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U l 2002 5 Field of the invention This invention relates to
imidazonaphthyridine and 10 15 Backeround of the Invention 'fhe first
reliahlc report on the ltl-imidazo(4,5-c]quinoline ring system) 20 25
Certain 1N-imidazo[4,5-c]quinolin-4-amines and 1- and 2-substituted
derivatives 30 35 WO 99/Z9693 PCT/US98/Z6473 IIu~AZONAPHT'~iYRIDINES AND
Tf~ USE IN INDUCING CY'fIDICINE HIOSYI~SIS tetrahydroimidazonaphthyridine
compounds, processes for making these compounds and intermediates used in
their preparation. This invention additionally relates to pharmaceutical
compositions containing imidazonaphthyridine and
tetrahydroimidazonaphthyridine compounds. A further aspect of this
invention relates to the use of these compounds as in ~munomodulators and
for inducing cytokine biosy~~thesis in animals. Backman etgl., J. Org Chem.
15, 1278-t284 (1950) describes the synthesis of 1-(G
methoxy-8-quinolinyl)-2-methyl-1 II-imidazo[4,5-c]quinoline for possible
use as an antimalarial agent. Subsequently, syfriheses of various
substituted 1H-imidazo[4,5-r.] quinolines were reported. For example, Jain
et al., J. Med. Chem. 11, pp. 87-92 ( 19G8)) synthesized the compound
l-[2-(4-piperidyl)ethyl]-11J-imidazo[4,5-c]quinoline as a possible
anticonvulsant and carctiovascular agent. Also, Baranov et al.) Chem. Abs.
85) 9436Z (197G), have reported several 2-oxoimidazo[4,5-c]quinolines) and
Herenyi et al., J_. Hetero~clic Chem. I 8) 1537-154U (1981 ), have reported
certain 2-oxoimidazo[4,5 c]quinolines. thereof were later found to be
useful as antiviral agents, bronchodilators and immunomodulators. These are
described in, inter alia, U.S. Patent Nos. 4,689,338; 4,698,348; 4,929,G24;
5,037,98G; 5,268,37G; 5,34G,905; and 5,389,G40, a11 of which are
incorporated herein by reference. Although there continues to be interest
in the imidazoquinoline ring system) as seen for example in WO 98/30562)
there is a continuing need for compounds that have the ability to modulate
the immune response) by induction of cytokine biosynthesis or other
mechanisms. irmeerera ,eo~mmw~   ,, ' WO 99/29693 Summary of the Invention
PCTNS9ti/26473 We have found a new class of compounds that are useful in
inducing cytokine 5 biosynthesis in animals. Accordingly, this invention
provides imidazonaphthyridine compounds of Formula I: ~2 N ~' Rz ~N I p Rt
I 10 wherein A, R~ and Rz are as defined hereinafter. The invention also
providcs tetrahydroimidazonaphthyridine compounds of Formula II: Rz li 15
wherein B, Ri and Rz are as defined hereinafter. 0 9 J U l 2002 The
compounds of Formula I and Formula II are useful as immune response
modifiers due to their ability to induce cytokine biosynthesis and
otherwise modulate the immune-reponse when administered to animals. This
ability makes the compounds useful 20 in the treatment of a variety of
conditions) e.g. viral diseases and tumors that are responsive to such
changes in the immune response. ' -2    WO 99r19693 PCT/US98I~6473 0 9 J U
l 2Q02 The invention further provides pharmaceutial compositions containing
a compound ' of Formula I or Formula II and methods of inducing cytokine
biosynthesis in an animal and/or treating a viral infection in an animal by
administering a compound of Formula I or Formula II to the animal. 5 In
addition, methods of synthesizing compounds of Formula I and Formula II,
and intermediates useful in the synthesis of these compounds are provided. 



Further the invention provides a method of inducing interferon biosynthesis
in an animal comprising the step of administering to said animal a compound
of Formula I or Formula II in an amount effective to induce said interferon
biosynthesis, and a method of 10 treating a viral infection in an animal
comprising the step of administering to said animal a compound of Formula I
or Formula II in an amount effective to inhibit the viral infection.
Detailed Description of the Invention 15 As mentioned earlier, the
invention provides compounds of Formula I: ~2 Ni N I ~~"' R2 ~N i A R~ I
wherein A is N-CR~R-CR=; =CR-NCR-CR=; =CR-CR=N-CR=; or 20 =CR-CR=CR-N=; Ri
is selected from the group consisting of: - hY~g~~ -C~.xo alkyl or Cx.xo
alkenyl that is unsubstituted or substituted by one or more substituents
selected from the group consisting of 25 - -aryl; -heteroaryl;
-heterocyclyl; -3   0 9 JUl Z002 WO 99I29693 PCTNS98I1G473 -O-C~-zo alkyl,
-O-(C t-zoalkyl)o-t-~yl~ -O-(Cl.zoalkyl)o_,-heteroaryl;
-O-(C~.zoalkyl)o.~-heterocyclyl; 5 -C,_zo alkoxycarbonyl; -S(O)o-z -G-zo
alkyl; -S(O)o-z--(Ci-zo alkY1)o_~-aryh -S(O)o_z-(Ct-so
a11tY1)o-oheteroaryl; _ -S(O)~z-(C,_zo alkyl)o.~-heterocyclyl; 10 -N(R3)z;
-N3; oxo; -halogen; -NOz; 15 -OH; and -SH; and -Cl_zo alkyl-NR3-Q-X-R4 or
-Cz-zo alkenyl-NR3-Q-X-R4 wherein Q is -CO- or  SOz-; X is a bond, -O- or
-NR3- and R4 is aryl; heteroaryl; heterocyclyl; or -C~.zo alkyl or 20 Cz_zo
alkenyl that is unsubstituted or substituted by one or more substituents
selected fiom the group consisting of -aryl; -heteroaryl; -heterocyclyl; 25
-O-C,_ZO alkyl, -O-(Cl.zoalkyl)o.,-aryl; -O-(C,_zoalkyl)o.1-heteroaryl;
-O-(Cl_zoallcyl)o.~-heterocyclyl; -C,.zo alkoxycarbonyl; 30 -
-S(O)o-z-C~-zo ~kYl~ -S(O)o-z--(C~-2o alkYl~-~-aryl; -S(O)o.2-(Cl-20
~kYl)o-~-heteroaryl; -4   WO 99I29693 PCTNS98/Z6473 0 9 J U L 2002
-S(O)o_z-(C~-zo a~yl~.,-heterocyclyl; -N(Rs)z~ , -NR3-CO-O-C~-zoalkyl; -N3;
5 oxo; _halogen; -NOz -OH; and -SH; or R4 is (~)o-t (CHz)1-6 N3)2 10
wherein Y is -N- or -CR-; R= is selected from the group consisting of
-hydrogen; -C~-to alkyl; 15 -Cz.io alkenyl; -aryl; -Ci-~o alkyl
-O-Ci.~o-alkyl; -C1_io alkyl-O-Cz_~o alkenyl; and -C,.~o alkyl or Cz.,o
alkenyl substituted by one or more substituents selected from 20 the group
consisting of -OH; -halogen; -N~3)z~ -CO-N~a)z: 25 -CO-C,-,o alkyl; _ -Ns~
-aryl; -heteroaryl; -5   WO 99I29693 PCTYUS98/Z6473 o s ~u~ zooz
-heterocyclyl; -CO-aryl; and -CO-heteroaryl; each R3 is independently
selected from the group consisting ofhydrogen and C~-to 5 alkyl; and each R
is independently selected from the group consisting of hydrogen, C~.,o
alkyl, C~.,o alkoxy, halogen and trifluoromethyl, or a pharmaceutically
acceptable salt thereof. 



10 This invention also provides compounds of Formula II R2 >1 wherein 15 B
is -NR-C(R)z-C(R)z-C(R)z-; -C(R)z-NR-C(R)z-C(R)z-; -C(R)z-C~)z-NR-C(R)z- or
-C(R)z-C(R)z-C(R)z-NR-; R~ is selected from the group consisting of -
hydrogen; -C~-2o alkyl or Cz-zo allcenyl that is unsubstituted or
substituted by one or more 20 substituents selected from the group
consisting of _aryh -heteroaryl; -heterocyclyl; - -O-C~-zo alkyl; 25 -O-(C
~-zo~Yl)o-i-~'Y1; -O-(C,-zoalkyl)o-,-heteroaryl; -6    0 9 J U L 2002  - '
WO 99R9693 PCTNS98R6473 -O-(C ~.zoalkYl)o. ~ -heterocyclyl; -C~.zo
alkoxycarbonyl; -S(O)o-2-C1-20 alkyli -S(0)0-z~C1-20 a~l)0-I-~1; 5
-S(O)o.z-{C~.zo allcyl)o.~-heteroaryl; -S(O)o_z-{C,.zo
alkyl)o.,-heterocyclyl; -N(R3)z; -N3; oxo; 10 -halogen; -NOz~ -OH; and -SH;
and 15 -C~.zo alkyl-NR3-Q-X-R4 or -Cz.zo alkenyl-NR3-Q-X-R,4 wherein Q is
-CO- or SOz-; X is a bond, -O- or -NR3- and R4 is aryl; heteroaryl;
heterocyclyl; or -C~_zo alkyl or Cz.zo alkenyl that is unsubstituted or
substituted by one or more substituents selected from the group consisting
of -aryl; 20 -heteroaryl; -heterocyclyl; -O-G.zo alkyl, -O-(C
i.zoa11tY1)o-n~'Yh -O-(C~.zoa11cY1)o.~-heteroaryl; 25
-O-(C~.zoalkyl)o.~-heterocyclyl; -C~.zo alkoxycarbonyl; -s(O)0-2-CI-20 ~Yli
-S(O)o.z-tCi-zo ~Y1)oa-aryl; -S(O)o-z-(C~.zo alkyl)o_~-heteroaryl; 30 -
-S(O)o.z-(C~_zo alkyl)o_~-heterocyclyl; -N(Rs)z; -NR3-CO-O-C, _zoalkyl; .
0 9 J U l 2002 WO 99I29693 -N3; oxo; -halogen; -NO2~ 5 -OH; and -SH; or R4
is I (O (CH2)~.s N3)2 wherein Y is N- or -CR-; PCTNS98I~6473 RZ is selected
firom the group consisting of 10 -hydrogen; -Ci-~o a~yl~ -CZ.,o alkenyl;
-aryl -Ct.io ~kyl -O-Ci.io-~Yh 15 -Cl.~o alkyl-O-C2_io alkenyl; and -C~.~o
alkyl or C2.~o alkenyl substituted by one or more substituents selected
from the group consisting of: -OH; -halogen; 20 -N(R3)z; -CO-N(R3)z;
-CO-C,_,o alkyl; -N3; _ai'Yl~ 25 -heteroaryl; - -heterocyclyl; -CO-aryl;
and -CO-heteroaryl; _g_   0 9 J U l 2002 WO 99/z9693 PCT/US98/16493 each R3
is independently selected from the group consisting of hydrogen and C~.~o
alkyl; and each R is independently selected from the group consisting of
hydrogen, C~.,o alkyl, C~.~o alkoxy) halogen and trifluoromethyl) 5 or a
pharmaceutically acceptable salt thereof. As used herein) the terms
"alkyl", "alkenyl", and the prefix "-alk" are inclusive of both straight
chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and
cycloalkenyl. These cyclic groups can be monocyclic or polycyclic and
preferably have 10 from 3 to 10 ring carbon atoms. Exemplary cyclic groups
include cyclopropyl, cyclopentyl, cyclohexyl and adamantyl. The term "aryl"
as used herein includes carbocyclic aromatic rings or ring systems.
Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and
indenyl. The term "heteroaryl" includes aromatic rings or ring systems that
contain at least one ring 



15 hetero atom (e.g., O) S, N). Suitable heteroaryl groups include furyl,
thienyi, pyridyl, quinolinyl, tetrazolyl, imidazo, and so on.
"Heterocyclyl" includes non-aromatic rings or ring systems that contain at
least one ring hetero atom (e.g., O, S) N). Exemplary heterocyclic groups
include pyrrolidinyl, tetrahydrofuranyl, moipholinyl, thiazolidinyl, and
imidazolidinyl. 20 The aryl, heteroaryl and heterocyclyl groups may be
unsubstituted or substituted by one or more substituents selected from the
group consisting of C,.zo alkyl, hydroxy, halogen, N(R3)z, N02, Ct_zo
alkoxy, Ct.ZO alkylthio, trihalomethyl, Cl.zo acyl, arylcarbonyl,
heteroarylcarbonyl, (C~.,oalkyl)o_~-aryl, (C~.toalkYl)o-~-heteroaryl,
nitrile) C,_zo alkoxycarbonyl, oxo, arylalkyl wherein the alkyl group has
from 1 to 10 carbon atoms, and 25 heteroarylalkyl wherein the alkyl group
has from 1 to 10 carbon atoms. The invention is inclusive of the compounds
described herein in any of their pharmaceutically acceptable forms,
including isomers such as diastereomers and enantiomers, salts, solvates,
polymorphs, and the like. -9   0 9 J U L 2002 WO 99l29693 Preparation of
the Compounds PCTNS98/26473 Compounds of Formulas I and II wherein A is
=N-CR=CR-CR= or B is -NR-C(R)z-C(R)Z-C(R)Z- and R, R~ and RZ are as defined
above can be prepared according 5 to Reaction Scheme I: -10   0 9 J U L
2002 , WO 99/29693 Reaction Scheme I o / ~ OOH R \N NH2 N N~H3 III nr OH /
I \ ~o . R wN~N~N N; VIII (s) PCT/US98I26473 0 / OH R ~ (2) N N~N`N N' CH3~
V OH O / \ i J o. R R w ~ N r--- R ~ N (a) N ) N N ~ N=~ CH3/ _ VII R~ NH
OTf \ ~- / ~ \ o R N N --w R wN N N (8) R =N N pt X N=P(Ph)3 NH2 N\ Ni ~ N
j Rz w-- \ N TT11 (ii) N N / _ y I '~/ _y R ~ R XIII VI rH2XI(9)RZXII -11
0 9 J U L 2002 WO 99I19693 (u) R ~G a) NHz N, N ~..-RZ N I Ri XV 



pCTNS98l16473 Many 2-aminonicotinic acids of Formula III are known (see,
for example, U.S. 5 3,917,624). The compound where R is hydrogen is
commercially available. In step ( 1 ) of Reaction Scheme I a
2-aminonicotinic acid of Formula III is reacted with acetic anhydride by
heating to provide a 2-methyl-4H pyrido[2,3-dJ[ 1,3]oxazin-4-one of Formula
IV. The compound of Formula IV where R is hydrogen is known and its
preparation has been disclosed in U.S. Patent No. 3,314,941 (Littell), the
disclosure of which is incorporated 10 herein by reference. In step (2) of
Reaction Scheme I a compound of Fonnula IV is reacted with sodium azide in
a suitable solvent such as acetic acid to provide a tetrazolyl nicotinic
acid of Formula V. The reaction conveniently may be run at ambient
conditions. In step (3) of Reaction Scheme I an acid of Formula V is
esterified to provide a 15 compound of Formula VI. The esterification may
be carried out using conventional methods. For example, the acid may be
esterified in acetone using potassium carbonate and ethyl iodide. In step
(4) of Reaction Scheme I a compound of Formula VI is cyclized to provide a
tetrazolo[I,5-a][1,8]naphthyridin-5-of of Formula VII. The reaction may be
carried out 20 by reacting the compound of Formula VI with an alkoxide in a
suitable solvent, e.g.) potassium ethoxide in N,N-dimethylformamide, at
ambient conditions. In step (5) of Reaction Scheme I a compound of Formula
VII is nitrated using a suitable nitrating agent such as nitric acid to
provide a 4-nitrotetrazolo[ 1,5a][1,8]na~hthyridin-5-oI ofFormula VIII. 25
In step (6} of Reaction Scheme I a compound of Formula VIII is converted to
a triflate of Formula IX. The reaction is preferably carried out by
combining a compound of Formula VIII with a base, preferably a tertiary
amine such as triethyl amine, in a suitable -12   0 9 JUL Z002 WO 99I29693
PCTNS98lZ6473 solvent such as dichloromethane and then adding
trifluoromethanesulfonic anhydride. The addition is preferably carried out
in a controlled manner, e.g., adding dropwise at a reduced temperature such
as, for example, at about 0C. The product can be isolated by conventional
methods or it can be carried on without isolation as described below in
connection with step (7). In step (7) of Reaction Scheme I a compound of
Formula IX is reacted with an amine of formula RINHz where R, is as defined
above to provide a 4-nitrotetrazolo[1,5 aJ[1,8]naphthyridin-5-amine of
Formula X. The reaction can be carried out by adding the amine to the
reaction mixture resulting from step (6). The reaction can also be carried
out 10 by adding the amine to a solution of the compound of Formula IX and
a tertiary amine in a suitable solvent such as dichloromethane. In step (8)
of Reaction Scheme I a compound of Formula X is reduced to provide a
tetrazolo[1,5-a][1,8]naphthyridin-4,5-diamine ofFormula XI. Preferably, the
reduction is carried out using a conventional heterogeneous hydrogenation
catalyst such as platinum on 15 carbon or palladium on carbon. The reaction
can conveniently be carried out on a Pan apparatus in a suitable solvent
such as ethanol. In step (9) of Reaction Scheme I a compound of Formula XI
is reacted with a carboxylic acid or an equivalent thereof to provide a IH
tetrazolo[1,5-a]imidazo[4,Sc][1,8]naphthyridine ofFormula XII. Suitable
equivalents to carboxylic acid include acid 20 halides, orthoesters, and
1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is selected
such that it will provide the desired RZ substituent in a compound of
Formula XII. For example, diethoxymethylacetate will provide a compound
where RZ is hydrogen and valeryl chloride will provide a compound where RZ
is butyl. The reaction can be run in the absence of solvent, in a
carboxylic acid such as acetic acid, or in an inert solvent in 25 the
presence of a carboxylic acid. The reaction is run with sufficient heating
to drive off any alcohol or water formed as a byproduct of the reaction. In
step (10) of Reaction Scheme I a compound of Formula XII is reacted with
triphenylphosphine to provide a N-triphenylphosphinyl-IH imidazo[4,5
c][1,8]naphthyridin-4- amine of Formula XIII. The reaction can be carried
out by 30 combining a compound of Formula XII with triphenylphosphine in a
suitable solvent such as 1,2-dichlorobenzene and heating. -13   o s ~u~
zoo2 10 WO 99/29693 PCT/US98IZ6473 In step (I 1 ) of Reaction Scheme I a
compound of Formula XIII is hydrolyzed to provide a
1H-imidazo[4,5-c][1,8]naphthyridin-4-amine of Formula XIV which is a
subgenus of Formula I. The hydrolysis can be carried out by conventional
methods such as by heating in a lower alkanol in the presence of an acid.
The product or a pharmaceutically acceptable salt thereof can be isolated
using conventional methods. In step (12) of Reaction Scheme I a compound of
Formula XIV is reduced to provide a 6,7,8,9-tetrahydro-IH
imidazo[4,5-c][1,8]naphthyridin-4.-amine of Formula XV which is a subgenus
of Formula II. The reduction is carried out by suspending or dissolving a
compound of Formula XIV in trifluoroacetic acid) adding a catalytic amount
of platinum (IV)oxide, and then subjecting the mixture to hydrogen
pressure. The reaction can be conveniently carried out in a Parr apparatus.
The product or a pharmaceutically acceptable salt thereof can be isolated
using conventional methods. Alternatively, as illustrated in step (13) of
Reaction Scheme I, a 6,7,8,9-tetrahydro IS 20 25 I H imidazo[4,5-c][
l,BJnaphthyridin-4- amine of Formula XV can be prepared by reduction of a
compound of Formula XII. The reduction is carried out by suspending or
dissolving a compound of Formula XII in trifluoroacetic acid, adding a
catalytic amount of platinum (IV)oxide, and then subjecting the mixture to
hydrogen pressure. The reaction can be conveniently carried out in a Parr
apparatus. As above, the product or a pharmaceutically acceptable salt
thereof can be isolated using conventional methods. Compounds of Formulas I
and II wherein A is =CR-N=CR-CR= or B is -C(R)2-NR-C(R)2-C(R)2-; R, R, and
RZ are as defined above can be prepared according to 



Reaction Scheme II. Reaction Scheme II O OOH ~~ ~O NHZ ~~) R N~H3 XVI XVII
OH (z) R N N N CH3~~ XVBI O -14   0 9 J U L 2002 WO 99/29693 ~3) C1 N R N N
N= (s) Rid NH ~N~N R Na XXII OH \~ (s) R N N N= XX 1 NHZ Ni N R2 I ~ (ti) I
N / Rt R X3~MM1 Gi) ?CXIII =P(Pb)s PCT/US98/Z6473 O R9 R N ~NTi CH3 XIX RI
\NH / I \ NHS w NEE (ts) R N N N_ XXIV (9) -N  N RZ ~.._._. N C 10) \ I
N~'R: t R XXV ~(n) NHx N, N I ~-R N ~i - R X?MII In step ( 1 ) of Reaction
Scheme II a 3-aminoisonicotinic acid of Formula XVI is reacted with acetic
anhydride by heating to provide a 2-methyl-4H pyrido[3,4 -1$       o s ~u~
zoo2 WO 99/Z9693 PCTNS98lZ6473 d] [ 1,3]oxazin-4-one of Formula XVII. The
compound of Formula XV II where R is hydrogen is known and its preparation
has been disclosed in Littell cited above. In step (2) of Reaction Scheme
II a compound of Formula XVII is reacted with sodium azide in a suitable
solvent such as acetic acid to provide a tetrazolyl isonicotinic acid of
Formula XVIII. The reaction conveniently may be run at ambient conditions.
In step (3) of Reaction Scheme II an acid of Formula XVIII is esterified to
provide a compound of Formula XIX. The esterification may be carried out
using conventional methods. For example, the acid may be esterified in
acetone using potassium carbonate and ethyl iodide or by reacting with
dimethylformamide diethyl acetal in a suitable solvent 10 such as
dichloromethane. In step (4) of Reaction Scheme II a compound of Formula
X1X is cyclized to provide a tetrazolo[1,5-a][1,7]naphthyridin-5-of of
Formula XX. The reaction may be carried out by reacting the compound of
Formula XIX with an alkoxide in a suitable solvent, e.g., potassium
ethoxide in N,N-dimethylformamide, at ambient conditions. 



15 In step (5) of Reaction Scheme II a compound of Formula XX is
chlorinated using a suitable chlorinating agent such as thionyl chloride,
oxalyl chloride, phosphorus pentachloride or preferably phosphorus
oxychloride to provide a 5-chlorotetrazolo[ 1,5 a][1,7]naphthyridine of
Formula XXI. The reaction can be carried out in an inert solvent or if
appropriate in neat chlorinating agent. Preferred reaction conditions
involve reaction 20 in neat phosphorus oxychloride with heating at about
90C. In step (6) of Reaction Scheme II a compound of Formula XXI is reacted
with an amine of formula R,NHZ where Ra is as defined above to provide a
tetrazolo[ 1,5a][1,7]naphthyridin-5-amine of Formula XXII. The reaction can
be carried out by heating with an excess of the amine. 25 In step (7) of
Reaction Scheme II a compound of Formula XXII is nitrated using a suitable
nitrating agent such as nitric acid to provide a 4-nitrotetrazolo[1,5 a] [
1,7]naphthyridin-5-amine of Formula XXIII. Preferably the reaction is
earned out in acetic acid with mild heating and an excess of nitric acid.
In step (8) of Reaction Scheme II a compound of Formula XXIII is reduced to
30 provide a tetrazolo[1,5-a][1,7]naphthyridin-4,5-diamine of Formula XXIV.
Preferably the reduction is carried out using an excess of sodium
hydrogensulfide in a suitable solvent such as acetic acid. - 16   0 9 JUl
2002 WO 99I29693 PCT/US98/26473 In step (9) of Reaction Scheme II a
compound of Formula XXIV is reacted with a carboxylic acid or an equivalent
thereof to provide a IH-tetrazolo[ 1,5-a]imidazo[4,5c][1,7]naphthyridine of
Formula XXV. Suitable equivalents to carboxylic acid include acid halides,
orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or
equivalent is selected such that it will provide the desired RZ substituent
in a compound of Formula XXV. For example, diethoxymethylacetate will
provide a compound where RZ is hydrogen and valeryl chloride will provide a
compound where RZ is butyl. The reaction can be run in the absence of
solvent, in a carboxylic acid such as acetic acid, or in an inert solvent
in the presence of a carboxylic acid. The reaction is run with sufficient
heating to 10 drive off any alcohol or water formed as a byproduct of the
reaction. In step (10) of Reaction Scheme II a compound of Formula XXV is
reacted with triphenylphosphine to provide a N-triphenylphosphinyl-IH
imidazo[4,5 c] [ 1,7]naphthyridin-4-amine of Formula XXVI. The reaction can
be carried out by combining a compound of Formula XXV with
triphenylphosphine in a suitable solvent 15 such as 1,2-dichlorobenzene and
heating. In step ( 11 ) of Reaction Scheme II a compound of Formula XXVI is
hydrolyzed to provide a 1H-imidazo[4,5-c][1,7]naphthyridin-4-amine of
Formula XXVII which is a subgenus of Formula I. The hydrolysis can be
carried out by conventional methods such as by heating in a lower alkanol
in the presence of an acid. The product or a 20 pharmaceutically acceptable
salt thereof can be isolated using conventional methods. In step (12) of
Reaction Scheme II a compound of Formula XXVII is reduced to provide a
6,7,8,9-tetrahydro-1H imidazo[4,5-c][1,7]naphthyridin-4- amine of Formula
XXVIII which is a subgenus of Formula II. The reduction is carried out by
suspending or dissolving a compound of Formula XXVII in trifluoroacetic
acid, adding a catalytic 25 amount of platinum (IV)oxide, and then
subjecting the mixture to hydrogen pressure. The reaction can be
conveniently carried out in a Parr apparatus. The product or a
pharmaceutically acceptable salt thereof can be isolated using conventional
methods. Alternatively, as illustrated in step (13) of Reaction Scheme II,
a 6,7,8,9 tetrahydro-1H imidazo[4,5-c][ 1,7]naphthyridin-4-amine of Formula
XXVIII can be 30 prepared-by reduction of a compound of Formula XXV. The
reduction is carried out by suspending or dissolving a compound of Formula
XXV in trifluoroacetic acid, adding a catalytic amount of platinum
(IV)oxide, and then subjecting the mixture to hydrogen -I7   0 9 JUl 20Q2 5
WO 99/19693 PGT/US98n6473 pressure. The reaction can be conveniently
carried out in a Parr apparatus. The product or a pharmaceutically
acceptable salt thereof can be isolated using conventional methods.
Compounds of Formulas I and II wherein A is =CR-CR=CR-N= or B is
-C(R)2-C(R)2-C(R)Z-NR- and R, R1 and RZ are as defined above can be
prepared according to Reaction Scheme III. Reaction Scheme III 1~ / N\ R ~N
I / N O H ~ N\ (~ R wN bXXX / N\ --r R ~ I / . ~O (x) N~N /NH OI~~ XXXI 1
~) N I ~Rx ~\ I ~N t R XXXN (e) NHx N~ Rx N Kt R XXXV (s) R 



