then dried in
vacuo at 70 C for 3 h. The title compound was obtained as a pale yellow solid (1.0 g, 90 %). NMR SH
(300 MHz, DMSO-d6) 3.77 (m, 4 H), 3.95 (m, 4 H), 8.29 (s, 1 H) and 10.21 (s, 1 H). 25 Reference
Example 32  WO 2009/053715PCT/GB2008/003621
(2-Chloro-4-morpho1in-4-yl-thieno[3,2-d]pyrimidin-6-y1)-methanol       To a suspension of
2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6- carbaldehyde (3.2 g, 11.31 nunol) in anhydrous
THF (100 mL) and IMS (70 mL) was added 5 sodium borohydride (0.47 g, 12.42 mmol) and the
resulting mixture stirred at RT for 2 h. The reaction mixture was partitioned between DCM and a
saturated aqueous solution of NaHCO3. The organic layer was isolated, dried (MgSO4) and
concentrated in vacuo. The resultant residue was triturated with water to give the title compound as a
white solid (2.9 g, 91 %). NMR 6t3 (300 MHz, DMSO-d6) 3.75 (m, 4 H), 3.89 (m, 4 H), 4.81 (d, J = 5.0
Hz, 2 H), 5.96 10 (t, J = 5.0 Hz, 1 H) and 7.22 (s, 111). Reference Example 33 CN)    



6-Bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,241pyrimidine 15To a solution of
(2-chloro-4-morpholin-4-yl-thieno[3,2-cipyrimidin-6-y1)-methanol (1.46 g, 5.11 mmol) in anhydrous
DCM (30 mL) at 0C were added triphenylphosphine (1.74 g, 6.64 mrnol) and carbon tetrabromide
(2.03 g, 6.13 mmol). The resulting brown solution was stirred at RT for 5 h, before additional quantities
of triphenylphosphine and carbon tetrabromide were added (0.4 g and 0.34 g, respectively) and stirring
continued at RT for 1 h. 20 The reaction mixture was concentrated in vacuo and DCM and Et0Ac were
added. The resultant white precipitate was collected by filtration and air dried to give the title
compound as a white solid (0.82 g, 46%). [M +348.1 (79B0 350.1 (113r) 25 Reference Example 34
WO 2009/053715PCT/GB2008/003621
12-(6-Fluoro4H-indol-4-A-4-morpholin-4-yl-thieno[3,24]pyrimidin-6-y1J-methanol Prepared by using
general Suzuki coupling method A of Reference Example 2. The title compound was obtained as a
white solid (1.2 g, 40 %). 5 NMR bw (300 MHz, DMSO-d6) 3.83 (m, 4 H), 4.00 (m, 4 H), 4.85 (d, J =
5.8 Hz, 2 H), 5.92 (t, J = 5.8 Hz, 1 H), 7.31 (dd, J = 2,7, 9.5 Hz, 1 H), 7.39 (s, 1 H), 7.41-7.47 (m, 2 H),
7.90 (dd, J = 2.7, 11.5 Hz, 1 H) and 11.30 (bs, 1 H). Reference Example 35 10 Toluene-4-sulfonic acid
2-16-fluoro-1-(toluene-4-sulfony1)-1H-indol-4-y11-4-morpholin-4- yl-thieno[3,2-Apyrinildin-6-ylmethyl
ester To a suspension of [2-(6-fluoro-1H-indo1-4-3/1)-4-morpho1in-4-yl-thieno[3,2-
d]pyrimidin-6-yl]-methanol (0.54 g, 1.41 mmol) in anhydrous THF (20 mL) and DMF (5 mL) 15 was
added sodium hydride (60 % suspension in mineral oil, 0.34 g, 8.5 mmol). The resulting mixture was
stirred at RT for 10 min, then p-toluenesulfonyl chloride (1.08 g, 5.66 nunol) was added and the
reaction mixture was heated at 40 C for 3 h. The resulting solution was partitioned between Et0Ac and
a saturated aqueous solution of ammonium chloride. The organic layer was isolated, dried (MgSO4)
and concentrated in vacuo. The resultant residue 20 was purified by column chromatography to give
the title compound as a white solid (0.60 g, 62 %). NMR 6w (300 MHz, CDC13) 2.35 (s, 3 H), 2.44 (s,
3 H), 3.89 (m, 4 H), 4.01 (m, 4 H), 5.33 (s, 2 H), 7.23 (d, I = 8.7 Hz, 2 H), 7.34 (m, 3 H), 7.63 (d, J = 3.7
Hz, 1 H), 7.68 (d, J = 3.7 Hz, 1 H), 7.77 (d, I = 8.3 Hz, 2 H), 7.81-7.86 (m, 3 H) and 7.98 (dd, J = 10.6,
2.5 Hz, 1 H). 



WO 2009/053715PCT/GB2008/003621 Reference Example 36  N CI 0 JO
8-(2-Chloro-4-morpholin-4-yl-thieno13,24)pyrimidin-6-ylmethyl)-1,4-dioxa-8-azaspiro[4.51decane 5To
a solution of 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (1.00 g, 2.87 mmol) in
DMF (20 mL) were added 1,4-dioxa-8-aza-spiro[4.5]clecane (1 06 mL, 8.62 mmol) and cesium
carbonate (1.8 g, 5.75 nunol). The resulting mixture was stirred at RT for 90 min. The reaction mixture
was diluted with water then extracted with Et0Ac. The organic extracts were dried (Na2SO4) and
concentrated in vacuo to give the title compound as 10 an orange solid (0.97 g, 82 %). [M+Hj+ 411.2
Reference Example 37 C) cN)NCI 0 15
1-(2-Chloro-4-morpholin-4-yl-thieno(3,2-dipyrimidin-6-ylmethyl)-piperidin-4-one       To a solution of
8-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl) 1,4-dioxa-8-aza-spiro[4.5]decane (0.97
g, 2.36 mmol) in 1,4-dioxane (16 ml) was slowly added concentrated HO (24 rnL) and the resulting
solution was stirred at RT for 2 h. The reaction mixture was cooled to 0 C and the pH was adjusted to
12 by careful addition of an 20 aqueous solution of NaOH (50 % w/v). Et0Ac was added, the layers
were separated and the aqueous layer was extracted further with Et0Ac. The combined organic layers
were dried (Na2SO4), then concentrated in vacuo to give the title compound as a yellow solid (0.9 g,
100 070. [M + H]' 367.3 



Reference Example 38  <111
11-(2-Chloro-4-morpholin-4-yl-tbieoo[3,2-Apyrimidin-6-ylmetby1)-piperidin-4-yllcyclopropylmethyl-amin
e 5To a solution of 1-(2-chloro-4-morpholin-4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)- piperidin-4-one (0.2
g, 0.545 mmol) in 1,2-dichloroethane (3 mL) were added cyclopropanemethylamine (71 pi, 0.812
mmol) and sodium triacetoxyborohydride (0.15 g, 0.71 mmol). The resulting suspension was stirred at
RI for 17 h, then diluted with water and DCM. The aqueous layer was separated and extracted with
DCM. The combined organic 10 layers were dried (Na2SO4), then concentrated in vacuo to give the
title compound as an off-white solid (0.10 g, 44%). [M] 422.3 Reference Example 39 0 00 y-N90 y
X0NS...,,--"-:-N \U ,s....L, NCI
4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-1-oxa-4,9-diazaspiro[5.5]undecane-9-c
arboxylic acid tert-butyl ester       To a suspension of
2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6- carbaldehyde (100 mg, 0.352 mmol) in
dichloroethane (10 mL) were added 1-oxa-4,9-diaza- 20 spiro[5.5]undecane-9-carboxylic acid
tert-butyl ester (110 mg, 0.376 mmol) and sodium triacetoxyborohydride (113 mg, 0.533 mmol) and the
resulting solution stirred at RT for 3 h. The reaction was quenched with water and loaded onto an
Isolute(r) SCX-2 cartridge, washed with Me0H then eluted with 2 M NH3 in Me0H. The resulting
residue was then purified by column chromatography to give the title compound as a white solid (98
mg, 53 %) 25 [M +524.3  



WO 2009/053715PCT/GB2008/003621 Reference Example 40 0 iN NCI
942-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-1-oxa-4,9-diazaspiro[5.5jundecane-4-c
arboxylic acid tert-butyl ester 5Prepared according to the method used in the preparation of
4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-cOpyrimidin-6-ylmethyl)-1-oxa-4,9-diaza-spiro[5.5]undecane-9-carboxylic acid tert-butyl
ester using 1-oxa-4,9-diaza-spiro[5.5jundecane-4-carboxylic acid tert-butyl ester in place of
4-ethoxy-4-methylaminomethyl-piperidine-l-carboxylic acid tert-butyl ester. The title compound was
obtained as a white solid (110 mg, 60%). to [M + Hf 524.3  Reference Example 41  HN   N CI
7-(2-Chloro-4-morpholin-4-yl-tbieno[3,2-d]pyrimidin-6-ylmetby1)-2,7-diaza15 spiro[3.51nonan-l-one To
a solution of 1-oxo-2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester (150 mg, 0.624 mmol)
in DCM (6 mL) was added TFA (3 mL) and the resulting solution stirred at RT for 1 h. The crude
reaction mixture was loaded onto a Isolutee SCX-2 cartridge, washed with Me0H then eluted with 2 M
NH3 in Me0H to provide 2,7-diaza- 20 spiro[3.5]nonan-1-one as a colourless oil. To a suspension of
2,7-diaza-spiro[3.5]nonan-l-one (0.624 mmol) in dichloroethane (13 mL) were added
2-chloro-4-morpholin-4-yl-thieno[3,2- cipyrimidine-6-carbaldehyde (130 mg, 0.458 mmol) and sodium
triacetoxyborohydride (146 mg, 0.689 mmol) and the resulting suspension stirred at RT for 18 h. The
reaction was quenched with water and loaded onto an Isolute(r) SCX-2 cartridge, washed with Me0H
then 25 eluted with 2 M NH3 in Me0H. The resulting residue was then purified by column
chromatography to give the title compound as a white solid (93 mg, 50 %) 



WO 2009/053715PCT/G82008/003621 [M + Hf 408.2 Reference Example 42  cr31 5
6-(4-Azetidin-l-yl-piperidin-l-ylmethyl)-2-chloro-4-morpholin-4-yl-thieno[3,2- 4pyrimidine Method A:
Prepared according to the method used in the preparation of [1-(2-chloro-4-morpholin-
4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-piperidin-4-A-cyclopropylmethyl-amine using 10 azetidine
hydrochloride in place of cyclopropanemethylamine. The title compound was obtained as an orange
solid (102 mg, 57 %). [M + Hr 408.2 Method B: 15Prepared according to the method used in the
preparation of 4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-dipyrimidin-6-ylinethyl)-1-oxa-4,9-diaza-spiro[5.5]undecane-9-carboxylic acid tert-butyl
ester using 4-azetidin-1-yl-piperidine in place of 4-ethoxy-4- methylaminomethyl-piperidine-1
-carboxylic acid tert-butyl ester. The title compound was obtained as an off-white solid (219 mg, 48 %).
20 [M + Hit 408.2 Reference Example 43    WO 2009/053715PCT/GB2008/003621
[1-(2-Chloro-4-morpbolin-4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-piperidin-4-ylicyclopropyl-amine
Prepared according to the method used in the preparation of [1-(2-chloro-4-morpholin- 



4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperidin-4-ylkcyclopropylmethyl-amine using 5
cyclopropylamine in place of cyclopropanemethylamine. The title compound was obtained as a pale
yellow solid (38 mg, 17 %). [M Hr 408.2 Reference Example 44  10
2-Chloro-6-[(S)-1-(hexahydro-pyrrolo[1,2-alpyrazin-2-yOmethyll-4-morpholin-4-ylthieno[3,2-dipyrimidin
e       To a solution of 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,24]pyrimidine (150 mg, 0.43
mmol) in DMF (4 mL) were added (S)-octahyclro-pyrrolo[1,2-a]pyrazine (81 15 mg, 0.642 nunol) and
potassium carbonate (117 mg, 0.847 mmol). The resulting mixture was stirred at RT for 17 h, then
concentrated in vacuo The resulting residue was triturated with water to give the title compound as an
off-white solid (130 mg, 77 %). [M + H] 20 Reference Example 45 0 C )
242-Chloro-4-morpholin-4-yl-thieno[3,2-sflpyrimidin-6-ylmethyl)-2,7-diazaspirop.51nonane-7-carboxylic
acid tert-butyl ester       Prepared according to the method used in the preparation of 2-chloro-6-[(S)-1-
(hexahydro-pyrrolo[1,2-cdpyrazin-2-yl)methyl]-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 5 using
2,7-diaza-spiro[3.5]nonane-7-carboxylic acid tert-butyl ester hydrochloride in place of
(S)-octahydro-pyrrolo[1,2-a]pyrazine. The title compound was obtained as a tan solid (209 mg, 84%).
[M + H]t 494.3 10 Reference Example 46
5-(2-Chloro-4-morpholin-4-yl-thieno[3,2-arlpyrimidin-6-ylmethyl)-herahydropyrroloP,4-chtyrrole-2-carbo
xylic acid tert-butyl ester 



To a solution of 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 15 (175 mg, 0.50
mmol) in DMF (5 mL) were added hexahydro-pyrrolo[3,4-c]pyrrole-2- carboxylic acid tert-butyl ester
(160 mg, 0.754 mmol) and potassium carbonate (136 mg, 0.984 mmol). The resulting mixture was
stirred at RT for 2 h, then diluted with water and Et0Ac. The organic layer was isolated, then washed
with brine, dried (MgSO4) and concentrated in vacuo. The resulting residue was purified by column
chromatography to give 20 the title compound as an off-white solid (218 mg, 90%). [M + Hr 480.3
Reference Example 47  WO 2009/053715PCT/GB2008/003621
3-(2-Chloro-4-morpholin-4-yl-thieno[3,241pyrimidin-6-ylmethyl)-3,8-diazabicyclo[3.2.1loctane-8-carbox
ylic acid tert-butyl ester Method A: 5Prepared according to the method used in the preparation of
5-(2-chloro-4-morpholin-
4-yl-thieno[3,24pyrimidin-6-ylmethyl)-hexahydro-pyrrolo[3,4-e]pyrrole-2-carboxylic acid tert-butyl ester
using 3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester in place of
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester. The title compound was obtained as
a tan solid (103 mg, 74%). 10 [M + Hr 480.3 Method B: Prepared according to the method used in the
preparation of 4-(2-chloro-4-morpholin-
4-y1-thieno[3,2-dlpyrimidin-6-ylmethyl)-1-oxa-4,9-diaza-spiro[5.5]undecane-9-carboxylic 15 acid
tert-butyl ester using 3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester in place of
4-ethoxy-4-methylaminomethyl-piperidine-1-carboxylic acid tert-butyl ester. The title compound was
obtained as a cream solid (245 mg, 58 %). [M + Hr 480.3 20 Reference Example 48 (N 40 0 



8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dlpyrimidin-6-ylmethyl)-2,8-diazaspiro[4.5idecaue-2-carboxylic
acid tert-butyl ester        Prepared according to the method used in the preparation of
5-(2-chloro-4-morpholin25
4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester
using 2,8-diaza-spiro[4.5]decane-2-carboxylic acid tert-butyl ester  WO
2009/053715PCT/GB2008/003621 hydrochloride in place of
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester. The title compound was obtained as
a tan solid (104 mg, 71 %). [M +508.3 S Reference Example 49
7-(2-Chloro-4-morpbolin-4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-2,7-diazaspiro14.41nonaue-2-carboxyli
c acid tert-butyl ester Prepared according to the method used in the preparation of
5-(2-chloro-4-morpholin- 10
4-yl-thieno[3,2-cipyrimidin-6-ylmethyl)-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester
using 2,7-diaza-spiro[4.4]nonane-2-carboxylic acid tert-butyl ester hydrochloride in place of
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester. The title compound was obtained as
a pale yellow oil (96 mg, 67 %). [M + HI+ 494.3 15 Reference Example 50
5-Benzyl-octahydro-pyrrolo[3,2-cipyridine-1-carboxylic acid tert-butyl ester To a solution of
2,3-dihydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester 20 (1.0 g, 4.2 mmol) in acetonitrile
(20 mL) was added benzyl bromide and the mixture heated at reflux for 2.5 h. The reaction mixture
was concentrated in vacuo and the resultant black oil was dissolved in Me0H (50 mL). To this solution
was slowly added sodium borohydride (1.2 g, 32.0 mmol) over 10 min, then the mixture was heated at
reflux for 2.5 h. After cooling to RT, the reaction mixture was concentrated in vacua before Et0Ac and
an aqueous saturated  WO 2009/053715PCT/GB2008/003621 solution of ammonium chloride were
added. The reaction mixture was stirred at RT for 1 h. The organic layer was isolated, dried (Na2SO4)
and concentrated in vacuo to give the title compound as a cream solid (0.78 g, 59 %). 



[M + Hr 317.2 5 Reference Example 51  HNaN) )ro Octahydro-pyrrolo[3,2-clpyridine-1-carboxylic acid
tert-butyl ester To a solution of (5-benzyl-octahydro-pyrrolo[3,2-c]pyridine-1-carboxylic acid tert- 10
butyl ester (777 mg, 2.46 mmol) in IMS (20 mL) was added palladium hydroxide on carbon (5 %, 50
mg) and the mixture stirred under a hydrogen atmosphere at RI for 10 h. The reaction mixture was
filtered through Celite and the filtrate concentrated in vacuo to give the title compound as a straw
coloured oil (550 mg, 99 %). [M + HI- 227.3 15 Reference Example 52
5-(2-Cbloro-4-morpholin-4-yl-tbieno[3,2-d]pyrimidin-6-ylmetby1)-octahydropyrrolo[3,2-cipyridine-1-carb
oxylic acid tert-butyl ester 20Prepared according to the method used in the preparation of
8-(2-chloro-4-morpholin- 4-yhthieno[3,2-d]pyrimidin-6-ylmethyl)-1,4-dioxa-8-aza-spiro[4.5]decane
using octahydropyrrolo[3,2-c]pyridine-1-carboxylic acid tert-butyl ester in place of
1,4-dioxa-8-azaspiro[4.5]decane. The title compound was obtained as white solid (153 mg, 90 %). [M
+ Hf 494.1  WO 2009/053715PCT/GB2008/003621 Reference Example 53
5-12-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thienoP,2-dIpyrimidin-6-ylmethy11- 5
octahydro-pyrrolo[3,2-c]pyridine-1-carborylic acid tert-butyl ester 



Prepared by using general Suzuki coupling method A of Reference Example 2 above. The title
compound was obtained as a yellow oil (105 mg, 51 %). NMR 6H (400 MHz, CDC13) 1.46 (s, 9 H),
1.71-1.85 (m, 2 H), 1.96-2.19 (m, 3 H), 2.21-2.31 (m, 2 H), 2.40-2.50 (m, 1 H), 2.71-2.92 (m, 2 H),
3.32-3.41 (m, 1 H), 3.45-3.58 (m, 1 H), 3.80 10 (d, J = 9.80 Hz, 2 H), 3.92 (t, J = 4.7 Hz, 4 H), 4.08 (t, J
=4.7 Hz, 4 H), 7.13-7.18 (m, 1 H), 7.29 (m, 1 H), 7.34 (s, 1 H), 7.52 (m, 1 H), 7.96 (dd, J = 11.2, 2,3
Hz, 1 H) and 8.32 (bs, 1 H). Reference Example 54    15
(3a5,7aR)-5-12-(6-Fluoro-1H-indo1-4-y1)-4-morpbolin-4-yl-thieno[3,2-dlpyrimidin-6-
ylmethyll-octahydro-pyrrolo[3,2-clpyridine-1-carboxylic acid tert-butyl ester and
(3aR,7aS)-5-12,-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-dlpyrimidin-6-
ylmethylFoctahydro-pyrrolo[3,2-cipyridine-1-carboxylic acid tert-butyl ester 20After Suzuki coupling,
the two enantiomers were separated by chiral HPLC using a Chiralpala IA column (250 x 20 mm i d
column with 5 p.m particle size, UV detection at 254 rim, flow 9 mUrnin), eluting with 100% Et0H
containing 0.1 % diethylamine. 100 mg  WO 2009/053715PCT/G132008/003621 dissolved in 4 at of
eluting solvent (injection volume 1500 ?AL, sensitivity 0.04) gave the title compounds as two distinct
enantiomers. Both enantiomers have analytical data identical to those obtained for the racernic mixture
5 Reference Example 55
2-Chloro-6-1(R)-1-(heuthydro-pyrro1o11,2-alpyrazio-2-y1)methyli-4-morpho1in-4-ylthieno[3,2-d]pyrimi
dine Prepared according to the method used in the preparation of 5-(2-chloro-4-morpholin- 10
4-yl-thieno[3,2-09pyrimidin-6-ylmethyp-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl
ester using (R)-octahydro-pyrrolo[1,2-a]pyrazine in place of hexahydro-pyrrolo[3,4-
c]pyrrole-2-carboxylic acid tert-butyl ester. The title compound was obtained as white solid (90 mg, 61
%). 



[M + H]' 394.0 15 Reference Example 56  4-Azetidin-1-yl-piperidine To a solution of
4-oxo-piperidine-1-carboxylic acid tert-butyl ester (1.75 g, 8.88 20 mmol) in dichloroethane (80 mL)
was added azetidine (0.6 g, 10.53 mmol) and the mixture was stirred at RT for 30 min. Sodium
triacetoxyborohydride (3.9 g, 18.44 nunol) was added and the resulting solution was stirred at RT for
18 h. The reaction mixture was partitioned between water and DCM and the layers separated. The
organic layer was extracted further with DCM and the combined aqueous layers were concentrated in
vacuo. The resultant white 25 semi-solid was suspended in DCM and a saturated aqueous solution of
NaHCO3 was added.  WO 20091053715PCT/GB2008/003621 The layers were thoroughly mixed, the
organic layer isolated and the aqueous layer further extracted with DCM. The combined organic layers
were washed with brine, dried (Na2SO4) and concentrated in vacua to give 4-azeticlin- 1-yl-piperidine-
1-carboxylic acid tert-butyl ester as a white solid (2.0 g, 95 %). BOC-deprotection of
4-azetidin-1-yl-piperidine-1-carboxylic 5 acid tert-butyl ester (400 mg, 1.67 nunol) using TFA:DCM
(1:4) gave the title compound as a yellow oil (185 mg, 79%) NMR. an (400 MI-lz, CDC13) 1.04-1.16
(m, 2 H), 1.68 (d, J = 12.8 Hz, 2 H), 1.98-2.08 (m, 3 H), 2.55 (td, J = 12.1, 2.6 Hz, 2 H), 3.06 (dt, J =
12.8, 3.6 Hz, 2 H) and 3.15 (t, J = 6.9 Hz, 4 H). 10 Reference Example 57 OH FIN If VF
1-(3,8-Diaza-bicyclo[3.2.1]oct-3-yI)-2,2,2-trifluoro-ethanone trilluoroacetic acid salt To a solution of
3,8-diaza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester (212 15 mg, 1.0 mmol) in DCM (4 mL)
were added triethylamine (208 pL, 1.5 mmol) and trifluoroacetic anhydride (169 pL, 1.2 mmol) at 0 C
and the mixture stirred at 0 C for 2 h. The reaction mixture was concentrated in vacua and the
resultant residue was purified by column chromatography to give
3-(2,2,2-trifluoro-acetyl)-3,8-diaza-bicyclo[3.2.11octane-8- carboxylic acid tert-butyl ester as a
colourless oil. To a solution of 3-(2,2,2-trifluoro-acety1)- 20 3,8-diaza-bicyclo[3.2.1)octane-8-carboxylic
acid tert-butyl ester in DCM (4 mL) was added TEA (1 mL) and the solution stirred at RT for 1 h. The
reaction mixture was concentrated in vacuo to give the title compound as a colourless oil (212 mg, 66
%). 



