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Isoindolin-1-one derivatives

The present invention relates to a series of isoindolin-1-one derivatives which find
particular utility in the treatment of cancer.

Under conditions of stress such as hypoxia and DNA damage it is known the cellular
level of the protein p53 increases. P53 is knoWn to initiate transcription of a number
of genes which govern progression through the cell cycle, the initiation of DNA repair
and programmed cell death'?. Thus, p53 is a tumour suppressor.

The activity of p53 is tightly regulated by the MDM2 protein, the transcription of
which is itself regulated by p53. P53 is inactivated when it becomes bound to the p53
transactivation domain of the MDM2 protein. Once inaétivated the activities of pS53
are repressed and the p5S3-MDM2 complex becomes a target for ubiquitylation.

In normal cells the balance between active p53 and inactive MDM2-bound pS3 is
maintained in an autoregulatory negative feed back loop™*. That is to say that p53 can
activate MDM2 expression, which in turn leads to the repression of p53.

It has been found that inactivation of p53 by mutation is common in around half of all
tumours. Furthermore, in around 7% of tumours, over expression of MDM?2 results in
the loss of functional p53, thereby allowing malignant transformation and
uncontrolled tumour growth®.

X-ray crystal studies of the MDM2-p53 complex hav;a been conducted and have
revealed a hydrophobic pocket on the surface of MDM?2 into which the side chains of
Phe 19, Trp 23 and Leu 26 on p53 bind®. Therefore, inhibition of the MDM2-p53
binding interaction is an attractive target for researchers developing treatments for
cancer as‘a means of restoring normal p53 activity in cells overexpressing MDM2 and

thereby exerting an anti-tumour effect’.
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A number of inhibitors of the MDM2-p53 interaction have been discovered including
peptide inhibitors, the natural product chlorofusion, and small molecules such as the
imidazolines described in WO 03/051359%!".

The present invention describes a novel series of compounds which inhibit the
MDM2-p53 interaction and which have exciting in vitro activity.

According to a first aspect of the present invention there is provided a compound of

formula |

or a prodrug and/or pharmaceutically acceptable salt thereof, wherein

X is selected from O, N or S;

R is selected from hydrogen, halo, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted hydroxyalkyl, substituted or unsubstituted
alkylamine, alkoxy, substituted or unsubstituted aryl or heteroaryl, and
substituted or unsubstituted aralkyl or heteroaralkyl;

R’ is selected from hydrogen, halo, hydroxy, substituted or unsubstituted alkyl,
substituted or unsubstituted hydroxyalkyl substituted or unsubstituted
alkylamine, alkoxy, substituted or unsubstituted aryl or heteroaryl, and
substituted or unsubstituted aralkyl or heteroalkyl;

R’ is selected from hydrogen, halo, hydroxy, substituted or unsubstituted alloy

substituted or unsubstituted hydroxyalkyl, substituted or unsubstituted
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alkylamine alkoxy, substituted or unsubstituted aryl or heteroaryl, and

substituted or unsubstituted aralkyl or heteroalkyl; and
R*-R’, is used to represent groups R*, R®, R® and R” which are independently selected
from H, OH, alkyl, alkoxy, alkylamine, hydroxyalkyl, halo, CF;, NH,, NO,, COOH,
C=0.
Advantageously, the compounds of the present invention have been shown to be good
inhibitors of the formation of the MDM2-p53 complex.
The term “halo” is used herein to denote a halogen atom which is selected from
fluorine, chlorine, bromine or iodine.
The term “alkyl” is used herein to denote a lower alkyl group i.e a cyclic, branched or
straight chain hydrocarbon having one to eight carbon atoms.
The term “aryl” is used herein to denote a carbocyclic group or structure having at
least one aromatic ring. The said ring may form part of a multiple condensed ring
structure, for example phenyl, naphthalene, anthracene.
The term “aralkyl” is used herein to denote an alkyl, as hereinbefore defined, in which
there is an aryl group, as hereinbefore defined, for example benzyl.
The term “heteroaryl” is used herein the denote an aryl group, as hereinbefore defined
in which said group comprises at least one heteroatom, selected from, for example N,
O or S, in said at least one aromatic ring. Suitable examples include, but are not
limited to pyrindine, pyrrole, furan,thiophene and imidazole.
The term “heteroaralkyl” is used herein to denote an aralkyl substituents, as
hereinbefore defined, in which said at least one aromatic ring comprises at least one
heteroatom selected from, for example N, O or S. Suitable examples include, but are

not limited to methyl pyrindine and methylfuran.
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The term “substituted alkyl” is used herein to denote an alkyl substituents, as
hereinbefore defined, which is substituted with one or more functional groups.
Suitable examples include, but are not limited to, propanoic acid, butanal and
butanone, phenyl amino ethane and ethane sulfonic acid.

The term ‘‘substituted aryl” is used herein to denote an aryl substiruent,A as
hereinbefore defined, which is substituted with one or more functional groups.
Suitable examples include, but are not limited to, benzoic acid and nitrobenzene.

The term “substituted heteroaryl” is used herein to denote a heteroaryl substituent, as
hereinbefore defined, which is substituted with one or more functional groups.

The term “substituted aralkyl” is used herein to denote an aralkyl substituents, as
hereinbefore defined, which is substituted with one or more functional groups.

The term ‘“substituted heteroaralkyl” is used herein to denote a heteroaralkyl
substituent, as hereinbefore defined, which is substituted with one or more functional
groups. |

The term “alkoxy” is used herein to denote an alkyl group, as hereinbefore defined,
which is linked to a second chemical structure, which may be any of the foregoing, by
way of an oxygen atom. The carbon chain of the alkyl group may be substituted with
one or more functional groups to provide a “substituted alkoxy”. Suitable examples
include, but are not limited to, ethoxy, methoxy and propoxy.

The term “alkylamine” is used herein to denote an alkyl group, as hereinbefore
defined, cbmprising at least one amine function. The carbon chain of the alkyl group
may be substituted with one or more functional groups. The amine function may be

primary, secondary or tertiary. Suitable examples include, but are not limited to, ethyl
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amine and diethyl amine. The amine function may form part of a cyclic or
heroaromatic structure or another functionality for example amide.

As referred to herein suitable functional groups include, but are not limited to, any of
the following which may be used alone or in combination: hydroxyl, hydroxyalkyl,
acyl, acetamide, carboxyl, cyano, carboxamide (carbamoyl), sulfonamide, sulfone,
sulfoxide, amino, alkoxy or silico ligand.

Compounds of particular interest are those in which R' is a substituted or
unsubstituted alkyl group or a substituted or unsubstituted aryl group; R? is
hydroxyalkyl, a substituted or unsubstituted heteroaralkyl group; R? is substituted or
unsubstituted aryl group; and R*, R® and R° are hydrogen atoms.

Preferably, R' is an alkyl group comprising 1 to 4 carbon atoms, a phenyl group or an
alkyl group substituted with an acetamide functional group.

Preferably, R? is an aryl group having one or more functional groups, said functional
groups being independently selected from alkoxy, hydroxyl and alkyl, hydroxyalkyl,
or a heteroaralkyl group.

Most preferably, the alkoxy group is methoxy, the alkyl group is ‘butyl, the
hydroxyalkyl group is ethyl alcohol, and the heteroaralkyl group comprises a pyridine
moiety.

Preferably, R’ is a substituted or unsubstituted aryl group. Most preferably R? is
selected from phenyl, 4-chloropheny! or silylethoxymethoxyphenyl.

It will be understood that where reference is made in this specification to compounds
of formula I such reference should be construed as extending also to their
pharmaceutically acceptable salts and to other pharmaceutically acceptable bio

precursors (prodrug forms) where relevant. The term “prodrug” is used in the present
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specification to denote modified forms or derivatives of a pharmacologically active
compound which biodegrade or are modified in vivo so as to become converted into
said active compound after administration, especially intravenous administration, in
the course of therapeutic treatment of a mammal. Such prodrugs are commonly
chosen because of an enhanced solubility of aqueous media which helps to overcome
formulation problems, and also in some cases to give a relatively slow or controlled
release of the active agent.

It should also be understood that where any of the compounds referred to can exist in
more than one enantiomeric and/or diastereomeric form, all such forms, mixtures
thereof, and their preparation and uses are within the scope of the invention. It should
be noted, however, that stereo chemical considerations are likely to be important and
there may be considerable selectivity such that different enantiomers or
diastereoisomers have significantly different inhibitory activity.

