intematicnal patent applications WO 2004/072080 and WO 2004/072081 both
disclose various imidazopyrazines, which may be useful 2s modulators of HSPS0
complex or as modulators of a certain protein kinase. International patent
application WO $2/060482 also discloses various imidazopyrazines, which may
be useful as inhibitors of a certain protein Kinase (JAK kinases). Howsver, all of

these documents predominantly relate to imidazopyrazines that are unsubstituisd
at the 2-, 3- and 5-position.

infernational  patent application WO 2004/022582  disciosss  various
imidazopyrazines that may be useful 2s modulators of kinase activity, However,
this document predominantly relates to imidazopyrazines that are substituted at
the B-position with an amino group containing an aromatic ring andlor
imidazopyrazines that are unsubstituted at the 2-, 3-, and 4-position.

International patent application WO 02/062800 disciosss various campounds for
use a2s antagonists on a corlicotropin-releasing-factor receptor.  international
patent application WO 88/04298 aiso discloses ceratin compounds for use as
medicaments.  However, these documenis do not predominantly retate to
midazopyrazines substiiuted al the S-position with an aromatic group and/or

relate fo those imidazopyrazines unsubstituted at the 2-, 3-, and 4-posiion.



A

10

30

Summary

in a first aspect, there is provided a compound of formuia |,

R
|
}TJ%\F//N pz |
i "
N/
RS/L\\\;/
i, 3
R R

whearsir:

R’ represants:

(=)

NRER,

in which R" and R'® arz linked togsther to form, together with the nitrogen
atom to which they are necessarily attached, a2 >- o 7-mambered ring
optionally containing a further one or two hefarcatoms, opiionally
containing one or two double bonds, and which ring is optionalty

substiutad by ans or mors substituents selscted from =0 and B":

a hetsrocycioalkyl group {attached 1o the requisiie imidazopyrazine via a
carbon atom), optionally substituted by ons or more substiuents selectad

from =0 and B

s monocyclic heteroaryl group opfionally substituted by one or more

substituents selacted from B%

R? and R® independently represent:

(iy hydrogen;

i Qh

(i) Ciaz alkyl optionally substituted by one or more substituents sslectad from
=0, =8, =N(R"™) and Q% or

R? or R® may represent a fragment of formula IA,

4a
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mrapresents 0, 1,2, 3,4, 5 or 6;

each R represents hydrogen, halo or Cog alky! oplionally substituted by one or
more subsiituents salected from E'; or

the two R™ groups may linked together fo form {along with the raquisite carbon
atom to which those R'™® groups are necessarily attached) a 3- to &-membared
{spirg-cyciic) ring, which ring o.ptionaily contains ong or more double bonds, and
optionally contains a further hetercatom selacted from nitrogen, suifur and

oxygen, and which ring is optlionally substituied by ane or more substituents

selected from E%

R* and R® are linked together, along with the requisite nifrogen atom o which

they are necessarly attached, fo form a first 3- fo 7-membered cyclic group,

optionally containing one further hetercatom selected from nitrogen, sulfur and
axygen, and which ring:

{a) Is fused fo a second ring that is sither 2 3- to 7-membered saturated
neferocycioaikyl group containing one to four heieroatoms selected from
oxygen, suifur and nitrogen, a 3- fo 12-membered saturated carbocyciic
ring, or an unsaturated 5- 1o 12-membered carbocyslic or heterocyclic

ring:

{b) comprises a linker group -(C(R)2)- and/or -(C{RM)2)-0-(C(R™), )~ (wharein
pistor2risDort sisfor 1 and sach R independently represents
hydrogen or Ty alkyl), inking together any two nor-adiacent atoms of the

first 3- to 7T-membered ring (i.e. forming a bridged struciure); or

(c) comprises a second ring that is sither a2 3- fo 12-membered saturated
carbocyclic ring or a 3- to 7-membered saturated heterocycioalky! group
containing one to four heteroatoms selected from axygen and nitrogen,
and which second ring is finked together with the first ring via a single

carbon atom common fo both rings (i.e. forming a spiro-cycie)