NMR ati (400 MHz, CDC13) 1.92-2.04 (m, 2 H), 2.27 (m, 2 H), 3.40 (d, J = 14.6 Hz, 1 H), 3.83 (d, I =
14.6 Hz, 1 H), 3.93 (d, J = 14.6 Hz, 1 H), 4.22 (m, 2 H), 4.47 (d, J = 14.6 Hz, 1 25 H); 8.68 (bs, 1 H)
and 8.90 (bs, 1 H). Reference Example 58  WO 2(109/053715PCT/6B2008/003621
1-18-(2-Chloro-4-morpbolin-4-yl-thieno13,2-d]pyrimidin-6-ylmethyl)-3,8-diazabicyclo[3.2.11oct-3-y11-2,
2,2-trifluoro-ethanone To a solution of 1-(3,8-diaza-bicyclo[3.2.1]oct-3-y1)-2,2,2-trifluoro-ethanone 5
trifluoroacetic acid salt (106 mg, 0.33 mmol) in THY (5 mL) were added triethylatnine (161 gL, 1.16
nunol) and 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2-djpyrimidine (100 mg, 0.29 mmol).
The reaction mixture was stirred at RT for 17 h, then concentrated in vacua. The resultant residue was
purified by column chromatography to give the title compound as a white solid (98 mg, 71 %). 10 NMR
6 (400 MHz, CDC13) 1.67-1.73 (m, 211), 1.98-2.06 (m, 2 H), 3.11 (d, .1 = 12.6 Hz, 1 11), 3.28 (bs, 1
H), 3.34 (bs, 1 H), 3.48 (d, J = 12.6 Hz, 1 H), 3.65 (d, J = 12.6 Hz, 1 H), 3.79 (s, 2 H), 3.80-3.85 (m, 4
1-1), 3.95-4.00 (m, 4 H), 4.16 (d, J = 12.8 Hz, 1 H) and 7.13 (s, 1 H). Reference Example 59  15
loro-4-morpbolin-4-yl-thieno[3,241pyrimidin-6-ylmethyl)-1,8-diazaspiro[4.51decane-1-carboxylic acid
tert-butyl ester        Prepared according to the method used in the preparation of
[1-(2-chloro-4-morpholin4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-piperidin-4-y11-cyclopropylmethyl-amin
e using 1,8- 20 diaza-spiro[4.5]decane-1-carboxylic acid tert-butyl ester in place of
cyclopropanemethylamine. The title compound was obtained as a white solid (184 mg, 45 %). NMR
811(400 MHz, CDC13) 1.22-1.31 (m, 2 H), 1.51 (m, 911), 1.72 (m, 211), 1.88 (m, 2 H), 2.18 (m, 211),
2.68 (m, 1 H), 2.90 (m, 3 H), 3.42 (m, 211), 3.77 (s, 2 H), 3.84 (s, 4 H), 3.98 (m, 4 H) and 7.11 (s, 1 H).
25  WO 2009/053715PCT/GB2008/003621 Reference Example 60 .so 



( j Q N / --- N S N CI    2-Chloro-6-(4-cyclopropyl-piperazin-hylmethyl)-4-morpholin-4-yl-thieno12,3- 5 di
pyrimidine      A mixture of 2-chloro-4-morpholin-4-yl-thieno[2,3-d]pyrimidine-6-carbaldehyde (254 mg),
1-cyclopropyl-piperazine di-HC1 (264 mg), sodium triacetoxyborohydride (619 mg) and
trimethylorthoformate (968 pl), was stirred in anhydrous 1,2-dichloroethane (25 mL) for 12 hours at
room temperature, then diluted with dichloromethane (50 mL), and washed with 50 10 % sodium
bicarbonate solution. The organic phase was dried (MgSO4) and the solvents removed in vacuo to
give a residue which was purified using flash silica chromatography to yield the title compound (217
mg) as a buff solid. 8H (400 MHz, CDCI3) 0.37 (m, 4H); 1.51 (m, 111); 2.59 (m, 8H); 3.63 (s, 211);
3.77 (m, 411); 3.85 (m, 4H); 7.02 (s, 111). 15 Reference Example 61
2-Chloro-6-(4-cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-yl-thieno[3,2- ripyrimidine 20A mixture of
2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde (254 mg) and
1-cyclopropylpiperazine di-HC1 (352 mg) was reacted under the reductive amination conditions
described for 2-chloro-6-(4-cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-ylthieno[2,3-d]pyrimidine,
to give the title compound (279 mg) as a white solid.     8ry (400 MHz, CDCI3) 0.40 (m, 411); 1.65 (m,
411); 2.63 (m, 811); 3.81 (s, 2H); 3.86 (m, 411); 25 4.01 (m, 4H); 7.18 (s, IH).  Reference Example 62
5 111-Thieno[2,3-dipyrimidine-2,4-dione To a stirring solution of
methyl-2-arninothiophene-3-carboxylate (10.0 g, 63.7 mmol) in anhydrous dichloromethane (270 mL)
cooled down to -78 C was added dropwise chlorosulfonyl isocyanate (7.6 int, 87 2 mmol) over 25
minutes. The temperature was warmed to room temperature and stirred for 40 minutes. The reaction
mixture was evaporated 10 down. The resulting crude solid was treated with 6M hydrochloric acid (250
mL) and heated at 100 C for 35 minutes. The cooled reaction mixture was neutralised to pH 3 with
solid sodium carbonate. The precipitate was filtered, washed with water and dried to give
3-ureidothiophene-2-carboxylic acid methyl ester (13.5 g). To a stirring suspension of
3-ureido-thiophene-2-carboxylic acid methyl ester (13.5 g, 



15 67.5 nunol) in 2-propanol (100 mL) was added sodium hydroxide (5.5 g, 137.5 mmol) in water (40
mL). The mixture was stirred at 80 C for 3.5 hours. The cooled reaction mixture was poured onto 2M
sodium hydroxide solution (100 mL) and acidified to pH 3 with careful addition of concentrated
hydrochloric acid. The precipitate was filtered under vacuum, washed with water and dried to give
1H-thieno[2,3-4pyrimidine-2,4-dione (8.83 g). 20 Reference Example 63 c:)
2-Chloro-4-morpholitt-4-yl-thieno[2,3-Apyrimidine-6-carbaldehyde 25 Prepared from
1H-thieno[2,3-4]pyrimidine-2,4-dione using the same procedures as described for
1H-thieno[3,2-4pyrimidine-2,4-dione. Reference Example 64   7-Methy1-2,7-diaza-spiro[3.51nonane
To a solution of 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tert-butyl ester hydrochloride (100 mg,
0.381 mmol) in DCE (10 mL) was added an aqueous solution of 5 formaldehyde (37% w/w, 40 gL,
0.537 mmol). The mixture was stirred at RT for 10 mm, then sodium triacetoxyborohydride (121 mg,
0.571 mmol) was added and stirring was continued for 1 h. Water was added to the reaction mixture
before being loaded onto an Isolute(r) SCX-2 cartridge. The cartridge was washed with Me0H then
eluted with 2 M NH3 in Me0H to give 7-methyl-2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tert-butyl
ester. To a 10 solution of 7-methyl-2,7-diaza-spiro[3.5]Monane-2-carboxylic acid tert-butyl ester in
DCM (5 mL) was added TFA (1 mL) and the resulting mixture was stirred at RT for 1 h. The reaction
mixture was loaded onto an Isolute(r) SCX-2 cartridge, washed with Me0H then eluted with 2 M NH3 in
Me0H to give the title compound as a colourless oil (45 mg, 84 %).       NMR (400 MHz, CDC13): 5
1.81 (m, 4 H), 2.22 (s, 3 H), 2.28 (m, 2 H), 3.22 (bs, 4 H) and 15 3.38 (bs, 2 H). Reference Example 65
1-(2,7-Diaza-spiro[35]non-7-y1)-ethanone 20To a solution of 2,7-diaza-spiro[3.5]nonane-2-carboxylic
acid tert-butyl ester (70 mg, 0.309 minol) in DCM (3 mL) were added acetyl chloride (32 gL, 0.450
trunol) and triethylamine (54 gL, 0.526 mmol). The resulting mixture was stirred at RT for 2 h. The
reaction mixture was loaded onto an Isolute(r) SCX-2 cartridge, and washed with Me0H then eluted
with 2 M NH3 in Me0H to give 7-acetyl-2,7-diaza-spiro[3.5]nonane-2-carboxylic acid 25 tert-butyl ester.
To a solution of 7-acetyl-2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tertbutyl ester in DCM (3 mL)
was added TFA (1 mL) and the resulting mixture was stirred at PT for 1 h. The reaction mixture was
loaded onto an Isolute(r) SCX-2 cartridge, washed with 



WO 2009/053715PCT/GB2008/003621 Me0H then eluted with 2 M NH3 in Me0H to give the title
compound as a colourless oil (41 mg, 79%). 11-1 NMR (400 MHz, CDCI3): 8 1.69-1.79 (m, 2 H),
1.78-1.83 (m, 2 H), 2.08 (s, 3 H), 3.32- 3.37 (m, 2 H), 3.39-3.45 (m, 2 H) and 3.37-3.57 (m, 4 H). 5
Reference Example 66  CrIF 3-Fluoro-4-oxo-piperidine-1-carboxylic acid tert-butyl ester To a solution
of 4-oxo-piperidine-1-carboxylic acid tert-butyl ester (2.5 g, 12.55 io nunol) in anhydrous DMF (5 mL)
were added chlorotrimethylsilane (1.95 mL, 15.37 mmol) and triethylamine (4.18 mL, 300 mmol). The
resulting milky mixture was heated at 80C for 17 h, then cooled to RT. The reaction mixture was
diluted with water and extracted with Et0Ac. The organic layer was separated, dried (MgSO4) and
concentrated in vacuo. The resultant residue was purified by column chromatography to give
4-trimethylsilanyloxy-3,6- 15 dihydro-2H-pyridine-l-carboxylic acid tert-butyl ester as a pale yellow oil
(1.86 g, 55 %). To a solution of 4-trimethylsilanyloxy-3,6-dihydro-2H-pyridine-1-carboxylic acid
tert-butyl ester (1.86g, 6.852 mmol) in acetonitrile (80 mL) was added Selectfluorm (2.7 g, 7.622 mmol)
and the mixture was stirred at RT for 2 h. The resulting solution was diluted with water and extracted
with Et0Ac. The organic layer was separated, dried (MgSO4) and concentrated in 20 vacuo. The
resultant residue was purified by column chromatography to give the title compound as a colourless oil
(1.13 g, 76%). 1H NMR (400 MHz, CDC13): 8 1.46-1.54 (s, 9 14), 2.42-2.65 (m, 3 H), 3.19-3.33 (m, 1
H), 4.15 (m, 1 H), 4.45 (m, 1 H) and 4.83 (dt, J = 47.8, 7.8 Hz, 1 H). 25 Reference Example 67
()-(cis)-4-Azetidin-1-y1-3-fluoro-piperidine  WO 2009/053715PCT/G132008/003621 Prepared
according to the method used in the preparation of 7-methy1-2,7-diaza- 



spiro[3.5]nonane using 3-fluoro-4-oxo-piperidine- 1-carboxylic acid tert-butyl ester in place of
formaldehyde and azetidine in place of 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tertbutyl ester
hydrochloride. The title compound was obtained as a colourless oil (205 mg, 56 5 %). To the product
in DCM (3 mL) was added TFA (1 mL) and the resulting mixture was stirred at RT for 1 h. The reaction
mixture was loaded onto an Isolutee SCX-2 cartridge, washed with Me0H then eluted with 2 M NH3 in
Me0H to give the title compound as a colourless oil (205 mg, 56%). 10NMR (400 MHz, CDC13): 5
1.40-1.57 (m, 2 H), 2.01-2.24 (m, 3 H), 2.48-2.72 (m, 2 H), 3.06-3.12 (m, 1 H), 3.18-3.34 (m, 5 H) and
4.48 (d, J = 50.0 Hz, 1 H). Reference Example 68 N N 15 ()-4-Antiditi-1-yl-piperidine-1,3-dicarboxylic
acid 1-tert-butyl ester 3-methyl ester      To a solution of 4-oxo-piperidine-1,3-dicarboxylic acid
1-tert-butyl ester 3-methyl ester (100 mg, 0.389 mmol) in DCE (11 mL) was added azetidine (33 mg,
0.578 mmol). The mixture was stirred at RT for 10 min, then sodium triacetoxyborohydride (132 mg,
0.623 mmol) was added and stirring was continued for 2 h. Water was added to the reaction mixture
20 before being loaded onto an Isolutee SCX-2 cartridge. The cartridge was washed with Me0H then
eluted with 2 M NH3 in Me0H to give the title compound as a colourless oil (102 mg, 88 %). [M + H] 25
Reference Example 69  WO 2009/053715PCT/G82008/003621    NO 



()-(cis)-4-Azeddin-1-yl-piperidine-3-carboxylic acid amide and
()-(trans)-4-Azetidin-1-yl-piperidine-3-carboxylic acid amide To a solution of
4-azetidin-l-yl-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3- 5 methyl ester (0.66 g. 2.21 mmol) in
anhydrous DMF (13 mL) was added formamide (370 pi, 9.32 mmol). The mixture was heated to 100C
and a solution of sodium methoxide in Me0H (25 % w/w. 330 gL, 1.44 mmol) was added with heating
being continued for 2 h. The reaction mixture was cooled to RT, then loaded onto an Isolute(r) SCX-2
cartridge. The cartridge was washed with Me0H then eluted with 2 M NH3 in Me0H to give
4-azetidin-l-y1-3-carbamoyl- 10 piperidine-l-carboxylic acid tert-butyl ester. To a solution of
4-azetidin-l-y1-3-carbamoylpiperidine-l-carboxylic acid tert-butyl ester in DCM (40 mL) was added TFA
(5 mL) and the resulting mixture was stirred at RT for 1 h. The reaction mixture was loaded onto an
Isolute(r) SCX-2 cartridge, washed with Me0H then eluted with 2 M NH3 in Me0H to give a 1:1
cis:trans mixture of the title compound as a colourless oil (280 mg, 69 %). 15 [M + Hr 184.3 Reference
Example 70 rN HO ()-(cis)-(4-Azeddin-1-yl-piperidin-3-y1)-methanol and 20
()-(trans)-(4-Azetidin-l-yl-piperidin-3-yI)-methanol         To a solution of
4-azetidin-1-yl-piperidine-1,3-dicarboxylic acid 1-tert-butyl ester 3- methyl ester (373 mg, 1.25 mmol) in
anhydrous DCM (10 mL) was slowly added a solution of diisobutylaluminum hydride in hexanes (1 M,
3.8 mL, 3.8 mmol) at -70 C. The reaction mixture was allowed to warm to -10 C over 90 min, then
stirred at RT for 15 min. Water was 25 added to the reaction mixture before being loaded onto an
Isolute(r) SCX-2 cartridge. The cartridge was washed with Me0H then eluted with 2 M NH3 in Me0H to
give 4-azetidin-1y1-3-hydroxyrnethyl-piperidine-1-carboxylic acid tert-butyl ester. To a solution of
4-azetidin- 1-y1-3-hydroxymethyl-piperidine-1-carboxylic acid ter:-butyl ester in DCM (10 mL) was  WO
2009/053715PCT/GB2008/003621 added TFA (1 mL) and the resulting mixture was stirred at RT for
30 min. The reaction mixture was loaded onto an [solute(r) SCX-2 cartridge, washed with Me0H then
eluted with 2 M NH3 in Me0H to give a 1:1 cis:trans mixture of the title compound as a colourless oil
(188 mg, 88 %). 5 [M + Hr 171.1 Reference Example 71
2-Chloro-6-(7-methy1-2,7-diaza-spiro[3.51non-2-ylmethyl)-4-morpholin-4-yl-thieno13,2- 4 pyrimidine
To a solution of 2-chloro-4-morpho1in-4-y1-thieno[3,2-dipyrimidine-6-carbaldehyde (72 mg, 0.254
mrnol) in DCE (7 mL) was added 7-methyl-2,7-diaza-spiro[3.51nonane (45 mg, 0.321 mmol). The
mixture was stirred at RT for 10 min, then sodium triacetoxyborohydride 15 (81 mg, 0.382 mmol) was
added and stirring was continued for 3 h. To the reaction mixture was added water and the resulting
solution was loaded onto an [solute(r) SCX-2 cartridge. The cartridge was washed with Me0H and the
desired product was eluted with 2 M NH3 in Me0H 



an concentrated in vacua. The resultant residue was purified by column chromatography to give the
title compound as a yellow oil (31 mg, 30 %). 20 [M + Hr 408.2 Reference Example 72   WO
21109/053715PCT/GB2008/003621
1-[2-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-2,7-diazaspiro[3.51non-7-yllethanon
e Prepared according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using 1-(2,7- 5
diaza-spiro[3.5]non-7-y1)-ethanone in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title
compound was obtained as a colourless solid (47 mg, 61 %). [M + Hr 436.5 Reference Example 73 10
0 NH,chNH, Cis (41-)Trans (+I-)
()-(cis)-4-Azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl)-piperidine-3-carboxylic acid amide and
()-(trans)-4-azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6- 15
ylmethyl}piperidine-3-carboxylic acid amide      Prepared according to the method used in the
preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using
4-azetidin1-yl-piperidine-3-carboxylic acid amide in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The
title compounds were separated by column chromatography. 20
()-(cis)-4-Azetidin-1-y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]p midin-6-ylmethyl)-
piperidine-3-carboxylic acid amide: tan solid (62 mg, 10 %).   NMR (400 MHz, CDC13): 5 1.51-1.73
(m, 2 H), 2.00-2.12 (m, 3 H), 2.15 (dd, J = 11.4, 3.1 Hz, 1 H), 2.22-2.30 (m, 1 H), 2.47 (m, 1 H), 2.93
(bd, J = 11.4 Hz, 1 H), 3.16-3.28 (m, 4 H), 3.56 (dt, J = 11.3, 2.3 Hz, 1 H), 3.76-3.88 (m, 6H), .93-3.98
(m, 4 H), 5.46-5.51 (m, 1 H), 7.13 25 (s, 1 H) and 9.07 (bs, 1 H). 



(th)-(trans)-4-Azetidin-1 -y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d)pyrim d n-6-
ylmethylypiperidine-3-carboxylic acid amide: white solid (153 mg, 25 %).  WO
2009/053715PCT/GB2008/003621 11-1 NMR (400 MHz, CDC13): 8 1.48-1.54 (m, 1 H), 1.78-1.83 (m,
1 H), 1.98-2.06 (m, 2 H), 2.30-2.35 (m, 1 H), 2.41 (m, 1 H), 2.53-2.60 (m, 2 H), 2.72 (m, 1 H), 2.91 (dd,
J = 11.6, 3.5 Hz, 1 H), 3.20-3.27 (m, 4 H), 3.79 (d, J = 2.4 Hz, 2 H), 3.84 (m, 4 H), 3.94-3.99 (m, 4 H),
5.46 (s, 1 H), 7.16 (s, 1 H) and 7.75 (bs, 1 H). 5 Reference Example 74
6-((cis)-4-Azetidin-l-y1-3-fluoro-piperidin-l-ylmethyl)-2-chloro-4-morpholin-4-ylthieno[3,2-dlpyrimidine
10Prepared according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5)non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-6]pyrimidine using (cis)-4- azetidin-1 -y1-3
-fluoro-piperidine in place of 7-methyl-2,7-dia7a-spiro[3.5]nonane. The title compound was obtained as
a tan solid (284 mg, 57 %). [M + Hr 426.5 15 Reference Example 75  Cis (+1-)Trans (+1-)
()-Kcis)-4-Azetidin-1-y1-1-(2-chloro-4-morpholin 4 yl-thieno[3,2-dlpyrimidin-6-
ylmethyl)-piperidin-3-y11-methanol and 20
()-1(trans)-4-azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thienot3,241pyrimidin-6-
ylmethyl)-piperidin-3-y1Fmethanol      Prepared according to the method used in the preparation of
2-chloro-6-(7-methy1-2,7- diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-4pyrimidine
using (4-azetidin-  WO 2009/053715PCT/GB2008/003621 1-yl-piperidin-3-y1)-methanol in place of
7-methyl-2,7-diaza-spiro[3.5]nonane. The title compounds were separated by column chromatography.



[(cis)-4-Azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thieno[3,2-a]pyrimidin-6-ylmethyl)-
piperidin-3-yllmethanol: tan solid (83 mg, 19 %). 5 111 NMR (400 MHz, CDC13): 8 1.61 (m, 1 H), 1.81
(m, 1 H), 2.04-2.12 (m, 4 H), 2.12-2.19 (m, 1 H), 2.44 (m, 1 H), 2.79 (d, J = 11.5 Hz, 1 H), 3.00 (d, J =
11.1 Hz, 1 H), 3.18-3.37 (m, 4 H), 3.59-3.74 (m, 311), 3.85 (t, J = 4.8 Hz, 4 H), 3.98 (m, 4 H), 4.40 (t, J
= 10.6 Hz, 1 H) and 7.11 (s, 1 H).     [(trans)-4-Azetidin-l-y1-1-(2-chloro-4-morpholin-4-yl-thieno
[3,2-n]pyrimidin-6-ylmethyl)- 10 piperidin-3-ylkmethanol: tan solid (42 mg, 9 %). 1H NMR (400 MHz,
CDCI3): 8 1.61 (m, 2 H), 1.81 (m, 1 H), 2.04-2.12 (m, 3 H), 2.12-2.19 (m, 1 H), 2.34 (m, 1 H), 2.79 (d, J
= 11.5 Hz, 1 H), 2.86 (m, 1 H), 3.18-3.37 (m, 4 H), 3.59- 3.74 (m, 2 H), 3.77 (m, 2 H), 3.85 (t, J = 4.8
Hz, 4 H), 3.98 (m, 4 H) and 7.11 (s, 1 H). 15 Reference Example 76
2-Chloro-6-(2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thienoP,2- dIpyrimidine
2-(2-Chloro-4-morpholin-4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-2,7-diaza- 20
spiro[3.5]nonane-7-carboxylic acid tert-butyl ester was prepared according to the method used in the
preparation of 2-chloro-6-(7-methyl-2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-4pyrimidine using 2,7-diaza-spiro[3.5]-nonane-7-carboxylic acid tert-butyl
ester in place of 7-methyl-2,7-dian-spiro[3.5]nonane. 2-(2-chloro-4-morpholin-4-
yl-thieno[3,2-d]pyrimidin-6-ylmethy1)-2,7-diaza-spiro[3.51nonane-7-carboxylic acid tert- 25 butyl ester
was subsequently BOC-deprotected to give the title compound as a pale yellow oil (287 mg, 58 %). [M
+ Hr 394.3  Reference Example 77
2-Chloro-6-(7-methanesuliony1-2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-ylthieno[3,2-dipyrimi
dine 5To a solution of 2-chloro-6-(2,7-diaza-spiro[3.5]non-2-ylrnethyl)-4-morpholin-4-yl-
thieno[3,2-4pyrimidine (71 mg, 0.18 nunol) in anhydrous DCM (3 inL) was added triethylamine (160
ML, 1.46 mmol) and a solution of methanesulfonyl chloride (17 pi, 0.22 mmol) in anhydrous DCM (0.5
mL). The resulting mixture was stirred at RT for 18 h, then diluted with DCM and brine. The organic
layer was separated, dried (Na2SO4) and 10 concentrated in vacua. The resultant residue was
purified by column chromatography to give the title compound as a yellow oil (55 mg, 65 %). [M+H)
472.3 Reference Example 78 15 



2-(2-Chloro-4-morpholin-4-yl-thieno13,2-d]pyrimidin-6-ylmethyl)-2,7-diazaspiro[3.5]nonane-7-carboxyli
c acid dimethylandde Prepared according to the method used in the preparation of 2-chloro-6-(7- 20
methanesulfony1-2,7-diaza-spiro[3.5]non-2-yhnethyl)-4-morpholin-4-yl-thieno[3,2- d]pyrimidine using
dimethylcarbamoyl chloride in place of methanesulfonyl chloride. The title compound was obtained as
a yellow oil (39 mg, 42 %).  WO 2009/053715PCT/GB2008/003621 [M+Hr 465.4 Reference Example
79  0 5
2-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-2,7-diazaspiro13.51nonane-7-carboxyli
c acid methyl ester      Prepared according to the method used in the preparation of 2-chloro-6-(7-
methanesulfony1-2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2- d]pyrimidine using
methyl chloroformate in place of methanesulfonyl chloride. The title 10 compound was obtained as a
colourless oil (20 rug, 28 %). [M + Hr 452.4 Reference Example 80 CN)  15
(R)-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dlpyrimidin-6-ylmethyl)-hexahydropyrazino[1,2-a]pyraziae-
1,4-dione      Prepared according to the method used in the preparation of
4-(2-chloro-4-morpholin4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using
(R)-hexahydropyrazino[1,2-a]pyrazine-1,4-dione in place of 3,3-dimethyl-piperazin-2-one. The title 20
compound was obtained as a cream solid (23 mg, 29 %). [M + Hr 437.2  