In some compounds, one or more of R* to R’ is H with two of the remaining R groups
linked so as to form a 5 to 7 membered ring structure. The ring structure is preferably
saturated and may comprise at least one heteroatom selected from N, O or S.
Examples of compounds which are at present of especial interest or preferred for use

in carrying out the invention comprise the following:
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Number | Compound Descriptions Structure IC,, (OM)
3-(3-hydoxy-propoxy)-3-phenyl-2-

NUB033 | 1 opyl-2,3-dihydro-1H-isoindolin-1- o
" oyl

d > 500uM
‘ N/v
o)
2-benzyl-3-(3-hydroxy-propoxy)-3-

NUB034 | enyl-2,3-dihydro-1H-isoindolin-1- OH

one
O 245 £11
O
e
(¢}
4-"butyl-N-[(2-propyl-3-0xo-1-(4-

NU8104 silylethoxymethoxyphenyl)-2,3- 'Ba
dihydro-1H-isoindolin-1- ‘
yl)oxy]benzamide OSEM

&% 3
(0] (¢)
O QNI
0]
2-benzyl-3-(4-butylbenzyloxy)-3-

NU8LI3 phenyl-2,3-dihydro-isoindolin-1-one Q ,

Bu
0\/©/ 92i 11
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2-benzyl-3-phenyl-3-(2-pyridin-2-yl-
NU8133 ethoxy]-2,3-dihydro-isoindolin-1-one F
N
& 2065 130
o]
ge;
O
2-benzyl-3-(4-chlorophenyl)-3-(2-
NU8170 pyridin-2-yl-ethoxy)-2,3- =
dihydroisoindolin-1-one |
C N
Q 262+42
(s}
g
(o)
N-[2-Cyclohexylmethyl-1-(4-
NU8200 isobutoxy-phenyl)-3-oxo0-2,3-dihydro- 7
1H-isoindolin-1-yl]-benzamide
496.64 /U
H3N,0
Cs:H36N203 - 123 + 30
05
c’\/<
N-[2-cyclohexylmethyl  1-(4-ethoxy-
NU8201 phenyl)- 3-0x0-2,3-dihydro-1H- o
isoindolin-1-yl]-benzamide
468.59 O N
CyoH3N, 04 < > N 209 + 28
o ")
g
N-[2-cylohexylmethyl-1-(4-
NU8202 methylsulfanyl-phenyl)-3-0x0-2,3- o
dihydro-1H-isoindolin-1-yl]-
benzamide O N
470.63 @TN 82+16
Cy9H3oN,0,S S H Q
S
/
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NU8203

N-[2-(2-Benzyl-3-oxo-1-phenyl-2,3-
dihydro-1H-isoindolin-1-yloxy)-ethyl]-
2,4-dihydroxy-benzamide

494.54

Ci0H36N205

96 =30

NU8204

2-Benzyl-3-phenyl-3-(2-phenylamino-
ethoxy)-2,3-dihydro-isoindolin-1-one
434.53

Ca9Hj6N,0,

° 116 £20

NUS8205

2-Benzyl-3-(4-hydroxy-3,5-dimethoxy-
benzyloxy)-3-phenyl-2,3-dihydro-
isoindolin-1-one

481.54

C30H7NOs

17.9+£0.3

NU8206

2-(2-Hydroxy-ethyl)-3-phenyl-3-
propoxy-2,3-dihydro-isoindolin-1-one
311.37

CisH21NOs

>500

NU8207

5-(2-Benzyl-3-oxo-1-phenyl-2,3-

"dihydro-1H-isoindolin-1-

yloxymethyl)-
furan-2-carbaldehyde
423.26

C,;HNO,

97 £ 30

NU8208

2-Benzyl-3-(3-hydroxy-benzyloxy)-3-
phenyl-2,3-dihydro-isoindolin-1-one
421.29

CysH3NO;

58+ 14

NU8209

3-(4-Methyl-3,5-dinitro-benzyloxy)-2-
propyl-3-[4-(2-trimethylsilanyl-
ethoxymethoxy)-phenyl]-
2,3-dihydro-isoindolin-1-one

607.73

C3|H37N3088i

ON NO,
2 )C( o 103 + 44
o £
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NU8210 Sodium; 2-(2-benzyl-3-ox0-1-phenyl-
2,3-dihydro-1H-isoindolin-1-yloxy)- Q
ethanesulfonate _\—0 345 + 55
445.46 O "

Cz}HzoNNﬂOsS
o)

NU8211 2-Benzyl-3-phenyl-3-(2-piperazin-1-yl-
ethoxy)-2,3-dihydro-isoindolin-1-one
427.54
Ca7HzN30, S 31572

Ph
N7/
Ph
Q
2-Benzyl-3-(2-butyl-3H-imidazol-4-

NU8212 | | imethoxy)-3-phenyl-2,3-dihydro- ¥
isoindolin-1-one /\/\g 7 o
451.23 Ph 78 £ 16
CysHN30, N_\Ph

Q

NUS213 N-{2-[1-(4-tert-Butyl-benzyloxy)-3-

"~ | oxo-1-phenyl-1,3-dihydro-isoindolin- ’}/O/\O 0}—
2-yl]-ethyl}-acetamide Ph —NH 144+0.3
456.58 @:EN
CH3,N, 04 \
3-(4-tert-Butyl-benzyloxy)-2-[2-(3H- -

NUS214 imidazol-4-yl)-ethyl]-3-phenyl-2,3- %@AO
dihydro-isoindolin-1-one ph /,"“ 214 £56
465.24 (:Q'N N
C30H3N,03 %
2-Benzyl-3-(4-hydroxy-benzyloxy)-3-

NU8215 phenyl-2,3-dihydro-isoindolin-1-one /@/\

421.29 HO Oph 79+11
CaHy3NO; N—
Ph
(0]
2-Methyl-acrylic acid 2-[1-(2-hydroxy-

NU8216 1-hydroxymethyl-2-phenyl- Ph
ethylamino)-3-oxo-1-phenyl-1,3- HO\/Z/ o
dihydro-isoindolin-2-yl]-ethyl ester NH >—< 103 +43
486.56 Ph —0
C29H30N205 N

o)
2-(4,4-Dimethoxy-butyl)-3-phenyl-3-

NUg217 propoxy-2,3-dihydro-isoindolin-1-one
383.48
CysHysNO, , 70%6

»/\/\r ~
o O
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3-[2-Hydroxy-2-(4-methoxyphenyl)-

ethoxy]-2-(3-hydroxypropyl)-3-phenyl- | n,co @_{JH
o}

NU8218

2,3-dihydroisoindolin-1-one
433.50
Ca6H7NO;

326 £ 64

NU8219 2-Furan-2-ylmethyl-3-[2-hydroxy-2-(4-

methoxyphenyl)-ethoxy]-3-phenyl-2,3- | n.co or Q
dihydroisoindolin-1-one Q 181 + 46
455.50 0
Cy3H3sNOs w

cl

2-Benzyl-3-(4-tert-butylbenzyloxy)-3-
(4-chlorophenyl)-2,3-

dihydroisoindolin-1-one %/@/\0 Q
496.04 918
L
P
0

NU8220

C;3,H;3CINO;

3-(4-tert-Butylbenzyloxy)-3-(4-
chlorophenyl)-2-propyl-2,3-
dihydroisoindolin-1-one

448.00 Cl

C3H3CINO, O ' 187 + 38
(0]
AN
(0]

NU8221

3-(4-Chlorophenyl)-3-(3-

hydroxypropoxy)-2-propyl-2,3- . HO

dihydroisoindolin-1-one \ Cl

359.85 0 O
o~

NU8222

16.4+1.6
C0H»CINO;

3-(4-tert-Butylbenzyloxy)-3-phenyl-2-

NU8223 propyl-2,3-dihydroisoindolin-1-one
413.55
CygH3INO;
: > 500
o

3-Phenyl-2-propyl-3-(2-pyridin-2-yl-
ethoxy)-2,3-dihydroisoindolin-1-one J "d

372.46 —_
CyH4N,0, Q ‘ 100 + 14

NU8224
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NU8225

3-(4-Hydroxy-3,5-
dimethoxybenzyloxy)-3-phenyl-2-
propyl-2,3-dihydroisoindolin-1-one
433.50

Ca6H7NOs

82+8

NU8226

2-Benzyl-3-(4-methoxybenzyloxy)-3-
phenyl-2,3-dihydroisoindolin-1-one
435.51

CaoH2sNO3

456 + 44

NU8227

N-{2-[1-(4-Chlorophenyl)-1-(4-
hydroxy-3,5-dimethoxybenzyloxy)-3-
oxo-1,3-dihydro-isoindolin-2-yl]-
ethyl}acetamide

510.97

Cy7H2;CIN,Og

76 4

NU8228

N-{2-[1-(4-tert-Butyl-benzyloxy)-1-(4-
chlorophenyl)-3-oxo-1,3-dihydro-
isoindolin-2-yl]-ethyl}-acetamide
491.02

C1:H3CIN, Oy

&

§4
o

91404

NU8229

3-(4-Chloro-phenyl)-2-propyl-3-(2-
pyridin-2-yl-ethoxy)-2,3-dihydro-
isoindolin-1-one

406.90

C24H23CIN,O;

AN
4

56.8+5.5

NU8230

2-Benzyl-3-(4-chloro-phenyl)-3-(4-
hydroxy-3,5-dimethoxy-benzyloxy)-
2,3-dihydro-isoindolin-1-one

515.98

C30H26CINO;

41.6£7.8

NUS8232

3-(4-Allyloxy-3,5-
dimethoxybenzyloxy)-3-(4-
chlorophenyl)-2-propyl-2,3-
dihydroisoindolin-1-one
508.00

Ca9H3,CINOs

264 + 38
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NU8233

3-(4-tert-Butylbenzyloxy)-2-propyl-3-
[4-(2-trimethylsilanylethoxymethoxy)-
phenyl]-2,3-dihydroisoindolin-1-one
559.81

C34H4sNO,4Si

O,
LS

Q

! OSEM
-

464 + 31

NU8234

3-(3-Hydroxy-propoxy)-2-propyl-3-[4-
(2-trimethylsilanyl-ethoxymethoxy)-
phenyl]-2,3-dihydro-isoindolin-1-one
471.66

C,¢H37NOsSi

HO
L\_o

00

N—\——

OSEM ‘
476 £ 24

NU8235

2-Propyl-3-(2-pyridin-2-yl-ethoxy)-3-
[4-(2-trimethylsilanyl-ethoxymethoxy)-
phenyl]-2,3-dihydro-isoindolin-1-one
518.2

