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(57) Abstract: The present invention relates to therapeuticalty active and
selective inhibitors of the enzyme DPP-IV, pharmaceutical compositions
comprising the compounds and the use of such compounds for and the
manufacture of medicaments for treating diseases that are associated with
proteins which are subject (o inactivation by DPP-IV, such as type 2 dia-
betes and obesity, as well as methods for Lreating diseases that are asso-
ciated with proteins which are subject to inactivation by DPP-IV, such as
type 2 diabetes and obesity.
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Heterocyclic compounds, which are inhibitors of the enzyme DPP-IV

FIELD OF INVENTION

The present invention relates to therapeutically active and selective inhibitors of
the enzyme DPP-IV, pharmaceutical compositions comprising the compounds and the
use of such compounds for the manufacture of medicaments for treating diseases that are
associated with proteins which are subject to inactivation by DPP-IV, such as type II
diabetes and obesity, as well as methods for treating diseases that are associated with
proteins which are subject to inactivation by DPP-IV, such as type II diabetes and

obesity.

BACKGROUND OF THE INVENTION

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Dipeptidyl peptidase-IV (DPP-IV), a serine protease belonging to the group of
post-proline/alanine cleaving amino-dipeptidases, specifically removes the two N-
terminal amino acids from proteins having proline or alanine in position 2.

Although the physiological role of DPP-IV has not been completely established,
it is believed to play an important role in neuropeptide metabolism, T-cell activation,
gastric ulceration, functional dyspepsia, obesity, appetite regulation, impaired fasting
glucose (IFG) and diabetes.

DPP-IV has been implicated in the control of glucose metabolism because its
substrates include the insulinotropic hormones Glucagon like peptide-1 (GLP-1) and
Gastric inhibitory peptide (GIP). GLP-1 and GIP are active only in their intact forms;
removal of their two N-terminal amino acids inactivates them.

In vivo administration of synthetic inhibitors of DPP-IV prevents N-terminal
degradation of GLP-1 and GIP, resulting in higher plasma concentrations of these
hormones, increased insulin secretion and, therefore, improved glucose tolerance.
Therefore, such inhibitors have been proposed for the treatment of patients with Type II
diabetes, a disease characterised by decreased glucose tolerance. (Holst, J. J.; Deacon, C.

F. Diabetes 47 (1998) 1663-70)
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Diabetic dyslipidemia is characterized by multiple lipoprotein defects, including
moderately high serum levels of cholesterol and triglycerides, small LDL particles, and
low levels of HDL cholesterol. The results of recent clinical trials reveal beneficial
effects of cholesterol-lowering therapy in diabetic and non-diabetic patients, thus
supporting increased emphasis on treatment of diabetic dyslipidemia. The National
Cholesterol Education Program’s Adult Treatment Panel [T advocated this need for
intensive treatment of diabetic dyslipidemia.

Obesity is a well-known risk factor for the development of many very common
diseases such as atherosclerosis, hypertension and diabetes. The incidence of obese
people and thereby also these diseases is increasing throughout the entire industrialised
world. Except for exercise, diet and food restriction no convincing pharmacological
treatment for reducing body weight effectively and acceptably currently exist. However,
due to its indirect but important effect as a risk factor in mortal and common diseases it
will be important to find treatment for obesity or appetite regulation. Even mild obesity
increases the risk for premature death, diabetes, hypertension, atherosclerosis,
gallbladder disease and certain types of cancer. In the industrialised western world the
prevalence of obesity has increased significantly in the past few decades. Because of the
high prevalence of obesity and its health consequences, its prevention and treatment
should be a high public hcalth priority.

At present a variety of techniques are available to effect initial weight loss.
Unfortunately, initial weight loss is not an optimal therapeutic goal. Rather, the problem
is that most obese patients eventually regain their weight. An effective means to
establish and/or sustain weight loss is the major challenge in the treatment of obesity
today.

Several compounds have been shown to inhibit DPP-IV, but all of these have
limitations in relation to the potency, stability, and pharmacodynamic properties.

Such compounds have e.g. been disclosed in WO 98/19998, WO 00/34241, US 6124305
(Novartis AG) and WO 99/38501 (Trustees of Tufts University). The compounds of the
present invention constitute a completely novel class of DPP-IV inhibitors, structurally
unrelated to any DPP-IV inhibitors known so far. They are furthermore potent and stable

and thus offer substantial improvements over the presently known DPP-IV inhibitors.
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SUMMARY OF THE INVENTION

The present invention provides compounds of formula |
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wherein

each n is one or two independently

R'is C=0; C=S; C;-C. alkyl optionaily substituted with one or more R* independently; Co
alkeny! substituted with one or more R* independently; C, alkynyl; Cs-C; cycloalkyl
optionally substituted with one or more R* independently; C4-C; cycloheteroalky! optionally
substituted with one or more R* independently; aryl optionally substituted with one or
more R* independently; aryl C,-Cs alky! optionally substituted with one or more R*
independently; heteroaryl optionally substituted with one or more R* independently;
heteroary! C,-Cs alkyl optionally substituted with one or more R* independently; perhalo
C1-Cyp alkyl; perhalo Cy-Cyp atkyloxy;

R?is H; C1-C; alkyl optionally substituted with one or more R independently; C.-C
alkenyl optionally substituted with one or mare R* independently; Co-C; alkynyl optionally
substituted with one or more R* independently; Cs-C; cycloalkyl opticnally substituted with
one or more R* independently; C5-C; cycloheteroalkyl optionally substituted with one or
more R* independently; aryl optionally substituted with one or more R* independently; aryl
C1-C; alkyl optionally substituted with one or more R* independently; heteroaryl C1-Cs
alky! optionally substituted with one or more R* independently; heteroaryl eptionally
substituted with one or more R* independently, -SH; -SR® SOR®; SO;R®; -CHO; -
CH(OR®),; carboxy; -CO-R*; NHCONNHz; -NHCSNHg; -NHCONHz; -NHCOR?; -NHSO,R®;
-0-CO-(C1-Cs } alky! optionally substituted with one or more R* independently; cyano;
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nitro; halogen; hydroxy; perhalo C-C; alkyl; perhalo C4-G; alkyloxy; -SO.NH,; -
SONH(R®); -802(R°%)z “CONH; -C8NHz -CONaHs; -CONH(RS); -CON(RS)z; C1-Cio
alkyloxy optionally substituted with R* independently; Co-C1q alkenyloxy optionally
substituted with R% C5-Cso alkynyloxy optionally substituted with R* Independently, aryloxy
optionally substituted with R* independently; heteroaryloxy optionally substituted with R*
independently;

R®is H; C-Cy alkyl optionally substituted with one or more R* independently; C»-Cyo
alkenyl optionally substituted with one or more R* independently; Co-Cio alkynyl optionally
substituted with one or more R* independently; Cs-C; cycloalkyl optionally substituted with
one or more R* independently; C;-C; cycloheteroalkyl optionally substituted with one or
more R* independently; aryl optionally substituted with one or more R* independently; aryi
C4-Gs alky! optionally substituted with one or more R* independently; heteroaryl C1-Cy
alkyl optionally substituted with one or more R* independently; heteroaryl optionally
substituted with one or more R* independently; C;-C1q alkyl-NH(CHz);..NH-aryl optionally
substituted with one or mare R* independently; C,-Cyq alkyl-NH(CHo)1.sNH-heteroary!
optionally substituted with one or more R* independently; C1-Cyq alkyl-O(CHy)- ;NH-aryi
optionally substituted with one or more R* independently; C;-Cyo alkyl-O(CHj)1.sNH-
heteroaryl optionally substituted with one or more R* independently; C;-Cyq alkyl-O(CHy),.
4O-aryl optionally substituted with one or more R* independently; C-Cqp alkyl-O(CHj)1..0-
heteroaryl optionally substituted with one or more R* independently; C,-Cyo alkyl-S(CHa)1.
«NH-aryl optionally substituted with one or more R* independently; C;-Cyq alkyl-S(CHy);.
«NH-heteroaryl optionally substituted with one or mare R* independently; C,-Cy, alkyl-
S(CHz).,S-aryl optionally substituted with one or more R* independently; C,-Cyo alkyl-
S(CHz)1.4S-heteroaryl optionally substituted with one or more R* independently; C;-Ciq
alkyl-O-Cy-Czalkyl optionally substituted with one or more R% -NHCOR®; -NHSO,R®; -O-
CO-(C+-Cs ) alkyl optionally substituted with one or more R* independently; -SH; -SR5; -
SOR?; -80;R’; -GHO; -CH(OR?):; carboxy; cyano; nitra; halogen; hydroxy; -SO:NH;; -
SONH(R®); -SO:N(R),; -CONHz; -CONH(R®); -CON(R®),; -CSNHz; -CONHNHs; -CO2R*
-NHCNHNH,; -NHCSNH,; -NHCONH,;

R*is C-Cio alkyl optionally substituted with one or more R® independently; Cs-Cr alkenyl
optionally substituted with one or more R® independently; C-Cyo alkynyl optionally
substituted with one or more R® independently; Cs-C; cycloalkyl optionally substituted with
one or more R® independently; Cs-C; cycloheteroalkyl optionally substituted with one or
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more R independently; aryl optionally substituted with one or more R? independently;
heteroaryl optionally substituted with one or more R® independently; amino; amino
substituted with one or more C4-Cq alkyl optionally substituted with one or mare R%;
amino substituted with one or two ary! optionally substituted with ane or more Re
independently; heteroaryl optionally substituted with one or more R? independently; =0;
=S; -CO-R5; -COORS5; -0-CO-(C1-Cs ) alkyl optionally substituted with one or more R®
independently; NH(CHz):.sNH-aryl; NH(CHo)s .NH-heteroaryl; -NHCOR?Y; -SOR®; SO:R%;
carboxy; cyano; N-hydroxyimino; nitro; halogen; hydroxy; perhalo C4-Cyo alkyt; perhalo Cy-
Cio alkyloxy; -SH; -SR; -S0H; -SOsR%; -S0R’; -80:NHz; -SONH(R); -SO:N(R°)z; -
CONH;: -CONH(R®); -CON(R®)5; C1-Cyo alkyloxy optionally substituted with one or more
R? independently; C2-Cio alkenyloxy optionally substituted with one or more R?
independently; C.-C:o alkynyloxy optionally substituted with one or more R®
independently; aryloxy optionally substituted with one or more R® independently;
heteroaryloxy optionally substituted with one or more R® independently;

and two R*attached to the same carbon atom may form a spiroheterocyclic system,
preferably hydantoin; thiohydantoin; oxazolidine-2,5-dione;

R% is C1-Cy alkyl optionally substituted with one or more R® independently; C,-Cyp atkenyl
optionally substituted with one or more R® independently; C,-Cyoalkynyl optionally
substituted with one or more R® independently; C4-C; cyclealkyl optionally substituted with
one or more R? independently; C3-C; cycioheteroalkyl optionally substituted with one or
more R independently; aryl optionally substituted with one or more R® independently; ary!
C;-Cs alkyl optionally substituted with one or more R® independently; heteroaryl optionally
substituted with one or more R? independently; heteroaryl C,-Cs alkyl optionally
substituted with one or more R® independently;

RE is H; C4-Cyp alkyl optionally substituted with one or more R’ independently; C2-Cig
alkenyl optionally substituted with one or more R* independently; Co-Croalkynyl optionally
substituted with one or more R* independently; C;-C; cycloalkyl optionally substituted with
one or more R independently; Ca-C; cycloheteroalkyl optionally substituted with one or
more R* independently; aryl optionally substituted with one or more R* independently;
heteroaryl optionally substituted with one or more R* independently;

R’ is H; G1-C1a alkyl optionally substituted with one or more R* independently; Cz-Cio
alkeny! optionally substituted with one or more R* independently; C,-C+o alkynyl optionally
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substituted with one or more R independently; C,-C; cycloalkyl optionally substituted with
one or more R* independantly; G4-C; cycloheteroalkyl opticnally substituted with one or
more R* independently; ary! optionally substituted with one or more R* independently;
heteroaryl optionally substituted with one or more R*independently;

R® is H, amidoxime; nitro, tetrazole; pentafiuorophenyl; -CH;OH; -CHO; -G(OCHy); -
COCHs; “CFa; -CCls; -OCF5; -OCHz; -CN; -COH; -CO-CHs; -CONHz; ~-CSNHz; ~CONzHy; -
SO3H; -SOaNH3; -SONHCHg; -SO2N(CHa)z; -S0; (1 -piperazinyl);-SO. (4-methylpiperazin-
1-yl); -80; (pyrrolidin-1-yl); -80O; (piperidin-1-yl}; -SO, (morpholin-4-y1); N~hydroxyimino; -
NHz; -NHCHg; -N(CHg)g; “NHCNHNH,; -NHCNHNHCH; -NHCSNH;; -NHCSNHCH; -
NHCONH,; -NHCONHCHg; -NHCOCH,; -NHSO.CHg; piperazinyl; morhpolin-4-yi;
thiomorpholin--yl; pyrrolidin-1-yl; piperidin-1-yl; halogen; -OH; -SH; -SCHj; -aminoacetyl;
-OPQ;H; -OPO,0CH;; -POgHg; -PO(OCHs)s; PO(QHYOCH,);

R® is H; halogen; Ci-Cyo alkyl optionally substituted with one orvmore R* independantly
R" s H; halogen;

or, R? and R' may be connected to form a cyciopropyl! ring;

or a salt thereof with a pharmaceutically acceptable acid or base;

with the exception of the following compounds:

1 3-dimethyl-7-(2-oxo-propyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
1,3,1*,3',7"-pentamethyl-8-piperazin-1 -y-3,7,3, 7-tetrahydro-7,8'-methanediyl-bis-purine-
2,6-dione, .

3,4, 5-trimethoxy-benzoic acid 2-(1,3-dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-
tetrahydro-purin-7-yl) -ethyl ester,

7-[2-Hydroxy-3-(4-methoxy-phenoxy) -propyl]-3-methyl-8-piperazin-1 -yl-3,7-dihydro-
purine-2,6-dione,

7-[2-hydroxy-2-{4-nitro-phenyl) -ethyl]-3-methyl-8-piperazin-1 ~yl-3,7,8,8-tetrahydro-purine-
2,6-dione, :
7-Benzyl-3-methyl-8-piperazin-1-y1-3,7-dihydro-purine-2,6-dione,

7-(4-Chloro-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-(2-Chioro-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
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7-Ethyl-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
3-Methyl-8-plperazin-1-yl-1,7-dipropyl-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-(3-methyl-butyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-Butyl-3-methyl-8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione,

5 3-Methyl-7-(3-phenyl-propyl) -8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione,
7-But-2-enyl-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dions,
7-(3-Chloro-but-2-enyl) -3-methyl-8-piperazin-1 -yl-3,7-dihydro-puring-2,6-dione,
7-Heptyl-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,8-dione,
3-Methyl-7-(1-phenyl-ethyl) -8-piperazin-1-yI-3,7-dihydro-purine-2,6-dione,

10 3-Methyl-7-(3-methyl-benzyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-propyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione, and
3-Methyl-7-pentyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione.

Compounds of formula | may be used for the manufacture of a medicament for treating
15 diseases that are associated with proteins which are subject to inactivation by DPP-IV.

In another aspect, the invention relates 1o the use of compounds of formula Il

20 I
wherein
A'is a carbon or nitrogen atom
The A-ring may be substituted with one or more R®
B' and B are carbon or nitrogen atoms, independently,
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each B? is a carbon, nitrogen, oxygen, or sulfur atom, independently, each ny, nz, ng, ny is
one or two, independently,

D®, D% and D° may be absent, in which case D' and D? may each be optionally
substituted with one or two R? independently,

D', D% D°, D*, and each D® may independently be a carbon, nitrogen, oxygen, or a sulfur
atom, or C=0, or C=S;

the bonds in the B-ring may be saturated or unsaturated, such that the B~ring may be a
five-membered or a six-membeted carbocyclic or heterocyclic ring, which may be fully
saturated, or partially or fully unsaturated;

the bonds in the D-ring, when present, may be saturated or unsaturated, such that the D-
ring may be a five-membered or a six-membered carbocyclic or heterocyclic ring, which
may be fully saturated, or partially or fully unsaturated;

R’ is C=0; C=S; C:-Coalkyl optionally substituted with one or more R* independently; G,
alkeny! substituted with one or more R* independently; Cz alkynyl; Cg-Cr cycloalkyl
optionally substituted with one or more R* independently; Cs-C; cyclohetaroalkyl optionally
substituted with one or more R* independently; aryl optionally substituted with one or
more R* independently; aryl C;-Cs alkyl optionally substituted with one or more R
independently; heteroaryl optionally substituted with one or more R* independently;
heteroaryl C;-Cs alkyl optionally substituted with one or more R* independently; perhala
C4-Cyp alkyl; perhalo Ci-Cyq alkyloxy;

Each R?is independently H; C,-C; alkyl optionally substituted with one or more R*
independently; C.-C; alkenyl optionally substituted with one or more R* independently; Ca-
Cralkynyl optionally substituted with one or more R* independently; Cs-C; cycloalkyl
optionally substituted with one or more R* indepsandently; Ca-C; cycloheteroalkyl optionally
substituted with one or more R* independently; aryl optionally substituted with one or
moare R* independently; aryl C;-C, alky! optionally substituted with one or more R
independently; heteroaryt C;-Cs alky! optionally substituted with one or more R*
independently; heteroaryl optionally substituted with one o more R* independently, -SH; -
SRE; SOR®; SO:R%; -CHO; -CH(OR®); carboxy; -CO,R*; NHCONNH;; -NHCSNHy; -
NHCONH;; -NHCOR®; -NHSO,R®; -0-CO-(Cy-Cs ) alkyl optionally substituted with ane or
more R independently; cyano; nitro; halogen; hydroxy; -8QaNHz; -SONH(R®; -804(R%z;
-CONHz; -CSNH;; -CONzHg; -CONH(R); -CON(R®) 5; C;-Cyp alkyloxy optionally
substituted with R* independently; Co-Cio alkenyloxy opticnally substituted with R* Co-Cio

-10-
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alkynyloxy optionally substituted with R* independently, aryloxy optionally substituted with
R? independently; heteroaryloxy optionally substituted with R* independently;

R3is H; C4-C1o alkyl optionally substituted with one or more R* independently; C-G,,
alkenyl optionally substituted with one or more R* independently; C,-Cpalkynyl optionally
substituted with one or more R* independently; Co-C; cycloalkyl optionally substituted with
one or more R independently; C»-Cg cycloheteroalky! optionally substituted with one or
more R* independently; aryl optionally substituted with one or more R* independently; aryl
C1-Cs alkyl optionally substituted with one or more R* independently; heteroaryl Cy-Cs
alkyl optionally substituted with one or more R* independently; heteroaryl optionally
substituted with one or more R* independently; Cy-Cyoalkyl-NH(CH,),.sNH-aryl optionally
substituted with one or more R* independently; C1-Cioalkyl-NH(CH,),4NH-heteroaryl
optionally substituted with one or more R* independently; Cy ~Cioalkyl-O(CH,)1.sNH-aryl
optionally substituted with one or more R* independently; C:-Cioalkyl-O(CHz)1.sNH-
heteroary! optionally substituted with one or more R* independently; Gi-Croalkyl-O(CHg)y.
4O-aryl optionally substituted with one or more R* independently; C4-Crqaliyl-O(CHa);40-
heteroaryl optionally substituted with one or more R* independently; Cy-Crpalky!-S(CHa)1-
«NH-aryl optionally substituted with one or more R* independently; C+-Croalky-S(CHy),.
«NH-heteroaryl optionally substituted with one or more R* independently; Cy-Cyoalkyl-
S(CH,)14S-aryi optionally substituted with one or more R* independently; C;-Csoalkyl-
S(CHy)4.4S-heteroaryl optionally substituted with one or more R* independently; C4-
Croalkyl-O-Ci-Csalkyl optionally substituted with one of more R*; -NHCOR®* -NHSO,RS5; -
0-CO-(C4~Cs ) alkyl optionally substituted with one or more R? independently; -SH; -SR; -
SOR®; -SO;R’; -CHO; -CH(OR)2; carboxy; cyano; nitro; halogen; hydroxy; ~-SONHs: -
SONH(R); -SO.N(R®)5; -CONH;; -CONH(R®); “CON(R®); -CSNH,; -CONHNH;; -CO2R’
“NHCNHNH_; -NHCSNH,; -NHCONH,; -NHCOR* -NHSO,R5; '

R* is C4-Cyp alkyl optionally substituted with one or more R® independently; C»-Cyoalkenyl
optionally substituted with one or more R independently; Co-Cqq alkynyl optionally
substituted with one or more R® independently; C+-C; cycloalkyl optionally substituted with
one or more R® independently; Co~Cs cycloheteroalkyt optionally substituted with one or
more R® independently; aryl optionally substituted with one or more R® independently;
heteroaryl optionally substituted with one or more R® independently; amino; amino
substituted with one or more G;-Cyo alkyl optionally substituted with one or more R%;
amino substituted with one or two aryl optionally substituted with one or more R®

11-
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independently; heteroaryl optionally substituted with one or more R® independently; =0;
=5; -CO-R5; -COORS5; -0-CO-(C+-Cs ) alkyl optionally substituted with one or more R
independently; NH{(CHy)y.sNH-aryk; NH(CHz)1.sNH-heteroaryl; -NHCOR® -SOR®; SO.R%;
carboxy; cyano; N-hydroxyimino; nitro; halogen; hydroxy; perhaloalkyl; perhaloalkyloxy; -
SH; -SRS: -S0gH; -SO4R’; -SO3R%; -SONHy; -SONH(R®); -80:N(R®)2; -CONHg; -
CONH(R®); -CON(R),; C-Cyo alkyloxy optionally substituted with one or more R®
independently; Co-Cyo alkenyloxy optionally substituted with one or more R®
independently; C»-Co alkynyloxy optionally substituted with one or more R®
independently; aryloxy optionally substituted with one or more R® independenty;
heteroaryloxy optionally substituted with one or more R? independently;

two R*attached 1o the same carbon may form a spiroheterocyclic system such as
hydantoin; thiohydantoin; oxazolidine-2,5-dione;

R® is C;-C1o alkyl optionally substituted with one or more R® independently; Co-Coalkenyl
optionally substituted with one or mare R? independently; Cz-Ciq alkynyl optionally
substituted with one or more R® independently; C,-C; cycloalkyl optionally substituted with
one or more R® independently; Cs-C- cycloheteroalkyl optionally substituted with one or
more R? independently; ary! optionally substituted with one or more R® independently; aryl
C-C5 alkyl optionally substituted with one or more R® independently; heteroaryl optionally
substituted with one or more R® independently; heteroaryl C,-Cs alkyl optienally
substituted with one or more R® independently;

R® is H, amidoxime; nitro, tetrazole; pentailuorophenyl; -CH20H; -CHO; -C{OCHs),; -
COCHg; -CFa; -CClg; -OCFg; -OGHj; -CN; -COH; -CO,CHs; -CONHy; -CSNHg; “CONHs; -
SO4H; -S0.NH,; -SO;NHCH;; -SO,N(CHs),; -SO; (1-piperazinyl);-SO; (-4-
methylpiperazin-1-yl); -SO; (pyrrolidin-1-yl); -SO, (piperidin-1-yl); -SO, (morphoiin-4-yl); N-
hydroxyimino; -NHz; -NHCHs; -N(CHg)s; -NHCNHNH;; -NHCNHNHCH; -NHCSNH;; -
NHCSNHCH;; -NHCONH,; -NHCONHCH,; -NHCOCH;; -NHSQ2CHs; piperazinyl;
morhpolin-4-yl; thiomorpholin-4-yl); pyrrolidin-1-yl; piperidin-1-yl; halogen; -OH; -SH; -
SCH; -amincacstyl; -OPO3H; ~OPO,0CHg; -POsHy; -PO(OCHs)e; PO(OH) (OCH);

R® is H; halogen; C-Cq alkyl optionally substituted with one ar more R* independently
A" is H; halogen;

R9 and R10 may be connected to form a cyclopropyl ring

or a salt thereof with & pharmaceutically acceptable acid or base;
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for the manufacture of a medicament for treating diseases that are associated with
proteins which are subject to inactivation by DPP-IV.
According to a first aspect, the present invention provides a compound of

formula I

10

0 r\’gyR/RLRZ
R\ N ()
fji)—N/ NH
/
o7 N N \‘|>( )
7 R

3
R

wherein
n and m is one or two independently;

R'is C=0; C=S§; C; alkynyl; C;-C; cycloalkyl; C3-C; cycloheteroalkyl; aryl; aryl-C;-Cs
alkyl; heteroaryl; heteroaryl-C;-Cs alkyl, wherein each alkyl, cycloalkyl,
cycloheteroalkyl, aryl, aryl-C;-C; alkyl, heteroaryl, or heteroaryl-C;-C; alkyl is

optionally substituted with one or more R* independently;

R%is H; Ci-C; alkyl; C,-C5alkenyl; C;-C7 alkynyl; C3-C; cycloalkyl; C3-Cy
cycloheteroalkyl; aryl; aryl-C,-C; alkyl; heteroaryl-C;-Cj alkyl; heteroaryl; cyano;
halogen; hydroxy, nitro; -SH; -SR%; -SOR>; -SO;R’; carboxy; -CO,R% -CON(RS)Z; C-
Cyo alkyloxy; C;-Cy alkenyloxy; C,-Cy alkynyloxy, aryloxy; heteroaryloxy, wherein
each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-C; alkyl,
heteroaryl, heteroaryl-C,-Cs alkyl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or

heteroaryloxy is optionally substituted with one or more R'' independently;
y P Y:

R*is H; C,-Cy alkyl; C;-Cyg alkenyl; C,-Cyg alkynyl; C3-C; cycloalkyl; C5-C,
cycloheteroalkyl; aryl; aryl-C;-Cj alkyl; heteroaryl-Cy-Cs alkyl; heteroaryl; Cy-Cjoalkyl-
0-C;-Csalkyl; carboxy; cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl,
alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-Cs alkyl, heteroaryl-C;-C; alkyl,
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heteroaryl, or alkyl-O-alkyl is optionally substituted with one or more R'?

independently; two R® attached to the same carbon atom may form a spiro system;

R*, R", R'2, and R" are independently C)-Cyo alkyl; Cy-Cio alkenyl; Co-Cio alkynyl; Cs-
C; cycloalkyl; C3-C; cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
trifluormethyl; N(R'*); =0; =S; C1-Cio alkyloxy; C2-Cio alkenyloxy; Co-Cio
alkynyloxy; aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or
heteroaryloxy is optionally substituted with one or more R® independently; two R*
attached to the same carbon atom may form a spiroheterocyclic system, preferably

hydantoine; thiohydantoine; oxazolidine-2,5-dione;

R%is H; Ci-Cio alkyl; C,-Cyg alkenyl; C;-C g alkynyl; C3-C; cycloalkyl; Cs-C;
cycloheteroalkyl; aryl; aryl-C,-Cs alkyl; heteroaryl; heteroaryl-C,-Cs alkyl , wherein
each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl alkyl, heteroaryl, or

heteroaryl alkyl is optionally substituted with one or more RM independently;

Réis H; C-Cy alkyl; C,-Cyp alkenyl; Co-Cyg alkynyl; Cs-Cs cycloalkyl; Cs-Cy
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®

independently;

Ris H; Ci-Cy alkyl; C,-Cypalkenyl; C,-Cq alkynyl; Cs-C; cycloalkyl; Cs-Cs
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®

independently;

Rg, RM, RIS, and RS are independently H; nitro, -OCHj3; cyano; halogen; -OH; -SH; -
SCH;3;

R’ is H; halogen; C,-Ci alkyl or aryl, wherein alkyl or aryl is optionally substituted with

one or more R'7 independently
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R'" is H; halogen;

or, R? and R'® may be connected to form a cyclopropyl ring;
R%isH; C;-Cyo alkyl or aryl;

or a salt thereof with a pharmaceutically acceptable acid or base;

with the exception of the following compounds:

1,3-dimethyl-7-(2-oxo-propyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
1,3,1',3',7"-pentamethyl-8-piperazin-1-yl-3,7,3", 7"-tetrahydro-7,8'-methanediyl-bis-
purine-2,6-dione,
7-Benzyl-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-(4-Chloro-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-(2-Chloro-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-(1-phenyl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-(3-methyl-benzyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,

According to a second aspect, the present invention provides a compound of

formula I
s R"
0 R R-R?
RN
i | " >—N/( )n\NH
}\ / 4
0”7 N N (
b @
|
wherein

n and m is one or two independently;

with the proviso that if n is 2 then m is also 2;

R} is C=0; C=S; C;-C, alkyl; C, alkenyl; C; alkynyl ; Cs-C cycloalkyl; C3-Cy
cycloheteroalkyl; aryl; aryl-Cy-Cs alkyl; heteroaryl; heteroaryl-Cy-C; alkyl, wherein each
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alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C,-Cs alkyl, heteroaryl, or
heteroaryl-C;-C; alkyl is optionally substituted with one or more R* independently;

Rlis H; C-C7 alkyl; Co-C; alkenyl; C,-C5 alkynyl; Cs-Cs cycloalkyl; Ci-Cq
cycloheteroalkyl; aryl; aryl-C,-C; alkyl; heteroaryl-C;-C; alkyl; heteroaryl; cyano;
halogen; hydroxy, nitro; -SH; -SR’; -SOR’; -SO.R?; carboxy; -CO;R*; -CON(RS)Z; Ci-
Cio alkyloxy; C,-Co alkenyloxy; C,-Co alkynyloxy, aryloxy; heteroaryloxy, wherein
each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-C; alkyl,
heteroaryl, heteroaryl-C;-Cs alkyl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or

heteroaryloxy is optionally substituted with one or more R'" independently;

R® is H; C;-Cyg alkyl; Ca-Cio alkenyl; Cy-Cyo alkynyl; Cs-C; cycloalkyl; C3-Cy
cycloheteroalkyl; aryl; aryl-C;-Cj alkyl; heteroaryl-C,-Cj alkyl; heteroaryl; C;-Cypalkyl-
0-C;-Csalkyl; carboxy; cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl,
alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C,-Cs alkyl, heteroaryl-C;-C; alkyl,
heteroaryl, or alkyl-O-alkyl is optionally substituted with one or more R
independently; two R attached to the same carbon atom may form a spiro system;
RYR", R and R are independently C,-Cyy alkyl; C,-Cyg alkenyl; C;-Cyg alkynyl; Cs-
Cj cycloalkyl; C3-Cq cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
trifluormethyl; N(R”)z; =0; =S, C;-Cy alkyloxy; C,-Cyp alkenyloxy; C;-Cip
alkynyloxy; aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or
heteroaryloxy is optionally substituted with one or more R® independently; two R*
attached to the same carbon atom may form a spiroheterocyclic system, preferably

hydantoine; thiohydantoine; oxazolidine-2,5-dione;

R¥is H; Ci-Cuo alkyl; C,-Cyp atkenyl; C,-Cyg alkynyl; C3-C7 cycloalkyl; Ca-Cy
cycloheteroalkyl; aryl; aryl-C;-Cs alkyl; heteroaryl; heteroaryl-C,-Cs alkyl , wherein
cach alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl alkyl, heteroaryl, or

heteroaryl alkyl is optionally substituted with one or more R'* independently;

R®is H; C;-Cyp alkyl; C>-Cyo alkenyl; Cy-Co alkynyl; C3-Cy cycloalkyl; C3-C;
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
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cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R"

independently;
Ris H; C;-Cyp alkyl; C-Cipalkenyl; Cs-Cip alkynyl; C3-C; cycloalkyl; C3-C;
5 cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,

cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'6

independently;

R, R™ R, and R'6 are independently H; nitro; -OCHj; cyano; halogen; -OH; -SH; -
10 SCHj;

R’ is H; halogen; C,-Cyo alkyl optionally substituted with one or more R'7 independently
RYis H; halogen;

or, R® and R'” may be connected to form a cyclopropyl ring;

R" is H; C,-Cyq alkyl or aryl;

20  or a salt thereof with a pharmaceutically acceptable acid or base;

According to a third aspect, the present invention provides a compound of

formula I
s R
o "N\ R-g?
8
R\ N P
)\ | />—N NH
0“" N N On
||Q7 R
25 wherein

n and m is one or two independently;
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R'is C=0; C=S; C,-C; alkyl; C; alkenyl; C, alkynyl ; Cs-C; cycloalkyl; C3-Cy
cycloheteroalkyl; aryl; aryl-C,-C; alkyl; heteroaryl; heteroaryl-C;-C; alkyl, wherein each
alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-Cs alkyl, heteroaryl, or
heteroaryl-C,-C; alkyl is optionally substituted with one or more R* independently;

RYis H; C;-C; alkyl; C,-C; alkenyl; C,-C; alkynyl; Cs-C7 cycloalkyl; C3-Cq
cycloheteroalkyl; aryl; aryl-C,-C; alkyl; heteroaryl-C,-C; alkyl; heteroaryl; cyano;
halogen; hydroxy, nitro; -SH; -SR%; -SOR?®; -SO,R?; carboxy; -CO,R%; -CON(RS)z; Ci-
Cyo alkyloxy; C,-C)o alkenyloxy; C,-C g alkynyloxy, aryloxy; heteroaryloxy, wherein
each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-Cy-C; alkyl,
heteroaryl, heteroaryl-C,-Cj alkyl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or

heteroaryloxy is optionally substituted with one or more R'! independently;

R*is C1-Cyo alkyl; C;-Cg alkenyl; C,-Cyp alkynyl; C3-C; cycloalkyl; C3-Cy
cycloheteroalkyl; aryl; aryl-C,-Cj alkyl; heteroaryl-C,-Cs alkyl; heteroaryl; C,-Coalkyl-
0-C,-Csalkyl; carboxy; cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl,
alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-C; alkyl, heteroaryl-C,-Cj alkyl,
heteroaryl, or alkyl-O-alkyl is optionally substituted with one or more R'?

independently; two R? attached to the same carbon atom may form a spiro system;

R*, R R'2 and R" are independently C-Co alkyl; C-Cjo alkenyl; C,-Cyp alkynyl; Cs-
C; cycloalkyl; C3-C; cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
trifluormethyl; N(R'*); =0; =S; C,-Cyo alkyloxy; C,-Cio alkenyloxy; C>-Cip
alkynyloxy; aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or
heteroaryloxy is optionally substituted with one or more R® independently; two R*
attached to the same carbon atom may form a spiroheterocyclic system, preferably

hydantoine; thiohydantoine; oxazolidine-2,5-dione;

R’is H; C;-Cyp alkyl; C;-Cyo alkenyl; C;-Cyp alkynyl; Ca-C; cycloalkyl; C3-Cq
cycloheteroalkyl; aryl; aryl-C,-Cs alkyl; heteroaryl; heteroaryl-C;-Cs alkyl , wherein
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each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl alkyl, heteroaryl, or

heteroaryl alkyl is optionally substituted with one or more R'* independently;

Réis H; C-Cyg alkyl; C,-Cig alkenyl; C,-Cyo alkynyl; C3-C; cycloaltkyl; C3-Cy
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R"

independently;

R7 is H; C]-Cm alkyl; Cz-Clo alkenyl; Cz—Clo alkynyl; CJ'C7 cycloalkyl; C;-C7
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®

independently;

R%, R R'®, and R' are independently H; nitro; -OCHs; cyano; halogen; -OH; -SH; -
SCHg;

R’ is H; halogen; C;-Cyo alkyl optionally substituted with one or more R'7 independently
R'is H; halogen;

or, R? and R'® may be connected to form a cyclopropyl ring;

R¥isH; Ci-Cio alkyl or aryl;

or a salt thereof with a pharmaceutically acceptable acid or base;

According to a fourth aspect, the present invention provides use of a
compound according to any one of the first to the third aspects in the manufacture of a
medicament for blood glucose lowering.