4b
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all of which oyolic groups, defined by the linkage of R* and R®, are optionally

substuted by one or more substiuents sslected from =0 and B,

5 R repressnts hydrogen or a subsifuent selected from halo, -GN -OR™®,
NRPRT, CIOMNR™IR™, -C(OR'™, Cip alkyl and heterocycloalkyl, whict
iatter two groups ars optionally subsiiitted by ona or more subsiitusnts ssizcted

from E* and =0,

10 but whersin at least one of R, R® and R? repressnts a subsiiiuent other than
hydrogen,

RS 1 ppresants aryl or hetercaryt (Do“ih of which are opiionally substituted by one or
more substituenis selecied from & E%Y

i)
sach G and QF indepandently represents, on each occasion when used herair
halo, -CN, -NOz -NR™R™ -0 OR'™  C(=Y-R™  -CEY-OR™,
CEVNRDRTE OCEY-R™, -OCEY)- SOR'E L LOCEYINRTHRTE,
-0S{0),0R™, -OPEY)OR™OR'®), -OP(OR™)(OR™™), NERPC(EYIRT,

20 NERPCEYIOR™, NRPHCEYINRHRY, NR'Z5(0},R %
NRMS0LNR R B{ORNRR™ SCENR'™, -3{0),R™®, -8R,
SIORM™E oz alkyl, heterocycioalkyl (which latier two groups are opfionally
subsfituted by one or more substituents selectad from =0, =5, =N(R™) and E®),
aryl or heteroaryl {(which iatter two groups are opfionally substiiuted by one of

25 more substifuents selected from E');
each B! B2 and BY independently represent haio, -NOz, -CN, NRIERTE LORYE
C{=Y-R™ SC{EY-OR™, SCEYVINRTRT, NRZHCEYIRYE,
NER™C C=Y)OR™E, NRECEYINR R, NRIESIOL,R,

30 -NR™S{OLNRIR™, SORNRSRY™E SCEYVIR™, SSCEYIOR™®
_S(O),R™®, Gy alkyl, hetsrocycicalkyl (which latter two groups are optionalty
subsfituied by one or more subsiituents selected from =0 and EY), aryl or
neteroaryl (which latier two groups are optionally substituted by one or more
substituents selscied from E%

35
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of, any two B' substiiuents, when attachad to the same carbon atom (thersby

forming a spiro-cycle), may be linked foosther to form, a 3- to 12- memberad ring,

optionally containing one or more hetercatoms, which ring optionally cortaing one
or more double bonds, and which ring is itself optionally substituted by one or
maore substituants selected from halo, =0 and Ci; alky! optionally substituted by

ong or more fiuore atoms;

gach R'™ R'™ R'™ R'™ and R"™ independently represent. on sach occasion
when used herein, hydrogan, Ci.p alkyl, helerocycioalkyl (which latier two groups

are optionally subsiituied by one or more subsiituents selecied from =0, =

=N(R™) and E™), aryl or hstersaryl (which latter two groups ars optionally

substifuted by one or more subsiituenis selected from E™: or

any relsvant pair of R™, R™ and R™ and/or any pair of R™ and R" may be
inked 1ogsether to form a 3- fo 20-membered ring, optionally containing one or
more hstercatoms, oplionally containing onz or more unsaturations, and which
ring is optionally substituted by one or muore substituents selected from =0, =8,
=N(R* and E™;

each £°, B 2% % E° E% &' E° E° E'° " and E" independently represents,
on each occasion when ussd hersin:

M Q%

(il Ci.q2 alkyl oplicnally substituted by one or more substtuenis selected from =0
and Q° or

g =10 =1

- R s .
any two T', EF, EY, £% EF E°, BV E° E° £ E™ or E¥ groups may be linkac

3

together 1o form a 3- o 12-membered ring, oplionally containing one or more
unsaturations, and which ring is opfionally subsiiited by one or more
substituents setected from =0 and J":

sach O and Q° indepsndently represent, on each ocoasion when used herein:
halo, -CN,  =NO;  -NR®R¥  -OR*  CiEY-R®  .CEYRORZ,
SCEYINRPIRY, -OCEYRY, -OCEYY-ORY, -OCEYINRMRY, -05(0),0R%,
-OPEYORMHORT), -OPOR™M)ORY), -NRFICE=Y)R?, —N(R“‘2)C(=\’)OR“Z
NRPCEYINRZRY, -NRESORR®, -NR¥S[OpNRIRY, -S(0)NRPRY,