C30H3sN,04Si

— Q

e
g

OSEM

312 £22

NU8236

3-(4-Hydroxy-3,5-
dimethoxybenzyloxy)-2-propyl-3-[4-
(-
trimethylsilanylethoxymethoxy)phenyl
]-2,3-dihydroisoindolin-1-one

579.76

C32H3 ]NO7S]

118+ 24

NU8237

3-Benzyloxy-3-(4-chlorophenyl)-2-
propyl-2,3-dihydroisoindolin-1-one
391.89

CHx,CINO,

409 + 43

NU8238

2-Benzyl-3-(4-hydroxy-3,5-
dimethoxybenzyloxy)-3-[4-(2-
trimethylsilanylethoxymethoxy)phenyl
]-2,3-dihydroisoindolin-1-one

627.80 :
C36H4|NO7Si

257+ 34

NU8239

2-Benzyl-3-hydroxy-3-[4-(2-
trimethylsilanylethoxymethoxy)phenyl
]-2,3-dihydroisoindolin-1-one

461.62

C27H3 1NOASI

366 + 61
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3-(4-chlorophenyl)-3-(4-
NU8240 allyloxybenzyl)-2-propyl- 2,3- j\
dihydroisoindolin-1-one <
447.95
C27H26CINO; 304 + 42
3-(4-chlorophenyl)-3-(3-allyloxy-4-
NU8241 methoxy-benzyloxy)-2-propyl-2,3- H’f
dihydroisoindolin-1-one CHy
477.97 : 0
CasHsCINO,
a 835
e
O T\,
3-(4-chlorophenyl)-3-(4-allyloxy-3-
NUB242 methoxy-benzyloxy)-2-propyl-2,3- H’°§\\
dihydroisoindolin-1-one o ™
477.97
ngHnglNOa : o 272 +5
)
.
3-(4-Chlorophenyl)-3-(4-hydroxy-3,5-
NUB245 dimethoxybenzyloxy)-2-prop-2-ynyl- HO  OMe
2,3-dihydroisoindolin-1-one MGO_Q .
463.9 ! 2324
CaeH2,CINOs ° O '
N
C \
3-(4-Chloro-phenyl)-2-
NU8265 cyclopropylmethyl-3-hydroxy-2,3- Cl
dihydro-isoindol-1-one Q
313.77 HO >20
CisHsCINO,
O N‘\>
Q
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Particularly, preferred examples of compounds for use in carrying out the invention

and which have been found to have particularly potent activity comprise the

following:

Number

Compound Descriptions

Structure

ELISA
I1Cso (OM)

NU8165

2-benzyl-3-(4-chlorophenyl)-3-
(3-hydroxy-propoxy)-2,3-
dihydroisoindolin-1-one

159+0.8

NU8231

3-(4-Chloro-phenyl)-3-(4-
hydroxy-3,5-dimethoxy-
benzyloxy)-2-propyl-2,3-
dihydro-isoindolin-1-one
467.94

C26H36CINOs

5.3+0.9

NU8243

3-(4-chlorophenyl)-3-(4-
hydroxy-benzyl)-2-propyl-2,3-
dihydroisoindolin-1-one
407.88

C,4H,,CINO;

7.7+£03

NU8244

3-(4-chlorophenyl)-3-(3-
hydroxy-4-methoxy
benzyloxy)-2-propyl-2,3-
dihydroisoindolin-1-one
437.91

CysH4CINO,

9519
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2-Benzyl-3-(4-chlorophenyl)-
NU8249 3-(3-hydroxycyclopentyloxy)- Cl
2,3-dihydroisoindolin-1-one o
HO
3%1
N
\Re!
3-(4-Chlorophenyl)-3-(3- :
NU8253 hydroxy-cyclopentyloxy)-2- H
propyl-2,3-dihydro-isoindolin- Cl
1-one 0 O 30407
‘ SN
0
3-(4-Chlorophenyl)-3-(3-
NU8257 hydroxy-cyclopentyloxy)-2- H a
phenethyl-2,3- o O
dihydroisoindolin-1-one 3517
447.95 , O N
C7H,6CINO; S \_O
SK149
NU8260 | 3_(4.Chloro-phenyl)-3-hydroxy- cl
2-(4-nitro-benzyl)-2,3-dihydro- HO O
isoindol-1-one
394.8 - +
CarHisCIN,O, O N 670nM % 150
o
' NO,
3-(4-Chloro-phenyl)-3-(3-
NU8261 hydroxy-cyclopentyloxy)-2-(4- HQ
nitro-benzyl)-2,3-dihydro- C\ cl
isoindolin-1-one 0 O
478.9 700 £ 160
Cy6H,;CIN,O5 O N nM
5 O
NO,
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2-(4-chlorobenzyl)-3-(4-
NU8274 chlorophenyl)-3-(3- Hi
hydroxycyclopentyloxy)-2,3- cl
dihydroisoindolinin-1-one e} O
O 24£07
e
Cl
3-(4-fluorophenyl)-3-(3-
NU8279 hydroxycyclopentyloxy)-2- H
propyl-2,3-dihydrisoindolinin- F
1-one e} O
) >20
L~
o)
3-(4-chlorophenyl)-2-
NU8280 (cyclopropylmethyl)-3-(3- HO
hydroxycyclopentyloxy)-2,3- Cl
dihydroisoindolinin-1-one 0 ‘
154+£23
song
0)

Studies of the p53 binding pocket on the MDM2 protein guided the nature of the
molecules synthesised. Thus the present invention provides small molecule inhibitors
of MDM2-p53 interaction based on an isoindolinone scaffold. Preliminary screening
studies, using an in vitro MDM2-p53 binding assay identified compounds NU8001,
NUB8006 and NU8009 as modest inhibitors of MDM2-p53 interaction having an ICs
of around 200 uM (ICs is the concentration of a particular compound required to
inhibit 50% of a specific measured activity, in this case inhibition of the MDM2-p53

interaction).
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2-benzyl-3-phenyl-3-propoxy isoindolin-1-one (NU8001)

2-benzyl-3-pheny-3-(propylamino)isoindolin-1-one (NU8006)

2-propyl-3-phenyl-3-propoxy isoindolinin-1-one (NU8009)

These compounds also displayed growth inhibitory activi‘ty in the NCI 60 cell line
screen, and importantly were rated COMPARE negative with respect to any known
classes of antitumour agents. The studies carriéd out fully support the theory that
MDM2 - p53 interaction inhibitory characteristics of compounds tested reflect an

ability of these characteristics to act as effective antitumour drugs.
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The inhibitory efficacies of the compounds of the present invention have been
determined using the ELISA assay which for the avoidance of doubt is described

below.

ELISA assay

Streptavidin-coated 96-well plates are used to immobilise a biotin-tagged IP3
p53-derived peptide (MPRFMDYWEGLN). This is a peptide analogue derived from
the p53 binding site for MDM2 (QETFSDLWKLLP). IP3 has a higher affinity for
MDM?2 than the native peptide and has been used elsewhere to identify antagonists of
the binding between MDM2 and p53 (Stoll et a/ 2001). Aliquots of MDM2 generated
by in vitro translation are pre-incubated for 20 minutes at room temperature
(i.e. 20-25°C) with test compounds and controls, before transfer into the IP3-coated
96-well plates. Following a further incubation period of 90 minutes at 4°C, the plates
are washed to remove unbound MDM?2 and the residual bound MDM2 is detected
using a primary monoclonal antibody (MDM2 Ab-1, clone IF2, Oncogene Research
Products) and HRP-conjugated secondary antibody (Goat anti-mouse, Dako P0O447).
The HRP (horseradish peroxidase) is measured by a chemiluminescence reaction
using standard reagents (Amersham Pharmacia ™ RPN 2106) and an automatic
injection 96-well plate illuminometer (EG & G Berthold Microplate LB 96V).

For validation and subsequently as positive controls, IP3 & AP peptides are used,
together with the isoindolin-1-one lead compound that at the time shows the highest
degree of antagonistic activity. Compound NUS8231 is currently included as a
standard “lead compound” positive control. AP is an octomer synthetic peptide that

inhibits the p5S3-MDM2 interaction with high potency (ICsp = 5.0nM) and has been
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repoﬁed to stimulate pS3 and downstream apoptotic pathways in intact tumour cell
lines (Chene et al 2000). The AP peptide is included as a positive control for
biological evaluation of the isoindolinones in the cell free binding assays.

All compounds are dissolved in DMSO and tested at three standard concentrations
(initially 20 uM, 100 uM and 500 pM) in the presence of a fixed final concentration
of 5% DMSO. The percentage inhibition of complex formation is expressed relative
to a DMSO oﬁly control and an ICs, defined as the concentration required for 50%
inhibition of MDM2-p53 complex formation, determined by interpolation.

The ELISA assay shows a standard error for n=3 independent ICs, determinations that
is typically 10-15% of the mean value. Thus, the variation in the ICsy determination
for an individual compound is much smaller than the range of values for the

compounds evaluated thus far is (26.7> 500 uM).

Proposed Whole Cell

Compounds showing evidence of interference with p53-MDM2 binding in cell-free
assays will be tested in intact cell systems for activation of p53 transcriptional
function, growth inhibition and cytotoxicity. These tests will be carried out on cells
of established p53 and MDM2 status. Cells will be challenged either with the
compounds alone or in combination with a DNA damaging agent.