XXXIII R I N. R N ~ NHx /NH Kt XXXI1 Instep (1) of Reaction Scheme III a
3-vitro[1,5]naphthyridin-4-of of Formula XXIX is chlorinated using a
suitable chlorinating agent such as phosphorus oxychloride to 15 provide a
4-chloro-3-vitro[1,5]naphthyridine of Formula XXX. The reaction can be N ~
I ~Rx N I , N ~t -18    0 9 J U l 2002 WO 99I29693 PCTNS98I26473 carried
out by reacting a compound of Formula XXIX with phosphorus oxychloride in a
suitable solvent such as N,N-dimethylformamide with mild heating (~55 C).
The compound may be isolated by conventional methods or it can be earned on
without isolation as described below in connection with step (2). The
compound of Formula 5 XXIX where R is hydrogen is known and its preparation
has been disclosed in Hart, Journal of the Cherpical Society pp. 212-214)
(1956). In step (2) of Reaction Scheme III a 4-chloro-3-vitro[
1,5]naphthyridine of Formula XXX is reacted with an amine of Formula R~NHZ
where R, is as defined above to provide a 3-vitro[1,5]naphthyridin-4-amine
of Formula XXXI. The reaction can be carried out by 10 adding water then
excess amine to the reaction mixture resulting from step ( 1 ) then heating
on a steam bath. The reaction can also be carried out by adding excess
amine to a solution of a compound of Formula XXX in a suitable solvent such
as dichloromethane and optionally heating. The compound of Formula XXXI
where R~ is hydrogen is known and its preparation has been disclosed in
Wozniak et al, J. R. Neth. Chem. Soc. 102 (12), 15 pp. 511-13 (1983). In
step (3) of Reaction Scheme III a 3-vitro[ 1,5]naphthyridin-4-amine of
Formula XXXI is reduced to provide a [ 1,5)naphthyridine-3,4-diamine of
Formula XXXII. Preferably, the reduction is carried out using a
conventional heterogeneous hydrogenation catalyst such as platinum on
carbon or palladium on carbon. The reaction can conveniently 20 be carried
out on a Parr apparatus in a suitable solvent such as ethyl acetate. In
step (4) of Reaction Scheme III a compound of Formula XXXII is reacted with
a carboxylic acid or an equivalent thereof to provide a IH
imidazo[4,5-c][1,5]naphthyridine of Formula XXXIII. Suitable equivalents to
carboxylic acid include acid halides, orthoesters, and 1,1-diallcoxyalkyl
alkanoates. The carboxylic acid or equivalent is 25 selected such that it
will provide the desired R2 substituent in a compound of Formula XXXIII.
For example, diethoxymethylacetate will provide a compound where RZ is
hydrogen and trimethylorthovalerate will provide a compound where Rz is
butyl. The reaction can be run in the absence of solvent, in a carboxylic
acid such as acetic acid, or in an inert solvent in the presence of an
acid. The reaction is run with sufficient heating to 30 drive off any
alcohol or water formed as a byproduct of the reaction. Alternatively, step
(4) may be carried out by (i) reacting a compound of Formula XXXII with an
acylating agent; and then (ii) cyclizing the product. Part (i) involves -19
0 9 J U L 200Z WO 99I29693 PCT/US98126473 reacting a compound of Formula
XXXII with an acyl halide of formula R2C(O)X wherein RZ is as defined above
and X is chlom or bromo. The reaction can be carried out by adding the acyl
halide in a controlled fashion (e.g. dropwise) to a solution of a compound
of Formula XXXII in a suitable solvent such as dichloromethane at a reduced
temperature (e.g., 0C). The resulting amide intermediate can be isolated by
removal of the solvent. Part (ii) involves cyclizing the product of part
(i) by reacting it with methanolic ammonia at an elevated temperature (e.g.
150C) and pressure. In step (5) of Reaction Scheme III a compound of
Formula XXXIII is oxidized to provide a IN
imidazo[4,5-c][1,5]naphthyridine-SN-oxide ofFormula XXXIV using a 10
conventional oxidizing agent that is capable of forming N-oxides. Preferred
reaction conditions involve reacting a solution of a compound of Formula
XXXI1T in chloroform with 3-chloroperoxybenzoic acid at ambient conditions.
In step (6) of Reaction Scheme III a compound of Formula XXXIV is aminated
to provide a IH- imidazo[4,5-c][1,5]naphthyridin-4-amine of Formula XXXV
which is a 15 subgenus of Formula I. Step (6) involves (i) reacting a
compound of formula XXXIV with an acylating agent; and then (ii) reacting
the product with an aminating agent. Part (i) of step (6) involves reacting
an N-oxide with an acylating agent. Suitable acylating agents include
alkyl- or arylsulfonyl chlorides (e.g., benzenesulfonyl chloride,
methanesulfonyl choride, p-toluenesulfonyl chloride). Arylsulfonyl
chlorides are preferred. p 20 Toluenesulfonyl chloride is most preferred.
Part (ii) of step (6) involves reacting the product of part (i) with an
excess of an aminating agent. Suitable aminating agents include ammonia
(e.g., in the form of ammonium hydroxide) and ammonium salts (e.g.,
ammonium carbonate, ammonium bicarbonate, ammonium phosphate). Ammonium
hydroxide is preferred. The reaction is preferably carried out by
dissolving the N-oxide of 25 Formula XXXIV in an inert solvent such as
dichloromethane, adding the aminating agent to the solution, and then
adding the acylating agent. Preferred conditions involve cooling to about
0C to about 5C during the addition of the acylating agent. The product or a
pharmaceutically acceptable salt thereof can be isolated using conventional
methods. Alternatively step (6) may be carried out by (i) reacting a
compound of Formula 30 XXXIV with an isocyanate; and then (ii) hydrolyzing
the product. Part (i) involves reacting the N-oxide with an isocyanate
wherein the isocyanato group is bonded to a carbonyl group. Preferred
isocyanates include trichloroacetyl isocyanate and aroyl -20   0 9 J U L
2002 WO 99I29693 PCT/US98/Z6473 isocyanates such as benzoyl isocyanate. The
reaction of the isocyanate with the N-oxide is carried out under
substantially anhydrous conditions by adding the isocyanate to a solution
of the N-oxide in an inert solvent such as dichloromethane. The resulting
product can be 



isolated by removal of the solvent. Part (ii) involves hydrolysis of the
product from part (i). The reaction can be carried out by conventional
methods such as heating in the presence of water or a lower alkanol
optionally in the presence of a catalyst such as an alkali metal hydroxide
or lower alkoxide. In step (7) of Reaction Scheme III a compound of Formula
XXXV is reduced to provide a 6,7,8,9-tetrahydro-IH
imidazo[4,5-c][1,5]naphthyridin-4-amine of Formula 10 XXXVI which is a
subgenus of Formula II. The reduction is carried out by suspending or
dissolving a compound of Formula XXXV in trifluoroacetic acid, adding a
catalytic amount of platinum (IV) oxide, and then subjecting the mixture to
hydrogen pressure. The reaction can be conveniently carried out in a Parr
apparatus. The product or a pharmaceutically acceptable salt thereof can be
isolated using conventional methods. 15 Certain functional groups recited
in connection with R~ and Rz may be incompatible with some of the reagents
of Reaction Schemes I, II and III. Compounds containing such functional
groups can be prepared by those skilled in the art using well known methods
of functional group protection and manipulation. For example, amine groups
may be protected when necessary by derivatizing with di-tert-butyl
Bicarbonate. 20 Some compounds of Formula I or Formula II containing
certain functional groups may be readily prepared from other compounds of
Formula I or Formula II. For example, compounds wherein the R~ substituent
contains an amide group may conveniently be prepared by reacting an acid
chloride with a compound of Formula I or Formula II wherein the R~
substituent contains a primary amine. Likewise, compounds wherein the Rt 25
substituent contains a urea group may be prepared by reacting an isocyanate
with a compound of Formula I or Formula II wherein the R~ substituent
contains a primary amine. Further, compounds wherein the R, substituent
contains a carbamate group may be prepared by reacting a chloroformate with
a compound of Formula I or Formula II wherein the R~ substituent contains a
primary amine. 30 pertain of the intermediate compounds useful in the
preparation of compounds of Formula I and Formula II have not been
previously described. Therefore, the invention also provides intermediate
compounds useful in the preparation of compounds of Formula -21   0 9 J U L
2002 WO 99I29693 PCTNS98/26473 I and Formula II. The structural formulas of
these novel intermediates are set forth below. These compounds have the
following structural formulas: Intermediate Compound 1 5 Nr-N N ' N N
`~"'R2 N A ~ R~ wherein R,) RZ and A are as defined above for compounds of
Formula I and 10 Formula II. Intermediate Compound 2 Ni N J `~--R2 R~ R
wherein R, R1, and R2 are as defined above for compounds of Formula I and
Formula II. -22   0 9 J U L 2002 WO 99/29693 Intermediate Compound 3 O N+ ~
N ~~'w R2 /~ ~N N Rt R PGTNS98lZ6473 wherein R, R~ and RZ are as defined
above for compounds of Formula I and Formula II. Intermediate Compound 4 R~
A N' ` N I N-N 10 wherein R~ is OH, halogen or NHR, (and A and R~ are as
defined above for compounds of Formula I) and R8 is H, NOz or NH2, - 23   



0 9 J U l 2002 WO 99/Z9693 Intermediate Compound 5 O O- Rg ~C~N-N CH3- N-N
5 pcrms9snt~~s wherein A is as defined above for compounds of Formula I and
R9 is H or C,_,o alkyl. Intermediate Compound 6 10 wr Rto wherein R and R,
are as defined above for compounds of Formula I and Fonnula II with the
proviso that R~ is other than hydrogen, and Rio is NOZ or NHz. 15
Pharmaceutical Compositions and Biological Activity Pharmaceutical
compositions of the invention contain a therapeutically effective amount of
a compound of Formula I or Fonnula II as defined above in combination with
a pharmaceutically acceptable carrier. As used herein, the teen "a
therapeutically effective 20 amount" means an amount of the compound
sufficient to induce a therapeutic effect, such as cytokine induction or
antiviral activity. Although the exact amount of active compound used in a
pharmaceutical composition of the invention will vary according to factors
known to those of skill in the art, such as the physical and chemical
nature of the -24    0 9 JUl 2002 WO 99I29693 PCT/US98126473 compound as
well as the nature of the carrier and the intended dosing regimen, it is
anticipated that the compositions of the invention will contain sufficient
active ingredient to provide a dose of about 100ng/kg to about SOmglkg,
preferably about l0uglkg to about Smglkg of the compound to the subject.
Any of the conventional dosage forms may be used, such as tablets,
lozenges, parenteraI formulations, syrups, creams, ointments, aerosol
formulations, transdermal patches, transmucosal patches and so on. The
compounds of the invention have been shown to induce the production of
certain cytokines in experiments performed according to the Test Method set
forth below. This ability indicates that the compounds are useful as immune
response modifiers that 10 can modulate the immune response in a number of
different ways, rendering them useful in the treatment of a variety of
disorders. Cytokines that are induced by the administration of compounds
according to the invention generally include interferon (IFN) and tumor
necrosis factor ('INF) as well as certain interleukins (IL). In particular,
the compounds induce IFN-a, TNF-a) IL-1, 6,10 15 and 12, and a variety of
other cytokines. Among other effects, cytokines inhibit virus production
and tumor cell growth, making the compounds useful in the treatmcnt of
tumors and viral diseases. In addition to the ability to induce the
production of cytokines, the compounds affect other aspects of the innate
immune response. For example, natural killer cell 20 activity may be
stimulated, an effect that may be due to cytokine induction. The compounds
may also activate macrophages, which in turn stimulates secretion of nitric
oxide and the production of additional cytokines. Further, the compounds
may cause proliferation and differentiation of B-lymphocytes. Compounds of
the invention also have an effect on the acquired immune response. 25 For
example, although there is not believed to be any direct effect on T cells
or direct induction of T cell cytokines, the production of the T helper
type 1 (Thl) cytokine IFN-y is induced indirectly and the production of the
Th2 cytokine IL-5 is inhibited upon administration of the compounds. This
activity means that the compounds are useful in the treatment of diseases
where upregulation of the Thl response and/or downregulation 30 of the Tlt2
response is desired. In view of the ability of compounds of Formula I and
Formula II to inhibit T-helper-type 2 immune response) the compounds are
expected to be useful in the treatment of atopy, e.g.) atopic dermatitis,
asthma, allergy, allergic rhinitis; as - 25    0 9 J U L 2002 WO 99I29693
PCTNS98/Z6473 a vaccine adjuvant for cell mediated immunity; and possibly
as a treatment for recurrent fungal diseases and chlamydia. The immune
response modifying effects of the compounds make them useful in the
treatment of a wide variety of conditions. Because of their ability to
induce cytokines such as IFN-a and TNF-a, the compounds are particularly
useful in the treatment of viral diseases and tumors. This immunomodulating
activity suggests that compounds of the invention are useful in treating
diseases such as, but not limited to viral diseases e.g. genital warts,
common warts, plantar warts, Hepatitis B, Hepatitis C, Herpes Simplex Type
I and Type II, molluscum contagiosm, HIV) CMV, VZV, cervical
intraepithelial 



10 neoplasia, human papillomavirus and associated neoplasias; fungal
diseases, e.g. candida, aspergillus, cryptococcal meningitis; neoplastic
diseases, e.g., basal cell carcinoma, hairy cell leukemia, Kaposi's
sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous
leukemia, multiple myeloma, melanoma, non-Hodgkin's lymphoma, cutaneous
T-cell lymphoma, and other cancers; parasitic diseases, e.g. pneumocystis
15 carnii, cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome
infection, leishmaniasis; bacterial infections, e.g., tuberculosis)
mycobacterium avium. Additional diseases or conditions that can be treated
using the compounds of the invention include eczema, eosinophilia)
essential thrombocythaemia, leprosy, multiple sclerosis, Ommen's syndrome,
rheumatoid arthritis, systemic lupus erythematosis, discoid lupus, Bowen's
20 disease and Bowenoid papulosis. Accordingly, the invention provides a
method of inducing cytokine biosynthesis in an animal comprising
administering an effective amount of a compound of Formula I or Formula II
to the animal. An amount of a compound effective to induce cytokine
biosynthesis is an amount sufficient to cause one or more cell types, such
as monocytes, 25 macrophages, dendritic cells and B-cells to produce an
amount of one or more cytokines such as, for example, INF-a, TNF-a,
IL-1,6,10 and 12 that is increased over the background level of such
cytokines. The precise amount will vary according to factors known in the
art but is expected to be a dose of about 100ng/kg to about SOmg/kg,
preferably about l Owg/kg to about Smg/kg. The invention further provides a
method of 30 treating~a viral infection in an animal comprising
administering an effective amount of a compound of Formula I or Formula II
to the animal. An amount effective to treat or inhibit a viral infection is
an amount that will cause a reduction in one or more of the -26   0 9 J U L
2002 WO 99l29693 PCTNS98lZ6473 manifestations of viral infection, such as
viral lesions, viral load, rate of virus production, and mortality as
compared to untreated control animals. The precise amount will vary
according to factors known in the art but is expected to be a dose of
100nglkg to about SOmg/kg, preferably about lOp.g/kg to about Smg/kg. 5 The
invention is further described by the following examples, which are
provided for illustration only and are not intended to be limiting in any
way. Example 1 Compound of Formula V 10 2-(5-Met6y1-IH
tetrazul-1-yl)nicotinic Acid Part A: 2-Aminonicotinic acid (5 g, 36 mmole)
was suspended in acetic anhydride {25 mL) then heated at reflex for 2
hours. The reaction mixture was concentrated under vacuum. The resulting
residue was slurried with ethyl acetate and hexane then filtered to provide
5 15 g of 2-methyl-4H pyrido[2,3-d][1,3]oxazin-4-one. Part B: The material
from Part A was covered with acetic acid (75 mL), sodium azide (2 g) was
added and the reaction mixture was stirred at ambient temperature over the
weekend. The resulting precipitate was isolated by filtration then dried to
provide 5.6 g of 2-(520 methyl-1H tetrazol-1-yl)nicotinic acid as a white
solid, m.p. 178-180C (gas evolution). Analysis: Calculated for CaH~NsOz:
%C, 46.83; %H, 3.44; %N, 34.13; Found: %C, 46.38; %H, 3.36; %N, 34.01. -27
0 9 J U L 2002 WO 9929693 PCT/US98126473 Example 2 Compound of Formula VI
Ethyl 2-(5-Methyl-IH tetrazol-1-yl)nicotinate
2-(5-Methyl-1H-tetrazol-1-yl)nicotinic acid (5.6 g, 27 mmole) was suspended
in 5 acetone (250 mL), potassium carbonate (5 g) and ethyl iodide (5 mL)
were added and the reaction mixture was heated at reflux for 2 hours. The
acetone was removed under vacuum. The residue was partitioned between water
and dichloromethane. The dichloromethane layer was separated, dried, then
concentrated under vacuum to provide 6.3 g of ethyl
2-(5-methyl-1H-tetrazol-1-yl)nicotinate. 10 Example 3 Compound of Fonnula
VII Tetrazolo[1,5-a] [l,BJnaphthyridin-5-of Ethyl 2-(5-methyl-IH
tetrazol-1-yl)nicotinate (6.3 g, 27 mmole) was covered with 15
N,N-dimethylformamide (50 mL), potassium ethoxide (4.5 g, 54 mmole) was
added and the reaction mixture was stirred at ambient temperature for 2
hours. The reaction mixture was poured into ice water containing about 17
mL of acetic acid. The resulting precipitate was isolated by filtration,
washed with water then dried to provide 4.5 g of tetrazolo[1,5
a][1,8]naphthyridin-5-of as an offwhite solid, m.p. 236 (decomposition).
Analysis: 20 Calculated for CaHsN50: %C, S 1.34; %H, 2.69; %N, 37.42;
Found: %C, 51.23 ; %H, 2.77; %N, 37.25. Example 4 5-Chlorotetrazolo[1,5-a]
[1,8]naphthyridine 25 Tetrazolo[1,5-aJ[l,SJnaphthyridin-5-of (0.5 g, 2.67
mmole) was suspended in phosphorous oxychloride ( 10 mL) and heated at
reflux for 4 hours. The reaction mixture was concentrated under vacuum and
the residue was poured into water. Dichloromethane was added and the
aqueous layer was made basic with sodium bicarbonate. The dichloromethane
layer was separated, dried over magnesium sulfate, filtered and then 30
concentrated under vacuum. The resulting solid was recrystallized from
toluene to provide 0.3 g of 5-chlorotetrazolo[1,5-a][1,8]naphthyridine as a
solid, m.p. 229-230C -28   0 q .IUL 2002 WO 99I29693 PCTNS98IZ6493 



(decomposition). Analysis: Calculated for C8H4C1N5: %C, 46.73; %H) 1.96;
%N, 34.06; Found: %C, 46.87; %H 1.54; %N, 33.93. Example 5 5 Compound of
Formula VIII 4-Nitrotetrazolo [ 1,5-a] [1,8] naphthryidln-5-of Nitric acid
(1.33 mL of 16M) was added to a suspension of
tetrazolo[1,5a][1,8]naphthyridin-5-of (4 g, 21 mmole) in acetic acid (50
mL). The reaction mixture was heated on a steam bath for 5 minutes then
cooled to ambient temperature. Sodium 10 acetate (0.3 eq) in a small amount
of water was added to the reaction mixture. The resulting solid was
isolated by filtration and dried to pmvide 5 g of 4-nitrotetrazolo[ 1,5 a]
[ 1,8]naphthryidin-5-of as a solid, m.p. 278C (decomposition). Analysis:
Calculated for CsHaN603 + 1.1 HZO: %C, 38.12; %H, 2.48; %N, 33.35; Found:
%C, 37.99; %H, 2.41; %N, 32.82. 15 Example 6 Compound of Formula X
Ns-(2-Methylpropyl)-4-nitrotetrazolo(1,5-a] [1,8]naphthyridin-5-amine
4-Nitrotetrazolo[1,5-a][1,8]naphthryidin-5-of (3 g, 13 mmole) was suspended
in 20 dichloromethane (3.8 mL), triethylamine ( 1.8 mL) was added, and the
reaction mixture was cooled in an ice bath. Trifluoromethanesulfonic
anhydride (2.2 mL) was added dropwise. Isobutylamine (3.8 mL) was added in
a single aliquot and the reaction mixture exothenmed. The reaction mixture
was partitioned between dichloromethane and aqueous sodium bicarbonate. The
dichloromethane layer was separated, dried over magnesium 25 sulfate then
filtered through a layer of silica gel. The silica gel was eluted first
with dichloromethane then with 5% methanol in dichloromethane. The eluant
was evaporated to provide
NS-(2-methylpropyl)-4-nitrotetrazolo[1,5-a][1,8]naphthyridine-5-amine as a
yellow solid) m.p. 171 C (decomposition). Analysis: Calculated for C, ZH,
3N02: %C) 50.17; %H 4.56; %N, 34.13; Found: %C, 49.84; %H, 4.51; %N, 33.88.
30  -29   0 9 JUL 2002 WO 99I29693 PGTNS981Z6473 Example 7 Compound of
Formula XI NS-(2-Methylpropyl)tetrazola[1,5-a] [1,8]
naphthyridin-4,5-diamine A catalytic amount of 5% platinum on carbon was
added to a suspension of N5-(2 5 methylpropyl)-4-nitrotetrazolo[ 1,5-a][
1,8]naphthyridine-5-amine (2.45 g, 8.5 mmoles) in ethanol (120 mL). The
reaction mixture was reduced on a Parr apparatus at 50 psi (3.5 Kg/cm2)
hydrogen for 2 hours. The reaction mixture was filtercd to remove the
catalyst. The filtrate was concentrated under vacuum to provide
NS-(2-methylpropyl)tetrazolo[ 1,5 a][1,8]naphthyridin-4,5-diamine as an
oil. 10 Example 8 Compound of Formula XII 1-(2-Methylpropyl)-1H
tetrazolo[1,5-a]inudazo[4,5-c][1,8]naphthyridine The
Ns-(2-methylpropyl)tetrazolo[1,5-a][1,8]naphthyridin-4,5-diamine from 15
Example 7 was combined with diethoxymethylacetate (2 mL) and heated on a
steam bath for 3 hours. The reaction mixture was allowed to stand at
ambient temperature overnight and then it was diluted with dichloromethane
and methanol. The resulting solution was heated to remove the
dichloromethane and reduce the volume of methanol to 50 mL and then cooled.
The resulting precipitate was isolated by filtration to provide 1.2 g of
1-(2 20 methylpropyl)-1H tetrazolo[1,S-a]imidazo[4,5-c][1,8]naphthyridine
as a solid) m.p. 248250C (decomposition). Analysis: Calculated for
C,3H13N,: %C, 58.42; %H, 4.90; %N, 36.68; Found: %C, 58.04; %H, 4.79; %N,
36.23. -30   WO 99I29693 PCT/US98/Z6473 Example 9 Compound of Formula I
1-(2-Methylpropyl~IH imidazo[4,5-c] [1,8]naphthyridin-4-amine hydrate NHZ N
i N/ N~~N 5 Part A: Triphenylphosphine {1.0 g, 3.7 mmole} was added to a
solution of 1-(2methylpropyl)-1H tetrazolo[ 1,5-a]imidazo[4,5-c] [
1,8]naphthyridine (0.5 g, 1.87 mmole) 10 in 1,2-dichlorobenzene (15 mL).
The reaction mixture was heated at reflux for 2 hours then concentrated
under vacuum to remove the majority of the 1,2-dichlorobenzene. The residue
was slurried with hexanes for 30 minutes. The resulting solid
1-(2-methylpropyl)N-triphenylphosphinyl-IH
imidazo[4,5-c][1,8]naphthyridin-4- amine was isolated by filtration and
dried. 15 Part B: The 1-(2-methylpropyl)-N-triphenylphosphinyl-1H
imidazo[4,5c](1,8)naphthyridin-4- amine from Part A was dissolved in
methanol (15 mL). Hydrochloric acid (10 mL of 0.6N) was added and the
reaction mixture was heated at reflex for 1 hour. The reaction mixture was
concentrated under vacuum. The residue was 20 diluted with water then made
basic with sodium bicarbonate. The resulting solid was isolated by
filtration, slurried with ether and then isolated by filtration. The solid
was suspended in toluene (25 mL). The suspension was heated to reflex then
diluted with methanol (10 mL) to dissolve the solid. The solution was
refluxed to remove the methanol then cooled to ambient temperature. The
resulting precipitate was isolated by filtration 25 then coated onto silica
gel. The silica gel was eluted with 10-20% methanol in ethyl 0 9 JUL Z002
acetate. The eluant was concentrated to dryness. The resulting material was
recrystallized from methanol and water to provide 0.35 g
1-(2-methylpropyl)-1H imidazo[4,5 -31    0 9 J U l 2002 WO 99I29693
PCTNS98l26473 c][l,BJnaphthyridin-4-amine hydrate as a solid, m.p. 325-330C
(decomposition). Analysis: Calculated for Cl3HuNs + ~/~ gz0: %C, 63.52; %H,
6.35; %N, 28.49; Found: %C, 64.02; %H, 5.87; %N, 28.23. 