WO 2009/053715PCT/GB2008/003621 Reference Example 81
7-(2-Chloro-4-morpholin-4-yl-thieno[3,241pyrimidin-6-ylmethyl)-3-oxa-7,9-diazabicyclo[3.3.1]nonane
5Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using
3-oxa-7,9-diazabicyclo[3.3.1]nonane in place of 3,3-dimethyl-piperazin-2-one. The title compound was
obtained as a white solid (28 mg, 52 %). [M + H] 10 Reference Example 82 F-crj
4-(3,3-Difiuoroazetidin4-y1)-piperidine To a solution of 4-oxo-piperidine-1 -carboxylic acid tert-butyl
ester (1.0 g, 5.0 mmol) 15 in DCE (50 mL) was added 3,3-difluoroazetidine hydrochloride (712 mg, 5.5
mmol). The mixture was stirred at RI for 15 min, then sodium triacetoxyborohydride (1.59 g, 7.5 nunol)
was added and stirring was continued for 17 h. The reaction mixture was diluted with brine and
extracted with DCM. The organic layer was separated, dried (Na2SO4) and concentrated in vacuo.
The resultant residue was purified by column chromatography to give 4-(3,3- 20
difluoroazetidin-l-y1)-piperidine-1-carboxylic acid tert-butyl ester as a pale yellow solid (1.2 g, 88 %).
To a solution of 4-(3,3-difluoro-azetidin-1-y1)-piperidine-1-carboxylic acid ten-butyl ester (552 mg, 2.0
mmol) in DCM (4 mL) was added TFA (2 mL) and the resulting mixture was stirred at RT for 45 min.
The reaction mixture was loaded onto an Isolute(r) SCX- 2 cartridge. The cartridge was washed with
Me0H then eluted with 2 M NH3 in Me0H to 25 give the title compound as a pale yellow solid (271 mg,
77 %).  WO 209/053715PCT/GB2008/003621    NMR (400 MHz, CDC13): 8 1.16-1.27 (in, 2 H),
1.63-1.72 (m, 2 H), 2.14-2.23 (in, 1 H), 2.54-2.62 (m, 2 H), 3.09 (dt, J = 12.7, 3.9 Hz, 2 H) and
3.46-3.57 (m, 4 H). Reference Example 83 



}-1 5 4-(3-Fluoroazetidin-1-yI)-piperidine Prepared according to the method used in the preparation of
4-(3,3-difluoroazetidin-1- y1)-piperidine using 3-fluoroazetidine in place of 3,3-difluoroazetidine
hydrochloride. The title compound was obtained as a colourless oil (180 mg, 39%). t 0 1HNMR (400
MHz, CDCI3): 8 1.13-1.24 (m, 2 H), 1.64 (dd, S = 12.6, 4.3 Hz, 2 H), 2.16-2.23 (m, 1 H), 2.82-2.91 (m,
2 H), 3.01-3.14 (n, 2 H), 3.59-3.67 (m, 2 H), 3.78-3.95 (m, 2 H), 5.10 (dm, J = 55.8 Hz, 111).
Reference Example 84 15
2-Chloro-6-14-(3,3-difluoroazetidin-l-y1)-piperidin-l-ylmethyl)-4-morpholin-411- thieno[3,2-69pyrimidine
Prepared according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using 4-(3,3- 20
difluoroazetidin-l-yI)-piperidine in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title compound
was obtained as a white solid (115 mg, 74 %). [M + Hr 444.4 Reference Example 85  WO
2009/053715PCT/GB2008/003621 C.)
2-Chloro-6-(6,9-diaza-spiro[4.51dec-9-ylmethyl)-4-morpholin-4-yl-thieno[3,2- pyrimidine Prepared
according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7- 



5 diazn-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using
6,9-diazaspiro[4.5]decane dihydrochloride in place of 7-methy1-2,7-diaza-spiro[3.5]nonane. The title
compound was obtained as a white solid (76 mg, 53 %). + Fir 408.5 10 Reference Example 86 fr_N/
\N)N CI 00)
(R)-7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydrooxazolop,4-a]pyrazin-3-o
ne Prepared according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7- 15
cliaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine using (R)- hexahy dr
o-oxazolo[3 ,4- *yr azin-3 - one in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title compound
was obtained as a white solid (71 mg, 50 %). [M + H] 20 Reference Example 87  WO
2009/053715PCT/GB2008/003621
7-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-5,6,7,8-tetrahydro[1,2,4]triazolo14,3-al
pyrazine Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin- 5
4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using 5,6,7,8-
tetrahydro-[1,2,4]triazolo[4,3-a]pyrazine in place of 3,3-dimethyl-piperazin-2-one. The title compound
was obtained as a white solid (115 mg, 84%). [M + HI- 392.3 10 Reference Example 88
2-Chloro-6-(5,6-dihydro-8H-imidazo[1,2-alpyrazin-7-ylmethyl)-4-morpholin-4-ylthieno3,2-dipyrimidine 



15Prepared according to the method used in the preparation of 4-(2-chloro-4-morpholin-
4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)-3,3-dimethyl-piperazin-2-one using 5,6,7,8
tetrahydro-imidazo[1,2-a]pyrazine in place of 3,3-dirnethyl-piperazin-2-one. The title compound was
obtained as a pale brown solid (50 mg, 52 %). [M + Hr 391.3 20 Reference Example 89  WO
2009/053715PCT/6B2008/003621 CN)  CI
2-Chloro-6-[4-(3-fluoro-azetidin-l-y1)-piperidin-hylmethyll-4-morpholin-4-ylthieno[3,2-Apyrimidine
Prepared according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7- 5
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-a]pyrimidine using 4-(3-fluoroazetidin-
1-y1)-piperidine in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title compound was obtained as
a white solid (201 mg, 47 %). [M + Hr 426.1 10 Reference Example 90 1-Piperidin-4-y!-azetidin-2-one
To a solution of 4-(2-methoxycarbonyl-ethylamino)-piperidine-1-carboxylic acid tert- butyl ester (3.4 g,
12.0 nunol) in anhydrous THF (75 mL) was slowly added a solution of 15 methyl magnesium bromide
in diethyl ether (3 M, 6 mL, 18 mmol) at 0 C. The reaction mixture was stirred at 0 C for 3 h, then
allowed to warm to RT and stirring was continued for 72 h. The reaction mixture was concentrated in
vacuo and the resulting residue was partitioned between Et0Ac and an aqueous solution of ammonium
chloride. The organic layer was separated and washed with brine, then dried (Na2SO4) and
concentrated in vacuo. 20 The resultant residue was purified by column chromatography to give
4-(2-oxo-azetidin-1-y1)- piperidine-l-carboxylic acid tert-butyl ester as a pale yellow oil (598 mg, 20%).
To a solution of 4-(2-oxo-azetidin- 1-y1)-piperidine- 1-carboxylic acid tert-butyl ester (595 mg, 2.34
mmol) in DCM (6 mL) was added TFA (2 inL). The resulting mixture was stirred at RT for 1.5 It, then
concentrated in vacuo. The resultant residue was loaded onto an Isolate(r) SCX-2  



WO 2009/053715PCT/GB2008/003621 cartridge, washed with Me0H then eluted with 2 M NH3 in
Me0F1 to give the title compound as a pale yellow solid (325 mg, 90 %). 111 NMR (400 MHz,
CDC13): 5 1.48-1.61 (m, 2 H), 1.83 (dd, J = 12.6, 3.7 Hz, 2 H), 2.54-2.67    (m, 2 H), 2.86 (t, J = 4.0
Hz, 2 H), 3.10 (dt, J = 12.6, 3.5 Hz, 2 H), 3.22 (t, J = 4.0 Hz, 2 H) 5 and 3.66 (m, 1 H). Reference
Example 91  0 CN)     (--U, SC)N
141-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylinethyl)-piperidin-4-y11- 10 azetidin-2-one
Prepared according to the method used in the preparation of 2-chloro-6-(7-methy1-2,7-
diaza-spiro[3.5]non-2-ylmethyl)-4-morpholin-4-yl-thieno[3,2-a]pyrimidine using
1-piperidin4-yl-azetidin-2-one in place of 7-methyl-2,7-diaza-spiro[3.5]nonane. The title compound was
obtained as a pale yellow solid (205 mg, 81 %). 15 [M + Hr 422.3 Reference Example 92 0 N N
()-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-oetahydro20
pyrazino[2,1-c111,41oxazine Prepared according to the method used in the preparation of
4-(2-chloro-4-morpholin- 4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-piperazin-2-one using
octahydro-pyrazino[2,1-  c][1,4]oxazine in place of piperazin-2-one. The title compound was obtained
as a white solid (79 mg, 64 %). [M +410.2 5 Reference Example 93  



NI Ci. OH CI (R)-4-(2-Chloro-acety1)-3-hydrosymethyl-piperazine-1-carboxylic acid tert-butyl ester
To a solution of (R)-3-hydroxymethyl-piperazine-l-carboxylic acid tert-butyl ester (795 mg, 3.68 nunol)
in DCM (20 mL) was added triethylamine (1.53 mL, 11.04 mmol). The 10 resulting mixture was cooled
to 0 C before the dropwise addition of chloroacetyl chloride (325 ILL, 4.05 nunol). The mixture was
warmed to RT and stirred for 5 h. The reaction mixture was partitioned between a saturated aqueous
solution of NaHCO3 and DCM. The organic layer was separated and the aqueous layer extracted with
DCM. The combined organic fractions were dried (Na2SO4) and concentrated in vacuo. The resulting
residue was 15 purified by column chromatography to give the title compound as a colourless oil which
was a mixture of rotamers (710 mg, 66%). 11-1 NMR (400 MHz, CDC13): 5 1.48 (s, 91-1), 2.80-2.92
(m, 111), 2.95-3.10 (m, 211), 3.34-3.44 (m, 1/2H), 3.60-3.74 (m, 21/2H), 3.96-4.16 (m, 31/2H),
4.22-4.30 (in, 1/2H), 4.32-4.40 (m, 1/2.H) and 4.63 (bs, 1/2H). 20 Reference Example 94 1 oo N ""1
(R)4-0xo-hexahydro-pyrazino[2,1-c111,4]oxazine-8-carboxylic acid tert-butyl ester To a solution of
(R)-4-(2-chloro-acety1)-3-hydroxyrnethyl-piperazine-l-carboxylic 25 acid tert-butyl ester (710 mg, 2.45
mmol) in THF (16 mL) at 0C was added potassium tert- butoxide (326 mg, 2.91 nunol). The resulting
mixture was stirred for 75 min before the  WO 2009/053715PCT/GB2008/003621 



addition of AcOH (0.6 mL). The resulting mixture was partitioned between water and DCM and the
aqueous layer extracted with further DCM. The combined organic fractions were dried (Na2SO4) and
concentrated in vacuo. The resulting residue was purified by column chromatography to give the title
compound as a colourless oil (570 mg, 91%). 5 11-1 NMR (400 MHz, CDC13): 5 1.48 (s, 9H), 2.69 (td,
J = 12.9, 3.0 Hz, 2H), 2.78-2.89 (m, 1H), 3.48-3.58 (m, 2H), 3.96-4.10 (m, 3H), 4.14 (d, J = 16.2 Hz,
1H), 4.20 (d, J = 16.8 Hz, 1H) and 4.57 (m, 114). Reference Example 95  C N."1 10
(R)-11exahydro-pyrazino[2,1-c][1,41oxazin-4-one      To a solution of
(R)-4-oxo-hexahydro-pyrazino[2,1-c][1,41oxazine-8-carboxylic acid tert-butyl ester in DCM (5 mL) was
added TFA (1 mL). The resulting mixture was stirred at RT for 2 h then concentrated in vacua. The
resulting residue was azeotroped with toluene then 15 purified by SCX column to give the title
compound as a colourless oil (60 mg, 76%). IFINMR (400 MHz, Me0D): 5 2.46-2.55 (m, 1H), 2.59-2.76
(m, 2H), 2.90-3.03 (m, 2H), 3.50-3.60 (m, 2H), 3.94-4.02 (m, 1H), 4.10 (s, 2H) and 4.42-4.48 (m, 1H).
Reference Example 96 20 (R)-Octahydro-pyrazino12,1-c][1,41(nazine To a solution of
(R)-hexahydro-pyrazino[2,1-c][1,4]oxazin-4-one (60 mg, 0.39 mmol) in dioxane (5 mL) was added
LiA1H4 (1.5 mL, 1M solution in THF). The resulting mixture was heated at 80 C for 2.5 h before the
addition of iPrOH (0.5 mL) followed by a saturated 25 aqueous solution of Na2SO4 (3 mL). Further
Na2SO4 was added and the resulting mixture filtered through celite, washing with Et0Ac. The resulting
residue was purified by NH2 column to give the title compound as an oil (40 mg, 73%).  11-1 NMR
(400 MHz, CDC13): 2.17-2.30 (m, 2H), 2.36-2.47 (m, 211), 2.61 (d, J = 11.9 Hz, 1H), 2.69-2.79 (m,
2H), 2.92-2.99 (m, 2H), 3.23 (t, J = 10.3 Hz, 111), 3.61-3.75 (m, 21-1) and 3.79-3.87 (m, 1H). 5
Reference Example 97  



(R)-8-(2-Chloro-4-morpholin-4-yl-thieno(3,2-dipyrimidin-6-ylmethyl)-octabydropyrazino[2,1-c][1,41oxazi
ne Prepared according to the method used in the preparation of (S)-4-(2-chloro-4- io
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3-isopropyl-piperazin-2-one using (R)-
octahydro-pyrazino[2,1-c][1,4]oxazine in place of (S)-3-isopropyl-piperazin-2-one. The title compound
was obtained as a pale yellow solid (57 mg, 62 %). [M + Hr 410.3 15 Reference Example 98 (
(3)-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-octahydropyrazino[2,1-0[1,41oxazi
ne Prepared according to the method used in the preparation of (5)-4-(2-chloro-4- 20
morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-3-isopropyl-piperazin-2-one using (S)- octahy dr o
-pyrazino[2 ,1 - c][1,4)oxazine in place of (S)-3-isopropyl-piperazin-2-one. The title compound was
obtained as a pale yellow solid (210 mg, 90%). [M Et 410.3  Reference Example 99
(R)-8-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydropyrazino[2,1-c][1,41oxaz
in-4-one 5Prepared according to the method used in the preparation of (S)-4-(2-chloro-4-
morpholin-4-yl-thieno[3,2-a]pyrimidin-6-ylmethyl)-3-isopropyl-piperazin-2-one using (R)- hexahydro-pyr
azino[2 ,1- cl[1,4]oxazin- 4 -one in place of (S)-3-isopropyl-piperazin-2-one. The title compound was
obtained as a tan solid (79 mg, 69 %).     NMR (400 MHz, CDCI3): 8 1.96-2.03 (m, 1 H), 2.20 (m, 1 H),
2.78-2.85 (m, 2 H), 2.94 10 (M, 1 H), 3.48 (dd, J = 11.9, 7.7 Hz, 1 H), 3.63-3.68 (m, 1 H), 3.78-3.83 (m,
6 H), 3.92 (in, 1 H), 3.93-3.99 (m, 4 H), 4.05-4.18 (m, 2 H), 4.57 (m, 1 H) and 7.16 (s, 1 H). Reference
Example 100    



15
5-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-hexabydropyrrolo[3,4-clpyrrole-2-earbo
xylic acid tert-butyl ester      To a solution of
6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (175 mg, 0.50 mmol) in DMF (5 ml.,)
were added hexahydro-pyrrolo[3,4-e]pyrrole-2- carboxylic acid tert-butyl ester (160 mg, 0.754 mmol)
and potassium carbonate (136 mg, 20 0.984 mmol). The resulting mixture was stirred at RT for 2 h,
then diluted with water and Et0Ac. The organic layer was isolated, then washed with brine, dried
(MgSO4) and  WO 2009/053715PCT/G132008/003621 concentrated in vacuo. The resulting residue
was purified by column chromatography to give the title compound as an off-white solid (218 mg,
90%). [M + Hr 480.3 5 Reference Example 101  CN)   N/
5-(2-Chloro-4-morpholin-4-yi-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydropyrrolo13,4-clpyrrote-2-carb
oxylic acid dimethylamide To a solution of
5-(2-chloro-4-morpholin-4-yl-thieno[3,2-4pyrimidin-6-ylmethyl)- 10
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester (250 mg, 0.52 mmol) in DCM (4.5
mL) was added TFA (0.5 InL). The reaction mixture stirred at RI for 1 h, then loaded onto an Isolute(r)
SCX-2 cartridge. The cartridge was washed with Me0H then eluted with 2 M NH3 in Me0H, and
concentrated in vacuo. The resultant residue was dissolved in DCM (6 mL) and triethylamine (0.48 mL,
3.28 mmol) was added. The reaction mixture was 15 cooled to 0C then a solution of
dimethylcarbamoyl chloride (57 ML, 0.615 mmol) in DCM (0.5 mL) was added. The reaction mixture
was stirred at RT for 1 h, then partitioned between water and DCM. The organic layer was separated
and washed with brine, then dried (Na2SO4) and concentrated in vacuo. The resultant residue was
purified by column chromatography to give the title compound as a colourless oil (55 mg, 24 %). 20
1HNMR (400 MHz, CDC13): 5 2.51 (m, 2 H), 2.66-2.73 (m, 2 H), 2.76-2.80 (m, 211), 2.84 (s, 6 H),
3.17-3.24 (m, 2 H), 3.47-3.55 (m, 2 H), 3.82 (m, 4 H), 3.85 (s, 2 H), 3.94-3.99 (m, 4 H) and 7.12 (s, 1
H). Reference Example 102 25  WO 2009/053715PCT/GB2008/003621 



(:)  NH,
5-(2-Chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethyl)-hexahydropyrrolop,4-cipyrrole-2-carbo
xylic acid amide To a solution of 5-(2-chloro-4-morpholin-4-yl-thieno[3,2-dlpyrimidin-6-ylmethyl)- 5
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester (250 mg, 0.52 mmol) in DCM (4.5
mL) was added TFA (0.5 mL). The reaction mixture stirred at RT for 1 h, then loaded onto an Isolute(r)
SCX-2 cartridge. The cartridge was washed with Me0H then eluted with 2 M NI-13 in Me0H, and
concentrated in vacuo. The resultant residue was dissolved in DCM (5 mL) and trimethylsilyl
isocyanate (139 AL, 1.0 mmol) was added. The reaction 10 mixture was stirred at RT for 1 h, then
partitioned between DCM and a saturated aqueous solution of NaHCO3. The organic layer was
separated and washed with brine, then dried (Na2SO4) and concentrated in vacuo to give the title
compound as a colourless oil (185 mg, 84 %).      IHNMR (400 MHz, CDC13): 82.63 (m, 2 H), 2.71 (m,
2 H), 2.89-2.96 (m, 2 H), 3.29 (m, 2 15 H), 3.57-3.67 (m, 2 H), 3.82-3.86 (m, 4 H), 3.89 (s, 2 H),
3.95-4.00 (m, 4 H), 4.32 (bs, 2 H) and 7.13 (s, 1 H). Reference Example 103 0  20
(4R*,4aR*)-1-Methyl-hexahydro-pyrido[3,4-14[1,41oxazin-2-one       To a stirring solution of
1,2,3,6-tetrahydropyridine (2.96g. 35.6 nunol), in dichloromethane (100 mL) was added portionwise
di-tert-butyldicarbonate (8.54 g, 39.1 nunol) followed by triethylamine (5.46 mL, 39.1 mmol). The
reaction mixture was stirred at room temperature overnight and partitioned between dichloromethane
and saturated sodium 25 bicarbonate solution. The combined organic layers were washed with brine,
separated and  WO 2009/053715PCT/G82008/003621 dried (MgSO4) to give
3,6-dihydro-2H-pyridine-l-carboxylic acid tert-butyl ester as a yellow liquid (6.27 g).       To a stirring
solution of 3,6-tiihydro-2H-pyridine-l-carboxylic acid tert-butyl ester (6.27 g, 34.2 mmol) in
dichloromethane (35 mL) cooled down to 0 C was added dropwise a 5 solution of
m-chloroperoxybenzoic acid (8.65 g, 1.1 eq) in dichloromethane (50 mL). The 



mixture stirred at room temperature for 4 hours. The mixture was partitioned between dichloromethane
and 5% potassium carbonate solution. The combined organic layers were washed with brine,
separated and dried (MgSO4). The crude product was purified by column chromatography to yield a
()7-oxa-3-azabicyclo[4.1.0]heptane-3-carboxylic acid tert-butyl 10 ester (4.43 g) as a pale yellow liquid.
To a stirring solution of ()7-oxa-3-aza-bicyclo[4.1.0]heptane-3-carboxylic acid tert- butyl ester (2.4 g,
12.06 mrnol) in ethanol (20 mL) was added sodium azide (1.00 g, 15.62 nunol) and ammonium
chloride (840 mg, 15.79 mmol). The resulting mixture was heated to reflux overnight and then
partitioned between ethyl acetate and water. The combined organic 15 layers were washed with brine,
separated and dried (MgSO4). The crude product was purified by column chromatography to yield
(3R*, 4R*)-4-azido-3-hydroxy-piperidine-1-carboxylic acid tert-butyl ester (1.95 g) and (3S*,
4S*)-3-azido-4-hydroxy-piperidine-l-carboxylic acid tert-butyl ester (312 mg). The stuctures of these
regioisomers were confirmed by COSY- 20 4/11SQC/NOESY/DEPT-Q experiments.       A solution of
(3R*, 4R*)-4-azido-3-hydroxy-piperidine-1-carboxylic acid tert-butyl ester (2.96 g, 12.23 mmol) in
ethanol (50 mL) was flushed out with nitrogen. Palladium (10 wt% on activated carbon) (-300 mg) was
added and the mixture flushed out with hydrogen and then stirred under a hydrogen balloon at room
temperature overnight. The reaction 25 mixture was filtered through celite and the filtrate evaporated
to give (3R*, 4R*)-4-amino-3- hydroxy-piperidine-l-carboxylic acid tert-butyl ester (2.73 g).       To a
stirring solution of (3R*, 4R*)-4-amino-3-hydroxy-piperidine-l-carboxylic acid tert-butyl ester (2.64 g,
12.22 mmol) in dichloromethane (30 mL) was added triethylamine (1.87 mL, 13.41 mmol) and cooled
down to 0 C. Chloroacetyl chloride (0.97 mL, 12.18 30 mmol) was added dropwise. The mixture was
warmed to room temperature and stirred overnight. The mixture was partitioned between
dichloromethane and brine. The combined organic layers were washed with brine, separated and dried
(MgSO4). The crude product was  WO 2009/053715PCT/GB2008/003621 purified by column
chromatography to yield (3R*, 4R*)-4-(2-chloro-acetylamino)-3-hydroxypiperidine- 1-carboxylic acid
tert-butyl ester (2.70 g).      To a stirring solution of (3R*,
4R*)-4-(2-chloro-acetylamino)-3-hydroxy-piperidine-1- carboxylic acid tert-butyl ester (2.70 g, 9.23
mmol) in tetrahydrofuran (30 mL) cooled down 5 to 0C was added sodium hydride, 60% dispersion in
mineral oil (830 mg, 1.1 eq) portionwise. The mixture was warmed to room temperature and stirred for
6 hours. The mixture was partitioned between dichloromethane and brine. The combined organic
layers were washed with brine, separated and dried (MgSO4). The crude product was purified by
column chromatography to yield (4aR*, 8aR*)-2-oxo-octahydro-pyrido[3,4-b][1,4]oxazine-6- 10
carboxylic acid ten-butyl ester (1.31 g).      To a stirring solution of (4aR*,
8aR*)-2-oxo-octahydro-pyrido[3,4-13][1,4]oxazine-6- carboxylic acid tert-butyl ester (700 mg, 2.73
mmol) in dimethylformamide (10 mL) at 0 C was added sodium hydride, 60% dispersion in mineral oil
(180 mg, 1.1 eq). The mixture was stirred at 0C for 30 minutes and then iodomethane (0.19 mL, 3.05
nunol) was added. The 15 mixture was warmed to room temperature and stirred overnight. 