4d
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SC(=YIRY, -SIO)RT, -SR®, -S(O)R™, G, alkyl, heterocysivalkyl (which iatter
two groupe are oplionally substituted by one or more substituanis ssiscted from
=0 and J*), aryl or heteroaryl {which latter two groups are optionally substiiuted
by one or more subsiituents salecied from J%:

each Y indepandenily represents, on sach oscasion when used hersin, =0, =5,
=NR¥ or =N-CN,;

sach R, R* R® and R™ indspendently represent, on sach occasion when usad
herein, hydrogan, C.p alkyl, heterocycloalkyl {which latter wo groups are
optionally substifuted by one or more subsiituents seiected from J* and =0y}, ary!
or heteroary! (which iatter two groups are optionally substiiuted by one or mors

substiiuents selscted from J°); or

any rafevant pair of R, R” and R¥, may be linked fogather to form a 3- to 20~
membered ring, oplionally containing one or more hstercatoms, optionally
containing one or more unsaturations, and which ring is optionally substituted by

one or more subsiituents selected from J° and =0;

sach JU B P, 0 F and JF independently represents, on sach occasion when
used herain:

0

(i) Cqg alkyl or heterocycioalkyl, both of which are optionally substituied by one or
more substtuents selected from =0 and C%

each Q7 and Qf indepandently represants, or each occasion when usad hersin:
"CN, ha‘o, -N(RSD)RM, "ORSC, _C{:Ya}_RSG) —C{ZYQ}-OR%i "C{ﬁYa}N{R{)O)RM,
-N(REE)CFW}R“, NRFS(0,RY, -S(OLR®, -SR¥, -S(OR® ar C.s alkyl

opticnally subsiituted by one or more fluorc atoms;

sach Y? independently repressnts, on each occasion when usad herein, =0, =3,
=NR* or =N-CN;

be

PCT/GE20T0/060773



each R™ R™ R%™ and R® indspendently represents, on each occasion when
used hersin, hydrogen or Cse alky! optionally substituizd by ons or more
substituents selected from fiuoro, -OR® and ~N(R*HR or

any relevant pair of R”, R* and R¥ may be linked fogsther to form, & 3 io 8-
mambered ring, optionally containing one or more hetsroatoms, optionally
conizining onge or more unsaturations, and which ring is optionally subsfituted by

ons or more substituents sslectad from =0 and G,z alkyi;

R¥, R¥ and R¥ independently represent hydrogsr or C.p alkyl optionally

substifutad by ong or more fiuoro atoms;

or a pharmaceutically acceptable estar, amide, solvaie or salt thereof.

In a second aspect, there is provided a compound of formuta | as defined above, or &

pharmaceutically acceptable esier, amide, solvate or salt thereof, for use as a pharmaceutical,

in a third aspect, there Is provided a pharmaceutical formulation inciuding & compound of
formula |, as defined above, or a pharmaceutically acceptable esfer, amide, solvate or salt

thereof, in admibdure with a pharmaceutically acceptable adiuvant, diluent or carrier.

in a fourth aspect, there is provided a compound, as defined above, or a pharmaceutically
acceptable ester, amide, solvate or salt thereof, for use in the treatment of a disease in which
inhibifion of a PI3-K and/or mTOR is desired andior required, wherein the disease is selected
from the group consisting of cancer, & cardiovascular disease, a viral infaction, inflammation, an
obstructive airways disease, an aliergic disease, an inflammatory disease, immunosuppression,
benign prostate hyperplasia, famiilal adenomatosis, polyposis, neuro-fibromatosis, psoriasis, a
bone disorder, atherosclerosis, vascular smooth cell proliferation associated with
atherosclerosis, pulmonary Tfibrosis, arthritis glomerulonephritis and post-surgical siencsis,
restenosis, stroke, diabeles, hepatomegaly, Alzheimers disease, cystic fibrosis, an
immunodeficiency disorder, a destruciive bone disorder, an infeclious disaase, thrombin-

inducad piatelet aggregation, chronic mysiogenous leukaamia or liver disease.