5 Example 10 Compound of Formula II 6,7,8,9-Tetrahydro-1-(2-methylpropyl}IN
imidazo[4,5-c][l,8]naphthyridin-4- amine 10 Platinum oxide catalyst was
added to a solution of 1-(2-methylpropyl)-1H tetrazolo[
1,5-a]imidazo[4,5-cJ[ 1,8]naphthyridine in trifluoroacetic acid (30 mL).
The reaction mixture was reduced on a Parr apparatus at 50 psi (3.5 Kg/cmz)
hydrogen 15 pressure for 5 hours. The reaction mixture was filtered to
remove the catalyst. The filtrate was concentrated under vacuum. The
residue was combined with water and sodium bicarbonate. The resulting
precipitate was isolated by filtration. The solid was dissolved in 1N
hydrochloric acid and charcoal filtered. The filtrate was treated with 10%
sodium hydroxide. The resulting precipitate was isolated by filtration then
recrystallized from 20 ethyl acetate/methanol. The recrystallized material
was dissolved in dichloromethane/methanol and placed on a silica gel
column. The column was eluted with 10% methanol in ethyl acetate. The
eluant was concentrated under vacuum and the residue was recrystallized
from methanol/water to provide 0.9 g of
6,7,8,9-tetrahydro-1(2-methylpropyl)-1H
imidazo[4,5-c][1,8]naphthyridin-4-amine as a solid, m.p. 231 25 233C.
Analysis: Calculated for C~3Ht9Ns: %C, 63.65; %H, 7.81; %N, 28.55; Found:
%C, 62.99; %H, 7.74; %N, 28.33. -32    r t WO 99!Z9693 PCT/US98lZ6473
Example 11 Compound of Formula XII 2-Butyl-1-(2-methylpropyl}-IH
tetrazolo[I,5-a]imidazo[4,5-c][1,8]naphthyridine 5 A catalytic amount of 5%
platinum on carbon was added to a suspension of
NS-(2methylpropyl)-4-nitrotetrazolo[i,5-a][1,8]naphthyridine-5-amine (5g,
17.4 mmoles) in ethanol (300 mL). The reaction mixture was reduced on a
Part apparatus at 50 psi (3.5 Kg/cm2) hydrogen for 2 hours. The reaction
mixture was filtered to remove the catalyst. The filtrate was concentrated
under vacuum to provide NS-(2-methylpropyl)tetrazolo[ 1,5 10
a][1,8]naphthyridin-4,5-diamine as an oil. The oil was covered with acetic
acid (300 mL), valeryl chloride (2.1 mL, 17.4 mmole) was added and the
resulting mixture was heated at reflux overnight. The reaction mixture was
concentrated under vacuum. The resulting residue was taken up in
dichloromethane, washed with sodium bicarbonate, dried over magnesium
sulfate then 15 concentrated under vacuum. The residue was purified using
flash chromatography (silica gel; eluting with 2-3% methanol in
dichloromethane). The isolated product was purified further using
preparatory high performance liquid chromatography eluting with 2% methanol
in dichloromethane to provide 2-butyl-1-(2-methylpropyl)-1H
tetrazolo[1,5a]imidazo[4,5-c][1,8]naphthyridine as a solid, m.p. 182-184C.
Analysis: Calculated for 20 CHZ~N~: %C, 63.14; %H, 6.55; %N, 30.32; Found:
%C, 63.45; %H, 6.60; %N, 30.40. - 33  0 9 J U L 2002   l Y WO 99/Z9b93
PCT/US98/Z6473 Example 12 Compound of Formula I
Z-Butyl-1-(Z-methylpropyl)-IX imidazo[4,5-c] [1,8]naphthyridin-4-amine 5
NIj2 N/ Ni ~N Triphenylphosphine (0.9 g, 3.7 mmole) was added to a solution
of 2-butyl-1-(2methylpropyl)-1H tetrazolo[ 1,5-a]imidazo[4,5-c][
1,8]naphthyridine (0.6 g, 1.8 mmole) in 10 1,2-dichlorobenzene (15 mL). The
resulting mixture was heated at reflux for 2 hours then concentrated under
vacuum to remove most of the 1,2-dichlorobenzene. The residue was slurred
with hexanes then taken up in dichloromethane and filtered through a layer
of silica gel. The silica gel was eluted initially with dichloromethane to
remove the 1,2 dichlorobenzene aad then with 10% methanol in
dichloromethane to recover 2-butyl-1-(215
methylpropyl)-N-triphenylphosphinyl-1H imidazo[4,5-c][1,8]naphthyridin-4-
amine. The 2-butyl-1-(2-methylpropyl)-N-triphenylphosphinyl-1H
imidazo[4,5c][1,8]naphthyridin-4- amine was taken up in methanol (15 mL),
combined with 0 9 J U L 2002 hydrochloric acid (10 mL of 0.6N), and then
heated at reflux for 1 hour. The methanol was removed under vacuum. The
residue was combined with water and 10% hydrochloric 20 acid then filtered.
The filtrate was neutralized with 10% sodium hydroxide. The resulting
precipitate was isolated by filtration and dried. The resulting solid was
refluxed in toluene. The volume of toluene was reduced and the product was
allowed to crystallize out under an argon atmosphere to provide 0.25 g of
2-butyl-1-(2-methylpropyl)-1H imidazo[4,5-c][1,8]naphthyridin-4-amine
hemihydrate, m.p. 237-240C. Analysis: 25 Calculated for CHz3Ns + % HZO: %C,
68.66; %H, 7.79; %N, 23.55; Found: %C, 66.80; %H, 7.62; %N, 23.46. -34   ,,
WO 99I29693 Example 13 Compound of Formula II
2-Butyl-6,7,8,9-tetrahydro-l-(2-methylpropyl)1H
imidazo(4,5-c][1,8]naphthyridin-4-amine 5 PCT/US98126473 0 9 JUL 2002 A
catalytic amount of platinum oxide was added to a solution of
2-butyl-1-(2methylpropyl)-IH imidazo[4,5-c][1,8]naphthyridin-4-amine (2.0
g, 6.2 mmole) in 10 trifluoroacetic acid (30 mL). The reaction mixture was
reduced on a Parr apparatus under 50 psi (3.5 Kg/cm2) hydrogen pressure.
The reaction mixture was filtered to remove the catalyst. The filtrate was
conccntrated under vacuum. The residue was combined with water, sodium
bicarbonate and 10% sodium hydroxide. An oil was recovered and purified
using reverse phase high performance liquid chromatography eluting with
30:70 buffer 



15 (7.68 g potassium phosphate, monobasic; 1.69 g of sodium hydroxide, 1 L
of water):methanol to provide
2-butyl-6,7,8,9-tetrahydro-1-(2-methylpropyl)-1H imidazo[4,5-c][
1,8]naphthyridin-4-amine hemihydrate as a solid, m.p. S I-84C. Calculated
for CHZ~NS + %zH20: %C, 65.77; %H, 9.09; %N, 22.56; Found: %C, 65.57; %H,
9.15; %N, 22.53. 20 Example 14 Compound of Formula XVIII 3-(5-Methyl-IH
tetrazol-1-yl)pyridine-4-carboxylic acid 3-Aminopyridine-4-carboxylic acid
(50.0 g, 0.36 mol) was suspended in acetic 25 anhydride (250 mL) then
heated at reflux for 2 hours. The reaction mixture was concentrated under
vacuum. The solid residue was slurried with heptane then concentrated under
vacuum. The resulting solid was covered with acetic acid (300 mL), then
sodium azide (23.5 g, 0.36 mol) was added. The reaction exothen:ned to 50C.
The -35    0 9 J U l 2002 WO 99<Z9693 PCTNS98I264~3 reaction mixture was
allowed to stir at ambient temperature overnight. The precipitate was
isolated by filtration then slurried with methanol and filtered. The solid
was dissolved in 10% sodium hydroxide. The solution was heated on a steam
bath for 30 minutes, allowed to cool to ambient temperature then
neutralized with 6N hydrochloric acid. The 5 resulting precipitate was
isolated by filtration, washed with water and dried to provide 64.5 g of
3-(5-methyl-IH tetrazol-1-yl)pyridine-4-carboxylic acid as an off white
solid, m.p. 214-215C (decomposition). Example 15 10 Compound of Formula XIX
Ethyl 3-(5-Methyl-1H tetrazol-1-yl)pyridine-4-carboxylate Dimethylformamide
diethyl acetal (46 mL) was added to a suspension of 3-(5 methyl-IH
tetrazol-1-yl)pyridine-4-carboxylic acid (36 g) in dichloromethane (800
mL). The reaction mixture was stirred at ambient temperature overnight then
washed six times 15 with water (500 mL), dried over magnesium sulfated, and
concentrated under vacuum. The residue was recrystallized from ethyl
acetate/hexanes to provide 40 g of ethyl
3-(5methyl-1H-tetrazol-1-yl~yridine-4-carboxylate as a solid. Example 16 20
Compound of Formula XX Tetrazolo[1,5-a][1,7]naphthyridin-5-of hydrate
Potassium ethoxide (20.2 g) was added to a mixture of ethyl 3-(5-methyl-1H
tetrazol-1-yl)pyridine-4-carboxylate (28 g) and dimethylformamide (280 mL).
The reaction mixture was allowed to stir at ambient temperature overnight
then poured into 25 cold dilute acetic acid. The resulting precipitate was
collected, washed with water and dried to provide 22.4 g of
tetrazolo[1,5-a][1,7]naphthyridin-5-of hydrate as a solid, m.p. 247-248C
(decomposition). Analysis: Calculated for CaHsN50: %C, 46.83; %H, 3.44; %N,
34.13; Found: %C, 46.48; %H, 3.42; %N, 34.03. -36   0 ~ J U L 2002 WO
99R9693 PCT/U598R6473 Example 17 Compound of Formula XXI
5-Chlorotetrazolo[1,5-a] (1,7]naphthyridine 5 A suspension of
tetrazolo[1,5-a][1,7]naphthyridin-5-of (3.5 g) in phosphorous oxychloride
(15 mL) was heated at 90C for 2 hours. The reaction mixture was
concentrated under vacuum. The residue was poured into ice water,
dichloromethane was added followed by the addition of 10% sodium hydroxide
to neutral pH. The product was partitioned into dichloromethanc. The
dichloromethane layer was separated, dried over 10 magnesium sulfate then
concentrated under vacuum to provide 3.8 g of
5chlorotetrazolo[1,5-a][1,7]naphthyridine as a solid, m.p. 176-177C.
Analysis: Calculated for C8H4C1N5: %C, 46.73; %H, 1.96; %N) 34.06; Found:
%C, 46.80; %H, 2.16; %N, 34.45. 15 Example 18 Compound of Formula XXII
NS-(2-Methylpropyl)tetrazolo[1,5-a] [l,7jnaphthyridin-5-amine A suspension
of 5-chlorotetrazolo[1,5-a][1,7]naphthyridine (20 g) in isobutylamine ( 100
mL) was heated at reflux for several hours. The reaction mixture was
concentrated 20 under vacuum. The residue was taken up in dichloromethane,
washed with water, dried over magnesium sulfate then concentrated under
vacuum. The residue was recrystallized from toluene to give a material that
was a mixture by thin layer chromatography. The material was purified by
flash chromatography, silica gel eluting with dichloromethane, 520% ethyl
acetate in dichloromethane, and 10% methanol in dichloromethane. The 25
fractions with the slower moving material were concentrated to provide
NS-(2methylpropyl)tetrazolo[1,5-a][1,7]naphthyridin-5-amine as a solid,
m.p. 220-221C. Analysis: Calculated for CiiH~41V6: %C, 59.49; %H, 5.82; %N,
34.69; Found: %C, 59.35; %H, 5.89; %N) 34.88. -37   o s ~u~ zoo2 WO
99I29693 PCTNS98126473 Example 19 Compound of Formula XXIII
Ns-(2-Methyipropyl~4-nitrotetrazolo[1,5-a] [I,7]naphthyridin-5-amine Nitric
acid (2 equivalents of 16M) was added to a solution of Ns-(2 5
methylpropyl)tetrazolo[ 1,5-a][ 1,7]naphthyridin-5-amine (2.0 g, 8.26 mmol)
in acetic acid. The reaction mixture was heated on a steam bath for about
an hour then concentrated under vacuum. The residue was poured into ice
water and the resulting mixture was neutralized with sodium bicarbonate.
The resulting precipitate was extracted with dichloromethane. The
dichloromethane extracts were combined, washed with water, and 



10 dried over magnesium sulfate. Thin layer chromatography indicated a
mixture so the material was filtered through a layer of silica gel eluting
with 5% ethyl acetate in dichloromethane. The reaction was rerun on 4 g of
starting material but using only one equivalent of nitric acid. The
resulting material was also a mixture. The material from both reactions was
combined then purified by flash chromatography eluting with mixtures 15 of
hexanes/ethyl acetate. The fractions containing the slower moving material
were combined to provide about 0.3 g of
NS-(2-methylpropyl~4-nitrotetrazolo[1,5 20 a][1,7]naphthyridin-5-amine as a
yellow solid, m.p. 173-174C. Analysis: Calculated for C,zH~3N~Oz: %C,
50.17; %H, 4.56; %N, 34.13; Found: %C, 49.85; %H, 4.53; %N, 34.26. Example
20 Compound of Formula ~XIV NS-(2-Methylpropyl)tetrazolo[1,5-a]
[1,7]naphthyridin-4,5-diamine
N5-(2-Methylpropyl)-4-nitrotetrazolo[1,5-a][1,7]naphthyridin-5-amine (1.5
g, 5.22 mmol) was suspended in acetic acid (75 mL). An excess of sodium
hydrogen sulfide was 25 dissolved in a minimum of water and added to the
suspension. The reaction mixture fumed red and all of the material went
into solution. The reaction mixture was extracted twice with
dichloromethane (150 mL). The extracts were combined, washed with water,
dried over magnesium sulfate, filtered and concentrated under vacuum to
provide 1.22 g of
NS-(2-methylpropyl)tetrazolo[1,5-a][1,7]naphthyridin-4,5-diamine as a light
yellow solid, 30 m.p. 203-204.5C. Analysis: Calculated for: C~ZH~SN~: %C,
56.02; %H, 5.88; %N, 38.11; Found: %C, 55.68; %H, 5.81; %N, 37.74. -38   0
9 JUl 2002 WO 99n9693 Example 21 Compound of Formula XXV Pc~rms9ans~~3
1-(2-Methylpropyl)-IH tetrazolo[1,5-a]imidszo[4,5-c] [1,7]naphthyridine
N3-(2-Methylpropyl)tetrazolo[1,5-a][1,7]naphthyridin-4,5-diamine (1.1 g,
4.3 5 mmol) was combined with diethoxymethylacetate (2 mL) and heated on a
steam bath overnight. The reaction mixture was partitioned between
dichloromethane and ammonium hydroxide. The dichloromethane layer was
separated, washed with water, dried over magnesium sulfate and concentrated
under vacuum. The residue was recrystallized from ethyl acetatelhexane to
provide 0.85 g of 1-(2-methylpropyl)-IH tetrazolo[1,5 10
a]imidazo[4,5-c][1,7]naphthyridine as a solid, m.p. 181-182.5C. Analysis:
Calculated for Ct3Ii~3N~: %C, 58.42; %H, 4.90; %N, 36.68; Found: %C, 58.87;
%H, 5.04; %N, 36.13. Example 22 Compound of Formula I 15
1-(2-Methylpropyl)-IH imidaw[4,5-c] [l,7]naphthyridin-4-amine NHZ N, N / ~N
N~ Part A: 20 Triphenylphosphine (0.49 g,1.8 mmol) was added to a
suspension of 1-(2methylpropyl)-1H
tetrazolo[1,5-a]imidazo[4,5-c][1,7]naphthyridine (0.24 g, 0.9 mmol) in
dichlorobenzene ( 15 mL). The reaction mixture was heated at reflux
overnight then concentrated under vacuum. The residue was slurried with
hexane and the resulting solid 1-(2-methylpropyl)-N-triphenylphosphinyl-1H
imidazo[4,5-c] [ 1,7]naphthyridin-4-amine 25 was isolated by filtration.
Part B: -39   0 9 J U L 2002 WO 99R9693 PC'T/US9826473 The
1-(2-methylpropyl)-N-triphenylphosphinyl-!H
imidazo[4,5c][1,7]naphthyridin-4-amine from Part A was dissolved in
methanol (30 mL). Hydrochloric acid (3 mL of 3N) was added to the solution
and the reaction mixture was heated at reflux overnight before being
concentrated under vacuum to remove the 5 methanol. The aqueous residue was
neutralized with sodium bicarbonate then extracted with dichloromethane.
The extract was dried over magnesium sulfate then concentrated under
vacuum. The residue was purified by flash chromatography (silica gel
eluting with 5-10% methanol in dichioromethane) to provide 0.15 g of
1-(2-methylpropyl~lH imidazo[4,5-c] [ 1,7)naphthyridin-4-amine as a solid,
m.p. 306-307C. Analysis: 10 Calculated for C,3H15N5: %C, 64.71; %H, 6.27;
%N, 29.02; Found: %C, 65.10; %H, 6.28; %N, 28.70. Example 23 Compound of
Formula II 15 6,7,8,9-Tetrshydro-l-(2-methyipropyl~ 1H
imidazo[4,5-c][1,7]naphthyridin-4-amine NHy N i N/ ~~N HN 20 A catalytic
amount of platinum oxide was added to a solution of 1-(2methylpropyl)-11I
imidazo[4,5-c] [ 1,7]naphthyridin-4-amine (0.4 g, 1.66 mol)) in
trifluoroacetic acid. The reaction mixture was reduced on a Parr apparatus
at 50 psi (3.5 Kg/cmZ) hydrogen pressure overnight. The reaction mixture
was filtered and washed with methanol to remove the catalyst. The filtrate
was concentrated under vacuum. 'The 25 residue was combined with
dichloromethane and aqueous sodium bicarbonate was added until the mixture
was basic. The dichloromethane layer was separated. The aqueous layer was
extracted five times with dichloromethane ( 100 mL). The dichloromethane
extracts -40   0 9 JUl 200Z WO 99l19693 PCTNS9812b473 were combined, dried
over magnesium sulfate and concentrated under vacuum. The resulting residue
was recrystallized from toluene to provide 0.34 g of
6,7,8,9-tetrahydro-1(2-methylpropyl)-1H
imidazo[4,5-c][1,7]naphthyridin-4-amine as a solid, m.p. 220223C. Analysis:
Calculated for C~3H,9N5 +'/, H20: %C, 62.50 %H, 7.87; %N, 28.03; 5 Found:
%C, 62.50; %H, 7.72; %N, 27.46. Example 24 Compound of Formula XXV 



2-Methyl-1-(2-methylpropyl~lH
tetrazolo[1,5-a]imldazo[4,5-c][1,7]naphthyridine 10 Acetic anhydride (2-3
mL) was added to a solution of N-(2
methylpropyl)tetrazolo[1,5-a][1,7]naphthyridin-4,5-diamine (0.8 g) 3.1
mmole) in acetic acid. The reaction mixture was heated on a steam bath for
several hours then concentrated under vacuum. The residue was partitioned
between dichloromethane and water. The aqueous layer was made basic with
10% sodium hydroxide then the 15 dichloromethane layer was separated, dried
over magnesium sulfate and concentrated under vacuum. The residue was
purified by flash chromatography (silica gel eluting with 2-5% methanol in
dichloromethane) to provide 0.25 g of 2-methyl-1-(2-methylpropyl)IH
tetrazolo[1,5-a]imidazo[4,5-c][1,7]naphthyridine as a solid, m.p. 157-158C.
Analysis: Calculated for Ci4H,5N~: %C, S9.77; %H, 5.37; %N, 34.85; Found:
%C, 59.64; 20 %H, 5.48; %N, 34.98. -41    0 9 ,l U l 2002 WO 99!Z9693
PGTNS98IZ6473 Example 25 Compound of Formula I
2-Methyl-1-(2-methylpropyl)-1H imidazo[4,5-c][1,7]naphthyrldin-4-amine Part
A: Triphenylphosphine (2.5 g, 9.6 mmol) was added to a suspension of
2-methyl-1(2-methylpropyl)-IH
tetrazolo[1,S-a]imidazo[4,5-c][1,7]naphthyridine (1 g, 4 mmol) in
dichlorobenzene. The reaction mixture was heated at reflux ovenught then
concentrated under vacuum. The residue was slurried with hexane and the -42
0 9 ,lug 2002 WO 99!Z9693 PCTNS98126473 resulting solid
2-methyl-1-(2-methylpropyl)-N-triphenylphosphinyl-1H
imidazo[4,5c][1,7]naphthyridin-4-amine was isolated by filtration. Part B:
The 2-methyl-1-(2-methylpropyl)-N-triphenylphosphinyl-1H
imidazo[4,5c][1,7]naphthyridin-4-amine from Part A was dissolved in
methanol (100 mL). Hydrochloric acid (10 mL of 3N) was added to the
solution and the reaction mixture was heated at reflux overnight before
being concentrated under vacuum to remove the methanol. The residue was
purified by flash chromatography ( silica gel eluting with dichloromethane
and gradually increasing the polarity to 5% methanol in 10 dichloromethane)
to provide 2-methyl-1-(2-methylpropyl)-lH imidazo[4,5 c][
1,7]naphthyridin-4-amine as a solid, m.p. 322-324C. Analysis: Calculated
for C, dH ~ FNS: %C, 65.86; %H, 6.71; %N, 27.43; Faund: %C, 65.81; %H,
6.64; %N, 27.41. Example 26 15 Compound of Formula II
6,7,8,9-Tetrahydro-2-methyl-1-(2-methylpropylJ~ IX
imidazo[4,5-c][l,7jnaphthyridin-4-amine 20 A catalytic amount of platinum
oxide was added to a solution of 2-methyl-1-(2methylpropyl)-1H
imidazo[4,5-c][1,7]naphthyridin-4-amine (0.1 g, 0.4 mol) in trifluoroacetic
acid. The reaction mixture was reduced on a Parr apparatus at 50 psi (3.5
Kg/cmz) hydrogen pressure overnight. The reaction mixture was filtered and
washed with methanol to remove the catalyst, and the filtrate was
concentrated under vacuum. The 25 residue was combined with dichloromethane
and aqueous sodium bicarbonate was added until the mixture was basic. The
dichloromethane layer was separated, and the aqueous layer was extracted
three times with dichloromethane ( 100 mL). The combined dichloromethane
extracts were dried over magnesium sulfate and concentrated under - 43
0 9 J U l 2002 WO 99/29693 PCTNS98lZ6473 vacuum. The resulting residue was
recrystallized from toluene to provide 6,7,8,9 -
tetrahydro-2-methyl-1-(2-methylpropyl)-IH
imidazo[4,5-c][1,7]naphthyridin-4-amine as a solid, m.p. 226-230C.
Analysis: Calculated for Ci4H2,N5 + 1.75 H20: %C, 57.81; %H, 8.49; %N,
24.07; Found: %C, 57.89; %H, 8.04; %N, 23.45. 5 Example 27 Compound of
Formula I 2-Butyl-1-(2-methylpropyl)-1H
imidazo[4,5-c][1,7]naphthyridin-4-amine 10 Part A: Valeryl chloride (0.76
mL) 6.4 mmol) was added to a solution of
Ns-(2methylpropyl)tetrazolo[1,5-a][1,7]naphthyridin-4,5-diamine (1.5 g, 5.8
mmol) in 15 acetonitrile ( 15 mL). The reaction mixture was allowed to stir
at ambient temperature for several hours. The resulting precipitate was
isolated by filtration. Thin layer chromatography indicated that the
material contained two components. The solid was dissolved in acetic acid
and heated at reflux overnight. The reaction mixture was concentrated under
vacuum, and the residue extracted with dichloromethane. The 20
dichloromethane extract was washed with water, dried over magnesium sulfate
and concentrated under vacuum to provide a mixture of 2-butyl
-1-(2-methylpropyl)-1H tetrazolo[1,5-a]imidazo[4,5-c][1,7]naphthyridine and
the acylated, but uncyclized intermediate. Part B: 25 Triphenylphosphine
(2.4 g) was added to a suspension of the material from Part A in
dichlorobenzene. The reaction mixture was heated at reflux overnight then
concentrated under vacuum. The residue was slurried with hexane and the
resulting  



0 9 J U l 2002 WO 99Z9693 PGT/US98I26473 solid
2-butyl-1-(2-methylpropyl)-N-triphenylphosphinyl-1H
imidazo[4,5c][1,7)naphthyridin-4-amine was isolated by filtration. Part C:
The 2-butyl-1-(2-methylpropyl)-N-triphenylphosphinyl-1H imidazo[4,5 5
c][1,7]naphthyridin-4-amine from Part B was dissolved in methanol.
Hydrochloric acid (3N) was added to the solution and the reaction mixture
was heated at reflux overnight before being concentrated under vacuum to
remove the methanol. The aqueous residue was mixed with dichloromethane
then neutralized with aqueous sodium bicarbonate. The dichloromethane layer
was separated, dried over magnesium sulfate and concentrated 10 under
vacuum. The residue was purified by flash chromatography (silica gel
eluting with dichloromethane and gradually increasing the polarity to 5%
methanol in dichloromethane) to provide 2-butyl-1-(2-methylpropyl)-1H
imidazo[4,5 c][1,7]naphthyridin-4-amine as a solid, m.p 213-214C. Analysis:
Calculated for C~7H23N5: %C, 68.66; %H, 7.80; %N, 23.S5; Found: %C, 68.26;
%H, 7.69; %N, 23.41. 15 Example 28 Compound of Formula II
2-Butyl-6,7,8,9-tetrahydro -1-(2-methylpropyl) 1H
imidazo[4,5-c)[1,7]naphthyridin-4-amine 20 A catalytic amount of platinum
oxide was added to a solution of 2-butyl -1-(2 methylpropyl)-1H
imidazo[4,5-c][1,7]naphthyridin-4-amine (0.5g, 1.68 mol)) in 25
trifluoroacetic acid (20 mL). The reaction mixture was reduced on a Parr
apparatus at 50 poi (3.5 Kg/cm2) hydrogen pressure overnight. The reaction
mixture was filtered and washed with methanol to remove the catalyst. The
filtrate was concentrated under vacuum. The residue was combined with
dichloromethane and aqueous sodium - 45     0 9 JUL 2002 WO 99I29693
PCTIUS98116473 bicarbonate was added until the mixture was basic. The
dichloromethane layer was separated. The aqueous layer was extracted three
times with dichloromethane ( 100 mL). The dichloromethane extracts were
combined, dried over magnesium sulfate and concentrated under vacuum. The
resulting residue was recrystallized from toluene then 5 purified by flash
chromatography (silica gel eluting with 20% methanol in dichloromethane
with a trace of ammonium hydroxide) to provide 6,7,8,9-tetrahydro-2
butyl-1-(2-methylpropyl)-IH imidazo[4,5-c][1,7]naphthyridin-4-amine as a
solid, m.p. 164-166C. Analysis: Calculated for CHz~Ns + 0.5 H20: %C, 65.77;
%H, 9.09; %N, 22.56; Found: %C, 65.99; %H, 8.71; %N, 22.23. 10 Example 29
Compound of Formula XXXI
N4-(2-Methylpropyl)-3-vitro[1,5]naphthyridin-4-amine Phosphorous
oxychloride (0.6 mL, 6.44 mmol) was reacted with N,N 15 dimethylformamide
then added to a solution of 3-vitro[1,5]naphthyridin-4-of (1.0 g, 5.23
mmol) in N,N-dimethylformamide (20 mL). The reaction mixture was warmed
using a jacketed flask with refluxing acetone as a heat source. After 3
hours the reaction mixture was poured into ice water) isobutylamine (2.0
mL, 20.1 mmol) was added and the mixture was heated on a steam bath. After
several hours the reaction mixture was cooled to 20 ambient temperature,
filtered and washed with water. The aqueous layer was extracted with
dichloromethane. The dichloromethane extract was washed with aqueous sodium
bicarbonate, washed with water, dried over magnesium filtrate then loaded
onto a layer of silica gel. The silica gel was eluted initially with
dichloromethane to remove an impurity then with 5% methanol in
dichloromethane to recover the product. The eluant was 25 concentrated to
dryness to provide N4-(2-methylpropyl)-3-vitro[1,5]naphthyridin-4-amine as
a solid, m.p. 97-99C. -46   0 9 J U L 2002 WO 99I29693 Example 30 Compound
of Formula XXXIII PGTNS98/16473 1-(2-Metbylpropyl)-IH
imidazo[4,5-c][1,5]naphtHyridine Part A: A catalytic amount of 5% platinum
on carbon was added to a solution of N4-(2 methylpropyl)-3-nitro[
1,5)naphthyridin-4-amine ( 1.0 g, 4.1 mmol) in ethyl acetate (50 mL). The
reaction mixture was reduced on a Parr apparatus at 50 psi (3.5 Kg/cm2) 