According to a fifth aspect, the present invention provides use of a
compound according to any one of the first to the third aépects in the manufacture of a

medicament for type II diabetes.
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According to a sixth aspect, the present invention provides a method of
lowering blood glucose comprising administering to a subject in need of treatment an
effective amount of a compound according to any one of the first to the third aspects.

According to a seventh aspect, the present invention provides a method of
treating type II diabetes comprising administering to a subject in need of treatment an
effective amount of a compound according to any one of the first to the third aspects.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “ DPP-IV” as used herein is intended to mean Dipeptidyl peptidase IV (EC
3.4.14.5; DPP-IV), also known as CD26. DPP-IV cleaves a dipeptide from the N terminus
of a polypeptide chain containing a proline or alanine residue in the penultimate position.

The term “treatment” is defined as the management and care of a patient for the
purpose of combating the disease, condition, or disorder and includes the administration of
a compound of the present invention to prevent the onset of the symptoms or
complications, or alleviating the symptoms or complications, or eliminating the disease,
condition, or disorder.

The term “beta cell degeneration” is intended to mean loss of beta cell function, beta
cell dysfunction, and death of beta cells, such as necrosis or apoptosis of beta cells.
The term “C;-Cyg alkyl” as used herein, alone or in combination, refers to a straight or
branched, saturated hydrocarbon chain having from 1-10 carbon atoms such as but not
limited to e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl,
pentyl, 2-methylbutyl, 3-methylbutyl, n-hexyl, 4-methylpentyl, neopentyl, 2,2-
dimethylpropyl and the like.

The term “C,-Cjo-alkenyl” used herein, alone or in combination, refers to a

straight or branched, unsaturated hydrocarbon chain having from 2-10 carbon atoms and
at least one double bond such as but not limited to vinyl, 1-propenyl, allyl, isopropenyl,

n-butenyl, n-pentenyl and n-hexenyl and the like.
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The term “C,-Co alkynyl” as used herein, alone or in combination, refers to an
unsaturated hydrocarbon chain having from 2-10 carbon atoms and at least one triple
bond such as but not limited to -C=CH, -C=CCHj, -CH,C=CH, -CH,-CH,-C=CH, -
CH(CH3) C=CH and the like.

The term “C;.jo-alkoxy” as used herein, alone or in combination is intended to
include those C.jp-alkyl groups of the designated length in either a linear or branched or
cyclic configuration linked through an ether oxygen having its free valence bond from the
ether oxygen. Examples of linear alkoxy groups are methoxy, ethoxy, propoxy, butoxy,
pentoxy and hexoxy. Examples of branched alkoxy are isopropoxy, sec-butoxy, tert-

butoxy,
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isopentoxy and ischexoxy. Example of cyclic alkoxy are cyclopropyloxy, cyclobutyloxy,
cyclopentyloxy and cyclohexyloxy.

The term “Cs-Cyo cycloalkyl” as used herein refers to a radical of one or more saturated
cyelic hydrecarbon having from 3-10 carbon atoms such as but not limited to cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, adamantyl and the like.

The tem “Cs-C1o cycloalkenyl” as used herein refers to a radical of one or more cyclic
hydrocarbon having at least one double bond having from 5-10 carbon atoms such as but
not limited to cyclopentenyl, cyclohexeny! and the like

The term “Co-Cs cycloheteroalkyl” as used herein refers to a radical of totally saturated
heterocycle like a cyclic hydrocarbon containing one or more heteroatoms selected from
nitrogen, oxygen and sulphur independently in the cycle such as pyrrolidine (1-
pyrrolidine; 2- pyrrolidine; 3- pyrrolidine; 4- pyrrolidine; 5- pyrrolidine); pyrazolidine (1-
pyrazolidine; 2- pyrazolidine; 3- pyrazoliding; 4-pyrazolidine; 5-pyrazolidine); imidazolidine
(1- imidazolidine; 2- imidazolidine; 3- imidazolidine; 4~ imidazolidine; 5- imidazolidine);
thiazolidine (2- thiazolidine; 3- thiazolidine; 4- thiazolidine; 5- thiazalidine); piperidine (1-
piperiding; 2- piperiding; 3- piperidine; 4- piperidine; 5- piperidine; 6- piperidine);
piperazine (1- piperazine; 2- piperazine; 3- piperazine; 4- piperazine; 5- piperazine; 6-
piperazine); morpholine (2- morpholing; 3- morpholine; 4~ morpholing; 5- morpholine; 6-
morphaline); thiomorpholine (2- thiomorpholine; 3- thiomorpholine; 4- thiomorpholine; 5-
thiomorpholine; 6- thiomorpholine); 1,2-oxathiolane (3-(1 ,2-oxathiolane); 4-(1,2-
oxathiolane); 5-(1,2-oxathiolane); 1,3-dioxolane (2-(1,3-dioxolane); 4-(1 ,S-dioxo‘lane); 5
(1,3-dioxolane); tetrahydropyrane; (2-tetrahydropyrane; 3-tetrahydropyrane; 4-
tetrahydropyrane; 5-tetrahydropyrane; 6-tetrahydropyrane); hexahydropyridazine (1-
(hexahydropyridazine); 2-(hexahydropyridazine); 3-(hexahydropyridazine); 4-
{hexahydropyridazine); 5-(hexahydropyridazine); 6-(hexahydropyridazine)).

The term “aryl” as used herein includes catbocyclic aromatic ring systems. Aryl is
also intended to include the partially hydrogenated derivatives of the carbocyclic systems.
The term “heteroaryl” as used hereln includes heterocyclic unsaturated ring systems
containing one or mare heteroatoms selected from nitrogen, oxygen and sulphur such as
furyl, thienyl, pyrrolyl, heteroaryl is also intended to include the partially hydrogenated
derivatives of the heterocyclic systems enumerated below.

The terms “aryl” and “heteroaryl” as used herein refers to an aryl which can be optionally
substituted or & heteroaryl which can be optionally substituted and includes phenyl,
biphenyl, indenyl, naphthyl (1-naphthyl, 2-naphthyl), N-hydroxytetrazolyl, N-
hydroxytriazolyl, N-hydroxyimidazolyl, anthracenyl (1-anthracenyl, 2-anthracenyl, 3-
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anthracenyl), thiophenyl (2-thienyl, 3-thienyl), fury! (2-furyl, 3-furyl), indolyl, oxadiazolyl,
isoxazolyl, quinazolinyl, fluorenyl, xantheriyt, Isaindanyl, benzhydryl, acridinyl, thiazolyl,
pyrrolyl (2-pyrrolyl), pyrazolyl (3-pyrazolyl), imidazolyl (1-imidazolyl, 2-imidazolyl, 4-
imidazolyl, 5-imidazolyl), triazolyl (1,2,3-triazol-1-yl, 1,2,3-triazol-2-y! 1,2 3-triazol-4-yt,
1,2,4-triazol-3-yl), oxazolyl (2-oxazolyl, 4-oxazolyl, 5-oxazolyl), thiazalyl (2-thiazotyl, 4-
thiazolyl, S-thiazolyl), pyridyl (2-pyridyl, 3-pyridyl, 4-pyridyt), pyrimidiny! (2-pyrimidinyl, 4-
pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl), pyrazinyl, pyridazinyl (3- pyridazinyl, 4-
pyridazinyl, 5-pyridazinyl), quinoly! (2-quinoly, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyt,
7-quinalyl, 8-quinolyl), isoquinaly! (1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, S-isoquinolyl,
6-Isoquinolyl, 7-isoquinalyl, 8-isoquinolyl), benzo[blfuranyl (2-benzo[bjfuranyl, 3-
benzolbjfurany!, 4-benzofb]furanyl, 5-benzofbjfuranyl, 8-benzo[b]furanyl, 7-
benzo[bjiuranyl), 2,3-dihydro-benzo[blfuranyl (2-(2,3-dihydre-benzo[b]furanyl), 3-(2,3-
dihydro-benzo[blfuranyl), 4-(2,3-dihydro-benzo[blfuranyl), 5-(2,3-dihydro-benzolblfuranyl),
6-(2,3-dihydro-benzo[blfuranyl), 7-(2,3-dihydro-benzo[blfuranyl), benzofbjthiophenyl (2-
benzo[b]thiophenyl, 3-benzo[b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[bithiophenyl, 6-
benzo[blthiophenyl, 7-benzalb]thiophenyl), 2,3-dihydro-benzo[bjthiophenyl (2-(2,3-
dihydro-benzob]thiophenyl), 8-(2,3-dihydro-benzo[b]thiophenyl), 4-(2,3-dihydro-
benzo[b]thiophenyl), 5-(2,3-dihydro-benzolb]thiophenyl), 6-(2,8-dihydro-
benzo[blthiophenyl), 7-(2,3-dihydro-benzoblthiophenyl), indoly! (1-indolyi, 2-indolyi, 3-
indolyl, 4-indolyl, 5-indolyl, 6-indolyl, 7-indolyl), indazole (1-indazolyl, 3-indazolyl, 4-
indazolyl, 5-indazolyl, 6-indazolyl, 7-indazolyl), benzimidazoly! (1-benzimidazolyl, 2-
benzimidazolyl, 4-benzimidazolyl, 5-benzimidazolyl, 8-benzimidazolyl, 7-benzimidazolyl,
B-benzimidazolyl), benzoxazolyl (1-benzoxazolyl, 2-benzoxazolyl), benzothlazolyl (1-
benzothiazolyl, 2-benzothiazolyl, 4-benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyl, 7-
benzothiazolyl), carbazolyl (1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl), 5H-
dibenz[b,flazepine (5H-dibenz[b,flazepin-1-yl, 5H-dibenz[b,flazepine-2-yl, SH-
dibenzib,flazepine-3-yi, 5H-dibenz{b,flazepine-4-yl, 5H-dibenz[b,f]azepine-s-yi),' 10,11-
dihydro-5H-dibenz]b,flazepine (10,11-dihydro-5H-dibenz[b, flazepine-1-yi, 10,11-dihydro-
5H-dibenz[b,flazepine-2-yl, 10,11-dihydro-5H-dibenz(b.flazepine-3-yl, 10,11-dihydro-5H-
dibenz{b,flazepine-4-yl, 10,11-dihydro-5H-dibenz{b flazepine-5-yl).

The term halogen as used herein refers to fluarine, chlorine, bromine or iodine.

In the compounds of formula |, R? is preferably H; C»-C; alkeriyl optionally substituted with
one or more R* independently; C.-C; alkynyl optionally substituted with one or mere R
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independently; C3-C; cycloalkyl optionally substituted with one or more R* independently;
Cs-C7 cycloheteroalkyl optionally substituted with one or more R* independently; aryl
optionally substituted with one or more R* independently; aryl C-Cj alkyl optionally
substituted with one or more R* independently; heteroaryl C;-C; alky! optionally
substituted with one or more R* independently; heteroaryl optionally substituted with one
or more R independently, -SH; -SR®; SOR’; SO:R -CHO; -CH(OR);; carboxy; -COR":
NHCONNH,; -NHCSNH;; -NHCONH; -NHCOR®; -NHSO,R;-NHCOR?; -NHSO,R®: -0-
CO-(C-C5) alkyl optionally substituted with one or more R* independently; cyano; nitro;
halogen; hydroxy; perhalo G:-C- alkyl; perhalo Cy-C; alkyloxy; -SO,NH;: -SO.NH(R?); -
S0,(RP)z; -CONHg; “CSNHz; -CONoHg; -CONH(RS); -CON(R®)5; C1-Cig alkyloxy optionally
substituted with R* independently; C,-C1o alkenyloxy optionally substituted with R% C,-Cyq
alkynyloxy optionally substituted with R* independently, aryloxy optionally substituted with
R* indspendently; heteroaryloxy optionally substituted with R* independently.

More specifically, in the compounds of formula I, R* may be H; C-C; cycloalkyl optionally
substituted with one or more R* independently; C4-C; cycloheteroalky! optionally
substituted with one or more R* independently; aryl optionally substituted with one or
more R* independently; aryl C;-Cy alky! optionally substituted with one or more R*
independently; heteroaryl C;-C alkyl optionally substituted with one or more R*
independently; heteroaryl optionally substituted with one or more R* independently, -SH; -
SR’ SOR’; SO2R’; -CHO; -CH(OR®); carboxy; -COR*; NHCONNH,; -NHCSNH,: -
NHCONH;; -NHCOR?; -NHSO,R; -0-CQO-(Ci-Cs) alkyl optionally substituted with one or
more R* independently; cyano; nitro; halogen; hydroxy; perhalo C+-C; alkyl; perhalo Cy-C
alkyloxy; -SOzNH5; -SONH(R®); -S05(R%)2; -CONH,; -CSNH;; ~CONoHs; -CONH(R®); -
CON(RY)z: C1-Cro alkyloxy optionally substituted with R* independently; C-C+o alkenyloxy
optionally substituted with R*; Co=C: alkynyloxy optionally substituted with R*
independently, aryloxy optionally substituted with R* independently; heteroaryloxy
optionally substituted with R* independently.

Alternatively, in the compounds of formula I, R* may be H. In this embadiment, R! may
preferably be C=0; C=S8; C;-C,alkyl substituted with one or more R* independently; C,
alkenyl substituted with one or more R* independently; C,alkynyl; Cs-C; cycloalkyl
optionally substituted with one or more R* independently; Cs-C; cycloheteroalkyl optionally
substituted with one or more R* independently; aryl substituted with one or more R*
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independently; aryl C,-Cs alkyl substituted with one or more R* independently; heteroaryl
substituted with one or more R* independently; heteroary! G;-C, alky! substituted with one
or more R* independently.

In the compounds of formula |, R® is preferably H, and R' is preferably H.

In the compounds of formula i, R® and R’ may independently be H; C1-C1o alkyl optionalty
substituted with one or more R* independently; C,-Cqo alkeny! optionally substituted with
one or more R* independently; Go-Cyoalkynyl optionally substituted with one or more R*
independently; Cs-C; cycloalky! optionally substituted with one or more R* independently;
C;-Cy cycloheteroalkyl optionally substituted with one or mere R* independently;
heteroaryl optionally substituted with one or more R* independently. In particular, R® and
R” may independently be H; C4-C,, alkyl optionally substituted with one or more R*
independently. More particularly, R® and R” may independently be H; C-Cyp alkyl.

When R is H, R® and R” may independently be H; C,-C:, alkyl optionally substituted with
one or more R* independently; C,-Cy, alkenyl optionally substituted with one or mors R*
independently; Co-Cioalkynyl optionally substituted with one o more R” independently;
C4-C; cycloalkyl optionally substituted with one or more R* independently.

In the compounds of formula I, R* may be piperidino optionally substituted with one or
more R? independently; piperazino optionally substituted with one or more R® '
independently; morpholino optionally substituted with one or more R® independently;
thiomorpholino optionally substituted with one or more R® independently; pyrrolidino
optionally substituted with one or more R® independently. In this embodiment, R® and R’
may independently be H; C4-Cyq alkyl optionally substituted with one or more R*
independently; Co-Cio alkenyl optionally substituted with one or more R* independently;
Cx-Cioalkynyl optionally substituted with one or more R* independently.

Preferred Compounds

7-Benzyl-8-(6-hydroxymethyl-[1,4]diazepan-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione.
7-Benzyl-8-(6-hydroxy-[1,4]diazepan-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-diong
7-Benzyl-8-(3-hydroxymethyl-[1,4]dlazepan-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione
7-Benzyl-1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-7-(4-methylbenzyl) -8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
3-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-ylmethyt) benzonitrile
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2-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-yimethyl) benzonitrile
1,3-Dimethyl-7-(1-phenylethyl) -8-piperazin-1-y-3,7-dihydropurine-2,6-dione

- 7-(2-lodobenzyl) -1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione

1,3-Dimethyl-8-piperazin-1-yi-7-(2-trifluoromethytbenzyl) -3,7-dihydropurine-2,6-dione
1,3-Dimethyl-7-naphthalen-1-ylmethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-7-naphthalen-2-yimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
7-(3-Bromobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
7-Benzyl-8-(3-isopropylpiperazin-1-yl) ~1,3-dimethyl-3,7-dihydropurine-2,6-dione
7-Benzyl-8-[1,4]diazepan-1-yi-1,3-dimethyl-3,7-dihydro-purine-2,8-dione
1,3-Dimethyl-7-(2-ox0-2-pyrrolidin-1-yl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
2-(8-[1,4]Diazepan-1-yl-1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-purin-7-ylmethyl) ~benzonitrile
8-[1,4]Dlazepan-1-yl-7-(2-iodo-benzyl) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-(2-Difluoromethoxy-benzyl) -1,3-dimethyl-8-piperazin-1-y-3,7-dihydro-purine-2,6-dione
7-(2,3-Dimethoxy-benzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(2-trifluoromethoxy-benzyl) -3,7-dhydro-purine-2,6-dione
1,3-Dimethyl-8-piperazin-1 -y|-7-(2-tri1luoromethylsulfanyl-benzyl) -3,7-dihydro-purine-2,6-dione
4-(1,3-Dimethyl-2,6-dloxo-8-plperazin-1-yl-1,2,3 6-tetrahydro-purin-7-yl) ~hutyronitrile '

R) -7-Benzy!-8-(3-isopropylpiperazin-1-yl) -1,3-dimethyi-3,7-dihydropurine-2,5-dione

S) -7-Banzyl-8-(3-isopropylpiperazin-1-y) -1,3-dimethyi-3,7-dihydropurine-2,6-dione
7-Benzyl-8-(6,9-diazaspirof4.5]dec-8-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione
7-Benzyl-8-(piperazin-3-spiro-3'-bicyclo[2,2, 1]heptane-1-yi) -1,3-dimathyl-3,7-dihydropurine-2,6-
dione

8-{1,4]Diazepan-1-yl-7-(2-methoxy-benzyl) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-naphthalen-1-yimethyi-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1 -yl-7-(2-fluoro-benzyl) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-(2-methyl-benzyl) -3,7-dihydro-purine-2,6-dione
7-(2-Chloro-benzyl) -8-[1,4]diazepan-1-yl-1,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-(2-Bromo-benzyl) -8-{1,4]diazepan-1-yl-1,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-(2-trifluoromethyl-benzyl) -3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-(2-nitro-benzyl) -3,7-dihydro-purine-2,6-dione
3-Benzyl-8-piperazin-1-y-7-(2-trifiuoromethyl-benzyl) -3,7-dihydra-purine-2,6-dions
3,7-Divenzyl-1-(2-hydroxy-sthy!) -8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione
3-Benzyl-7-phenethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-[1,4]diazepan-1-yl-3,7-dihydro-purine-2,6-dione

7-Benzyl-8-[1 4]diazepan~-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-[1,4]diazepan-1-yl-1-propyi-3,7-dinydro-purine-2,8-dione
3,7-Dibenzyi-8-[1,4]diazepan-1-yl-1-(2-hydroxy-ethyl) -3,7-dihydre-purine-2,6-dione
2-(3,7-Dibenzyl-6-[1,4]diazepan-1-yl-2,6-dioxo-2,3,6,7-tetrahydro-purin-1-yl) -N,N-diethyl-
acetamide
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1,3,7-Tribenzyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
1,3,7-Tribenzyl-8-[1,4]dlazepan-1-yl-3,7-dihydre-purine-2,6-dione

(S) -7-Benzyl-8-(3-benzyloxymethylpiperazin-1-yl) -1,3-cimethyl-3,7-dihydropurine-2,6-dione
3,7-Dibenzyl-8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyi-8-[1,4]diazepan-1-yl-1-propyl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione

3,7-Dibenzyl-8-[1 4]diazepan-1-yl-3,7-dihydro-purine-2,6-dione
2-(3-Benzyl-2,6-dioxo-8-piperazin-1-yl-1-propyl-1,2,3,6-tetrahydro-purin-7-yimethyl) ~benzonitrile
2-(3-Benzyl-8-[1,4]diazepan-1-yl-2,6-dioxo-1-propyl-1,2,3,6-tetrahydro-purin-7-yimethyf) —
benzonitrile :
2-(3-Benzyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydro-purin-7-yimethyl) ~benzonitrile
2-(3-Benzyl-8-[1,4]dlazepan-1-yi-2,6-dioxo-1,2,3,6-tetrahydro-purin-7-yimethyl) ~benzonitrile
3-Benzyl-7-(2-iodo-benzyl) -8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,6-dione
3-Benzyl-8-[1,4]diazepan-1-yi-7-(2-iodo-benzyl) -1-propyl-3,7-dihydro-purine-2,6-dione
3-Benzyl-7-(2-iodo-benzyl) -8-piperazin-1-yl3,7-dihydro-purine-2 6-dione
3-Benzyl-8-[1,4]diazepan-1-yi-7-(2-lodo-benzyl) -3,7-dihydro-purine-2,6-dione
7-Benzyl-3-methyl-8-piperazin-1-yl-1-propyl-3,7-dihydroe-purine-2,6-dione
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-propyl-3,7-dihydro-purine-2,6-dione
7-Benzyl-3-methyl-8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione
7-Benzyl8-[1,4]diazepan-1-yi-3-methyl-3,7-dihydro-purine-2,6-dione
2-(3-Methyl-2,6-dioxo-8-piperazin-1-yl-1-propyl-1,2,3,6-tetrahydro-purin-7-ylmethyl) —benzonitrile
2-(8-[1,4]Diazepan-1-yl-3-methyl-2,6~dioxo-1-propyl-1,2,3,6~tetrahydra-purin-7-ylmethyl) -
benzonitrile .
2-(8-[1,4]Diazepan-1-yl-3-methyl-2,8-dioxo-1,2,3,8-tetrahydro-purin-7-yimethyl) ~benzonitrile
7-(2-lodo-benzyl) -3-methyl-8-piperazin-1-yl-1 -propyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyl-1-propyl-3,7-dihydro-purine-2,6-dione
7-(2-lodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
8-{1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyl-3,7-dinydro-purine-2,6-dione
3-Benzyl-8-[1,4]diazepan-1-yl-1-(3-hydroxy-propyl) -7-(2-iodo-benzyl) -3,7-dihydro-purine-2,6-dione
3-Benzyl-8-[1,4]diazepan-1-yl-1-(2-ethoxy-ethyl) -7~(2-iodo-benzyl) -3.7-dihydro-purine-z-,e-dione
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-(3-phenyl-allyl) -3,7-dihydro-purine-2,6-tione
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-(2-oxo-2-phenyl-ethyl) -3,7-dinydro-purine-2,3-dione
2-(7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro-purin-1-yimethyl) —
benzonitrile

(7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl2,6-diox0-2,3,6,7-tetrahydre-purin-1-yl) —acetonitrile
3-Methyl-7-(2-methyl-thiazol-4-yimethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
8-1,4]Diazepan-1-yl-3-methyl-7-(2-methyl-thiazol-4-yimethyl) -3,7-dihydro-purine-2,6-dione
3-Methyl-7-{2-0x0-2-phenyl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
8+[1,4]Diazepan-1-yl-3-methyl-7-(2-0xo-2-phenyl-ethyl) -3,7-dihydro-purine-2,6-dione
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8-[1,4]Diazepan-1-yl-3-methyl-7-phenethyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1-(3-hydroxy-propyl) -7-(2-iodo-benzyl) -3-methyl-3,7-dihydro-purine-2,6-
dione
1-(3-Hydroxy-propy!) ~7-{2-iodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,8-dione
5 8-[1,4]Diazepan-1-yl-1-(2-ethoxy-ethyl) -7-(2-lodo-benzyl) -3-methyl-3,7-dihydro-purine-2,6-dione

1-(2-Ethoxy-ethyl) -7-(2-iodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dinydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-7-(2-iado-benzyl) -3-methyi-1-(2-phenoxy-ethyl) -3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yI-7~(2-iodo-benzyl) -1-[2-(2-methoxy-ethoxy) -ethyl]-3-methyl-3,7-ditydra-
purine-2,6-dione

10 7-(2-lodo-benzyl) «1-[2-(2-methoxy-ethoxy) -ethyi]-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,5-
dione
8-[1,4]Diazepan-1-yl-1-(3,5-dimethoxy-benzyi) -7-(2-loda-benzyl) -3-methyl-3,7-dihydro-purine-2,6-
dione
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -1-(3-methoxy-benzyl) -3-methyl-3,7-cihydro-purine-2,6-

15 dione
7-Biphenyl-2-yimethyl-8-{1 4]diazepan-1-yl-3-methyl-3,7-dlhydro-purine-2,6-dione
7-(2-Bromo-benzyl) -8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
7-(2-Chloro-benzyl) -8-[1,4]diazepan-1-yl-3-methyi-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-(3,5-dimethyl-piperazin-1-yl) -1,3-dimethyi-3,7-dihydro-purine-2,6-dione

20 7-(4-Methoxybenzyl) -1,3-dimethy}-8-piperazin-1-yi-3,7-dihydropurine-2,6-cione
(1,3-Dimethy!-2,6-dioxo-8-piperazin-1-yi-1,2,3,6-tetrahydropurin-7-yl) -phenylacetic acid methyl
ester
7-(5-Chloro-2-nitrobenzyl} -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
4-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-ylmethyl) benzonitrile

25 7-(4-Methanesulfonylbenzyl) -1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione
7-(2-Fluoro-6-nitrobenzyl) -1,3-dimethyl-8-piperazin-1 -yl-s,7-dihydropurine-z,s-dione
7-(4-Benzyloxybenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
7-(2,4-Dichlarabenzyl) -1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(4-trifluoromethylbenzyl) -3,7-dihydropurine-2,6-dione

30 7-Biphenyl-4-yimethyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydroputine-2,6-dione
3-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yi-1,2,3,6-tetrahydropurin-7-ylmethyl) benzoic acid methy!
ester
4-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yi-1,2,3,6-tetrahydropurin-7-yimethyl) benzoic acid methy!
ester

35 7-Biphenyl-2-yimethyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydraputine-2,6-dione
7-{(4-tert-Butylbenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yi-7-(4-trifiuoromethoxybenzyl) -3,7-dihydropurine-2,6-dione
7-(3,4-Dichiorabenzyl) -1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-plperazin-1-yl-7-(4-[1,2,3]thiadiazol-4-yibenzyl) -3,7-dihydropurine-2,6-dione
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4-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-yimethyl) -3-methoxybenzoic
acid methyl ester

7-Cyclohexylmethyl-1 \3-dimethyl-8-piperazin-1-yi-3,7-dihydro-purine-2,8-dione
7-Benzyl-8-(2,5-diaza-bicyclo[2.2.1]hept-2-y) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-(6-Benzyl-{1,4]diazepan-1-yl) -7-(2-iodo-benzyl) -1 \3-dimethyl-3, 7-dihydro-purine-2,6-dione

(S} -7-Benzyl-8-(3-hydroxymethylpiperazin-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-diane
8-(1,4]Diazepan-1-yk1,3-dimethyl-7-(2-0xo-2-pyrrolidin-1-yl-ethyl) -3,7-dihydro-purine-2,6-diane
7-(2-lodo-benzyl)-1,3-dimethyl-8-(6-pyridin-2-yimethyl-[1,4]diazepan-1-yl)-3,7-dihydro-purine-2,6-
dione
7-(2-Bromo-benzyl)-1,3-dimethyl-8-(6-pyridin-2-yimethyl-[1,4]diazepan-1-yl)-3,7-dihydro-purine-2,6-
dione

(S) 7-Benzyl-8-(3-benzyl-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-Benzyl-1,3-dimethyl-8-(3-phenethyl-piperazin-1-y!)-3,7-dihydro-purine-2,6-dione
(R)-7-Benzyl-8-(3-benzylpiperazin-1-yl}-1,3-dimethyi-3,7-dihydropurine-2 6-dione
7-Benzyl-8-(3-(2-hydroxy-benzyl)-piperazin-1-yi)-1,3-dimethyl-3,7-cihydro-purine-2,6-dione
7-Benzy!-8-(3-(2-methoxy-benzyl)-piperazin-1-yi)1,3-dimethyl-3,7-dihydro-purine-2,6-dione