Functional endpoints for p53 activity will include a luciferase based reporter gene
assay and transactivation of endogenous p53-regulated genes (WAF1 and MDM2)
assayed by Western blotting and immunocytochemistry. Where appropriate, further

characterisation of the cellular response to compounds of interest will include cell
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cycle checkpoint arrest measured by flow cytometry, and immunoprecipitation of

p53-MDM2 complexes from intact cells.

Western blot method

Osteosarcoma cell line SJSA-1 was plated out in 55mm dishes at a density of 2.5x10°
cells in 3 mL of RPMI 1640 medium (Sigma) supplemented with 10% foetal bovine
serum (FBS, Gibco), 1% (v/v) HEPES (Gibco), 1% (v/v) sodium pyruvate (Gibco) and
1.25g/500ml glucose (Sigma) for 48 hours in a 37°C humidified incubator (Sanyo,
MCO 20AIC) at a CO; concentration of 5%.

The dishes were treated with NU8231 at a final concentration of 5, 10, and 20uM (at
1% DMSO) together with a 1% DMSO and an untreated control sample for 6 hours.
The medium was then aspirated and the dishes were washed with 3 mL of cold PBS.
The cells were then lysed in 40pL of Sodium Dodecyl Sulphate (SDS, Sigma) lysis
buffer, boiled at 100°C for 10 minutes before sonication for 3 x 5 seconds at 20
microns (Soniprep 150, MSE).

The protein concentration for each of the samples was then determined using BCA
Protein Assay Kit (Pierce), and 1:1 loading buffer consisting of B-mercaptoethanol
(Sigma) and 0.5% bromophonol-blue (Sigma) were added to 40pg of protein and
made up to a final volume of 30pL and boiled for 5 minutes at 100°C

The samples were then loaded onto a precast 4-20% gradient polyacrylamide Tris-
Glycine gels (15 wells, 1.5 mm thickness, Invitrogen Life Technologies), along with a
pre-stained marker protein (SeeBlue, Invitrogen). The Gels were processed in Novex
XCell (Invitrogen) at 180V and blotted onto a High Bond C membrane (Amersham

Life Science) overnight at 30V.
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The membrane was then blocked~ for one hour at room temperature in TBS-Tween
containing 5% non-fat milkk (TBST-M) followed by incubation with primary
antibodies for MDM2 (MDM2-Abl, 1:500, Oncogene), p53 (pS53-D07, 1:1000,
Novacastra), p21 (p21 Abl, 1:100, Oncogene) and Actin (Actin AC40, 1:1000, Sigma)
in PBST-M for 1 hour.

The membrane was then washed three times in TBST (15 minutes per wash) and then
incubated for an additional 1 hour with a anti mouse or a rabbit horseradish peroxidase
(HRP) secondary antibody (Dako, 1:1000) in PBST-M followed by a final wash
consisting of six washes with TBST at 5 minutes per wash. Enhanced
chemiluminescence (ECL, Amersham) detection reagents were then added onto- the
membrane which was exposed to a i)lue light sensitive X-ray film (Fuji Photo Film Co
Ltd) and developed in an automated X-ray film processor, (Mediphot 937).

The present invention also relates to the therapeutic utility of isoindolin-1-one
compounds described herein.

Thus, according to a further aspect of the present invention there is provided an
isoindolin-1-one compound as hereinbefore defined for use in therapy. More
specifically, the present invention also provides an isoindolin-1-one compound as
hereinbefore defined for use as an active pharmaceutical substance for the treatment
of cancer.

In a futther_ aspect of the present invention there is provided the use of isoindolin-1-
one compounds as hereinbefore defined in the manufacture of a medicament.

In a still further aspect of the present invention there is provided the use of
isoindolinéne compounds as hereinbefore defined in the manufacture of a medicament

for the treatment of cancer.
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As referred to herein ‘“‘cancer” or “tumour” includes, but is not limited to, cancer of
the lung, colon, pancreas, stomach, ovary, cervix, breast, prostate, bone, brain or skin.

Compounds of the present invention have been shown to inhibit the interaction of p53
with MDM2. Such inhibition leads to cell arrest and apoptosis.

Accordingly, the compounds of the present invention are of particular interest for the
treatment of a range of selected cancer tumours, and the invention further provides a
method for the treatment of a patient suffering from cancer. Thus, a therapeutically
effective non-toxic amount of a compound of formula I as hereinbefore defined, may
be suitably administered orally, parenterally (including subcutaneously,
intramuscularly, and intravenously or topically. The administration will generally be
carried out repetitively at intervals, for example once or several times a day.

The amount of the compound of formula I, which is required in order to be effective
as an antitumour agent for treating mammals will of course vary and is ultimately at
the discretion of the medical or veterinary practitioner treating the mammal in each
particular case. The factors to be considered by such a practitioner e.g. a physician,
include the route of administration and pharmaceutical formulation; the mammal’s
body weight, surface area, age and general condition; and the chemical form of the
compound to be administered. However, a suitable effective antitumour dose may be
in the range of about 1.0 to about 75mg/kg bodyweight, preferably in the range of
about 5 to 40mg/kg with most suitable doses being for example in the range of 10 to
30mg.kg. In daily treatment for example, the total daily dose may be given as a single
dose, multiple doses, e.g. two to six times per day, or by intravenous infusion for any
selected duration. For example, in the case of a 75kg mammal, the dose range could

be about 75 to 500mg per day and it is expected that a typical dose would commonly
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be about 100mg per day. If discrete multiple doses are indicated, treatment might
typically be SOmg of the compound of formula given 4 times per day in the form of a
tablet capsule, liquid (e.g. syrup) or injection.

While it may be possible for the compounds of formula I to be administered alone as
the raw chemical, it is preferable to present the compound in a pharmaceutical
composition.  Thus, the invention also provides pharmaceutical compositions
comprising an effective amount of an isoindolinope compdund as hereinbefore
defined which forms the active therapeutic ingredient.' Such pharmaceutical
compositions fo'r medical use will be formulated in accordance with any of the
methods well known in the art of pharmacy for administration in any convenient
manner. The isoindolin-1-one compounds will usually be admixed with at least one
other ingredient providing a compatible pharmaceutically acceptable additive carrier,
diluent or excipient, and may be presented in unit dosage form.

The carrier(s) must be pharmaceutically acceptable in the sense of being compatible
with the other ingredients of the formulation and not deleterious to the recipient
thereof.

The possible formulations include those suitable for oral, rectal, topical and parenteral
(including subcutaneous inframuscular and intravenous) administration or for
administration to the lung or other absorptive site such as the nasal passages.

All methods of formulation in making up such pharmaceutical compositions will
generally include the step of bringing the compound of formula I into association with
a carrier which constitutes one or more accessory ingredients. Usually, the

formulations are prepared by uniformly and intimately bringing the compound of
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formula I into association with a liquid carrier or with a finely divided solid carrier or
with both and then, if necessary, shaping the product into desired formulations.
Formulations of the présent invention suitable for oral administration may be
presented as discrete units such as capsules, cachets, tables or lozenges, each
containing a predetermined amount of the compound of formula I; as a powder or
granules; or a suspension in an aqueous liquid or non-aqueous liquid such as a syrup,
an elixir, an emulsion or a draught. The compound of formula I may also be
presented as bolus, electuary or paste.

A tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tables may be prepared by compressing, in a
suitable machine, the compound of formula I in a free-flowing form such as a powder
or granules, optionally mixed with a binder, lubricant, inert diluent, surface active or
dispersing agent. Moulded tables may be may be moulding, in a suitable machine, a
mixture of the powdered compound of formula I with any suitable carrier.

A syrup may be made by adding the compound of formula I to a concentrated,
aqueous solution of a sugar, for example sucrose, to which may be added any desired
accessory ingredients. Such accessory ingredient(s) may include flavourings, an
agent to retard crystallisation of the sugar or an agent to increase the solubility of any
other ingredient, such as a polyhydric alcohol, for example glycerol or sorbitol.
Formulations for rectal administration may be presented as a suppository with a usual
carrier such as cocoa butter.

Formulations suitable for parental administration convenient comprise a sterile
aqueous preparation of the compound of formula I, which is preferably isotonic with

the blood of the recipient.
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In addition to the aforementioned ingredients, formulations of this invention, for
example ointments, creams and such like, may include one or more accessory
ingredients, for example a diluent, buffer, flavouring agent, binder, surface active
agent, thickener, lubricant and/or a preservative (including an antioxidant) or other
pharmaceutically inert excipient.

The compounds of the present invention may also be made up for administration in
liposomal formulations, which can be prepared by methods well-known in the art.
Therefore, the invention also includes the use of the isoindolinone compounds
hereinbefore defined for the manufacture of medicaments or pharmaceutical
compositions for treating cancer, wherein the isoindolinone itself provides an
effective antitumour agent.

The isoindolinone compounds of the present inventidn may be administered alone or
as a combination therapy along with conventional radiotherapy or chemotherapy
treatments.

The present invention will now be described further by way of example only. The
following examples and description of stages in synthetic routes of preparation of

various compounds of interest serve further to illustrate the present invention.
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General methods for the preparation of isoindolin-1-ones where x is O.