hydrogen for four hours. The reaction mixture was filtered to remove the
catalyst and the 10 filtrate was concentrated under vacuum to provide
N-(2-methylpropyl)[1,5]naphthyridin 3,4-diamine as a crude solid. Part B:
The crude solid from Part A was combined with diethoxymethylacetate (2 mL)
then heated on a steam bath overnight. The reaction mixture was taken up in
15 dichloromethane, washed with water, dried over magnesium sulfate then
filtered through a layer of silica gel. The silica gel was eluted with
dichloromethane to remove excess diethoxymethylacetate then with 5%
methanol in dichloromethane to recover the product. The eluant was
concentrated to provide an oil which was purified by flash chromatography
(silica gel eluting with 50% ethyl acetate/hexane then with ethyl acetate)
to provide 0.25 g 20 of 1-(2-methylpropyl)-IH
imidazo[4,5-c][1,5]naphthyridine as a solid m.p. 82-84C. Analysis:
Calculated for CisHi4Ne %C, 69.00; %H) 6.24; %N, 24.76; Found: %C, 68.79;
%H, 6.44; %N, 24.73. Example 31 25 Compound of Formula XXXIV
1-(2-Methylpropyl~lH imidazo[4,5-c][l,SJnaphthyridine-SN-oxide
3-Chloropemxybenzoic acid (3.7 g of 50%) was added in small portions over a
period of 30 minutes to a solution of 1-(2-methylpropyl)-1H imidazo[4,5
c][1,5]naphthyridine (1.5 g) in chloroform at ambient temperature. After 3
hours the 30 reaction mixture was diluted with chloroform, washed twice
with 2.0 M sodium hydroxide and once with water, dried over magnesium
sulfate then concentrated under vacuum. The residue was recrystallized from
ethyl acetate/hexane to provide 1.2 g of 1-(2 -47   0 9 J U L 2002 WO
99I29693 PCT/US98I16473 methylpropyl)-IN
imidazo[4,5-c][1,5]naphthyridine-5N-oxide as a solid, m.p. 183-Z85C.
Analysis: Calculated for C~3H~aN40: %C, 64.45; %H, 5.82; %N, 23.12; Found:
%C, 64.15; %H, 5.92; %N, 23.02. S Example 32 Compound of Formula I
1-(2-Methylpropyl~lH imidazo[4,5-c] [1,5]naphthyridin-4-amine 10 Ammonium
hydroxide ( 10 mL) was added to a solution of 1-(2-methylpropyl)-IH
imidazo[4,5-c][1,5]naphthyridine-5N-oxide (0.6 g) in dichloromethane
(30mL). The reaction mixture was cooled in an ice bath then tosyl chloride
(0.5 g) in dichlommethane was added while the reaction was being rapidly
stirred. The reaction mixture was stirred at ambient temperature oven~ight.
The dichloromethane layer was separated, washed with 15 aqueous sodium
bicarbonate, dried over magnesium sulfate then concentrated under vacuum.
The residue was recrystallized from ethyl acetate/hexane to provide 0.2 g
of 1(2-methylpropyl)-1H-imidazo[4,5-c][1,5]naphthyridin-4-amine as a solid,
m.p. 230231.5C. Analysis: Calculated for C~3HlsN5: %C, 64.71; %H, 6.27; %N,
29.02; Found: %C, 64.70; %H, 6.01; %N, 29.08. -48    0 9 JUl 2002 WO
99I19693 Example 33 Compound of Formula II
6,7,8,9-Tetrahydro-l-(2-methylpropylr 5 IH
imidazo[4,5-cJ[I,SJnaphthyridin-4-amine PCT/US98/26473 A catalytic amount
of platinum oxide was added to a solution of 1-(2 10 methylpropyl)-1H
imidazo[4,5-c][1,5]naphthyridin-4-amine (0.46 g) in trifluoroacetic acid (
10 mL). The reaction mixture was reduced on a Part apparatus under 45 psi
(3.15 Kg/cm2) hydrogen pressure for 4 hours. The reaction mixture was
filtered to remove the catalyst and the filtrate was concentrated under
vacuum. The residue was combined with aqueous sodium bicarbonate then a
small amount of 10% sodium hydroxide was added. 15 The resulting
precipitate was extracted with dichloromethane. The dichloromethane extract
was dried over magnesium sulfate then concentrated under vacuum. The
residue was purified by flash chromatography (silica gel eluting with 5%
methanol in dichloromethane containing 0.5 % ammonium hydroxide). The
eluant was concentrated under vacuum. The residue was recrystallized from
ethyl acetate to provide 6,7,8,9 20 tetrahydro-1-(2-methylpropyl)-IH
imidazo[4,5-c] [ 1,5]naphthyridin-4-amine as a solid, m.p. 222-226C.
Analysis: Calculated for C,3H~9N5: %C, 63.65; %H, 7.81; %N, 28.55; Found:
%C, 63.07; %H, 7.51; %N, 28.00. -49    0 9 J U L 2002 WO 99I29693
PCTNS981Z6493 Example 34 Compound of Formula XXXIII 2-
Methyl-1-(2-methylpropyl}-1H imldazo[4,5-c][1,5]naphthyridine 5 Part A:
Magnesium sulfate (3 g) and a catalytic amount of 5% platinum on carbon
were added to a solution
ofN4-(2-methylpropyl)-3-vitro[1,5]naphthyridin-4-amine (4.0 g,16.2 mmol) in
ethyl acetate (250 mL). The reaction mixture was reduced on a Parr
apparatus at 50 psi (3.5 Kg/cm2) hydrogen for four hours. The reaction
mixture was filtered to remove 10 the catalyst and the filtrate was
concentrated under vacuum to provide N4-(2
methylpropyl)[1,5]naphthyridin-3,4-diamine as a crude solid. Part B: The
crude solid from Part A was taken up in acetic acid, combined with acetic
anhydride then heated at reflux overnight. The reaction mixture was
concentrated under 15 vacuum. The resulting residue was combined with
methanol to decompose excess acetic 



anhydride then concentrated under vacuum. The resulting residue was
combined with cyclohexane then concentrated under vacuum to remove the
acetic acid. The resulting residue was recrystallized from hexanes to
provide 2.2 g of 2- methyl-1-(2-methylpropyl) !H
imidazo[4,5-c][I,5]naphthyridine as off white needles, m.p. 118-119C.
Analysis: 20 Calculated for C~oH,6N4: %C, 69.97; %H, 6.71; %N, 23.31;
Found: %C, 69.24; %H, 6.67; %N, 23.23. Example 35 Compound of Fonnula XXXIV
25 2-Methyl-1-(2-methylpropyl~iH imidazo[4,5-c] [1,5]naphthyridine-SN-oxide
3-Chloroperoxybenzoic acid (4.5 g of 50%, 13.1 mmol) was added in small
portions over a period of 30 minutes to a solution of
2-methyl-1-(2-methylpropyl)-IH imidazo[4,5-c][1,5]naphthyridine (2.1 g, 8.7
mmole) in chloroform at ambient temperature. After 3 hours the reaction
mixture was diluted with chloroform, washed 30 twice with 2.0 M sodium
hydroxide, once with water, and once with brine, dried over magnesium
sulfate then concentrated under vacuum. The residue was purified by flash
chromatography (silica gel eluting with 5% methanol in dichloromethane) to
provide 2 -50   0 9 J U L 2002 WO 99I29693 PCT/US98/26473
methyl-1-(2-methylpropyl)-1H imidazo[4,S-c][I,S]naphthyridine-SN-oxide as a
solid, m.p. 228-230C. Analysis: Calculated for CiaH~6N4~: %C, 6S.61; %H,
6.29; %N, 21.8F; Found: %C, 6S.73; %H, 6.31; %N, 21.95. S Example 36
Compound of Formula I 2-Methyl-1-(2-methylpropy1N
imidazo[4,5-c][1,5]naphthyridin-4-amine NHi N i N /~ ~N N 10 Ammonium
hydroxide (10 mL) was added to a solution of 2-methyl-1-(2methylpropyl)-1H
imidazo[4,S-c][1,S]naphthyridine-SN-oxide (1.1 g, 4.29 mmol) in
dichloromethane (SOmL). The reaction mixture was cooled in an ice bath then
tosyl chloride {0.82 g, 4.29 mmol) in dichlommethane was added. The
reaction was warmed to 1 S about 30C while being rapidly stirred. The
reaction mixture was stirred at ambient temperature oven~ight. The
dichloromethane layer was separated, washed with 10% sodium hydroxide,
water and brine, dried over magnesium sulfate then concentrated under
vacuum. The residue was recrystallized from ethyl acetate to provide 0.8 g
of 2-methyl-1 (2-methylpropyl)-1H imidazo[4,S-c][1,S]naphthyridin-4-amine
as a solid, ra.p. 228 20 230C. Analysis: Calculated for C~~iN5: %C, 6S.86;
%H, 6.71; %N, 27.43; Found: %C, 65.6S; %H, 6.69; %N, 27.59. -S1    0 9 J U
l 2002 WO 99I19693 PC"TNS98/26473 Example 37 Compound of Formula XXXIII 2-
Butyl-1-(2-methylpropyl}-1H imidazo[4,5-c][1,5]naphthyridine 5 Part A:
Magnesium sulfate (3 g) and a catalytic amount of 5% platinum on carbon
were added to a solution
ofN-(2-methylpropyl)-3-vitro[1,5]naphthyridin-4-amine (3.0 g,12.2 mmol) in
ethyl acetate (150 mL). The reaction mixture was reduced on a Purr
apparatus at 50 psi (3.5 Kg/cmZ) hydrogen for four hours. The reaction
mixture was filtered to remove 10 the catalyst and the filtrate was
concentrated under vacuum to provide N4-(2
methylpropyl)[1,5]naphthyridin-3,4-diamine as a crude solid. Part B: The
crude solid from Part A was taken up in acetonitryle then combined with
valeryl chloride (1.5 mL, 12.2 mmol). The mixture was stirred at ambient
temperature for 15 30 minutes. The resulting precipitate was isolated by
filtration, washed with a small amount of acetonitrile and air dried to
provide 2.75 g of
N-(4-(2methylpropylamino)[1,5]naphthyridin-3-yl)valeramide hydrochloride as
a solid. Part The solid from Part B was suspended in acetic acid and heated
at reflux overnight. 20 The reaction mixture was concentrated under vacuum
and the resulting residue was partitioned between dichloromethane and
aqueous sodium bicarbonate. The dichloromethane layer was separated, dried
over magnesium sulfate and concentrated under vacuum to provide 2.3 g of
2-butyl-1-(2-methylpropyl)-1H imidazo[4,5c][1,5]naphthyridine as an oil. 25
-52   Q 9 J U L 2002 PGT/US98/26473 WO 99I29693 Example 38 , Compound of
Formula J~XXIV 2-Butyl-1-(2-methylpropylrlH
imidazo[4,5-c][1,5]naphthyridine-5N-oxide S 3-Chloroperoxybenzoic acid (5.3
g of SO%, I S.2 mmol) was added in small portions over a period of 30
minutes to a solution of 2-butyl-1-(2-methylpropyl)-1H
imidazo(4,S-c][1,5]naphthyridine (2.3 g, 10.2 mmole) in chloroform at
ambient temperature. After 3 hours the reaction mixture was diluted with
chloroform, washed twice with 2.0 M sodium hydroxide, once with water, and
once with brine, dried over 10 magnesium sulfate then concentrated under
vacuum. The residue was purified by flash chromatography (silica gel
eluting with S% methanol in dichloromethane) to provide 2
butyl-I-(2-methylpropyl)-1H imidazo[4,S-c][1,S]naphthyridine-SN-oxide.
Analysis: Calculated for CHz2N40: %C, 68.43; %H, 7.43; %N, 18.78; Found:
%C, 67.67; %H, 6.73; %N, 18.13 



1S Example 39 Compound of Formula I 2-Butyl-1-(2-methylpropyl~lH
imidazo[4,5-c][1,5]naphthyridin-4-amine 20 Ammonium hydroxide (2S mL) was
added to a solution of 2-butyl-I-(2 methylpropyl)-1 H-imidazo[4,S-c] (
1,S]naphthyridine-SN-oxide (2.0 g, 6.7 mmol) in dichioromethane (100mL).
The reaction mixture was cooled in an ice bath then tosyl 25 chloride ( 1.3
g, 6.7 mmol) in dichloromethane was added. The reaction was warmed to about
30C while being rapidly stirred. The reaction mixture was stirred at
ambient temperature overnight. The dichloromethane layer was separated,
washed with 10% sodium hydroxide, water and brine, dried over magnesium
sulfate then concentrated under -53    0 9 JUL 2002 WO 99I29693
PCT/US98/26473 vacuum. The residue was recrystallized from hexane to
provide 1.55 g of 2-butyl-1-(2methylpropyl)-IH
imidazo[4,5-c][1,5]naphthyridin-4-amine as a solid, m.p. 115-116C.
Analysis: Calculated for CH23N5: %C, 68.66; %H, 7.80; %N, 23.55; Found: %C,
69.52; %H, 7.72; %N, 21.72 5 Example 40 Compound of Formula II
6,7,8,9-Tetrahydro-2-butyl-1-(2-methylpropyl~ IH
imidazo[4,5-c)[1,5]naphthyridin-4-amine 10 A catalytic amount of platinum
oxide was added to a solution of 2-butyl-1-(2methylpropyl)-IH
imidazo[4,5-c][1,5]naphthyridin-4-amine (0.5 g) in trifluoroacetic acid 15
(15 mL). The reaction mixture was reduced on a Parr apparatus under 50 psi
(3.5 Kg/cmz) hydrogen pressure overnight. The reaction mixture was filtered
to remove the catalyst and the filtrate was concentrated under vacuum. The
residue was combined with aqueous sodium bicarbonate then a small amount of
10% sodium hydroxide was added. The resulting precipitate was extracted
with dichloromethane. The dichloromethane extract 20 was dried over
magnesium sulfate then concentrated under vacuum. The residue was purified
by flash chromatography (silica gel eluting with 1-5% methanol in
dichloromethane containing 0.5% ammonium hydroxide). The eluant was
concentrated under vacuum. The residue was recrystallized from hexane/ethyl
acetate to provide 6,7,8,9-tetrahydro-2-butyl-1-(2-methylpropyl)-IH
imidazo[4,5-c][1,5]naphthyridin-4 25 amine as.a solid, m.p.143-147C.
Analysis: Calculated for CH2~Ns: %C, 67.74; %H, 9.03; %N, 23.23; Found: %C,
61.90; %H, 7.51; %N,19.91. -54    0 9 J U L 2002 WO 99A9693 Example 41
Compound of Formula XJ~I 1,1-Dimethylethyl PGT/US98lZ6473 5
N-{4-[(3-Nitro[1,5)naphthyridin-4-yl)amino]butyl}carbamate Phosphorus
oxychloride (4 mL, 0.31 mole) was combined with N,N dimethylformamide (100
mL) while cooling in an ice bath. The resulting mixture was added to a
solution of 3-vitro[1,5]naphthyridin-4-of (50 g) 0.26 mole) in
N,Ndimethylformamide (500 mL). The reaction mixture was stirred at ambient
temperature 10 for 6 hours. The reaction mixture was poured into ice water
and then extracted with dichloromethane ( 1800 mL). The organic layer was
separated and then combined with triethylamine (45 mL). Tert-butyl
N-(4-asninobutyl)carbamate was added and the reaction mixture was stirred
overnight. The reaction mixture was concentrated under vacuum and the
residue was treated with water (1500 mL). The resulting solid was isolated
by 15 filtration, washed with water and dried to pmvide 76 g of
1,1-dimethylethyl N-{4-[(3 vitro[ 1,5]naphthyridin-4-yl)amino]butyl}
carbamate as a solid. A small sample was recrystallized from isopropyl
alcohol to provide a pure sample, m.p. 137-138C. Analysis: Calculated for
C~7H23NsOa: %C) 56.50; %H, 6.41; %N, 19.38; Found: %C, 56.26; %H, 6.30; %N,
19.53. 20 Example 42 Compound of Formula XXXII 1,1-Dimetbylethyl
N-{4-[(3-Amino(1,5]naphthyridin-4-yl)amino]butyl}carbamate 25
1,1-Dimethylethyl
N-{4-[(3-vitro[1,5]naphthyridin-4-yl)amino]butyl}carbamate (42.7 g, 0.12
mole), platinum on carbon (2 g) and ethyl acetate (500 mL) were combined
and then hydrogenated on a Parr apparatus at 30 psi (2.1 Kglcm2) hydrogen
pressure for 1 hour. The catalyst was removed by filtration and rinsed with
ethyl acetate. The filtrate was concentrated under vacuum to provide
1,1-dimethylethyl N-{4-[(3 30 amino(1;
5]naphthyridin-4-yl)amino]butyl}carbamate as a bright yellow-orange solid.
-55   0 9 J U l 2002 WO 99A9693 PCTNS98/26473 Example 43 Compound of
Formula XXXIII 1,1-Dimethylethyl 5 N-[4-(2-Butyl-1H
imidazo(4,5-c](1,5]naphthyridin-1-yl)butyl]carbamate Freshly distilled
trimethyl orthovalerate (41 mL, 0.24 mole) was added to a 



mixture of 1,1-dimethylethyl
N-{4-[(3-amino[1,5)naphthyridin-4yl)amino]butyl}carbamate (39 g, 0.12 mole)
in warm xylene (500 mL). The reaction mixture was heated at reflex
overnight. Thin layer chromatography showed that at least 10 half of the
starting material was still present. p-Toluenesulfonic anhydride
monohydrate (6 g) was added. After a short time thin layer chromatography
showed that the reaction was complete. The reaction mixture was allowed to
cool to ambient temperature and then it was diluted with ethyl acetate and
washed with aqueous sodium bicarbonate. The organic layer was concentrated
under vacuum to provide an oily residue. The residue was 15 triturated with
hexane to provide a dark pink solid. This solid was recrystallized from
acetonitrile to provide 1,1-dimethylethyl N-[4-(2-butyl-1H imidazo[4,5
c][1,5]naphthyridin-1-yl)butyl]carbamate as a pale peach solid, m.p.
96.0-98.0C. Analysis: Calculated for Cz2H31N302: %C) 66.47; %H, 7.86;
%N,17.62; Found: %C, 66.29; %H, 7.78; %N) 17.76. 20 Example 44 Compound of
Formula XXXIV 1-{4-[(1,1-Dimethylethylcarbonyl)amino]butyl}-2-butyl 1H
imidazo[4,5-c][1,5]naphthyridine-5N-oxide 25 3-Chloroperbenzoic acid ( 1 eq
at 57%) was added in portions to a solution of 1) 1 dimethylethyl
N-[4-(2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate in
chloroform (50 mL). The reaction mixture was allowed to stir at ambient
temperature for 2 hours at which time thin layer chromatography showed that
no starting material remained. The reaction mixture was diluted with
dichloromethane and then washed twice 30 with l Ivl`sodium hydroxide. The
organic layer was dried over anhydrous magnesium sulfate and then
concentrated under vacuum to provide 1-{4-[(1,1 -56   0 9 JUl ~00~ ., WO
99I29693 PCTNS98I26473 dimethylethylcarbonyl)amino]butyl}-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridine-SNoxide as an orangc oil which solidified
on standing. Example 45 5 Compound of Formula I 1,1-Dimethylethyl
N-[4-(4-Amino-2-butyl-1H imidazo[4,5-c]
[l,5]naphthyridin-1-yl)butyl]carbamate ~2 Ni N /~~N INI N O O 10 Ammonium
hydroxide (20 mL) was added to a solution of I-{4-[(I,1
dimethylethylcarbonyl)amino]butyl}-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridine-SNoxide (l9.4 g) in chloroform. Tosyl
chloride (9 g) was slowly added. Thin layer chromatography indicated that
the reaction was proceeding slowly. Additional tosyl 15 chloride was added
twice. After thin layer chromatography indicated that the reaction was
complete, the layers were separated. The organic layer was washed with
dilute aqueous sodium carbonate, dried over magnesium sulfate and then
concentrated under vacuum. The residue was covered with methyl acetate ( 10
mL), hexane (5 mL) was added and the mixture was allowed to stand
overnight. The resulting crystalline solid was isolated by 20 filtration,
washed with hexane and then dried to provide 15.l g of l,l-dimethylethyl
N-[4(4-amino-2-butyl-1H
imidazo[4,5-c][I,SJnaphthyridin-I-yl)butyl]carbamate, m.p. 148.5149.5C.
Analysis: Calculated for CZZH3zNsOz: %C, b4.05; %H, 7.82; %N, 20.37; Found:
%C, 64.15; %H, 7.82; %N, 20.55. -57   0 9 J U L 2002 WO 99R9693
PCTIUS98R6473 Example 46 Compound of Formula I 4-(4-Amino-2-butyl-1H
itnidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine ~2 N, N /~~N N NH2 A
suspension of 1,1-dimethylethyl N-[4-(4-amino-2-butyl-1 H
imidazo[4,5c][1,5]naphthyridin-1-yl)butyl]carbamate (13.8g) in 1N
hydrochloric acid (140 mL) was heated on a steam bath for 1.5 hours. The
reaction mixture was allowed to cool to ambient 10 temperature and then it
was made basic (pH>1 l) with 50% sodium hydroxide. The resulting
precipitate was isolated by filtration, washed with water and then dried to
provide 9.5g of 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine as a white solid, m.p.
212-213C. Analysis: Calculated for Ci7H24IV6: %C, 65.36; %H, 7.74; %N,
26.90; Found: %C, 65.16; %H, 7.65; %N, 27.29. 15 Example 47 Compound of
Formula I N-[4-(4-Amino-2-butyl-1H imidazo[4,5-c]
(1,5]naphthyridin-1-yl)butyl] N'-phenylurea 20 



NHZ Ni N /~ ~N N N O Under a nitrogen atmosphere, phenyl isocyanate (52 pL,
0.48 mmol) was added to a suspension of 4-(4-amino-2-butyl-1H
inudazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine -58   0 9 JUL 2002 WO
99I29693 PCTNS98lZ6473 (0.15 g, 0.48 mmole) in anhydrous tetrahydrofuran
(60 mL). The reaction mixture was stinted for 20 minutes at which time it
had fumed homogeneous and thin layer chromatography indicated no starting
material remained. Aminomethyl resin (280 mg of I % cross linked, 100-200
mesh available from BACHEM, Torrance, California) was added and the
reaction mixture was allowed to stir for 0.5 hr. Silica gel (0.4 g) was
added and the mixture was concentrated under vacuum to provide a solid. The
solid was purified by flash chromatography eluting with 9515
dichloromethane/methanol to give a white solid which was dried under vacuum
at 60C to provide 0.12 g of N-[4-(4-amino-2-butyl-1H
imidazo(4,5-c][1,5]naphthyridin-1-yl)butyl]-N'-phenylurea. Analysis:
Calculated for I O Cz4H2gN~O + 1I5 H20: %C, 66.25; %H, 6.81; %N, 22.53;
Found: %C, 66.27; %H, 6.63; %N, 22.83 Example 48 Compound of Formula I 15
N-[4-(4-Amino-2-butyl-1H imidazo[4,5-c] [1,5]naphthyridin-1-yl)butyl]
N'-cyclohexylurea O H ,N Using the general method of Example 47, cyclohexyl
isocyanate (61 pL, 0.48 mmol) was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-I 20 yl)butaneamine (0.15 g, 0.48 mmole) to
provide 0.14 g of N-(4-(4-amino-2-butyl-1H
imidazo[4,5-a][1,5]naphthyridin-1-yl)butyl]- N'- cyclohexylurea as a white
solid. Analysis: Calculated for Cz4H3sN~0: %C, 65.88; %H, 8.06; %N, 22.41.
'H NMR {300 MHz, CDC13) b 8.60 (dd, J = 4.4, 1.4 Hz, 1 H), 8.08 (d, J = 8.5
Hz, 1 H), 7.44 (dd, J = 8.5, 4.4 Hz, 1-H), 5.55 (br s, 2 H), 4.92 (t, 3 =
5.8 Hz, 1 H), 4.82 (apparent t, J = 7.8 Hz, 2 H), 25 4.13 (d, J = 8.6 Hz, l
H)) 3.48 (m, 1 H), 3.35 (apparent q, J = 6.4 Hz, 2 H), 2.93 (apparent t, J
= 7.8 Hz, 2 H), 1.80-2.05 (m, 4 H),1.45-1.75 (m, 6 H),1.2-1.4 (m 2
H),1.0-1.2 (m, 2 -59    0 9 J U l 2002 WO 99/Z9693 PCT/US98I26473 H), 1.03
(t, 7.4 Hz, 3 H); HRMS (En calcd for C24H3sN~0 (M+) 437.2903, found
437.2903. Example 49 5 Compound of Formula I N-[4-(4-Amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl] N'-butylurea NH2 N, N /~ ~N H H
N~N~ ~O Using the general method of Example 47, butyl isocyanate (54 ~L,
0.48 10 mmol) was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1 yl)butaneamine (0.15 g, 0.48 mmole) to
provide 0.13 g of N-[4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]- N'-butylurea as a white solid.
Analysis: Calculated for CZZH33N~0: %C, 64.21; %H, 8.08; %N, Z3.82; Found:
%C, 64.0S; %H, 7.97; %N, 24.00. 15 Example 50 Compound of Formula I Phenyl
N-[4-(4-Amino-2-butyl 1H
imidazo[4,5-c][l,5]naphthyridin-1-yl)butyl]carbamate NHZ N~ - ~ N 20 -60
0 9 J U L 2002 WO 99I29693 PCTNS98/26473 Using the general method of
Example 47, phenyl chloroformate (61 pL, 0.48 mmol) was reacted with
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1yl)butaneamine (0.15
g, 0.48 mmole) to provide 0.12 g of phenyl N-[4-(4-amino-2-butyl1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate as a solid. Analysis:
Calculated for C~4H28N6O2: %C, 66.65; %H, 6.53; %N, l9.43; Found: %C,
66.49; %H, 6.59; %N, 19.32. Example 51 Compound of Formula I 10
N-[4-(4-Amino-2-butyl-1H imidazo[4,S-c] [ 1,5]naphthyridin-1-yl)butyl] 