(R) 7-Benzyl-8-(3-(4-methoxy-benzyl)-piperazin-1-yi)1,3-dirmethyl-3,7-dihydra-purine-2,6-dione
(R)-7-Benzyl-8-(3-{4-hydroxy-benzyl)-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-dione
(R)-7-Benzyl-1,3-dimethyl-8-(3-(4-nitro-benzyl)-piperazin-1-yl)-3,7-dihydro-purine-2,6-cione
(R)-7-Benzyl-8+(3-(4-fiuoro-benzyl)-piperazin-1-y))-1,3-dimethy)-3, 7-dihydre-purine-2.6-dione
(R)-4-(4-(7-Benzyl-1,3-dimethyl-2,6-dioxo-2,3,8, 7-tetrahydro-1H-purin-8-y))-piperazin-2-yimethyl)-
benzonitrile .
(R)+6-(8+(3-Benzyl-piperazin-1-yl)-1,3-dimethy!-2,6-dioxo-1,2,3,6-tstrahydro-purin-7-yimethyl)-
nicotinonitrile
(R)-7-Benzyl-1,3-dimethyl-8-(3-thiazol-4-ylmethyl-piperazin-1-yl}-3,7-dihydro-purine-2,6-dione
(R)-2-[1,3-Dimethy!-2,8-dioxo-8-(3-thiophen-2-yimethyl-piperazin-1-y))-1,2,3,6-tetrahydro-purin-7-
yimethyi-benzonitrile

7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1 -(tetrahydro-furan-2-ylmethyl)-3,7-dihydro-purine-2,6-
dione ‘
7-Benzyl-1-(2-cyclohexyl-ethyl)-8-[1 4ldiazepan-1-yl-3-methyl-3,7-dihydro-purine-2,8-dione
7-Benzyl-8-{1,4]diazepan-1-yl-3-methyl-1 -(5-methyl-hexyl)-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-{1,4]diazepan-1-yl-3-methyl-1 ~(3-methyl-butyl)-3,7-dihydro-purine-2,8-dione
7-Benzyh8-[1,4]diazepan-1-yl-1-(2-ethoxy-ethyi)-3-methyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-methyl-1-(tetrahydro-furan-2-ylmethyl)-3,7-dihydro-purine-
2,6-dione
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yl-1-(tetrahydro-furan-2-ylmethyi)-3,7-dihydro-purine-2,6-
dione
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-methyl-1-{tetrahydro-pyran-2-ylmethyl)-3,7-dinydro-
purine-2,6-dione
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7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yl-1 -(tetrahydro-pyran-2-yimethyl)-3,7-dihydre-purine-2,6-
dione
7-(2-lodo-benzyt)-3-methyl-1-(2-phenoxy-ethyl)-8-piperazin-1-yi-3,7-dlihydro-purine-2,6-dione
8-{1,4]Diazepan-1-yl-7-{2-iodo-benzyl)-1 -(2-methoxy-ethyl)-3-m ethyl-3,7-dihydro-purine-2,6-dione
7-(2-lodo-benzy!)-1-(2-methoxy-ethyl)-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
1-(2-Benzyloxy-ethyl)-8-[1,4]diazepan-1-yl-7~(2-lodo-benzyl)-3-m ethyl-3,7-dihydro-purine-2,8-dione

‘ 1-(2-Benzyloxy-ethyl)-7-(2-iodo-henzyl)-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione

1-(3 5-Dimethoxy-benzyl)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
7-(2-lodo-benzyl)-1-(3-melhoxy-benzyl)-3—methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-7-(2-ioda-benzyl)-3-methyl-1 -(3-trifluoromethoxy-benzyl)-3,7-dihydro-purine-
2,6-dicne
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yi-1~(3-trifluoromethoxy-benzyi)-3,7-dihydro-purine-2,6-
dione

8-[1,4]Diazepan-1 -yl1-(2-hydroxy-propyl)-7-(2-ioda-benzyl)-3-methyl-3, 7-dihydro-purine-2,6-dione
8-{1,4]Diazepan-1 -yl1-(2,2-diethoxy-ethyl)-7-(2-iodo-benzyl)-3-methyt-3,7-dibydro-purine-2,6-dion
8-(1,4]Diazepan-1-yt-1-(2,2—dimethoxy-ethyi)-7-(2-Iodo-benzyl)-S-methyl-a,7-dihydro-purine-2,6-
dione
8-[1,4]Diazepan-1-yl-1-(2-[1,3]dioxolan-2-yl-ethyl)-7-(2-iodo-benzyl)-3-methyi-3,7-dihydro-purine-
2,6-dione
1-(2-[1,3]Dioxolan-2-yl-ethyl)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1-yi-3,7-dihydro-purine-2,6-
dione

1-1,3]Dioxolan-2-yimethyl-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1 -yl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1-(2-[1,3]dioxan-2-yl-ethyl)-7-(2-icdo-benzyl)-3-methyl-3,7-dihydro-purine-2,6-
dione

1+(2:[1,3]Dioxan-2-yl-ethyl)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1 -y1-3,7-dihydro-purine-2,6-
diona '
8-[1,4]Diazepan-1-yl-1-(2,3-dihydroxy-propyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-purine-2,6-
dione .

1 -(2,3-Dihydroxy-propyl)-7-(2—iodo-benzyl)-3-meihyl-a-piperazind-yl-3,7-dihydro-purina~2,6—dione
8-[1,4)Diazepan-1-yi-1 -(3-hydraxy-2-methyl-propyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-purine-
2,6-dione
1-(3-Hydroxy-2-methyl-propyl)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1-yi-3,7-dhydro-purine-2,6-
dione

8-[1,4]Diazepan-1-yi-7-(2-iodo-benzyl)-3-methyl-1-{3-(tetrahydro-pyran-2-yloxy)-propyll-3,7-
dihydro-purine-2,6-dione ‘
8-[1,4]Diazepan-1-yI-1 -(2-fluoro-athyl)-7-(2-iodo-benzyl)-3-methyt-3,7-dihydro-purine-2 8-dione
7-Benzyl-8-[1,4]diazepan-1-yl-1 -(3-hydroxy-propyl)-3-metnyl-3,7-dihydro-purine-2,6-dione
7-Biphenyl-2-yimethyl-8-[1,4]diazepan-1 -yl-3-methyl-3,7-dihydro-purine-2,8-dione
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In another aspect, the invention provides compounds in one of the three groups A, B and
C.

5
Group A:
In the compounds of group A, the invention provides compounds of formula
10
R R -
0 A~R
HG
Ny N /( )n\
| p—N" "
/
o” N L-i-s( I
W "
10
wherein

n and m is one or two independently;

15 R'is C=0; C=S; C;-Czalkyl; C. alkenyl; Coalkynyl ; Ca-C; cycloalkyl; Cs-C;
cycloheteroalkyl; aryl; aryl-C;-Cs alkyl; heteroaryl; heteroaryl-Cs-Cs alkyl, wherein each
alkyl, alkenyl, cycloalkyl, cycioheteroalkyl, aryl, aryi-C,-Cs alkyl, heteroaryl, or heteroaryl-
G1-C; alkyl is optionally substituted with one or more R* independently;

20 R?is H; Cy-C; alkyl; Co-Cralkenyl; Go-Cralkynyl; Ca-C7 cycloalkyl; Ca-Cr cycloheteroalkyl;
aryl; aryl-C4-Cg alkyl; heteroaryl-C4-C; alkyl; hetercaryl; cyano; halogen; hydroxy, nitro; -
SH; -SRE; -SOR®; -80,R% carboxy; -CO,R? -CON(R%)s; C1-Cyo alkyloxy; Co-Cro
alkenyloxy; C,-Cyo alkynyloxy, aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, cycloheteroalkyl, aryl, aryl-Ci-Ca alkyl, heteroaryl, heteroaryl-Cs-Cy a'lkyl,

25 alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally substituted with
one or more R'" independently;
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R® is H; C;-Cyq alkyl; CCyo alkenyl; Co-Cyoalkynyl; Cs-C7 cycloalkyl; Ca-C;
cycloheteroalkyl; aryl; aryl-C:-Cs alkyl; heteroaryl-C+-C, alkyl; heteroaryl; C,-Cygalkyl-O-
C,-Csalkyl; carboxy; cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, cycloheteroalkyl, aryl, aryl-C-Cs alkyl, heteroaryl-G,-Cy alkyl, heteroaryl, or
alkyl-O-alkyl is aptionally substituted with one or more R™ independently; two R® attached
to the same carbon atom may form a spiro system;

R*, R"", R'?, and R are independently C4-Cyp alkyl; Co-Cyoalkenyl; Co-Croalkynyl; Cs-C7
cycloalkyl; Cs-Cy cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
trifluarmethyl; N(R™)g; =0; =8; C4-Cyo alkyloxy; Co-Cio alkenyloxy; Co-Cyo alkynyloxy;
aryloxy; heteroaryloxy, whersin each alkyl, alkenyl, alkynyl, cycloalkyl, eycloheteroalkyl,
aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally
substituted with one or more R® independently; two R* attached to the same carbon atom
may form a spiroheterocyclic system, preferably hydantoine; thiohydantoine; oxazolidine-
2,5-dlone;

R® is H; Ci-Cyq alkyl; Co-Cqg alkenyl; Co-Cioalkynyl; Cs-Cy cycloalkyl; Cs-Cy
cycloheteroalkyt; aryl; aryl-Ci-Cs alkyl; heteroaryl; heteroaryl-G:-GCs alkyl , wherein each
alkyl, alkenyl, alkynyl, cycloalkyl, cycioheteroalkyl, aryl, aryl alkyl, heteroaryl, or heteroaryl
alkyl is optionally substituted with one or more R™ independently;

R%is H; C1-Cyo alkyl; C2-Cig alkenyl; C,-Cyg alkynyl; Cs-C; cycloalkyl; C-Cr
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®
independently; '

R is H; C-Cyp alkyl; C2-Croalkenyl; Cp-Cip alkynyl; C5-C; cycloalkyl; Co-Cr
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
eycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or mare R'®
independently;

R%, R™, R', and R™® are independently H; nitro; -OCH; cyano; halogen; -OH; -SH; -SCHa;

R® is H; halogen; Cs-Cy, alkyl or aryl, wherein alkyl or aryl is optionally substituted with
one or more R" independently
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R is H; halogen;

or, R® and R™ may be connected to form a cyclopropyl ring;

R is H; C4-C1o alkyl or aryh

or a salt thereof with a pharmaceutically acceptable acid or base;

with the exception of the following compounds:

1,3-dimethyl-7~(2-oxo-propyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
1,3,1,3",7"-pentamethyl-8-piperazin-1-yl-3,7,3', 7-tetrahydro-7,8"-methanediyl-bis-purine-
2,6-dione, .

3,4, 5-rimethoxy-benzoic acid 2-(1,3-dimsthyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-
tetrahydro-purin-7-yl) -ethyl ester,

7-[2-Hydroxy-3-(4-methoxy-phenoxy) -propy(-3-methyl-8-piperazin-1-yl-3,7-dihydro-
purine-2,6-dione,

7-[2-hydroxy-2-(4-nitro-phenyl) -ethyl]-8-methyl-8-piperazin-1-yl-3,7,8,8-tetrahydro-puiine-
2,6-dione, :
7-Benzyl-3-methyi-8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione,
7-(4-Chloro-benzyl) -3-methyl-8-piperazin-1-y!-3,7-dihydro-purine-2,6-dione,
7-(2-Chloro-benzyl) -3-methy!-8-piperazin-1-y}-3,7-dinydro-purine-2,6-dione,
7-Ethyl-3-methyl-8-piperazin-1-y}-3,7-dihydro-purine-2,6-dione,
3-Methyl-8-piperazin-1-yl-1,7-dipropyl-3,7-dihydro-purine-2,6-dicne,
3-Methyl-7-(3-methyl-butyl) -8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione,
7-Butyl-3-methyi-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-(3-phenyl-propyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-But-2-enyl-3-mathyi-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-(3-Chloro-but-2-enyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
7-Heptyl-3-methy!-8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-(1-phenyl-ethyl) -8-piperazin-1-yI-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-(3-methyl-benzyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,
3-Methyl-7-propyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione, and
3-Methyl-7-pentyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione.
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Group B:

In the compounds of group B, the invention provides compounds of formula |

9 F{10
o "N\ -A-g?
. ,
R\N N /( )n\
A | >N
o“ N N { I
b "
I
whergin

n and m is one or two independently;
with the proviso that if nis 2 then mis also 2;

R' is C=0; C=8; Ci-Gzalkyl; Caalkenyl; G2 alkynyl ; Cs-C; oycloalkyl; Cs-C; ‘
cycloheteroalkyl; aryl; aryl-C;-C; alkyl; heteroaryl; heteroaryl-C,-Cs alkyl, whersin each
alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-Cs alkyl, heteroaryl, or heteroaryl-
Ci-C; alkyl is optionally substituted with one or more R* independently;

R?is H; C-C; alkyl; Go-C; alkenyl; Co-Cy alkynyl; C5-Cy cycloalkyl; C3-C; cycloheteroalkyl;
aryl; aryl-C4-C; alkyl; heteroaryl-C1-C; alkyl; heteroaryl; cyano; halogen; hydroxy, nitro; -
SH: -SR?; -SOR; -SO.R%; carboxy; -CO,R* -CON(R®),; C;-Co alkyloxy; C2-Ciq
alkenyloxy; Ca-Cyo alkynyloxy, aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, cycloheteroalkyl, aryl, aryl-Cy-Cg alkyl, heteroaryl, heteroaryl-Cs-Cy alkyl,
alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally substituted with
one or more R independently;

R® s H; Ci-Cio alkyl; Ca-Cig alkenyl; Co-Croalkynyl; Cs-C7 cycloalkyl; Cs-C7
cycloheteroalkyl; aryl; aryl-Gy-Cs alkyl; heteroaryl-C-C, alkyl; heteroaryl; Ci-Cioalkyl-O-
Ci-Csalkyl; carboxy; cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, cycloheteraalkyl, aryl, aryl-C4-C; alkyl, heteroaryl-C1-Cs alkyl, heteroaryl, or
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alkyl-Q-alkyl is optionally substituted with one or more R'2 independently; two R®attached
to the same carbon atom may farm a spiro system;

R*, R™, R™ and R" are independently C,-Cy; alkyl; Cx-Cyoalkenyl; C-Croalkynyl; Cs-C;
cycloalkyl; C3-C; cycloheteroatkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
trifluormethyl; N(R'™),; =0; =8; C;-Cyq alkyloxy; C,-Cqo alkenyloxy; C»-Ci alkynyloxy;
aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl,
aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally
substituted with one or more R independently; two R*attached to the same carbon atom
may form a spiroheterocyclic system, preferably hydantaine; thiohydantoine; oxazolidine-
2 5-dione;

R® is H; Ci-Cyp alkyl; Co-Cyoalkenyl; Co-Ciq alkynyl; Ca-Cr cycloalkyl; Co-Cr
cycloheteroalkyi; aryl; aryl-C,-Cs alkyl; heteroaryl; heteroaryl-C,-Cs alkyl , wherein each
alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl alkyl, heteroaryl, or heteroaryl
alkyl is optionally substituted with one or more R'* independently;

R® is H; C;-Cyo alkyl; Co-Croalkenyl; Cp-Ciq alkynyl; Co-Cy cycloalkyl; Co-C;
cycloheteroalkyl; aryl; heteroaryl, wherein sach each alkyl, alkenyl, alkynyl, cycfoalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R™®
independently;

R is H; Ci-Cyo alkyl; C2-Cioalkenyl; Co-C1q alkynyl; Ca-Cr cycloalkyl; Ca-Cr
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R™®
independently;

R®, R, R™, and R'® are independently H; nitra; -OCHg; cyano; halogen; -OH; -SH; -SCH;
R? is H; halogen; C:-Cyg alkyl optionally substituted with one or more R" independently

R" s H; halogen;

or, R® and R may be connected to form a cyclopropyl ring;

-35-




WO 02/02360 PCT/DK01/00467

26

R™is H; C;-Cyp alkyl or aryl;
or a salt thereot with a pharmaceutically acceptable acid or base.
5 Group C:

In the compounds of group G, the invention provides compounds of formula |

s R
o) R RL.Hz
8
R\N N /( )n\
)\ | />——N NH
07 N N (
i ¢

10 wherein
n and m is one or two independently;

R'is C=0; C=8; C;-C2 alkyl; Czalkenyl; G, alkynyl ; Cs-C; cycloalkyl; Cs-C;

15 cyclohsteroalkyl; aryl; aryl-C-Cs alkyl; heteroaryl; heteroaryl-Cs-Cs alkyl, wherein each
alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C4-Cs alkyl, heteroaryl, or heteroaryl-
C+-Cs alkyl is optionally substituted with one or more R* independently; '

R?is H; Cy-Cy alkyl; Co-Cralkenyl; C,-Cy alkynyl; Cs-C; cycloalkyl; Cs-C; cycloheteroaikyl;
20 aryl; aryl-C-C; alkyl; heteroaryl-Ci-Cs alkyl; heteroaryl; cyano; halogen; hydroxy, nitro; -
SH; -SR% -SOR®: -SO,R%; carboxy; -CO.R? -CON(R®)z; C1-C1o alkyloxy; C2-Cio
alkenyloxy; C2-Cio alkynyloxy, aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl,
cycloalkyl, cycloheteroalkyl, aryl, aryl-C,-Cs alkyl, heteroaryl, heteroaryl-C-Cs alkyl,
alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally substituted with
25 one or more R' independently;

R is C1-C1o alkyl; C»-Co alkenyl; C»-Cioalkynyl; Cs-C; cycloalkyl; C-C; cycloheteroalkyl;
aryl; aryl-C4-Cs alkyl; heteroaryl-C,-C; alkyl; heteroaryt; G1-Csoalkyl-Q-Cy-Csalkyl; carboxy;
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cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl, aIkyhyI, cycloalkyl,
cycloheteroaltkyl, aryl, aryl-C,-Cs alkyl, heteroaryl-C,-C; alkyl, hetercaryl, or alkyl-O-alky!
is optionally substituted with one or more R™ independently; two R®attached to the same
carbon atom may form & spiro system;

R*, R™, R™, and R" are independently C-Cio alkyl; Co-Coalkenyl; Co-Cro alkynyl: C+-Cr
cycloalkyl; Cs-C; cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
triffuormethyl; N(R™)z; =0; =8; Ci-Cyo alkylaxy; Ca-Cio alkenyloxy; C-Cro alkynyloxy;
aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl,

10 aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryioxy is optionally
substituted with one or more R® independently; two R* attached to the same carbon atom
may form a spiroheterocyclic system, preferably hydantoine; thiohydantoine; oxazolidine-
2,5-dione;

15 R%is H; C1-Gy¢ alkyl; Co-Cyo alkenyl; Co-Cyoalkynyl; Ga-C; cycloalkyl; Cs-C;
cycloheteroalkyl; aryl; aryl-Ci-Cs alkyl; heteroaryl; heteroaryl-C:-Cs alkyl , wherein each
alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl alkyl, heteroaryl, or heteroaryl
alkyl is optionally substituted with one or more R™ independently; ‘

20 R%is H; Ci-Cso alkyl; Co-Crg alkenyl; Co-Croalkynyl; Cs-C; cycloatkyl; Go-Cr
cycloheteroalkyl; aryl; heteroary!, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
oycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®
independently;

25 R’ is H; Ci-Cyg alkyl; Ca-Cyo alkenyl; Co-Cyoalkynyl; Cs-C; cycloalkyl; Cy-Cr
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, atkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®
independently;

30 R®, R' R, and R™ are independently H; nitro; -OCH3; cyano; halogen; -OH; -SH; -SCH3;

R® is H; halogen; C;-Cyc alky! aptionally substituted with one or more R independently

R is H; halogen;
35
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or, R® and R™ may be connected to form a cyelopropy! ring;
R'™ is H; C;-Cyo alkyl or aryl;

or a salt thereof with a pharmaceutically acceptable acid or base.

In a further embodiment of the compounds of group A, B and C, R' is C=0; C.-Csalkyl; C,
alkenyl; C, alkynyl ; C4-C; cycloalkyl; C;5-C; cycloheteroalkyl; aryl; or heteroaryl, wherein
each alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, or heteroaryl is optionally substituted
with one or more R* independently.

In a further embodiment of the compounds of group A, B and C, R' is C=0; C;-Coalkyl;
C5-C; cycloalkyl; aryl; or heteroaryl, wherein each alkyl, cycloalkyl, aryl, or heteroaryl is
optionally substituted with one or more R* independently.

In a further embodiment of the compounds of group A, B and C, R' is C=0 or aryl
optionally substituted with one or more R* independently.

In a further embodiment of the compounds of group A, B and C, R’ is aryl optionally
substituted with one or more R* independently.

In a further embediment of the compounds of group A, B and C, R' is aryl.
In a further embodiment of the compounds of group A, B and G, R is phenyl.

In a further embodiment of the compounds of group A, B and C, R? is H; C-C; alkyl; C»-
C;alkenyl; C»-Cralkynyl; Cs-C; cycloalkyl; C5-C; cycloheteroalkyl; aryl; heteroaryl; cyano;
halogen; hydroxy, nitro; -SH; -SR?; -SOR?; -80,RS; -COzR"; C-Cyo alkyloxy; Co-Cio
alkenyloxy; C»-Cio alkynyloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, heteroaryl, alkyloxy, alkenyloxy, or alkynyloxy is optionally
substituted with one or more R"" independently.

In a further embodiment of the compounds of group A, B and C, R?is H; Ci-C; alkyl; Cs-
C;cycloheteroalkyl; aryl; cyano; halogen; nitro; -SR% -SO,R® -CO.R* or C;-Cyg alkyloxy;
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wherein each alkyl, cycloheteroalkyl, aryl, or alkyloxy is optionally substituted with one or
more R'! independently. . ’

In a further embodiment of the compounds of group A, B and C, R? Is H; C;-C; alkyl; Cs-
Crcycloheteroalkyl; aryl; cyano; halogen; -CO.R* or Ci-Cqc alkyloxy; wherein each alkyl,
cycloheteroalkyl, aryl, or alkyloxy is optionally substituted with one or more R"
independently.

In a further embadiment of the compounds of group A, B and C, R? is H; C+-C; alkyl;
cyano; halogen; or C,-Cyo alkyloxy; wherein each alkyl or alkyloxy is optionally substituted

with one or more R"" independently.

In a further embodiment of the compounds of group A, B and C, R?is H; cyano or
halogen.

In a further embodiment of the compounds of group A, B and C R?is H.

In a further embodiment of the compounds of group A and B, R®is H; Ci-Cio alkyl; Co-Cyp
alkenyl; Ca-Cyy alkynyl; C3-C; cycloalkyl; aryl; Ci-Cyqalkyl-O-C,-Csalkyl; cyano; nitro;
halogen; hydroxy; wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or alkyl-O-alkyl is
optionally substituted with one or more R' independently; two R® attached to the same

carbon atom may form a spiro system.

In a further embodiment of the compounds of group A and B, R¥is H; Cy-Cyg alkyl; Cy-
Cioalkyl-0-Cy-Csalkyl; hydroxy; wherein alkyl, or alkyl-O-alkyl Is optionally substituted with
one or more R™ independently; two R®attached to the same carbon atom may form a
spiro system.

In a further embodiment of the compounds of group A and B, R®is H or C;-Cyg alkyl
optionally substituted with one or more R'? independently; two R® attached to the same

carbon atom may form & spiro system.

In a further embodiment of the compounds of group A and B, R® is H or C;-Cyo alkyl.
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In a further embodiment of the compounds of group A and B, R® is methyl, ethyl, or
isopropyl.

In a further embodiment of the compounds of group A and B, R®is H.

In & further embodiment of the compounds of group C, R? is C;-Cyq alkyl; C-Cy, alkenyl;
Cx-Cypalkynyl; Cs-C; cycloalkyl; aryl; Ci-Csealkyl-O-Cy-Csalkyl; cyano; nitro; halogen;
hydroxy; wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or alkyl-O-alkyl is optionally
substituted with one or more R'2 Independently; two R® attached to the same carbon atom

may form a spiro system.

In a further embodiment of the compounds of group C, R® is Cy-Ciq alkyl; C1-Cioalkyi-O-
C+-Csalkyl; hydroxy; wherein alkyl, or alkyl-O-alkyl is optionally substituted with one or
more R'? independently; two R attached to the same carbon atom may form a spiro
system.

In a further embodiment of the compounds of group C, R® is C;-Cyo alkyl apticnally
substituted with ane or more R'2 independently; two R attached to the same carbon atom
may form a spiro system.

In a further embodiment of the compounds of group C, R?is C4-C1o alkyl.
In a further embodiment of the compounds of group C, R® is methyl, sthyl, or isopropyl

In a further embodiment of the compounds of group A, B and C, R* is Cy-Cyo alkyl; Co-Cro
alkenyl; C-Croalkynyl; Cs-C; cycloalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or heteroaryl is optionally substituted
with one or more R® independently.

In a further embodiment of the compounds of group A, B and C, R* is C4~Cyp alkyl; Co-Cyg
alkenyl; or C,-Cqpalkynyl; whetein each alkyt, alkenyl, or alkynyl is optionally substituted
with one or more R® independently.

In a further embodiment of the compounds of group A, B and C, R* is C;-Cy, alkyl

optionally substituted with one or more R® independently.

-40-




WO 02/02360 PCT/DK01/00467

10

20

25

30

35

3t
In a further embodiment of the compounds of group A, B and G, R* is C+-C1o alkyl.
in a further embodiment of the compounds of group A, B and C, R*is methyl.
In a further embaodiment of the compounds of group A, B and C, R®is H; C;-Cyo alkyl; Ca+
Croalkenyl; Co-Croalkynyl; Cs-C; cycloalkyl; aryl; heteroaryl; wherein each alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, or heteroaryl is optionally substituted with one or more R™

independently.

In a further embodiment of the compounds of group A, B and C, RS is Cy-Cio alkyl or aryi;
wherein each alkyl or aryl is optionally substituted with one or more R independently.

In a further embodiment of the compounds of group A, B and C, R® is H; C,-C alkyl; Co-
Cigalkenyl; Co-Cio alkynyl; Cs-C; cycloalkyl; or aryl; wherein each each alkyl, alkeny!,
alkynyl, cycloalkyl, or aryl is optionally substituted with ene or more R'® independently.

In a further embodiment of the compounds of group A, B and C, R%is H; Ci-Cyo alkyl; or
C,-Cyqalkenyl; wherein each each alkyl or alkeny! is optionally substituted with one or

more R'® independently.

In a further embodiment of the compounds of group A, B and C, R®is H or C,-C,g alkyl
optionally substituted with one or more R'® independently.

In a further embodiment of the compounds of group A, B and C, R®is H.

In a further embodiment of the compounds of group A, B and C, R®is C;-Cyo alkyl
aptionally substituted with one or more R'® independently.

In a further embodiment of the compounds of group A, B and C, R®is Cy-Cie alkyl.
In a further embodiment of the compounds of group A, B and C, R®is methyl.
In a further embodiment of the compounds of group A, B and C, R is H; C,-Cyp alkyl; Co-

Cioalkenyl; or C2-Cyoalkynyl, wherein each each alkyl, alkenyl, or alkynyl is optionally
substituted with one or more R™® independently.
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In a further embodiment of the compounds of group A, B and C, R is C4-Cyo alkyl
optionally substituted with one or more R'™ independently.

In a further embodiment of the compounds of group A, B and C, R’ is C-Cyq alkyl.

In & further embodiment of the compounds of group A, B and C, R? is -OCHs.

In a further embodiment of the compounds of group A, B and C, R? is aryl.

In a further embodiment of the compounds of group A, B and C, R Is C;-Cyo alkyl; aryl;
cyano; halogen; wherein each alkyl or aryl is optionally substituted with one or more R
independently.

In a further embodiment of the compounds of group A, B and C, R"" is halogen.

In a further embodiment of the compounds of group A, B and G, R™is Cs-Cyo aikyl; Cx-Cro
alkenyl; C,-Cqg alkynyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro; wherein sach alkyl,
alkenyl, alkyny!, aryl, heteroaryt is optionally substituted with one or more R®
independently.

In a further embodiment of the compounds of group A, B and C, R is aryl; heteroaryl; or
hydroxy: wherein each aryl and heteroaryl is optionally substituted with one or more R®

independently.

In a further embodiment of the compounds of group A, B and C, R is phenyl, pyridyl, or
pyrrolidinyl.

in a further embodiment of the compounds of group A, B and C, R is hydroxy.

In a further embodiment of the compounds of group A, B and C, R is halogen.

A further aspect of the invention Is a pharmaceutical composition comprising, as an active
ingredient, at least one compound of the invention or a pharmaceutically acceptable salt
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or prodrug or hydrate thereof together with a pharmaceutically acceptable carrier or
diluent.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for treating diseases that are associated with proteins
which are subject fo inactivation by DPP-IV.

A further aspect of the invention is the use of a compound of the invention for the

manufacture of 2 medicament for treatment of metabolic disorders.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for blood glucose lowering.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for treatment of Type I diabetes.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for the treatment of impaired glucose tolerance (IGT).

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for the treatment of impaired fasting glucose (IFG).

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for pravention of hyperglycemia.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for delaying the progression of impaired giucose tolerance
(IGT) 1o Type li diabetes. i

A further aspect of the invention is the use of a compound of the invention for the

manufacture of a medicament for delaying the progression of non-insulin requiring Type It

diabetes to insulin requiring Type |l diabetes
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A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for increasing the number and/or the size of beta cells in a
mammalian subject.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for treatment of beta cell degeneration, in particular
apoptosis of beta cells.

A further aspect of the invention s the use of a compound of the invention for the

manufacture of a medicament for the treatment of disorders of food intake.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for the treatment of obesity.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for appetite regulation or induction of satiety.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for the treatment of dyslipidemia.

A further aspect of the invention is the use of a compound of the invention for the
manufacture of a medicament for treatment of functional dyspepsia, in particular irritable
bowel syndrome.

A further aspect of the invention is a method for the treatment of diseases or disorders
associated with proteins that are subject to inactivation by DPP-IV, the method comprising
administering to a subject in need thereof an effective amount of a compound of the
invention.

A further aspect of the invention Is methods of treating the above mentioned diseases, the

method comprising administering to a subject in need thereof an effective amount of a

compound of the invention.
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The compounds of the present invention may be prepared in the form of pharmaceutically
acceptable salts, especially acid-addition salts, including salts of organic acids and
mineral acids. Examples of such salts include salts of organic acids such as formic acid,
fumaric acid, acetic acid, propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid,
succinic acid, malic acid, tartaric acid, citric acid, benzoic acid, salicylic acid and the like.
Suitable inorganic acid-addition salts include salts of hydrochloric, hydrobromie, sulphuric
and phosphoric acids and the like. Further examples of pharmaceutically acceptable
inorganic or organic acid addition salts include the pharmaceutically accsptable salts
listed in Journal of Pharmaceutical Science, 66, 2 (1977) which are known to the skilled
artisan.

Also intended as pharmaceutically acceptable acid addition salts are the hydrates which
the present compounds are able to form.

The acid addition salts may be obtained as the direct products of compound synthesis. In
the alternative, the free base may be dissolved in a suitable solvent containing the
appropriate acid, and the salt isolated by evaporating the solvent or otherwise separating
the sali and solvent.

The compounds of this invention may form solvates with standard low molecular weight
solvents using methads known to the skilled artisan.

1t is 1o be understood that the invention extends to all of the stereo isomeric forms of the
claimed compounds, as well as the racemates.