The mixture was partitioned between ethyl acetate and water. The combined organic layers were
washed with brine, separated and dried (MgSO4) to yield (4aR*, 8aR*)-1-methy1-
2-oxo-octahydro-pyrido[3,4-b][1,4]oxazine-6-carboxylic acid tert-butyl ester (513 mg). Removal of the
Boc-protecting group using 2.0 M HC1 in diethyl ether in dichloromethane 20 gave the hydrochloride
salt of the title compound as an off-white foam (290 mg). Reference Example 104 0 -N4 0
(4aR*,8aR1-6-(2-Chloro-4-morpholin-4-yl-thieno13,2-dlpyrimidin-6-ylmethyl)-1- 25
methyl-hexahydro-pyrido[3,4-b1[1,4]oxazin-2-one      The title compound was prepared under the
standard reductive-amination conditions using
(4R*,4aR*)-1-methyl-hexahydro-pyrido[3,4-b][1,4]oxazin-2-one hydrochloride salt in the presence of
triethyl amine to give an off-white foam (48 mg). Sig (400 MHz, CDC13) 1.52 (m, IH), 2.04-2.17 (m,
311), 2.88 (s, 3H), 2.96 (m, 1H), 3.09 (m,  WO 2009/053715PCT/GB2008/003621 2H), 3.52 (m, 11-1),
3.77 (t, J = 4.8, 4H), 8.81 (s, 2H),- 3.91 (t, J = 4.8, 4H), 4.21 (m, 2H), 6.93 (s, 1H). Reference Example
105  H,N 5 4-Piperazin-1-yl-tetrahydro-pyran-4-carboxylic acid amide To a mixture of
tetrahydro-411-pyran-4-one (500 mg, 5.00 mmol) and 1-Boc- piperazine (930 mg, 5.00 mmol) in
methanol (10 tnL) at 0 C was added dropwise a solution of potassium cyanide (325 mg, 5.00 mmol) in
water (1 mL). The mixture was warmed to 10 room temperature and stirred overnight. The mixture was
partitioned between ethyl acetate and water. The combined organic layers were washed with brine,
separated and dried (Mg804) to yield a 1:1 mixture of
4-(4-cyano-tetrahydro-pyran-4-y1)-piperazine-1-carboxylic acid tert-butyl ester and unreacted starting
material (1.15 g). The crude mixture was dissolved in methanol (10 mL) and 1M sodium hydroxide
solution (5 mL, 5.00 mmol) was added 15 followed by the dropwise addition of hydrogen peroxide, (30
wt% solution in water; 2.5 mL). The mixture was stirred at room temperature overnight. The mixture
was evaporated in menu and the crude product was purified by column chromatography to yield
4-(4-carbamoyltetrahydro-pyran-4-y1)-piperazine-1-carboxylic acid tert-butyl ester (307 mg). 



Removal of the Boc-protecting group using 2.0 M HCI in diethyl ether in dichloromethane 20 gave the
di-hydrochloride salt of the title compound as a pale solid (260 mg). Reference Example 106  H2NcN)
\-61S CI     444-(2-Chloro-4-morpholin-4-yl-thieno [3,2-d Ipyrimidin-6-yhmethyl)-piperazin-1 -yIj25
tetrahydro-pyran-4-carboxylic acid amide The title compound was prepared under the standard
reductive-amination conditions  WO 2009/053715PCT/CB2008/003621 using
4-piperazin-l-yl-tetrahydro-pyran-4-carboxylic acid amide di-hydrochloride salt in the presence of
triethylamine to give an off-white foam (46 mg). SH (400 MHz, CDC13) 1.69 (m, 211), 1.81 (m, 211),
249 (m, 41), 2.57 (m, 4H), 3.65-3.85 (m, 10H), 3.91 (t, J = 4.8, 4H), 5.11 (his, IH), 6.46 (hr s, 1H), 7.07
(s, IH). 5 Reference Example 107 1-(Tetrahydro-pyran-4-y1)-piperazine To a solution of
piperazine-l-carboxylic acid ten-butyl ester (1.5 g, 8.05 nunol) 10 stirring in anhydrous THF (20 nth)
and water (0.2 rnL) was added glacial acetic acid (1.45 mL, 24.2 mmol), followed by sodium
cyanoborohydride (758 mg, 12.1 mmol). The reaction mixture was stirred at 60C for 12 h, quenched
with 10% aqueous NaHCO3 (50 inL), extracted with Et0Ac and dried (MgSO4) to give a colourless oil
which was purified by silica chromatography to give 4-(tetrahydro-pyran-4-yI)-piperazine-1-carboxyLic
acid tert-butyl 15 ester (0.54 g, 25 %), as a white solid. BOC-deprotection was carried out as in
Reference Example 3 to give the title compound (0.30 g, 88 %). Reference Example 108  ro \_N -(kA
,"1", 



N 20
2-Chloro-4-morpholin-4-y1-644-(tetrabydro-pyran-4-yl)-piperazio-1-ylmethyllthieno[3,2-dIpyrimidine
Prepared from 1-(tetrahydro-pyrart-4-y1)-piperazine and
2-chloro-4-morpholin-4-ylthieno[3,2-d]pyrimidine-6-carbaldehyde under reductive amination conditions
described in Reference Example 39, to give, after silica chromatography purification, the title
compound 25 as a white solid (190 mg, 61 %) [M + H]439.4  WO 2009/053715PCT/GB2008/003621
Reference Example 109  CNI-1 ()-1-(2-Methyl-tetrahydro-furan-3-y1)-piperazine
4-(2-Methyl-tetrahydro-furan-3-yI)-piperazine-1-carboxylic acid ten-butyl ester (1.01 5 g, 53 %) was
prepared in an analogous fashion to 4-(tetrahydro-pyran-4-y1)-piperazine-1- carboxylic acid tert-butyl
ester. This was BOC-deprotected as in Reference Example 3 to give the title compound as a white
solid (370 mg, 98 %). NMR 84400 MHz, CDCI3): 1.16 (d, 311); 1.96 (m, 2H); 2.70 (m, 211); 2.86 (m,
211); 2.97 (m, 111); 3.22 (m, 4H); 3.79 (m, 1H); 3.99 (m, 211); 8.25 (bs, 1H). I0 Reference Example
110
(02-Chloro-644-(2-methyl-tetrahydro-furan-3-yl)-piperazin-1-ylmethy11-4-morPholin4-yl-thieno[3,2-dlpy
rimidine 151-(2-methyl-tetrahydro-furan-3-y1)-piperazine was reacted with 2-chloro-4-morpholin-
4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde under reductive arnination conditions described in
Reference Example 39, to give, after silica chromatography purification the title compound as a white
solid (110 mg, 43 %). [M + 11]+ 439.2 20 Reference Example 111  



CNN ()-1-(Tetrahydro-furan-3-y1)-piperazine To tetrahydro-furan-3-ol (1.0 g, 11.4 mmol) in anhydrous
dichloromethane (15 mL) with 25 triethylamine (2.37 nth, 17.03 nunol), was added methane sulfonyl
chloride (12.5 irunol) at 0 C. The reaction mixture was stirred at RT for 3.5 hours, diluted with
dichloromethane (50  mL) and washed with water. The organic phase was dried (MgSO4) and
evaporated in-vacuo to give methanesulfonic acid tetrahydro-furan-3-y1 ester as light orange oil
(1.68g. 89%). A mixture of piperazine-l-carboxylic acid tert-butyl ester (1.0 g, 5.38 mmol),
methanesulfonic acid tetrahydrofuran-3-y1 ester (1.07 g, 6.45 mmol) and K2CO3 (2.96 g, 21.5 5
mmol) was stirred in anhydrous acetonitrile (50 mL) under reflux conditions for 12 hours. The reaction
mixture was cooled and poured onto water and extracted with dichloromethane to give after silica
chromatography, 4-(tetrahydro-furan-3-y1)-piperazine-l-carboxylic acid tert-butyl ester, as a colourless
oil (0.57 g, 41%).     NMR 811(400 MHz, CDCI3): 1.54 (s, 9H); 1.85-2.10 (m, 2H); 2.37-2.48 (m, 411);
3.06 (m, to 111); 3.46 (m, 4H); 3.67-3.97 (m, 4H). 4-(Tetrahydro-furan-3-y1)-piperazine-1-carboxylic
acid tert-butyl ester (0.57g, 2.21 rnmol) was BOC-deprotected as in Reference Example 3, to give, the
title compound as a gummy residue (264 mg, 76%). 15 Reference Example 112
()-2-Chloro-4-morpholin-4-y1-6-14-(tetrahydro-furan-3-A-piperazin-l-ylmethyllthieno[3,2-dIpyrimidine
Prepared from 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-carbaldehyde 20 and
1-(tetrahydro-furan-3-yl-piperazine under reductive amination conditions described in Reference
Example 39, to give after silica chromatography, the title compound as a white solid (217 mg, 60%).
NMR S(400 MHz, CDC13): 1.87 (m, 111); 2.06 (m, 1H); 2.49-2.61 (bs, 811); 3.01 (m, 1H); 3.64-4.02
(m, 1411); 7.19 (s,111). 25 Reference Example 113  WO 2009/053715PCT/G112008/003621
2-Chloro-6-(hexahydro-pyrroloP,4-cipyrrol-2-ylmethyl)-4-morpholin-4-y1-thien03,2- 4pyrimidine 



To a stirred solution of 5-(2-ch1oro-4-morpholin-4-yl-thieno[3,2-dIpyrimidin-6-
ylinethyl)-hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid ten-butyl ester (390 mg; 0.81 mmol) in
CH2C12 (4 mL) was added TFA (6 mL). The reaction mixture was stirred at RT for 4 h upon which
time volatiles were removed in vacua. Purification by SCX-2 gave the title compound as an off-white
solid (273 mg; 89 %).    61/(400 MHz, CDC13) 1.72 (br s, 1H), 2.49-3.01 (m, 10H), 3.85-3.90 (m, 6H),
3.99-4.01 (m, tO 411), 7.15 (s, 111). Reference Example 114  -NC N 1.1". N CI
[1-(2-Chloro-4-rnorpholin-4-yl-thieno[3,2-dipyrimidin-6-ylmethylypiperidin-4-y11- 15 methyl-amine
To a stirred suspension of 2-chloro-4-motpholin-4-yl-thieno[3,2-d]pyrimidine-6- carbaldehyde (1.0 g;
3.5 mmol), 4-N-Boc-4-N-methylaminopiperidine (1.0 g; 4.7 mmol) and AcOH (0.2 mL) in
1,2-dichloroethane (25 mL) was added NaB(0Ac)3H (1.0 g; 4.7 mmol). The reaction mixture was
stirred at RT for 5 h upon which time it was quenched with 20 saturated NaHCO3 solution (30 mL),
diluted with 1120 (50 triL) and extracted with Et0Ac (200 mL). The organic layer was dried (Na2804)
and concentrated to a yellow foam (1.84 g). This foam was dissolved in CH202 (20 mL) and treated
with TFA (10 mL) at RT overnight (17 h). Volatiles were removed in vacua, the residue was taken up in
2M HO (30 mL) and washed with CH2C12 (40 mL). The aqueous layer was basified with saturated
Na2CO3 25 solution, extracted into CH2C12, the organic layer separated (hydrophobic flit) and solvent
evaporated to give the title compound as a pale yellow solid (1.18 g; 88 %). on (400 MHz, CDC13)
1.18-1.42 (m, 3H), 1.7-1.75 (m, 2H), 1.99-2.05 (m, 211), 2.20-2.27 (m,  WO
2009/053715PCT/GB2008/003621 1H), 2.28 (s, 3H), 2.73-2.76 (m, 2H), 3.62 (s, 2H), 3.66-3.69 (m,
4H), 3.81-3.84 (m, 411), 6.98 (s, 1H). Reference Example 115 HO 5NAtI
141-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrinddin-6-371rnethyl)-PiPeridin-4-3/11 azetidin-3-ol
To a stirred solution of 1-Boc-4-piperidone (1.2 g; 6.0 mmol), 3-hyciroxyazetidine (0.43 g; 5.9 mmol) in
1,2-dichloroethane (30 mL) was added NaB(0Ac)3H (3.81 g; 18.0 10 Mm01). The reaction mixture was
stirred at RT overnight (16 h), quenched with saturated NaHCO3 solution (20 mL), the layers
separated (hydrophobic flit) and solvent evaporated. The resulting residue (926 mg; 3.6 mmol) was
Boc-deprotected (TFA/CH2C12) and after evaporation of volatiles 1-piperidin-4-yl-azetidin-3-ol
trifluoroacetate was obtained as a thick oil. 



15To a stirred suspension of 2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6- carbaldehyde (1.13
g; 4.0 nunol) in 1,2-dichloroethane (20 mL) was added a solution of 1- piperidin-4-yl-azetidin-3-ol
trifiuoroacetate (3.6 mmol) in TI-1F (5 mL) followed by NaB(0Ac)3H (2.12 g; 10.0 mmol). The reaction
mixture was stirred at RT overnight (16 h) and product isolated by acid/base extraction. Purification by
ISCO gave the title compound 20 as a white solid (0.50g; 30%). 831(400 MHz, CDC13) 1.30-1.47 (m,
2H). 1.60-1.80 (in, 3H), 2.04-2.21 (m, 3H), 2.81-2.90 (m, 4H), 3.59-3.68 (m, 2H), 3.80 (s, 2H),
3.84-3.87 (m, 4H), 3.98-4.01 (m, 4H), 4.47 (quintet, J = 5.6, 1H), 7.15 (s, 1H). 25 Reference Example
116  WO 2009/053715PCT/GB2008/003621  [2-(Tetrahydro-pyran-4-ylantino)-ethy11-carbamic acid
tert-butyl ester To a solution of (2-amino-ethyl)-carbarnic acid tert-butyl ester (5g, 31.2 mmol) in 5 DCE
(150 mL) was added tetrahydro-pyran-4-one (2.7 mg, 27.1 nunol). The mixture was stirred at RT for 1
h, then sodium triacetoxyborohydride (8.63 g, 40.7 mmol) was added and stirring was continued for 18
h. The reaction mixture was diluted with NH.40H 10% in water and extracted with DCM. The organic
layer was separated, dried (Na2SO4) and concentrated in vacuo to give the title compound as
colourless oil (6.60 g, 99 %). 10 [M + Hr 245.1 Reference Example 117  (-N N-: 0 \O--7 15
1-(Tetrahydro-pyran-4-y1)-piperazin-2-one       To a solution of
[2-(tetrahydro-pyran-4-ylamino)-ethyl]-carbamic acid tert-butyl ester (6.60 g, 27.0 mmol) in DCM (100
mL) was added triethylamine (11.3 mL, 81.1 mmol) followed by chloroacetyl chloride (3.64 g, 32.4
mmol) dropwise. The reaction mixture was 20 stirred at RT for 24 h, then partitioned between DCM
and saturated NaHCO3 aqueous solution. The organic layer was isolated, dried (Na2SO4) and
concentrated in vacuo. To a solution of the resulting residue in THF (50 mL) was added sodium
hydride (60% in mineral 



oil) (1.62 g, 40.6 mmol). The reaction mixture was stirred at RT for 20 h, then partitioned between
DCM and water. The organic layer was dried (Na2SO4) and concentrated in vacuo to 25 yield an
orange residue. The residue (7.66 g, 27.0 mmol) was dissolved in dichloromethane (15 mL) and TFA
(15 mL) was added. The resulting solution was stirred at RI for 4 h before being concentrated in vacuo.
The resultant residue was loaded onto an Isoluten SCX-2 cartridge, washed with Me0H then eluted
with 2 M NH3 in Me0H to give the title compound  WO 2009/053715PCT/GB2008/003621  as yellow
oil (4.26 g, 86%). [M + H] Reference Exmaple 118 5
4-(2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyl)-1-(tetrahydro-pyran4-y1)-piperazin-2-o
ne To a solution of 6-bromomethy1-2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine (200 mg, to 0.57
nunol), in DMF (4 mL), was added 1-(tetrahydro-pyran-4-y1)-piperazin-2-one (116 mg, 0.63 mmol) and
potassium carbonate (238 mg, 1.72 mmol). The mixture was stirred at RT for 4 h, then the reaction
mixture was diluted with water and extracted with DCM. The organic layer was separated, dried
(Na2SO4) and concentrated in vacuo to give the title compound as a yellow solid (212 mg, 82 %). 15
[M + HI' 452.2 Preparation of Compounds of formula (I) Example
16-(4-Azetidin-hyl-piperidin-l-ylmethyl)-2-(6-fluoro-1H-indo1-4-y1)-4- 20
morpholin-4-yl-thieno[3,2-d]pyrimidine        Prepared by using general Suzuki coupling method A. The
title compound was obtained as an orange gum (12.1 mg, 24%). [M + H] NMR 811(400 MHz, CDC13)
1.42-1.78 (m, 6 H), 2.16 (m, 4 H), 2.95 (m, 2 H), 3.33 (m, 3 H), 25 3.84 (s, 2 H), 3.91 (m, 411), 4.08
(m, 4 H), 7.17 (dd, J = 8.9, 2.1 Hz, 1 H), 7.30 (dd, J.= 3.2, 2.5 Hz, 1 H), 7.33 (s, 1 H), 7.53 (m, 1 H),
7.96 (dd, J = 10.9, 2.1 Hz, 1 H) and 8.27 (bs, 1 H).  WO 2009/053715PCT/G132008/003621 



Example 2Cyclopropylmethyl-{1-12-(5-fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-
thienop,241pyrimidin-6-ylmethylitiperidin-4-01-amine      Prepared by using general Suzuki coupling
method A. The title compound was obtained as a cream solid (55 mg, 67 %). 5 [M + Hr 521.3 NMR 5H
(400 MHz, CD30D) 0.16 (m, 2 H), 0.51 (m, 2 H), 0.94 (m, 1 H), 1.46 (m, 2 H), 1.90 (d, J = 12.1 Hz, 2
H), 2.14 (dt, J = 12.1, 2.2 Hz, 2 H), 2.48 (d, J = 6.9 Hz, 2 H), 2.56 (m, 1 H), 2.98 (d, J = 12.0 Hz, 2 H),
3.82 (m, 6 H), 4.03 (m, 411), 6.63 (dd, J= 3.1, 0.8 Hz, 1 H), 6.98 (dd, J = 10.8, 8.8 Hz, 1 II), 7.29 (s, 1
H), 7.32 (d, J = 3.1 Hz, 1 H) and 7.44 (ddd, J = 8.8, 4.0, 10 0.8 Hz, 1 H). Example
3Cyclopropylmethyl-{142-(6-fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-
thieno[3,2-dipyrimidin-6-ylmethyll-piperidin-4-yll-amine          Prepared by using general Suzuki
coupling method A. The title compound was 15 obtained as a cream solid (21 mg, 17%). [M + HT
521.3 N1VIR 514 (400 MHz, CDC13) 0.12 (m, 2 H), 0.49 (m, 211), 0.96 (m, 1 H), 1.43-1.54 (m, 2 H),
1.89 (m, 211), 2.18 (m, 2 H), 2.48-2.58 (m, 311), 2.97 (d, J = 11.9 Hz, 211), 3.83 (m, 211), 3.91 (m, 4
H), 4.07 (m, 4 H), 7.17 (ddd, J = 8.8, 2.3, 0.8 Hz, 1 H), 7.30 (d, .1= 2.3 Hz, 1 H) 20 7.33 (s, 1 H), 7.53
(m, 1 H), 7.96 (dd, J = 11.2, 2.3 Hz, 1 H) and 8.27 (bs, 1 H). Example
4Cyclopropyl-{1-p-(6-fluoro-1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-
4pyrimidin-6-ylmethyll-piperidin-4-y1}-amine          Prepared by using general Suzuki coupling method
A. The title compound was 25 obtained as a white solid (40 mg, 63 %). [M + H] NMR oH (400 MHz,
CDC13) 0.38 (bs, 2 H), 0.47 (m, 2 H), 1.43-1.57 (m, 211), 1.96 (d, J -- 12.7 Hz, 2 H), 2.11-2.22 (m, 3
H), 2.60-2.69(m, 1 II), 2.95 (d, J = 11.3 Hz, 2 H), 3.82 (d, J -- 1.0 Hz, 2 H), 3.87-3.92 (m, 4 H),
4.03-4.08 (m, 411), 7.15 (ddd, J = 8.8, 2.4, 1.0 Hz, 1 H), 30 7.28 (dd, J = 3.3, 2.4 Hz, 1 H), 7.32 (s, 1
H), 7.51 (in, I H), 7.95 (dd, J = 11.2, 2.4 Hz, 1 H) and 8.26 (bs, 1 H).  WO
2009/053715PCT/GB2008/1103621 Example
56-1(5)-1-(Hexabydro-pyrrolo[1,2-alpyrazin-2-Amethyl]-2-(1H-indol-4-y1)- 



4-morpholin-4-yl-thienof3,2-4pyrimidine      Prepared by using general Suzuki coupling method A. The
title compound was obtained as a tan solid (71 mg, 91 %). 5 [M + Hr 475.3 NMR 8E1(400 MI-1z,
CDC13) 1.60 (bs, 2 H), 1.84 (m, 2 H), 2.07(m, 1 H), 2.23 (bs, 2 H), 2.45 (bs, 2 H), 2.95 (d, J = 8.7 Hz,
1 H), 3.09 (m, 3 H), 3.87-3.95 (m, 6 H), 4.08 (m, 4 H), 7.29- 7.34 (m, 2 H), 7.38 (s, 1 H), 749 (d, J = 8.0
Hz, 1 H), 7.50-7.56 (m, 1 H), 8.18 (dd, J = 8.0, 1.0 Hz, 1 H) and 8.29 (bs, 1 H). 10 Example
62-(5-Fluoro-1H-indo1-4-y1)-6-[(S)-1-(bexabydro-pyrroloil,2-alpyrazin-2-
yOmethyll-4-morpholin-4-y1-thienop,2-d]pyrimidine      Prepared by using general Suzuki coupling
method A. The title compound was obtained as a tan solid (55 mg, 68 %). 15 [M + Hr 493.3 NMR 811
(400 MHz, CD30D) 1.34-1.45 (m, I H), 1.73-1.86 (m, 3 H), 2.04 (t, J = 10.3 Hz, 1 H), 2.14-2.24 (m, 2
H), 2.33-2.42 (m, 2 H), 2.89-2.94 (m, 1 H), 2.97-3.08 (m, 3 H), 3.78-3.83 (m, 4 H), 3.93 (d, J = 1.0 Hz,
1 H), 3.94(d, J = 1.0 Hz, 1 H), 4.03 (m, 4 H), 6.58 (dd, J = 3.0, 0.9 Hz, 1 H), 6.95 (m, 1 H), 7.29 (d, J =
3.0 Hz, 2 H) and 7.41 (ddd, J = 8.8, 4.0, 0.9 Hi, 1 H). 20 Example
72-(6-Fluoro-1H-indo1-4-y1)-6-[(5)-1-(hexahydro-pyrrolo[1,2-alpyrazin-2-
yl)methyll-4-morpholin-4-yl-thieno[3,2-Apyrimidine To a solution of toluene-4-sulfonic acid
2[6-fluoro-1-(toluene-4-sulfony1)-1H-indo1- 4-y1]-4-morpholin-4-yl-thieno[3,2-c]pyrimidin-6-ylmethyl
ester (100 mg, 0.144 mmol) in 25 DMF (1 inL) were added potassium carbonate (100 mg, 0.724 mmol)
and (5)-octahydropyrrolo[1,2-a]pyrazine (36 mg, 0.289 nunol). The reaction mixture was stirred at RT
for 2 h before water and DCM were added. The phases were separated using a hydrophobic frit and
the organic phase was concentrated in vacuo . The resultant residue was dissolved in dioxane (1 mL)
and WIS (1 mL), and an 30 aqueous solution of NaOH (12 M, 1 mL, 12 mmol) was added. The mixture
was stirred at RT for 3 h before a saturated aqueous solution of ammonium chloride and DCM were
added. The phases were separated using a hydrophobic fit and the organic phase was concentrated in
WO 2009/053715PCT/GB2008/003621 vacuo. The resultant residue was purified by column
chromatography to give the title compound as a white solid (35 mg, 49 %). 