2-furamide NH2 N, N N H N O ~ ~O Using the general method of Example 47,
furoyl chloride (15.8 uL, 0.16 mmol) was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1 15 yl)butaneamine (0.05 g, 0.16 mmole) to
pmvide 0.019 g of N-[4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-2-furamide as a white solid. 1H
NNiR (300 MHz, CDC13) 8 8.58 (dd, J = 4.4, 1.5 Hz, 1 H), 8.06 (dd, J = 8.6,
1.6 Hz, 1 H), 7.41 (dd, J = 8.5, 4.4 Hz, 1 H), 7.33 (m) 1 H), 7.08 (dd, J =
3.5, 0.6 Hz, 1 H), 6.84 (m, 1 H), 6.47 (dd, J = 3.5, 1.7 Hz, 1 H), 4.86
(apparent t, J = 7.7 Hz, 2 H), 3.59 (apparent q, J = 6.5 Hz, 2 H), 20 2.92
(apparent t, J = 7.8 Hz, 2 H), 1.7-2.1 (m, 6 H), 1.51 (m, 2 H); 1.00 (t, J
= 7.3 Hz, 3 H); HRMS (En calcd for CZZH26NsOz (~) 406.2117, found 406.2121.
-61    0 9 J U L 2002 WO 99I19693 PCTNS98/264~3 Example 52 Compound of
Formula I N-[4-(4-Amino-2-butyl 1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]benzamide 5 Using the general
method of Example 47, benzoyl chloride (56 ~L, 0.48 mmol) was reacted with
4-{4-amino-2-butyl-1H imidazo[4,5-c][I,S]naphthyridin-Iyl)butaneamine (0.15
g) 0.48 mmole) to provide 0.11 g of N-[4-(4-amino-2-butyl-IH
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]benzamide as a white solid.
Analysis: 10 Calculated for CZ4H2sN6O + %, HzO: %C, 68.47; %H, 6.82; %N,
19.96: Found: %C) 68.24; %H, 6.76; %N, 19.90. Example 53 Compound of
Formula I 15 N-[4-(4-Amino-2-butyl-iH imidazo[4,5-c)
[1,5]naphthyridin-1-yl)butyl]N'-benzylurea ~N O Benzyl isocyanate (59 wL,
0.48 mmol) was added at ambient temperature to a suspension of
4-(4-amino-2-butyl-IH imidazo[4,S-c][1,5]naphthyridin-1-yl)butaneamine -62
0 9 J U l 2002 PCTNS98126473 WO 99/Z9693 (0.15 g, 0.48 mmol) in
tetrahydrofuran (60 mL). A solution was obtained in less than 30 minutes
and thin layer chromatography (9:1 dichloromethane:methanol) showed one
major new spot with a higher Rf and only a trace of starting material.
Aminomethyl resin (280 mg) was added and the reaction mixture was stirred
for 15 minutes. The solvent was 5 removed under vacuum. The residue was
purified by column chromatography to provide 0.16 g of
N-[4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-N'benzylurea as a white solid.
Analysis: Calculated for C25H3 iN~O: %C, 67.39; %H, 7.0l ; %N, 22.00;
Found: %C, 67.43; %H, 6.92; %N, 22.02. 10 Example 54 Compound of Formula I
N3-[4-(4-Amino-2-butyl 1H
imidazo[4,5-c][I,S]naphthyridin-1-yl)butyl]nicotinamide 15
4-(4-Amino-2-butyl-1H imidazoj4,5-c][1,5]naphthyridin-1-yl)butaneamine
(Q.050 g, 0.16 mmol) was suspended in tetrahydrofuran (30 mL).
N,N-diisopropylethylamine (28 pL) 0.16 mmol) was added to the suspension
and then nicotinoyl chloride hydrochloride (0.028 g, 0.16 mmol) was added.
The reaction mixture was stirred at ambient temperature for 1 hour by which
time a solution was obtained. Thin layer chromatography (9:1 20
dichloromethane:methanol) showed one major new spot with a higher Rf and
only a trace of starting material. Aminomethyl resin (100 mg) was added and
the reaction mixture was stirred for 5 minutes. The solvent was removed
under vacuum. The residue was dissolved in dichloromethane and placed on a
layer of silica gel. The silica gel was eluted first with dichloromethane
and then with 9:1 dichlommethane:methanol. The cleanest fractions 25 were
combined and then concentrated under vacuum to provide
N3-[4-(4-amino-2-butyl -63    0 9 J U l 2002 PC1'/US98I26473 WO 991Z9693 1X
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]nicotinamide as a white
powder.'H NMR (300 MHz, CDC13) 8 8.91 (m, 1 H), 8.68 (d, J = 4.5 Hz, 1 H),
8.45 (d, J = 4.3 Hz, 1 H), 8.03 (m, 2 H), 7.30-7.40 (m, 2 H), 6.98 (s) 2
H)) 5.51 (s, l H), 4.86 (apparent t, J = 7.9 Hz, 2 H), 3.66 (q, J = 6.5 Hz,
2 H), 2.92 (apparent t, J = 7.7 Hz, 2 H), 2.05 (m, 2 H), 1.75-1.95 (m, 4
H), 1.51 (m, 2 H), 1.00 (t, 3 = 7.3 Hz, 3 H); HRMS (EI) calcd for Ci3Hi~N~O
(M+) 417.2277, found 417.2276. Example 55 Compound of Formula I 10
N-[4-(4-Amiao-2-butyl 1H imidazo[4,5-c]
[1,5]naphthyridtn-1-yl)butyljphenylaceatamlde NH2 N, N /~ ~N N N
Phenylacetyl chloride (21 pL, 0.16 mmol) was added to a suspension of 4-(4
amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine (0.050 g,
0.16 



15 mmol) in tetrahydrofuran (30 mL). The reaction mixture was stirred at
ambient temperature for 1 hour by which time a solution was obtained. Thin
layer chromatography (9:1 dichloromethane:methanol) showed one major new
spot with a higher Rf and only a trace of starting material. Aminomethyl
resin ( 100 mg) was added and the reaction mixture was stirred for 5
minutes. The solvent was removed under vacuum to provide a 20 white powder.
This material was placed on a short column of silica gel and purified by
eluting first with dichloromethane and then with 9:1
dichloromethane:methanol. The cleanest fractions were combined and then
concentrated under vacuum to provide a colorless oil. The oil was dissolved
in dichloromethane, hexane was added just until the solution started to
become cloudy, and then the solvent was removed to provide N-[4-(4 25
amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]phenylacetamide
as a white powder. Analysis: Calculated for CZSH3oNs~x: %C, 67.24; %H,
6.77; %N, 18.82; Found:   0 9 J U l 2002 WO 99l19693 PCTNS98/26473 %C,
67.52; %H, 6.85; %N, 18.38. ~H NMR (300 MHz, CDC13) d 8.51 (dd, J = 4.4,
1.5 Hz, 1 H), 8.11 (dd, J = 8.4, 1.4 Hz, 1 H), 7.43 (dd) J = 8.4, 4.4 Hz, 1
H), 7.10-7.20 (m, 5 H), 6.30 (br s, 2 H), 5.83 (m, 1 H), 4.72 (apparent t,
J = 7.8 Hz, 2 H), 3.54 (s, 2 H), 3.35 (apparent g, J = 6.5 Hz, 2 H), 2.88
(apparent t, J = 7.8 Hz, 2 H), 1.80-1.90 (m, 4 H), 1.451.65 (m, 4 H), 1.00
(t, J = 7.3 Hz, 3 H); HRMS (EI) calcd for CZSH3oNsO (h'I+) 430.2481, found
430.2490. Example 56 10 Compound of Formula I Benzyl N-[4-(4-Amino-2-butyl
1H imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate NH2 Ni N N \ N H \
N O O Using the general method of Example 55, benzyl chloroformate (83 ~L,
0.58 mmol) was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1 15 yl)butaneamine (0.15 g, 0.48 mmol) to
provide 0.18 g of benzyl N-[4-(4-amino-2-butyl1N
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate as a white powder. -65
0 9 JUL 200Z WO 99R9693 Example 57 Compound of Formula I PCTNS98R6473
9H-9-Fluorenyimethyl N-[4-(4-Amino-2-butyl 1H
imidazo[4,5-c][l,SJnaphthyridin-1-yl)butyl]carbamate ~2 N, N /~ N H N O
Using the general method of Example 55, 9-fluorenylinethyl chlorofornate
(0.085 g, 0.33 mmol) was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin1-yl)butaneamine (0.105 g, 0.33 mmol) to
pmvide 0.125 g of 9H-9-fluorenylinethyl N-[4 10 (4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate as a white powder.
Analysis: Calculated for C32H34N6O2 + %, H20: %C, 71.29; %H, 6.45; %N,
15.59; Found: %C, 70.99; %H, 6.35; %N, 15.55. Example 58 15 Compound of
Formula I Ethyl N-[4-(4-Amino-2-butyl 1H
imidazo[4,5-cJ[1,5]naphthyridin-1-yl)butyl]carbamate ~2 Ni N /~ N H N 0~/ 0
Using the general method of Example 55, ethyl chlorofornate (46 ~L, 0.48
mmol) 20 was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1 yl)butaneamine (0.15 g, 0.48 mmol) to
provide 0.15 g of ethyl N-[4-(4-amino-2-butyl-1H -66    0 g (! U l 2002 WO
99l19693 PGTNS98lZ6473 imidazo[4,5-c][1,5]naphthyridin-I-yl)butyl]carbamate
as a white powder. Analysis: Calculated for C20H28N6O2: %C, 62.48; %H,
7.34; %N, 21.86; Found: %C, 61.73; %H, 7.28; %N) 21.62. 5 Example S9
Compound of Formula XXXI 



1,1-Dimethyl-2-((3-vitro[1,5]naphthyridin-4-yl)amino]ethanol Phosphorus
oxychloride (4 mL, 43 mmol) was reacted with N,N dimethylformamide (15 mL)
while chilling in an ice bath. This mixture was added to a 10 solution of
3-vitro[ 1,5]naphthyridin-4-of (6.9 g, 36.1 mmol) in N,N-dimethylformanude
(60 mL). The reaction mixture was warmed in an oil bath to 60C. After 3
hours the reaction mixture was poured into ice water. The resulting
precipitate was isolated by filtration and then washed with water. The wet
crude 5-chloro-3-vitro[ 1,5]naphthyridine was suspended in dichloromethane
(150 mL). Diisopropylethylamine was added followed 15 by the slow addition
of hydroxyisobutylamine (3.4 g, 40 mmol). The reaction mixture was refluxed
for 2 hours and then combined with water 0100 mL). The resulting
precipitate was isolated by filtration to provide 7.2 g of
1,1-dimethyl-2-[(3-vitro[1,5]naphthyridin-4yl)amino]ethanol. A small sample
was recrystallized from isopropanol to provide a pure sample, m.p.
184.5-186C. Analysis: Calculated for C~ZHi4NqO3: %C, S4.96; %H, 5.38; 20
%N, 21.36; Found: %C, 54.63; %H, 5.36: %N, 21.51. -67   0 9 J U L 2002 WO
99/t9693 Example 60 Compound of Formula XXXIII
1,1-Dimethyl-2-(2-butyl[1,5]napthyridin-1-yl)ethanol PCTNS98/16473 Part A 5
A catalytic amount of 5% platinum on carbon was added to a suspension of
1,1 dimethyl-2-[(3-nitro[1,5]naphthyridin-4-yl)amino]ethanol (7 g, 26 mmol)
in isopropanol (300 mL). The mixture was hydrogenated on a Parr apparatus
at 50 psi (3.5 Kg/cmZ) hydrogen pressure for 3 hours. The reaction mixture
was fileted to remove the catalyst. The filtrate was concentrated under
vacuum. Toluene was added to the residue and the 10 mixture was
concentrated under vacuum to remove all of the alcohol and provide
crudel,l-dimethyl-2-[(3-amino[1,5]naphthyridin-4-yl)amino]ethanol. Part B
Trimethylorthovalerate (3.6 mL, 20 mmol) was added to a suspension of 1,1
dimethyl-2-[(3-amino[ 1,5]naphthyridin-4-yl)amino]ethanol 3.5 g, 13 mmol)
in xylene 15 ( 100 mL). The reaction mixture was heated at reflex for two
days. The mixture was diluted with methanolic ammonia, placed in a Parr
vessel and then heated at 110C for 4 hours. The reaction mixture was
concentrated under vacuum. The residue was partitioned between
dichloromethane and water. The layers were separated. The organic layer was
washed with water, dried over magnesium sulfate and then concentrated under
vacuum to 20 provide an oil. The oil was recrystallized from methyl
acetate/benzene to provide 2.8 g of
1,1-dimethyl-2-(2-butyl[1,5]napthyridin-1-yl)ethanol as a solid, m.p.
85-88.5C. Analysis: Calculated for C1~H22N40: %C, 68.43; %H, 7.43; %N,
18.78; Found: %C, 68.04; %H, 7.18; %N, 19.09. 25 Example 61 Compound of
Formula XXXIV 2-Butyl-1-(2-hydroxy-2-methylpropyl~lH
imidazo[4,5-c][1,5]naphthyridine-5Noxide 3-Chloroperbenzoic acid (2.6 g,
9.5 mmol) was added in 3 portions to a solution of 30
1,1-dimethyl-2-(2-butyl[1,5]napthyridin-1-yl)ethanol (2.6 g, 8.7 mmol) in
chloroform (50 mL) in a flask covered with aluminum foil. The reaction
mixture was stirred at ambient temperature for 4 hours; then it was washed
twice with dilute aqueous sodium bicarbonate) washed with brine, dried over
magnesium sulfate and then concentrated under vacuum. -68   0 9 J U L 2002
WO 99I29693 PCT/US98I2b473 The residue was recrystallized from methyl
acetate to provide 2.25 g of 2-butyl-1-(2hydroxy-2-methylpropyl)-1H
imidazo[4,5-c][1,5]naphthyridine-SN-oxide, m.p. 156158C. Analysis:
Calculated for: C,~HzzNa~z +'/, Hz~: %C, 64.03; %H, 7.11; %N, 17.57; Found:
%C, 63.96; %H, 6.84; %N, 17.71. 5 Example 62 Compound of Formula I
1,1-Dimethyl-2-(4-amino-2-butyl[1,5]naptbyridin-1-yl)ethanol 10 Ammonium
hydroxide ( 15 mL) was added to a solution of 2-butyl-1-(2-hydroxy-2
methylpropyl)-1H imidazo[4,5-c][1,5]naphthyridine-SN-oxide (1.9 g, 6.0
mmol)in dichloromethane (40 mL). Tosyl chloride ( 1.2 g, 6.4 mmol) was
slowly added. Thin layer chromatography indicated that the reaction was
proceeding slowly. Additional tosyl chloride was added twice. After thin
layer chromatography indicated that the reaction was 15 complete, the
layers were separated. The organic layer was washed with dilute aqueous
sodium carbonate, dried over magnesium sulfate and then concentrated under
vacuum. The residue was covered with methyl acetate (10 mL), hexane (5 mL)
was added and the mixture was allowed to stand overnight. The resulting
crystalline solid was isolated by filtration to provide 0.9 g of
1,1-dimethyl-2-(4-amino-2-butyl[1,5]napthyridin-1 20 yl)ethanol, m.p.
177-179C. Analysis: Calculated for CHz3N50: %C) 65.15; %H, 7.40; %N, 22.35;
Found: %C, 64.97; %H, 7.33; %N, 22.71. -69    0 9 JUl 2002 a WO 99/19693
PCT/US981Z6493 Example 63 Compound of Formula XXXIII
1,1-Dimethyl-2-(2-phenylemethyl[1,5]napthyrfdin-1-yl)ethanol 



5 Part A Phenylacetyl chloride (2.0 mL, 20 mmol) was added to a suspension
of 1,1dimethyl-2-[(3-amino[1,5]naphthyridin-4-yl)amino]ethanol 3.5 g, 13
mmol) in dichloromethane ( 100 mL). The reaction mixture was heated at
reflux until thin layer chromatography indicated that the reaction was
complete. The reaction mixture was taken 10 on to the next step. Part B The
material from Part A was combined with 7% ammonia in methanol ( 100 mL),
placed in a sealed vessel, and then heated at 150C for 6 hours. The
reaction mixture was concentrated under vacuum. The residue was combined
with water (100 mL) and then 15 extracted with dichloromethane (2 X 75 mL).
The extracts were combined, washed with water (100 mL), dried over
magnesium sulfate and then concentrated under vacuum. The residue was
recrystallized from methyl acetate to provide 2.1 g of
1,1-dimethyl-2-(2phenylmethyl[1,5]napthyridin-1-yl)ethanol as a solid, m.p.
150-152C. Analysis: Calculated for CZOH20N4~: %C, 72.27; %H, 6.06; %N,
16.85; Found: %C) 72.11; %H, 20 6.0i; %N, 17.00. Example 64 Compound of
Formula XXXIV 2-Phenylmethyl-1-(2-hydroxy-2-methylpropyt)25 1H
imidazo[4,5-c][1,5]naphthyridine-5N-oxide 3-Chloroperbenzoic acid (1.8 g,
6.6 mmol) was added in 3 portions to a solution of
1,1-dimethyl-2-(2-phenylmethyl[1,5]napthyridin-1-yl)ethanol (2 g) 6 mmol)
in chloroform (50 mL) in a flask covered with aluminum foil. The reaction
mixture was stirred at ambient temperature overnight; then it was washed
twice with dilute aqueous sodium 30 bicarbonate, washed with brine, dried
over magnesium sulfate and then concentrated under vacuum. The residue was
recrystallized from isopropanol to provide 2.25 g of
2phenylmethyl-1-(2-hydroxy-2-methylpropyl)-1H imidazo[4,5-c] [
1,5]naphthyridine-SN -70   0 9 J U l 2002 WO 99/Z9693 PGTNS981Z6473 oxide,
m.p. 204-206C. Analysis: Calculated for: C2oH2oN4O2 + %, H20: %C, 67.21;
%H, 5.92; %N, 15.68; Found: %C, 67.05; %H, 5.65; %N, 15.39. Example 65
Compound of Formula I
1,1-Dimethyl-2-(4-amino-2-phenylmethyl[1,5]napthyrldin-1-yl)ethanol NHZ N~
N \ /~~N \ N ~OH Ammonium hydroxide (10 mL) was added to a solution of
2-phonylmethyl-1-(2 hydroxy-2-methylpropyl)-1H
imidazo[4,5-c][1,5]naphthyridine-SN-oxide (1.5 g, 4.3 10 mmol) in
dichloromethane (40 mL). Tosyl chloride (0.8 g, 4.3 mmol) was slowly added.
Thin layer chromatography indicated that the reaction was proceeding
slowly. Additional tosyl chloride was added twice. After thin layer
chromatography indicated that the reaction was complete, the layers were
separated. The organic layer was washed with dilute aqueous sodium
carbonate, dried over magnesium sulfate and then concentrated 15 under
vacuum. The residue was covered with methyl acetate ( 10 mL)) hexane (5 mL)
was added and the mixture was allowed to stand overnight. The resulting
crystalline solid was isolated by filtration to provide
1,1-dimethyl-2-(4-amino-2-phenylmethyl[ 1,5]napthyridin 1-yl)ethanol, m.p.
211-213C. Analysis: Calculated for CzoHz~NsO: %C, 69.14; %H, 6.09; %N,
20.16; Found: %C, 69.10; %H, 6.12; %N, 20.48. 20 Example 66 Compound of
Formula XXXI N-Phenylmethyl-3-vitro[1,5]naphthyridin-4-amine Phosphorus
oxychloride (3.5 mL, 37.7 mmol) was reacted with N,N 25 dimethyIformamide
(15 mL) while chilling in an ice bath. This mixture was added to a solution
of 3-vitro[1,5]naphthyridin-4-of (6.0 g, 31.4 mmol) in
N,N-dimethylformamide (60 mL). The reaction mixture was warmed in an oil
bath to 60C. After 3 hours the -71    0 9 JUL 2002 WO 99D9693 PGT/US98D6473
reaction mixture was poured into ice water. The resulting precipitate was
isolated by filtration and then washed with water. The wet crude
5-chloro-3-nitro[1,5]naphthyridine was suspended in dichloromethane ( 150
mL). Diisopmpylethylamine ( 1.2 eq) was added followed by the slow addition
of benzylamine (4.7 mL g, 40 mmol). The reaction mixture 5 was refluxed for
2 hours and then combined with water 0100 mL). The layers were separated
and the organic layer was concentrated under vacuum to provide 5.5 g of
Nphenylmethyl-3-nitro[1,5]naphthyridin-4-amine. A small sample was
recrystallized from isopropanol to provide a pure sample, m.p. 127-129C.
Analysis: Calculated for C~SH12N402: %C, 64.28; %H, 4.32; %N, 19.99; Found:
%C, 63.89; %H, 4.40: %N, Z0.35. 10 Example 6?
N-(4-Phenylmethylamino[1,5]naphthyridin-3-yethoxyacetamide Hydrochloride A
catalytic amount of platinum on carbon was added to a suspension of
Nphenylmethyl-3-nitro[ 1,5]naphthyridin-4-amine (5.1 g, 18.2 mmol) in
toluene (300 mL). 15 The reaction mixture was hydrogenated on a Parr
apparatus under a hydrogen pressure of 50 psi (3.SKg/cmz) for 1 hour. The
reaction mixture was filtered to remove the catalyst. The filtrate was
concentrated under vacuum to a volume of about 200 mL and then reacted with
ethoxyacetyl chloride (2.5 g, 20 mmol). The resulting yellow precipitate
was isolated by filtration, suspended in diethyl ether, and then isolated
by filtration to provide 5.8 g of 20 N-(4-phenylmethylamino[
1,5]naphthyridin-3-yl) ethoxyacetamide hydrochloride, m.p) 



205-212C. Analysis: Calculated for C~9H2oN40z HCI: %C, 61.21; %H, 5.68;
%N,15.03; Found: %C, 60.90; %H, 5.38; %N, 15.38. Example 68 25 Compound of
Formula XXXIII 2-Ethoxymethyl-1-phenylmethyl-1H
imidazo[4,5-c][1,5]naphthyridine N-(4-Phenylmethylamino[
1,5]naphthyridin-3-yl)-ethoxyacetamide hydrochloride (5.8 g, 15.5 mmol) was
combined with a 7 % solution of ammonia in methanol (100 mL), placed in a
sealed Parr vessel and then heated at 150C for 6 hours. The reaction
mixture 30 was concentrated under vacuum. The residue was partitioned
between water and dichloromethane. The dichloromethane layer was separated,
washed with water, dried over magnesium sulfate and then concentrated under
vacuum. The residue was -72   0 9 JUL 2D02 WO 99l29693 PCT/US98IZ6473
recrystallized from methyl acetate to provide 4.3 g of
2-ethoxymethyl-1-phenylmethylIH imidazo[4,5-c][1,5]naphthyridine, m.p.
118-119C. Analysis: Calculated for Ci9H~aN40: %C, 71.68; %H, 5.70; %N,
I7.60; Found: %C, 71.44; %H, 5.60; %N, 17.66. Example 69 Compound of
Formula XXXIV 2-Ethoxymet6yl-1-phenylmethyl IH
imidazo[4,5-c][1,5]naphthyridine-5N-oxide 3-Chloroperbenzoic acid (3.7 g,
13.4 mmol) was added in 3 portions to a solution 10 of
2-ethoxymethyl-1-phenylmethyl-1H imidazo[4,5-c][1,5]naphthyridine (3.9
g,12.2 mmol) in chloroform (100 mL) in a flask covered with aluminum foil.
The reaction mixture was stirred at ambient temperature overnight; and then
it was washed twice with dilute aqueous sodium bicarbonate and once with
brine. The chloroform layer was divided into two portions. One portion was
used in the example below. The second 15 portion was concentrated under
vacuum. The residue was recrystallized from isopropyl alcohol to provide
2-ethoxymethyl-1-phenylmethyl-1H imidazo[4,5-c][I,5]naphthyridine SN-oxide
as a solid, m.p. 187.S-189C. Analysis: Calculated for C,9H,aN402 +'/. H20:
%C, 67.52; %H, 5.49; %N, 16.58; Found: %C, 67.56; %H, 5.36; %N, 16.77. 20
Example 70 Compound of Formula I 2-Et6oxymethyl-1-phenylmethyl-1H
imidazo[4,5-c] [1,5]naphthyridin-4-amine NH2 Ni N O /~ ~N N Ammonium
hydroxide (20 mL) was added to the chloroform solution of 2 25
ethoxymethyl-1-phenylmethyl-1H-imidazo[4,5-c][1,5]naphthyridine-SN-oxide
from the example above. Tosyl chloride was slowly added. Thin layer
chromatography indicated -73   0 9 JUl 2002 WO 99I29693 PCTNS98I26473 that
the reaction was proceeding slowly. Additional tosyl chloride was added
twice. After thin layer chromatography indicated that the reaction was
complete, the layers were separated. The organic layer was washed with
dilute aqueous sodium carbonate, dried over magnesium sulfate and then
concentrated under vacuum. The residue was covered 5 with methyl acetate (
10 mL), hexane (5 mL} was added and the mixture was allowed to stand
overnight. The resulting crystalline solid was isolated by filtration to
provide 2ethoxymethyl-1-phenylmethyl-1H
imidazo[4,5-c][1,5]naphthyridin-4-amine, m.p. 173174C. Analysis: Calculated
for C,9H,9N50: %C, 68.45; %H, 5.74; %N, 21.01; Found: %C, 68.35; %H) 5.83;
%N, 21.27. 10 Example 71 Compound of Formula XXXI
N4-(3-Isopropoxypropyl)-3-vitro[1,5]naphthyridin-4-amine Part A 15
Phosphorus oxychloride (3.4 mL, 30 mmol) was added to chilled (ice bath)
N,Ndimethylformamide ( 15 mL). The resulting solution was added dmpwise to
a solution of 3-vitro[1,5]naphthyridin-4-of (5.73 g, 30 mmol) in
N,N-dimethylformamide (35 mL). The reaction mixture was maintained at
ambient temperature for 5 hours and then it was poured onto ice. The
resulting yellow precipitate was isolated by filtration and then 20
partitioned between dichloromethane (200 mL) and water (150 mL). The
organic layer was separated, dried over magnesium sulfate, filtered, and
then concentrated under vacuum to provide 4.2 g of crude 4-chloro-3-vitro[
1,5]naphthyridine. Part B 4-Chloro-3-vitro[1,5]naphthyridine (4.1 g),
dichloromethane (150 mL), 25 triethylamine (4.1 mL, 29.5 mmol), and
3-isopropoxypropylamine (3.3 mL, 23.8 mmol) were combined. The reaction
mixture was maintained at ambient temperature overnight and then quenched
with water (100 mL). The phases were separated. The aqueous phase was
extracted with dichloromethane (100 mL). The organic phases were combined,
dried over magnesium sulfate, filtered and then concentrated under vacuum
to provide a yellow 30 oiI. The oil was purified by flash chromatography
(silica gel eluting with 1:1 ethyl acetate:hexanes) to provide 4.8 g of
N~-(3-isopropoxypropyl)-3-vitro[ 1,5]naphthyridin-4amine as a yellow
powder, m.p. 62.5-63.5C. Analysis: Calculated for C~~i~gN4O3: %C, -74   0 9
J U L 2002 WO 99I29693 PCTNS98/Z6473 57.9Z; %H, 6.25; %N, 19.30; Found: %C,
57.96; %H, 6.19; %N, 19.51. 'H NMR l300 MHz. CDCh): b 10.08 (broad s, 1 H),
9.3 8 (broad s) 1 H), 8.78 (m) 1 H), 8.21 (dd, J=8.4) 1 6 Hz, 1 H), 7.64
(dd, J=8.4,4.1 Hz, 1 H), 4.57 (broad s, 2H), 3 .65-3.5 7 (m, 3H), 2.05 (t,
J=5.6 Hz, 2H), 1.19 (d, J=6.0 Hz, 6H); Ms Win: m/e 290.1366 (290.1378
calc'd for C 14H 18N43). Example 72 Compound of Formula XXXII
N-(3-Isopropoxypropyl)[1,5]naphthyridine-3,4-diamine 10
N4-(3-Isopropoxypropyl)-3-nitro[ 1,5]naphthyridin-4-amine (4.2 g,14.5
mmol), platinum on carbon (1.1 g of 5%), and ethyl acetate (100 mL) were
placed in a hydrogenation flask. The mixture was shaken under a hydrogen
pressure of 50 psi (3.5 Kg/cm2) for 2.5 hours. The reaction mixture was
filtered and the catalyst was washed with ethyl acetate. The filtrate was
dried over magnesium sulfate, filtered and then 15 concentrated under
vacuum to provide 3.6 g of
N4-(3isopropoxypropyl)[1,5]naphthyridine-3,4-diamine as abright yellow oil.
~H NMR (300 MHz. CDCh): 8 8.70 (dd, J=4.1,1.6 Hz, 1H), 8.39 (s,1H)) 8.17
(dd, J=8.4,1.6 Hz, 1H), 7.37 (dd, J=8.4,4.1 Hz, 1H), 5.99 (broad s, 1H),
3.98 (broad s, 2H),3.63-3.55 (m, SH), 1.87 (pentet, J=6.2 Hz, 2H), 1.17 (d,
J=6.I Hz, 6H); M_ s,~n: m/e Z60.1630 (Z60.1637 calc'd 20 for ClaH2oN40),
Example 73 