Method A

0
C 3
R
407 R a q 7'
R'-R — " R-R 6]
COOH
7 8 O

R

90 10 0]

ld ¢

Method C " Method B
.
. S g
R*-RZ . R4_RL©E: R
0
12 . 1
5 Scheme 1l

a) SOCl,, DMF, THF; b) R'NH,, THF; c) SOC1,, DMF, THF; ii) ROH, THF.; d)
THF, mercaptam; e) NIS, CIS, R?0OH; f) R'-NHy; and g) s-BuLi, R*COOEt, THF, c)
I) SOC1,, THF, ii) R°0OH, d) R*COC]1, THF, base.
The final compounds (10) were isolated as racemic mixtures.

10 The compounds of the present invention were synthesised using one of the general
procedures below. The general procedures are described with respect to isoindolin-1-
ones falling into the general classes specified.

General Procedure A: 3-Hydroxy-3-aryl-2,3-dihydroisoindolin-1-ones.
Distilled THF (20 mL) was added to 3-chloro-3-aryl-3H-isobenzofuran-1-one (1 mol.

15 equiv.) followed by an excess of the appropriate amine (unless otherwise stated) and

an excess of triethylamine, resulting in the formation a creamy white/yellow

precipitate. The system was stirred at room temperature under nitrogen for 4 h (unless
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otherwise stated) and monitored by TLC. On completion the solvent was removed
under vacuum, the residue was taken up in ethyl acetate (30 mL), washed with water
(3 x 20 mL), brine (10 mL) and dried with MgSQO,. The solvent was removed under
vacuum and the resulting creamy white/yellow solid (unless otherwise stated) was
recrystallised in the minimum amount of boiling ethyl acetate (uqless otherwise

stated).

General Procedure B: 3-Chloro-3-aryl-2,3-dihydroisoindolin-1-ones.

Distilled THF (10 mL) was added to the appropriate 3-hydroxy-3-aryl-2.3-
dihydroisoindolin-1-one (1 mol. equiv.) followed by thionyl chloride (2 mol equiv.) .
(unless otherwise stated) and a catalytic amount of DMF (3 drops). The system was
stirred at room temperature under nitrogen for 4 h (unless otherwise stated) and
monitored by TLC. Removal of the solvent under vacuum gave the 3-chloro-3-
phenyl-2,3-dihydroisoindolin-1-one as a yellow/colourless oil that was used

immediately without further purification.

General Procedure C:3-Alkoxy-3-aryl-2,3-dihydroisoindolin-1-ones.

Distiled THF (10 mL) was added to the appropriate 3-chloro-3-aryl-2,3-
dihydroisoindolin-1-one (1 mol. equiv.) followed by an excess of the appropriate
alcohol (unless otherwise stated) and an excess of the appropriate base (unless
otherwise stated). The system was stirred at room temperature under nitrogen for 4 h
(unless otherwise stated) and monitored by TLC. On completion the solvent was

removed under vacuum, the residue was taken up in ethyl acetate (30 mL), washed
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with water (3 x 20 mL), brine (10 mL) and dried with MgSO,4. The solvent was

removed to give the crude 3-alkoxy-3-phenyl-2,3-dihydroisoindolin-1-one.

General procedure D: Synthesis of 3-hydroxyisoindolin-1-ones (10).

To a solution of the appropriate 2-benzoylbenzoic acid (1.0 equiv.) in THF was added
thionyl chloride (2.2 equiv.) and DMF (3 drops). The mixture was stirred at room
temperature 16 h, then concentrated in vacuo to give a clear oil. The residues were
dissolved in THF (10 mL), the appropriate primary amine (1.0 equiv.), and
triethylamine (2.2 equiv.) were added, and the mixture stirred at rt for 16 h. The
mixture was either filtered and submitted to extraction with EtOAc (15 mL), sodium
bicarbonate (20 mL) and water (15 mL) or treated immediately with EtOAc (15 mL),
saturated sodium bicarbonate (15 mL) and water (15 mL). The organic layers were
combined, dried (Na,SOy) and concentrated in vacuo. Chromatography (EtOAc,
petrol 1:4) or by crystallisation with a minimum of EtOAc and an excess of petrol

gave the desired product.

General Procedure E: 3-Chloro-3-(4-chlorophenyl)-2,3-dihydroisoindolin-1-ones

Distilled THF (10 mL) was added to the appropriate 3-(4-chlorophenyl)-3-hydroxy-
2,3-dihydroisoindblin-1-one (1 mol. equiv.) followed by thionyl chloride (2 mol
equiv.) (unless otherwise stated) and a catalytic amount of DMF (3 drops). The
system was stirred at room temperature under nitrogen for 4 h (unless otherwise
stated) and monitored by TLC. Removal of the solvent under vacuum gave the 3-
chloro-3-(4-chlorophenyl)-2,3-dihydroisoindolin-1-one as a yellow/colourless oil that

was used immediately without further purification.
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General Procedure F: 3-Alkoxy-3-(4-chlorophenyl)-2,3-dihydroisoindolin-1-ones

Distilled THF (10 mL) was added to the appropriate 3-chloro-3-(4-chlorophenyl)-2,3-
dihydroisoindolin-1-one (1 mol. equiv.) followed by an excess of the appropriate
alcohol (unless otherwise stated) and an excess of the appropriate base (unless
otherwise stated). The system was stirred at room temperature under nitrogen for 4 h
(unless otherwise stated) and monitored by TLC. On cdmpletion the solvent was
rehoved under vacuum, the residue was taken up in ethyl acetate (30 mL), washed
with water (3 x 20 mL), brine (10 mL) and dried with MgSQO,. The solvent was

removed to give the crude 3-alkoxy-3-(4-chlorophenyl)-2,3-dihydroisoindolin-1-one.

General Procedure G: 3-Chloro-3-[4-(2-trimethylsilanylethoxy-methoxy)-phenyl]-
2,3-dihydroisoindolin-1-one

Distilled THF (10 mL) was added to the appropriate 3-hydroxy-3-[4-(2-
trimethylsilanylethoxymethoxy)phenyl]-2,3-dihydroisoindolin-1-one (1 mol. equiv.)
followed by thionyl chloride (1.4 mol equiv.) (unless otherwise stated) and a catalytic
amount of DMF (3 drops). The system was stirred at room temperature under
nitrogen for 2 h (unless otherwise stated) and monitored by TLC. Removal of the
solvent under vacuum gave the 3-chloro-3-[4-(2-trimethylsilanylethoxymethoxy)-
phenyl]-2,3-dihydroisoindolin-1-one as a yellow/colourless oil that was used

immediately without further purification.
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General procedure H: 3-Alkoxy-2,3-dihydroisoindolin-1-ones.

To a solution of 11a (0.51 g, 1.50 mmol) in THF (7 mL), was added the appropriate
alcohol (3.0 or 4.0 mol. eq.). The reactions were stirred at room temperature for 72 h,
unless stated otherwise, then concentrated in vacuo. The residue was dissolved in
EtOAc (20 mL) and washed with water (3 x 10 mL). The organic layer was dried
(MgS0,) and concentrated in vacuo to give the crude 3-alkoxy-2,3—dihydroiéoindo]in-

1-one.

General procedure I: Synthesis of isoindolinin-1-ones derivatives with R alkoxy
substitution

A solution of the appropriate 3-hydroxyisoindolininone 10 (1.0 equivalent) in THF
(10 mL) was treated with a solution of thionyl chloride (2.2 equivalents), and a
catalytic amouﬁt of DMF. After 16 h, the mixture was concentrated in vacuo. The
residues were dissolved in either DMF (5-10 ml) or THF (5-10 mL) as appropriate
and treated with the appropriate primary alcohol (1.1 equivalent or 2.2 equivalents)
with or without triethylamine (2.2 equivalents). The reaction mixture was stirred at rt
20 h reaction. The mixture was stirred at room temperature uﬁder a nitrogen
atmosphere, (EtOAc / petrol: 3: 2). After 20 h, the solvent was removed in vacuo.
The crude product was extracted with EtOAc (15 mL) and water (20 mL). The
organic layers were combined and dried (Na,SO,), and concentrated in vacuo.
Purification by flash chromatography (EtOAc, petrol; 1:4) and by recrystallisation

from suitable solvents.

General Procedure J: 3-Alkoxy-2,3-dihydro-isoindolin-1-ones
The appropriate 3-aryl-2-benzyl-3-benzylsulphanyl-2,3-dihydro-isoindolin-1-one (1

mol. equiv.) in THF (4 mL) was added to a solution of NIS (1.1 mol. equiv.), CSA
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(0.1 mol. equiv.) and the appropriate alcohol (2.2 mol. equiv.) in THF (3 mL). The
reaction was stirred in the dark at room temperature for 4 h before removal of the
solvent under vacuum. The brown residue was taken up into ethyl acetate (30 mL)
and washed with aqueous sodium thiosulphate (2 x 30 mL). The organic layer was
collected and dried (Na,SO,) and the solvent removed under vacuum to give the 3-

alkoxy-2,3-dihydro-isoindolin-1-one.

N-Cyclohexylmethylbenzamide

Cyclohexylmethylamine (4.37 mL, 33.6 mmol) was added to a solution of benzoyl
chloride (2.47 mL, 21 mmol) in THF (20 mL) at 0 °C, and stirring continued 16 h.
The misture was filtered, diluted with water (10 mL) and extracted with EtOAc (3 x

10 IhL). The combined organic layers were washed with brine (10 mL), dried

(Na;SOs), and concentrated in vacuo. The product crystallised (2.1 g, 45%) TH-NMR
(300MHz, CDCl3) 8y 7.76 (1H, m, Ar); 7.29 (8H, m, Ar); 1.04 (2H, m, CH,); 1.14
(2H, m, CHy); 1.61 (7TH, m, 3 x CHy); 3.23 (2H, t, ] = 6.78 Hz, N-CH,), 6.15 (1H, s,
NH); 7.37 (3H, m, ArH), 7.70 (2H, m, ArH);. LCMS (ESI+) 218 [M+H]".