{M + H}+ 493.3 NMR 6H (400 MHz, DMSO-d6) 1.21-1.31 (m, I H), 1.59-1.75 (m, 3 H), 1.87-1.96 (m, 1
H), 5 1.97-2.11 (m, 2 H), 2.14-2.31 (m, 2 H), 2.84 (d, J = 9.6 Hz, 1 H), 2.89-3.01 (in, 3 H), 3.82 (m, 4
H), 3.90 (d, J = 14.8 Hz, 1 H), 3.94 (d, J = 14.8 Hz, 1 H), 3.99 (m, 4 H), 7.30 (dd, J = 9.3, 2.5 Hz, 1 H),
7.42-7.45 (m, 3 H), 7.89 (dd, J = 11.5, 2.5 Hz, 1 H) and 11.28 (bs, 1 H). Example
86-(Hexahydro-pyrrolo[3,4-cipyrrol-2-ylmethyl)-2-(1H-indol-4-yl)-4- 10
morpholin-4-yl-thieno[3,2-d]pyrintidine      Prepared by using general Suzuki coupling method A,
followed by BOC-deprotection using TFA:DCM (1:2). The title compound was obtained as a tan solid
(27 mg, 28%). [M + 111+ 461.3   NMR 8H (400 MHz, CD30D) 2.60-2.66 (m, 4 H), 2.78 (m, 4 H),
2.99-3.06 (m, 2 H), 3.86 (t, J 15 = 4.7 Hz, 4 H), 3.92 (s, 2 H), 4.08 (t, J = 4.7 Hz, 4 H), 7.17-7.24 (m, 2
H), 7.32 (in, 2 H), 7.50 (d, J = 8.0 Hz, 1 H) and 7.89 (d;J = 7.4 Hz, I H). Example
92-(5-Fluoro-1H-indo1-4-y1)-6-(hexahydro-pyrrolo13,4-cipyrrol-2-
ylmethyl)-4-morpholin-4-yl-thieno13,2-dipyrimidine 20Prepared by using general Suzuki coupling
method A, followed by BOC-deprotection using TFA:DCM (1:5). The title compound was obtained as a
tan solid (36 mg, 36 %). [M + Hf 479.3 NMR 814(400 MHz, DMSO-d6) 2.37 (d, J = 8.8 Hz, 2 H),
2.50-2.59 (m, 4 H), 2.67 (t, J = 6.9 Hz, 2 H), 2.77-2.83 (m, 2 H), 3.17 (d, J = 3.6 Hz, 1 H), 3.77 (t, S =
4.7 Hz, 4 H), 3.89 (s, 2 H), 25 3.90-3.95 (m, 4 H), 6.67 (t, I = 2.4 Hz, 1 H), 7.00 (dd, J = 11.1, 8.8 Hz, 1
H), 7.35 (s, 1 H), 7.41-7.47 (m, 2 H) and 11.23 (bs, 1 H). Example 10 2-(6-Fluoro-1H-indol 4 yl) 6
(hexahydro-pyrrolo[3,4-cipyrrol-2- ylmethyl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 30 Prepared
according to the method used in the preparation of 2-(6-fluoro-1H-indo1-4-y1)-6-
[(5)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-yl)methy11-4-morpholin-4-yl-thieno-[3,2- d]pyrimidine using
hexahydro-pyrrolo[3,4-c]pyrrole-2-carboxylic acid tert-butyl ester in place  WO
2009/053715PCT/GB2008/003621 of (S)-octahydro-pyrrolo[1,2-cdpyrazine, followed by
BOC-deprotection using TFA:DCM (1:1). The title compound was obtained as a white solid (34 mg, 47
%). + HI+ 479.3  NMR 8H (400 MHz, DMSO-d6) 2.38 (dd, J = 8.4, 2.5 Hz, 2 H), 2.53-2.61 (m, 4 H),
2.64-2.70 5 (m, 2 H), 2.78-2.85 (m, 2 H), 3.82 (m, 4 H), 3.90 (s, 2 H), 3.99 (m, 4 H), 7.30 (dd, J = 9.2,
2.6 Hz, 1 H), 7.40-7.46 (m, 3 H), 7.89 (dd, J = 11.4, 2.6 Hz, 1 H) and 11.29 (bs, 1 H). Example 11
6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-2-(1H-indol-4-y1)-4-morpholin-4- yl-thienop,2-4pyrimidine 



toPrepared by using general Suzuki coupling method A, followed by BOC-deprotection using
TFA:DCM (1:3). The title compound was obtained as a tan solid (57 mg, 59%). [M + H]   NMR 8H (400
MHz, CD30D) 1.74 (t, J = 5.2 Hz, 4 H), 2.73 (t, J = 5.2 Hz, 4 H), 3.18 (s, 4 H), 3.85 (t, J = 4.7 Hz, 4 H),
3.97 (s, 2 H), 4.06 (t, J = 4.7 Hz, 4 H), 7.16-7.23 (m, 2 H), 7.31 (m, 2 15 H), 7.48 (dt, J = 8.1, 1.0 Hz, 1
H) and 7.88 (dd, J= 7.5, 1.0 Hz, 1 H). Example 12
6-(2,7-Diaza-spiro[3.51non-2-ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-dipyrimidine          Prepared by using general Suzuki coupling method A,
followed by BOC-deprotection 20 using TFA:DCM (1:5). The title compound was obtained as a tan
solid (18 mg, 18 %). [M + Hr 493.3 NMR 811(400 MHz, DMSO-d6) 1.67 (t, I = 5.1 Hz, 4 H), 2.65-2.72
(m, 4 1-1), 2.99-3.11 (m, 5 H), 3.77 (m, 4 H), 3.84-3.95 (m, 6 H), 6.66 (m, 1 H), 6.99 (dd, = 11.1, 8.8
Hz, 1 H), 7.32 (m, 1 H), 7.41-7.47 (m, 2 H) and 11.24 (bs, 1 H). 25 Example 13
6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-2-(6-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-dlpyrimidine Prepared according to the method used in the preparation of
2-(6-fluoro-1H-indo1-4-y1)-6- [(S)-1-(hexahydro-p yrrolo [1,2-a]pyrazin-2-yHmethyl] -4-morpho
lin-4-yl-thieno-[3,2- 30 cl]pyrimidine using 2,7-diaza-spiro[3.5Monane-7-carboxylic acid tert-butyl ester
hydrochloride in place of (S)-octahydro-pyrrolo[1,2-a]pyrazine, followed by BOC-  WO
2009/053715PCT/GB2008/003621 deprotection using TFA:DCM (1:1). The title compound was
obtained as a white solid (29 mg, 49%). [M + Hr 493.1  NMR 8H (400 MHz, DMSO-d6) 1.63 (t, J = 5.1
Hz, 4 H), 2.64 (t, J = 5.1 Hz, 4 H), 3.05 (s, 4 5 H), 3.81 (t, J = 4.6 Hz, 4 H), 3.94 (s, 2 H), 3.97 (t, J = 4.6
Hz, 4 H), 7.29 (in, 1 H), 7.38 (s, 1 H), 7.42(m, 2 10, 7.82-7.91 (it, 1 H) and 11.27 (bs, 1 H). Example 14
6-(3,8-Diaza-bicyclo[3.2.11oct-3-ylmethyl)-2-(6-fluoro-1H-indol-4-y1)-4-
rnorpholin-4-yl-thieno[3,2-4pyrimidine 10Prepared by using general Suzuki coupling method A,
followed by BOC-deprotection using TFA:DCM (1:3). The title compound was obtained as an off-white
solid (68 mg, 68 %). [M + H] NMR 8H (400 MHz, CDC13) 1.70-1.76 (m, 2 H), 1.94-2.05 on, 2 H), 2.32
(d, J = 10.6 Hz, 2 H), 2.78 (dd, J = 10.6, 2.6 Hz, 2 H), 3.44 (bs, 2 H), 3.77 (s, 2 H), 3.88-3.93 (m, 4 II),
4.07 (m, 15 4 H), 7.15 (m, 1 H), 7.28 (t, J =2.5 Hz, 1 H), 7.32 (s, 1 H), 7.51 (s, 1 H), 7.94 (dd, J = 11.2,
2.5 Hz, 1 H) and 8.32 (bs, 1 H). Example 16
6-1(1S,55)-1-(3,6-Diaza-hicyclo[3.1.1Thept-6-y1)methy11-2-(6-fluoro-1Hindol-4-y1)-4-morpholin-4-yl-t
hieno13,2-Apyrimidine 



20Prepared according to the method used in the preparation of 2-(6-fluoro-1H-indo1-4-
y1)-6-[(S)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-y1)methyll-4-morpholin-4-yl-thieno-[3,2- d]pyrimidine
using ((1S,5S)-3,6-diaza-bicyclo[3.1.1]heptane-3-carboxylic acid tert-butyl ester in place of
(S)-octahydro-pyrrolo[1,2-a]pyrazine, followed by BOC-deprotection using TFA:DCM (1:1). The title
compound was obtained as a white solid (27 mg, 38 %). 25 [M + H] NMR 8H (400 MHz, DMSO-d6)
1.50 (d, J = 9.5 Hz, 1 H), 1.78 (d, J = 9.5 Hz, 1 H), 2.53 (d, J = 9.6 Hz, 1 H), 2.77 (dd, J = 10.0, 2.1 Hz,
111), 2.85 (dd, J = 9.6, 2.4 Hz, 1 H), 3.08 (d, J = 10.0 Hz, 1 H), 3.47 (s, 1 H), 3.56 (s, 1 H), 3.82 (m, 4
H), 3.97-4.13 (m, 6 H), 7.30 (ddd, J = 9.3, 2.4, 0.8 Hz, 1 H), 7.39-7.46 (m, 3 H), 7.89 (dd, J = 11.5, 2.4
Hz, 1 H) and 11.28 (bs, 1 H). 30 Example 18
6-(2,7-Diaza-spiro[3.51non-7-ylinethyl)-2-(6-fluoro-1H-indol-4-y1)-4-
morpholin-4-yl-thieno13,2-dipyrimidine  WO 2009/053715PCT/GB2008/003621      Prepared according
to the method used in the preparation of 2-(6-fluoro-1H-indo1-4-
y1)-6-[(S)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2-yOmethyl]-4-morpholin-4-yl-thieno-[3,2- d]pyrimidine
using 2,7-diaza-spiro[3.5]nonane-2-carboxylic acid tert-butyl ester hydrochloride in place of
(S)-octahydro-pyrrolo[1,2-a]pyrazine, followed by BOC- 5 deprotection using TFA:DCM (1:1). The title
compound was obtained as a white solid (27 mg, 44 %). [M + H]   NMR 51/(400 MHz, DMSO-d6) 1.74
(bs, 4 H), 2.39 (bs, 4 H), 3.42 (bs, 4 H), 3.81 (m, 6 H), 3.97 (m, 4 H), 7.29 (dd, J = 9.3, 2.5 Hz, 1 H),
7.40-7.45 (in, 3 H), 7.88 (dd, I = 11.5, 2.5 Hz, 1 10 Wand 11.29 (bs, 111). Example 19
6-(2,8-Diaza-spiro[4.511dec-8-ylmethyl)-2-(6-fluoro-1H-indol-4-y1)-4-
morpholin-dryl-thieno[3,2-dlpyrimidine          Prepared by using general Suzuki coupling method A,
followed by BOC-deprotection 15 using TFA:DCM (1:1). The title compound was obtained as a tan
solid (50 mg, 49%). [M + Hf 507.3 NMR OH (400 MHz, DMSO-d6) 1.59 (t, J = 6.7 Hz, 6 H), 2.48 (s, 4
H), 2.74 (m, 3 H), 2.98 (t, J = 6.7 Hz, 211), 3.79 (s, 2 H), 3.87 (t, J = 4.7 Hz, 4 H), 4.04 (t, J = 4.7 Hz, 4
H), 7.12 (ddd, I = 8.9, 2.4, 0.9 Hz, 1 H), 7.25 (d, J = 3.3 Hz, 1 H), 7.31 (s, 1 H), 7.49 (m, 1 H), 7.92 (dd,
J = 20 11.2, 2.4 Hz, 1 H) and 8.38 (bs, 1 H). Example 20
6-(2,7-Diaza-spiro14.41non-2-ylmethyl)-2-(6-fluoro-1H-indo1-4-y1)-4-
rnorpholin-4-yl-thieno[3,2-4pyrimidine          Prepared by using general Suzuki coupling method A,
followed by BOC-deprotection 25 using TFA:DCM (1:1). The title compound was obtained as a tan
solid (21 mg, 23 %). [M + Hr 493.3 NMR (400 MHz, DM50-d6) 1.73-1.92 (m, 4 H),I 2.43-2.59 (m, 2 H),
2.58-2.68 (m, 1 H), 2.66-2.77 (m, 1 H), 2.76-2.87 (m, 2 H), 2.90-3.08 (m, 3 H), 3.83-3.94 (m, 4 H), 3.96
(s, 2 H), 4.04-4.09 (m, 4 H), 7.15 (ddd, I = 10.1, 2.4, 0.9 Hz, 1 H), 7.28 (d, J = 3.3 Hz, I H), 7.33 (s, 1
30 H), 7.52 (d, J = 3.3 Hz, 1 H), 7.95 (dd, J = 10.1, 2.4 Hz, 1 H) and 8.41 (bs, 1 H). 



WO 2009/053715PCT/GB2008/003621 Example 21
2-(6-Fluoro-1H-indo1-4-3/0-4-morpholin-4-y1-6-(octahydro-pyrrolo13,2-
dpyridin-5-ylmethyl)-thienop,2-Apyrimidine      Prepared by BOC-deprotection of
542-(6-fluoro-1H-indo1-4-y1)-4-morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmethylkoctahydro-pyrrolo[3,2-
c]pyridine-1-carboxylic acid tert- 5 butyl ester using 11-.A:DCM (1:6). The title compound was obtained
as a white solid (8.3 mg, 7 %). [M + HI' 493.2 NMR.8il (400 MHz, DMSO-d6) 1.74-1.98 (m, 4 H),
2.20-2.29 (m, 2 H), 2.39-2.47 (m, 1 H), 2.50-2.63 (m, 2 H), 2.96 (td, I = 10.3, 5.6 Hz, 1 H), 3.08-3.16
(m, 2 H), 3.81 (s, 2 H), 3.91 (m, to 4 H), 4.05-4.10 (m, 4 H), 7.17 (ddd, S = 8.9, 2.4, 0.9 Hz, 1 H), 7.30
(dd, J = 3.3, 2.4 Hz, 1 H), 7.35 (s, 1 H), 7.53 (m, 1 H), 7.96 (dd, J = 11.2, 2.4 Hz, 1 H) and 8.26 (bs, 1
H). Example 22
2-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-y1-6-1(3aS,7aR)-1-(octahydropyrrolo[3,2-cipyridin-5-yl)meth
yll-thieno[3,2-dlpyrimidine 15Prepared by BOC-deprotection of
(3aS,7aR)-542-(6-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-djpyrimidin-6-ylmethyThoctahydro-pyrrolo[3,2-c]pyridine-1- carboxylic acid
tert-butyl ester using TFA:DCM (1:6). The title compound was obtained as a beige solid. The analytical
data are identical to those obtained for the racemic mixture. 20 Example 23
2-(6-Fluoro-1H-indo1-4-y1)-4-morpholin-4-y1-6-1(3aR,7aS)-1-(octahydropyrrolo[3,2-clpyridin-5-yl)meth
yll-thieno[3,2-dipyrimidine Prepared by BOC-deprotection of
(3aR,7aS)-542-(6-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-4yrimidin-6-ylmethyll-octahydro-pyrrolo[3,2-clp yridine-1- 25 carboxylic acid
tert-butyl ester using TFA:DCM (1:6). The title compound was obtained as a beige solid. The analytical
data are identical to those obtained for the racemic mixture.     Example 24
2-(6-Fluoro-1H-indol-4-y1)-6-1(R)-1-(hexahydro-pyrrolo[1,2-a]pyrazin-2- 30
y9methy11-4-morpholin-4-yl-thieno[3,2-Apyrimidine      Prepared by using general Suzuki coupling
method A. The title compound was obtained as a white solid (98 mg, 92 %).  WO
2009/053715PCT/GB2008/003621 



[M + H]t 493.2 NMR 8H (400 MHz, CDC13) 1.42 (m, 1 H), 1.70-1.90 (m, 311), 1.98-2.07 (m, 1 H),
2.14-2.23 (m, 2 H), 135-2.47 (in, 2 H), 2.92-2.97 (m, 1 H), 3.01-3.14 (m, 3 H), 3.88-3.96 (m, 611),
4.05-4.10 (m, 4 H), 7.17 (ddd, J = 8.9, 2.4, 0.9 Hz, 1 H), 7.29 (dd, J = 3.3, 2.4 Hz, 1 H), 7.37 5 (nl, 1
H), 7.53 (m, 1 H), 7.93-7.98 (m, 1 H) and 8.30 (bs, 1 11). Example 27
4-[2-(5-Fluoro4H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-
ylmethy11-1-oxa-4,9-diaza-spiro15.5)undecane Prepared by using general Suzuki coupling method A,
followed by TBDMS- 10 deprotection using TBAF:THF (1:10) and BOC-deprotection using TFA:DCM
(1:2). The title compound was obtained as a white solid (37 mg, 38 %). [M + H]' 523.2 NMR 8H (400
MHz, CD30D) 1.51-1.61 (m, 2 H), 1.95 (m, 2 H), 2.38 (s, 2 H), 2.56 (t, J = 4.6 Hz, 2 H), 2.72 (dt, J =
12.7, 4.6 Hz, 2 H), 2.83-2.92 (m, 2 H), 3.77 (t, J = 4.6 Hz, 211), 3.83 15 (m, 611), 4.05 (t, J = 4.7 Hz, 4
H), 6.59 (dd, J = 3.1, 0.9 Hz, 1 H), 6.97 (dd, J = 10.9, 8.8 Hz, 1 H), 7.31 (m, 2 H) and 7.43 (ddd, J =
8.8, 4.0, 0.9 Hz, 1 II). Example 28
912-(5-Fluoro-11-1-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-
ylmethyl]-1-oxa-4,9-diaza-spiro[5.5Jundecane 20Prepared by using general Suzuki coupling method
A, followed by TBDMS- deprotection using TBAF:THF (1:10) and BOC-deprotection using TFA:DCM
(1:2). The title compound was obtained as a tan solid (51 mg, 46 %). [M + Hr 523.2 NMR 8H (400
MHz, CD30D) 1.54-1.64 (m, 211), 1.97 (d, J = 13.7 Hz, 2 H), 2.50 (t, J = 11.0 25 Hz, 2 H), 2.67 (in, 4
H), 2.74 (t, J = 4.8 Hz, 2 H), 3.63 (t, J = 4.8 Hz, 2 H), 3.84 (t, J = 4.7 Hz, 4 H), 3.89 (s, 2 H), 4.05 (t, J =
4.7 Hz, 4 H), 6.60 (dd, J = 3.1, 0.9 Hz, 1 H), 6.98 (dd, J = 10.8, 8.8 Hz, 1 H), 7.31 (in, 2 11) and 7.43
(ddd, J = 8.8, 4.0, 0.9 Hz, 1 11).     Example 29
7-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholM-4-yl-thieno[3,2-dipyrimidin-6- 30
y1methy11-2,7-diaza-spiro[3.51nonan-1-one      Prepared by using general Suzuki coupling method A.
The title compound was obtained as a tan solid (47 mg, 41 %).  WO
2009/053715PCT/GB2008/003621 [M + H]+ 507.2 



NMR 511 (400 MHz, CD30D) 1.84 (d, J = 13.4 Hz, 2 H), 2.01 (ddd, J = 13.3, 9.8, 3.8 Hz, 2 H), 2.38 (t,
J = 10.5 Hz, 2 H), 2.89-2.96 (m, 2 H), 3.17 (s, 2 H), 3.85 (t, J = 4.7 Hz, 4 H), 3.90     (s, 2 H), 4.06 (t, I =
4.7 Hz, 4 H), 6.61 (dd, J = 3.1, 0.9 Hz, 1 H), 6.98 (dd, J = 10.9, 8.8 Hz, 1 5 H), 7.32 (m, 2 H) and 7.44
(ddd, J = 8.8, 4.0, 0.9 Hz, 1 H). Example 31
6-(4-Azetidin-l-yl-piperidin-1-ylmethyl)-2-(1H-indol-4-y1)-4-morpholin-4- yl-thieno[3,2-djpyrimidine
Prepared by using general Suzuki coupling method A. The title compound was 10 obtained as a tan
solid (99 mg, 84 %). [M + HI- 489.2 NMR 811 (400 MHz, CDCI3) 1.35-1.46(m, 2 H), 1.71 (d, J = 13.6
Hz, 2 H), 2.01-2.12 (m, 3 1-1), 2.13-2.23 (m, 2 H), 2.93 (d, J = 11.2 Hz, 2 H), 3.21 (t, J = 6.9 Hz, 4 H),
3.83 (s, 2 H), 3.91     (t, J = 4.7 Hz, 4 H), 4.08 (t, J = 4.7 Hz, 4 H), 7.27-7.34 (m, 3 H), 7.49 (d, J = 8.1
Hz, 1 H), 15 7.53 (t, J = 2.5 Hz, 1 H), 8.16 (m, 1 H) and 8.34 (bs, 1 H). Example 32
6-(4-Azetidin-1-yl-piperidin-1-ylmethyl)-2-(5-fluoro-1H-inclo1-4-y1)-4-
morpholin-4-yl-thieno[3,24]pyrimidine Prepared by using general Suzuki coupling method A, followed
by TBDMS- 20 deprotection using TBAF:THF (1:10). The title compound was obtained as a cream oil
(74 mg, 50%). [M +507.2 NMR. 8H (400 MHz, CDC13) 1.31-1.43 (m, 2 H), 1.68 (m, 2 H), 1.99-2.09 (in,
3 H), 2.15 (m, 2 H), 2.90 (d, J = 11.2 Hz, 2 H), 3.17 (m, 4 H), 3.80 (s, 2 H), 3.84 (t, J = 4.7 Hz, 4 H),
4.02 (t, J 25 = 4.7 Hz, 4 H), 6.87 (t, J = 2.5 Hz, 1 H), 6.96-7.05 (m, 1 H), 7.25 (m, 1 H), 7.29 (s, 1 H),
7.33 (dd, J = 8.8, 3.8 Hz, 1 H) and 8.36 (bs, 1 H). Example 33
6-(3,8-Diaza-bicyclo[3.2.1loct-3-ylmethyl)-2-(1H-indol-4-y1)-4-morpholin4-yl-thieno[3,2-cflpyrimiditie
30Prepared by using general Suzuki coupling method A, followed by TBDMS- deprotection using
TBAF:THF (1:10) and BOC-deprotection using TFA:DCM (1:2). The title compound was obtained as a
cream solid (25 mg, 45 %).  WO 2009/053715PCT/GB2008/003621 [M + H]' 461.2 NMR 611 (400
MHz, DMSO-d6) 1.57-1.62 (m, 2 H), 1.80-1.86 (m, 2 H), 2.25 (d, J = 10.2 Hz, 2 H), 2.64-2.70 (m, 2 H),
3.33 (m, 2 H), 3.79 (s, 2 H), 3.82 (t, J = 4.6 Hz, 4 H), 3.98 (t, J = 4.6 Hz, 4 H), 7.18 (apparent t, J = 7.8
Hz, 1 H), 7.38 (s, 1 H), 7.38-7.45 (m, 2 H), 7.50 (d, -= 7.8 5 Hz, 1 H), 8.10 (dd, I = 7.8, 0.9 Hz, 1 H) and
11.20 (bs, 1 1-1). Example 34 6-(3,8-Diaza-bicyclo[3.2.11oct-3-ylrnethyl)-2-(5-fluoro-lH-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-dipyrimidine 



Prepared by using general Suzuki coupling method A, followed by TBDMS- I 0 deprotection using
TBAF:THF (1:10) and BOC-deprotection using TFA:DCM (1:2). The title compound was obtained as a
cream solid (91.8 mg, 77 %). [M + Hr 479.1 NMR 6B (400 MHz, DM50-d6) 1.74 (m, 2 H), 1.91 (d, J =
7.2 Hz, 2 H), 2.41 (d, J = 10.6 Hz, 2 H), 2.73 (d, J = 10.6 Hz, 2 H), 3.60 (bs, 2 H), 3.77 (d, J = 5.0 Hz, 4
H), 3.85 (s, 2 H), 3.92 15 (d, J = 5.0 Hz, 4 H), 6.66 (d, J = 2.6 Hz, 1 H), 6.99 (dd, J = 11.0, 8.8 Hz, 1 H),
7.32-7.40 (m, 1 H), 7.40-7.46 (m, 2 H) and 11.23 (bs, 1 H). Example 35
6-(3,8-Diaza-bicyclo13.2.1]oct-8-ylmethyl)-2-(6-fluoro-1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,241pyrimidine 20Prepared by using general Suzuki coupling method A. The
title compound was obtained as a white solid (35 mg, 37 %). [M + H] NMR 611(400 MHz, CDCI3)
1.85-1.97 (m, 2 H), 2.05-2.12 (m, 2 H), 2.77 (dd, J = 12.1, 2.5 Hz, 3 H), 3.16 (d, J = 12.1 Hz, 2 H), 3.23
(s, 2 H), 3.82 (d, J = 1.2 Hz, 2 H), 3.89-4.00 (m, 4 25 H), 4.07-4.12 (m, 411), 7.17 (ddd, J = 10.0, 2.4,
0.9 Hz, 1 H), 7.3 (m, 1 H), 7.32 (m, 1 H), 7.53 (d, J = 3.1 Hz, 1 11), 7.97 (dd, J = 10.0, 2.4 Hz, I H) and
8.33 (bs, 1 H). Example 36 6-(4-Cyclopropyl-piperazin-1-ylmethyl)-4-morpholin-4-y1-2-(2-
trifluoromethyl-1H-indol-4-yl)-thieno[2,3-dlpyrimidine 30Prepared by using general Suzuki coupling
method A. The title compound was obtained as a pale yellow solid (80 mg, 74 %). [M + Hr 543.1  WO
2009/053715PCT/G82008/003621 NMR 8H (400 MHz, DM50-d6) 0.28 (in, 211), 0.37-0.43 (m, 2 H),
1.59-1.65 (m, 1 H), 2.44 (m, 4 H), 2.56 (m, 4 H), 3.77 (s, 2 H), 3.81 (m, 411), 3.93 (m, 4 H), 7.43
(apparent t, J = 7.9 Hz, 1 H), 7.54 (s, 1 H), 7.62 (dd, J = 7.9, 0.9 Hz, 1 H), 7.90 (s, 1 H), 8.26 (dd, J =
7.9, 0.9 Hz, 1 H) and 12.44 (bs, 1 H). 5 Example 37
446-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
Apyrimidin-2-01-1H-indole-6-sulfonic acid dimethylamide      Prepared by using general Suzuki
coupling method B. The title compound was obtained as a white solid (68 mg, 53 %). 10 [M + H1 