In the compounds of formula 1l, the bonds in the B-ring may be unsaturated, such that the
B-ring is a five-membered or a six-membered carbocyclic or heterocyclic ring, which is

fully unsaturated.

In a preferred embodiment of the compounds of formula II, D%, D* and at least one D° are
present, and D1, D?, D°, D*, and each D* may independently be a carbon, nitrogen,
oxygen, or a sulfur atom, or G=0, or G=8, and

the bonds in the B-ring are unsaturated, such that the B-ring Is a five-membered or a six-
membered carbocyelic or heteracydlic ring, which is fully unsaturated.

When a D-ring is present in the compounds of formula I, the bonds in the D-ting are

preterably unsaturated, such that the D-ring may be a five-membered or a six-membered
carboeyclic or heteracyclic ring, which is fully unsaturated.
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In the compounds of formula 11, each my, nz, may be one or two, independently
ng is ane, and ny is two, .

D' and D? may be carbon atoms, D* and one of the D may be nitrogen atoms, and D
and the other D may be C=0, or C=5,

the bonds in the B-ring may be unsaturated, such that the B-ring is a five-membered

carbocyclic or heterocyclic ring, which is fully unsaturated.

In particular, in the compounds of formula 11, n, is two and each of ng, ns, n. is one or two,
independently.

In a specific embodiment of the compound of formula II,

the B-ring is a benzene ring

gach ny, np, is one or two, independently,

D%, D?, and D° are absent, such that D' and D? may each be optionally substituted with
one R?, independently. :

Pharmaceutical compositions

in another aspect, the present invention includes within its scope pharmaceutical
compositions comprising, as an active ingredient, at least one compound of the invention
which inhibits the enzymatic activity of DPP-IV or a pharmaceutically acceptable salt or
prodrug or hydrate thereof together with a pharmaceutically acceptable carrier or diluent.
Pharmaceutical compositions containing a compound of the invention of the present
invention may be prepared by conventional techniques, e.9. as described in Bemington: The
Science and Practise of Pharmacy. 19" Ed., 1995, The compositions may appear in
conventional forms, for example capsules, tablets, aerosols, solutions, suspensions or
topical applications.

Typical compositions include a compound of the invention which inhibits the enzymatic
activity of DPP-V or a pharmaceutically acceptable basic addition salt or prodrug or
hydrate thereof, associated with a pharmaceutically acceptable excipient which may be a
carrier or a diluent or be diluted by a carrier, or enclosed within a carrier which can be In
the form of a capsule, sachet, paper or other container. In making the compositions,
conventional techniques for the preparation of pharmaceutical compositions may be used.
For example, the active compound will usually be mixed with a carrier, or diluted by a
catrier, or enclosed within a carrier which may be in the form of a ampoule, capsule,
sachet, paper, or other container. When the carrier serves as a diluent, it may be solid,

-46-




WO 02/02360 PCT/DK01/00467

10

20

25

30

37

semi-solid, or liquid material which acts as a vehicle, excipient, or medium for the active
compound. The active compound can be adsored on a granular solid container for
example in a sachet. Some examples of suitable carriers are water, salt solutions,
alcohals, polyeihylene glycols, polyhydroxyethoxylated castor oil, peanut oil, dlive oil,
gelatine, lactose, terra alba, sucrose, dextrin, magnesium carbonate, sugar, cyclodexirin,
amylose, magnesium stearate, talc, gelatine, agar, pectin, acacia, stearic acid or lower alkyl
ethers of cellulose, silicic acid, fatty acids, fatty acid amines, fatty acid monoglycerides and
diglycerides, pentaerythritol fatty acid esters, polyoxysthylene, hydroxymethyicellulose and
polyvinyipyrrolidone. Similarly, the carrier or diluent may include any sustained release
material known in the art, such as glyceryl monostearate or glyceryl distearate, alone or
mixed with a wax. The formulations may also Include wetting agents, emulsifying and
suspending agents, preserving agents, sweetening agents ot flavouring agents. The
formulations of the invention may be formulated so as to provide quick, sustained, or
delayed release of the active ingredient after administration to the patient by employing
procedures well known in the art.

The pharmaceutical compositions can be sterilized and mixed, if desired, with auxiliary
agents, emulsifiers, salt for influencing osmotic pressure, buffers and/or colouring
substances and the like, which do not deleteriously react with the active compounds.

The route of administration may be any route, which effectively transports the active
compound of the invention which inhibits the enzymatic activity of DPP-IV fo the
appropriate or desired site of action, such &s oral, nasal, pulmonary, buccal, subdermal,
intradermal, transdermal or parenteral e.g. rectal, depot, subcutaneous, intravenous,
intraurethral, intramuscular, intranasal, ophthalmic sclution or an ointment, the oral route
being preferred.

If a solid carrier is used for oral administration, the preparation may be tabletted, placed in a
hard gelatin capsule in powder or pellet form or it can be in the form of a trache or lozenge. If
a liquid carrier is used, the preparation may be in the form of a syrup, emulsion, soft gelatin
capsule or sterile injectable liquid such as an agueous or non-aqueous liquid suspension or
salution.

For nasal administration, the preparation may contain a compound of the invention which
inhibits the enzymatic activity of DPP-IV, dissolved or suspended in a liquid carrier, in
particular an aqueous carrier, for aerosol appiication. The carrier may contain additives such
as solubilizing agents, e.g. propylene glycol, surfactants, absorption enhancers such as
lecithin {phosphatidylcholine) or cyclodextrin, or preservatives such as parabenes.
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For parenteral application, particularly suitable are injectable solutions or suspensions,
preferably agqueous solutions with the active compound dissolved in polyhydroxylated
castor oil.

Tablets, dragees, or capsules having talc and/or a carbohydrate carrier or binder or the
like are particularly suitable for oral application. Preferable carriers for tablets, dragees, or
capsules include lactose, com starch, and/or potato starch. A syrup or elixir can be used
in cases where a sweetened vehicle can be employed.

A typical tablet which may be prepared by conventional tabletting techniques may contain:

Core:

Active compound (as free compound or salt thereof) 250 mg
Colloidal silicon dioxide (Aerasil) ® 1.6mg
Cellulose, microcryst. (Avicel) ® 70 mg
Modifled cellulose gum (Ac-Di-Sol) @ 7.5mg
Magnesium stearate Ad.
Coating:

HPMC approx. 9mg
*Mywacett 9-40 T approx. 0.9 mg

*Acylated monoglyceride used as plasticizer for film coating.

The compounds of formula | and formula Il may be administered to a mammal, especially
a human in need of such treatment, prevention, elimination, alleviation or amelioration of
the various diseases as mentioned above, e.g. metabolic disorders, Type || diabetes,
hyperglycemia, impaired glucose tolerance (IGT), impalred fasting glucose (IFG), beta cell
degeneration, apoptosis of beta cells, disorders of food intake, obesity, dyslipidemia, and
functional dyspepsia, in particular itritable bowel syndrome. In particular, the compounds
of formula | or formula Il are contemplated to be useful for the prevention or treatment of
Type |l diabetes. Furthermore, the compounds of formula ! or formula Il may be useful for
blood glucose lowering, prevention of hyperglycemia, delaying the progression of
impaired glucose tolerance to Type Il diabetes, delaying the progression of non-insulin
requiring Type Il diabetes to insulin requiring Type Il diabetes, increasing the number
and/or size of beta cells in a mammalian subject, or appetite regulation or induction of
satiety. The mammal to be treated with & compound of formula | or formula Il is preferably
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a human, but may also be an animal, both a domesticated animal, e.g. household pet,
and non-domesticated animal such as wildlife.

The compounds of the invention are effective over a wide dosage range. For example, in
the treatment of adult humans, dosages from about 0.05 to about 1000 mg, preferably
from about 0.1 to about 500 mg, per day may be used. A most preferable dosage is about
0.5 mg to about 250 mg per day. In choasing a regimen for patients it may frequently be
necessary to begin with a higher dosage and when the condition is under conirol to
reduce the dosage. The exact dosage will depend upen the mode of administration, on
the therapy desired, form in which administered, the subject to be treated and the body
weight of the subject to be treated, and the preference and experience of the physician or
veterinarian in charge.

Generally, the compounds of the present invention are dispensed in unit dosage form
comprising from about 0.05 to about 1000 myg of active ingredient together with a
pharmaceutically acceptable carrier per unit dosage. )

Usually, dosage forms suitable for oral, nasal, putmonal or transdermal administration
comprise from about 0.05 mg to about 1000 mg, preferably from about 0.5 mg to about 250
mg of the compounds admixed with a pharmaceutically acceptable carrier or diluent.

The invention also encompasses prodrugs of a compound of the invention which on
administration undergo chemical conversion by metabolic processes before becoming
active pharmacological substances. In general, such prodrugs will be functional
derivatives of a compound af the invention which are readily convertible in vivo into a
compound af the invention. Conventional procedures for the selection and preparation of
suitable prodrug derivatives are described, for example, in “Design of Prodrugs”, ed. H.
Bundgaard, Elsevier, 1985.

The invention also encompasses active metabolites of a compound of the invention.

The preparation of the compounds of formula | can be done in many ways. The starting
materials are either known compounds ar compounds which may be prepared in analogy
with the preparation of similar known compaunds. A particularly useful synthesis Is

outlined below.

Combination treatments
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The invention furthermore relates to the use of a compound according to the present
invention for the preparation of a medicament for use in the treatment of diabetes in a
regimen which additionally comprises treatment with another antidiabetic agent.

In the present context the expression “antidiabetic agent” includes compounds for the
treatment and/or prophylexis of insulin resistance and diseases wherein insulin resistance
is the pathophysiological mechanism.

In one embodiment of this invention, the antidiabetic agent is insulin or GLP-1 or any
analogue or derivative thereof.

In anather embodiment the antidiabetic agent is a hypoglycasmic agent, preferably an oral
hypoglycaemic agent.

Oral hypoglycaemic agents are preferably selected from the group consisting of
sulfonylureas, non-sulphonylurea insulin secrstagoguss, biguanides, thiazolidinediones,
alpha glucosidase inhibitors, glucagon antagonists, GLP-1 agonists, potasium channel
openers, insulin sensitizers, hepatic enzyme inhibitors, glucose uptake modulators,
compounds modifying the lipid metabolism, compounds loweting food intake, and agents
acting on the ATP-dependent potassium channel of the B-calls.

Among the sulfonylureas, tolbutamide, glibenclamide, glipizide and gliclazide are preferred.
Among the non-sulphonylurea insulln secretagogues, repaglinide and nategfinide are
preferred.

Among the biguanides, metformin is preferred. )

Among the thiazolidinediones, troglitazone, rosiglitazone and ciglitazone are preferred.
Among the glucosidase inhibitors, acarbose is preferred.

Among the agents acting on the ATP-dependent potassium channel of the B-cells the
following are preferred: glibenclamide, glipizide, gliclazide, repaglinide.

Examples from the literature of known compounds which are included in formula Il are
listed in Table 1 along with their Beilstein and CAS registry numbers. The synthesis
methods disclosed in these references for producing compounds of general formula 1l are
incorporated herein by reference.

Table 1

Beilstein registry i
Structure ICAS registry number
number
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Examples from the literature of the B-D ring systems of compounds of formula Il shown

here with only methy! or amino substituents for simplicity, includes the compounds shown
in Table 2. The synthesis methods disclosed in the corresponding references for obtaining
5 these and structurally similar compaounds are incorporated herein by reference. These

compounds will enable the skilled person to produce derived compounds within the scope

of formula Il by utilizing common general knowledge and/or the synthesis methods

disclosed above.

10 Table 2
Structure Beilstein Number CAS number
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Methods for measuring the activity of compounds which inhibit the enzymatic activity
of CD26/DPP-IV

Summary.

Chemical compounds are tested for their ability to inhibit the enzyme activity of purified
CD26/DPP-IV. Briefly, the activity of CD26/DPP-IV is measured in vitro by its ability to
cleave the synthetic substrate Gly-Pro-p-nitroanilide (Gly-Pro-pNA). Cleavage of Gly-Pro-
pNA by DPP-1V liberates the product p-nitroanilide (pNA), whose rate of appearance is
directly proportional to the enzyme activity. Inhibition of the enzyme activity by specific
enzyme inhibitors slows down the generation of pNA. Stronger interaction between an
inhibitor and the enzyme results in a slower rate of generation of pNA. Thus, the degree of
inhibition of the rate of accumulation of pNA is a direct measure of the strength of enzyme
inhibition. The accumulation of pNA Is measured spectrophotometrically. The inhibition
constant, Ki, for each compound is determined by incubating fixed amounts of enzyme
with several different concentrations of inhibitor and substrate.

Materials:

The following reagents and cells are commercially available:

Porcine CD26/DPP-IV (Sigma D-7052), Gly-Pra-pNA (Sigma G0513).

Assay buffer: 50 mM Tris pH7.4, 150 mM NaCl, 0,1% Triton X-100.

Gly-Pro-pNA cleavage-assay for CD26:

The activity of purified CD26/DPP-1V is assayed in reactions containing:

70 ul assay buffer

10 ul inhibitor or butfer

10 4 substrate (Gly-Pro-pNA from a 0.1M stock solution in water) or buffer

10 yl enzyme or buffer

Reactions containing identical amounts of enzyme, but varying concentrations of inhibitor
and substrate, or buffer as control, are set up in parallel in individual wells of a 96-well
ELISA plate. The plate is incubated at 25°C and absotbance is read at 405 nm after 60
min incubation. The inhibitor constants are calculated by nonlinear regression hyperbolic
fit and the result is expressed as inhibition constant (Ki) in nM.

Diabetes model

The Zucker Diabetic Faity (ZDF) rat model can be used to investigats the effects of the
compounds of the invention on both the treatment and prevention of diabetes as rats of
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this sub-strain are initially pre-diabetic although develop severe type 2 diabetes
characterised by increased HbA1c levels over a period of 6 weeks. The same strain can
be used 1o predict the clinical efficacy of other anti-diabetic drug types. For example, the
model predicts the potency and limited clinica! efficacy of thiazolidinedione insulin
sensitiser compounds.

EXAMPLES

A further detailed description of the invention is given with reference to the foliowing

examples.

Preparative HPLC (Method A1)

Column: Waters Radial compression column Prep NovaPak ¢18 25x100, plus a Waters
Prep NovaPak HR ¢18 25x10 precolumn, in a Waters PrepLC 26x100 compression
module housing. Buffer: linear gradient 5 — 95 % in 15 min, MeCN, 0.1 % TFA, flow rate of
15 mlimin. The pooled fractions are either evaporated to dryness in vacuo, or evaporated
in vacuo until the MeCN is removed, and then frozen and freeze dried;

Preparative HPLC (Method A2)

Column: 1.9 x 15 cm Waters XTerra RP-18. Buffer: linear gradient 5 — 95 % in 15 min,
MeCN, 0.1 % TFA, flow rate of 15 ml/min. The pooled fractions are either evaporated to
dryness in vacuo, or evaporated in vacuo until the MeCN is removed, and then frozen and
freeze dried.

Preparative HPLC (Method A3)

Column: Supelcosil ABZ+Plus, 25 cm x 10 mm, 5 um. Solvent A: 0.1 % TFAAWVater,
solvent B: MeCN. Eluent compasition: 5 min. 100% A, linear gradient 0 =100 % Bin7
min, 100% B in 2 min. Flow rate 5 m/min. The column is allowed to equilibrate for 4 min in
100% A before the next run.

HPLC-MS (Method B)

Column: Waters Xterra MS C-18 X 3 mm id. Buffer: Linear gradient 10% - 100% in 7.5
min, MeCN, 0.01 % TFA, flow rate 1.0 mymin. Detection 210 nm (analog output from
diode array detector), MS-detection ionisation mode API-ES, scan 100-1000 amu step 0.1
amu.
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HPLC-MS (Method C)

The following instrumentation was used:

» Sciex ‘API 100 Single quadropole mass spectrometer

* Perkin Elmer Series 200 Quard pump

» Perkin Elmer Series 200 autosampler

» Applied Biosysterns 785A UV detector

» Sedex 55 evaporative light scattering detector

» A Valco column switch with a Valco actuator controlled by timed events from the pump.

The Sciex Sample control software running on a Macintosh PowerPC 7200 computer was
used for the instrument control and data acquisition.

The HPLC pump was connected to four eluent reservoirs containing:

Acetonitrile

Water

0.5 % TFA in water

0.02 M ammonium acetate

o9

The requirements for samples are that they contain approximately 500 ug/mi of the
compound to be analysed in an acceptable solvent such as methanol, ethanol,
acetonitrile, THF, water and mixtures thereof. (High concentrations of strongly eluting
solvents will interfere with the chromatography at low acetonitrile concentrations.)

The analysis was performed at room temperature by injecting 20 pL of the sample
solution on the column, which was eluted with a gradient of acetonitrile in either 0.06%
TFA or 0.002 M ammonium acetate. Depending on the analysis method varying elution
conditions were used.

The eluate from the column was passed through a flow splitting T-connector, which
passed approximately 20 ul/min (1/50) through approx. 1 m. 75 y fused silica capillary to

the APl interface of AP 100 spectrometer.

The remaining 1.48 ml/min (49/50) was passed through the UV detector and to the ELS
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During the LC-analysis the detection data were acquired concurrently from the mass

spectrometer, the UV detector and the ELS detector.

Tha LC conditions, detector seitings and mass spectrameter settings used for the different

methods are given in the following tables.

Column Waters Symmetry Cig 3 mm x 150 mm

Gradient 5% - 90% acetonitrile in 0.05% TFA linearly during 15 min at 1
ml/min

Detection | UV:214 nm I ELS: 40°C

MS Experiment:  Start: 100 amu Stop: 800 amuStep: 0.2 amu
Dwell: 0.571 msec
Method: Scan 284 times = 9.5 min

10 Analytical HPLC (Method D)

Column 2.4 x 20 cm RP18. Buffer pH = 3.0 (HaPO.), Acetonitrile. Flow rate 1.0 mi/min. UV

detection. Merck Hitachi system.
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General piperazine synthesis procedure I:

The procedure is described in Synthesis; 3; 1984; 271-274; Synthes’s; 12; 1981; 969-971.
Synthesis; 10; 1982; 861-864. Synthesis; 4; 1991; 318-319

HC-0
o 0
0 NHyHCI HC-O  Ra
an A, —— HS\Hi\(? 9 NHHGL )_\_(_NHQ
Step A N Step B o N
Ra H % ° H Yy
o R3 R3
— HN N —>= HN NH
Step C — Step D i
)

Step A: Preparation of oxazglidine-2,5-dione derivatives:

The amino acid (25.6 mol) was slurried in THF (100 ml) phosgene (20% in toluene)
(3.05g; 30.8 mmol) was added. The reaction mixture was stirred at room temperature for
15 hours. The reaction mixture was evaporated in vacuo. The title compound precipitated
as white crystals. The product was used without any further purification.

Step B: Preparation of (2-Amino-propionylaming) acetic acid methyi ester derivatives
The above oxazolidine-2,5-dione derivative (27.1mmol) dissolved in THF (50ml) was
added a slurry of glycine methyl ester hydrochloride (3.75g; 29.9 mmol) and TEA (7.4g;

73.3mmol) in DCM (50ml) at 0°C. The reaction mixture was allowed to warm up to room
temperature and was stirred for 15 hours. The mixture was filtered (TEA,HCI) and the
reminisce was evaporated in vacuo giving an oll. The product was used without any
further purification.

Step C: Preparation of piperazine-2,5-dione derivatives

The above (2-Amino-propionylamino) acetic acid methyl ester derivative (28.6 mmol) was
slurred in xylene (200 ml) and refluxed (140°C) for 96 hours. A crude blackish crystalline
material was filtered of. The crystals was recrystallised from methanol and charcoal giving
the title compound as white crystals.
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Step D: Preparation of piperazine derivatives

The above piperazine-2,5-dione derivative (1.1 mmol) was dissolved in THF (100 ml).
LiAlH, was added in small portions under N». The reaction mixture was stirred for 15
hours at 70 °C. Water was added dropwise until the mixture was white. K.COz was added
until the mixture had a filterable consistence. The mixture was filtered evaporated in
vacuo giving the title compound as an oil.

General piperazine synthesis procedure ll: v
Step E and F are described in J.Org.Chem. 50 (24); 1985; 4796-4799 while step D is as
described above.

Boc O HG-0 HC-0 R3 f
HN\[)L . _— |
OH o N Boc
As O NHHCl StepE H
o] R3 R3
> HN NH —_— HN NH
Step F Y Step D

Step E: Preparation of t-Boc-dipeptide esters:

The t-Boc-amino acid (9.4 mmol) was dissolved in dry DCM (25 ml) and 1-
hydroxybenzotriazol (9.6 mmol) and 1-ethyl-3-(3-dimethylaminopropy!)carbodiimide
hydrochoride (9.9 mmol) were added at 0-5 °C. Stirring was continued for % hor after
which the amino acid methyl ester hydrochloride (10.3 mmol) and TEA (10.7 mmol) were

added at 0-5 °C. The reaction mixture was stirred at room temperature overnight, The
mixture was poured into 0.5 M potassium hydrogensulphate (50 mi) and filtered. The
organic phase was isolated and washed with 10 % aqueous sodium hydrogencarbonate
(2 x 20 ml) and brine (1 x 20 ml), dried over magnesium sulphate and evaporatgd in

vauco. The product was used without further purification.

Step F: Preparation of 2,5-diketopiperazines:

The t-Boc-dipeptide methyl ester (11.6 mmol) was dissolved in formic acid (80 ml) and
stirred at room temperature for 2% hours. The solvent was removed at 35 °C under high
vacuum and the crude dipeptide ester formate was dissolved in a mixture of dry sec-butyl
alcohol (24 mt) and dry toluene (12 ml). The solution was refluxed for 2 hours. Afier
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approx. one hour the diketopiperazine start to crystallize out of the hot reaction. The

reaction mixture was cooled to 0-5 °C and the white crystals of diketopiperazine was

isolated by filtration.

5 Abbreviations

DCM Dichicromethane
DIEA Diisopropylsthylamine
DMF Dimethyiformamide
DMSO | Dimethyl sulfoxide
10 HOAc | Acetic acid
MeCN | Acetonitrile
TFA Trifluoroacetic acid
THF Tetrahydrofurane
™G Tetramethylguanidine
15
General procedure (A)
O H o g
H,C. N px  HiC N
N N
T 2
07NN StepA  0TNTTN
1
CH, CH,
L
H-N N-H
{ 0
3
R HC AN (),
— I e
StepB o7>N" N H( )
] n
CH, R?
20

R', R%, X and n are defined as in formula 1.

Step A:

8-Chloro-1,3-dimethyl-3,7-dihydro-purine-2,6-dione (Avocado, UK) (0.2g; 0.93mmol) and
the arylmethylhalogenide (0.93mmol) K,CQs (0.257g; 18,6mmol) and DMF (5mi) is mixed
25 in a scintillations vessel (20ml). The vessels are carefully sealed and the reaction mixtures
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are shaken for 121 hours at 100 C°. After cooling, brine (5ml) and ethyl acetate (5ml) is
added. The reaction mixtures are shaken for 10 hours. The ethyl acetate phase is
decanted to a new scintillations vessel. The water/DMF-phase is then extracted with DCM
(5ml). The DCM and ethyl acetate phase are combined and evaporated in a speedvac.

5 The residue is used without any purification in the next step.

Step B;
8-Chloro-7-(aryimethyl) -1,3-dimethyl-3,7-dihydro-purine-2,8-dione derivative (50 mg,
~0.15 mmol) is dissolved in methoxyethanol (1ml) in a 4 mi scintillation vessel. The

10 piperazine derivative (0.235mmol), and TEA (82mg; 43uL; 0.31mmol) are added. The
vessels are sealed carefully and shaken for 7 days at 100 C°. The reaction mixtures are
evaporated in a speedvac, Each vessel is added methanol (1ml), and 1N HCI (0.5 ml),
Ashaken for 10 hours and evaporated in a speedvac. The samples are purified by prep.
HPLC (Method At).

15 The purified compounds are analysed by LC-MS.

General procedure (B)

H Q R'
H‘N%f‘i RI-X R\ N
| X —— /)— s,
O’L N Step A J‘ Step B J\ N’>_ X

HI
R R“\N N O
- Jo 2N e
Step C oF N N \_1()
I7 n
R 3

20 R', R® R% R, X and n are defined as in formula I.

Step A
The starting material 3-benzyl-8-bromo-3,7-dihydro-purine-2,6-dione or 3-methyl-8-bromo-
3,7-dihydro-purine-2,6-dione (16 umol) is dissolved in a mixture of DMF and DIEA (3%
DIEA, 250 ul.). Substituted benzy! bromide or other alkylating agents (16.8 umol, 1.05

25 equiv) are dissolved in DMF (100 4L) and added. The mixture is heated to 85 °C for 2h.
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StepB

Alkylation reagent RE-X (32 umol) is dissdlved in DMF (100 4l) and added to the above
reaction mixture, followed by a solution of TMG in DMF (1,16 mi TMG diluted to 5.8 ml, 48
ul). The mixture is kept at 85 °C for 4h.

Step C
Diamine (200 umol) is dissolved in a mixture of DMF and DIEA (3% DIEA, 200 4L) and

added to the above reaction mixture. The reaction is kept at 65 °C for 1-4d.
Samples are neutralized using HOAG (20 ul). The solvent is evaporated and the residus is
dissolved in DMSO/H,0 (4:1, 500 w1} and purified by HPLC (Method A3).

General procedure (C)

Step A
The first reaction step is identical to Step A in general procedure (A)

Step B:

8-Chloro-7-(arylmethyl) -1,3-dimethyi-3,7-dihydro-purine-2,6-dione derivative (1 eq.),
piperazine (3 eq.) and TEA (5 eq) is heated in an appropriate solvent in a closed vessel in
a micro wave aven (CEM MARSX microwave instrument. Magnetron frequency: 2455
MHz. Power Output: 1200 Watt.) at 150°C for 4 hours. The reaction mixture is cooled and
evaporated jn vacuo. The remaining oil is purified on a silica gel column with DCM/MsOH
(8:1) as eluent, giving the {itle compound as an oil. The oil may be dissolved in DCM to
afford the hydrachloride salt upon addition of hydrochloride in ether. Alternatively, the
samples may be purified by prep. HPLC (Method A2). The purified compounds are
analysed by LC-MS. '

All reactions are performed in closed vessels: XP 1500 Plus Vessel set; at a given
temperature in an appropriate solvent. Normally solvents like MeOH; EtOH, iPrOH; H20;
DMF and DMSO are used.

General procedure (D)

Step A:
The first reaction step is identical to Step A in general procedure (A)

Step B:
8-Chloro-7-(arylmethyl)-1,3-dimethyl-3,7-dihydro-purine-2,6-dione derivative (1.64
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mmol), amine (2.39 mmol) and potassium carbonate (2.4 mmol) was heated in DMF (30
ml) at 100 °C for 5 hours. The reactiori mixture was ccoled to room temperature and
filtered. The filtrate was evaporated to dryness i vacuo and the residue was purified on a
silica gel column (Eluent: Ethyl acetate/Methanol/Triethylamine (90:10:2)) giving the pure
base. The hydrochloride salt may be prepared by dissolving the base in isopropanol and
adding hydrogen chloride in diethyl ether to the solution.

General procedure (E): Preparation of 6-substituted-{1,4]-diazepanes

—~ LiAIH,
By N—Bn 2 RX Bn—, N—Bn THF
———
o o ol\(go
RS
H,
/N 2 /TN
B~ —Bn pdiC
w HNK'/NH
oy R

1,4-Dibenzyl-[1,4]diazepane-5,7-dione is converted to the Na-salt in THF with NaH as
base, and reacted with the R®-X alkylating reagent e.g. benzyl bromide, at room
temperature. The product e.g. 1,4,6-Tribenzyl-{1,4]diazepane-5,7-dione is reduced to the
1,4,6-Tribenzyl-[1,4]diazepane by treatment with LIAIH4 in THF at elevated temperaturs.
The N-benzyl groups are removed by catalytic hydrogenation in EtOH:AcOH (1:1), using
Pd/C as catalyst.

Example 1 .
7-Benzyl-8-(6-hydroxymethyl-[1,4]diazepan-1-y1) -1,3-dimethyl-3,7-dihydropurine-2,6-
dione. TFA
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lic acid. Na-salt (1A

N, N-dibenzylethylenediamine (4.9 ml, 20'8 mmol) was dissolved in toluene (200 mi),
tristhylamine (8.94 mi, 4.5 mmol), and methanol (20 ml) and 3-bromo-2-
bromomethylpropionic acid (5.12 g, 20,8 mmol) was added. The reaction mixture was
heated to reflux for 24 hours. The solvents were evaporated and the remaining was
redissolved in water (150 mi) and ethyl acetate (150 ml). The aqueous layer was acidified
with B8N hydrochloric acid until pH=2, and the layers were separated. The aqueous layer
was washed with ethy! acetate and then 10% agueous sodium hydroxide was added until
pH=12, The aqueous layer was washed with 4 x 150 mi of ethyl acetate, and then
evaporated to dryness. The remaining was suspended in ethyl acetate (200 ml) and dry
methanol (20 mi) and salts was filtered off. The mother liquor was evaporated and purified
by chromatography on silica, using 10% methanal in dichloromethane as the eluent.
Fractions containing the product were evaporated, to afford 5.09 g of 1A as an yellow
foam in 70% yield.

"H-NMR (CDCl;): §7.31 (10H, m); 3.78 (4H, m); 3.18 (4H, m); 2.81 (3H, m); 2.58 (2H, m).
HPLC-MS (Method B): m/z =325 (M+1); Ry = 1.55 min.

Step B: Preparation of (1.4-dibenzyl-[1 4ldiazepan-8-yDmethanol (1B
The sodium salt of 1,4-dibenzyi-[1,4]diazepane-8-carboxylic acid (1A) (2.36 g, 6.81 mmoal)
was dissolved in dry tetrahydrofuran (50 ml) under a nitrogen atmosphere and lithium

aluminium hydride (0.50 g, 13.6 mmol) was added. The reaction mixture was stirred at
room temperature for 2 hours and then quenched with water until effervescence ceases.
Ethyl acetate (200 mi) and solid potassium carbonate was added until a white suspension
appeared, and the mixture was allowed to stir for half an hour. The suspension was
filtered through celite, which was washed with 3 x 50 ml of ethyl acetate. Water (200 ml)
was added and the aqueous layer was exiracted with 3 x 200 ml of ethyl acetate. The
combined organic layers were washed with brine and dried aver sodium suliate. The
solvent was evaporated to afford 2.06 g of 1B as an yellow oil in 97% vield.

'H-NMR (CDCls): 57.28 (10H, m}; 3.61 (4H, s); 3.55 (2H, d}; 2.99 (2H, dd); 2.73 (2H, dd);
2.57 (4H, m); 1.93 (1H, m).

HPLC-MS (Method B): m/z =311 (M+1); R, = 1.24 min.

Step C: Preparation of ([1.4]diazepan-6-yhmethanol (1C)

(1,4-Dibenzyl-[1,4]diazepan-6-yl)methanol (1B) (1.02 g, 3.28 mmol) was dissolved in
ethanol (50 ml) and acetic acid (8 mi) and paliadium, 10wt.% on activated carbon (0.2 g)
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was added. The mixture was hydrogenated on a Parr apparatus at 45 psi, for 6 days, and
filtered twice. The solvents were evaporafed and the crude product was dissolved in water
(2 ml) and saturated potassium carbonate was added until pH=13. The aqueous layer
was washed with 4 x 10 mi of ethyl acetate, and water was evaparated. The crude
praduct was purified by preparative HPLGC (method A1; R; = 2.27 min.) to afford 5.3 g of
1C including potassium carbonate salt.