General Procedure K. To a solution of n-cyclohexylmethylbenzamide (250 mg, 1.14
mmol) in THF (5 mL) was added dropwise sec-butyl lithium (1.4 M in hexanes; 1.79
mL, 2.51 mmol) at -78 °C and stirring continued 30 min. A solution of the appropriate
benzonitrile (0.17 g, 1.3 mmol) in THF (1 mL) was added dropwise and stirring
continued for a further 30 min at =78 °C. The reaction was quenched (sat NH4Cl) and
extracted with DCM (4 x 50 mL). The combined organic extracts were washed with
brine (50 mL), dried (MgSOy), and concentrated in vacuo to give the product as a fine

white solid.
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General Procedure L.

To the appropriate 3-aminoisoindolinone (200 mg, 0.57 mmol) and triethylamine
(0.24 mL, 1.71 mmol) in DCM (2 mL) was added benzoyl chloride (0.13 mL, 1.14
mmol). The solution was stirred 20h, then concentrated in vacuo. Chromatography

gave the product.

The following specific examples as hereinbefore described were prepared using the
general procedures described above. The preparation of some precursor compounds

is also described:

2-Benzyl-3-chloro-3-phenyl-2,3-dihydroisoindolin-1-one (11a).

A solution of 2-benzyl-3-hydroxy-3-phenyl-2,3-dihydroisoindolin-1-one 10a (0.25 g,
0.79 mmol) in THF (20 mL) was reacted with thionyl chloride (0.07 mL, 0.87 mmol)
and DMF (3 drops), the mixture was stirred for 16 h, and concentrated in vacuo
giving 11a as an orange solid (0.27 g, 0.79 mmol) which was used without further

purification.

2-Methylacrylic acid 2-(1-hydroxy-3-oxo-1-phenyl-1,3-dihydroisoindolin-2-yl)ethyl

ester (10d).
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General procedure D: 2-benzoyl benzoic acid (0.75 g, 3.3 mmol), 2-aminoethyl
methacrylate hydrochloride (0.60 g, 3.65 mmol), and triethylamine (bl .0l mL, 7.26
mmol) in THF (10 mL. Chromatography (silica; EtOAc, petrol; 3: 7) gave 10d as a
clear oil (1.04 g, 3.08 mmol) FTIR v (cm™'): 3326 (OH), 2930 (CH-Ar), 1679 (very
strong C=0 absorption). 'H NMR (300MHz.CDCL)3 (bpm) 1 90 (3H s, CH3), 3.13 (1H, m,
CH,),4.12 (2H, m, OCH>), 4.67 (1H, m, NCH>), 5.58 (1H, s, CH), 6.09 (1H, s, CH),
7.28-7.80 (13H, m, Ar-H), 7.81 (1H, m, Ar-Hy), "¢ "R (75 Mz CDCL)3C(om) 14 6
(CH3), 18.7 (CH»), 38.9 (CH,), 63.5 (CH>), 91.8 (O-C-N), 123 -149.5 (C-Ar), 168.3

(C=0), 168.5 (C=0). LCMS (ESI+) m/z = 360, [M+Na]".

3-Hydroxy-2-{2-(3H-imidazol-4-yl)ethyl |-3-phenyl-2,3-dihydroisoindolin-1-one
(10e). ‘

Ph
OH
N-
@wg
o) NH

General procedure D: 2-benzoylbenzoic acid (0.75 g, 3.3 mmol), histamine
dihydrochloride (0.67 g, 3.63 mmol), and triethylamine (1.51 mL, 10.9 mmol).
Chroma'tography (silica; MeOH, DCM; 5:95) gave 10e as a white powder (0.34 g,
1.07 mmol, 33%) mp 190 °C. FTIR v (cm™): 1782 (NC=C), 1693 (C=0). '"H NMR

(300 MHz, CDCl3) 8y (ppm): 2.87 (1H, m, CHy), 3.11 (2H, m, CH,), 4.03 (1H, m,
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CH,), 6.67 (1H, s, CH), 7.28 (1H, s, CH), 7.40 (8H, m, Ar-H), 7.93 (1H, m, H5). >C
NMR (75 MHz, CDCl;) 8¢ (ppm): 26 (CH3), 39.1 (CH), 53.8 (C=CH), 92.6 (N-C-
0), 115.4-139.7 (C-Ar), 150.7 (C=C-N), 169 (C=0). LCMS (ESI+): m/z = 320

[M+H]". Anal. Calc for C;sH;7N;0;: C, 71.46; H, 5.37; N, 13.16%; Found C, 70.99;

H, 4.27; N, 7.54%.

2-[2-(tert-Butyldiphenylsi lanyloxy)ethyl ]-3-hydroxy-3-phenyl-2, 3-dihydroisoindolin-
1-one (10q).

HO
Ph
t
N Bu
|
—\— O— ‘Si— Ph
(0) Ph

General procedure D: 2-benzoylbenzoic acid (460 mg, 2 mmol), thionyl chloride
(483 mg, 4.0 mmol), 2-(tert-butyldiphenylsilanyloxy)ethylamine* (720 mg, 2.4
mmol), triethylamine (600 mg, 6.0 mmol). Chromatography (silica; 20% EtOAc,

petroleum ether) gave 10q as a white solid (860 mg, 83%) IR v (cm™): 2936, 2859,
1683, 1470, 1421, 1398, 1312, 1195, 1170, 1107, 1051, 935, 822. 'H-NMR
(300MHz, CDCl,) 6,,7.74 (1H, m, Ar), 7.46 (4H, m, Ar) ; 7.28 (14H, m, Ar). 5.65
(1H, s, OH) ; 3.90 (2H, m, OCH,) ; 3.58 (1H, dt, J = 3.09 & 6.34 Hz, NCH,); 2.89
(1H, dt, ] = 3.42 & 4.79 Hz, -NCH,) ; 0.98 (9H, s, ‘Bu). 13C-NMR (75 MHz, CDCl,)
B 19.46,27.21, 42,14, 64.08, 90.98, 123.08, 123.77, 126.76, 128.27, 128.31, 128.80,

129.13, 129.50, 130.21, 130.45, 130.48, 132.26, 132.53, 133.13, 135.92, 140.11,
149.60, 168.56.

2-[4-(tert-Butyldiphenylsilanyloxy)propyl]-3-hydroxy-3-phenyl-2,3-
dihydroisoindolin-1-one (10s).



10

15

20

WO 2006/024837 PCT/GB2005/003345

36

o— ISi— Ph

HO
Ph
@N_\_\ 'Bu
|
o
Ph
General proceedure D: 2-benzoylbenzoic acid (230 mg, 1.0 mmol), thionyl chloride

(240 mg, 2.0 mmol), 2-(tert-butyldiphenylsilanyloxy)propylamine (383 mg, 1.2
mmol) triethylamine (310 mg, 3.0 mmol). Chromatography (silica; 40% EtOAc,

petroleum ether) gave 10s as a white solid (375 mg, 71%). 'H-NMR (300MHz,
CDCl,) 8, 7.99 (1H, d, J = 7.53 Hz, Ar); 7.50 (8H, m, Ar); 7.24 (10H, m, Ar); 3.63
(3H, m, OCH, and NCH,); 2.79 (1H, q, J = 7.01 Hz, NCH,); 1.87 (1H, m, CH,); 1.58
(1H, m, CH,); 0.81 (9H, s, 'Bu). 13C-NMR (75MHz, CDCl,) §. 19.37, 27.05, 30.98,

37.83, 63.22, 92.08, 123.04, 123.65, 126.55, 128.10, 128.81, 128.99, 129.70, 129.90,
130.13, 120.85, 131.19, 132.96, 133.38, 133.55, 135.88, 135.97, 137.45, 139.40,
142.87, 149.64, 168.70, 170.00. LCMS (ESI+) 522 [M+H]". ‘

2-Furan-2-ylmethyl-3-hydroxy-3-phenyl-2,3-dihydro-isoindolin-1-one (10t). 2-
benzoylbenzoic acid (460 mg, 2 mmol), thionyl chloride (482 mg, 4.0 mmol),
furfurylamine (236 mg, 2.4 mmol) triethylamine (610 mg, 6.0 mmol).
Chromatography (silica; 40% EtOAc, petroleum ether) gave 10t as a white solid (360
mg, 58%). 'H-NMR (300MHz, CDCl;) 8y 7.62 (1H, m, Ar); 7.35 (2H, m, Ar), 7.19
(6H, m, Ar); 7.06 (1H, s, OH); 6.01 (1H, m, CHy); 5.84 (1H, m, Ar); 4.43 (1H, d,J =
15.76 Hz, CH); 4.03 (2H, t, J = 15.75 Hz, NCH,). 13C-NMR (125MHz, CDCl;) 8¢
35.57,91.57, 108.63, 110.70, 123.25, 123.80, 126.44, 128.66, 128.74, 129.81, 130.23,

133.29, 138.56, 141.97, 149.49, 150.86, 168.16. LCMS (ESI+) 306 [M+H]".
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3-Chloro-3-phenyl-3H-isobenzofuran-1-one