Compound of Formula X3Q~III 2-Butyl-1-(3-isopropoxypropyl)-IH
imidazo[4,5-c](1,5]naphthyridine 25 Part A Valeryl chloride (1.53 mL, 12.9
mmol) was added dropwise over a 15 minute period to a chilled (ice bath)
solution of N4-(3-isopropoxypropyl)[1,5]naphthyridine-3,4diamine (3.2 g,
12.3 mmol) in dichloromethane (40 mL). The cooling bath was removed and the
reaction mixture was maintained at ambient temperature for 1 hour. The
solvent 30 was removed under vacuum to provide a dark tan solid. -75   0 9
J U l 2002 PCTNS98/26473 WO 99I29693 Part B The material from Part A and a
7.5% solution of ammonia in methanol (100 mL) were placed in a pressure
vessel. The vessel was sealed and then heated at 150C for 6 hours. After
the mixture was cooled to ambient temperature it was concentrated under
vacuum. The residue was partitioned between dichloromethane (150 mL) and
water (150 mL). The fractions were separated and the aqueous fraction was
extracted with dichloromethane (l00 mL). The organic fractions were
combined, dried over magnesium sulfate, filtered and then concentrated
under vacuum to provide a brown oil. The oil was purified by flash
chromatography (silica gel eluting with ethyl acetate) to provide 3.1 g of
10 2-butyl-1-(3-isopropoxypropyl}-1H imidazo[4,5-c][1,5]naphthyridine as a
colorless oil.'H IVMR (300 MHz, CDCI~}: 8 9.32 (s, 1H), 8.90 (dd, J=4.3,1.7
Hz, 1H), 8.49 (dd, J=8.5,1.7 Hz, 1H), 7.57 (dd, J=8.S,4.3 Hz, 1H), 4.94 (t,
J=7.0 Hz, 2H), 3.56 (pentet, J=6.1 Hz, 1H), 3.44 (t, J=5.7 Hz, 2H), 3.05
(t, J=7.9 Hz, 2H), 2.29-2.20 (m, 2H), 2.01-1.90 (m, 2H), 1.601.48 (m, 2H),
1.15 (d, 3=6.1 Hz, 6H), 1.03 (t, J=7.3 Hz, 3H); MS fEn: m/e 326.2104 15
(326.2106 calc'd for C,9HZ6N40), Example 74 Compound of Formula XXXIV
2-Butyl-1-(3-isopropoxypropyl}-1H imidazo[4,5-c][1,5]naphthyridine 20
SN-oxide 3-Chloroperbenzoic acid (1.2 g of S7-86%) was added in four
portions over a period of 20 minutes to 2-butyl-1-(3-isopropoxypropyl)-1H
imidazo[4,5c][1,S]naphthyridine {1.4 g, 4.3 mmol) in chloroform (20 mL).
The reaction mixture was maintained at ambient temperature for 2 hours and
then it was washed with saturated 2S sodium bicarbonate (2 x 15 mL) and
water (20 mL). The organic fraction was dried over magnesium sulfate,
filtered and then concentrated under vacuum to provide a yellow oil. The
oil was purified by column chromatography (silica gel eluting with 95:5
ethyl acetate:methanol) to provide 0.95 g of
2-butyl-1-(3-isopropoxypropyl)-1H imidazo[4,Sc][I,SJnaphthyridine-5N-oxide
as a yellow solid, m.p. 92.0-93.0C. Analysis: Calculated 30 for ClgHZ6N4Oz:
%C, 66.64; %H, 7.65; %N, 16.36; Found: %C, 66.18; %H, 7.39; %N, 16.26.'H
NMR (300 MHz, CDCI~,): S 9.24 (dd, J=8.8,1.6 Hz,1H), 9.05 (s, 1H), 8.98
(dd, J=4.3,1.6 Hz, 1 H), 7.65 (dd, J=8.8,4.3 Hz, 1 H), 4.89 (t, J=7.0 Hz,
2H), 3 .56 (pentet, J=6.1 -76   0 9 J U l 2002 WO 99!Z9693 PGTNS98IZ6473
Hz, 1H), 3.44 (t, J=5.7 Hz, 2H), 3.02 (t) J=7.9 Hz, 2H), 2.27-2.18 (m, 2H),
1.97-1.87 (m, 2H), 1.59-1.47 (m, 2H), 1.15 (d, J=6.1 Hz, 6H), 1.02 (t,
J=7.3 Hz, 3H). Example 75 Compound of Fonmula I
2-Butyl-1-(3-isopropoxypropyl~lH imidazo(4,5-c][1,5]naphthyridine-4-amine
NH2 N, N /~ ~N N O Under a nitrogen atmosphere, trichloroacetyl isocyanate
(0.42 mL, 3.5 mmol) was added dropwise to a solution of
2-butyl-1-(3-isopropoxypropyl)-1H imidazo[4,5 10
c][1,5]naphthyridine-SN-oxide (0.8 g, 2.3 mmol) in dichloromethane (25 mL).
The reaction mixture was maintained at ambient temperature for 2 hours and
thcn concentrated under vacuum to provide a yellow oil. The oil was
dissolved in methanol (15 mL) and then sodium methoxide (0.8 mL of 25% in
methanol, 3.5 mmol) was slowly added. The reaction was maintained at
ambient temperature overnight. The resulting precipitate was 15 isolated by
filtration and then recrystallized from methyl acetate to provide 0.47 g of
2 butyl-1-(3-isopropoxypropyl)-1H-imidazo(4,5-c][1,5]naphthyridine-4-amine
as a white crystalline solid, m.p. 174-175C. Analysis: Calculated for
C~9H2~N50: %C, 66.83; %H, 7.97; %N, 20.51; Found: %C, 66.70; %H, 7.81; %N,
20.75. ' H NMR~300 MHz. CDCI~: 8 8.50 (dd, J=4.3,1.5 Hz, 1 H), 7.90 (dd,
J=8.4,1.5 Hz, 1 H), 7.42 (dd, J=8.4,4.3 Hz, 1 H), 20 6.75 (s, 2H), 4.77 (t,
J=6.8 Hz, 2H), 3.50 (pentet, J=b.l Hz, 1H), 3.35 (m, 2H), 2.95 (t, J=7.8
Hz, 2H), 2.13-2.04 (m, 2H), 1.86-1.76 (m, 2H), 1.52-1.40 (m, 2H), 1.05 (d,
J=6.1 Hz, 6H), 0.97 (t, J=7.3 Hz, 3H). _77   0 9 J U L 2002 WO 99l29693
PCTNS98r16473 Example 76 Compound of Formula XXXI
N-(3-Butoxypropyl)-3-nitro[1,5]naphthyridin-4-amine Under a nitrogen
atmosphere, 3-butoxypropylamine (4.0 mL, 26 mmol) was added dropwise over a
period of 10 minutes to a solution of 4-chloro-3-nitro(1,5]naphthyridine
(4.6 g, 22 mmol) and triethylamine (4.6 mL) 33 mmoI) in.dichloromethane
(150 mL). The reaction mixture was maintained at ambient temperature
overnight. Water ( 100 mL) was added and the phases were separated. The
aqueous phase was extracted with 10 dichloromethane ( 100 mL). The organic
fractions were combined, dried over magnesium sulfate, filtered and then
concentrated under vacuum to pmvide a yellow oil. The oil was 



purified by flash chromatography (silica gel eluting with 1:1 ethyl
acetate:hexanes} to provide 5.3 g of
1V~-(3-butoxypropyl)-3-vitro[1,5]naphthyridin-4-amine as a colorless oil. '
H NMR y300 MHz. CDCI,I: b 10.08 (broad s, 1 H), 9.3 8 (broad s, 1 H), 8.78
(m, l H)) 8.22 15 (dd, J=8.4,1.6 Hz) 1 H), 7.64 (dd, J=8.4,4.1 Hz, 1 H),
4.57 (broad s, 2H), 3.63 (t, J=5.8 Hz) 2H), 3.46 (t, J=6.7 Hz, 2H),
2.10-2.03 (m, 2H), 1.65-1.55 (m, 2H), 1.44-1.32 (m, 2H), 0.92 (t, J=7.3 Hz,
3H); MS (EII: m/e 304.1535 (304.1535 calc'd for C~sH2oN403), Example 77 20
Compound of Formula X3~CII N-(3-Butoxypropyl)[l,5jnaphthyridine-3,4-diamine
Using the method of Example 72,
N4-(3-butoxypropyl)-3-vitro[1,5]naphthyridin-4 amine (4.9 g, 16 mmol} was
reduced to provide 4.3 g of N4-(3
butoxypropyl)[1,5]naphthyridine-3,4-diamine as a bright yellow oil.
Analysis: Calculated 25 for C15Hz2Na~: %C, 65.67; %H, 8.08; %N, 20.42;
Found: %C, 65.48; %H, 8.07; %N, 20.41.'H NMR 300 MHz. CDCI~,): 8 8.70 (dd,
J=4.1,1.6 Hz, 1H), 8.39 (s, 1H), 8.18 (dd, J=8.4,1.6 Hz, 1H), 7.3? (dd,
J=8.4,4.1 Hz, 1H), 5.97 (broad s, 1H), 3.96 (broad s, 2H), 3.63-3.56 (m,
4H}, 3.44 (t, J=6.7 Hz, 2H),1.89 (pentet, J=6.2 Hz, 2H), 1.63-1.53 (m, 2H),
1.44-1.32 (m, 2H), 0.93 (t, J=7.3 Hz, 3H); MSMS (EI): m/e 274.1799
(274.1793 calc'd for 30 C~SHzsNaO). _78_   0 9 JUl 2002 WO 99I29693
PCTNS98I264'13 Example 78 Compound of Formula XXXIII
1-(3-Butoxypropyl)-2-butyl-1H imidazo[4,5-c][1,5]naphthyridine Using the
general method of Example 73 Part A and Part B, N4-(3 5
butoxypropyl)[1,5]naphthyridine-3,4-diamine (3.7 g, 13.5 mmol) was reacted
with valeryl chloride (1.7 mL, 14.3 mmol) and the resulting amide
intermediate was cyclized to provide 2.9 g of 1-(3-butoxypropyl)-2-butyl-IH
imidazo[4,5-c][1,5]naphthyridine as a colorless oil. A small portion was
purified by flash chromatography (silica gel eluting with ethyl acetate) to
provide a pure sample as a white powder, m.p. 56.5-57.5C. 1 U Analysis:
Calculated for CZOHzeNa~: %C, 70.56; %H, 8.29; %N, 16.46; Found: %C, 70.48;
%H, 8.25; %N, 16.61. ' H NMR 1300 MHz.`CDCh): 8 9.32 (s, 1 H), 8.90 (dd,
J=4.3,1.6 Hz, 1 H), 8.49 (dd, J=8.5,1.6 Hz, 1 H), 7.57 (dd, J=8.5,4.3 Hz, 1
H), 4.94 (t, J=7.0 Hz, 2H), 3.45-3.39 (m, 4H), 3.04 (t, J=7.9 Hz, 2H), 2.26
(pentet, J=6.1 Hz, 2H)) 2.01-1.91 (m, 2H), 1.62-1.48 (m, 4H), 1.45-1.33 (m,
2H),1.03 (t, J=7.3 Hz, 3H), 0.94 (t, J=7.3 Hz, 15 3H). Example 79 Compound
of Formula 3tXXIV 1-(3-Butoxypropyl)-2-butyl-1H
imidazo[4,5-c][1,5)naphthyridine-5N-oxide 20 Using the general method of
Example 74, 1-(3-butoxypropyl)-2-butyl-1H imidazo[4,5-c][1,5]naphthyridine
(2.2 g, 6.47 mmol) was oxidized to provide 1.6 g of 1
(3-butoxypropyl)-2-butyl-1H imidazo[4,5-c][1,5]naphthyridine-5N-oxide as a
yellow powder, m.p. 126.5-127.5C. Analysis: Calculated for CzoH2sNa02: %C,
67.39; %H, 7.92; %N, 15.72; Found: %C, 67.13; %H, 7.69; %N) 15.82. 'H NMR
(300 MHz,LCDCI,~I: 8 9.Z2 25 (dd, J=8.8,1.5 Hz, 1 H), 9.04 (s, 1 H), 8.99
(dd, J=4.3,1.5 Hz, 1 H), 7.65 (dd, J=8.8,4.3 Hz, 1H), 4.89 (t, J=7.0 Hz,
2H), 3.46-3.39 (m, 4H), 3.01 (t) J=7.9 Hz, 2H), 2.28-2.20 (m, 2H),
I.97-l.87 (m, 2H), I.62-1.46 (m, 4H), 1.45-I.33 (m, 2H), 1.03 (t, J=7.3 Hz,
3H), 0.94 (t, J=7.3 Hz, 3H). _79_   0 9 J U l 2002 WO 99l29693
PCTNS98n64'13 Example 80 Compound of Formula I
1-(3-Butoxypropyl)-2-butyl-1H imidazo[4,5-c](l,5jnaphthyridin-4-amine NH2
N, N /~~N N O Using the general method of Example
75,1-(3-butoxypropyl)-2-butyl-1H imidazo[4,5-c][1,5]naphthyridine-SN-oxide
(1.2 g, 3.4 mmol) was reacted with trichloroacetyl isocyanate (0.6 mL, 5.0
mmol) and the resulting intermediate was hydrolyzed to provide 0.86 g of
1-(3-butoxypropyl)-2-butyl-1H imidazo[4,5 10 c][1,5]naphthyridin-4-amine as
a white powder, m.p. 101.0-101.5C. Analysis: Calculated for CZpH29N50 %C,
67.58; %H, 8.22; %N) 19.70; Found: %C, 67.55; %H) 7.96; %N, 20.10. ~ H NMR
(300 MHz. DMS Ol: 8 8.50 (dd, J=4.4,1.5 Hz, 1 H), 7.91 (dd, J=8.4,1.6 Hz,
1H), 7.42 (dd, J=8.4,4.4 Hz, 1H), 6.77 (s, 2H), 4.78 (t, J=6.9 Hz, 2H),
3.38-3.30 (m, 4H), 2.93 (t, J=7.8 Hz, 2H), 2.11 (pentet, J=6.1 Hz, 2H),
1.82 (pentet, J=7.6 Hz, 2H), 1.51 15 1.39 (m, 4H), 1.37-1.25 (m, 2H), 0.96
(t, J=7.3 Hz, 3H), 0.88 (t, J=7.2 Hz, 3H). Example 81 Compound of Formula
XXXI N4-(2-Phenoxyethyl)-3-vitro[1,5]naphthyridin-4-amine 20 Using the
general method of Example 76, 4-chloro-3-vitro[1,5]naphthyridine (5.0 g, 24
mmol) was reacted with 2-phenoxyethylamine (3.5 mL, 27 mmol) to provide 6.6
g of N4-(2-phenoxyethyl)-3-rutro[1,5]naphthyridin-4-amine as a yellow
solid, m.p. 107-108C. Analysis: Calculated for C~6H,4N4O3: %C, 61.93; %H,
4.55; %N, 18.05; Found: %C, 61.99; %H, 4.58; %N, 18.42.'H NMR (300 MHz.
DMSO): S 10.25 (broad s, 1H), 9.39 25 (broad sr 1 H), 8. 81 (dd, J=4.1,1.7
Hz, 1 H), 8 .25 (dd, J=8.5) 1.7 Hz, 1 H), 7.67 (dd, J=8.5,4.1 Hz, 1H),
7.34-7.26 (m, 2H), 7.01-6.96 (m, 3H), 4.89 (broad s, 2H), 4.35 (t) J=5.1
Hz, 2H); MS EI : m/e 310.1065 (310.1065 calc'd for C~6H,,aN4O3), -80   0 9
JUL 2002 WO 99/29693 Example 82 Compound of Formula XXXII 



N4-(2-Phenoxyethyl)[1,5]naphthyridine-3,4-diamine 5 Using the general
method of Example 77, N-(2-phenoxyethyl)-3 PCTNS98~6473
nitro[1,5]naphthyridin-4-amine (5.4 g, 17.4 mmol) was reduced to provide
4.6 g of N4-(2phenoxyethyl)[ 1,5]naphthyridine-3,4-diamine as a bright
yellow oil. 'H NMR 1300 MHz. DMSO : b 8.68 (dd, J=4.1,1.7 Hz, 1 H), 8.40
(s, 1 H), 8.10 (dd, J=8.4,1.7 Hz, 1 H), 7.39 (dd, J=8.4,4.1 Hz, 1H),
7.28-7.22 (m, 2H), 6.94-6.90 (m, 3H), 6.12 (t, J=7.0 Hz, 1H), 5.15 (s, 10
2H), 4.13 (t, J=5.5 Hz, 2H), 3.93-3.87 (m, 2H); Ms rcn: m/e 281 (M+H).
Example 83 Compound of Formula XXXIII 2-(2-Butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl Phenyl Ether 15 Using the
general method of Example 73 Part A and Part B, N4-(2 phenoxyethyl)[
1,5]naphthyridine-3,4-diamine (4.4 g, 15.7 mmol) was reacted with valeryl
chloride ( 1.95 mL, 16.4 mmol) and the resulting amide intermediate was
cyclized to provide 4.0 g oft-(2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl phenyl ether as a white solid,
m.p. 150-150.5C. Analysis: Calculated for C2~HZZN40: %C, 72.81; %H, 2U
6.40; %N, 16.17; Found: %C, 72.78; %H, 6.40; %N, 16.31.'H NMR 1300 MHz,
DMSOI: 8 9.25 (s, 1 H), 9.00 (dd, J=4.3,1.7 Hz, 1 H)) 8.52 (dd, J=8.4,1.7
Hz, 1 H), 7.74. (dd, J=8.4,4.3 Hz, 1H), 7.25-7.20 (m, 2H), 6.91-6.84 (m,
3H), 5.22 (t, J=5.2 Hz, 2H), 4.53 (t, J=5.2 Hz, 2H), 3.09 (t, J=7.7 Hz,
2H), 1.91 (pentet, J=7.6 Hz, 2H), 1.55-1.43 (m, 2H), 0.97 (t, J=7.3 Hz,
3H); MS (EI): m/e 346.1794 (346.1793 calc'd for Cz~HZ2N40), 25 Example 84
Compound of Formula XXXIV 2-Butyl-1-(2-phenoxyethyl}-1H
imidazo[4,5-c][1,5]naphthyridine-SN-oxide Using the general method of
Example 74, 2-(2-butyl-1H imidazo[4,5 30 c][1,5]naphthyridin-1-yl)ethyl
phenyl ether (0.6 g) 1.7 mmol) was oxidized to provide 0.44 g of
2-butyl-1-(2-phenoxyethyl)-1H imidazo[4,5-c][1,5]naphthyridine-5N-oxide as
a yellow powder. 'H NMR 1300 MHz. CDCI~: b 9.10-9.03 (m, 3H), 7.81 (dd,
J=8.7,4.3 Hz, -81   0 9 J U L 2002 WO 99I29693 PGTNS98IZ6473 1H), 7.25-7.20
(m, 2H), 6.92-6.83 (m, 3H)) 5.16 (t, J=4.9 Hz, 2H), 4.51 (t, J=4.9 Hz, 2H),
3.06 (t) J=7.7 Hz, 2H), l.93-1.83 (m, 2H), l.54-1.41 (m, 2H), 0.96 (t,
J=7.3 Hz, 3H); MS ~I : m/e 363 (M+H). Example 85 Compound of Formula I
2-Butyl-1-(2-phenoxyethyl)-1H imidaxo[4,5-c][1,5]naphthyrldln-4-amine ~2 Ni
N N ~O Using the general method of Example 75,
2-butyl-1-(2-phenoxyethyl)-1H 10 imidazo[4,5-c][1,5]naphthyridine-SN-oxide
(0.38 g, 1.05 mmol) was reacted with trichloroacetyl isocyanate (0.19 mL,
1.6 mmol) and the resulting intermediate was hydrolyzed to provide 0.23 g
of 2-butyl-1-(2-phenoxyethyl)-1H imidazo[4,5c][1,5]naphthyridin-4-amine as
a white powder, m.p. 159.0-159.2C.'H NMR (300 MHz. DMSO): 8 8.52 (dd,
J=4.4,1.5 Hz, 1 H), 7.92 (dd, J=8.4,1.5 Hz, 1 H), 7,45 (dd, J=8.4,4.4 15
Hz, 1 H), 7.26-7.21 (m, 2H), 6.92-6.86 (m, 3H), 6.79 (s, 2H) 5.13 (t, J=5.2
Hz, 2H), 4.48 (t, J=5.2 Hz, 2H), 3.00 (t, J=7.8 Hz, 2H), 1.91-1.81 (pentet,
J=7.4 Hz, 2H), 1.52-1.40 (m, 2H), 0.95 (t, J=7.3 Hz, 3H); MS E : mle
361.1899 (361.1902 calc'd for CzlHz3Ns0). Example 86 20 Compound of Formula
XXXI 1,1-Dimethylethyl
N-{2-[(3-Nitro[1,5]naphthyridin-4-yl)amino]ethyl}carbamate A solution of
diisopropylethylamine ( 13.47 g, 0.10 mole) in dichloromethane (25 mL) was
added to a solution of 5-chloro-3-vitro[1,5]naphthyridine (18.2 g, 0.086
mol) in 25 dichloromethane (250 mL). A solution of tert-butyl
N-(2-aminoethyl)carbamate (16.7 g, 0.10 mol) in dichloromethane (75 mL) was
slowly added to the reaction mixture. The reaction mixture was heated at
reflux overnight. Additional tert-butyl N-(2 -82   0 9 J U l 2002 WO
99I19693 PCfNS98lZ6473 aminoethyl)carbamate (1 g) was added and the
reaction mixture was heated at reflux for an additional 3 hours. The
reaction mixture was allowed to cool to ambient temperature and then it was
diluted with additional dichloromethane, washed with water and with brine,
dried, and then concentrated under vacuum to pmvide a dark solid. This
solid was 5 purified by flash chromatography (silica gel eluting with
dichloromethane) to provide 24.8 g of 1,1-dimethylethyl
N-{2-[(3-vitro[1,5]naphthyridin-4-yl)amino]ethylcarbamate as a canary
yellow solid. A portion (0.3 g) was recrystallized from toluene ( 10 mL)
and heptane (10 mL) to provide 0.2 g of canary yellow needles, m.p.
149-151C. Analysis: Calculated for CtsH,9Ns04: %C, 54.05; %H, 5.75; %N,
21.01; Found: %C, S4.17; %H, 10 5.73; %N, 20.90. Example 87 Compound of
Formula X70~II 1,1-Dimethylethyl 15
N-{2-[(3-Amino[1,5]aaphthyridin-4-yl)amino]ethyl}carbamate 



1,1-Dimethylethyl
N-{2-[(3-vitro[1,5]naphthyridin-4-yl)amino]ethyl}carbamate ( 10 g, 0.03
mol), ethyl acetate (800 mL) and platinum on carbon catalyst were combined
in a Parr bottle and then the mixture was hydrogenated overnight. The
reaction mixture was filtered to remove the catalyst. The filtrate was
concentrated under vacuum to provide 20 9.1 g of 1,1-dimethylethyl
N-{2-[(3-amino[1,5]naphthyridin-4-yl)amino]ethyl}carbamate as a yellow
syrup. Analysis: Calculated for C15HZ~N502 + 0.1 CH3COzCzHS:_%C, 59.25; %H,
7.04; %N, 22.43; Found: %C, 58.96; %H, 6.87; %N, 22.46. Example 88 25
Compound of Formula XXXIII 1,1-Dimethylethyl N-[2-(B-butyl-iH
imidazo[4,5-c]1,5]naphthyridin-1-yl)ethyl]carbamate l,l-Dimethylethyl
N-{2-[(3-amino[I,5]naphthyridin-4-yl)amino]ethyI}carbamate 0.6 g, 2 mmol),
trimethyl orthovalerate (0.35 g, 2.1 mmol), and toluene (25 mL) were 30
combinedand heated at reflux for 2 hours. Additional trimethyl
orthovalerate (1 eq.) was added and the reaction mixture was heated at
reflux overnight. Xylene was added and the toluene was distilled off. The
reaction was heated at reflux for an additional 8 hours. The -83   0 9 JUL
2002 WO 99/I9693 PCTN898/26473 bulk of the xylene was distilled off leaving
a volume of about 5 mL. The reaction mixture was allowed to cool. The
resulting precipitate was isolated by filtration, washed with heptane and
dried to provide 0.35 g of 1,I-dimethylethyl N-[2-(2-butyl-1H imidazo[4,5
c]1,5]naphthyridin-1-yl)ethyl]carbamate as an ivory powder, m.p. 198-199C.
Analysis: 5 Calculated for CzoHz~N502: %C, 65.01; %H, 7.36; %N, 18.95;
Found: %C, 64.75; %N, 7.57; %N, 19.09. Example 89 Compound of Formula
X~~III 10 1-{2-[(1,1-dimethylethoxycarbonyl)amino]ethyl}-2-butyl1H
imidazo[4,5-c][1,5]naphthyridine-5N-oxide 3-Chloroperbenzoic acid (0.7 g of
57-86%) was dissolved in chloroform (10 mL). One half of this solution was
added to a solution of 1,1-dimethylethyl N-[2-(2-butyl-1H imidazo[4,5-c]
1,5]naphthyridin-1-yl)ethyl]carbamate (1.0 g, 2.7 mmol) in chloroform (10
15 mL). The reaction mixture was stirred at ambient temperature for 30
minutes and then the remaining half of the chloroperbenzoic acid solution
was added dropwise to the reaction mixture. The reaction mixture was
stirred at ambient temperature for a total of 2.5 hours and then it was
diluted with chloroform (50 mL); washed with sodium carbonate, with 10%
sodium hydroxide, with water, and with brine; dried and concentrated under
vacuum 20 to provide 1.1 g of a yellow solid. This material was
recrystallized twice from acetonitrile to provide 1.0 g of
1-{2-[(1,1-dimethylethoxycarbonyl)amino]ethyl}-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridine-5N-oxide. Analysis: Calculated for
CZOH2~N503: %C, 62.32; %H, 7.06; %N, 18.17; Found: %C, 62.03; %H) 6.73; %N,
18.10. -84   0 9 J U ~ 2002 WO 99!Z9693 Example 90 Compound of Formula I
1,1-Dirnethylethyl N-[2-(4-Amino-2-butyl PCT/US98I26473 1H
imidazo[4,5-c][1,5)naphthyridin-1-yl)ethyl]carbamate NH2 N, N /~ ~N H N ~N
O O Trichloroacetyl isocyanate (4.8 mL, 40 mmol) was added via a syringe to
a solution of 1-{2-[(1,1-dimethylethoxycarbony!)amino]ethyl}-2-butyl-1H
imidazo[4,5 c] [ 1,5]naphthyridine-SN-oxide ( 10.4 g, 27 mmol) in
dichloromethane (75 mL). The 10 reaction mixture was stirred at ambient
temperature for 1 hour. Sodium methoxide (9 mL of 25% sodium methoxide in
methanol) was added and the reaction mixture was stirred at ambient
temperature ovenught. Thin layer chromatography indicated that the reaction
was not complete so additional sodium methoxide was added twice with each
addition being followed by 2 hours of stirring at ambient temperature. The
reaction mixture was 15 diluted with dichloromethane; washed with sodium
carbonate, water, and then brine; dried and then concentrated under vacuum
to provide 10.4 g of a yellow solid. This material was purified by column
chromatography (silica gel eluting with dichloromethane) to provide 8.5 g
of a solid. This solid was recrystallized from toluene (20 mL) to provide
6.0 g of 1,1-dimethylethyl N-[2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1 20 yl)ethyl]carbamate as ivory crystals,
m.p. 118-120C. Analysis: Calculated for C2oHzeN6Oz: %C, 62.48; %H, 7.34;
%N, 21.85; Found: %C, 62.31; %H, 7.23; %N, 22.13. HRMS (EI) calcd for
C2aH2gN602 (M+) 384.2273, found 384.2273 -85   0 9 J U L 2002 WO 99I29693
pCTNS98/26473 Example 91 Compound of Formula I 