HPLC-MS (Method B): m/z =131 (M+1); Ry=0.33 min.

Step D: Preparation of 7-benzyl-8-(6-hydroxymethyi-[1,4ldiazepan-1-yi) -1,3-dimethyl-3,7-
dihvdropurine-2,6-dione. TFA (1)

{[1,4]Diazepan-6-yl)methanol (1C) including potassium carbonate salts (ca 1 mmol) was
suspended in dry DMF (200 ml) and 7-benzyl-8-chlora-1,3-dimethyl-3,7-dihydro-purine~

2 6-dione (199.9 mg, 0.656 mmol) and potassium carbonate (453 mg, 3.28 mmol) were
added. The reaction mixture was stirred at room temperature for 24 hours, heated to 60°C
for 3 hours, heated to 95°C for 5 hours and heated to 120°C for 2 hours. The suspension
was allowed to cool to room temperature and white salts were filtered off. The filtrate was

evaporated and purified by chromatography on silica, using 5% methanol in
dichloromethans as the eluent. Fractions containing the product were evaporated and
purified by preparative HPLC (method A2; R, = 2.52 min.) to afford 8 mg of the title
compound as an yellow oil in 1% yield.

"H-NMR (MeOH-dh): §7.30 (3H, m); 7.14 (2H, d); 5.53 (2H, s); 3.80-3.05 (16H, m); 2.09
(1H, m). HPLC-MS (Method B): m/z =399 (M+1); R, = 1.75 min.

Example 2
7-Benzyl-8~(6-hydroxy-[1,4]diazepan-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione. TFA

o //®
HCx, N N
N ; NH
S
o7 N
CH, OH

Step A; Preparation of 1,4-dibenzyl-[1 4]diazepan-6-ol (2A)

N,N-dibenzylethylenediamine (4.9 mi, 20.8 mmol) was dissolved in toluene (200 mi),
triethylamine (8.94 ml, 64.5 mmol), and 1,3-dibromo-2-propanot (4.53 g, 20.8 mmol) was
added. The reaction mixture was heated to reflux for 4 days. The solvents were
evaporated and the rernaining was redissolved in water (150 ml) and sthyl acetate (150
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ml). The aqueous layer was acidified with 6N hydrochloric acid until pH=2, and the layers
were separated. The aqueous layer was washed with 3 x 100 ml of ethyl acetate and the
combined organic material was dried with sodium sulphate, filtered and the solvent was
evaporated. The crude product was purified by chromatography on silica, using 5%
methanol in dichloromethane as the eluent. Fractions containing the product were
evaporated, to afford 3.59 g of 2A as an yellow ot in 59% yield.

"H-NMR (MeOH-d,): §7.30 (10H, m); 3.81 (1H, m); 3.67 (4H, s); 2.90 (2H, dd); 2.74-2.60
(6H, m). HPLC-MS (Method B): m/z =297 (M+1); R; = 1.49 min.

Step B: Preparation of [1.4]diazepan-8-ol. HOAc (2B)
1,4-Dibenzyl-[1,4]diazepan-6-ol (2A) (873 mg, 2.95 mmol) was hydrogenated for 21 days

as described in example 1, step C. The reaction mixture was filtered twice, and the
solvents were evaporated to afford 420 mg of 2B, as yellow crystals in 80% yield.
'H-NMR (MeOH-d}): 54.07 (1H, m); 3.61 (1H, m); 3.27-2.98 (8H, m); 1.92 (6H, s). HPLC-
MS (Method B): nv/z =117 (M+1); Ry = 0.36 min.

Step C: Preparation of 7-Ben:
dihvdropurine-2,6-dicne. TFA (2)
[1,4]Diazepan-6-ol acetate (2B) (116 mg, 0.49 mmol) and 7-benzyl-8-chioro-1,3-dimethyl-
3,7-dihydropurine-2,6-dione (100 mg, 0.33 mmol) were dissolved in 2-prapanal (20 mi)
and triethylamine (0.68 ml, 4.9 mmol) and the mixture was subjected to micro waves
(150°C, 6 bar, 300 W, 8 hours). The solvents were evaporated and the remaining was

redissolved in dichloromethane (20 ml) and water (20 ml). The aqueous layer was
acidified with potassium hydrogen sulfate until pH=2. The aqueous layer was separated
and aqueous sodium hydroxide was added until pH=12, The aqueous layer was extracted
with 3 x 50 mi of dichloromethane, and the combined organic material were added excess
trifluoroacetic acid, and evaporated, to afford 123 mg of the title compound as a brown oil
in 75% vield.

'H-NMR (MeOH-d,): 57.31 (3H, m); 7.14 (2H, m); 5.59 (2H, s); 4.23 (1H, m); 3.27-4.02
(14H, m). HPLC-MS (Method B): m/z = 385 (M+1); Ry = 1.52 min.
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Example 3
7-Benzyl-8-(3-hydroxymethyl-(1,4]diazepan-1-yl) -1,3-dimethyi-3,7-dinydropurine-2,6-
dione. TFA

i f@
ey N
| />\ OH
o)‘ry N N(:j(m\
CH, .
Step A: Preparation of 1,4-dibenzyl-[1,4]diazepane-2-carboxylic acid methyl ester (3A)
N,N-Dibenzylpropang-1,3-diamine (Sandstroem, . et al, Tetrahedron; EN; 34; 1978; 371-
378) (2.0 g, 7.86 mmoi), methyl 2,3-dibromopropionate (1.28 ml, 7.86 mmol), and

potassium carbonate (2,17 g, 15.72 mmol) were dissolved in dry dimethylformamide (125
ml) and methanol (20 mi) and the mixture was heated to reflux for 6 days. The reaction

mixture was allowed to cool to room temperature and water (200 ml) and ethyl acetate
(200 mi) were added. The aquecus layer was extracted with 2 x 200 ml of ethyl acetate,
and the combined organic layers were dried with sodium suifatg, filtered and thé solvent
was evaporated. The crude product was purified by chromatography on silica, using a
mixture of ethyl acetate and heptane1:6 as the eluent. Fractions containing the product
were evaporated, to afford 180 mg of 3A as an clear oll in 7% yield.

'H-NMR (CDCls): 67.29 (10H, m); 3.71 (3H, s); 3.62 (4H, s); 3.33-2.51 (7H, m); 1.74 (2H,
m). HPLC-MS (Method B): m/z =339 (M+1); R, = 2.76 min.

Step B: Preparation of (1.4-dibenzyl{1.4]diazepan-2-vl) -methanot (3B)

1,4-Dibenzyl-[1,4]diazepane-2-carboxylic acid methyi ester (3A) (180 mg, 0.53 mmol) was
reduced and purified by the method described in example 1, step B, to afford 169 mg of
3B as an yellow oil in 100% yield. i

"H-NMR (CDCl3): §7.31 (10H, m); 3.87 (2H, dd); 3.62 (2H, s); 3.43 (2H, d); 3.08-2.43 (7H,
m); 1.74 (2H, m). HPLC-MS (Method B): m/z =311 (M+1); Ry = 1.54 min.

Step C: Preparation of ([1.4]diazepan-2-ymethanol. HOA¢ (3C)

(1,4-Dibenzyl-[1,4]diazepan-2-yl)methanol was hydrogenated for 20 days as described in
example 1, step C. The reaction mixture was filtered twice, and the solvents were
evaporated. The crude product was crystallized from dry dichloromethane and diethy!
ether fo afford 62 mg of 3C, as white crystals in 46% vield.

'H-NMR (MeOH-d4): £3.65-2.80 {9H, m); 1.93 (9H, s); 1.27 (2H, m). HPLC-MS (Method
B): m/z =131 (M+1); R.= 0.28 min.
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tep D: Preparation of 7-benzyi-8-
dihydropurine-2.6-dione. TFA (3)

([1,4]Diazepan-2-yl)methanol acetate (3C) (62 mg, 0.26 mmol) and 7-benzyi-8-chloro-1,3-
dimethyl-3,7-dihydropurine-2,6-dione (50.3 mg, 0.17 mmol) was subjected to micro waves
(150°C, 11 bar, 300 W, 12 hours) as described in example 2, step C. The solvents were
evaporated and the crude product was purified by preparative HPLC (method AZ; Ry =
6.90 min.) to afford 8 mg of the title compound as an yellow oll in 12% yleld.

HPLC-MS (Method B): m/z =399 (M+1); R = 1.78 min.

Example 4 (General procedure {A))
7-Benzyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dions. TFA

Step A: Preparation of 7-benzvi-8-chloro-1,3-dimethvi-3,7-dihydro-purine-2,6-dione (4A):
8-Chloro-1,3-dimethyl-3,7-dihydro-purine-2,6-dione (2.0g, 9.3mmol) was dissolved in DMF
(50 mt) KCOs (2.57g, 18.6mmol) and beniyi bromide (1.75g, 10.3 mmol) were added and
the reaction mixture was stirred for 15 hours at room temperature. The reaction mixture
was evaporated in vacuo the residue was dissolved in DCM:H,O (1:1) (100 mi) the water
phase was extracted with DCM (50mt) the combined organic phase was dried with MgSO,
filtered and evaporation gave 4A as a white crystalline compound. Yield: 2.92g. Mp:
145.7-147.1°C. )

'H-NMR (CDCly): 57.2-7.4 (m, 5H); 5,15 (s, 2H); 3.55 (s, 3H); 3.4 (s, 3H).

BC-NMR (CDClz): & 154.8. 151.6; 147.7; 139.1; 135.3; 129.3; 128.9; 128.4; 108.1; 49.6;
30.2; 28.5.HPLC-MS (Method B): M+1= 305; Ri= 1,9 min.

HPLC (Methed D; MeCN: buffer 1:1) Ri=7,19 min; purity> 99%.

Step B: Preparation of 4-(7-Benzyl-1,3-dimethyl-2.6-dioxo-2,3.4.5-tetrahydro-1 H-purine-8-
yl) -piperazine-1-carboxylic acid tert-butylate (4B):

7-Benzyl-8-chloro-1,3-dimethyl-3,7-dihydro-purine-2,6-dione (4A) (1.0 g, 3.3mimol) was
dissolved in ethanol {30ml) piperazine-1-carboxylic acid tert-butylate (0.73g, 3.9mmol)
and TEA (0.66g, 0.1ml, 8.6mmol} were added and the reaction mixture was heated for 72
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hours at 120 C° in a sealed vessel. The reaction mixture was evaporated and the
remaining oil was purified on a silica gel column using (DCM, MeOH) (38:1) as eluent
giving 0.93g of 4B as a yellow oil. Yield: 62%.

HPLC (Method D; MeCM: buffer 1:1) R= 13.15 min; purity>96%.

Ry =13.15 min. > 96 % purity (Method D: MeCN: buffer (1:1) pH = 3 HsPO,)

"H-NMR (CDClg): §7.2-7.3 (m, 5H); 5.4 (s, 2H); 3.5 (s, 3H); 8.45 (m, 4H); 3.35 (s, 3H); 8.1
(m, 4H); 1.5 (s, 9H).

'SC-NMR (CDCly): 5165.0; 156.4; 151.9; 154.8; 147.8; 136.9; 120.1; 128.8; 128.2; 127.1;
106.3; 80.4; 50.6; 48.9; 43.3 (broad); 30.0; 28.7; 28.1.

Step C: Preparation of 4-(7-Benzyl-1,3-dimethyl-8-pi erazin-1-yl-3,7-dihydropurine-2,6-
dione. TFA (4):

4-(7-Benzyl-1,3-dimethyl-2,6-dioxo-2,3,4,5-tetrahydro- 1H-purine-8-yl) -piperazine-1-
carboxylic acid tert-butylate (4B) (188mg, 0.41mmol) was dissolved in TFA (1 Oml). The
reaction mixture was stirred at room temperature for 2 hours. The mixture was evaporated

in vacuo. The remaining ofl was crystallised from acetone/ether. The title compound was
isolated as the white TFA salt 170 mg. Yield: 89%. Mp; 217-19C° decomposes.

HPLC (Method D; MeCN: buffer 1:1) R= 2.98 min; purity > 99%.

"H-NMR (CDCly): §7.15-7.4 (m, 5H); 5.4 (s, 2H); 8.45 (s, 3H); 3.4 (broad d, 2H); 3.15
(broad d, 2H); 3.05 (s, 3H). HPLC-MS (Method B): m/z = 355 (M+1); R: = 1.699 min: TIC
area= 100%

Example 5 (General procedure (A))
1,3-Dimethyl-7-(4-methylbenzyl) -8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. HC

r@’ o
N
BN
[ - H
SO
&H,

HPLC-MS (Method C) m/z= 369 (M+1); Ry = 1.319 min.
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Example 6 (General procedure (A))
3-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-yimethyl) benzonitrile.
TFA

=z

o]
Hac\N/ttN I\
RaiWPl
PO re®
CH,
HPLC-MS (Method C) m/z =380 (M+1); Ry = 1.22 min.

Example 7 (General procedure (A))
2-(1 ,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydroputin-7-ylimethyl) banzonitrile.

ﬁﬁ@

,}—N

HPLC-MS (Method C) m/z=380 (M+1); Ry= 1.18 min.

Example 8 (General procedure (A))
1,3-Dimethyl-7-(1-phenylethyl) -8-piperazin-1-yl-3,7-dihydropurine-2,6-cicne. TFA

" OH,,C)/@
B

o I
CH,

HPLC-MS (Method C) m/z = 369 (M+1); Ry = 2.47 min
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Example 8 (General procedure (A))
-(2-Iodobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA

HyC~
&/*U”

HPLC-MS (Method C) m/z= 481 (M+1); Ry = 1.43 min.

Example 10 (General procedure (A))
1,3-Dimethyl-8-piperazin-1-yl-7-(2-trifluoromethytbenzyl) -3,7-dihydropurine-2,6-dione.
TFA

F

F
F —
HC N I\
j\)i ‘s
0”7 N
CH,

HPLC-MS (Method C) m/z =423 (M+1); R = 1.44 min.

Example 11 (General procedure (A))
1,3-Dimethyl-7-naphthalen-1-ylmethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione. TFA
J AN

o) .
HCay,

)\ | />—N NH
CH
HPLC-MS (Method C) m/z = 405 (M+1); Ry = 1.55 min.
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Example 12 (General procedure (A))
1,3-Dimethyl-7-naphthalen-2-ylmethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA

HPLC-MS (Method C) m/z = 405 (M+1); R, = 1.51 min.

5 Example 13 (General procedure (A))
7-(3-Bromabenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA

Br

i f@
HC. JIN

N / \

| >N

A\

&,
HPLC-MS (Method C) m/z = 434 (M+1); R; = 1.33 min,

Example 14 (General procedure (A)) )
10 7-Benzyl-8~(8-isopropylpiperazin-1-yl) -1,3-dimethyi-3,7-dihydropurine-2,6-dions. HCI

o] ,/O
HC —\
¥ Y5O
o7 N
CH, CH,
HC

The piperazine moiety was prepared according to the general procedure for preparation of

piperazine derivatives.

'H-NMR (CDClg): §7.1-7.4 (m; 5H); 5.4 (s; 2H); 3.55 (s; 3H); 3.35 (s; 3H); 3.3 (s br; 1H);
15 2.9-8.05 (m; 3H); 2.65 (1; 1H); 2.45 (dt, 1H); 2.1 (s br; 1H); 1.5 (p; 1H); 0.9 (d; 3H); 0.75 (d;

3H). ®C-NMR (CDCly): §157.17; 154.98; 152.12; 148.16; 137.12; 129.15; 128.07; 126.94;

105.33; 60.88; £4.64; 51.04; 49.06; 45.90; 31.42; 30,12; 28.17; 19.21; 19.03.
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Example 15 (General procedure (C))
7-Benzy|~8—[1 [A]diazepan-1-yl-1,3-dimethyl-3,7-dinydro-purine-2,6-dione. TFA

H,C~,
jm

HPLC-MS (Method B): m/z=369; R; = 1.75 min. TIC area= 100%

Example 16 (General procedure (C))
1,3-Dimethyl-7-(2-0x0~2-pyrrolidin-1-yl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione. HCI

0
}N

ROy N \;\

O)\N KA

HPLC-MS (Method B): m/z = 376; Ry = 2.86 min. + 0.47min; Area: 47+53%

Example 17 (General procedure (C))
2-(8{1,4]Diazepan-1-yl-1,3-dimethyl-2,6-dioxo-1,2,3,6- tetrahydro-purln-?-ylmethy()
benzonitrile. HCI

N=

Step A

2-(8-Chloro-1,3-dimethyl-2,6-diexo-1,2,3,6-tetrahydropurin-7-yimethyl) benzonitrile (0.5g,
1.5 mmol) and homopiperazine (0.45g, 4.5mmol) and TEA (0.77ml; 7.5 mmol) was heated
in 2-propanol in a closed vessel in a micro wave oven at 150°C for 4 hours. The reaction
mixture was evaporated in vacuo. The remaining oil was purified on a silica gel column
with DCM/MeOH (3:1) as eluent, giving the title compound as an oil. The il was dissolved
in DCM (3 mi) and hydrochloride in ether was added. Yield 632 mg white crystals. Mp:
160.8-162.3°C.
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TH-NMR (MeOH-dy): 57.75 (dd; 1H); 7.65 (dt; 1H); 7.4 (t; 1H); 7.1 (d: 1H); 5.65 (s; 2H);
3.55-8.85 (s; 2H); 3.5 (5; 3H); 3.2 (s; 3H) 8.1 (t; 2H); 2.9 (& 2H); 1.9 (t.t; 2H).

Example 18 (General procedurs (C))
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) - 1,3-dimethyl-3,7-dihydro-purine-2,6-dione. HCI

!
Hﬂc\n/ﬁi[ )

] '\}—N NH

0)\1}I NS
CH,

"H-NMR (CDCl3): 67.85 (d; 1H); 7.25 (t; 1H); 6.95 (1; 1H); 5.45 (s; 2H); 3.55 (s; 3H); 3.35-
3.5 (m; 2H); 3.35 (s; 3R); 2.7-3.1 (m; 6H); 1.75 (m; 2H).
Example 19 (General procedure (A))

7-(2-Difluoromethoxy-benzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione.
TFA

F?”F
o}
i r@
Hac\N/Li I\
| » NH
O)\““ NEA
CH,
HPLC-MS (Method B): m/z=421; R, = 3.72 min. area:100%

Example 20 (General procedure (A))
7-(2,3-Dimethoxy-benzyl) ~1,3-dimathyl-8-piperazin-1-yl-3,7-dihydro-purine-2, 6-dione.
TFA

CHy o-CH
d e} '3

o]
HGC‘N& /N
e
OJ\',“ SN
CH,

HPLC-MS (Method B): m/z = 415; R, = 3.65 min. area: 100%.
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Example 21 (General procedure (A))
1,3-Dimethyl-8-piperazin-1-yl-7-(2-trifluoromethoxy-benzyt) -3,7-dihydro-purine-2,6-dione.
TFA

F>rF

ji,ww

c:Ha
HPLC-MS (Method B): m/z= 439; R, = 2.75min. area 99%

Example 22 (General procedure (A))
1,3-Dimethyl-8-piperazin-1-yl-7-(2-trifluoromethylsulfanyl-benzyl) -3,7-dihydro-purine-2,6-
dione. TFA

F>£F

HiCuy /U\'/:r\g_

HPLC-MS (Method B): nvz = 455; R, = 4.17 min. area 99%

Example 23 (General procedurs (A))
4-(1,3-Dimethyi-2,6-dioxo-8-piperazin-1-yl-1,2,3 6-tetrahydro-purin-7-yl) -butyronitrile. TFA

///—:N
L0

CH
HPLC-MS (Method B): m/z = 332; R, = 2.45 min. area 99,7%
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Example 24 (General procedure (A))
(R) -7- Benzyl .8-(3-isopropylpiperazin-1-yf) -1,3-dimethyl-3,7-dihydropurine-2,6- dlone TFA

HCay JIN>"UH

The piperazine moiety was prepared according to the general procedure for preparation of
piperazine derivatives.

H-NMR (CDCly): §7.2-7.35 (m; 3H) 7.15 (dd; 2H); 5.4 (s; 2H); 3.6 (s; 3H); 3.35 (s; 3H);
3.3 (m; 5H); 3.1 (m; 2H); 1.8 (p; 1H); 0.9 (d; 3H); 0.75 (d; 3H). HPLC-MS (Method B): m/z
=397 (M+1); R; = 2.06 min.

Example 25 (General procedure (A))
(S) -7-Benzyi-8-(3-isopropylpiperazin-1-yl) -1,3-dimethyl-3,7-dihydrapurine-2,6-dione.
TFA

A /
H30\N N)_
820

'H-NMR (CDCls): 511.4 (broad s; 2.5H); 7.25-7.4 (m; 3H); 7.15 (dd; 2H); 5.4 (s; 2H); 3.6
(s; 3H); 3.25-3.5 (m; 7H); 3.0-3.2 (m; 2H); 1.8 (p; 1H); 0.85 (d; 3H); 0.7 (d; 3H). HPLC-MS
{Method BY: m/z = 397 (M+1); Ry =2.09 min.

Example 26 (General procedure (A}))
7-Benzyl-8-(6,9-diazaspiro[4.5)dec-9-y}) -1,3-dimethyl-3,7- d|hydropurme-2 6-dione. TFA

o]
HC

)\ I:/>—N/—_\H
il

The piperazine moiety was preparad according to the general procedure for preparation of
piperazine derivatives.

"H-NMR (CDCls): §10.0 (broad s; 2H); 8.9 (broad s, 2H); 7.25-7.4 (m, 8H); 7.1 (d, 2H);
5.4 (s; 2H); 3.55 (s; 3H); 3.35-3.4 (m; 5H); 3.1-3.3 (m; 4H); 1.6-1.85 (m; 6H); 1.3 (m; 2H).
HPLC-MS (Method B): m/z= 409 (M+1); Ry=2.11 min.
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Example 27 (General procedure (A))
7-Benzyl-8-(piperazin-3-spiro-3'-bicycla[2;2,1]heptane-1-yl) -1,3-dimethyl-3,7-
dihydropurine-2,6-dione. TFA

o

A

ch\NJlI =\

L ”*\©

CH,

The piperazine moiety was prepared according to the general procedure for preparation of
piperazine derivatives.

"H-NMR (CDCly): 611.1 (broad s; 1H); 8.9 (broad s; 1H); 7.25-7.4 (m; 3H); 7.1 (dd; 2H);
5.45 (s; 2H); 8.5 (s; 3H); 3.15-3.4 (m; 9H); 2.2-2.3 (d; 2H); 1.1-1.6 (m; 7H); 0.9 (d; 1H).
HPLC-MS (Method B): m/z= 435 (M+1); R, = 2.34 min.

Example 28 (General procedute (A))
8-[1,4]Diazepan-1-yl-7-(2-mathoxy-benzyl) -1,3-dimethyl-3,7-dihydro-purine-2,6-tione.
TFA

o
0
i r@
HQC‘NJ\/EN N\
| o= N
0)\" v
CH,

HPLC-MS (Method B): m/z = 399; Ry = 1.93 min. UV area=98.63%

Example 28 (General procedure (A))
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-naphthalen-1-ylmethyl-3,7-dihydro-purine-2,6-dicne.

TFA
s A
H.C. N
’ j\ | />——-NmNH
o” "N U
CH,
HPLC-MS (Method B): m/z = 4189; R, =2.26 min. UVarea= 99.7%.
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Example 30 (General procedure (A))
8-[1,4]Diazepan-1-yl-7-(2-fluoro-benzyl) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione. TFA

F
i ﬁ@
HBC\N)tN ™\
| >N NH
D)\N oL

|
CH,

HPLC-MS (Method B): m/z= 387; R;= 1.86 min. UVarea= 94.4%.

Example 31 (General procedure (A))
8-[1,4|Diazepan-1-yl-1,3-dimethyl-7-(2-methyl-benzyl) -3, 7-dihydro-purine-2,6-dione. TFA
HC
i r@
HCxy
S

CHS

HPLC-MS (Method B): m/z= 383 (M+1); R = 1.99 min. UVarea=97.68%.

Example 32 (General procedure (A))
7-(2-Chloro-benzyl) -8-[1,4]diazepan-1-yl-1,3-dimethy!-3,7-dihydro-purine-2,6-dione. TFA

oy JD_U

HPLC-MS (Methad B): m/z = 403; 405; 406; (M+1); R = 1.97 min. UVarea= 98.93.

Example 33 (General procedure (A))
7-(2-Bromo-benzyl) -8-[1,4|diazepan-1-yl-1,3-dimethyl-3,7-dihydro-purine-2,6-dione. TFA
Br,

===

o] \/
HC

AL O
CH
HPLC-MS (Method B): m/z= 447, 450; (M+1); Ry =2.09 min. UVarea= 98.51.
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Example 34 (General procedure (A))
8-[1,4]Diazepan-1-yl-1,3-dimsthy!-7-(2-trifluoromethyl-benzyl) -3,7-dihydro-purine-2,6-
dione. TFA

[+
F
WA
| >N NH
o)\rlw N ‘\)

CH,
5 HPLC-MS (Method B): m/z =437 (M+1); R; = 2.20 min. UYarea=99.50%.

Example 35 (General procedure (A))
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-(2-nitro-benzy!) -3,7-dihydro-purine-2,6-dione. HCI

o]

O‘N_
HCS, N \
VT
07N N \/

CH,

HPLC-MS (Method B): m/z = 437 (M+23); R: = 2.23 min. UV area= 100%.
10 Example 36 (General procedure (B))

3-Benzyl-8-piperazin-1-yl-7-(2-trifluoromethyl-benzyl) -3,7-dihydro-purine-2,6-dione. TFA
F

F
F —

N
20O

TH-NMR (DMSO-ck): 511,12 (s, 1H); 8,83 (s, 1H); 7,86-7,71 (d, 2H); 7,71-7,45 (m, 2H);
7,457,23 (m, 5 H); 7,08-6,98 (d, 1 H); 5,48 {s, TH); 5,10 (s, 1H); 8,34-3,01 (m, 4H)
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Example 37 (General procedure (B))
3,7-Dibenzyl-1-(2-hydroxy-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA

o]

HO.

"H-NMR (DMSO-dk): §8.86 (s br, 2H); 7.40-7.18 (m, 10H); 5.41 (s, 2H); 5.13 (s, 2H); 3.93
5 (t,2H); 3.45 (t,2H); 3.31 (s br, 4H); 3.19 (s br,4H).

Example 38 (General procedure (B))
3-Benzyl-7-phenethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA
FoN

o

'H-NMR (DMSO-cs): 61111 (s, 1H); 8.79 (s br, 2H); 7.40-7.05 (m, 10H); 5.02 (s, 2H);
10 4.30 {t, 2H); 3.09 (s br, 8H); 3.03 (t, 2H).

Example 39 (General procedure (B})
3,7-Dibenzyl-8-[1,4]diazepan-1-yl-3,7-dihydro-purine-2,6-dione. TFA

'H-NMR (DMSO-a): 57.67-6.92 (m, 10H); 5.42 (s.2H); 5.04 (s, 2H); 3.89-3.35 (m, 5H);
15 2.96-2.35 (m, 5H); 1.68 (s, 2H). HPLC-MS m/z = 431
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Example 40 (General procedure (B))
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione. TFA

0

0
HN)K’/:N N
| N
O)\f}l N/>_ \\)
CH,

'H-NMR (DMSO-ds): 610.89 (s, 1H); 9.19 (s, 2H); 7.46-7.00 (m, 5H) 5.42 (s, 2H) 3.67 (s
br,2H); 3.53-3.40 (m, 2H); 3.32 (s, 3H); 3.23 (s br,2H); 3.14 (s, 2H); 2.00 (m, 2H) HPLC-
MS m/z =355

Example 41 (General procedure (B))
3,7-Dibenzyl-8{1,4]diazepan-1-yi-1-propyl-3,7-dihydro-purine-2,6-dione. TFA

H;,c:\L

"H-NMR (DMSO-dk): §8.67 (s br,2H); 7.45-7.06 (m, 10H); 5.46 (s, 2H) 5.12 (s, 2H) 3.79
(t,2H); 8.67 (m, 2H); 3.50 (m, 2H); 3.27 (s br,2H) 3.16 (s br, 2H); 1.98 (m, 2H); 1.52 m,
2H); 0.81 (1,3H).

Example 42 (General procedure (B))
3,7-Dibenzyl-8-[1,4]diazepan-1-yl-1-(2-hydroxy-ethyl) -3,7-dihydro-purine-2,6-dione. TFA
HOI i r@
N NH
»=0
; > \J

N~ N

'H-NMR (DMSO-cs): §8.79 (s, 2H); 7.41- 7,22 (m, 8H); 7.20- 7.07 (m, 2H); 5.47 (s, 2H);
5.12 (s, 2H); 4.00-3.86 (t, 2H); 3.73-3.61 (m, 2 H); 3.54-3.40 (m, 4H) 3.27 (s, 2H); 3,15 (s,
2H) 1.98 (s, 2H)
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Example 43 (General procedure (B))
2-(3,7-Dibenzyl-8-[1,4]diazepan-1-yI-2,6-dioxo-2,3,6,7-tetrahydro-purin-1-yl) -N, N-diethyl-

acetamide
CH,

r‘ 3
g A
CHG\E)N\JNE[:)- NH

TH-NMR (DMSO-d): 58.67 (s br,2H); 7.41-7.20 (m, 8H); 7.16-7.03 (m, 2H); 5.47 (s, 2H);
5.13 (s, 2H); 4.64 (s, 2H); 3.69 (s br, 2H); 3.51 (1.2H) 3.44-3.10 (m, TH); 2.67 (s, 1H); 1.98
(s br, 2H); 1.16 (t, 3H) 0.99 (t, 3H)

Example 44 (General procedure (B))
1,3,7-Tribenzyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA

3, 0

N

N /N
| N pH

0“7 N

'H-NMR (DMSO-dk): 68.83 (s br, 2H); 7.48-7.16 (m, 15H); 5.40 (s, 2H); 5.14 (s, 2H); 5.02
(s, 2H); 3.20 (s br, 4H).

Example 45 (General procedure (B)) )
1,3,7-Tribenzy!-8-{1,4]diazepan-1-yi-3,7-dihydro-purine-2,6-dione. TFA

E? I N//OK/\NH

N
e

'H-NMR (DMSQ-ds): &8.76 (s br, 2H); 7.58-7.04 (m, 15H); 5.48 (s, 2H) 5.13 (s, 2H); 5.03
(s, 2H); 3.70 (s br,2H); 8.52 (t,2H); 8.29 (s br, 2H); 3.17 (s br,2H); 1.99 (s br, 2H)
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Example 46 (General procedure (A))
(S) -7-Benzyl-8-(3-benzyloxymethylpiperazin-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-
dione

o
R
CH, \_Q

The piperazine moiety was prepared according to the general procedure for preparation of
piperazine derivatives.

*H-NMR (CDClg): §7.1-7.45 (m; 5H); 5.35 (s br; 2H); 4.5 (s; 2H); 3.5 (s; 3H); 3.35 (s; 3H);
3.2-3.0 (m; 3H); 2.7-3.1 (m; 5H); 2.25 (s br; 1H). *C-NMR (CDCl): 6156.92; 155.07;
152.11; 148.12; 138.22; 137.08; 129.16; 128.85; 128.22; 128.19; 128.15; 127.21; 105.35;
73.89; 72.07; 54.65; 53.89; 53.30; 51.41; 49.11; 45.14; 30.14; 28.22.