9 Ph_ Cl
Ph
— O
e
o] <]

Dry THF (20 mL) was added to 2-benzoylbenzoic acid (0.51 g, 2.25 mmol) followed
by thionyl chloride (0.18 mL, 2.48 mmol) and DMF (3 drops). The reaction mixture
was stirred at room témperature overnight and monitored by TLC. Removal of the
solvent in vacuo yielded a clear oil (0.55 g, 2.26 mmol, 100%); Ry 0.68 (40:60 ethyl

acetate: petrol).
3-Hydroxy-3-phenyl-2-propyl-2,3-dihydro-isoindolin-1-one

Ph_ CI Ph_ OH
(0] (o]

3-Chloro-3-phenyl-3H-isobenzofuran-1-one (0.56 g, 2.21 mmol) was reacted with
redistilled propylamine (0.40 mL, 2.43 mmol) as for General Procedure A giving 3-
hydroxy-3-phenyl-2-propyl-2,3-dihydro-isoindolin-1-one as an off-white solid. This
was dissolved in the minimum of boiling ethyl acetate and recrystallised by dropwise
addition of petrol to give a white solid (0.51 g, 1.92 mmol, 87%); R¢0.48 (40:60 ethyl
acetate: petrol); mp 179-183 °C. Lit. 184-185 °C.**

Anal. Calcd for C;;H7NO,: C, 76.40; H, 6.41; N, 5.24%. Found: C, 76.00; H, 6.11;

N, 5.06%. IR (KBr) Umax (cm™'): 3180 (OH), 1678 (CO), 1059, 771, 702. 'H NMR
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(200 MHz, dg- DMSO) & 0.83-0.90 (3H, t, J = 7.5 Hz, -NCH,CH,CHj3), 1.74-1.61
(2H, m, -NCH,CH,CH3;), 2.90-3.05 (2H, m, -NCH,CH,CH3), 7.19 (1H, s, -OH,
exchangeable with D,0), 7.34-7.51 (6H, m, aromatic-#), 7.58-7.69 (2H, m,
isoindolinone-H), 7.80-7.84 (1H, m, isoindolinone-H). °C NMR (50 MHz, d¢-
DMSO) 8 11.92 (-CHj), 22.01 (-CH,CH3), 41.07 (-NCH,-), 90.87 (C-3), 122.70,
123.05, 126.16, 12.8.37, 128.78, 129.46, 130.97, 132.70 (C8), 140.64 (C9), 149.97,

166.96 (C-1). MS (EI) m/z 267 [M'].

2-Benzyl-3-hydroxy-3-phenyl-2,3-dihydro-isoindolin-1-one
10

Ph_ CI Ph_ OH
o — N—
Ph
o) o)

(0.55 g, 2.23 mmol) was reacted with redistilled benzylamine (0.53 mL, 2.45 mmol)

3-Chloro-3-phenyl-3H-isobenzofuran-1-one

as for General Procedure A giving 2-benzyl-3-hydroxy-3-phenyl-2,3-dihydro-
isoindolin-1-one as an oily white solid. This was dissolved in the minimum of boiling
ethyl acetate and rccrysiallised by dropwise addition of petrol to give a white
crystalline solid (0.58 g, 1.84 mmol, 83%); R¢0.53 (40:60 ethyl acetate: petrol); mp
151-155 °C. Lit 151-152 °C.>*?

Anal. Calcd for C;)H|7NO;: C, 80.00; H, 5.43; N, 4.44%. Found: C, 79.65; H, 5.33;
N, 4.54%. IR (KBr) Uma (cm™): 3287 (OH), 1678 (CO), 1061, 768, 706. 'H NMR
(200 MHz, d¢-DMSO) & 4.23-4.31 (1H, d, J = 15.5 Hz, -NCH-C¢Hs), 4.55-4.63 (1H,
d, J = 15.5 Hz, -NCH,C¢Hs), 7.26-7.29 (SH, m, -NCH,C¢Hs), 7.31 (1H, s, -OH,

exchangeable with D,0), 7.36-7.58 (6H, m, aromatic-H), 7.61-7.70 (2H, m, aromatic-
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H), 7.82-7.86 (1H, m, isoindolinone-H). '*C NMR (50 MHz, d-DMSO) & 42.91
(NCH,CeHs), 91.05 (C-3), 122.85, 123.25, 126.32, 126.78, 128.09, 128.16, 128.30,
128.66, 129.57, 130.78, 132.92 (C8), 138.47, 140.27 (C-9), 149.93, 167.22 (C-1). MS

(ET) m/z 315 [M"].

2-Benzyl-3-(3-Hydroxy-propoxy)-3-phenyl-2,3-dihydro-1H-isoindolin-1-one

(NU8034)
OH
Ph. ClI ph. 0
Ne — N— 10
Ph Ph
o) o)

2-Benzyl-3-chloro-3-phenyl-2,3-dihydro-isoindolin-1-one (0.53 g, 1.60 mmol) in
THF (5 mL) was added dropwise to 1,3-propanediol (10 mL) and stirred at room
temperature for 20 h. The solvent was removed under vacuum and the crude reaction
mixture was taken up into DCM (2 x 20 mL) and washed with water (2 x 20 mL).
The organic layer was collected and dried (Na;SO4). Removal of the solvent in vacuo
yielded 2-benzyl-3-(3-hydroxy-propoxy)-3-phenyl-2,3-dihydro-1H-isoindolin-1-one
as a yellow oil. This was dissolved in the minimum amount of diethyl ether and
recrystallised by dropwise addition of petrol to give a white solid (0.21 g, 0.56 mmol,
35%); R¢ 0.23 (40:60 ethyl acetate:petrol); mp 89-92 °C.

Anal. Calcd*® for Cp4H3NO;: C, 77.19; H, 6.21; N, 3.75%. Found: C, 76.76; H, 6.01;

N, 3.62%. IR (KBr) Uma (cm™): 3428 (OH), 1690 (CO). 'H NMR (200 MHz, dg-
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DMSO) & 1.20-1.53 (2H, m, -OCH,CH,CH,OH), 2.77-2.94 (2H, m, -
OCH,CH,CH,0H), 3.29-3.44 (2H, m, -OCH,CH,CH,0H), 4.04-4.11 (1H, d, J = 15.0
Hz, -NCH,C¢Hs), 4.39-4.44 (1H, t, -OCH,CH,CH,0H, exchangeable with D,0),
4.71-4.79 (1H, d, J = 15.0 Hz, -NCH,C4Hs), 7.29-7.41 (11H, m, aromatic-H), 7.65-
7.75 (2H, m, aromatic-H), 7.93-7.97 (1H, m, isoindolinone-H). *C NMR (50 MHz,
de-DMSO) & 32.20 (-OCH,CH,CH,0H), 42.82 (-NCH,C¢Hs), 57.87 and 57.99 (-
OCH,CH,CH,0H), 60.05 (-OCH,CH,CH,0H), 95.12 (C-3), 123.38, 123.49, 126.39,
127.28, 128.34, 128.70, 128.85, 130.22, 131.37, 133.26, 137.89, 139.05, 145.73,

167.68 (C-1). MS (EI) m/z 373 [M"].

2-Benzyl-3-(4-tert-butyl-benzyloxy)-3-phenyl-2,3-dihydro-isoindolin-1-one (NU8113)

Sy, =

2-Benzyl-3-chloro-3-phenyl-2,3-dihydro-isoindolin-1-one (0.51 g, 1.50 mmol) was
reacted with 4-tert-butyl-benzyl alcohol (1.06 mL, 5.99 mmol) as for General
Procedure G yielding 2-benzyl-3-(4-tert-butyl-benzyloxy)-3-phenyl-2,3-dihydro-
isoindolin-1-one as a clear oil. The crude product was purified b); flash column

chromatography (silica gel, 10:90 ethyl acetate:petrol) to give a cloudy white oil.

* Figures given are not within 0.4% of theoretical values
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Trituration in petrol yielded a white powder (0.30g, 0.64 mmol, 43%); R¢ 0.25 (10:90
ethyl acetate:petrol); mp 107-108 °C.

Anal. Calcd for C3;H3;NO,: C, 83.27; H, 6.77; N, 3.03%. Found: C, 83.29'; H, 6.63;
N, 2.83%. IR (Diamond ATR) Ly (cm™): 1698 (CO), 1383, 1356, 1050, 760, 699.
'H NMR (200 MHz, CDCls) & 1.23 (SH, s, -OCH,CsHsC(CHs)s), 3.59-3.72 (2H,
tented dd, -OCH,CsHsC(CH3)3), 3.97-4.04 (1H, d, J = 14.5 Hz, -NCH,C¢Hs), 4.68-
475 (1H, d, J = 14.5 Hz, -NCH,C¢Hs), 6.81-6.85 (ZH, d, J = ‘8.0 Hz, -
OCH,CsH4C(CH3)3), 7.08-7.29 (13H, m, aromatic-H), 7.39-7.43 (2H; m, aromatic-H),
7.86 (1H, m, isoindolinone-H). “C NMR (50 MHz, CDCl) & 31.57 (-
OCH,C¢H4C(CHs)s), 43.63 (-NCH,CeHs), 64.88 (-OCH,CsH4C(CH3)3), 95.89 (C-3),
123.35, 123.75, 125.23, 126.80, 127.35, 127.55, 128.38, 128.60, 129.67, 129.85,
132.02, 132.82, 134.59, 137.75, 138.82, 146.06, 150.65, 168.82 (C-1). MS (LC) m/z
147, 209, 298, 462 [MH+], 484 [MNa"].