tn z fifth aspect, there is provided the use of a compound of formula |, as defined above, or a
pharmaceutically accepiable ester, amide, solvate or salt thereof, for the manufacture of g
medicament for the ireatmeant of & disease in which inhibition of a Pi3-K and/or mTOR is desired
and/or reguired, wherein the dissase is selected from the group consisting of cancer, a
cardiovascular disease, a viral infection, inflammation, an obstructive airway disease, an aliergic
disease, an inflammalory disease, immunosuppression, benign prosiate hyperplasia, familial
adenomalosis, polypesis, neuro-fibromatosis, psoriasis, a bone disorder, atherosclercsis,
vascular smooth cell proliferation associated with atherosclerosis, puimonary fibrosis, arthritis
glomeruionaphritis a_nd post-surgical stenosis, restenosis, stroke, diabstes, hepatomegaly,

Alzheimer's disease, cystic fibrosis, an immunodeficiency disorder, a destruciive bone disorder,
4F



an infectious disease, thrombin-induced plateiet aggregation, chronic myeioganous leukaemia
or liver disease.

in a sixth aspect, there is provided a combination product comprising: (A) a compound of
formula | as defined above, or a pharmaceutically-acceptable ester, amide, solvate or salt
thereof; and (B) another therapeutic agent that is useful in the treatment of cancer andor a
- profiferative disease, wherein each of components (A} and (B) is formulated in admixture with a

pharmaceutically-acceptable adjuvant, diluent or carrier.

in a seventh aspect, there is provided a process for the preparation of a compound of formula !
as defined above, which process comprises: (i) reaction of a compound of formuia |, which

comprises reaction of a compound of formuiz IB,

1

R

i

|
K
*/\(N\/?i
L \
ok

wherein L represents a suitable lsaving group, and R', R?, R® and R are as defined above,

with a compound of formulza 1C,
RE.L2 1C

wherein L? represents a suitable group, and R® is as defined above;

(i) reaction of a compound of formula 1D,

LS

N)\l4
N

g D
2
Vau |

R R’

N

wherein L° represents a sultable Isaving group, and R*, R®, R* and R® are as defined above,

with a compound of formula I,



RILA IE

wherein L* represents a suitable leaving group, and R’ is as defined above; (iii} reaction of a

compound of formutla IF,

R

NH,
N)w/ 2 e

o AN
Lt

Rd
wherein R' and R* are as defined above, and L' is as defined above, with a compound of

formula 1G,
RZ-C(O)-C(RAH-LE 1G

wherein L® represents a suitable leaving group, and R* and R® are as defined above, foliowed

by reaction with a compound of formula IC as defined above;

{iv) reaction of a compound of formula IF as defined above but in which L is replaced with a R®

group {and R® is as defined above), with & compound of formula IH,

RICHYLS-C(H)LE-R? i

wherein L% and L® indspendently represent a suitabie leaving group, and each R® is as dsfined

above;

(v} for compounds of formuia | in which R or R® represents bromo, iodo or chioro, reaction of a
corresponding compound of formula |, in which R® or R (as appropriate) represents hydrogen,

with a reagent that is a source of halide ions;

(viy for compounds of formula | in which R® or R* represents a substituent other that hydrogen,

or halo {&.g. bromo, iodo or chloro}, reaction of a corresponding compound of formuia {, in which

R® or R* (as appropriate} represents bromo, chioro or icde, with a compound of formula 14,
R¥L7 J

wherein R¥ represents R? or R* {as appropriate), and L’ represents a suitable ieaving group.

4h



In an eighth aspect, there is provided a process for the preparation of a pharmaceutical

formutation as defined above, which process comprises bringing info association a compound of

formula 1, as defined above, or a pharmaceuiically accepiabie ester, amide, solvate or salt

thereof with a pharmaceutically-acceptable adjuvant, dituent or carrier.

in 2 ninth aspect, there is provided a process for the preparation of a combination product as

defined above, which process comprises bringing into association 2 compound of formula |, as

defined above, or a pharmaceutically acceptable ester, amide, solvate or salt thereof with the

other therapautic agent that is useful in the treatment of cancer and/or a proliferaiive dissase,

and at isast one pharmaceutically-acceptable adiuvant, diluent or carrier.

Discliosure of the Invention

According o the invention, thers is provided a compound of formula [,

H

R
1

N
] RZ
1 L
Rs/\\/l\
| \
Loox
wherein:
R* represants:
(8) -NR®RY,
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