Example 47 (General procedure (B))
3,7-Dibenzyi-8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,6-dione. TFA

TH-NMR (DMSO-ck): 58.95 (s br, 2H); 7.40-7.20 m, 10 H); 5.40 (s, 2H); 5.13 (s, 2H); 3.79
(t, 2H); 3.32 (m, 4H); 3.20 (m, 4H); 1.50 (sextet, 2H); 0.81 (t, 3H). HPLC-MS (Method C):
m/z = 459 (M+1); Ry = 4.62 min

Example 48 (General procedure (B))
3,7-Dibenzyl-8-[1,4]dlazepan-1-yl-1-propyl-3,7-dihydro-purine-2,6-dione. TFA

HC o~y NG

A N

20 HPLC-MS (Method C): m/z = 473 (M+1); R = 4.72 min
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Example 49 (General procedure (B))
3,7-Dibenzyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA
7N

—

LI O

e

"H-NMR (DMSO-d): 611.05 (s, 1H); 8.72 (s, br 2H); 7.40-7.20 {m, 10H); 5.37 (s, 2H);
5,07 {s, 2H). HPLC-MS (Msthod C): m/z= 417 (M+1); Ry = 3.69 min

Example 50 (General procedure (B))
3,7-Dibenzyl-8-1,4]diazepan-1-y-3,7-dihydro-purine-2,6-dione. TFA

W

l}-\\)

@

DMSQ d6 d=10.90 (s, 1H); 8.65 (s br, 2H); 7.40-7.20 (m, 8H); 7.14 (d, 2H); 5.43 (s, 2H);
5.06 (s, 2H); 3.65 (m, 2H); 3.48 (m, 2H); 3.26 (m, 2H); 3.16 (s br, 2H); 1.97 (M, 2H)
HPLC-MS (Method C): m/z =431 (M+1); R, = 3.83 min

Example 51 (General procedure (B))
2-(3-Benzy!-2,6-dioxo-8-piperazin-1-yl-1-propyl-1,2,3 6-tetrahydro-purln-7-ylmethyl) -
benzonitrile

-
20
e

H-NMR (DMSO-ch): 5§8.73 (s br, 2H); 7.88 (d, 1H); 7.64 (t, 1H); 7.49 (t, 1H); 7.42-7.25
(m, 8H); 7.15 (d, 1H); 5.56 (s, 2H); 8.73 (t, 2H); 1.46 (g, 2H); 0.77 (1, 3H). HPLC-MS
{Method C): m/z =484 (M+1); R, = 4.56 min
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Example 52 (General procedure (B))
2-(3-Benzyl-8-[1 4]diazepan-1-yi-2,6-dioxd-1-propyl-1,2,3,6-tetrahydro-purin-7-yimethyl) -

benzonitrile
2N
[
HGC\/\N N K\NH
AAGN
0PN TN

1H-NMR (DMSO-ck): 58.66 (s br, 2H); 7.89 (d, 1H); 7.65 (t, 1H); 7.52 (t, 1H); 7.42-7.10
(m, 5HY; 7.12 (d, 1HY; 559 (s, 2H); 5.14 (s, 2H); 3.78-3.85 (m, 4H); 3.48 (1, 2H); 3.31 (s br,
2H); 3.19 (s br, 2H); 2.00 (m 2H); 1.45 (q, 2H); 0.77 {t, 8H).

Example 53 (General procedure (B))
2-(3-Benzyl-2,6-dioxo-8-piperazin-1-yl-1,2,3 6-tetrahydro-purin-7-yimethyl) -benzonitrile

=N
0
HN’L‘;N /\
| NH
OJ\N N’>_ N_/

"H-NMR (DMSO-ds): §11.02 (s, 1H); 8.73 (s br 2H); 7.88 (d, 1H); 7.66 (t, 1H); 7.50 (1, H);
7.40-7.25 (m, 5H); 7.16 {d, 1H); 5.53 (8, 2H); 5.08 (s, 2H); 3.38 (s br, 4H); 3.20 (s br, 4H)

Example 54 (General procedure (B)) )
2-(3-Benzyl-8-[1,4]diazepan-1-y|-2,6-dioxo-1,2, 3,6-tetrahydro-purin-7-yimethyl) -
benzonitrile

ZN
o)

O

07NN
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"H-NMR (DMSO-dj): 510.80 (s, 1H); 8.67 (s br, 1H); 7.89 (d, 1H); 7.67 (¢, 1H); 7.51 (t,
1H); 7.44-7.25 (m, 5H); 7.12 (d, 1H); 5.56 (s, 2H); 5.07 (s, 2H); 3.68 (m, 2H); 3.46 (m,
2H); 8.36 (s br, 2H); 3.19 (s br, 2H); 1.89 (m, 2H).

Example 55 (General procedure (B))
5 3-Benzyl-7-(2-iodo-benzyl) -8-piperazin-1-yl-1 -propyl-3,7-dihydrq-purine-E,G-dione. TFA
)

[¢]

H ':C\/\N)‘j:N I\
O

TH-NMR (DMSO-ck): 58.71 (s br, 2H); 7.98 (d 1H); 7.42-7.25 (m, 6H); 7.09 (d, 1H); 6.8 (d,
1H); 5.28 (s, 2H); 5.17 (s, 2H); 3.75 (1, 2H); 3.16 (s br 4H); 1.48 (g, 2H); 0.79 (t, 3H).

Example 56 (General procedure (B))
10 3-Benzyl-8-[1,4]diazepan-1-y}-7-(2-iodo-benzyl) -1-propyl-3,7-dihydro-purine-2,6-dione.
TFA

"

H’cff%'w
0

'H-NMR (DMSO-ds): §8.64 (s br, 2H); 7.93 (d, 1H); 7.44-7.25 (m, 6H); 7.09 (1, 1H); 6.76
(d, 1H); 5.29 (s, 2H); 5.16 (s, 2H); 3.75 (t, 2H); 3.67 (m, 2H); 3.41 (m, 2I—_i): 3.16 (m, 2H);
15 1.95 (m, 2H); 1.49 (g, 2H); 0.80 (1, 3H). HPLC-MS {Method C): m/z = 599 (M+1); R, =4.96

min
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Example 57 (General procedure (B))
3-Benzyl-7-(2-iodo-benzyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA

Oj\%—@m
k©

TH-NMR (DMSO-ck): 61103 (s, TH); 8.71 (s br, 1H); 7.92 (d, 1H); 7.42-7.28 {m, 6H); 7.08
5 (d, 1H); 6.81 (d, 1H); 5.26 (s, 2H); 5.10 (s, 2H); 3.15 (s br 4H).

Example 58 (General procedure (B))

3-Benzyl-8-[1,4]diazepan-1-yl-7-(2-iodo-benzyl) -3,7-dihydro-purine-2,6-dione. TFA
F N\

0
N NN TN
OJ\JNEN/}_NK/‘

"H-NMR (DMSO-ck): 510.91 (s, 1H); 8.64 (s br, 2H); 7.93 (d, 1H); 7.44-2.25 (m, 6H); 7.09
10 (d, 1H); 6.75 (d, 1H); 6.27 (s, 2H); 5.09 (s, 2H); 3.65 {m, 2H); 8.39 (m, 1H); 3.30-3.22 (m,
3H); 3.15 (s br 2H); 1.94 (m, 2H).

Example 59 .
7-Benzyl-3-methyl-8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,8-dione. TFA

SO
oy
CH,

15 "H-NMR (DMSO-ds): §8.77 (s br 2H); 7.37-7.25 (m, 3H); 7.21 (d, 2H); 5.40 (s, 2H); 3.80
(t, 2H); 3.21 (s br 4H); 1.53 (q, 2H); 0.83 (t, 3H).
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Example 60 (General procedure (B))
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-propyl-3,7-dihydro-purine-2,6-dione. TFA

Q
HO )k( /N
oiz»'%\)
H,

TH-NMR (DMSO-ch): §8.86 (s br, 2H); 7.40-7.25 (m, 3H); 7.12 (d, 2H); 5.46 (s, 2H); 3.80
{t, 2H); 3.66 (m, 2H); 3.50 (m, 2H); 3.28 (m, 2H); 317 (s br, 2H); 1.99 (m, 2H); 1.53 (q,
2H); 0.83 (t, 3H).

Example 61 (General procedure (B))
7-Benzyl-3-methyl-8-piperazin-1-y!-3,7-dihydro-purine-2,6-dione. TFA

.
N

TH-NMR (DMSO-ch): §10.97 (s, TH); 8.66 (s br) 7.40-7.25 (m, 3H); 7.21 (d, 2H); 6.37 (s,
2H).

Example 62 (General procedure (B))
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione. TFA

eH

3
"H-NMR (DMSO-di): 610.84 (s, 1H); 8.61 (s br 2H); 7.40-7.25 (m, 3H); 7.13 (d, 2H); 5.43
(s, 2H); 3.65 (m, 2H); 3.47 (m, 2H); 3.17 {m, 2H); 1.98 (m, 2H).
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Example 63 -(General procedure (B)) =
2-(3-Methyl-2,6-dioxo-8-piperazin-1-yl-1-propyl-1,2,3,6-tstrahydro-purin-7-yimethyl) -
benzonitrile

“ji O

H-NMR (DMSO-dG): §8.78 (s br 2H); 7.88 (d, 1H); 7.63 (t, 1HY; 7.49 (t, 1H); 7.08 (d, 1H);
5.55 (s, 2H); 3.73 (t, 2H); 3.22 (s br, 4H); 1.47 (g, 2H); 0.78 (t, 3H).

Example 64 (General procedure (BY)
2-(8-1,4]Diazepan-1-yi-3-methyl-2,6-dioxo-1-propyl-1,2,3,6-tetrahydro-purin-7-yimethyl) -
benzonitrile

HQC\/\N% f NH

"H-NMR (DMSO-ds): 58.68 (s br, 2H); 7.89 (d, 1H); 7.65 {t, 1H); 7.50 (t, 1H); 7.06 (d, 1H);
5.58 (s, 2H); 3.73 (t, 2H); 8.69 (m, 2H); 3.47 (m, 2H); 3.42 (s, 3H); 3.21 (m, 2H); 2.00 (m,
2H); 1.48 (sextet, 2H); 0.78 (t, 3H).

Example 65 (General procedure (B))
2-(8-[1,4]Diazepan-1-yl-3-methyl-2,6-dioxo-1,2,3,6-tetrahydro-purin-7-ylmethyl) -
benzonitrile
=N
)
[s)

{
7N

i’>—\\)

cHa

"H-NMR (DMSO-c): 610,84 (s, 1H); 8.94 (s br, 1H); 8.69 (s br, 1H); 7.89 (d, 1H); 7.66 (t,
1H); 7.50 (t, 1H); 7.06 (d, 1H); 5.56 (s, 2H); 3.68 (m, 2H); 3.46 (m, 2H); 3.42 (s, 3H).
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Example 66 (General procedure (B)) )
7-(2-lodo-benzyl) -3-methyl-8-piperazin-1syl-1-propyl-3,7-dihydro-purine-2,6-dione. TFA
|
o
HSC\/\N)XN 7\
| H
oot !
CH,

TH-NMR (DMSO-de): §8.73 (s br, 2H); 7.92 (d, 1H); 7.33 (1, 1H); 7.07 (t, 1H); 6.70 (d, 1H);

5.28 (s, 2H); 3.75 (t, 2H); 3.44 (s, 3H); 3.7 (s br, 4H); 1.49 (sextet, 2H); 0.80 (¢, 3H).

Example 67 (General procedure (B))
8-[1,4Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyl-1-propyl-3,7-dihydro-purine-2,6-dione.
TFA

HG o~y W

‘%Z‘H: oY
"H-NMR (DMSO-ci): 58.66 (s br, 2H); 7.93 (d, 1H); 7.35 (t, 1H); 7.08 (t, 1H); 6.69 (d, 1H);
5.30 (s, 2H); 3.75 (t, 2H); 3.43 (s, 3H); 3.28 (m, 2H); 3.17 (m, 2H}); 1.95 (m, 2H); 1.50
(sextet, 2H); 0.81 (t, 3H).

Example 68 (General procedure (B))

7-(2-lodo-benzyl) -3-methy!-8-piperazin-1-yl-3,7-dihydre-purine-2,6-dione. TFA
TNl

O/
HNJI N\
NN
P | .>“ /
CH,

H-NMR (DMSO-ck): 610.96 (s, 1H); 8.72 (s br); 7.72 (d, 1H); 7.34 (t, 1H); 7.07 (t, 1H);
6.73 (d, 1H); 5.26 (s, 2H); 3.15 (m, 4H).
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Example 69 (General procedure (B))
8-[1,4]Diazepan-1-yl-7-(2-icdo-benzyl) -3-methyi-3,7-dihydro-purine-2,6-dione. TFA

|
0
AN SN TN
oflﬁg*w
CH,

"H-NMR (DMSO-ds): 610.84 (s, 1H); 8.62 (s br, 2H); 7.93 (d, 1H); 7.36 {t, TH); 7.08 (t,
1H); 8.89 (d, 1H); 5.28 (s, 2H); 3.65 (dm, 2H); 3.39 (m, 2H); 8.36 (s, 3H); 3.16 (m, 2H);
1.94 (m, 2H).

Example 70 (General procedure (B))
3-Benzyl-8-{1,4]diazepan-1-yl-1-(3-hydroxy-propyl) -7-(2-iodo-benzyl) -3,7-dihydro-purine-
2,6-dione. TFA

HO” Q

"H-NMR (DMSO-d;): & (Selected peaks) 8.62 (s br, 2H); 7.88 (d, 1H); 7.40-7.20 (m, 7H);
7.04 (t, 1H); 6.71 (d, 1H); 5.23 (s, 2H); 5.10 (s, 2H);

Example 71 (General procedure (B))
3-Benzyl-8-[1,4]diazepan-1-yl-1-(2-ethoxy-ethyl) -7-(2-iodo-benzyl) -3,7-dlihydro-purine-
2,6-dione. TFA

I,

Pl
Hﬁv‘k/\/ﬁrb_ ™
e

'H-NMR (DMSO-ds): 5 (Selected peaks) 8.62 (s br, 2H); 7.8 (d, 1H); 7.40-7.20 (m, 7H);
7.04 (t, 1H); 6.71 (d, 1H); 5.24 (s, 2H); 5.101 (s, 2H); 0.93 (¢, 3H).
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Example 72 (General procedure (B))
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-(3-phenyi-aliyl) -3,7-dihydro-purine-2,6-dione.
TFA

G/W‘N’ i "
RS e

&,
TH-NMR (DMSO-ck): 58.66 (s br, 2H); 7.50-7.20 {m) 7.14 (d, 2H); 6.46 (d, 1H}; 6.27 (ck,
1H); 5.47 (s, 2H); 4.61 (d, 2H); 3.67 (m, 2H); 3.50 (m, 2H); 3.43 (s, 3H); 3.17 (m, 2H); 2.00
{m, 2H).

Example 73 (General procedure (B))
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-(3-phenylaliyl) -3,7-dihydropurine-2,6-dione.
TFA

Cf‘:f;%@“

'H-NMR (DMSO-c): 38.66 (s br, 2H); 7.50-7.20 (m) 7.14 (<, 2H); 6.48 (d, 1H); 6.27 (ct,
1H); 5.47 (s, 2H); 4.61 (d, 2H); 3.67 (m, 2H); 3.50 (m, 2H); 3.43 (s, 3H); 3.17 (m, 2H); 2.00

(m, 2H).

Example 74 (General procedure (B))
7-Benzyl-8-{1,4]diazepan-1-yl-3-methyl-1-{2-oxo-2-phenyt-ethyl) -3,7-dihydro-purine-2,6-
dione. TFA

g - Q
N N, t
g Jj;[@""\)
CH,

'H-NMR (DMSO-db): §8.62 (s br, 2H); 8.05 (d, 2H); 7.71 (¢, 1H); 7.58 (1, 2H); 7.40-7.25
(m, 3H); 7.13 (d, 3H) 5.48 (s, 2H); 5.35 (s, 2H); 371 (m, 2H); 3.53 {m, 2H); 3.44 (s, 3H);
3-20 (m, 2H); 2.01 (m, 2H).
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Example 75 (General procedure (B))
2-(7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-2,6-dioxe-2,3,6,7-tetrahydro-purin-1-yimethyl) -
benzaonitrile

i

"H-NMR (DMSO-ds): 58.66 (s br, 2H); 7.81 (d, 1H); 7.61 (t, 1H); 7.44 (t, 1H); 7.40-7.25
(m, 3H); 7.18 (d, 1H); 7.14 (d, 2HY); 5.46 (s, 2H); 5.21 (s, 2H); 3.69 (m, 2H); 3.52 (m, 2H):
3.42 (s, 3H); 3.20 (m, 2H); 2.00 (m, 2H).

Example 76 (General pracedure (B))
(7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-2,6-dloxo-2,3,6,7-tetrahydro-purin-1-yl) -
acetonitrile

/\N%N /7 H
! 04\1}1 |N/>_N\)
Hy

"H-NMR (DMSO-ds): 58.66 (s br, 2H); 7.40-7.25 (m, 3H); 5.46 (s, 2H); 4.84 (s, 2H); 3.69
(m, 2H); 3.52 (m, 2H); 3.44 (s, 3H); 8.17 (m, 2H); 1.99 {m, 2H). ’

Example 77 (General procedure (B))
3-Methyl-7-(2-methyl-thiazol-4-yimethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione.
TFA

O

HN N M
A\)NEN’)_ AN

0 )

CH,
"H-NMR (DMSO-ds): 510.99 (s, 1H); 8.88 (s br,2H); 7.31 (s, 1H); 5.36 (s, 2H); 3.42 (m,
4HY); 3.32 (s, 3H); 3.22 (s br,4H); 2.60 (s, 3H)
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Example 78 (General procedure (B))
8-[1,4]Diazepan-1-yl-3-methyl-7-(2-methyl-thiazal-4-ylmethyl) -3,7-dihydro-purine-2,6-
diane. TFA

s
o I />-cH
Hi //\NH
I
o ()
Hﬁ

5 'H-NMR (DMSO-ds): 510.87 (s, 1H); 8.88 (s br,2H); 7.21 (s, 1H); 5.41 (s, 2H); 3.73 (m,
2H); 8.57 (t,2H); 3.31 (s br,4H); 3.23 (s br,2H); 2.61 (s.3H); 2,51 (m, 1H); 2.04 (m, 2H);
HPLC-MS nvz =376

Example 79 (General procedure (B))
3-Methyl-7-(2-ox0-2-phenyl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA

o
HN i
. A\J;I}—N\_JNH
CH,

'H-NMR (DMSO-ds): §11.00 (s, 1H); 9.89 (s br, 2H); 8.07 (d, 2H); 7.74 (t,1H); 7..64 (t.2H);
5.75 (s, 2H); 3.36 (s, 8H); 3.29 (m, 4H); 3.24 (m, 4H). HPLC-MS m/z = 369

10

Example 80 (General procedure (B))
8-[1,4]Diazepan-1-yl-3-methyl-7-(2-oxo-2-phenyl-ethyl) -3,7-dihydro-purine-2,6-dione. TFA

1%@“

15 ”3
'H-NMR (DMSO-ak): 610.88 (s, 1H); 8.87 (s b, 2H); 8.09-7.60 (m, 5H); 5.80 (s, 2H); 3.67

(t,2H); 3.46 (t,2H); 8.34 (s, 3H); 8.21 (t,2H); 2.01 (m, 2H). HPLC-MS vz =383
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Example B1 (General procedure (B)) )
8-[1,4]Diazepan-1-yl-3-methyl-7-phenethyl-3,7-dihydro-purine-2,6-dione. TFA

FoN
.
HN/‘j:N /N
- L)
CH,

H-NMR (DMSO-ck): 610.89 (s, 1H); 8.87 (s br,2H); 7.29-7.12 (m, 5H); 4.29 (t,2H); 3.54
(m, 2H); 3.42 (t,2H); 3.28 (s, 3H); 3.21 (s br, 2H); 3.00 (t,2H) 2.03 (m, 2H). HPLC-MS m/z
=369

Example 82 (General procedure (B))
8-[1,4]Diazepan-1-yI-1-{8-hydroxy-propyl) -7-(2-iodo-benzyl) -3-methyl-3,7-dihydro-purine-
2,6-dione. TFA

(o]
N !

ppere®
CHy

"H-NMR (DMSO-ck): 58.72 (s br, 2H); 7.93 (d, 1H); 7.35 (t, 1H); 7.08 (t, 1H): 6.70 (d, 1H);

5.29 (s, 2H); 3.84 (t, 2H); 3.66 (m, 2H); 3.43 (s, 3H); 3.42-3.33 (m, 4H) 3.27 (m, 2H); 3.15

{m, 2H); 1.94 (m, 2H); 1.62 (g, 2H); HPLC-MS (Method C): m/z = 539 (M+1); Ry = 3.69

min

Example 83 (General procedure (B))
1-(3-Hydroxy-propyl) -7-(2-iodo-benzy!) -3-methyl-8-piperazin-1-yi-3,7-dihydro-purine-2,6-

dione. TFA
1

o]
N NG
Hofo%ﬁwu“
OH,

"H-NMR (DMSO-ck): 58.80 (s br 2H); 7.92 (d, 1H); 7.33 (t, 1H); 7.07 (t, 1H): 6.71 (d, 1H);
5.27 (s, 2H); 3.83 (t, 2H); 3.4 (s, 3H); 3.37 {t, 2H); 3.29 (m, 2H); 3.16 (m, 2H); 1.62 (g,
2H); HPLC-MS (Method C): m/z= 525 (M+1); R, = 3.53 min
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Example 84 (General procedure (B))
8-[1,4]Diazepan-1-yl-1-(2-ethoxy-ethyl) -7-(2-lodo-benzyl) -3-methyl-3,7-dihydro-purine-
2,6-dione. TFA ’

“=°v°‘~/‘NjI N
LI
oy

"H-NMR (DMSO-d5): 68.64 (s br 2H); 7.93 (d, 1H); 7.35 (t, 1H); 7.08 (¢, 1H); 6.69 (d, TH);
5.28 (s, 2H); 3.96 (t, 2H); 3.66 (m, 2H); 3.16 (m, 2H); 3.43 (s, 3H); 1.01 (t, 3H). HPLC-MS
(Method C): m/z =553 (M+1); R; = 4.09 min

Example 85 (General procedure (B))
1-(2-Ethoxy-ethyl) -7-(2-iodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione. TFA

R
HOL O, N\
oij;IMf*Uﬂ
&,

TH-NMR (DMSO-di): §8.80 (s br, 2H); 7.82 (d, 1HY; 7.32 {t, 1H); 7.07 (t, 1H); 6.70 (d, 1H);
5. 27 (s, 2H); 3.96 (t, 1H); 3.48-3.40 (m, 5H); 3.38 (q, 2H); 3.30 {m, 4H); 3.16 (m, 4H);
1.00 (t, 3H). HPLC-MS (Method C): m/z=539 (M-+1); Ry = 4.03 min '

Example 86 (General procedure (B))
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyl-1-(2-phencxy-ethyl) -3,7-dihydro-purine-
2,6-dione, TFA

!
Ry
OOy
CH,

HPLC-MS (Method C): m/z= 601 (M+1); Ry = 4.73 min
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Example 87 (General procedure (B))
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -1-{2-(2-methoxy-ethoxy) -ethyl]-3-methyi-3,7-
dihydro-purine-2,6-dione. TFA

P
Eaase:tg

o,

"H-NMR (DMSO-ds): 58.70 (s br, 2H); 7.93 (d, 1H); 7.35 (1, 1H); 7.08 (t, 1H); .70 (d, 1H);
5.29 (s, 2H); 3.96 (1, 2H); 3.66 (m, 2H); (3.52-3.44 (m, 4H); 3.43 (s, 3H); 3.42-3.37 (m,
2H); 3.36-3.31 (m, 2H); 3.26 (m, 2H); 3.20 (m, 5H); 1,94 (m, 2H). HPLC-MS (Method C}):

m/z = 583 (M+1); R = 3.96 min

Example 88 (General procedure (B))
7-(2-lodo-benzyl) -1-[2-(2-methoxy-ethoxy) -sthyl]-3-methyl-8-piperazin-1-yI-3,7-dihydro-
purine-2,6-dicne. TFA

HG GO jj:}‘ s\
~ L0
cHy

"H-NMR (DMSO-ck): § 8.78 (s br, 2H); 7.93 (d, 1H); 7.33 {t, 1H); 7.07 &, 1H); 6.70 (¢, TH);
5.27 (s, 2H); 3.96 (t, 2H); 3.52-8.42 (m, 4); 3.44 (5, 3H); 3.38-3.27 (m, 6H); 3.20-3.12 (m,
4H) 3.18 (s, 3H). HPLC-MS (Methad C): m/z= 569 (M+1); R, = 3.86 min

Example 89 (General procedure (B))
8-[1,4]Diazepan-1-yl-1-(3,5-dimethoxy-benzyl) -7-(2-iodo-benzyl) -3-methyl-3,7-dihydro-
purine-2,6-dione. TFA

B e
e ® Mﬁjﬁ?_ 7N
QA’* ~
"H-NMR (DMSO-ds): 58.70 (s br, 2H); 7.91 (d, 1H); 7.34 (1, 1H); 7.07 (¢, 1H); 6.74 (d, 1H);
6.34 (m, 1H); 6.32 (m, 2H); 5.30 (s, 2H); 4.91 (s, 2H); 3.69 (m, 2H); 3.66 (s, 6H); 3.44 (s,
3H); 8.42 (m, 2H); 3.28 (m, 2H); 3.17 (m, 2H); 1.95 (m, 2H). HPLC-MS (Method C): m/z =
631 (M+1); Ry = 4.72 min
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Example 90 (General procedure (B))
8-[1,4]Diazepan-1-yl-7-(2-lodo-benzyl) -1-(3-methoxy-benzyl) -3-methyl-3,7-dihydro-
purine-2,8-dione. TFA

1
o}
N)&N AT
[

Q:A,ﬁ ',
he® K,
"H-NMR (DMSO-ds): 68.70 (s br, 2H); 7.93 (d, 1H); 7.35 (1, 1H); 7.18 (¢, 1H); 7.08 (1, 1H);
6.80-6.70 (m, 4H); 5.30 (s, 2H); 4.95 (s, 2H); 3.68 (s, 3H); 3.44 (s, 3H); 3.42 (m, 2H); 3.28
(m, 2H); 3.16 (m, 2H); 1.95 (m, 2H). HPLC-MS (Method C). m/z = 601 (M+1); Ry = 4.62

min

Example 91 (General procedure (B))
7-Biphenyl-2-yimethyl-8-[1,4]diazepan-1-yl-3-methyl-3,7-difiydro-purine-2 g-dione. TFA

o A
N
y @2 Q!
fo] ]\Il N A
CH,
*H-NMR (DMSO-d;): 510.81 (s, 1H); 8.74 (s br, 2H); 7,5-7.22 (m, 9H); 5.35 (s, 2H); 5.53

{t.2H); 8.29 (s, 3H); 3.26 (m, 2H); 3.15 (s br,2H); 3.06 (s br,2H); 1.82 (m, 2H) HPLC-MS
m/z =431

Example 92 (General procedure (B))
7-(2-Bromo-benzyt) -8-[1,4]diazepan-1-y1-3-methyl-3,7-dihydro-purine-2,6-dione. TFA

0
HN N
OA&J%NC)NH
CH,

TH-NMR (DMSO-ck): 610.89 (s ,1H); 8.8 (s br,2H); 7.74-6.74 (m, 4H); 5.37 (s, 2H); 3.66
(m, 2H); 3.40 (t2H); 3.35 (s, 3H); 3.26 (s br,2H); 3.16 (s br, 2H); HPLC-MS m/z = 435
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Example 93 (General procedure (B))
7-(2-Chloro-benzyl) -8-{1,d]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione. TFA
Cl

Jt[’}' N

H-NMR (Dmso-dﬁ)z 510.88 (s, 1H); 8.83 (s br, 2H); 7.55-7.47 (m, 1H) 7.42-7.25 (m, 2H)
6.87-6.78 (m 1H); 5.43 (s, 2H); 3.66 (,2H); 3.41 (t2H); 3.35 (s, 3H); 3.27 (s br, 2H); 3.16
(s br,2H); 1.95 (m, 2H). HPLC-MS m/z = 389

Example 94 (General procedure (C))
7-Benzyl-8~(3,5-dimethyl-piperazin-1-yl) -1,3-dimethyl-3,7-dihydro-purine-2,6- dlone 2HCI

TV
/>—\_<NH

HPLC-MS (Mathod B): m/z =383 (m+1); Ri=1.91 min.

HQC\

Example 95 (General procedure (A))
7-(4—Me1hoxybenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dinydropurine-2,6-dione. TFA

”°°‘j1/»0 f

HPLC-MS (Method C) m/z= 384 (M+1); Ry=1.24 min.
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Example 96 (General procedure (A))
(1,3-Dimethyl-2, 6-dioxo-8-piperazin-1-yt- 1,2,3,6-tetrahydropurin-7-yl) -phenylacetic acid
methy! ester. TFA

0~CHy

/?/@

HCuy ant

| NH

0)\%« :,’5—'\_/
CH,

HPLC-MS (Method C): m/z= 413 (M+1); Ry = 1.31 min.

Example 97 {General procedure (A))
7-(5-Chloro-2-nitrobenzy!) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA

o
o=,
\
HCN N
N /el
Y I )N N
oy N
CH,

HPLC-MS (Method C): m/z = 434 (M+1); R, = 2.53 min. Purity = 100 % (ELS)
Example 98 (General procedure (A))

4-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-y-1,2,3,6-tetrahydropurin-7-yimethyl) benzonitrile.
TFA

=N
a //O/
Hﬂc‘n)jj:“‘ N
Pt Wy
&,

HPLC-MS (Method C) m/z = 380 {M+1); Ry = 1.24 min.
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Example 99 (General procedure (A))
7-(4-Methanesulfonylbenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione.

TFA
9 CH,
o AT
H,C\N [ N)_‘ ™\
H
aed
CH,

&5 HPLC-MS (Method C) m/z= 433 (M+1); Ry = 1.05 min.

Example 100 (General procedure (A))
7-(2-Fluoro-8-nitrobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA

4
L
[s)
0
HCoy Fl >_ N\
4 NH
041\‘:‘ N ’\_../
CH,

HPLC-MS (Method C) m/z= 418 (M+1); 1.22 min.

10 Example 101 (General procedure {A))
7-(4-Benzyloxybenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-cione. TFA

HO, jI r@(\’ob
oirll I N’\}—N\_)m

HPLC-MS (Method C) m/z = 461 (M+1); Ry = 1.82 min. .

Example 102 (General procedure (A))
15 7-(2,4-Dichlorobenzyl) -1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione. TFA
ct

= N-Cl
(o] \/
HCagr N
| >N H
o)\qu NN
cH,

HPLG-MS (Method C) m/z = 425 (M+2); Ry = 1.57 min. (Chlorine isotope signal)
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Example 103 (General procedure (A)) ‘
1,3-Dimethyi-8-piperazin-1-yl-7-(4-trifluorsmethyibenzyl) -3,7-dihydropurine-2,6-dicne.

TFA

HCay N -
| H
02\'4" N’>~ NN

Gy

HPLC-MS (Method C) m/z = 423 (M+1); Ry = 1.58 min.

Example 104 (General procedure (A))
7-Biphenyl-d-yimethyl-1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione. TFA

.

HGu i N)_ M
O)\,}, AN
&,
HPLC-MS (Method C) miz= 431 (M+1); R, = 1.76 min

Example 105 (General procedure (A))
3-(1,3-Dimethyl-2,6-dloxo-8-piperazin-1-y!-1,2,3,6-tetrahydropurin-7-ylmethyl) benzoic
acid methyl ester. TFA

HGC o

HCW NN
A L

|
CH,

HPLC-MS {Method C) m/z= 413 (M+1); R, = 1.33 min.
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Example 106 (General procedure (A)) )
4-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yi-1,2,3,6-tetrahydropurin-7-ylmethyl) benzoic
acid methyl ester. TFA

HC,
o
Q [>)
HSC\N)SEBB— ;
7
pore®,

HPLC-MS (Methad C) m/z =413 (M+1); Ry = 1.31 min.