2-(4-Amino-2-butyl-1H imidazo[4,5-c] [1,5]naphthyridin-1-yl)ethaneamine NH2
N, N /~~N \ N ~ NH2 Trifluoroacetic acid (5 mL) was added to a solution of
1,1-dimethylethyl N-[2-(4 amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]carbamate (5.7 g, 15 mmol) in
dichloromethane ( 10 mL). The reaction mixture was stirred at ambient
temperature for 1 hour. The reaction mixture was diluted with
dichloromethane and then extracted with I O 10% hydrochloric acid. The
hydrochloric acid extract was washed twice with dichloromethane and then it
was made basic with ammonium hydroxide. The resulting precipitate was
isolated by filtration and dried to provide 3.7 g of 2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-I-yl)ethaneamine as a white powder, m.p.
175-176C. Analysis: Calculated for CisHzoNb: %C, 63.36; %H, 7.09; %N,
29.55; Found: %C, 62.98; 15 %H, 6.92; %N, 29.89. HRMS (En calcd for C 1
sHzoNb (M+) 284. I 749, found 284.1748. Example 92 Compound of Formula I
Nl-[Z-(4-Amino-2-butyl 20 1H imidazo[4,5-c]
[1,5]naphthyridin-1-yl)ethyl]acetamide ~2 Ni N /~ ~N N ~H \ N` / ~'I(O -86
0 9 J U l 2002 WO 99n9693 PCTNS98I26473 Under a nitrogen atmosphere, acetyl
chloride (SO uL, 0.7 mmole) in dichloromethane (25 mL) was added dropwise
to a cooled (ice bath) solution of 2-(4 amino-2-butyl-1H
imidazo[4,S-c][1,5]naphthyridin-1-yl)ethaneamine {0.2 g, 0.7 mmol) in
dichloromethane (50 mL). After the addition was complete, the reaction
mixture was 5 allowed to warm to ambient temperature. After 30 minutes thin
layer chromatography indicated that the reaction was complete. The reaction
mixture was washed with 10% sodium hydroxide, water and brine; dried; and
concentrated under vacuum to provide 0.25 g of crude product. This material
was purified by column chromatography (silica gel eluting with
dichloromethane) to provide 0.2 g of a solid. This solid was recrystallized
10 from acetonitrile (30 mL) to provide 0.18 g of N'-[2-(4-amino-2-butyl-1H
imidazo(4,5 c][1,5]naphthyridin-1-yl)ethyl]acetamide as a white powder,
m.p.228-230C. Analysis: Calculated for C,~H22N6O: %C, 62.56; %H, 6.79; %N,
25.75; Found: %C, 62.50; %H, 6.59; %N, 26.04. HRMS (EI) calcd for
CizH26N602 (M+) 326.1855, found 326.1846 15 Example 93 Compound of Formula
I N'-(2~4-Amino-2-bntyl 1H imidazo[4,5-c]
[1,5]naphthyridin-1-yl)ethyl]-(E)-2-butenamide NH2 N, N N H ~N O 20 Using
the general method of Example 92, crotonyl chloride (68 pL, 0.7 mmol) was
reacted with 2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethaneamine (0.2 g, 0.7 mmol) to
provide 0.2 g of N'-[2-(4-amino-2-butyl-IH
imidazo[4,5c][1,5]naphthyridin-1-yl)ethyl]-(E)-2-butenamide as a white
powder, m.p. 198-200C. Analysis: Calculated for C,9HZeN60: %C, 64.75; %H,
6.86; %N, 23.85; Found: %C, 25 64.25; %H, 6.68; %N, 23.99. HRMS (EI) calcd
for C~gHi4N6O (M+) 352.2011 found 3S2.1996 _87_   0 9 JUL 2002 WO 99l29693
PCTNS98116473 Example 94 Compound of Formula I N'-[2-(4-Amino-2-butyl-IH
imidazo[4,5-c][l,SJnaphthyridin-1-yl)ethyl] 1-cyclohexanecarboxamide NH2 N,
N I \ /~~N IN ~ N O Using the general method of Example 92,
cyclohexanecarbonyl chloride (94 ~L, 0.7 mmol) was reacted with
2-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1yl)ethaneamine (0.2
g, 0.7 mmol) to provide 0.2 g of N~-[2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-1-cyclohexanecarboxamide as a
white 10 powder, m.p. 188-190C. Analysis: Calculated for CZZH3oN60: %C,
66.98; %H, 7.66; %N, 21.30; Found: %C, 66.72; %H, 7.57; %N, 21.48. HRMS
(EI) calcd for Cz2H3oN6O (M+) 394.2481 found 394.2475. Example 95 15
Compound of Formula I N'-[2-(4-amino-2-butyl-1H imidazo[4,5-c]
[1,5]naphtbyridin-1-yl)ethyl] 3,5-di-(1,1-dimetbyletbyl)-4-hydroxybenzamide
~2 Ni N /~ ~N NNH _88_ 



0 9 JUL 2002 WO 99A9693 PGT/US98I26473 Using the general method of Example
92, 3,5-di-(l,ldimethylethyl)-4 hydroxybenzoyl chloride (0.47 g, 1.7 mmol)
was reacted with
2-(4-amino-2-butyl-1Himidazo[4,5-c][1,5]naphthyridin-1-yl)ethaneamine (0.5
g, 1.7 mmol) to provide 0.5 g of Nl-[2-(4-amino-2-butyl-1H
imidazo[4,S-c][1,5]naphthyridin-1-yl)ethyl]-3,5-di-(1,1dimethylethyl)-4-hyd
roxybenzamide as a white powder) m.p. 248-250C. Analysis: Calculated for
C30I'~40N6~2 %C, 69.74; %H, 7.80; %N, 16.27; Found: %C, 69.65 %H, 7.69; %N)
16.42. HRMS (EI) calcd for C3~pN6OZ (M+) 516.3212 found 516.3226 Example 96
10 Compound of Formula I Nl-[2-(4-Amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl] 3-phenylpropanamide
Hydrochloride NHZ N, N /~ N \ \ N ~N I O Using the general method of
Example 92, hydrocinnamoyl chloride (0.1 g, 0.7 15 mmol) was reacted with
2-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1 yl)ethaneamine (0.2
g, 0.7 mmol). After one hour the reaction mixture was poured directly onto
a silica gel column and eluted with dichloromethane at first, then 15%
methanol / dichloromethane to provide 0.2 g of a solid. This solid was
recrystallized from toluene to provide 0.2 g ofN~-[2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl] 20 3-phenylpropanamide
hydrochloride as a white powder, m.p. 183-185C. Analysis: Calculated for
CZ4H28N60 HCI: %C, 63.64; %H, 6.45; %N, 18.55; Found: %C, 63.68; %H, 6.43;
%N, 18.55. -89   p 9 J U l 2002 PCT/US98I16473 WO 99I29693 Example 97
Compound of Formula I N-[2-(4-Amino-2-butyl-1H
imidazo[4,5-c][I,5]naphtbyridin-1-yl)et6y1]
5-oxotetrahydro-2-furancarboxamide NH2 Ni N /~~N INI ~N ~O ~O O A solution
of (S)-(+)-5-oxo-2-tetrahydrofurancarboxylic acid (0.23 g,1.7 mmole in
anhydrous dichloromethane (30 mL) was slowly added to a solution of
2-(4-amino-2 butyl-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)ethaneamine (0.5
g, 1.7 mmol) in 10 anhydrous dichloromethane (100 mL). The reaction mixture
was stirred at ambient temperature for 30 minutes and then a solution of
1-[3-(dimethoxyamino)propyl]-3 ethylcarbodiimide hydrochloride (0.37 g, 1.9
mmol) in anhydrous dichloromethane (50 mL) was added dropwise. The reaction
mixture was stirred at ambient temperature overnight and then filtered to
remove solids. The filtrate was washed twice with 10% 15 sodium hydroxide
and then with brine, dried, and then concentrated under vacuum to provide
0.3g of crude product. This material was purified by column chromatography
(silica gel eluting with dichloromethane) followed by recrystallization
from acetonitrile to provide 0.1 g ofN-[2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-5oxotetrahydro-2-furancarboxami
de as a white powder, m.p. 153-154C. Analysis: 20 Calculated for CZOHZaNsOs
%C, 60.59; %H, 6.10; %N, 21.19; Found: %C, 60.34; %H, 6.14; %N, 21.13. HRMS
(EI) calcd for CZOHi4N6O3 (M+) 396.1909 found 396.1905 -90   0 9 JUL ?~~2
PGTNS98lZ6473 WO 99I19693 Example 98 Compound of Formula I
N'-[2-(4-Amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl] 5
2-(3-hydroxyphenyl)acetamide NH2 Ni N I \ /~ ~N H N ~ N OH O ~ I Using the
general method of Example 97 3-hydroxyphenyl acetic acid (0.26 g, 1.7
mmole) was reacted with 2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1yl)ethaneamine (0.5 g, 1.7 mmol) to
provide 0.13 g of N'-[2-(4-amino-2-butyl-1H 10
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-2-(3-hydroxyphenyl)acetamide as
a white powder, m.p. 208-210C. Analysis: Calculated for Cz3Hz6N6Oz: %C,
66.01; %H, 6.26; %N, 20.08; Found: %C, 65.63; %H, 6.11; %N, 20.30. HRMS (En
calcd for Cz3HzsNsOz (M+) 418.2117 found 418.2109. 15 Example 99 Compound
of Formula I N-[2-(4-Amino-2-butyl-1H imidazo[4,5-c]
[1,5]naphthyridin-1-yl)ethyl]6-hydroxy-2-pyridinecarboxamide NH2 Ni N I \
/~ N H I ~N 'N OH O 20 Using the general method of Example 97
6-hydroxypicolinic acid (0.24 g, 1.7 mmole) was reacted with
2-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1 -91  



o s ~u~ zooz WO 99l19693 PGTNS98lZ6473 yl)ethaneamine (0.5 g, 1.7 mmol) to
provide 0.15 g of
N-[2-(4-amino-2-butyl-1Himidazo[4,5-c][1,5]naphthyridin-1-yl)ethylJ-6-hydro
xy-2-pyridinecarboxamide as a white powder, m.p. 258-260C. Analysis:
Calculated for CZ~H23N7O2 + %x CH3CN: %C) 62.03; %H, 5.80; %N, 24.66;
Found: %C, 61.87; %H, S.70; %N, 24.60. Example 100 Compound of Formula I
N'-[2-(4-Amino-2-butyl-1H imidazo[4,5-c][l,5]napbthyridin-1-yi)ethyl]
3,7-dimethyl-6-octenamide NH2 Ni N /~ ~N ~H N N 10 Using the general method
of Example 97 citronellic acid (0.3 g, 1.7 mmole) was reacted with
2-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)ethaneamine (0.5
g, 1.7 mmol) to provide 0.5 g of Nl-[2-(4-amino-2-butyl-1H
imidazo[4,5c][1,5]naphthyridin-1-yl)ethyl]-3,7-dimethyl-6-octenamide as a
white whispy solid, m.p. 15 163-164C. Analysis: Calculated for CisH36N6O:
%C, 68.77; %H, 8.31; %N, 19.25; Found: %C, 68.84; %H, 8.14; %N, 19.58. HRMS
(En calcd for CZSH36N60 (M+) 436.2950 found 436.2952. -92   0 9 J U l 2002
WO 99/29693 PC'fNS98126473 Example 101 Compound of Formula I
1,1-Dimethylethyl N-[1-({(2-(4-Amino-2-butyl-1H imidazo[4,5-c]
[1,5]naphthyridin-1-yl)ethyl]amino}carbonyl)-3-methylbutyl)carbamate NH2 Ni
N O / N IT ~ H HN O \ N N O Using the general method of Example 97
N-t-BOC-L-leucine (0.41 g, 1.7 mmole) was reacted with
2-{4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1yl)ethaneamine (0.5
g, 1.7 mmol) to provide 0.5 g of 1,1-dimethylethyl N-[ 1-( { [2-(4 10
amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]amino}carbonyl)-3
methylbutyl]carbamate as a white solid, m.p. 184-185C. HRMS (EI) calcd for
Cz6Ii39N~03 (M+) 497.3114 found 497.3093. Example 102 15 Compound of
Formula I N'-(2-(4-Amino-2-butyl-1H
imidazo[4,5-c][I,5]naphthyridin-1-yl)ethyl] 2-amino-4-methyipentanamide NH2
Ni N ~ ~ `N NH2 \ N ~N O 1,1-Dimethylethyl N-[1-({[2-(4-amino-2-butyl-1H
imidazo[4,5 20
c][1,5]naphthyridin-1-yl)ethyl]amino}carbonyl)-3-methylbutyl]carbamate
(0.35 g, 0.7 mmol) was combined with 1 N hydrochloric acid (40 mL) and
heated on a steam bath for - 93    0 9 J U l 2002 WO 99I29693 PCTNS98I16473
30 minutes. The reaction mixture was allowed to cool and then it was made
basic with  10% sodium hydroxide. The resulting precipitate was isolated by
filtration and dried to provide 0.15 g of N'-[2-(4-amino-2-butyl-IH
imidazo[4,5-c][I,5]naphthyridin-1-yl)ethylJ2-amino-4-methylpentamide as a
white solid, m.p.60-65C. Analysis: Calculated for 5 Cz~H3~N~0: %C, 63.27;
%H, 7.86; %N, 24.66; Found: %C, 62.27; %H, 7.67; %N, 24.77. HRMS (En calcd
for Cz~H3~N~0 (M+) 397.2590 found 397.2582. Example 103 Compound of Formula
I 10 N-[2-(4-Amino-2-butyl-1H
imidazo[4,5-c)[l,5]naphthyridin-1-yl)ethyl]3,5-dimethyl-4-isoxazolecarboxam
ide ~2 Using the general method of Example 97
3,5-dimethylisoxazole-4-carboxylic acid (0.25 g, 1.7 mmole) was reacted
with 2-(4-amino-2-butyl-IH imidazo[4,5 15
c][1,5]naphthyridin-I-yl)ethaneamine (0.5 g, 1.7 mmol) to provide 0.23 g of
N-[2-(4amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yI)ethyl]-3,5-dimethyl-4isoxazolecarboxam
ide as a white powder, m.p. 188-189C. Analysis: Calculated for CziHzsN~~z:
%C, 6I.90; %H, 6.18; %N, 24.06; Found: %C, 61.92; %H) 6.I5; %N, 24.28. HRMS
(EI) calcd for CZ,HzSN~Oz (M+) 407.2069 found 407.2068 20 -94    0 9 J U L
2002 WO 99/Z9693 PCTNS98/26473 Example 104 Compound of Formula II
N'-[2-(4-Amino-2-butyl-6,7,8,9-tetrahydro-lH imidazo[4,5-c)
[1,5]naphthyridin-1-yl)ethyl]-3,5-di-(1,1-dimethylethyl)-4-hydroxybenzamide



NH2 N~ I NH H 5 A solution ofN~-[2-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1yl)ethyl]-3,5-di-(
1,1-dimethylethyl)-4-hydroxyb enzamide (0.1 g, 0.19 mmol) in
trifluoroacetic acid ( 15 mL) and platinum oxide (0.1 g) were combined and
hydrogenated overnight on a Parr apparatus. The reaction mixture was
filtered to remove the catalyst. 10 The filtrate was concentrated under
vacuum. The residue was dissolved in dichloromethane. The dichloromethane
solution was washed twice with 10% sodium hydroxide and with brine) dried
and then concentrated under vacuum to provide crude product. This material
was purified by chromatography eluting with 10% methanol in
dichloromethane. The resulting oil was triturated with acetonitrile to
provide 0.05 g of N ~  15 [2-(4-amino-2-butyl-6,7,8,9-tetrahydro-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]
3,5-di-(1,1-dimethylethyl)-4-hydroxybenzamide as a white powder, m.p.
208-210C. Analysis: Calculated for C3aH4aN6O2 + 0.1 CF3C02H: %C, 68.17; %H,
8.35; %N, 15.79; Found: %C, 68.48; %H, 8.29; %N, 16.08. - 95     0 9 JUL
2002 WO 99/Z9693 pCT/U~98IZ6473 Example 105 Compound of Formula I
N'-[4-(4-Amino-2-butyl -1H imidazo[4,5-c] [1,5]naphthyridin-1-yl)butyl] 5
5-(1,3-dimethyl-2,6-oxo-2,3,6,7-tetrahydro-1 H-purinyl)pentamide NHz N, N I
~N H ~~ N N ~N O O NO 4-(4-Amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine (0.2 g))
5-(1,3-dimethyl-2,6-oxo-2,3,6,7-tetrahydro-1H-purinyl~entanoic acid (0.18
g) and dichloromethane (100 mL) were combined and stirred at ambient
temperature for 30 10 minutes.
1-[3-(Dimethylamino)propy]-3-ethylcarbodiimide (0.12 g) was added and the
reaction mixture was stirred at ambient temperature for 2 hours. The
reaction was filtered through a column of silica gel and eluted with 10%
methanol in dichloromethane to provide 0.2 g of N'-[4-(4-amino-2-butyl -1N
imidazo[4,5-c][1,5]naphthyrid'in-1-yl)butyl)5-(1,3-dimethyl-2,6-oxo-2,3,6,7
-tetrahydro-1H-purinyl)pentamide, m.p. 153.5-155C. 15 Analysis: Calculated
for Cy9H3gN~pO3: %C, 60.61; %H, 6.66; %N, 24.37; Found: %C, 60.65; %H,
6.66; %N, 24.32. -96   0 9 JUl 2002 WO 99l19693 PCTNS98/26473 Example 106
Compound of Formula I N'-[4-(4-Amino-2-butyl -1H imidazo[4,5-c]
[1,5]naphthyridia-1-yl)butyl] 6-morpholinonicotinamide ~2 N i I N ~O \ N N~
N I ~N CAN I / O Using the general method of Example 1 OS
6-morpholinonicotinic acid (0.12 g, 64 mmol) was reacted with
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1yl)butaneamine (0.2
g, 0.64 mmol) to provide N'-[4-(4-amino-2-butyl -1N
imidazo[4,5c][1,5]naphthyridin-1-yl)butyl]-6-morpholinonicotinamide as a
white solid) m.p. 95 10 100C. Calculated for CZ~H~,N80z + %z HZO: %C,
63.39; %H, 6.90: %N, 21.90; Found: %C, 63.69; %H, 6.95; %N, 21.52. Example
107 Compound of Forraula I 15 N'-[4-(4-Amino-2-butyl -1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]6-quinolinecarboxamide NH2 Ni N
I \ N ( ~ N ~~ N I O \ N _ \ Using the general method of Example 105
6-quinolinecarboxylic acid (0.11 g, 64 mmol) was reacted with
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1 -97   0 9 J U L
2002 WO 99/19693 PCT/US981s6473 



yl)butaneamine (0.2 g, 0.64 mmol) to provide N'-[4-(4-amino-2-butyl -1H
imidazo[4,5c][1,5]naphthyridin-1-yl)butyl]-6-quinolinecarboxamide as a
white solid, m.p. 190-191C. Analysis: Calculated for Cz~HZ9N~0 +'/.H20: %C,
68.70; %H, 6.30; %N, 20.77; Found: %C, 68.54; %H, 6.21; %N, 20.93. Example
108 Compound of Formula I N'-[4-(4-Amino-2-butyl -1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]
2-(4-hydroxy-5-methyl-2-oxo-1,2-dihydro-l-pyrimidinyl)acetamide ~2 Ni N I
~N I H ~~ N ~N IOI p~N OH 10 Using the general method of Example 105
2-(4-hydroxy-5-methyl-2-oxo-1,2 dihydro-1-pyrimidinyl)acetic acid (0.12 g,
64 mmol) was reacted with 4-(4-amino-2-butyl 1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine (0.2 g, 0.64 mmol) to
provide 0.06 g of N'-[4-(4-amino-2-butyl -1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-2-(4 15
hydroxy-5-methyl-2-oxo-1,2-dihydro-1-pyrimidinyl)acetamide as a solid, m.p.
242-244C. -98   0 9 J U L 2002 WO 99/29693 PGTNS98/26473 Example 109
Compound of Formula I N'-[4-(4-Amino-2-butyl -1H imidazo[4,5-c]
[1,5]naphthyridin-1-yi)butyl] 2-(2-pyrimidinylsulfanyl)acetamide NH2 N, N
`N N \ i N ~~ N ~ i 'S N 5 Using the general method of Example 105
(2-pyrimidinylthio)acetic acid (0.11 g, 64 mmol) was reacted with
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1yl)butaneamine (0.2
g, 0.64 mmol) to provide N'-[4-(4-amino-2-butyl -1H imidazo[4,5 10
c][1,5]naphthyridin-1-yl)butyl]-2-(2-pyrimidinylsulfanyl)acetamide as a
white solid, m.p. 156-160C (dec.). Example 110 Compound of Formula I 15
N'-[4-(4-Amino-2-butyl -1H imidazo[4,5-c]
[1,5]naphthyridin-1-yl)butyl]2-(4-pyridylsulfanyl)acetamide NH2 Ni N ~`N ~N
~ N ~~ N ~ / ~S I IO Using the general method of Example 105
(4-pyridylthio)acetic acid (0.11 g, 64 mmol) was reacted with
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1 20 yl)butaneamine
(0.2 g, 0.64 mmol) to provide 0.1 g of N'-[4-(4-amino-2-butyl -1H -99   0 9
J U L 2002 WO 99/Z9693 PCTNS981Z6473
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-2-(4-pyridylsulfanyl)acetamide
as a solid, m.p. 127.5-129C. Example 111 5 Compound of Formula I
4-(4-amino-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine NH2 N i N~ _
~N i N ~~ NH2 Part A 10 Triethylorthoformate (2.8 mL, 16.6 mmol) was added
to a solution of 1,1dimethylethyl
N-{4-[(3-amino[1,5]naphthyridin-4-yl)amino]butyl]carbamate (5.0 g, 15.1
mmol) in toluene ( 150 mL). The reaction was heated at reflux overnight
with ethanol being collected in a Dean Stark trap. The reaction mixture was
heated at reflux for an additional 6 hours and then p-toluenesulfonic acid
(1.4 g, 7.5 mmol) was added and the 1 S reaction was refluxed overnight. A
dark orange/brown oil had formed. The toluene supernatant was decanted off
and concentrated under vacuum to provide 1.1 g of 1,1 dimethylethyl
N-[4-(1H imidazo[4,S-c][1,5]naphthyridin-1-yl)butyl]carbamate. The oil was
identified as 4-(1H imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine. This
material was reacted with 1,1-dimethylethyl-dicarbonate to provide an
additional 1 g of 1,1 20 dimethylethyl N-[4-(1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate. The two lots were
combined and carried on to the next step. Part B 3-Chloroperbenzoic acid
(1.86 g of 60%) was added in small portions to a solution of the material
from Part A in chloroform (25 mL). The reaction was maintained at 25
ambient temperature overnight and then it was diluted with 5% sodium
carbonate solution. The layers were separated. The organic layer was
concentrated under vacuum. The residue was slurried with hot methyl
acetate, cooled and then filtered to provide 2.0 g of 1 -100   0 9 JUL 2002



WO 99I29693 PCTNS98/Z6473 {4-[(1,1-dimethylethylcarbonyl)amino]butyl}-1H
imidazo[4,5-c][1,5]naphthyridine-5N- oxide. Part C Tosyl chloride (0.64 g,
3.37 mmol) was slowly added in small portions to a 5 solution of the
material from Part B (1.2 g, 3.37 mmol) in dichloromethane (20 mL). After 4
hours an additional 100 mg of tosyl chloride was added to drive the
reaction to completion. The reaction was quenched with concentrated
ammonium hydroxide (5 mL) and water (10 mL) and stirred at ambient
temperature over the weekend. The layers were separated. The organic layer
was concentrated under vacuum to provide a tan solid. This 10 solid was
slurried in hot methyl acetate, cooled and the filtered to provide 0.9 g of
1,1-dimethylethyl N-[4-(4-amino-1H imidazo[4,5-c][1,5]naphthyridin-1
yl)butyl]carbamate. Part D A mixture of the material from Part C and 1 N
hydrochloric acid (25 mL) was 15 heated at reflux until thin layer
chromatography indicated that the reaction was complete. The mixture was
adjusted to pH 14 with 6 N sodium hydroxide. The resulting precipitate was
isolated by filtration to provide 0.2 g of 4-(4-amino-1H
imidazo[4,5c][1,5]naphthyridin-1-yl)butaneamine as a pale yellow solid,
m.p. 161-163C. Mass spec (M + 1 ) = 257.09. 20 -101   0 9 J U L 2002 WO
99I29693 PCTNS98I26473 Example 112 Compound of Formula I
N'-[4-(4-Amino-2-butyl-1H imidazo[4,5-c] [1,5]naphtbyridin-1-yl)butyl] 4-{
[2-(dimet6ylamino)ethoxy] (phenyl)met4yl} benzamide ~z Ni N ~~N i N ~~ N
Part A NO Under a nitrogen atmosphere phenyl magnesium bromide (39 mL of 3
M in ether) 10 15 was added via a syringe over a period of 30 minutes to a
solution of methyl 4formylbenzoate ( 19.2 g, 117 mmol). The mixture was
allowed to stir for an additional 10 minutes and then it was quenched by
the addition of 1 M hydrochloric acid (125 mL). The reaction mixture was
extracted with diethyl ether (2 X 200 mL). The combined extracts were
washed with brine, dried over magnesium sulfate, filtered and then
concentrated under vacuum to provide a yellow oil. This material was
purified by flash chromatography (silica gel eluting with 6:1 hexanes:ethyl
acetate) to provide 6.9 g of methyl 4-(a-hydroxybenzyl)benzoate as a clear
oil, Under a nitrogen atmosphere a suspension of p-toluenesulfonic acid
monohydrate 20 25 (10.7 g, 56 mmol) in toluene (70 mL) was heated at
reflux. Water (~l mL) was collected in a Dean Stark trap. The heating
mantle was removed. To the warm mixture was added a solution of methyl
4-(a-hydroxybenzyl)benzoate (3.47 g, 14 mmol) and N,Ndimethylethanolamine
(2.9 mL, 28 mmol) in a minimal amount of toluene. The mixture was heatgd at
reflux for 20 minutes and then allowed to cool to ambient temperature. The
reaction mixture was partitioned between diethyl ether and saturated
aqueous sodium bicarbonate (the aqueous layer was basic). The aqueous layer
was extracted with an - 102     0 9 J U L 2002 WO 99I29693 PGT/US98l16473
additional 100mL of diethyl ether. The combined organic layers were dried
and then concentrated under vacuum. The residue was purified by flash
chromatography (silica gel eluting with 5%, then 10% methanol in
dichloromethane) to provide 2.49 g of methyl
4[a-{2-N,N-dimethylaminoethoxy)benzyl]benzoate as a colorless oil. 1 N
Sodium hydroxide (2.54 mL) was added to a solution of methyl 4-[a-(2-N,N
dimethylaminoethoxy)benzyl]benzoate {0.53 g, 1.7 mmol) in methanol (10 mL).
The solution was heated at reflux for 1 hour, allowed to cool to ambient
temperature and then neutralized (pH 5-6) with 1 N hydrochloric acid (2.54
mL). The mixture was concentrated under vacuum (bath at 45C). The resulting
residue was extracted into a mixture of 10 dichloromethane (15 mL) and
methanol (3 mL). The extract was filtered and the filtrate was concentrated
under vacuum to provide a viscous residue. Trituration with several
portions of diethyl ether provided 0.39 g of 4-[a-(2-N,N
dimethylaminoethoxy)benzyl]benzoic acid as a white powder. Part B l5
4-(4-Amino-2-butyl-1H-imidazo[4,5-c][l,SJnaphthyridin-1-yl)butaneamine
(0.130 g, 0.4175 mmol) and 4-[a-(2-N,N-dimethylaminoethoxy)benzyl]benzoic
acid (0.125 g, 0.4175 mmol) were combined in dichlommethane (150 mL) and
stirred at ambient temperature until a clear solution was obtained.
1-[3-(Dimethylamino~ropy)-3 ethylcarbodiimide hydrochloride (0.088 g, 0.46
mmol) was added and the reaction was 20 maintained at ambient temperature
for 2 days. The volume of dichlommethane was reduced and the concentrate
was purified by flash chromatography (silica gel. eluting with 10% methanol
in dichloromethane) to provide 0.085 g of Nl-[4-(4-amino-2-butyl-1H
imidazo[4,5-c] [ 1,5]naphthyridin-1-yl)butyl}-4- { [2
(dimethylamino)ethoxy](phenyl)methyl}benzamide as a solid, m.p. 105-108C.
Mass 25 spec (M + 1 ) = 594.30. -103   0 9 JUL 2002 WO 99n9693
PCT/US98l16473 Example 113 