2-Benzyl-3-phenyl-3-(2-pyridin-2-yl-ethoxy)-2,3-dihydro-isoindolin-1-one (NU8!33)

7z

|
Na

Q. -5

‘ ON—@ NO—O
(6]

2-Benzyl-3-chloro-3-phenyl-2,3-dihydro-isoindolin-1-one (0.51 g, 1.50 mmol) was
reacted with 2-(2-hydroxyethyl)pyridine (0.67 mL, 5.97 mmol) as for General
Procedure G yielding 2-benzyl-3-phenyl-3-(2-pyridin-2-yl-ethoxy)-2,3-dihydro-

isoindolin-1-one as a pink-orange oil. The crude product was purified by flash
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column chromatography (silica gel, 40:60 ethy! acetate:petrol) yielding 2-benzyl-3-
phenyl-3-(2-pyridin-2-yl-ethoxy)-2,3-dihydro-isoindolin-1-one as a cloudy oil. This
was dissolved in the minimum amount of boiling ethy! acetate and recrystallised by
dropwise addition of petrol to give large white crystals (0.11 g, 0.26 mmol, 18%); R¢
0.19 (40:60 ethyl acetate:petrol); mp 115-118 °C.

Anal. Calcd for CpsH24N,0,: C, 79.98; H, 5.75; N, 6.66%. Found: C, 79.66; H, 5.74;
N, 6.71%. IR (Diamond ATR) Lmax (cm™): 1697 (CO), 1385, 1059, 758; 696. 'H
NMR (200 MHz, CDCl;) & 1.98-2.65 (2H, m, -OCH,CH,-), 2.86-3.10 (2H, m, -
OCH,CH,-), 3.84-3.91 (1H, d, J = 14.5 Hz, -NCH,C¢Hs), 4.61-4.68 (1H, d, J = 14.5
Hz, -NCH,C¢Hj;), 6.85-6.90 (2H, m, pyridine-Hs + H3), 6.99-7.24 (11H, m, aromatic-
H), 7.28-7.42 (2H, m, aromatic-H), 7.45-7.54 (1H, m, pyridine-Hy), 7.79-7.83 (1H, m,
isoindolinone-H), 8.37-8.39 (1H, m, pyridine-Hg). '*C NMR (50 MHz, CDCl3) §
37.87 (-OCH,CH,-), 43.11 (-NCH,C¢Hjs), 62.37 (-OCH,CH;-), 95.45 (C-3), 121.36,
123.12, 123.57, 126.44, 127.17, 128.20, 128.35, 128.42, 129.37, 129.56, 131.59,
132.57, 136.10, 137.94, 138.;75, 145.58, 149.26, 158.92, 168.35 (C-1). MS (LC) m/z

298,421 [MH'].

3-(3-Hydroxy-propoxy)-3-phenyl-2-propyl-2,3-dihydro-1H-isoindolin-1-one

(NU8033)
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3-Chloro-3-phenyl-2-propyl-2,3-dihydro-isoindolin-1-one (0.53 g, 1.87 mmol) in
THF (5 mL) was added dropwise to 1,3-propanediol (10 mL) and stirred at room
temperature for 20 h. The solvent was removed under vacuum and the crude reaction
mixture was taken up into ethyl acetate (2 x 20 mL) and washed with water (2 x 20
mL). The organic layer was collected and dried (Na;SO4). Removal of the solvent in
vacuo - yielded 3-(3-hydroxy-propoxy)—3-phenyl-2-propyl-2,3—dihy&ro-
1H-isoindolin-1-one as a yellow oil. This was dissolved in the minimum amount of
THF and recrystallised by dropwise addition of water to give a white solid (0.12 g,
0.37 mmol, 20%); R¢ 0.24 (40:60 ethyl acetate:petrol); mp 114-117 °C,

Anal. Calcd for C,0H23NOs: C, 73.82 H, 7.12 N, 4.30%. Found: C, 73.60 H, 6.91 N,
4.08%. IR (KBr) Lma (cm™): 3482 (OH), 1695 (CO). 'H NMR (200 MHz, d¢-
DMSO) & 0.78-093 (3H, t, J = 7.5 Hz, -NCH,CH,CH;), 1.28-1.60 (2H, m,
-NCH,CH,CH3;), 1.71-191 (2H, m, -OCH,CH,CH,0H), 291-3.14 (2H, m,
-NCH,CH,CH3), 3.17-3.37 (2H, m, -OCH,CH,CH,OH), 3.53-3.70 (2H, m,
-OCH,CH,CH,0H), 4.55 (1H, s, -OCH,CH,CH,0OH, exchangeable with D,0), 7.25-
7.59 (6H, m, aromatic-H), 7.62-7.79 (2H, m, aromatic-#), 7.84-7.96 (1H, m,
isoindolinone-H). ">C NMR (50 MHz, d-DMSO) & 11.94 (-NCH,CH,CH3), 21.42 (-
NCH,CH,CH3), 32.72 (-OCH,CH,CH,OH), 38.61 (-NCH,CH,CHj), 57.99

(-OCH,CH,CH,0H), 59.81 (-OCH,CH,CH,OH), 93.68 (C-3), 123.09, 123.41,
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126.23, 128.74, 128.85, 130.15, 131.70, 133.03, 139.50, 145.67, 167.55 (C-1). MS

(EI) m/z 325 [M"].

2-(2-Amino-ethyl)-3-hydroxy-3-phenyl-2,3 -dihydro-isbindolin-] -one
OH

_L-Ph —NH,
CTI \N—/_

o]

The title compound was prepared from 2-benzoyl benzoic acid 8 (0.75 g, 3.3 mmol),
and redistilled ethylenediamine (2.21 mL, 33 mmol), according to general procedure
A. The crude compound was crystallised from petrol to afford a white powder (0.71
g, 2.64 mmol) in 80% yield. Mp: 145-147 °C.

Anal. Calc for Ci¢H;sN.0;: C, 71.62; H, 6.01; N, 10.44%; Found C, 71.06; H, 5.70;
N, 9.56%. FT-IR v (cm™): 3321 (NH,), 1684 (C=0). 'H NMR (300 MHz, CDCl3)
Su (ppm): 2.58 (1H, td, Jy.n = 12.23 and 11.89 Hz, CHy), 2.79 (1H, td, Jy.u = 13.05
and 11.62 Hz, CH,), 2.95 (1H, dd, Jy.u=12.91 and 10.17 Hz, CH,), 4.10 (1H, dd, Ju.u
= 14.67 and 7.14 Hz, CH,), 6.95 (1H, bs, NH,), 7.17-7.47 (8H, m, Ar-H), 7.76 (1H,
dd, Jy.u= 6.6 Hz, Hy). °C NMR (75 MHz, CDCl3) ¢ (ppm): 40.7 (CHy), 42 (CHy),
90.3 (N-C-0), 122.9-150.3 (C-Ar), 168.7 (C=0). LC-MS (ES’, MeOH): m/e = 269

(MH™), 251, 208, Rt = 3.0 min.

N-[2-(1-Hydroxy-3-oxo-1-phenyl-1,3-dihydro-isoindolin-2-yl)-ethyl]-acetamide
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2-(2-Amino-ethyl)-3-hydroxy-3-phenyl-2,3-dihydro-isoindolin-1-one (0.20 g, 0.75
mmol) was suspended in acetic anhydride (1.2 mL), the mixture was heated at reflux
for 15 min. When the reaction was complete by TLC (MeOH / DCM 1: 9), the
mixture was cooled to room temperature, where water was added (12 mL). The white
suspension was re-heated at reflux. After 15 more minutes, the suspension was
filtered. Then extracted with DCM (3 x 10 mL) and water (10 mL). The organic
layeré were combined, dried over sodium sulphate, filtered and solvent removed in
vacuo. The crude product was purified by crystallisation from petrol and DCM,
affording quantitatively the desired product (0.24 g, 0.77 mmol) as a white solid. Rf:
0.38 (MeOH / DCM 1: 9). Mp: 165 °C.

Anal. Calc for Ci3H3N,05: C, 70.35; H, 6.21; N, 8.64%; Found C, 67.01; H, 5.60; N,
8.46%. FT-IR v(cm™): 3379 (NH), 1697 (C=0). 'H NMR (300MHz, CDCls)
Su (ppm): 1.87 (3H, s, CH3), 2.97 (2H, m, CHy), 3.98 (1H, m, CH,), 4.22 (1H, m,
CH,), 6.34 (1H, bs, NH), 7.28-7.50 (8H, m, Ar-H), 7.74 (1H, dd, Jy.u = 0.91 Hz, Hy).
3C NMR (75 MHz, CDCly) 8¢ (ppm): 23 (CH;), 39.2 (CH,), 40.8 (CH,), 92.3
(OCN), 123.3-150.3 (C-Ar), 169.2 (C=0), 173.2 (C=0). LC-MS (ES', MeOH): m/e

=333 (MH+23), 293, 208, Rt = 5.67 min

N-{2-[1-(4-t-Butyl-benzyloxy)-3-oxo-1-phenyl-1,3-dihydro-isoindolin-2-yl]-ethyl}-

acetamide (NU8213)
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A solution of N-[2-(1-Hydroxy-3-oxo-1-phenyl-1,3-dihydro-isoindolin-2-yl)-
ethyl]-acetamide (0.13g, 0.42 mmol) in THF (10 mL) was treated with thion<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>