NMR 8H (400 MHz, CDCI3) 0.36-0.48 (m, 4 H), 1.58-1.68 (m, 1 H), 2.54 (m, 4 H), 2.68 (m, 4 H), 2.73
(s, 6 H), 3.76 (s, 2 H), 3.90 (m, 4 H), 3.96 (m, 4 H), 7.14 (s, 1 H), 7.52 (m, 1 H), 7.67 (m, 1 H), 7.97 (m,
1 H), 8.60 (d, J = 1.6 Hz, 1 H) and 8.82 (bs, 1 11). 15 Example 38
416-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-yl-thieno12,3-
dipyrimidin-2-y11-1H-indole-6-carboxylic acid amide Prepared by using general Suzuki coupling
method B. The title compound was obtained as a white solid (37 mg, 28 %). [M + Hr 518.3 20 NMR 8H
(400 MHz, DMSO-d6) 80.27 (m, 2 H), 0.40 (m, 2 H), 1.57-1.64 (m, 1 H), 2.43 (m, 4 H), 2.56 (m, 411),
3.76 (s, 2 H), 3.82 (t, J = 4.5 Hz, 4 H), 3.94 (t, I = 4.5 Hz, 411), 7.18 (bs, 1 H), 7.39 (s, 1 H), 7.53 (s, 1
H), 7.60 (m, 1 H), 8.00 (bs, 1 11), 8.05 (s, 1 H), 8.60 (m, 1 H) and 11.53 (bs, 1 H). 25 Example 39
6-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-y1-2-(6-
trifluoromethy1-1H-indo1-4-y1)-thieno[2,341pyrimidifle       Prepared by using general Suzuki coupling
method B. The title compound was obtained as a white solid (75 mg, 63 %). [M + Hr 543.4 30 NMR
813 (400 MHz, CDC13) 0.38 (m, 2 H), 0.40-0.47 (m, 2 H), 1.59-1.66 (m, 1 H), 2.54 (m, 4 H), 2.67 (m,
411), 3.75 (s, 2 H), 3.88-3.93 (m, 4 H), 3.94-3.99 (m, 4 H), 7.14 (s, 1 H), 7.44 (t, J = 2.7 Hz, 1 H), 7.63
(t, J = 2.7 Hz, 1 H), 7.71 (s, 1 H), 8.47 (s, 1 H) and 8.62 (bs, 1 H).  WO
2009/053715PCT/GB2008/003621 Example 40
6-(4-Cyclopropyl-piperazin-l-ylmethyl)-2-(6-fluoro-IH-indol-4-y1)-4-
morpholin-4-yl-thieno12,3-d]pyrimidine      Prepared by using general Suzuki coupling method A. The
title compound was obtained as a white solid (65 mg, 65 %). 5 [M + H]' 493.3 NMR 8H (400 MHz,
DMSO-d6) 0.24-0.33 (m, 2 H), 0.37-0.42 (m, 2 H), 1.58-1.65 (m, I H), 2.44 (m, 4 H), 2.56 (m, 4 H),
3.76 (s, 2 H), 3.81 (t, J = 4.6 Hz, 4 H), 3.92 (t, J = 4.6 Hz, 4 H), 7.31 (dd, J = 10.2, 2.6 Hz, 1 El), 7.39
(d, J = 2.6 Hz, I H), 7.46 (apparent t, I = 2.6 Hz, 1 H), 7.53 (s, 1 H), 7.89 (dd, J = 10.2, 2.6 Hz, 1 H) and
11.31 (bs, 1 H). 10 Example 41
6-(4-Cyclopropyl-piperazin-l-ylmethyl)-2-(6-methanesulfonyl-IH-indol-4-
y1)-4-morpholin-4-yl-thieno[2,3-d]pyrimidine       Prepared by using general Suzuki coupling method B.
The title compound was obtained as a white solid (54 mg, 44 %). 15 [M + Hr 553.3 NMR 8H (400 MHz,
DMSO416) 0.27 (m, 2 H), 0.37-0.43 (m, 2 H), 1.58-1.65 (m, 1 H), 2.44 (m, 411), 2.48-2.64 (m, 4 H),
3.23 (s, 3 H), 3.78 (s, 2 H), 3.83 (m, 411), 3.87-3.98 (m, 4 H), 7.51 (d, I = 2.5 Hz, 111), 7.56 (s, 1 H),
7.81 (s, 1 H), 8.08 (dd, J = 2.5, 1.3 Hz, 1 H), 8.57 (d, J = 1.3 Hz, 1 11) and 11.85 (bs, 1 H). 20
Example 42 6-(4-Cyclopropyl-piperazin-l-ylmethyl)-2-(5-fluoro-IH-indol-4-y1)-4-
morpholin-4-yl-thieno[2,3-d]pyrimidine 



Prepared by using general Suzuki coupling method B. The title compound was obtained as a white
solid (39 mg, 35 %). 25 [M + H] NMR 8H (400 MHz, CD30D) 0.37-0.42 (m, 2 H), 0.43-0.50 (m, 2 H),
1.63-1.70 (m, 1 H), 2.56 (m, 4 H), 2.69 (m, 411), 3.79-3.84 (m, 611), 3.95-4.00 (m, 4 H), 6.66 (dd, J =
3.1, 0.8 Hz, 111), 6.97 (dd, J = 11.0, 8.8 Hz, 1 H), 7.32 (d, J = 3.1 Hz, 1 H) and 7.43 (m, 211). 30
Example 43 446-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
djpyrimidin-2-y11-1H-indole-2-carbonitrile  WO 2009/053715PCT/GB2008/003621      Prepared by
using general Suzuki coupling method A. The title compound was obtained as a white solid (36 mg, 24
%). [M + Hr 500.1   NMR 6H (400 MHz, CDC13) 0.39-0.49 (m, 4 H),1.65 (m, 1 H), 2.56 (m, 4 11), 2.69
(m, 4 H), 5 3.78 (s, 2 H), 3.89-3.94 (m, 4 H), 3.94-3.99 (m, 4 H), 7.15 (s, 1 H), 7.45-7.51 (m, 2 H), 8.30-
8.34 (m, 2 H) and 8.73 (s, 1 H). Example 44
4-16-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-yl-thieno[2,3-
d]pyrimidin-2-y11-1H-indole-6-carbonitrile 10A mixture of 2-chloro-6-(4-cyclopropyl-piperazin-1
ylmethyl)-4-morpholin-4-yl- thieno[2,3-d]pyrimidine-6-carbaldehyde (217 mg),
4-(4,4,5,5-tetramethyl[1,3,2]dioxaborolan-2-y1)-1-H-indole-6-carbonitrile (256 mg),
bis(triphenylphophine)palladium chloride (19 mg), and sodium carbonate (175 mg) in water (1.7 mL)
and acetonitrile (6 mL) was heated in a microwave reactor at 140 C for 1 hour. The 15 reaction mixture
was cooled, diluted with dichloromethane (20 mL), washed with water, dried (MgSO4) and the solvents
removed in vacuo to give, after purification using flash chromatography, the title compound (59 mg) as
a white solid.   8E1(400 MHz, CDC13) 0.43 (m, 4H); 1.56 (m, 1H); 2.58 (m, 4H1; 2.71 (m, 411); 3.80
(s, 211); 3.95 (m, 411); 4.02 (m, 4H); 7.28 (s, 111); 7.56 (s, 1H); 7.75 (s, 1H); 7.83 (s,11-1); 8.52 (s,
1H); 20 8.53 (hr s,1H). [M + Hr 500.3 Example 45
4-16-(4-Cyclopropyl-piperazin-hylmethyl)-4-morpholin-4-yl-thieno[3,2-
dipyrimidine-2-A-1H-indole-6-carbonitrile 25A mixture of
2-chloro-6-(4-cyclopropyl-piperazin-1-ylmethyl)-4-mmpholin-4-yl- thieno[3,2-d]pyrimidine (200 mg) and
4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y1)-1-Hindole-6-carbonitrile (273 mg) were reacted using
Suzuki coupling method B, to give the title compound (55 mg) as a white solid. bu (400 MHz, CDC13)
0.36 (m, 4H); 1.57 (m, 111); 2.51 (br s, 411); 2.63 (hr s, 4H); 3.77 30 (s,2H); 3.85 (m, 414); 4.02 (m,
4H); 7.29 (s, 111); 7.45 (t, 111); 7.61 (t, 111); 7.72 (s, 1H); 8.38 (s, 1H); 8.46 (hr s, 1H). 



[M + Hr 500.3.  Example 46 4-[6-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-yhthieno[3,2-
dipyrimidine-2-A-1H-indole-6-carboxylic acid amide Prepared Suzuki coupling method B to give the
title compound (59 mg) as a white solid. 5 814(400 MHz, CDC13) 0.38 (m, 411); 1.58 (m, 111);
2.51-2.63 (m, 8H); 3.76 (s, 2H); 3.85 (m, 4H); 4.06 (m, 4H); 7.29 (s, 111); 7.41 (t, 1H); 7.49 (s, 11-1);
8.11 (s, 1H); 8.45 (s, 1H); 8.46 (br s, 1H). [M + HI. 518.4 10 Example 47
6-(4-Cyclopropyl-piperazin-l-ylmethyl)-2-(6-fluoro-1H-indo1-4-370-4-
morpholia-4-yl-thimm[3,2-dipyrimidine Prepared by Suzuki coupling method B to give an off-white
foam (46 mg). 8E1 (400MHz, CDCI3) 0.45 (m, 4H), 1.67 (m, 111), 2.59 (hr m, 4H), 2.72 (hr m, 4H),
3.85 (s, 2H), 3.93 (t, J = 4.8, 4H), 4.10 (t, J = 4.8, 41-1), 7.19 (dd, J = 1.8, 7.1, 1H), 7.31 (m, 1H), 7.38
15 (s, 1H), 7.57 (m, 1H), 8.00 (dd, J = 2.3, 8.9, 1H), 8.22 (hr s, 1H). [M + H]+ 493. Example 48
6-(4-Cyclopropyl-piperazin-l-ylmediy1)-4-morpholin-4-y1-2-(2-
trifluoromethyl-IH-indol-4-y1)-thietio[3,2-dlpyrimidine 20Prepared using Suzuki coupling method A to
give a yellow solid (53 mg). 831(400 MHz, CDC13) 0.40-0.50 (m, 411), 1.64-1.70 (m, 1H), 2.60 (hr s,
411), 2.72 (hr s, 4H, 3.86 (s, 21-1), 3.94 (t, J = 4.8, 4H), 4.11 (t, J = 4.8, 4H), 7.41 (s, 1H), 7.46 (t, J =
8.0, 111), 8.03 (s, IH), 8.28 (d, J = 8.0, 111), 8.49 (hr s, 1H). [M +543 25 Example 49
6-(4-Cyclopropyl-piperazin-l-ylmethyl)-4-morpholin-4-y1-2-(6-
trifluoromethy1-1H-indo1-4-y1)-thiellop,2-dIpyrimidine Prepared by the Suzuki coupling method A to
give a white foam (14 mg).    h (400MHz, CDC13) 0.46 (m, 4H), 1.67 (m,1H), 2.60 (hr m, 411), 2.72 (hr
m, 4H), 3.86 (s, 30 211), 3.94 (t, J = 4.8, 4F1), 4.11 (t, J = 4.8, 4H), 7.40 (s, 111), 7.49 (m, 111), 7.64
(m, 111), 7.78 (s, 111), 8.46 (s, 1H), 8.49 (hr s, 1H). [M + Hr 543. 



WO 2009/053715PCT/GB20013/003621 Example 50
6-(4-Cyclopropyl-piperazin-lihnethyl)-2-(6-methyl-IH-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-ipyrimMine Prepared using Suzuki coupling method A to give a white solid
(80 mg). 8H (400 MHz, CDC13) 0.44 (m, 21), 0.47 (m, 211), 1.67 (m, 111), 2.60 (hr s, 411), 2.72 (hr s,
5 4H), 2.76 (s, 6H), 3.87 (s, 211), 3.93 (t, J = 4.8, 4H), 4.10 (t, J = 4.8, 4H), 7.39 (s, 111), 7.56 (t, J =
2.8, 1H), 7.68, (m, 111), 8.00 (s, 1H), 8.59 (d, J = 1.5, 1H), 8.70s, 1H). [M+H]' 582.31     Example 51
6-(4-Cyclopropyl-piperazin-l-ylmethyl)-2-(6-methanesulfonyl-1H-indo1-4- 10
y1)-4-morpholin4-yl-thieno[3,2-dipyrimidine Prepared using Suzuki coupling method A to give an
off-white solid (72 mg). 8n (400 MHz, d,5-DMS0) 0.28-0.31 (m, 211), 0.40-0.44 (m, 211), 1.60-1.65 (m,
111), 2.42-2.60 (m, 8H), 3.23 (s, 311), 3.83-3.87 (m, 611), 4.00-4.03 (m, 411), 7.49 (s, 1H), 7.52 (br s,
111), 7.81 (br s, 111), 8.06 (s, 111), 8.57 (s, 111), 11.88 (bra, 111). 15 [M + Hr 553. Example 52
6-(4-Cyclopropyl-piperazin-l-ylmettly1)-2-(5-fluoro-1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,2-tipyrimidine Prepared using Suzuki coupling method A to give an off-white
solid (63 mg). 20 i5,4 (400 MHz, CDC13) 0.31-0.41 (m, 4H), 1.54-1.60 (m, 111), 2.50 (his, 411), 2.63
(hr s, 4H), 3.76 (s, 211), 3.80 (t, J = 4.8, 4H), 4.06 (t, J = 4.8, 411), 6.82-6.84 (m, 1E1), 6.98 (dd, J =
10.8 and 8.8, 1H), 7.20-7.25 (m, 111), 7.30-7.34 (m, 2H), 8.13 (hr s, 111). [M + Hr 493. 25 Example 53
6-(1,8-Diaza-spiro[4.5]dec-8-ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-dipyrimidine       Prepared by using general coupling method A, followed by
BOC-deprotection using TFA:DCM (1:2) and TBDMS-deprotection using TBAF:THF (1:10). The title
compound was obtained as a beige solid (37 mg, 32 %). 30 [M + Hr 507.2 NMR 8H (400 MHz,
CDC13) 1.53-1.70 (m, 4 H), 1.67-1.84 (m, 411), 2.49 (m, 2 11), 2.63 (m, 2 H), 2.96 (t, J = 6.8 Hz, 2 H),
3.84 (m, 6 H), 4.03 (t, J = 4.7 Hz, 4 H), 6.88 (t, J = 2.3 Hz, 1 H),  WO
2009/053715PCT/GB2008/003621 



6.96-7.05 (m, 1 H), 7.26 (s, 1 H), 7.34 (m, 2 H) and 8.35 (bs, 1 H). Example 54
2-(5-Fluoro-1H-indo1-4-y1)-6-(7-methy1-2,7-diaza-spiro[3.51mm-2-
ylmethyl)-4-morpholin-4-yl-thieno[3,241pyrimidine 5Prepared by using Suzuki coupling Method A,
followed by TBDMS-deprotection. The title compound was obtained as a white solid (12 mg, 33 %). [M
+ Hr 507.2  H NMR (400 MHz, CDC13): 8 1.84 (m, 4 H), 2.26 (s, 3 H), 2.35 (m, 4 H), 3.09 (s, 4 H),
3.80- 3.90 (m, 4 H), 3.89 (s, 2 H), 3.98-4.03 (m, 4 H), 6.86 (m, 1 H), 7.02 (dd, J = 10.9, 8.8 Hz, 1 to H),
7.25 (d, .1.= 2.9 Hz, 1 H), 7.29 (s, 1 H), 7.33 (ddd, J = 8.8, 3.9, 0.9 Hz, 1 H) and 8.25 (bs, 1 H).
Example 55
1-{242-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-dlpyrimidin6-ylmethyll-2,7-diaza-spiro[3.5
1non-7-y1}-ethanone 15Prepared by using Suzuki coupling Method A. The title compound was
obtained as a white solid (13 mg, 23 %). [M + Hr 535.1 11-1NMR (400 MHz, CDCI3): 8 1.76 (t, J = 5.6
Hz, 2 H), 1.83 (m, 2 H), 2.08 (s, 3 H), 3.23 (m, 4 H), 3.37 (t, = 5.6 Hz, 2 H), 3.52 (t, J = 5.6 Hz, 2 H),
3.86 (t, J = 4.7 Hz, 4 H), 4.00 (s, 2 H), 20 4.05 (t, J = 4. 7 Hz, 4 H), 6.88 (d, J = 2.6 Hz, 1 H), 7.04 (dd,
J = 10.9, 8.8 Hz, 1 H), 7.28 (t, I = 2.8 Hz, 1 H), 7.34-7.39 (m, 2 H) and 8.33 (bs, 1 H). Example 56
(3R*,4S1-4-Azetidin-l-y1-1-12-(5-fluoro-1H-indo1-4-y0-4-morpholin-4-ylthieno[3,2-d]pyrimidin-6-ylmeth
ylbpiperidine-3-carboxylic acid amide 25Prepared by using Suzuki coupling Method A. The title
compound was obtained as a tan solid (55 mg, 75 %). [M +550.2 1H NMR (400 MHz, CDC13): 8 1.67
(m, 2 H), 2.00-2.12 (m, 3 H), 2.19 (dd, J = 11.5, 3.2 Hz, 1 H), 2.23-2.31 (m, 1 H), 2.50 (in, 1 H), 2.98
(d, J = 11.5 Hz, 1 H), 3.18-3.28 (m, 411), 3.52 30 (d, J = 11.5 Hz, 1 H), 3.77-3.91 (m, 6 H), 4.01 (t, J =
4.7 Hz, 4 H); 5.44 (d, J = 5.0 Hz, 1 H), 6.86 (in, 1 H), 7.02 (dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (n, 1 H),
7.34 (m, 2 H), 8.26 (bs, 1 H) and 8.91 (bs, 1 H).  WO 2009/053715PCT/GB2008/003621 



The two enantiomers were separated by chiral HPLC using a Chiralpalc(r) IA column (250 x 20 mm i.d
column with 5 gm particle size, UV detection at 254 nm, flow 18 mUmin). Elution with 20 % Et0H in
ten-butyl methyl ether containing 0.1 % diethylamine. 32 mg dissolved in 3 mL of eluting solvent
(injection volume 500 gL, sensitivity 0.04) gave the title 5 compound as two distinct enantiomers:
Enantiomer A: first eluting enantiomer, white solid; 11.4 mg. Enantiomer B: second eluting enantiomer;
white solid; 13.2 mg. Both enantiomers have analytical data identical to those obtained for the racemic
mixture. 10 Example 57
(3R*,4R1-4-Azetidin-l-y1-1-(2-(5-fluoro-1H-indo1-4-y1)-4-morpholin-4-ylthieno[3,2-dipyrimidin-6-ylmeth
ylj-piperidine-3-carboxylic acid amide      Prepared by using Suzuki coupling Method A. The title
compound was obtained as a white solid (84 mg, 45 %). [M + Hj+ 550.2 15 111 NMR (400 MHz,
CDC13): 8 1.50-1.58 (m, 1 H), 1.78-1.88 (m, 1 H), 1.98-2.08 (m, 2 H), 2.39 (m, 1 11), 2.49 (m, 1 H),
2.56-2.74 (m, 3 H), 2.90 (d, J = 11.6 Hz, 1 H), 3.22-3.29 (m, 4 H), 3.83 (s, 2 H), 3.86 (t, J = 4.7 Hz,
411), 4.03 (t, J = 4.7 Hz, 411), 5.45 (s, I H), 6.89 (t, .1= 2.5 Hz, 1 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1 H),
7.28 (m, 1 H), 7.36 (m, 2 H), 7.86 (bs, 1 H) and 8.27 (bs, I H). 20The two enantiomers were separated
by chiral HPLC using a Chiralpak(r) IA column (250 x 20 mm i d column with 5 gm particle size, UV
detection at 254 rim, flow 18 mL/min) Elution with 20 % Et0H in tert-butyl methyl ether containing 0.1
% diethylamine. 59 mg dissolved in 3 mL of eluting solvent (injection volume 500 gL, sensitivity 0.04)
gave the title compound as two distinct enantiomers; 25 Enantiomer A; first eluting enantiomer; white
solid; 22.6 mg. Enantiomer B; second eluting enarttiomer; white solid; 26.9 mg. Both enantiomers have
analytical data identical to those obtained for the racemic mixture.     Example 58
(+)-64(Cis)-4-Azetidin-l-y1-3-fluoro-piperidin-l-ylmethyl)-2-(5-fluoro-1H30
indo1-4-34)-4-morpholin-4-yl-thieno3,2-dipyrimidine Prepared by using Suzuki coupling Method A. The
title compound was obtained as a white solid (56 mg, 45 %).  WO 2009/053715PCT/G82008/003621
CM + Hr 525.1 11-1 NMR (400 M1-lz, CDC13): 5 1.62 (m, 1 11), 1.81 (m, 1 H), 2.12 (m, 211), 2.33 (m,
2 H), 2.51 (dd, J = 29.3, 12.3 Hz, 1 H), 2.90 (m, 1 H), 3.20 (m, 1 11), 3.29 (m, 4 H), 3.84-3.89 (m, 4 H),
3.93 (s, 2 H), 4.03-4.08 (m, 411), 4.65 (d, J = 48.5 Hz, 1 H), 6.91 (m, 1 H), 7.06 (dd, J = 



5 10.9, 8.8 Hz, 1 H), 7.29 (m, 1 H), 7.34-7.40 (m, 2 H) and 8.28 (bs, 11-1). Example 59
()-{(trans)-4-Azetidin-l-y1-142-(5-fluoro-1H-indol-4-34)-4-morpholin-4-
yl-thieno[3,2-dipyrimidin-6-ylmethyll-piperidin-3-y1}-methanol          Prepared by using Suzuki coupling
Method A. The title compound was obtained as a 10 cream solid (19 mg, 38 %). [M +537.2 111 NMR
(400 MHz, CDC13): 8 1.65 (m, 2 H), 1.91 (m, 1 H), 1.95-2.09 (m, 3 H), 2.20 (m, 1 H), 2.31 (m, I H),
2.81 (dd, J = 11.2, 3.7 Hz, 1 H), 2.86-2.93 (m, 1 H), 3.23-3.34 (m, 4 H), 3.58-3.66 (m, 2 H), 3.78 (s, 2
H), 3.86 (t, J = 4.7 Hz, 4 H), 4.04 (t, J = 4.7 Hz, 411), 6.89 (in, 1 15 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1
11), 7.27 (m, 1 H), 7.32 (s, 1 H), 7.35 (ddd, J = 8.8, 3.8, 0.9 Hz, 1 H) and 8.23 (bs, 1 H). Example 60
()-{(Cis)-4-Azetidin-l-y1-1-12-(5-fluoro-IH-indo1-4-y1)-4-morPholin-4-371-
thieno[3,2-d]pyrimidin-6-ylmethyll-piperidin-3-yll-methanol 20Prepared by using Suzuki coupling
Method A. The title compound was obtained as a cream solid (69 mg, 71 %). [M +537.1 IH NMR (400
MHz, CDC13): 8 1.62 (m, 1 H), 1.71-1.85 (m, 1 H), 1.98-2.18 (m, 5 H), 2.34- 2.41 (m, 1 H), 2.82 (d, J =
11.5 Hz, 1 H), 3.04 (d, J = 11.5 Hz, 1 H), 3.16 (m, 211), 3.25 (m, 2 25 H), 3.62-3.71 (m, 2 H), 3.76 (dd,
J = 14.4, 1.1 Hz, 1 H), 3.86 (t, J = 4.7 Hz, 4 H), 4.03 (t, J 4.7 Hz, 4 H), 4.40 (dd, J = 11.2, 9.8 Hz, 1 H),
6.88 (m, 1 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (m, 1 H), 7.29 (s, 1 H), 7.35 (ddd, J = 8.9, 4.0, 0.9
Hz, 1 H) and 8.23 (bs, 1 H).     Example 61
2-(5-Fluoro-1H-indol-4-371)-6-(7-methanesulfony1-2,7-diaza-spiro[3.5]non30
2-ylinethyl)-4-morphan-4-yl-thieno[3,2-dipyrimidine      Prepared by using Suzuki coupling Method A.
The title compound was obtained as a cream solid (33 mg, 47 %).  WO
2009/053715PCT/GB2008/003621 [M +571.1 NMR (400 MHz, CDC13): 8 1.90 (m, 4 H), 2.74 (s, 3 H),
3.11-3.21 (m, 8 H), 3.85 (t, J = 4.7 Hz, 4 H), 3.94 (s, 2 H), 4.04 (t, J = 4.7 Hz, 4 H), 6.88 (m, 1 H), 7.04
(dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (t, .1 = 2.8 Hz, 1 H), 7.32 (s, 1 H), 7.36 (ddd, J = 8.8, 3.9, 0.8 Hz, 1 H)
and 8.24 (bs, 5H). Example 62
2-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,241pyrimidin-6-
ylmethy11-2,7-diaza-spiro[3.51nonane-7-carboxylic acid dimethylamide 