Example 107 (General procedure (A))
7-Biphenyl-2-yimethyl-1,3-dimethyl-8-piperazin-1-y1-3,7-dihydropurine-2,6-dione. TFA

(o] N y/
HyCx N —
NN
| N H
O)\'Iq N/>— \_.)\l
CHy

HPLC-MS (Method C) m/z = 431 (M+1); Ry = 1.55 min.

Example 108 (General procedure (A))
7-(4-tert-Butylbenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA
cH,

o Q //QigL CH,
37N N,
| NH
OJ\’.‘ NNy, .
CHS

HPLC-MS (Method C) m/z = 411 (M+1); Ry = 1.78 min.

Example 109 (General procedure (A))
1,3-Dimethyl-8-piperazin-1-yl-7-(4-trifluoromethoxybenzyl) -3,7-dihydropurine-2,6-dione.
TFA

O,
H,C i N }—L\F?’F
N
H
el
cH,

HPLC-MS (Method C) m/z = 439 (M+1); R, = 1.65 min.
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Example 110 (General procedure (A))
7-(3,4-Dichlorobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione. TFA
ci
o Ct

Hsc-.N N /\
o}\)N]jEN)_N\—/NH

CH,
HPLC-MS (Method C) mvz= 424 (M+1); R, = 2.87 min. Purity 98% (ELS)
Example 111 (General procedure (A))

1,3-Dimethyl-8-piperazin-1-yl-7-(4-{1,2,3]thiadiazol-4-ylbenzyl) -3,7-dihydropuring-2,6-
dione. TFA

HZ

N=|

X

' IB—N/NH

OJ\N N N\
CH,

HPLC-MS (Method C) m/z= 439 (M+1); Ry = 2.47 min. Purity 80% (ELS)

Example 112 (General procedure {A))
4~(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-yimethyl) -3-
methoxybenzoic acid methyl ester. TFA

oH,

3 \t -CH,

s AT
HJC‘N’L/E VAR
NH
Py :{5- N/
&,
HPLC-MS (Mathod C) m/z = 443 (M+1); R, = 2,50 min. Purity >99 % (ELS).

Example 113 (General procedure (A))
7-Cyclohexylmethyi-1,3-dimethyi-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione. TFA

i r@
H.C., N
NN A\
e H
POraw,
CH,
HPLC-MS (Method B): m/z= 361 (M+1); Ry =2.15 min.
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Example 114 (General procedure (C))
7-Benzyl-B-(2,5-diaza-bicyclo[2.2. 1Thept-2=yl) -1,3-dimethyl-3,7-dihydro-purine-2 6-dione.
TFA

i /’@
HC.
L L
o7y N
HPLC-MS (Method B): m/z = 367; R, = 1.76 min. TIC area 100%

Example 115 (General procedure (A))
8-(6-Benzyl-{1,4]diazepan-1-yl) ~7-(2-iodo-benzyl) -1,3-dimethyl-3,7-dihydro- punne—2 6-
dione. TFA

o, ji
/>—N

HPLGC-MS (Method B): mvz = 585 (M+1); Ry = 2.87 min; purity~50%

Example 116 {General procedure (A))
(8) -7-Benzyl-8-(3-hydroxymethylpiperazin-1-yf) -1,3-dimethyl-3,7-dihydropurine-2,6-
dione

o -
0

Hlay N )

OA:;IJ)_ ”\_4::“
CH,

The piperazine moiety was prepared according to the general procedure for preparation of

piperazine derivatives.

MeOH-d4; d=7.1-7.4 (m; 5H); 5.4 (d; 2H); 3.5 (s; 3H); 3.45 (m; 2H); 3.25 (s; 3H); 2.9-3.2

(m; 3H); 2.0 (m; 1H); 1.2 {s br; 3H). HPLC-MS (Method B): m/z = 385 (M+1); R, = 1.65

min.
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Example 117 (General procedure (C))
8-[1,4]Diazepan-1-yl-1,3-dimethyl-7-(2-0xd-2-pyrrolidin-1-yl-ethyl) -3,7-dihydro-purine-2,6-
dione

HPLC-MS (Method B): m/z = 390; R; = 2.93 min + 0.43 min; 43 + 56%

Example 118 (General procedure (C)) )
7-(2-lodo-benzyl)-1,3-dimethyl-8-(6-pyridin-2-yImethyl-[1,4]diazepan-1-yl)-3,7-dihydro-
purine-2,6-dione. TFA

[o]

Q
|
I

N,
X
=

"H NMR (CDCI3): 6 8.9 (s br, 2H); 8.65 (d, 1H); 8.2 t, 1H); 7.85 (d, 1H); 7.15 (1, 1H); 7.5
(d, 1H); 7.3 (t, 1H); 7.0 (t, 1H); 6.75 (d, TH); 5.45 (s, 2H); 3.05-3.8 (m, 3H); 3.5 (s, 3H); 3.3
(s, 4H); 2.8-3.25 (m, 7H). HPLC-MS (Method B): m/z = 586 (M-+1); Rt = 2.25 min; Purity
(UV) = 97%. )

Example 119 (General pracedure (A))
7-(2-Broma-benzyl)-1,3-dimethyl-8-(6-pyridin-2-yimethyl-[1,4]diazepan-1-yl)-3,7- d|hydro-
purine-2,6-dione

)\"H

/N
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HPLC-MS (Method B): m/z =538 & 541 (M+1; M+2); Ry = 1.94 min

Example 120 (General pracedure (D))
(S) 7-Benzyl-8-(3-benzyl-piperazin-1-yi)-1,3-dimethyl-3, 7-dihydro-purine-2,6-dione

. O

G, N
m,}— NH
oo NN

CH,

TH-NMR (CDClz): 87.24(m, 10H); 5.32(m, 2H); 3.52(s, 3H); 3.11(m, 11H); 2.68(m, 2H).
HPLC-MS (Method B): m/z = 445 (M+1), 354, 263; Ry = 4.13

Example 121 (General procedure (D))
7-Benzyl-1,3-dimethyl-8-(3-phenethyl-piperazin-1-yl)-3,7-dihydro-purine-2,6-dione

Beiets
H
POtaw:
CH,
TH-NMR (DMSO-ds): §7.25(m, 10H); 5.41(s, 2H); 3.30(m, 15H); 1.88(m, 2H). HPLC-MS
(Method B): m/z = 481(M+Na), 459/460(M+1); R, = 2.52 min.

Example 122 (General procedure (D))
(R)-7-Benzyl-8-(3-benzylpiperazin-1-yl)-1,3-dimethyl-3,7-dihydropurine-2,6-dione

[+
Hﬁfﬁ{_@w
OJ\N N/
CH,
TH-NMR (CDCls): 67.24(m, 10H); 5.34(m, 2H); 3.55(s, 3H); 3.34(m, 5H); 2.78(m, 7H);
1.70(s, 1H). HPLC-MS (Method B): m/z = 445/446(M+1), 468(M+Na); R; = 2,56 min.
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Example 123 (General procedure (D))
7-Benzyl-8~(3-(2-hydroxy-benzyl)-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-
dione

HC., %,_N \
N
{
PR Ea
GH,
HO
5 "H-NMR (MeOH-d,): 57.28(m, 3H); 7.11(m, 4H); 6.81(m, 2H); 5.43(m, 2H); 3.70(m, 1H);
3.31(m, 14H); 2.88(s, 2H). HPLC-MS (Method B): m/z = 461/462(m+1); 483(M+Na); R, =
2,409

Example 124 (General procedure (D))
7-Benzyl-8-(3-(2-methoxy-benzyl)-piperazin-1-yl}1,3-dimethyl-3, 7-dihydro-purine-2,6-
10 dione

i (S
NN [ |\>‘ M\ .
CH,
HG-0
TH-NMR (CDCl): §7.22(m, 7H); 6.87(m, 2H); 5.32(m, 2H); 3.83(s, 3H); 3.54(s, 3H);
3.33(m, 5H); 2.79(m, 7H); 1.87(s, 1H) HPLC-MS (Method B): m/z = 475,478,477 (M+1); R

=257

15 Example 125 (General procedure (D))
(R) 7-Benzyl-8-(3-(4-methoxy-benzyl)-piperazin-1-yi)1,3-dimethy!-3,7-dihydro-purine-2, 5-
dione

H,CsN N —\
PN ’; "
L
o D‘cu
s

"H-NMR (CDClg): §7.25(m, 5H); 7.08(m, 2H); 6.84(m, 2H); 5.34(m, 2H); 3.80(s, 3H);
20 3.55(s, 3H); 3.38(s, 3H); 3.29(m, 2H); 2.88(m, 5H); 2.52(m, 2H); 1.64(s, 1H) HPLC-MS
(Method B): m/z =497(M+1), 475/476/477(M+1); R, =2,368min
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Example 126 (General procedure (D))
(R)~7-Benzyl-8-(3-(4-hydroxy-benzyl)-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-
dione

'H-NMR (DMSO-d): 59.38(s, 1H); 8.86(s, 2H); 7.29(m, 3H); 7.13(m, 2H); 06.98(m, 2H);
6.72(m, 2H); 5.36(m, 2H); 3.09(m, 15H) HPLC-MS (Method B): m/z = 943(2M+Na),
461/462(M+1); By = 2.017

Example 127 (Genertal procedure (D))
{R)-7-Benzy}-1,3-dimethyl-8-(3-(4-nitro-benzyl)-piperazin-1-yf}-3,7-dihydro-purine-2,6-
dione

e

PN o W

Lo

"H-NMR (CDCls): §8.17(m, 2H); 7.30(m, 7H); 5.34(s, 2H}; 3.55(s, 3H); 3.00(m, 12H)
HPLC-MS (Method B): m/z = 490/491(M+1); Ry = 2.522

Example 128 (General procedure (D))
(R)-7-Benzyl-8-(3-(4-fluoro-benzyl)-piperazin-1-yi}-1,3-dimethyl-3,7-dihydro-purine-2,6-
dione

S

HE. 0
1 H
o7 NN ==
X Y

TH-NMR (CDCla): §7.32(m, 2H); 7.08(m, 7H); 5.34({m, 2H); 3.55(m, 3H); 2.93(m, 12H)
HPLC-MS (Method B): m/z = 947(2M+Na), 485(M+Na), 463/464(M+1) R, = 2,35 min
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Example 129 (General procedure (D))
(R)-4-(4-(7-Benzyl-1,3-dimethyl-2,8-dioxo-2,3,8,7-tetrahydro-1H-purin-8-yl)-piperazin-2-
ylmethyl)-benzonitrile

5 'H-NMR (CDCl): 87.61(m, 2H); 7.26(m, TH); 5.34(s, 2H); 3.53(s, 3H); 3.28(m, 5H);
2.83(m, 7H)
HPLC-MS (Method B): m/z = 492(M+Na}, 470/471 (M+1); R, = 2.334

Example 130 (General pracedure (D))
10 (R)-8-(8-(3-Benzyl-piperazin-1-yl)-1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-purin-7-
yimethyl)-nicotinonitrile

=N =N

N\

He s
NN N
N e
o WN \-—(N

H!
'H-NMR (CDCly): §8.67(m, 1H); 7.88(m, 1H); 7.22(m, 6H); 5.40(s, 2H); 3.55(m, 3H);
3.33(m, 5H); 2.85(m, 7H) HPLC-MS (Method B): m/z = 963(2M+Na), 471/472(M+1); Ry =
15 1.791 min.

Example 131 (General procedure (D))
(R)-7-Benzyl-1,3-dimethyl-8-(3-thiazol-4-yimethyl-piperazin-1-yl)-3,7-dihydro-purine-2,6-

dione -

Hyon,
jrw

CH,

20 'H-NMR (CDCls): §8.77(m, 1H); 7.26(m, 5H); 7.02(m, 1H); 5.35(m, 2H); 3.54(s, 3H);
2,74(m, 12H) HPLC-MS (Method B): m/z = 452/453(M+1) Ry = 2.220 min.
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Example 132 (General procedure (D))

PCT/DK01/00467

(R)-2-[1,3-Dimethyl-2,6-dioxo-8-(3-thiophen-2-yimethyl-piperazin-1-yl)-1,2,3,6-tetrahydro-

purin-7-ylmethyl]-benzonitrile
N

R
H:C\Nj\,

L0

o7y N
CH

/_\H
-

"H-NMR (CDCl): 67.70(s, 1H); 7.55(s, 1H); 7.40(s, 1H); 7.13(s, 2H); 6.88(s, 3H); 5.56(s,
2H); 3.58(s, 3H); 2.96(m, 12H) HPLG-MS (Method B): Ret.fid=2.40 min. m/z =

489(M+Na), 476/477(M+1)

By use of the general methods described above, the following compounds can

furthermore be made:

Example 133
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-
(tetrahydro-furan-2-yimethyl)-3,7-dihydro-
purine-2,6-dicne

.

Chy
Example 135
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-
(5-methyl-hexyl)-3,7-dihydro-purine-2,6-
dione

-120-

Example 134
7-Benzyl-1-(2-cyclohexyl-ethyl)-8-
[1,4)diazepan-1-yi-3-methyl-3,7-dihydro-
purine-2,6-dione

0
N "
[
o
mﬂ
Example 136

7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-
(8-methyl-butyl)-3,7-dihydro-purine-2,8-
dione

CH,

HC
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Example 137
7-Benzyl-8-[1,4]diazepan-1-yi-1-(2-ethoxy-
ethyl)-3-methyl-3,7-dihydro-purine-2,6-
dione

7 N
el
et
o,

Example 139
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yl-
1-(tetrahydro-furan-2-ylmethyl)-3,7-dihydro-

purine-2,6-dione
1

. D

Example 141
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yl-
1-(tetrahydro-pyran-2-yimethyl)-3,7-
dihydro-purine-2,6-dione

O)\EH, A
Example 143
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-1-(2-
methoxy-ethyl)-3-methyl-3,7-dihydro-

purine-2,6-dione
!

neO Ty ”}—OH
O)\l}l N
CH,
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Example 138
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-
methyl-1-(tetrahydro-furan-2-yimethyi)-3,7-

dihydro-purine-2,6-dione
1

N N
C’C)\N ‘ :,’yk/
CH,
Example 140

8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-
methyl-1-(tetrahydro-pyran-2-yimethyl)-3,7-
dihydro-purine-2,6-dione

A0
epectat
&H,

Example 142
7-(2-lodo-benzyl)-3-methyl-1-(2-phenoxy-
ethyl)-8-piperazin-1-yi-3,7-dihydro-purine-
2,6-dione '

!

. A

Sasetas
PO,

CH,
Example 144 - .
7-(2-lodo-benzyl}-1-(2-methoxy-ethyl)-3-
methyl-8-piperazin-1-yl-3,7-dihydro-purine-

2,6-dione
t.

[o]
&c—"\/;j\‘;[:,)_.\.\/:\ﬁﬂ

Hy
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Ex.ample 145
1-(2-Benzyloxy-ethyl)-8-{1,4]diazepan-1-yi-
7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-

purine-2,6-dione
I

(;\)t'}_ N

&%

Example 147
1-(3,5-Dimethoxy-benzyl)-7-(2-iodo-
benzyl)-3-methyl-8-piperazin-1-yl-3,7-
dihydro-purine-z G-dione

O”ﬁ@*@“

Oen,

Example 149
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-
methyk1-(3-trifluoromethoxy-benzyl)-3,7-
dihydro-purine-2,6-dione

Re)
@A%JI () T

,:
Example 151
8-[1,4]Diazepan-1-yl-1-(2-hydroxy-propyl)-
7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-
purine-2,6-dione

L :EE a2y Cr
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Example 146
1-(2-Benzyloxy-ethyl)-7-(2-lodo-benzyl)-3-
methyl-8-piperazin-1-yl-3,7-dihydro-purine-

2,6-dione

é’?&}%ri

Example 148
7-(2-lodo-benzyl)-1-(3-methoxy-benzyl)-3-
methyl-8-piperazin-1-yl-3,7-dihydro-purine-
2,6-dione

B
S
Ho@/o\ )\é“al " ~

Example 150
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yl-
1-(3-trifluoromethoxy-benzyl)-3,7-dihydro-

purine-2,6-dione
[

EL(C
N /A
©/‘;\N"LN/>_N‘—J "
07(: &H,
E

Example 152
8-{1,4|Dlazepan-1-yl-1-(2,2-diethoxy-ethyl)-
7-(2-iodo-henzyl)-3-methyl-3,7-dihydro-
purine-2,6-dione

%ijl ra @i
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Example 153
8-1,4]Diazepan-1-yl-1-(2,2-dimethoxy-
ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-
dihydro-purine-2,6-dione

I

v 3 2
N ) | NN)_NQNH

Ha
Example 155
1-(2-[1,3]Dioxolan-2-yl-ethyl)-7-(2-iodo-
benzyl)-3-methyi-8-piperazin-1-y1-3,7-
dihydro-purine-2,6-dione

A, o
Oim}—-NCNH
SH,
Example 157
8-1,4]|Diazepan-1-yl-1-(2-[1,3]dioxan-2-yi-
ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-
dihydro-purine-2,6-dione

Example 159
8-[1,4]Diazepan-1-yl-1-(2,3-dihydroxy-
propyl)-7-(2-iodo-benzyl)-3-methyl-3,7-

dihydro-purine-2,6-diocne
[}

Ho’\i/‘w& /)__N \\/

Hy
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Example 154
8-1,4]Diazepan-1-yl-1-(2-{1,3]dicxolan-2-yi-
ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-
dihydro-purine-2,6-dione

2

=y
CH,

Example 156

1-{1,3]Dioxclan-2-ylmethyl-7-(2-iodo-

benzyl)-3-methyl-8-piperazin-1-y}-8,7-

dihydro-purine-2,6-dione
.

Cﬁi{i{*’@“‘*
o,

Example 158
1-(2-1,3]Dioxan-2-yl-ethyl)-7-(2-iodo-
benzyl)-3-methyl-8-piperazin-1-yl-3,7-
dihydro-purine-z G-dione

Wi

/>—N\_/\4H

Example 160 -
1~(2,3-Dihydroxy-propyl)-7-(2- |odo-benzy|
3-methyl-8-piperazin-1-y}-3,7-dihydro-

purine-2,6-dione
!

HO”Y\N% ) UH

CH.

s
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Example 161
8-[1,4]Diazepan-1-yi-1-(3-hydroxy-2-
methyl-propyl)-7-{2-iodo-benzyl)-3-methyl-
3,7-dihydro-purine~2,6-dione

)
HG NJj:N ™
(>
“‘I'*z )
HG

Example 163
8-[1,4)Diazepan-1-yl-7-(2-iodo-benzyl)-3-
methyi-1-[3-(tetrahydro-pyran-2-yloxy)-
propyl]-3,7-dihydro-purine-2,6-dicne

0
90 g,
6 L

Example 165
7-Benzyl-8-[1,4]diazepan-1-yl-1-(3-hydroxy-
propyl)-3-methyl-3, 7-dihydro-purine-2,6-
dione

oty

I

-124-

PCT/DK01/00467

Example 162
1-(3-Hydroxy-2-methyl-propyl)-7-(2-iodo-
benzyl)-3-methyl-8-piperazin-1-yi-3,7-
dihydro-purine-2,6-dione

i

o oo O
Chy

Example 164

8-[1,4]Diazepan-1-yl-1-(2-fluoro-sthyl)-7-(2-

iodo-benzyl)-3-methyl-3,7-dihydro-purine-

2 6-dione

Example 166
7-Biphenyl-2-yimethyl-8-[1,4]diazepan-1-yl-
3-methyl-3,7-dihydro-purine-2,6-dione

9,
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1. A compound of formula |

9 R
o "N\ R-g
R
N | " >——N/( )n\NH
)\ / 1
o) N N ()
[, R®

wherein
n and mis one or fwo independently;

R'is C=0: C=8; C,alkynyl ; Cs-C; cycloalkyl; Cs-C; cycloheteroalkyl; aryl; aryl-C-C; alkyt;
heteroaryl; heteroaryl-C4-Cs alkyl, wherein each alkyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C-Cs
alkyl, heteroaryl, or heteroaryl-C4-Cs alkyl is optionally substituted with one or more R*
independently,

R2?is H; C4-C; alkyl; Co-Cralkenyl; C-C alkynyl; Cs-C; cycloalkyl; Ca-Cy cycloheteroalkyl; aryl; aryl-
C+-C; alkyl; heteroaryl-C4-C; alkyl; heteroaryl; cyano; halogen; hydroxy, nitro; -SH; -SR® -SOR; -
SO,R% carboxy; -CO.R*, -CON(R®);; C1-Crp alkyloxy; Ca-Cyo alkenyloxy; Co-Cyp alkynyloxy,
aryloxy; heteroaryloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-
C4-Cs alkyl, heteroaryl, heteroaryl-C4-C; alkyl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or
heteroaryloxy is optionally substituted with one or more R'! independently;

R®is H; C4~Cro alkyl; Co-Cyp alkenyl; Co-Crgalkynyl; Cs-Cy cycloalkyl; Ca-C; cycloheteroalkyl; aryl;
aryl-Cy-Cs alkyl; heteroaryl-C-Cs alkyl; heteroaryl; C4-Cipalkyl-0-C4-Csalkyl; carboxy, cyano; nitro;
halogen; hydroxy; wherein each alkyl, alkenyl, alkynyl, cycloalky!, cycloheteroalkyl, aryt, aryl-C4-Cs
alkyl, heteroaryl-C4-Cs alkyl, heteroaryl, or alkyl-O-alkyl is optionally substituted with one or more
R™ independently; two R®attached to the same carbon atom may form a spiro system;

R%, R, R™, and R" are independently C;-Cyp alkyl; C,-Cio alkenyl; C-Cyp alkynyl; Cs-C; cycloalkyl;
Cs-Cr cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydrosy, nitro; trifluormethyl; N(R'),; =O;
=5; C4-Cyg alkyloxy; C5-Co alkenyloxy; C2-Cyg alkynyloxy; aryloxy; heteroaryloxy, wherein each

AMENDED SHEET
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alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, heteroaryl, alkyloxy; alkenyloxy; alkynyloxy,
aryloxy, or heteroaryloxy is optionally substituted with one or more R® independently; two R?
attached to the same carbon atom may form a spiroheterocyclic system, preferably hydantoine;
thiohydantoine; oxazolidine-2,5-dione;

R%is H; Cy-Cyo alkyl; C2-Cyo alkenyl; Co-Croalkynyl; Ca-C; cycloalkyl; C5-Cy cycloheteroalkyl; aryl;
aryl-Cy-Cs alkyl; heteroaryl; heteroaryl-C;-Cs alkyl , wherein each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, aryl alkyl, heteroaryl, or heteroaryl alkyl is optionally substituted with one or
more R" independently; '

REis H; C+-Cyp alkyl; Co-Cyoalkenyl; Co-Cipalkynyl; C3-C cycloalkyl; C4-Cy cycloheteroalkyl; aryl;
heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, or heteroaryl
is optionally substituted with one or more R™ independently;

R7is H; C-Cyo alkyl; Cz-Croalkenyl; Co-Croalkynyl; Co-Cr cycloalkyl; Ca-Cy cycloheteroalkyl; aryl;
heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, or heteroaryl
is optionally substituted with one or more R independently;

R, R™ R, and R™ are independently H; nitro; -OCH;; cyano; halogen; -OH; -SH; -SCHs;

R?is H; halogen; Ci-Cyo alkyl or aryl, wherein alkyl or aryl is optionally subsiituted with one or more
R" independently

R is H; halogen;

or, R® and R" may be connected to form a cyclopropyl ring;

R is H; C1-Cyo alkyl or aryl;

or a salt thereof with a pharmaceutically acceptable acid or base;

with the exception of the following compounds:
1,3-dimethyl-7-(2-oxo-prapyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,

1,3,1',3",7-pentamethyl-8-piperazin-1 -y|-3,7,3',7'—tetrahydro-7,8‘-methanediyl-bis—purine-2,6-dione,
7-Benzyl-3-methyl-8-piperazin-1-yl-3,7-dinyd ro-purine-2,6-dione,

AMENDED SHEET
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7-(4-Chloro-benzyl) -3-meﬂ'1yl-8-piperazin—1-yl-3,7-dihydro-purine-2,6-dione,
7-(2-Chloro-benzyl) ~3-methyl-8-piperazin-1—yl-3,7‘dihydro-purine-z,B-dione,
3-Methyl-7-(1-phenyl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione,

3-Methyl-7-(3-methyl-benzyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione.

" AMENDED SHEET
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2. A compound of formula I
10
s R
o "\ Rge
6
R
Ny NG
)\ | />—N NH
AN M
R’ R
|
wherein

n and m is one or two independently;

with the proviso that if n is 2 then m is also 2;

R' is C=0; C=S; Ci-C, alkyl; C> alkenyl; C; alkyny! ; Cs-C; cycloalkyl; C5-C;
cycloheteroalkyl; aryl; aryl-C,-C; alkyl; heteroaryl; heteroaryl-C,-C; alkyl, wherein each
alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C;-C; alkyl, heteroaryl, or
heteroaryl-C;-Cs alkyl is optionally substituted with one or more R* independently;

Rlis H; C,-C; alkyl; C,-C alkenyl; C,-C;alkynyl; C;-C; cycloalkyl; Cs-C;
cycloheteroalkyl; aryl; aryl-C;-C; alkyl; heteroaryl-C,-C; alkyl; heteroaryl; cyano;
halogen; hydroxy, nitro; -SH; -SR’; -SOR’; -SO,R’; carboxy; -CO;R*; -CON(R®);; C:-
Ci alkyloxy; C,-Cyp alkenyloxy; C,-Cyo alkynyloxy, aryloxy; heteroaryloxy, wherein
each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C,-Cs alkyl,
heteroaryl, heteroaryl-C,-Cs alkyl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or

heteroaryloxy is optionally substituted with one or more R" independently;

Rlis H; Ci-Cy alkyl; C,-Cyg alkenyl; C,-Cyp alkynyl; C3-Cy cycloalkyl; C3-Cq
cycloheteroalkyl; aryl; aryl-C;-C; alkyl; heteroaryl-C,-C; alkyl; heteroaryl; C-Cioalkyl-
0-C,-Csalkyl; carboxy; cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyl,
alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-C,-C; alkyl, heteroaryl-C,-C; alkyl,
heteroaryl, or alkyl-O-alkyl is optionally substituted with one or more R"?
independently; two R attached to the same carbon atom may form a spiro system;

R*, R", R'% and R" are independently C,-Cyo alkyl; C2-C alkenyl; C,-Cyo alkynyl; Cs-
C; cycloalkyl; Cs-Cy cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
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trifluormethyl; N(R')z; =0; =8; Ci-Cro alkyloxy; Co-Cio alkenyloxy; C-Cyo alkynyloxy;
aryloxy; hetercaryloxy, wherein each alkyl; alkenyl, alkynyt, cycloaikyl, cycloheteroalkyl,
aryl, heteraaryl, alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally
substituted with one or more R® independently; two R*attached to the same carbon atom
may form a spiroheterocyclic system, preferably hydantoine; ’thiohydantbine; oxazolidine-
2,6-dione;

R®is H; C1~Cyg alkyl; Co-Cig alkenyl; Co-Cioalkynyl; Cs-Cy cycloalkyl; Cs-C;
cycloheteroalkyl; aryl; aryl-Cs-Cs alkyl; heteroaryl; heteroaryl-C,-Cs alkyl , wherein each
alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl, aryl, aryl alkyl, heteroaryi, or heteroaryt
alkyl is opticnally substituted with one or more R'* independently;

R®is H; C;-Cyg alkyl; C»-Cqp alkenyl: Ca-Cralkynyl; Co-C7 cycloalkyl; Cs-C,
cycloheteroalkyl; aryl; hetsroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or mare R'
Independentty;

R is H; C;-Cyq alkyl; Cy-Cip alkenyl; Co-Cyoalkynyl; Cs-C; cycloalkyl; Cs-Cs
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'¢
independently;

R%, R™, R', and R' are independently H; nitro; -OCHj; cyano; halogen; -OH; -SH: -SCHy;
R® is H; halogen; C+-Cio alkyl optionally substituted with one or more R independently
R" is H; halogen;

or, R® and R' may be connected 1o form a cyclopropyl ring;

R'™is H; C;-Cyp alkyl or aryl;

or a salt thereof with a pharmaceutically acceptable acid or base;
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3. A compound of formula |
s R
o] R»l/RLRZ
o
Ny N /( )n\
)\ | />——N NH
i On
F(17 R
|
wherein

n and mis one or two independently;

R'is C=0; C=S; Ci-C, alkyl; Coalkenyl; Cyalkynyl ; C5-C; cycloalkyl; Co-Cy
cycloheteroalkyl; aryl; aryl-C4-Cg alkyl; heteroaryl, heteroaryl-C;-C; alkyl, wherein each
alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, aryl-Cs-Cs alkyl, heteroaryl, or heteroaryl-
C1-C5 alkyl is optionally substituted with one or mare R* independently;

R2is H; Ci-C7 alkyt; Co-Cy alkenyl; Co-Cralkynyl; Co-Cy cycloalkyl; C5-C; cycloheteroalkyl;
aryl; aryl-C,-C; alkyl; heteroaryl-C,-Cs alkyl; heteroaryl; cyano; halogen; hydroxy, nitro; -
SH; -SRY; -SORY; -SO,R®; carboxy; -CO,R* -CON(R®); Cr-Cro alkyloxy; Go-Cro
alkenyloxy; Ca-Gio alkynyloxy, aryloxy; heteroaryloxy, wherein each alkyl,atkeny), alkynyl,
cycloalkyl, cycloheteroalkyl, aryl, aryl-C,-C; alkyl, heteroaryl, heteroaryl-C,-C; alkyl,
alkyloxy; alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally substituted with
one or more R'' independently;

R%is C1-Cyg alkyl; Co-Crp alkenyl; C,-Cro alkynyl; Cs-C; cycloalkyl; Cs-C; cyclohetercalkyl;
aryl; aryl-G4-Cs alkyl; heteroaryl-Cs-Cj alkyl; heteroaryl; Cy-C1alkyl-O-C,-Csalkyl; carboxy;
cyano; nitro; halogen; hydroxy; wherein each aikyl, alkenyi, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, aryl-Ci-Cs alkyl, heteroaryl-C(-C, alkyl, heteroaryl, or alkyl-O-alkyl
is optionally substituted with one or more R'? independently; two R attached to the same
carbon atom may form a spiro system;
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R*, R, R, and R are independently CiCyg alkyl; Co~Cyo alkenyl; Co-Croalkynyl; Cs-Cy
cycloalkyl; Cs-C; cycloheteroalkyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
trifluarmethyl; N(R'®)2; =0; =S; C+-C1o alkyloxy: C»-Cro alkenyloxy; Ca-Cip alkynyloxy;
aryloxy; heteroatyloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloheteroalkyl,
aryl, heteroaryl, alkyloxy: alkenyloxy; alkynyloxy, aryloxy, or heteroaryloxy is optionally
substituted with one or more R® independently; two R*attached to the same carbon atom
may form a spiroheterocyclic system, preferably hydantoine; thichydantoine; oxazolidine-
2,5-dione;

R%is H; Ci-Cyo alkyl; Ca-Cyoalkenyl; Co-Cso alkynyl; Cs-C7 cycioalkyl; C-Cr
cycloheteroalkyl; aryl; aryl-Cy-Cs alkyl; heteroaryl; heteroary!-Cy-Cs alkyl , wherein each
alkyl, elkenyl, alkynyl, cycloalkyl, cycioheteroalkyl, aryl, aryi alkyl, heteroaryl, or heteroaryl
alkyl is optionally substituted with one or more R' independently;

R® is H; C1-Cqo alkyl; C-Cigalkenyl; Co-Cyo alkynyl; Cs-C; cycloalkyl; Cs-Cr
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyi, alkynyl, cycloalkyl,
cycloheteroalkyl, aryt, or heteroaryl Is optionally substituted with one or more R"
independently;

R7 is H; C4-C1o alkyl; Cg-Cmalkenyl; CxCqo alkynyl; Cs-Cs cycloalkyl; 03'07
cycloheteroalkyl; aryl; heteroaryl, wherein each each alkyl, alkenyl, alkynyl, cycloalkyl,

eycloheteroalkyl, aryl, or heteroaryl is optionally substituted with one or more R'®
independently;

R®, R, R'S, and R™ are independently H; nitro; -OCHs; cyano; halogen; -OH; -SH; -SCH3;
R® is H; halogen; C;-Cyo alkyl optionally substituted with one or more R" independently
R'%is H; halogen;

or, R® and R'® may be connected to form a cyclopropyi ring;

R is H; Cy-C1q alkyl or aryl;
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or a salt thereof with a pharmaceutically acceptable acid or base;

4. A compound according to any one of the claims 1 to 3 wherein R is C=0: C;-C, alkyl;
Cealkenyl; Calkynyl ; C5-C; cycloalkyl; C-C; cycloheteroalkyl; aryl; or heteroaryl, wherein
each alkyl, alkenyl, cycloalkyl, cycloheteroalkyl, aryl, or heteroaryl is optionally substituted
with one or more R* independently.