Prepared by using Suzuki coupling Method A. The title compound was obtained as an 10 colourless oil
(13 mg, 27 %). [M + Hr 564.2   NMR (400 MHz, CDC13): 8 1.75-1.80 (m, 4 H), 2.80 (s, 6 H), 3.13 (m, 8
H), 3.82-3.87 (m, 4 H), 3.95 (s, 2 H), 4.04 (m, 4 H), 6.88 (m, 1 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1 H), 7.28
(in, 1 H), 7.32 (s, 1 H), 7.36 (dd, J = 8.8, 3.9 Hz, 1 H) and 8.22 (bs, 1 H). 15 Example 63
2-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyll-2,7-diaza-spiro13.51nonane-7-carboxylic acid methyl ester      Prepared by using Suzuki
coupling Method A. The title compound was obtained as a cream solid (8 mg, 35 %). 20 [M + Hf 551.3
1H NMR (400 MHz, CDCI3): 8 1.74 (t, J = 5.2 Hz, 4 H), 3.19 (s, 4 H), 3.37 (t, J = 5.2 Hz, 4 H), 3.67 (s,
3 H), 3.85 (t, J = 4.7 Hz, 4 H), 3.97 (s, 2 121), 4.04 (t, J = 4.7 Hz, 4 H), 6.86 (t, J = 2.5 Hz, 1 H), 7.03
(dd, J = 10.9, 8.8 Hz, 1 H), 7.27 (t, J = 2.5 Hz, 1 H), 7.35 (m, 2 H) and 8.29 (bs, 1 H). 25 Example 64
(R)-8-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
dIpyrimidin-6-ylmethyll-hexahydro-pyrazino[1,2-a]pyrazine-1,4-dione       Prepared by using Suzuki
coupling Method A. The title compound was obtained as a cream solid (13 mg, 47 %). 30 [M + Hr
536.1 11-1 NMR (400 MHz, DMSO-d6): 82.06-2.15 (m, 2 H), 2.73 (td, J = 12.7, 3.2 Hz, 1 H), 2.97 (d, S
= 11.4 Hz, 1 H), 3.27 (m, 1 H), 3.77 (t, S = 4.6 Hz, 4 H), 3.83 (d, J = 10.5 Hz, 2 H), 3.88-  WO
2009/053715PCT/GB2008/003621 3.96 (in, 4 H), 3.98 (s, 2 H), 4.03 (dd, J = 11.4, 3.2 Hz, 1 H), 4.30
(d, J = 12.7 Hz, 1 H), 6.67 (m, 1 H), 6.99 (dd, J = 11.0, 8.7 Hz, 1 H), 7.40-7.46 (m, 3 H), 8.17 (bs, 1 H)
and 11.22 (bs, 1 H). 5 Example 65
7-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-
ylmethyl]-3-oxa-7,9-diaza-bicyclo[3.3.1]nonane      Prepared by using Suzuki coupling Method A. The
title compound was obtained as a white solid (25 mg, 50 %). [M + H]' 495.1 10 11-1 NMR (400 MHz,
CDC13): 62.73 (d, J = 11.2 Hz, 2 H), 3.07 (m, 411), 3.82-3.88 (m, 6 H), 3.91 (d, J = 11.6 Hz, 2 H),
3.98-4.07 (m, 6 H), 6.89 (m, 1 H), 7.04 (dd, J = 10.9, 8.8 Hz, 1 H), 7.26 (t, J = 2.8 Hz, 1 H), 7.35 (m, 2
H) and 8 23 (bs, 1 H).    Example 66
644-(3,3-Difluoro-azetidin-l-yl)-piperidin-1-ylmethyli-2-(5-fluoro-lH15
indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-dipyrimidine      Prepared by using Suzuki coupling Method C.
The title compound was obtained as a white solid (108 mg, 80 %). 



[1'4 + Hr 543.2            114 NMR (400 MHz, CDC13): 8 1.49 (m, 2 H), 1.70 (m, 2 H), 2.20 (m, 3 H), 2.91
(m, 2 H), 20 3.54 (apparent t, J = 11.9 Hz, 4 H), 3.82-3.87 (m, 6 H), 4.03 (t, J = 4.7 Hz, 4 H), 6.88 (m, 1
H), 7.03 (dd, J = 10.9, 8.8 Hz, 1 H), 7.24-7.28 (m, 1 H), 7.30-7.37 (m, 2 H) and 8.29 (bs, 1 H). Example
67 644-(3,3-Difluoro-azetidin-l-y0-piperidin-1-ylmethyll-2-(1H-indol-4-3/1)-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine 25Prepared by using Suzuki coupling Method C. The title
compound was obtained as a cream solid (96 mg, 61 %). [M +525.1 114 NMR (400 MHz, CDC13): 5
1.41-1.52 (m, 2 H), 1.70 (m, 2 H), 2.21 (m, 311), 2.90 (m, 2 H), 3.54 (apparent t, J = 11.9 Hz, 411),
3.82 (s, 2 H), 3.90 (t, J = 4.7 Hz, 4 H), 4.07 (t, J = 4.7 30 Hz, 4 H), 7.25-7.34 (m, 3 H), 7.47 (d, J = 8.0
Hz, 1 H), 7.52 (m, 1 H), 8.16 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.31 (bs, 1 H).  Example 68
6-(6,9-Diaza-spiro[4.51clec-9-ylmethyl)-2-(5-fluoro-1H-indo1-4-$)-4-
morpholin-4-yl-thieno13,2-dIpyrimidine      Prepared by using Suzuki coupling Method C. The title
compound was obtained as a white solid (35mg, 36 %). 5 [1\4 +507.2 1HNMR (400 MHz, CDC13): 5
1.50-1.84 (m, 8 H), 2.32 (m, 2 H), 2.52 (m, 2 H), 2.95 (t, J = 5.0 Hz, 2 H), 3.70 (s, 2 H), 3.83-3.88 (m, 4
H), 4.04 (t, J = 4.7 Hz, 4 H), 6.88 (m, 1 H), 6.97- 7.06 (m, 1 H), 7.26 (m, 1 H), 7.34 (in, 2 H) and 8.38
(bs, 1 H). to Example 69 (R)-7-[2-(5-Fluoro-1H-indol-4-y1)-4-morpholin-4-yl-thienop,2-
d]pyrimidin-6-ylmethylphexabydro-oxazolop,4-alpyrazin-3-one      Prepared by using Suzuki coupling
Method C. The title compound was obtained as a white solid (58mg, 67 %). [M + Hr 509.2 15NMR
(400 MHz, DMSO-d6): 5 1.94-2.03 (m, 1 H), 2.10 (td, J = 11.7, 3.7 Hz, 1 H), 2.90 (d, J = 11.7 Hz, 1 H),
2.99-3.11 (m, 2 H), 3.60 (dd, J = 13.1, 3.3 Hz, 1 H), 3.77 (t, J = 4.6 Hz, 4 H), 3.80-4.01 (in, 8 H), 4.32
(t, J = 8.1 Hz, 1 H), 6.66 (m, 1 H), 7.00 (dd, J = 11.1, 8.7 Hz, 1 H), 7.40-7.47 (m, 3 H) and 11.23 (bs, I
H). 20 Example 70 7-(2-(5-Fluoro-1H-indol-4-yl)-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-
ylmethyl]-5,6,7,8-tetrahydro-11,2,41triazolo[4,3-alpyrazine      Prepared by using Suzuki coupling
Method B. The title compound was obtained as a white solid (115 mg, 84%). [M + Hr 491.1 



25 111 NMR (400 MHz, DMSO-d6): 52.99 (t, J = 5.5 Hz, 2 H), 3.75 (t, J = 4.6 Hz, 4 H), 3.89- 3.94 (m,
6 H), 4.09 (t, J = 5.5 Hz, 2 H), 4.17 (s, 211), 6.68 (t, J = 2.4 Hz, 1 H), 7.00 (dd, J = 11.1, 8.7 Hz, 1 H),
7.45 (m, 3 H), 8.46 (bs, 1 1-1) and 11.24 (bs, 1 H).     Example 71
6-(5,6-Dihydro-8H-imidazo[1,2-alpyrazin-7-ylmethyl)-2-(6-fluoro-IH30
inclo1-4-yI)-4-morpholin-4-yl-thieno p,2-dIpyrimidine Prepared by using Suzuki coupling Method B
(Scheme 1). The title compound was obtained as a white solid (5 mg, 10 %).  WO
2009/053715PCT/6B2008/003621 [M + HI- 490.2 NMR 8H (400 MHz, CDC13) 2.99 (t, J = 5.4 Hz, 2
H), 3.86-3.91 (m, 4 H), 3.94 (s, 2 H), 3.99- 4.08 (m, 8 H), 6.85 (d, J = 1.4 Hz, 1 H), 7.04 (d, J = 1.4 Hz,
1 H), 7.14-7.19 (m, 1 H), 7.29 (dd, J = 3.3, 2.4 Hz, 1 H), 7.42 (s, 1 1-1), 7.51 (m, 1 H), 7.96 (dd, J =
11.2, 2.4 Hz, 1 H) and 5 8.29 (bs, 1 H). Example 72
6-14-(3-Fluoro-azetidin-1-y1)-piperidin-l-ylmethyll-2-(1H-indol-4-y1)-4-
morpholin-4-yl-thieno[3,241pyrimidine          Prepared by using Suzuki coupling Method C. The title
compound was obtained as a 10 white solid (87 mg, 75 %). [M + Hf 507.1 111 NMR (400 MHz,
CDC13): 8 1.35-1.46 (m, 2 H), 1.72 (m, 2 H), 2.06-2.23 (m, 3 H), 2.90 (m, 2 H), 3.04-3.15 (m, 2 H),
3.60-3.69 (m, 2 H), 3.83 (s, 2 H), 3.90 (t, J = 4.7 Hz, 4 H), 4.08 (t, J = 4.7 Hz, 4 H), 5.12 (dp, I = 574,
5.4 Hz, 1 H), 7.27-7.34 (m, 3 H), 7.48 (d, J = 8.0 Hz, 1 15 H), 7.53 (m, 1 H), 8.17 (dd, J = 7.5, 1.0 Hz, 1
H) and 8.31 (bs, 1 H). Example 73
644-(3-Fluoro-azetidin-1-y1)-piperidin-l-ylmethyll-2-(5-fluoro4H-indo1-4-
0)-4-morpholin-4-yhthienop,241pyrimidine          Prepared by using Suzuki coupling Method C. The
title compound was obtained as a 20 white solid (94 mg, 79 %). [M + Hf 525.1 1H NMR (400 MHz,
CDC13): 8 1.34-1.45 (m, 2 H), 1.71 (m, 2 H), 2.07-2.23 (m, 3 H), 2.89 (m, 2 H), 3.03-3.14 (m, 2 H),
3.59-3.68 (m, 2 H), 3.82 (s, 2 H), 3.82-3.87 (m, 4 H), 4.03 (t, .1= 4.7 Hz, 4 H), 5.00-5.21 (m, 1 H), 6.88
(m, 1 H), 6.97-7.06 (m, 1 H), 7.26 (m, 1 H), 7.33 (m, 2 25 H) and 8.32 (bs, 1 H). Example 74
141-12-(1H-Inclo1-4-y1)-4-morpholin-4-yl-thieno[3,2Apyrimidia-6-
ylmethyl]piperidin-4-y1}-azetidin-2-one          Prepared by using Suzuki coupling Method C. The title
compound was obtained as a 30 pale yellow solid (74 mg, 61 %). [M + Hj+ 503.3 



WO 2009/053715PCT/GB2008/003621 11-1 NMR (400 MHz, CDC13): 8 1.74-1.88 (m, 4 H), 2.17 (td,
J = 11.5, 2.7 Hz, 2 H), 2.86 (t, J = 4.0 Hz, 2 H), 2.98 (bd, J= 11.4 Hz, 2 H), 3.23 (t, J = 4.0 Hz, 2 H),
3.53-3.62(m, 1 H), 3.81 (s, 2 H), 3.90 (t, J = 4.7 Hz, 4 H), 4.07 (t, J = 4.7 Hz, 4 H),7.27-7.32 (m, 2 H),
7.34 (s, 1 H), 7.47 (dt, J = 8.0, 1.0 Hz, 1 H), 7.51 (m, 1 H), 8.16 (dd, J = 7.5, 1.0 Hz, 1 H) and 8.29 (bs,
1 5 Example 75
1-{142-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-cflpyrimidin6-ylmethyli-piperidin-4azetidin
-2-one          Prepared by using Suzuki coupling Method C. The title compound was obtained as a 10
pale grey solid (44 mg, 35 %). [M + Fir 521.3 IHNMR (400 MHz, CDCI3): 8 1.70-1.87 (m, 4 H), 2.17
(td, J = 11.5, 2.7 Hz, 2 H), 2.86 (t, J = 4.0 Hz, 2 H), 2.98 (d, J = 11.5 Hz, 2 H), 3.23 (t, J = 4.0 Hz, 2 H),
3.53-3.62 (m, 1 H), 3.80 (s, 2 H), 3.85 (t, J = 4.7 Hz, 4 H), 4.04 (t, J = 4.7 Hz, 4 H), 6.88 (m, 1 H),
6.99-7.05 (m, 1 H), 15 7.25 (m, 1 H), 7.31-7.37 (m, 2 H) and 8.31 (bs, 1 H). Example 76
()-8-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyll-octahydro-pyrazino[2,1-c][1,41oxazine          Prepared by using Suzuki coupling
Method C, followed by TBDMS-deprotection. The 20 title compound was obtained as a colourless
needles (4 mg, 4 %). [M + HP' 509.1   NMR (400 MHz, CDC13): 8 1.91 (s, 1 H), 2.43 (in, 4 H),
2.63-2.79 (m, 3 H), 2.90-2.99 (m, 1 H), 3.25 (m, 1 H), 3.60-3.73 (m, 2 H), 3.80-3.88 (m, 7 H), 4.04 (t, =
4.7 Hz, 4 H), 6.88 (m, 1 H), 7.03 (dd, J = 10.9, 8.8 Hz, 1 H), 7.26 (m, 1 H), 7.33-7.37 (m, 2 H) and 8.27
(bs, 1 H). 25 Example 77 (R)-842-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2- d]
pyrimidin-6-ylmethyll-oetahydro-pyrazino[2,1-c][1,41ozazine      Prepared by using Suzuki coupling
Method A. The title compound was obtained as a cream solid (16 mg, 23 %). 30 [M + Hf 509.2 11-1
NMR (400 MHz, CDC13): 8 1.91 (m, 1 H), 2.36-2.47 (in, 4 H), 2.63-2.78 (m, 3 H), 2.95 (d, J = 8.6 Hz, 1
H), 3.25 (m, 1 H), 3.62-3.74 (in, 2 H), 3.81-3.89 (m, 7 H), 4.05 (t, J = 4.7 Hz, 4  H), 6.88-6.90 (m, 1 H),
7.05 (dd, J = 10.9, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.34-7.39 (m, 2 H) and 8.22 (bs, 1 14).    Example 78
(S)-8-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2- 5
dIpyrimidin-6-ylmethylboctabydro-pyrazino12,1-ci [1,41orazine       Prepared by using Suzuki coupling
Method A. The title compound was obtained as a cream solid (73 mg, 60 %). 



[M H]+ 509.2 11-1 NMR (400 MHz, CDC13): S 1.91 (t, J = 10.0Hz, 1 H), 2.34-2.50 (m, 4 H), 2.63-2.78
(in, 3 10 H), 2.94-2.99 (m, 1 H), 3.25 (t, J = 10.0 Hz, 1 H), 3.61-3.73 (m, 2 H), 3.81-3.89 (m, 7 H), 4.05
(t, J = 4.7 Hz, 4 H), 6.88-6.90 (m, 1 H), 7.05 (dd, J = 10.9, 8.8 Hz, 1 H), 7.28 (m, 1 H), 7.33-7.38 (m, 2
H) and 8.28 (bs, 1 H).    Example 79 (R)-8-12-(5-Fluoro-1H4ndo1-4-y1)-4-morpholia-4-yl-thieno [3,2-
15 d]pyrimidin-6-ylmethyll-hexahydro-pyrazino12,1-c1[1,41oxazin-4-one       Prepared by using Suzuki
coupling Method A. The title compound was obtained as a tan solid (70 mg, 72 %). [M +523.2 1HNMR
(400 MHz, CDC13): 52.03 (t, J = 10.9 Hz, 1 H), 2.26 (td, J = 11.7, 3.2 Hz, 1 H), 20 2.85-2.94 (m, 2 H),
3.00-3.07 (m, 1 H), 3.52 (dd, J = 11.9, 8.0 Hz, 1 H), 3.68-3.76 (m, 1 H), 3.86-3.92 (m, 6 H), 3.93-4.00
(m, 1 H), 4.06 (t, J = 4.7 Hz, 4 H), 4.13 (d, J = 16.3 Hz, 1 H), 4.21 (d, J = 16.3 Hz, 1 H), 4.62 (ddd, J =
13.2, 3.2, 1.8 Hz, 1 H), 6.91 (m, 1 H), 7.06 (dd, J = 10.9, 8.8 Hz, 1 H), 7.29 (m, 1 H), 7.36-7.40 (m, 2
H) and 8.27 (bs, 1 H). 25 Example 80
5-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-4pyrimidin-6-
ylmethyll-hexahydro-pyrrolop,4-clpyrroIe-2-carboxylic acid dimethylamide Prepared by using Suzuki
coupling Method A, followed by TBDMS-deprotection. The title compound was obtained as a white
solid (40 mg, 66 %). [M + H} 30NMR (400 MHz, CDC13): 8 2.54 (d, I = 7.9 Hz, 2 H), 2.73-2.84 (m, 4
H), 2.86 (s, 6 H), 3.24 (dd, J = 11.0, 3.0 Hz, 2 H), 3.51-3.59 (m, 2 H), 3.86 (t, I = 4.7 Hz, 4 H), 3.92 (s,
2 H),  WO 2009/053715PCT/GB2008/003621 4.04 (t, J ---- 4.7 Hz, 4 H), 6.88 (m, 1 H), 6.98-7.07 (m, 1
H), 7.27 (m, 1 H), 7.33-7.38 (m, 2 H) and 8.36 (bs, 1 H).    Example 81
542-(5-Fluoro-1H-indo1-4-y1)-4-morpholia-4-yl-thieno[3,2-Apyrimidia-6- 5
ylmethylphexahydro-pyrrolo[3,4-clpyrrole-2-carboxylic acid amide       Prepared by using Suzuki
coupling Method A. The title compound was obtained as a white solid (40 mg, 17 %). [M + Hr 522.2
11-1 NMR (400 MHz, CDC13): 82.65 (dd, J = 9.4, 2.7 Hz, 2 H), 2.74 (dd, J = 9.4, 6.1 Hz, 2 H), 10 2.93
(m, 2 H), 3.30 (dd, J = 10.2, 3.4 Hz, 2 H), 3.63 (dd, J = 10.2, 7.6 Hz, 2 H), 3.83-3.88 (m, 4 H), 3.93 (s,
2 H), 4.04 (m, 4 H), 4.54 (bs, 2 H), 6.88 (in, 1 H), 7.04 (dd, 3 = 10.9, 8.8 Hz, 1 H), 7.27 (m, 1 H), 7.35
(m, 2 1.1) and 8.22 (bs, 1 H).     Example 82
2-12-(5-Fluoro-1H-indol-4-y1)-4-morpholia-4-yl-thieno[3,2-4pyrimidia-6- 15
ylmetby11-2,7-diaza-spiro[331nonane-7-carboxylic acid amide 



To a solution of 6-(2,7-diaza-spiro[3.5]non-2-ylmethyl)-2-(5-fluoro-1H-indo1-4-y1)-4-
morpholin-4-yl-thieno[3,2-c/Jpyrimidine (125 mg, 0.254 nunol) in anhydrous DCM (10 mL) was added
trimethylsilyl isocyanate (35 gL, 0.254 mmol). The reaction mixture was stirred at RT for 1 h, then
partitioned between DCM and a saturated aqueous solution of NaHCO3. The 20 organic layer was
separated and washed with brine, then dried (Na2SO4) and concentrated in vacuo. The resultant
residue was purified by preparative HPLC to give the title compound as a white solid (41 mg, 30 %).
[M + Hr 536.2     NMR (400 MHz, CDCI3): 5 1.76-1.81 (m, 4 H), 3.17 (s, 4 H), 3.31 (m, 4 H), 3.82-3.87
(m, 25 4 H), 3.95 (s, 2 H), 4.04 (t, J = 4.7 Hz, 4 H), 4.46 (bs, 2 H), 6.88 (t, J = 2.5 Hz, 1 H), 7.04 (dd, J
= 10.9, 8.7 Hz, 1 H), 7.28 (m, 1 H), 7.32-7.38 (m, 2 H) and 8.20 (bs, 1 H). Example 83
6-(4-Azetidin-1-yl-piperidin-l-ylrnethyl)-2-(6-methanesulfonyl-1H-indol-4-
y1)-4-morpholia-4-yl-thieno[3,2-dlpyrimidine 30The title compound was prepared using Suzuki
coupling Method A to give a white solid (35 mg). NMR 6, (400 MHz, CDC13) 1.42 (m, 2H), 1.63 (m,
211), 1.73 (m, 2H), 2.08 (m, 2H), 2.21 (m,  WO 2009/053715PCT/GB2008/(J03621 2H), 2.93 (m, 211),
3.17 (s, 3H), 3.21 (m, 3H), 3.86 (s, 2H), 3.94 (t, J = 4.7, 411), 4.10 (t, J = 4.7, 4H), 7.35 (s, 1H), 7.58 (t,
J = 2.7, 111), 7.70 (m, 1H), 8.14 (s, 1H), 8.69 (hr s, 1H), 8.74 (s, 1H). [M +567.25 5 Example 84
(4aRt8aR1-6-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno13,2-
d]pyrimidin-6-ylmethy11-1-methyl-hexattydro-pyrido[3,4-b][1,41ozazin-2-one      The title compound
was prepared using Suzuki coupling Method A to give an off-white foam (50 mg). 10 NMR 81.1(400
MHz, CDC13) 1.48-1.60 (m, 111), 2.03-2.17 (m, 3H), 2.88 (s, 31), 2.95-3.18 (m, 3H), 3.53 (m, 111),
3.81 (t, J = 4.8, 4H), 3.85 (s, 2H), 3.97 (t, J = 4.8, 4H), 4.21 (m, 211), 6.83 (m, 111), 6.97 (in, 111),
7.20 (m, 111), 7.29 (m, 210, 8.15 (hr s, 1H). [M + H] 15 Example 85
4-14*(5-Fluoro-lH-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dlpyrirnidin6-ylmethylj-piperazin-l-y1}-tetrahy
dro-pyran-4-carboxylic acid amide      The title compound was prepared using Suzuki coupling Method
A to give an off-white solid (17 mg).   NMR 814 (400 MHz, CDC13) 1.80 (m, 211), 1.93 (m, 211), 2.62
(m, 4E1), 2.68 (m, 411), 3.78- 20 3.94 (m, 10E), 4.07 (t, J = 4.8, 411), 5.21 (hr s, 11), 6.61 (hr s, 111),
6.92 (m,111), 7.07 (m, 111), 7.27 (m, 111), 7.39 (m, 2H), 8.25 (hr s, 111). [M + 10+ 580.13 Example
86 64(S)-1-(Hexahydro-pyrrolo[1,2-alpyrazin-2-yOmethy11-2-(6- 



25 methanesuliony1-111-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dipyrimidine Prepared from
2-chloro-6-[(S)-1-(hexahydro-pyrrolo[1,2-alpyrazin-2-y0methy1]-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine using Suzuki coupling Method A to give a white powder (59
mg). NMR all (400 MHz, CDC13) 1.33 (111, m), 1.35 - 1.75 (m, 3H), 1.94 (t, J = 10,1, 111), 2.09 (m,
30 21), 2.31 (in , 2H), 2.87 (d, J = 8.6, 111), 2.99 (m, 311), 3.06 (s, 31), 3.79 - 3.88 (in, 6H), 4.01 (t, J =
4.8, 4H), 7.30 (s, 1H), 7.5 (t, J = 2.8, 1H), 7.6 (t, J = 2.1, Ill), 8.1 (s, 1H), 8.64 (d, J = 1.6, 1H), 8.6 (d, J
= 1.6, 1H), 9.00 (hr s, 1H).  WO 2009/053715PCT/G132008/003621 [M=553.  Example 87
2-(5-Fluoro-1H-indol-4-y1)-4-morpholin-4-y1-614-(tetrahydro-pyran-4-yl)-piperazin-1- 5
ylmethyll-thieno13,2-dlpyrimidine      This was prepared using Suzuki coupling Method B, to give, after
TBDMSdeprotection carried out as in Reference Example 4, the title compound as a white solid (67
mg, 61 %). [M + H] to NMR og (400 MHz, CDC13) 1.47 (m, 2H); 1.80 (m, 2H); 2.47 (m, 111); 2.66 (bs,
8H); 3.40 (m, 2H); 3.88 (m, 211); 4.04 (s, 211); 4.07 (m, 4H); 6.93 (s, 111); 7.06 (m, 111); 7.29 (m,
2H); 7.39 (m, 211); 8.24 (bs, 111).    Example 88
2-(1H-Indo1-4-y1)-4-morpholin-4-y16-14-(tetrahydro-pyran-4-y1)-piperazin15
1-ylmethylphieno[3,2-dlpyrimidine. A mixture of
2-chloro-4-morpholin-4-y1-614-(tetrahydro-pyran-4-y1)-piperazin-l- ylmethy13-thieno [3, 2-d]
pyrimidine (100 mg, 0.23 ntmol) and indole-4-boronic acid was reacted using Suzuki coupling Method
B, to give after silica chromatography, the title compound as a white solid (76 mg, 64%). 20 [M + HI+
519.3 NMR 8H(400 MHz, CDC13) 1.51 (m, 211); 1.70 (m, 211); 2.37 (m, 1H); 2.56 (bs, 8H); 3.31 (m,
2H); 3.77 (s, 2H); 3.84 (m, 411); 3.95 (m, 211); 4.01 (m, 4H); 7.24 (m, 211); 7.30 (s, 111); 7.43 (m,
11-1); 7.48 (m, 1H); 8.11 (d, 1H); 8.20 (bs, 111). 25 Example 89
()245-Fluoro-1H-indoll-4-y1)-644-(2-rnethyl-tetrahydro-furan-3-y1)-
piperazin-l-ylmethy11-4-morpholin-4-yl-thieno[3,2-d]pyrimidine.      Prepared using Suzuki coupling
Method B, to give after TBDMS-deprotection carried out as in Reference Example 4, the title
compound as a white solid (60 mg, 44 %). [M + Hr 537.3 30 NMR 84400 MHz, CDC13): 1.15 (d, 311);
1.94 (m, 2H); 2.56 (m, 811); 2.85 (m, 111); 3.86 (m, 7H); 4.00 (m, 6H); 6.93 (s, 111); 7.06 (m, 111);
7.31 (m, 1H); 7.39 (m, 211); 8.23 (Is, 111).  



WO 2009/053715PCT/6132008/003621 Example 90
()2-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-y1-6-14-(tetrahydro-furan-3-
y1)-piperazin-l-ylmethylf-thieno[3,2-dIpyrimidine      Prepared using Suzuki coupling Method B, to give
after TBDMS-deprotection carried out as in Reference Example 4, the title compound as a white solid
(48 mg, 26 %) 5 [M + HI+ 523.3 NMR 611(400 MHz, CDC13): 1.88 (m, 111); 2.07 (m, IH); 2.63 (m,
811); 3.03 (m, IH); 3.67 (m, IH); 3.86 (m, 911); 4.07 (m, 414); 6.93 (s, 1H); 7.07 (m, 111); 7.33 (m,
111); 7.54 (m, 211); 8.26 (bs, 111). 10 Example 91
2-(5-Fluoro-1H-indo1-4-y1)-6-(5-methanesulfonyl-hexahydro-pyrrolo[3,4-
cipyrrol-2-ylmethyl)-4-morpholin-4-yl-thienoi3,2-ipyritnidine      To a stirred solution of
2-chloro-6-(hexahydro-pyrrolo[3,4-c]pyrrol-2-ylmethyl)-4- morpholin-4-yl-thieno[3,2-d]pyrimidine (60
mg; 0.16 nunol) and NEt3 (36 p.L; 0.26 nunol) in CH2C12 (2 mL) at 0 C was added methanesulfonyl
chloride (20 p.L; 0.26 mmol). The 15 reaction mixture was stirred at 0 C for 2 h then RT overnight (18
h) upon which time it was quenched with saturated NaHCO3 solution (4 mL). The organic layer was
separated using a hydrophobic fit and solvent evaporated to give a yellow solid (70 mg). This solid was
reacted using Suzuki coupling Method D to give the title compound as a buff-coloured solid (26 mg; 30
N. 20 811(400 MHz, CDC13) 2.62-2.66 (m, 211), 2.77-2.81 (m, 411), 2.89 (s, 311), 2.91-3.01 (m, 213),
3.19 (dd, J = 10 and 4, 2H), 3.49-3.55 (m, 211), 3.88-3.90 (m, 4H), 3.96 (s, 2H), 4.06-4.08 (m, 411),
6.93 (br s,111), 7.08 (dd, I = 10.8 and 8.8, 1H), 7.28-7.31 (m ,IH), 7.36-7.41 (m, 211), 8.24 (br s, 111).
[M + Hr 557 25 Example 92
145-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thienop,2-cflpyrimidin6-ylmethyli-hexabydro-pyrrolo[
3,4-elpyrrol-2-yll-ethanone      To a stirred solution of
2-chloro-6-(hexahydro-pyrrolo[3,4-c]pyrrol-2-ylmethyl)-4- morpholin-4-yl-thieno[3,2-d]pyrimidine (60
mg; 0.16 mmol) and NEt3 (36 p.L; 0.26 mmol) in 30 CH2C12 (2 rnL) at RT was added acetyl chloride
(18.5 ttL; 0.26 mmol) and the resulting solution was stirred at RT overnight (17 h) upon which time it
was quenched with saturated NaHCO3 solution (4 mL). The organic layer was separated using a
hydrophobic fit and  WO 2009/053715PCT/GB2008/003621 solvent evaporated to give a yellow solid
(62 mg). This solid was reacted using Suzuki coupling Method D to give the title compound as a
buff-coloured solid (53 mg; 70 %). 5i4 (400 MHz, CDC13) 2.10 (s, 3H), 2.61-3.07 (m, 4H), 3.44-3.56
(m ,211), 3.66-3.81 (m, 2H), 3.88-3.92 (m, 411), 3.92 (s, 211), 3.95-4.00 (m, 4H), 6.92-6.94 (m, 111),
7.07 (dd, J = 10.8 and 58.8, 111), 7.28-7.31 (m, 1H), 7.35 (s, 1H), 7.37-7.41 (in, 1H), 8.25 (br s, 111).
[M + Hit 521 Example 93 {142-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-djpyrimidin-6-
ylmethyl]-piperidin-4-yll-methyl-(tetrahydro-pyran-4-y1)-amine 



10To a stirred suspension of [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-alpyrimidin-6-
ylmethyl)-piperidin-4-ylkmethyl-amine (229 mg; 0.6 nunol) and NaB(0Ac)3H (276 mg; 1.3 mrnol) in
1,2-dichloroethane (5 mL) was added tetrahydro-4H-pyran-4-one (0.12 mL; 1.3 nunol) and the reaction
mixture was stirred at RT overnight (16 h). The 2-chloro-pyrimidine intermediate was isolated by
acid-base extraction and reacted using Suzuki coupling Method 15 D to give the title compound as an
off-white solid (58 mg). 611 (400 MHz, CDC13) 1.50-1.65 (m, 6H), 1.91-2.05 (m, 2H), 2.18 (s, 311),
2.42-2.69 (m, 2H), 2.94-2.96 (m, 2H), 3.25-3.31 (m, 211), 3.55-3.63 (m, 211), 3.72 (s, 2H), 3.76-3.78
(m, 4H), 3.90-3.97 (m, 6H), 6.80-6.81 (m, 1H), 6.95 (dd, J = 10.8 and 8.8, 111), 7.16-7.18 (n, 1H), 7.24
(s, 1H), 7.26 (dd, J = 8.8 and 3.6, 1H), 8.14 (br s, 111). 20 [M +565 Example 94
Cyclobutyl-(1-12-(5-fluoro-IH-indo1-4-y0-4-morpholin-4-yl-thieno[3,2-
d]pyrimidin-6-ylmethyll-piperidin-4-y1}-methyl-amine To a stirred suspension of
[1-(2-chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6- 25 ylmethyl)-piperidin-4-ylkmethyl-amine (229
mg; 0.6 mmol) and NaB(0Ac)3H (0.85 g; 4.0 nunol) in 1,2-dichloroethane (5 mL) was added
cyclobutanone (0.3 mL; 4.0 nunol) and the reaction mixture was stirred at RT overnight (16 h). The
2-chloro-pyrimidine intermediate was isolated by acid-base extraction and reacted using Suzuki
coupling Method D to give the title compound as an off-white solid (18 mg). 30811 (400 MHz, CDC13)
1.50-1.59 (m, 5H), 1.68-2.04 (m, 911), 2.28-2.40 (m, 1H), 2.94-3.05 (m, 3H), 3.60-3.64 (m, 111), 3.72
(s, 211), 3.75-3.78 (m, 411), 3.94-3.97 (m, 411), 6.80-6.81 (m, 1H), 6.95 (dd, J = 10.8 and 8.8, 111),
7.16-7.18 (m, 111), 7.23 (s, 111), 7.26 (dd, J = 8.8 and  WO 2009/053715PCT/GB2008/003621 4.0,
111), 8.14 (hr s, 111). [M +535 Example 95
()-{1-[2-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4-yl-thieno[3,2- 5
d]pyrimidin-6-ylmethyl]-piperidin-4-yll-methyl-(tetrahydro-furan-3-y1)-amine 



To a stirred suspension of [1-(2-chloro-4-morpholin-4-yl-thieno[3,2-dipyrimidin-6-
ylmethyl)-piperidin-4-y11-methyl-amine (229 mg; 0.6 mmol) and NaB(0Ac)3H (0.85 g; 4.0 rnmol) in
1,2-dichloroethane (5 mL) was added dihydrofuran-3-one (0.3 mL; 3.7 mmol) and the reaction mixture
was stirred at RT overnight (16 h). The 2-chloro-pyrimidine 10 intermediate was isolated by acid-base
extraction and reacted (0.2 nunol) using Suzuki coupling Method D to give the title compound as an
off-white solid (26 mg). SH (400 MHz, CDC13) 1.54-1.63 (m, 4H), 1.68-2.04 (m, 411), 2.15 (s, 31I),
2.32-2.38 (m, 111), 2.95-2.98 (m, 211), 3.19-3.50 (m 211), 3.53-3.84 (m, 911), 3.94-3.97 (m, 4H), 6.81
(br s, 111), 6.93-6.97 (m, 1H), 7.17-7.28 (m, 311), 8.14 (br s, 111). 15 [M + fir 551 Example 96
1-11-12-(5-Fluoro-1H-indo1-4-y1)-4-morpholin-4 yl-tbieno[3,2-d]pyrinildin6-ylmethyll-piperidin
4azetidin-3-ol l-[1-(2Chloro4morpholin-4-yl-thieno[3,2-d]pyrimidin-6-yhnethylypiperidin-4-ylk 20
azetidin-3-ol (0.2 mmol) was reacted using Suzuki coupling Method D to give the title compound as an
off-white solid (56 mg; 54 %). 8H (400 MHz, CDC13) 1.30-2.21 (m, 711), 2.79-2.95 (m, 411), 3.61-3.65
(m, 211), 3.81-4.04 (m, 1013), 4.43 (quintet, J = 5.6, 113), 6.88 (s, 1H), 7.03 (dd, J = 10.8 and 8.8,
1H), 7.24-7.27 (m, Hi), 7.30 (s, 111), 734 (dd, J = 8.8 and 3.6, 1H), 8.22 (hr s, 111). 25 [M +523
Example 97 2-(5-Fluoro-1H-indo1-4-y1)-6-[4-(3-methory-azetidin-1-y1)-piperidin-1-
ylmethyll-4-morpholin-4-yl-thieno[3,2-dIpyrimidine To a stirred solution of
l-[1-(2-chloro-4-morpholin-4--yl-thieno[3,2-djpyrimidin-6- 30 ylmethyl)-piperidin-4-ylkazetidin-3-ol (100
mg; 0.24 mmol) in anhydrous DMF at 0 C was added NaH (60 wt%; 20 mg; 0 5 minol) Stirring was
continued at 0 C for 40 mm. upon which time iodomethane (16 ftL; 0.26 mmol) was added and the
reaction mixture was allowed  WO 2009/053715PCT/G132008/003621 to warm to RT whilst stirring
over 4 h. The reaction was purified by acid-base extraction to give a crude residue that was reacted
using Suzuki coupling Method I) to give the title compound as an off-white solid (33 mg; 26 %). 811
(400 MI-la, CDCI3) 1.36-1.71 (m, 514), 2.10-2.26 (m, 311), 2.81-2.98 (m, 411), 3.29 (s, 311), 5 3.64
(br s, 211), 3.85 (s, 211), 3.87-3.90 (m, 411), 4.05-4.08 (in, 411), 6.92-6.93 (m, 1H), 7.07 (dd, J = 10.8
and 8.8, 111), 7.28-7.30 (m, 111), 7.34 (s, 111), 7.38 (dd, J = 8.8 and 4.0, 1H), 8.26 (br s, 1H). [M + Hr
537 10 Example 98 4-[2-(5-Fluoro-1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dlpyrimidin-6-
ylmethyll-1-(tetrahydro-pyran-4-A-piperazin-2-one       Prepared by using Suzuki coupling method A.
The title compound was obtained as a white solid (78 mg, 30 %). 



+ Hr 551.1 15 IH NMR (400 MHz, CDCI3): 8 1.63 (d, J = 4.1 Hz, 211), 1.79 (qd, J = 12.3, 4.6 Hz, 211),
2.78 (t, J = 5.3 Hz, 2 H), 3.30 (t, J = 5.3 Hz, 211), 3.36 (s, 2 H), 3.51 (td, J = 11.8, 1.9 Hz, 2 H), 3.86 (t,
J = 4.8 Hz, 4 H), 3.90 (s, 2 H), 4.00-4.07 (m, 6 H), 4.69-4.78 (m, 1 H), 6.90 (m, 1 H), 7.05 (dd, J = 10.9,
8.8 Hz, 1 H), 7.27 (m, 1 H), 7.37 (m, 2 H) and 8.27 (bs, 1 H). 20 Biological evaluation and
Pharmaceutical formulations Example 99 Biological Testing       Compounds of the invention, prepared
as described in the preceding Examples, were submitted to the following biological assay: 25 PI3K
Biochemical Screening       Compound inhibition of 1113K was determined in a radiometric assay
using purified, recombinant enzyme and ATP at a concentration of luM. All compounds were serially
diluted in 100% DMSO. The lcinase reaction was incubated for 1 hour at room temperature, 30 and
the reaction was terminated by the addition of PBS. IC50 values were subsequently determined using
sigmoidal dose-response curve fit (variable slope). All of the compounds tested had an IC50 against
1313K of 501.xM or less. Typically the IC50 against the p1108  WO
2009/053715PCT/GB2008/003621 isoform of PI3K was less than 500nM. Example 100 Tablet
composition  5Tablets, each weighing 0.15 g and containing 25 mg of a compound of the invention
were manufactured as follows: Composition for 10,000 tablets Compound of the invention (250 g) 10
Lactose (800 g) Corn starch (415g) Talc powder (30 g) Magnesium stearate (5 g) The compound of
the invention, lactose and half of the corn starch were mixed. 15 The mixture was then forced through
a sieve 0.5 mm mesh size. Corn starch (10 g) is suspended in warm water (90 ml). The resulting paste
was used to granulate the powder. The granulate was dried and broken up into small fragments on a
sieve of 1.4 mm mesh size. The remaining quantity of starch, talc and magnesium was added,
carefully mixed and processed into tablets. 



20 Example 101Injectable Formulation Compound of the invention200mg Hydrochloric Acid Solution
0.1M or 25 Sodium Hydroxide Solution 0.1M q.s. to pH4.0 to 7.0 Sterile water q.s. to10 ml The
compound of the invention was dissolved in most of the water (35-40C) and the pH adjusted to
between 4.0 and 7.0 with the hydrochloric acid or the sodium hydroxide as appropriate. The batch was
then made up to volume with water and filtered through a sterile 30 micropore filter into a sterile 10 ml
amber glass vial (type 1) and sealed with sterile closures and overseals.  WO
2009/053715PCT/GB2008/003621 Example 102 Intramuscular Injection Compound of the
invention200 mg Benzyl Alcohol0.108 5 Glycofurol 751.45 g Water for injection q.s to3.00 ml       The
compound of the invention was dissolved in the glycofurol. The benzyl alcohol was then added and
dissolved, and water added to 3 ml. The mixture was then filtered through a sterile micropore filter and
sealed in sterile 3 ml glass vials (type 1). 10 Example 103 Syrup Formulation Compound of
invention250 mg Sorbitol Solution1.50 g 15 Glycerol2.00 g 



Sodium benzoate0.005 g Flavour0.0125 ml Purified Water q.s. to5.00 ml The compound of the
invention was dissolved in a mixture of the glycerol and most of 20 the purified water. An aqueous
solution of the sodium benzoate was then added to the solution, followed by addition of the sorbital
solution and finally the flavour. The volume was made up with purified water and mixed well.  147
CLAIMS A compound which is a thienopyrimidine of formula (I):   wherein W represents a thiophene
ring;       It.' and R2 form, together with the N atom to which they are attached, a group of the following
formula (Ha):  high A is a group of formula (lib):  148 (11b)  wherein ring B is a 4- to 7-membered
saturated N-containing heterocyclic ring which includes 0 or 1 additional heteroatoms selected from N,
S and 0 and ring B' is a 3- to 12- membered saturated carbocyclic ring, a 5- to 7- membered saturated
0-containing heterocyclic ring or a 4- to 7-membered saturated N-containing heterocyclic ring as
defined above, each of B and 13' being unsubstituted or substituted; 



m is 0, 1 or 2; 124 is 1-1 or C1-C6 alkyl; R4 is selected fromhalo, CN, C(0)NR'2, halo(CI-C6)alkyl,
SO2R', SO2NR'2, NR'SO2R', NR'C(0)R', NR'C(0)OR', NR'C(0)NR'2, OR' and NR'2, wherein each R' is
independently as defined above; and R4 is an indole group which is unsubstituted or substituted; or a
pharmaceutically acceptable salt thereof.  149 2. A compound according to claim 1 wherein the
thienopyrimidine is of formula (la): 0 (la) Ri N- ( C(R3)2)n.,   wherein R', R2 , R3, Wand m are as
defined in claim 1. 3. A compound according to claim 1 wherein the thienopyrimidine is of formula (lb):
0 (lb)    



wherein IR' ,, R3, Wand m are as defined in claim I.  4. A compound according to any one of the
preceding claims wherein R4 is an indole group which is unsubstituted or substituted by a group
selected from CN, halo, -C(0)NR2, halo(CIC6)alkyl, -SO2R, -SO2NR2, and a 5-membered heteroaryl
group containing 1, 2, 3 or 4 heteroatoms selected from 0, N and S, wherein R is H or Ci-C6 alkyl.  5.
A compound according to any one of claims 1-4, wherein the group of formula (11b) is selected from
the group consisting of:  (i)(ir)    150 6.A compound according to claim 1 which is selected from;
6-(2,7-Diaza-spiro[3.5Mon-2-ylmethyl)-2-(1 H-indo1-4-y1)-4-morpho1in-4-yl-thieno[3,2- d]pyrimidine;
6-(2,7-Diaza-spiro[3.5]non-2-ylmethyl)-2-(5-fluoro-1/Tindol-4-y1)-4-morpholin-4-yl-thienop,2-
d]pyrimidine; 6-(2,7-Diaza-spiro[3.5]nom2-ylmet1 yI)-2-(6-fluoro- Iodo1-4-y1)-4-rnorphol
in-4-yl-thieno[3,2-  pyrimidine;
6-(2,7-Diaza-spiro[3.5]non-7-ylmethyl)-2-(6-fluoro-IH-indol-4-y1)-4-morpholin-4-yl-thicno113,2-
dThyrimidine;
6-(2,8-Diaza-spiro[4.5]dee-8-yiniethyl)-2-(6-11uoro-111-indol-4-y1)-4-morpholin-4-yl-thieno[3,2- d]
pyrim id me; 6-(2,7-Diaza-spiro[4.4]non-2-ylmethyl)-2-(6-11uoro- 1
trindol-il-y1)-4-morpholin-4-yl-thieno[3,2- dlpyrimidine;  151
442-(5-Fluoro-1H-indo1-4-y1)-4-morpliolin-4-yl-thieno[3,24]psa m in-6-ylmethylk 1 -oxa-4,9-
diaza-spiro[5.5]undecane; 942-(5-Fluoro- H-i ndoI-4 -y1)-4-morphol n-4-yl-thi enoP,2-abyrimidin-6-y I
methylk 1 -oxa-4,9- diaza-s pi ro [5.5 Jundecane; 7-[2-(5-Fluoro-1H-indo1-4-y1)-4
-morpholin-4-yl-thieno[3,2-dThyrimidin-6-ylmethy11-2,7-diazaspiro[3.5]nonan-l-one; 



I 52 6-(1,8-Diaza-sp i ro[4.5]dee-8-y1 methyl)-2-(5-fluoro- 1ndo1-4-y1)-4-morpholin-4-yl-thieno[3,2- d]
pyri mi dine; 2-(5-F1uoro-1 indo1-4-y1)-6-(7-methy1-2,7-diaza-spi ro[3.5]non-2-ylmethyl)-4-morphol
n-4-ylthieno [3,2-olpyrimi din e; 1- {242-(5-Fluoro-1H-
indo1-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethyll-2,7- diaza-spiroP .511110n-7-y1}
-ethanone;  153
2-(5-Fluoro-1/1-indol-4-y1)-6-(7-methanesulionyl-2,7-diaza-spiro[3.5]non-2-ylmethyl)-4-
morpholin-4-yl-thieno[3,2-ci]pyritnidine;
2-12-(5-Fluoro-1H-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-dtpyrimidin-6-ylmethy11-2,7-diazaspiro[3.51
nonane-7-carboxylic acid dimethylamide;
2-[2-(5-Fluoro-11/-indol-4-y1)-4-morphotin-4-yl-thieno[3,2-dlpyrimidin-6-ylmethyl J.-2,7-d
lazaspiroP.51nonane-7-carboxylic acid methyl ester;
6-(6,9-Diaza-spiro[4.51dec-9-ylmethyl)-2-(5-fluoro-tH-indol-4-y1)-4-mo pholin-4-yl-thieno[3,2-
4pyrimidine; and  154
2-[2-(5-Fluoro-1//-indol-4-y1)-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-6-ylmethy11-2,7-diazaspiro[3.5]n
onane-7-carboxylic acid amide;  155 and the pharmaceutically acceptable salts thereof 7.A
pharmaceutical composition which comprises a pharmaceutically acceptable carrier or diluent and, as
an active ingredient, a compound as defined in any one of claims 1 to 6. 