5. A compound according to claim 4 wherein R' is C=0; C-C,alkyl; Cs-C; cycloalkyl; aryl;
or heteroaryl, wherein each alkyl, cycloalkyl, aryl, or heteroaryl is optionally substituted
with ane or more R* independently.

6. A compound according to claim 5 wherein R’ is C=0 or aryl optionally substituted with
one or more R* independently.

7. A compound according to claim 8 wherein R is aryl optionally substituted with one or
more R*independently.

8. A compound according to claim 7 wherein R" is aryl.
9. A compound according to claim 8 wherein R' is phenyl.

10. A compound according to any one of the claims 1 to 9 wherein R? is H; C4-C; alkyl;
Co-Cralkenyl; C2-C; alkynyl; Ca-C7 cycloalkyl; Ca-C; cycloheteroalkyl; aryt; heteroaryl;
oyano; halogen; hydroxy, nitra; -SH; -SR¥ -SOR?; -SO,R"; -CO.R* C,-Cy, alkyloxy; C2-Cro
alkenyloxy; Cz-C+q alkynyloxy, wherein each alkyl, alkenyl, alkynyl, cycloalkyl,
cycloheteroalkyl, aryl, heteroaryl, alkyloxy, alkenyloxy, or alkynyloxy is optionally
substituted with one or more R'! independently.

11. A compound according to claim 10 wherein R?is H; C;-C; alkyl; C5-C;
cycloheteroalkyl; aryl; cyano; halogen; nitro; -SR®; -S0,R’% -CO.R* or Cy-Cyo alkyloxy;
wherein each alkyl, cycloheteroalkyl, aryl, or alkyloxy is optionally substituted with one or

more R" independently.

12. A compound according to claim 11 wherein R* is H; C;-C; alkyl; C5-C;
cycloheteroalkyl; aryl; cyano; halogen; -CO.R*; or C,-C;, alkyloxy; wherein each alkyl,
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cycloheteroalkyl, aryl, or alkyloxy is optionally substituted with one or more R

independently.

13. A compound according to claim 12 wherein R is H; C,-C; alkyt; cyano; halogen; or
C1-Cyq alkyloxy; wherein each alkyl or alkyloxy is optionally substituted with one or more
R'"" independently.

14, A compound according to claim 13 wherein R?is H; oyano or halogen.

15. A compound according to claim 14 wherein R?is H.

18. a compound gecording to any one of the claims 1, 2 and 4 to 15 wherein Ris H; Cy-
Ci1g alkyl; Co-Cyq alikenyl; Co-Cioalkynyl; Ca-C; cycloalkyl; aryl; Ci-Cioalkyl-O-Cy-Cralkyl;
cyano; nitro; halogen; hydroxy; wherein each alkyl, alkenyi, alkynyl, cycloalkyl, aryl, or
alkyl-O-alkyl is optionally substituted with one or more R'? independently; two R’ attached
to the same carbon atom may form a spiro system.

17. A compound according to claim 16 wherein R® is H; Cy+Cyp alkyl; C-Cgalkyl-0-Cy-
Csalkyl; hydroxy; wherein alkyl, or alkyl-O-alkyl is optionally substituted with one or more
R'™ independently; two R*attached to the same carbon atom may form a spira system.
18. A compound according to claim 17 whersin R® is H or C,-C1q alky! optionally
substituted with one or more R independently; two R® attached to the same carbon atom
may form a spiro system.

19. A compound according to claim 18 wherein R® is H or Ci-Cyg alkyl,

20. A compound according 1o claim 19 wherein R is methyl, ethyl, or isopropyl.

21. A compound according to claim 19 wherein R® is H.

22. A compound according to claim 3 wherein R® is C4-Cyo alkyl; C2-Cyq alkanyl; Co-Cyo

alkynyl; Co-C; cycloalkyl; aryl; Gq-Cspalkyl-0-C;-Cealkyl; cyano; nitro; halogen; hydroxy;
wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or alkyl-O-alkyl is optionally
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substituted with one or more R'? independently; two R®attached to the same carbon atom

may form a splro system.

23. A compound according to claim 22 wherein R® is C;-Cyg alkyl; Cy-Cyoalkyl-0-Ci-
Csalkyl; hydroxy; wherein alkyl, or alkyl-O-alkyl is optionally substituted with one or more
R'? independently; two P° attached to the same carbon atom may form a spiro system.

24. A compound according to claim 23 wherein R® is C4-Ci alkyl optionally substituted
with one or more R" independently; two R®attached to the same carbon atom may form a

spiro system.

25, A compound according to claim 24 wherein R® is C;-Cqo alkyl.

26. A compound according to claim 30 wherain R® is methyl, ethyl, or isopropyl

27. A compound according to any one of the claims 1 to 26 wherein B* is C1-Gyo alkyl; Co-
Cyoatkenyl; C»-Cyp alkynyl; C5-C7 cycloalkyl; aryl; heteroaryl; cyano; halogen; hydroxy,
nitro; wherein each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or heteroaryl is optienally
substituted with ane or more R® independently.

28. A compound according to claim 27 wherein R*is C1-Cio alkyl; C,-Cypalkenyl; or Co-Cyo
alkynyl; wherein each alkyl, alkenyl, or alkynyl is optionally substituted with one or more

R® independently.

29. A compound according to claim 28 wherein R* is C;-Cso alkyl optionally substituted
with one or more R® independently.

30. A compound according to claim 29 wherein R* is C4-Cyo alkyl.

31. A compound according to claim 30 wherein R* is methyl.

32. A compound according to any one of the claims 1 to 31 wherein R® is H; C1-Cin alkyl;
Ca-Cypalkenyl; Co-Cyp alkynyl; Co-Cy cycloalkyl; aryl; heteroaryl; wherein each alkyl,

alkenyl, alkynyl, cycloalkyl, aryl, or heteroaryl is optionally substituted with one or more
R'" independently.
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33. A compound according to claim 32 wherein RE is C;-C alkyl or aryl; wherein each
alkyl or aryl is optionally substituted with one or more R' independently.

34. A compound according to any one of the claims 1 to 33 wherein R® is H; Cy-Cyq alkyl;
Cz-Cioalkenyl; Ca-Cygalkynyl; Co-C; cycloalkyl; or aryl; wherein each each alkyl, alkenyl,
alkynyl, cycloalkyl, or aryl is optionally substituted with one or more R'® independently.
35. A compound according to claim 34 wherein R is H; Ci-Cyo alkyl; or Co-Cypalkenyl;
wherein each each alkyl or alkenyl is optionally substituted with one ar more R*

independently.

36. A compound according to claim 35 wherein R® is H or C4-Cyo alky! optionally
substituted with one or more R'® independently.

37. A compound according to claim 36 wherein R® is H.

38. A compound according 1o claim 36 wherein R®is C-Ci, alkyl optionally substituted
with one or more R' independently.

39. A compound according to claim 38 wherein R%is C-Cyp alkyl.

40. A compound according to claim 39 wherein R® is methyl.

41, A compound according to any one of the claims 1 to 40 wherein R” is-H; C4-Cyo alkyl;
Co-Cioalkenyl; or Co-Cioalkynyl, wherein each each alkyl, alkenyl, or alkyny! is optionally

substituted with one or more R'® independently.

42. A compound according to claim 41 wherein R is C4-Cyp alky! optionally substituted
with one or more R'® independenty.

43. A compound according to claim 42 wherein R” is C1-Cyo alkyl.

44. A compound according to any one of the claims 1 to 43 wherein R® is -OCHs.
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45. A compound according to any one of the claims 1 to 44 wherein Ris aryl.

46. A compound according to any one of the claims 1 to 45 wherein R'" is C;-Cio
alkyl; aryl; cyano; halogen; wherein each alkyl or aryl is optionally substituted with one
or more R® independently.

47. A compound according to claim 46 wherein R'! is halogen.

48. A compound according to any one of the claims 1 to 47 wherein R"2is C-Cio
alkyl; C-Cjqalkenyl; C»-Cyg alkynyl; aryl; heteroaryl; cyano; halogen; hydroxy, nitro;
wherein each alkyl, alkenyl, alkynyl, aryl, heteroaryl is optionally substituted with one
or more R® independently.

49. A compound according to claim 48 wherein R'? is aryl; heteroaryl; or hydroxy;

wherein each aryl and heteroaryl is optionally substituted with one or more R®

independently.

50. A compound according to claim 49 wherein R'Zis phenyl, pyridyl, or
pyrrolidinyl.

51 A compound according to claim 49 wherein R'? is hydroxy.

52. A compound according to any one of the claims 1 to 51 wherein R'* is halogen.
53. A compound according to any one of the preceding claims selected from the
following:

7-Benzyl-8-(6-hydroxymethyl-[1,4]diazepan-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-
dione.

7-Benzyl-8-(6-hydroxy-[ 1,4]diazepan-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione
7-Benzyl-8-(3-hydroxymethyl-[1,4]diazepan-1-y1) -1,3-dimethyl-3,7-dihydropurine-2,6-
dione

7-Benzyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-7-(4-methylbenzyl) -8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
3-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-ylmethyl)
benzonitrile

2-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3 6-tetrahydropurin-7-ylmethyl)
benzonitrile

1,3-Dimethyl-7-(1-phenylethyl) -8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
7-(2-Iodobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(2-triflucromethylbenzyl) -3,7-dihydropurine-2,6-dione
1,3-Dimethyl-7-naphthalen-1-ylmethyl-8-piperazin- 1-yl-3,7-dihydropurine-2,6-dione
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1,3-Dimethyl-7-naphthalen-2-ylmethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
7-(3-Bromobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
7-Benzyl-8-(3-isopropylpiperazin-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione
7-Benzyl-8-[1,4)diazepan-1-yl-1,3-dimethyl-3,7-dihydro-purine-2,6-dione
1,3-Dimethyl-7-(2-ox0-2-pyrrolidin-1-yl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-
2,6-dione
2-(8-[1,4]Diazepan-1-yl-1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-purin-7-ylmethyl) -
benzonitrile

8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-(2-Difluoromethoxy-benzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione

7-(2,3-Dimethoxy-benzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(2-trifluoromethoxy-benzyl) -3,7-dihydro-purine-2,6-
dione

1,3-Dimethyl-8-piperazin-1-yl-7-(2-trifluoromethylsulfanyl-benzyl) -3,7-dihydro-
purine-2,6-dione
4-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydro-purin-7-yl) ~butyronitrile
R) -7-Benzyl-8-(3-isopropylpiperazin-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione
S) -7-Benzyl-8-(3-isopropylpiperazin-1-yl) -1,3-dimethyl-3,7-dihydropurine-2,6-dione
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7-Benzyl-8-(6,9-diazaspiro[4.5]dec-9-yl) -1,3-dimethyl-3,7-dihydropurine-2,8-dione
7-Benzyl-8-(piperazin-3-spiro-3'-bicyclof2 2, 1lheptane-1-yi) -1 ,3-dimethyl-3,7-
dihydropurine-2,6-dione

8-[1,4Diazepan-1-yI-7-(2-methoxy-benzyl) -1 ,3-dimethyl-3,7-dihydro-purine-2 6-dione
8-[1,4]Diazepan-1-yi-1,3-dimethyl-7-naphthalen-1-yimethyl-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-7-(2-fluoro-benzyl) -1 ,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-[1,4|Diazepan-1-yl-1,3-dimethyl-7-(2-methyl-benzyl) -3,7-dihydro-purine-2,6-dicne
7-(2-Chloro-benzyl) -8-{1,4]diazepan-1-yi-1 ,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-(2-Bromo-benzyl) -8-[1,4]dlazepan-1-yi-1 ,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-[1,4|Diazepan-1-yl-1,3-dimethyl-7-(2-triflucromethyl-benzyl) -3, 7-dihydro-purine-2,6-
dione

8-[1,4|Diazepan-1-yl-1,3-dimethyl-7-(2-nitro-benzyl) -3,7-dihydro-purine-2,6-dione
3-Benzyl-8-piperazin-1-yl-7-(2-trifluoromethyt-benzyl) -3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-1-(2-hydroxy-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-diane
3-Benzyl-7-phenethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-[1,4]diazepan-1-y}-3,7-dihydro-purine-2,6-dicne
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-[1,4]diazepan-1-yl-1-propyl-3,7-dihydro-purine-2,6-dicne
3,7-Dibenzyl-8{1,4]diazepan-1-yl-1-(2-hydroxy-ethyl) -3,7-dihydro-purine-2,6-dione
2-(3,7-Dibenzyl-8-[1,4]diazepan-1-yl-2,6-tioxo-2,3,6,7-tetrahydro-purin-1 -yl) -N,N-diethyl-
acetamide

1,8,7-Tribenzyl-8-piperazin-1-yi-3,7-dihydro-purine-2,6-dione
1,3,7-Tribenzyl-8-[1,4]diazepan-1-yl-3,7-dihydro-purine-2,6-dione

(8) -7-Benzyl-8-(3-benzyloxymethylpiperazin-1-yl) -1 ,3-dimethyl-3,7-dihydropurine-2,6-
dione -
3,7-Dibenzyl-8-piperazin-1-yl-1-propyl-3, 7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-[1,4]diazepan-1-yi-1-propyl-3,7-dinydro-purine-2,6-dione
3,7-Dibenzyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
3,7-Dibenzyl-8-[1,4]diazepan-1-yl-3,7-dihydro-purine-2,6-dione
2-(3-Benzyi-2,6-dioxo-8-piperazin-1-yi-1-propyl-1 ,2,3,6-tetrahydro-purin-7-yimethyt) —
benzonitrile

2.(3-Benzyl-8-[1,4]diazepan-1-yl-2,8-dioxo-1-propyl-1,2,3 6-tetrahydro-purin-7-ylmethyl) -
benzonitrile

2-(3-Benzyl-2,6-dioxo-8-piperazin-1-yl-1 ,2,3,6-tetrahydro-purin-7-ylmethyl) —benzonitrile
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2-(3-Benzyl-8-[1,4]diazepan-1-y!-2,6-dioxe-1,2,3,6-tetrahydro-purin-7-yimethyl) ~
benzonitrile )

3-Benzyl-7-(2-iodo-benzyl) -8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,6-dione
3-Benzyl-8-[1,4]diazepan-1-yl-7-(2-iodo-benzyl) -1-propyl-3,7-dihydro-purine-2,6-dione
3-Benzyl-7-(2-iodo-benzyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,6-clione
3-Benzyl-8-[1,4]diazepan-1-y-7-(2-iodo-benzyl) -3,7-dihydro-purine-2,6-dione
7-Benzyl-3-methyl-8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,6-diocne
7-Benzyl-8-[1,4ldiazepan-1-yl-3-methyl-1-propyl-3,7-dihydro-purine-2,6-dione
7-Benzyl-3-methyl-8-piperazin-1-yI-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
2-(3-Methyl-2,6-dioxo-8-piperazin-1-yl-1-propyl-1,2,3,6-tetrahydro-purin-7-yimethyl) -
benzonitrile
2-(8-[1,4]Diazepan-1-yl-3-methyl-2,6-dioxo-1-propyl-1,2,3,6-tetrahydro-purin-7-yimethyl) ~
benzonitrile
2-(8-[1,4]Diazepan-1-yl-3-methyl-2,6-dioxo-1,2,3,6-tetrahydro-purin-7-yimethyl) —
benzonitrile

7-(2-lodo-benzyl) -3-methyl-8-piperazin-1-yl-1-propyl-3,7-dihydro-purine-2,6-tione
8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyl-1-propyl-3,7-dihydro-purine-2,6-dione
7-(2-lodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
8-1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyl-3,7-dihydro-purine-2,6-dione
3-Benzyl-8-1,4]diazepan-1-yl-1-(3-hydroxy-propyl) -7-(2-iodo-benzyl) -3,7-dihydro-purine-
2,6-dione )
3-Benzyl-8-[1,4]diazepan-1-yl-1-(2-ethoxy-ethyl) -7-(2-iodo-benzyl) -3,7-dihydro-purine-
2,6-dione

7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-(3-phenyl-allyl) -é,?-dihydro~pu rine-2,6-dione
7-Benzyl-8-[1,4]diazepan-1-y}-3-methyl-1-(2-oxo-2-phenyl-ethyl) -3,7-dihydro-purine-2,6-
dione

2+(7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro-purin-1 -ylmethyl) -
benzonitrile
(7-Benzyl-8-{1,4]diazepan-1-yl-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro-purin-1-yl) -
acetonitrile

3-Methyi-7-(2-methyl-thiazol-4-yimethyl) -8-piperazin-1-yl-3,7-dinydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-3-methyl-7-(2-methyl-thiazol-4-ylmethyl) -3,7-dihydro-purine-2,6-
dione

3-Methyl-7-(2-oxo-2-phenyl-ethyl) -8-piperazin-1-yl-3,7-dihydro-purine-2,8-dione
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8-{1,4)Diazepan-1-yl-3-methyl-7-(2-oxo-2-phenyl-ethyl) -3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-3-methyl-7-phenethyl-3,7-dihydro-purine-2,6-dione
8-[1,4|Diazepan-1-yl-1-(3-hydroxy-propyl) -7-(2-iodo-benzyl) -3-methyl-3,7-dinydro-purine-
2,6-dione

1-(8-Hydroxy-propyl) ~7~(2-iodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dinydro-purine-2,6-
dione

8-[1,4|Diazepan-1-yl-1-(2-ethoxy-ethyl) ~7-(2-iodo-benzyl) -3-methyl-3,7-dihydro-purine-
2,6-dione

1-(2-Ethoxy-ethyl) -7-(2-iodo-benzyl) -3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione

8-{1,4|Diazepan-1-yl-7-(2-iodo-benzyl) -3-methyi-1-(2-phenoxy-ethyl) -3,7-dihydro-purine-
2,6-dione

8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -1-{2-(2-methoxy-ethoxy) -ethyl]-3-methyl-3,7-
dihydro-purine-2,6-dicne

7-(2-lodo-benzyl) -1-[2-(2-methoxy-ethoxy) -ethyl]-3-methyl-8-piperazin-1-y-3,7-dibydro-
purine-2,6-dione )
8-[1,4]Diazepan-1-yl-1-(3,5-dimethoxy-benzyl) -7-(2-iodo-benzyl) -3-methyl-3,7-dihydro-
purine-2,6-dione

8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl) -1-(3-methoxy-benzyl) -3-methyl-3,7-dihydro-
purine-2,6-dione
7-Biphenyl-2-yimethyi-8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
7-(2-Bromo-benzyl) -8-[1,4]diazepan-1 -yl-s-methyl-3.7—dihydro-purine—2,6-dioné
7-(2-Chloro-benzyl) -8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-(3,5<dimethyl-piperazin-1-yl) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-{4-Methoxybenzyl) -1,3-dimethyi-8-piperazin-1-y)-3,7-dihydropurine-2,6-dione
(1,3-Dimethyi-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-yl) -phenylacetic acid
methy! ester .
7-(5-Chloro-2-nitrobenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
4-(1,3-Dimethyl-2,6-dioxa-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-yimethyl) benzonitrile
7-(4-Methanesulfonylbenzyl) -1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,8-dione
7-(2-Flucro-6-nitrobenzyl) -1,3-dimethyl-8-piperazin-1-yI-3,7-dihydropurine-2,6-dione
7-(4-Benzyloxybenzyl) -1,3-dimethyl-8-piperazin-1-yI-3,7-dihydropurine-2,6-dione
7-(2,4-Dichlorobenzyl) -1,3-dimethyl-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(4-trifluoromethylbenzyl) -3,7-dihydropurine-2,6-dione
7-Biphenyl-4-yimethyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,6-dione
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3-(1,3-Dimethyl-2,6-dioxo-8-piperazin-1-yl-1,2,3,6-tetrahydropurin-7-ylmethyl) benzoic
acid methyl ester -
4-(1,3-Dimethyl-2,8-dioxo-8-piperazin-1-yk-1,2,3,6-tetrahydropurin-7-yimethyl) benzoic
acid methyl ester
7-Biphenyl-2-yimethyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydropurine-2,5-dione
7-(4-tert-Butylbenzyl) -1,3-dimethyl-8-piperazin-1-y1-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(4-trifluoromethoxybenzyl) -3,7-dihydropurine-2,6-dione
7-(3,4-Dichlorobenzyl) -1,3-dimsthy!-8-piperazin-1-yi-3,7-dihydropurine-2,6-dione
1,3-Dimethyl-8-piperazin-1-yl-7-(4-{1,2,3]thiadiazol-4-ylbenzyl) -3,7-dihydropurine-2,6-
dione

4-(1,3-Dimethyi-2,6-dioxo-8-piperazin-1-yi-1,2,3,6-tetrahydropurin-7-yimethyl) -3-
methoxybenzoic acid methyl ester
7-Cyclohexylmethyl-1,3-dimethyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-(2,5-tiaza-bicyclof2.2.1]hept-2-yi) -1,3-dimethyl-3,7-dihydro-purine-2,6-dione
8-(6-Benzyl-[1,4]diazepan-1-yl) -7-(2-iodo-benzy!) -1,3-dimethyl-3,7-dihydro-putine-2,6-
dione '

(S) -7-Benzyl-8-(3-hydroxymethylpiperazin-1-yl) -1,3-dimethyi-3, 7-dihydropurine-2,6-dione
8-[1,4]Diazepan-1-yi-1,3-dimethyl-7-(2-oxo-2-pyrrolidin-1-yl-ethyl) -3,7-dihydro-purine-2,6-
dione

7-{2-lodo-benzyl)-1,3-dimethyl-8-(6-pyridin-2-yimethyl-[1,4]diazepan-1 -yl)-3,7-dihydro-
purine-2,6-dione )
7-(2-Bromo-benzyl)-1,3-dimethyl-8-(6-pyridin-2-yimethyi-[1,4]diazepan-1-yl)-8,7-dihydro-
purine-2,6-dione

(S) 7-Benzyl-8-(3-benzyl-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-dione
7-Benzyl-1,3-dimethy!-8-(3-phenathyl-piperazin-1-yl)-3,7-dihydro-purine-2,8-dione
(R)-7-Benzyl-8-(3-benzylpiperazin-1-yl)-1,3-dimethy!-3,7-dihydropurine-2,6-dione
7-Benzyl-8-(3-(2-hydroxy-benzyl)-piperazin-1-yl)-1 ,3-dImethyl-3,7-dihydro-purine-2,6-
dione

7-Benzyl-8-(3-(2-methoxy-benzyl)-piperazin-1-yl)1,3-dimethyl-3, 7-diydro-purine-2,6-
dione

(R) 7-Benzyl-8-(3-(4-methoxy-benzyl)-piperazin-1-yl)1,3-dimethyl-3, 7-dihydro-purine-2,6-
dione
(R)-7-Benzy!-8-(3-(4-hydroxy-benzyl)-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-
dione
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(R)-7-Benzyl-1,3-dimethyl-8-(3-(4-nitro-benzyl)-piperazin-1-yl)-3,7-dihydro-purine-2,6-
dione .
(R)-7-Benzyl-8-(3-(4-fluoro-benzyl)-piperazin-1-yl)-1,3-dimethyl-3,7-dihydro-purine-2,6-
dione

5 (R)-4-(4-(7-Benzyl-1,3-dimethyl-2,6-dioxc-2,3,6,7-tetrahydro-1H-purin-8-yi)-piperazin-2-
ylmethyl)-benzonitrile
(R)-6-(8-(3-Benzyl-piperazin-1-yl)-1,3-dimethyl-2,8-dioxo-1,2,3,6-tetrahydro-purin-7-
ylmethyl)-nicotinanitrile
(R)-7-Benzyl-1,3-dimethyl-8-(3-thiazol-4-yimethyl-piperazin-1-yl)-3,7-dihydro-purine-2,6-

10 dione
(R)-2-[1,3-Dimethyl-2,6-dioxo-8-(3-thiophen-2-yimethyl-piperazin-1-yl)-1,2,3,6-tetrahydro-
purin-7-yimethyl]-benzonitrile
7-Benzyl-8-[1 4]diazepan-1-yl-3-methyl-1 -(tet}ahydro~furan-2-ylmethyl)—S,T-dihydro—
purine-2,6~dione

15 7-Benzyl-1-(2-cyclohexyl-ethyl)-8-[1,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-
dione
7-Benzyl-8-[1,4]diazepan-1-yl-3-methyl-1-(5-methyl-hexyl)-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-{1,4]diazepan-1-yl-3-methyl- 1-(3-methyl-butyl)-3,7-dihydro-purine-2,6-dione
7-Benzyl-8-[1 4]diazepan-1-yl-1-(2-ethoxy-ethyl)-3-methyl-3,7-dihydro-purine-2,6-dione

20 8-1,4|Diazepan-1-yl-7-(2-iodo-benzyl)-3-methyl-1-(tetrahydro-furan-2-ylmethyl)-3,7-
dihydro-purine-2,6-dions :
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-y}-1 -(tetrahydro-furan-2-yimethyl)-3, 7-dihydro-
putine-2,6-dione
8-[1,4]Dlazepan-1-yl-7-(2-lodo-benzyl)-3-methyl-1-(tetrahydro-pyran-2-yimethyi)-3,7-

25 dihydro-purine-2,6-dione .
7-(2-lodo-benzyl)-3-methyl-8-piperazin-1-yl-1-(tetrahydro-pyran-2-ylmethy!)-3,7-dihydro-
purine-2 6-dione )
7-(2-lodo-benzyl)-3-methyl-1-(2-phenoxy-ethyl)-8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione

30 8-1,4]Diazepan-1-yl-7-(2-iado-benzyl)-1-(2-methoxy-ethyl)-3-methyl-3,7-dihydro-purine-
2,6-dione
7-(2-lodo-benzyl)-1-(2-methoxy-ethyl)-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione
1-(2-Benzyloxy-ethyl)-8-[1,4]diazepan-1-yI-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-purine-

35 2,6-dione
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1-(2-Benzyloxy-ethyl)-7-{2-icdo-benzyl)-3-methyi-8-piperazin-1-yl-3,7-diydro-purine-2, 6-
dione : -
1-(3,5-Dimethoxy-benzyl)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-
2,6-dione
7-(2-todo-benzyl)-1~(3-methoxy-benzyl)-3-methyl-8-piperazin-1-yl-3,7-dihydro-purine-2,6-
dione

8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-methyl-1 -(3-trifluoromethoxy-benzyl)-3, 7-dikydro-
purine-2,6-dione
7-(2-odo-benzyl)-3-methyl-8-piperazin-1-yl-1-(3-triftuoromethoxy-benzyl)-3, 7-dihydro-
purine-2,6-dione
8-[1,4]Diazepan-1-yl-1-(2-hydroxy-propy!)-7-(2-lodo-benzyl}-3-methyl-3,7-dihydro-purine-
2,6-dione

8-[1,4]Diazepan-1-yi-1-{2 2-diethoxy-ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-purine- '
2,6-dion :
8-[1,4]Diazepan-1-yl-1~{2,2-dimethoxy-ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dinydro-
purine-2,6-diong
8-[1,4]Diazepan-1-yl-1-(2-[1,3]dioxolan-2-yl-ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-
purine-2,6-dione
1-(2-[1,3]Dioxolan-2-yl-ethyl)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1-y}-3,7-dihydro-
purine-2,6-dione

1-[1,3]Dioxolan-2-ylmethyl-7-(2-iodo-benzy!)-3-methyl-8-piperazin-1-yl-3, 7-dihydro-purine-
2,6-dione
8-[1,4]Diazepan-1-yl-1-(2-[1,3]dioxan-2-yl-ethyi)-7~(2-ilado-banzyl)-3-methyi-3,7-dihydro-
purine-2,6-diong
1-(2-[1,3]Dioxan-2-yl-ethyl)~7-(2-iodo-benzyl)-3-methy!-8-piperazin-1-yl-3,7-dihydro-
purine-2,6-diong
8-[1,4]Diazepan-1-yl-1-(2,3-dihydroxy-propyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-
purine-2,6-diona
1-(2,3-Dihydroxy-propy!)-7-(2-iodo-benzyl)-3-methyl-8-piperazin-1-yi-3,7-dihydro-purine-
2,6-dione
8-[1,4]Diazepan-1-yl-1-(3-hydroxy-2-methyl-propyl)-7-(2-iodo-benzyl)-3-methyl-3,7-
dihydro-purine-2,6-dione
1-(3-Hydroxy-2-methyl-propyl)-7-(2-iodo-benzyl}-3-methyl-8-pipgrazin-1-yl-3,7-dihydro-
purine-2,6-diona
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8-[1,4]Diazepan-1-yl-7-(2-iodo-benzyl)-3-methyl-1-[3-(tetrahydro-pyran-2-yloxy)-
propyl]-3,7-dihydro-purine-2,6-dione
8-[1,4]Diazepan-1-yl-1-(2-fluoro-ethyl)-7-(2-iodo-benzyl)-3-methyl-3,7-dihydro-purine-
2,6-dione
7-Benzyl-8-[1,4]diazepan-1-yl-1-(3-hydroxy-propyl)-3-methyl-3,7-dihydro-purine-2,6-
dione

7-Biphenyl-2-ylmethyl-8-[ 1 ,4]diazepan-1-yl-3-methyl-3,7-dihydro-purine-2,6-dione
54, Use of a compound according to any one of claims 1 to 53 in the manufacture
of a medicament for blood glucose lowering.

55. Use of a compound according to any one of claims 1 to 53 in the manufacture
of a medicament for type II diabetes.

56. A method of lowering blood glucose comprising administering (o a subject in
need of treatment an effective amount of a compound according to any one of claims 1
to 53.

57. A method of treating type II diabetes comprising administering to a subject in
need of treatment an effective amount of a compound according to any one of claims 1
to 53.

58. A compound of formula I, substantially as herein described with reference to
any one or more of the examples but excluding comparative examples.

59. Use of a compound of formula I in the manufacture of a medicament for blood

‘glucose lowering, substantially as herein described with reference to any one or more of

the examples but excluding comparative examples.

60. Use of a compound of formula I in the manufacture of a medicament for type II
diabetes, substantially as herein described with reference to any one or more of the
examples but excluding comparative examples.

6l1. A method of lowering blood glucose, substantially as herein described with
reference to any one or more of the examples but excluding comparative examples.

62. A method of treating type II diabetes, substantially as herein described with

reference to any one or more of the examples but excluding comparative examples.

DATED this 17" day of February, 2006
Shelston IP
Attorneys for: Novo Nordisk A/S
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