Compound of Formula I N'-[4-(4-Amino-2-butyl-1H imidazo[4,5-c]
[1,5)aaphthyridln-1-yl)butyl] 4-benzoylbenzamide ~2 Ni N ~N H ~~ N O Using
the general method of Example 112 Part B, 4-benzoylbenzoic acid (72 mg,
0.32 mmole) was reacted with 4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1yl)butaneamine (100 mg, 0.32 mmol) to
provide 30 mg of Nl-[4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-4-benzoylbcnzamide as a white
solid. Mass 10 spec (M + 1 = 521.31). Example 114 Compound of Formula I
N'-[4-(4-Amino-2-butyl-1H imidazo(4,5-c] (1,5]naphthyridin-1-yl)ethyl] 15
2-(5-methyl-2,4-dioxo-l,2,3,4-tetrahydro-l-pyrimldinyl)acetamide NH2 N, N O
~ ~~N H N ~ N ~~.~ N II _ O O Using the general method of Example 112 Part
B, thymine-1-acetic acid (130 mg, 0.70 mrnole) was reacted with
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1yl)ethaneamine (200
mg, 0.70 mmol) to provide 68 mg of N'-[4-(4-amino-2-butyl-1H -104     0 9 J
U l 2002 WO 99/Z9693 PCTNS98IZ6473 imidazo[4,5-c][
1,5]naphthyridin-1-yl)ethyl]-2-(5-methyl-2,4-dioxo-1,2,3,4-tetrahydro-1pyri
midinyl)acetamide as a white solid, m.p. 241-242C. Mass-spec (M + I =
451.24). Example 115 5 Compound of Formula I N'-[4-(4-Amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]6-(5-methyl-2-oxo-4-imidazolidin
yl)hexamide ~2 Ni I N \~ ~ N H N~O ~N O Using the general method of Example
112 Part B, D-desthiobiotin ( 151 mg, 0.70 10 mmole) was reacted with
4-{4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1 yl)ethaneamine (200
mg, 0.70 mmol) to provide 231 mg of N~-[4-(4-amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]6-(5-methyl-2-oxo-4-imidazolidin
yl)hexamide as a white solid, m.p. 184-186C. Mass spec (M + 1 = 481.35). 15
- 105    0 9 J a t 2002 WO 99R9693 Example 116 Compound of Formula I
N'-[4-(4-Amino-2-butyl-1X imidazo[4,5-c] PCTNS98R6473
[1,5]naphthyridin-1-yl)ethyl]methanesulfonamide ~2 Ni N ~N I ,N HN I O =S O
Using the method of Examples below, 4-(4-amino-2-butyl-1H imidazo[4,5
c][1,5]naphthyridin-1-yl)ethaneamine {14 mg, 50 umol) was reacted with
methanesulfonyl chloride (4 pL, 50 pmol) to provide 5.3 mg of
N'-[4-(4-amino-2-butyl-1H imidazo[4,5
c][1,5]naphthyridin-1-yl)ethyl]methanesulfonamide. 1H NMR f500 MHz,
d6-DMSO) b = 10 8.49 (dd, J=4.3; 1.5 Hz, 1 H), 7.92 (dd, J=8.0; 1.5 Hz, l
H), 7.44 (dd, J=8.0; 4.3 Hz, 1 H), 7.30 (t, J=6 Hz) 1 H), 6.76 (s, 2H),
4.77 (t, J=6 Hz) 2 H), 3.50 (q, J=6 Hz, 2 H), 2.98 (t, J=7 Hz, 2 H), 2.85
(s, 3H), 1.82 (quintet, J=7 Hz, 2 H}, 1.46 (m, 2 H), 0.96 (t) J=7 Hz, 3 H).
Mass spec by APCI (+/-) plug injection gave desired MW. - 106    0 9 J U l
2002 WO 99/Z9693 Example 117 Compound of Formula I
Nl-[4-(4-Amino-2-butyl-1H imidazo[4,5-c]
[1,5)naphthyridin-1-yl)ethyl]benzenesulfonamide ~z N, N ~~N ,N 



HN O =S O PCTNS98/26473 Using the method of Examples 118-152 below)
4-(4-amino-2-butyl-1H imidazo[4,5-c][1,5]naphthyridin-1-yl)ethaneamine (14
mg, 50 pmol) was reacted with benzenesulfonyl chloride (6 pL, SO umol) to
provide 10.9 mg of N'-[4-(4-amino-2-butyl 1H
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]benzenesulfonamide. 1H NMR 1500
MHz. 10 d6-DMSO s = 8.43 (dd, J=4.4 ; 1.5 Hz) 1 H), 7.94 (t) J=6 Hz, 1 H),
7.89 (dd, J=8.4; 1.5 Hz, 1 H), 7.68 (d, J=8 Hz, 2 H), 7.58 (t, J=8 Hz, 1
H), 7.50 (t, J=8Hz, 2H), 7.41 (dd, J=8.4; 4.4 Hz, 1 H), 4.72 (t, J=6 Hz, 2
H), 3.34 (m, 2 H), 2.97 (t, J=7 Hz, 2 H), 1.81 (quintet, J=7 Hz, 2 H), 1.45
(sextet, J=7 Hz, 2 H)) 0.97 (t, J=7 Hz, 3 H). Mass spec by APCI (+/-) plug
injection gave desired MW. 15 Examples 118 -152 Compounds of Formula I The
compounds of Examples 118-152 shown in the table below were prepared
according to the following method. 4-(4-Amino-2-butyl-1H imidazo[4,5 20
c][1,5]naphthyridin-1-yl)ethaneamine (50 pmol) was dissolved in
dichloromethane (5 mL) in a screw-capped test tube and the solution was
cooled in an ice-water bath. An acid chloride (50 pmol) of the formula
R~COCI was added as a solution in 100 pL of dichloromethane (Acid chlorides
that are solids were either dissolved or suspended in M400 pL of
dichloromethane and then added). The mixturc was vortexed for 15 seconds 25
to 1 minute, becoming cloudy, and then ~80 mg of an aminomethyl polystyrene
resin -107   0 9 J U L 2002 WO 99/19693 PCTNS98/26473 (0.62 meq/g, 100-200
mesh, 1 % crosslink, Bachem #D-2100, lot # FM507) was added, and the
mixture was vortexed for another 30 seconds. The mixture was applied to a
short column (3 x 1 cm ) of silica gel conditioned with dichloromethane.
The product was eluted with 10:1 dichloromethane:methanol, collecting ~2 mL
fractions. Thin layer 5 chromatography of the fractions was performed, and
fractions with the product spot were pooled and stripped to dryness in a
Savant SpeedVac. Purity was checked by reversed phase-HPLC (HPLC conditions
refer to using a Hewlett Packard HP 1090 system fitted with a C 18 Raisin
Microsorb MV column, 4.6 x 50 mm, particle size = 3 microns, pore size =100
Angstroms. Gradient elution: linear gradient from 100% water +0.1 10
trifluoroacetic acid to 100% acetonitrile + 0.1 % trifluoroacetic acid over
5 min. at 1 mL per minute. Detection is at 220 nm and 254 nm). APCI-mass
spectral data confirmed presence of the expected molecular ion, and proton
nmr data supported the expected structure. - 108    - 60I  (HE 'ZH L=f
`t)b6'0 `(HZ `ZH L=f `tatxes) Ob' 6 `(HZ 'ZH 1=f'tetuinb) 11'!. `(HZ `ZH
L=f `t) 18'Z `(HZ `ZH9=f `b) 99'E `(HZ `s) bL'E `(HZ `s) LE'b `(HZ`ZH 9=f
`t) b8'b `(HZ `s ~q) 00'1 `(H8 `~)\ /Z'1-b'1 `(H 6 `ZH Z'b `9'8=f `PP) 9b'1
`(H 6`ZH 9' 6 `9'8=f `PP) 96'1 `(H 6 `ZH 9=f `t) b0'8 IZI`(H6 `ZH 9'4
`Z'b=f `PP) Z9'8 S (OSWO-sP)~(HE`ZH L=f `t) 96'0 `(HZ `ZH L=f `IePces) 8b'
6`(HZ `ZH 1=f `tetulnb) 08' C `(HZ `ZH 1=f`t) EO'E `(HZ `ZH 9=f `b) 88'E
`(HZ `ZH 9=f `t)98'b `(HZ `s) 91'9 `(H 6 `ZH 8=f `t) 0b'1 `(H 6`ZH 0'b `8=f
`PP) bb'L `(HZ `ZH 8=f `P) 08'1-`(H L `ZH 8' 1 `8=f `PP) Z6'L `(H 6 `8' 6
`0'b=f\ /OZI`PP) 6b'8 `(H ~ `ZH 9=f `t) 96'8 8 (OSWO-9P)(HE `ZH 1=f `t)
Z6'0 `(H9 `~) E' 6-8' 6`(Hb `~) 19' 6 `(HZ `~) 8Z'Z `(HZ `ZH 1=ft~`t) 09'Z
`(HZ `ZH 9=f `b) 69'E `(HZ `ZH 9=f`t) 69'b `(HZ `s 1q) Z6'9 `(HZ `ZH 8=f
`P) L6'1`(HZ `ZH 8=f `P) 6Z'L `(H 6 `ZH 8 `8'b=f `PP)8b'L `(H 6 `ZH 9=f `t)
89'L `(H 6 `ZH 8=f `P)6I IE6'1 `(H 6 `ZH 8'b=f `P) 6b'8 ~ (OSWO-aP)(HE`zH
L=f `t) 96'0 `(HZ `ZH 1=f `tetxes) Eb' 6`(H16 `~) 8' 6-0'Z `(HZ `ZH L=f `t)
18'Z `(HZ`ZH 9=f `b) 09'E `(HZ `ZH 9=f `t) 08'b `(HZ `sH H~q) E1'9 `(H 6
`ZH b'b `E'8=f `PP) bb'1 `(H 6H`ZH 9=f `t) 9b'1 `(H 6 `ZH 9' 6 `E'8=f `PP)
66'18I I`(H 6 `ZH 9' 6 `b'b=f `PP) 69'8 8 (OSWa-sP)(Pa~otPut luan~os `z~
00S) ~ Hluaur8r,~3 d~# a Lb9ZI86SN.IJd 696ZI66 OM ZOOZ 1nf 6 0    -ott (H
`ZH L=f 't) b6'0 `(HZ 'ZH L=f `tatxas) bb' 6 `(HZ 'ZH 1=f `tatulnb) 8' 6
`(HZ 'ZH 1=f `t) 00' '~HZ 'ZH 9=f 'b) 8' '~HZ `ZH 9=f `t) 66'b '~H b 'ZH Z
`9'1=f 'PP) Z 6'L 'CH 6 `ZH 0'Z '9'1=f `IP) L'L 'CH 6 `ZH 0'Z '9'L=f `IP)
Lb'L `CH 6 `ZH Z '9'L=f 'PP) bb'1 'CH 6 'ZH 9'b '0'8=f `PP) Z9'L '~HZ 's
~q) 6'8 `CH 6 'ZH 8=f `P) Z 6'8 `CH 6 `ZH 9=f / \ 9Zi `t) 69'8 '(H 6 'ZH
9'b=f 'P) 89'8 g ~OSWO-~P) (H 'ZH 1=f 't) 08'0 '(HZ 'ZH L=f 'latxas) 0'
6-'(HZ 'ZH L=f `tatulnb) EL' 6 '(HZ 3 a 3 'ZH 1=f 't) 98'Z `~HZ 'ZH 9=f `b)
88' '(HZ 'ZH 9=f 't) 16'b `~HZ 's ~q) Zb'1 `(H 6 'ZH b'b `8=f `PP) bb'L 'CH
6 `ZH 8=f 'P) 16'L `~HZ `s \ / ~q) 9Z'8 'CH L 's ~q) 6Z'8 `CH 1. 'ZH 9' 6
'b'b=f `PP) 69'8 `~H 6 `ZH 9=f 'i) Z'6 g ~OSWO-~P) 3 3 3 SZi (H9 `u~) 96'0
`(H9 `u~) Ob' l -99' 6 'tHZ `u~) 89' L '~HZ `zH 1=f `tatulnb) 08' 6 '~H
`~u) b6' 6 '~HZ `ZH 1=f 't) 06'Z `~HZ `ZH 9=f 'b) 69' '(HZ `ZH 9=f 't) 9L'
'~HZ 's ~q) 68'9 `(H L `ZH b'b `'8=f 'PP) bb'L '(H 6 `ZH 9' l ''8=f `PP)
Z6'1 'CH 6 'ZH9=f 't) 96'1 bZT `(H 6 `ZH 1' 6 't~'b=f `PP) l9'8 8 ~OSWa-9P)
(H 'ZH 9=f 't) 96'0 '(HZ6 '~u) 6' 6-9' 6 '(HZ 'ZH L=f `tetxes) ~' 6 '(HZ
'ZH 1=f `letutnb) 08' L '~HZ 'ZH 9=f 'l) 6' 6 `~HZ 'ZH 1=f `b) 00'Z '~HZ
`ZH L=f 't) 88'Z `(HZ 'ZH 9=f `b) 19' `~HZ `ZH 9=f 't) 91'b `CH6 `ZH 6=f
'P) 66'b `(H 6 `ZH 9 6=f 'P) 86'b `~H 6 '~u) 61'9 `(HZ 's ~q) 88'9 `CH b
`ZH b'b `'8=f `PP) 9b'L 'CH 6 'ZH 9' 6 ''8=f 'PP) 96'L '(H 6 'ZH 9=f 't)
16'L ~~~~ ZI 'CH 6 'ZH 9' 6 'b'b=f 'PP) Z9'8 g (OSWa-~P) (H 'ZH L=f 't)
96'0 '(HZ 1. `~u) 6' 6-9'Z '~HZ `ZH L=f 'tatulnb) 08' 6 '~HZ `ZH L=f 't) 6'
6 `~HZ `ZH L=f 't) 8l'Z `~Hb `ZH 1=f 't) 1Z'Z `~HZ'ZH L=f `t) 88'Z `1H 's)
19' `(HZ `ZH 9=f 't) Z9L'b `(HZ c 's ~q) 91'9 'CH I. 'ZH 9' L 'b'8=f 'PP)
9b'1 '(H 6 'ZH 9' 6 `b'8=f `PP) Z6'1 `~H 6 `ZH 9=f `t) L6'1 ~ ZZI '~H 6 `ZH
9' 6 `b'b=f 'PP) 09'8 g ~OSWO-~P) Lt~9Z/86SN.4~d 



696Z!66 OM 100t 1nf 6 0   0 9 JUL 2002 WO 99I29693 PCTIUS98/26473 ~ ~= 1
D1^ ~d~ ~I 0 9127_ Cl8 J=4 5 Hz, H) 8.07 (d, J 5 Hz 1H)Cl7.80 (br s, 2H),
7.65 (d) J=2 Hz, 1 H)) 7.57(dd, J=8.5, 4.5 Hz) 1 H)) 7.42 (dd, J=8, 2 Hz)1
H), 7.15 (d) J=8 Hz, 1 H), 4.91 (t) J=6 Hz,2H), 3.82 (q, J=6 Hz, 2H), 2.98
(t, J=7 Hz,2H), 1.82 (quintet, J=7 Hz, 2H), 1.44 (sextet,J=7 Hz, 2H), 0.94
(t, J=7 Hz, 3H)(d~-DMSO) b 8.48 (dd) J=4.3) 1.5 Hz, 1 H),128H,C-o8.25 (t,
J=6 Hz, 1 H), 7.91 (dd, J=8.5, 1.5 Hz,1 H), 7.42 (dd) J=8.5, 4.3 Hz, 1 H),
7.25 (t,J=8 Hz, 1 H), 6.74 (br s, 2H), 6.61 (d, J=8oHz, 2H), 4.80 (t) J=6
Hz, 2H), 3.76 (q, J=6 'Hz, 2H), 3.33 (s, 6H), 3.00 (t, J=7 Hz, 2H),1.79
(quintet, J=7 Hz) 2H)) 1.44 {sextet, J=7Hz 2H , 0.95 t, J=7 Hz, 3H
~(de-DMSO) b 8.66 (t, J=6 Hz, 1 H), 8.57 (dd,129~ FJ=4.3, 1.2 Hz, 1 H),
8.00 (dd, J=8.5, 1.2 Hz,1 H)) 7.69 (dd) J=9, 5.8 Hz, 2H), 7.50 (dd)J=8.4,
4.3 Hz, 1 H)) 7.30 (br s) 2H), 7.25 (t,J=9 Hz, 2H), 4.91 (t, J=6 Hz, 2H),
3.81 (q,J=6 Hz) 2H), 2.81 (t, J=7 Hz, 2H), 1.70(quintet, J=7 Hz) 2H), 1.29
(sextet, J=T Hz,2H , 0.81 t, J=7 Hz, 3H~ ~(ds-DMSO) S 8.72 (t, J=6 Hz, 1
H), 8.52 (dd,130ClJ=4.3, 1.5 Hz) 1 H), 7.93 (dd) J=8.0,1.5 Hz,1 H), 7.72
(d, J=8 Hz, 2H), 7.50 (d, J=8 Hz,2H), 7.44 (dd, J=8, 4.3 Hz) 1 H), 6.80 (br
s,2H), 4.90 (t, J=6 Hz, 2H), 3.81 (q) J=6 Hz,2H), 2.79 (t, J=7 Hz) 2H),
1.70 (quintet, J=7Hz, 2H), 1.29 (sextet, J=7 Hz, 2H), 0.81 {t,J=7 Hz, 3Ho
H,(ds-DMSO) b 8.55 (dd, J=4.3, 1.5 Hz, 1 H),131"'~'8.49 (t, J=6 Hz, 1 H),
7.95 (dd, J=8.4, 1.5 Hz,1 H), 7.69 (d, J=8 Hz) 2H), 7.46 (dd, J=8.4,4.3 Hz)
1 H), 6.93 (d) J=8 Hz, 2H)) 6.91 (br s,2H), 4.90 (t, J=6 Hz, 2H)) 3.8 (q,
J;.,6 Hz,2H)) 3.79 (s, 3H), 2.79 (t, J=7 Hz, 2H)) 1.69(quintet, J=7 Hz)
2H), 1.29 (sextet, J=7 Hz,2H), 0.80 (t, J=7 Hz, 3H)(ds-DMSO) 8 8.76 (t, J=6
Hz) 1 H), 8.53 (dd)132~ ~J=4.3, 1.5 Hz, 1 H), 7.95 (dd, J=8.5, 1.5 Hz,1 H))
7.67 (br s, 1 H)) 7.65 (d) J=8 Hz, 1 H)) - 111    0 9 J U l 2002 WO
99/29693 PGTNS98IZ6473 7.57 (m) 1 H), 7.48-7.43 (m, 2H), 7.02 (br s,2H),
4.91 (t, J=6 Hz, 2H), 3.82 (q, J=6 Hz,2H), 2.81 (t, J=7 Hz) 2H), 1.71
(quintet, J=7Hz, 2H), 1.31 (sextet, J=7 Hz, 2H), 0.82 (t,J=7 Hz, 3HcH, ~
~(d~-DMSO) 8 8.69 (dd, J=4.4, 1.2 Hz, 1 H))133cH,8.57 (t, J=6 Hz) 1 H),
8.22 (br s) 2H). 8.12cH,(dd, J=8.0, 1.2 Hz, 1 H), 7.61 (m, 3H), 7.41(d, J=9
Hz, 2H), 4.92 (t, J=6 Hz, 2H), 3.82(q, J=6 Hz, 2H). 2.84 (t, J=7 Hz, 2H),
1.68(quintet, J=7 Hz, 2H)) 1.27 (sextet) J=7 Hz)2H , 1.27 s 9H 0.78 t; J=7
Hz 3H ~1 H) 8.54 (dd) (d~-DMSO) 8 8.55 {t, J=6 Hz, ,134~ H3J=4.5) 1.5 Hz, 1
H), 7.94 (dd, J=8.5, 1.5 Hz,1 H), 7.60 (d, J=8 Hz, 2H), 7.46 (dd, J=8.2)4.5
Hz) 1 H), 7.21 (d) J=8 Hz, 2H), 6.87 (br s)2H), 4.90 (t, J=6 Hz, 2H)) 3.80
(q, J=6 Hz)2H), 2.80 {t, J=7 Hz, 2H)) 2.32 (s, 3H), 1.69(quintet J=7 Hz,
2H)) 1.29 (sextet, J=7 Hz,2H,0.81 t,J=7Hz,3H ~(d~-DMSO) b 8.58 (dd) J=4.4,
1.5 Hz) 1 H),135cH,8.00 (dd, J=8.4, 1.5 Hz, 1 H)) 7.97 (t, J=fi Hz,H1 H),
7.52 (dd, J=8.4,4.4 Hz, 1 H), 7.35 (br s,2H)) 4.77 (t) J=6 Hz, 2H), 3.58
(q, J=6 Hz,2H), 2.93 (t, J=7 Hz) 2H)) 1.85 (s, 2H), 1.81(quintet, J=7 Hz,
2H), 1.45 (sextet, J=7 Hz)2H , 0.96 t J=7 Hz 3H , 0.87 s, 9H~5g ,~ ~ 13 ,
o1368 5 .5 Hz H), 7 41 (dd) 1H) 8 06 (dd JJ=8.8, 4.0 Hz, 1 H)) 6.80 (br s,
1 H), 5.70 (brs, 2H), 4.94 (t, J=6 Hz, 2H), 3.82 (q) J=6 Hz,2H), 2.91 (t,
J=7 Hz, 2H), 1.90 (quintet, J=7Hz, 2H), 1.51 (sextet, J=7 Hz, 2H), 0.99
{m,1 H), 0.99 (t) J=7 Hz) 3H), 0.79 (m, 2H), 0.54(m, 2H)(CDCI3) 8 8.59 (dd,
J=4.5, 1.5 Hz, 1 H), 8.10137-a(dd) J=8.3, 1.5 Hz, 1 H), 7.46 (dd, J=8.5,
4.5Hz, 1 H), 6.79 (br s, 1 H), 6.02 (br s, 2H),4.96 (t, J=6 Hz, 2H), 3.82
(q) J=6 Hz) 2H),2.93 (t, J=7 Hz, 2H), 2.18 (quintet, J=7 Hz,1 H), 1.90
(quintet, J=7 Hz) 2H), 1.65-1.35m, 10H , 1.00 t, J=7 Hz, 3H(CDCI3) b 8.58
(dd) J=4.4, 1.5 Hz) 1 H)) 8.09(dd, J=8.0, 1.5 Hz, 1 H), 7.46 (dd, J=8.3,
4.4Hz, 1 H , 7.00 br s, 1 H , 5.85 br s, 2H , - 11Z    -ii (HE 'ZH L=f 'l)
EO' 1 '(HZ 'ZH L=f `lalxas) 69' 6 `(HZ 'ZH L=f 'lalulnb) 1~6' 1 '(H9 `s)
66' 1 `(HE `s) 1Z'Z '(HZ 'ZH L=f 'l) 0'E '(HZ 'ZH ` 9=f 'b) 00'ti '(HZ 'ZH
9=f `l) Z0'9 '(HZ 's ~q) Z ~9 '(HZ 's) 89'9 ~(H 6 ~ZH f~'t~ ~:8=f ~PP) `H~
/ \ 8Z'1 (H 1 l ~q) 9'1 (H 4 ZH 9' L tr 8=f PP) bi 90'8 `(HL `ZH 9'1 'b'~=f
`PP) 1Z'8 s (I~a~) (H `ZH 1=f `l) 10' 1 '(HZ 'ZH 1=f `lalxas) Z9' 1 `(HZ
`ZH L=f `lalulnb) E6' 1 `(HZ 'ZH 1=f 'l) ti6'Z '(HZ `ZH 9=f `b) 90'ti'(HZ
`ZH 9=f 'l) Z1'9 `(HZ 's ~q) 08'S '(HZ `ZH 6=f 'P) 6'1 `(H 6 `ZH ti'1~
'~'8=f `PP) 8~'L '(HZ `ZH 6=f `P) 10'8 `(H 1 `ZH 9' L `E'8=f `PP) 80'8 '(H
6 'l ~q) =o,~ / \ ZbI Zti'8 '(H 1 'zH 9' L 't~'~f 'PP) Z9'8 g (EI~O~) (HE
'ZH L=f `l) 00' 1 '(HZ `ZH 1=(' 'lalXes) 09' 1 `(HZ `ZH L=f `lalutnb) 88' C
'(HZ 'ZH 1=f `l) 68'Z '(HZ 's) 6~'E `(HZ `ZH 9=f `b) Z8'E '(HZ 'ZH 9=f `l)
~6'tr '(HZ 's ~q) 90'9 '(H 1 `ZH 1 '=f `PP) 69'9 '(H 1 `zH ~' `9=f `PP)
81'9 '(H 1 'l ~q ) Q8'9 `(H 1 `zH 9' 1 `9=f 'PP) L0'1 `(H 1 `zH ti'ti `'8=f
`PP) Ei~'1 '(H 1 `ZH 9' 1 '~'8=f `PP) ~ IbI 80'8 `(H 1 'ZH 9' 1 'fi'4=f
`PP) 9~'8 8 (E1~0~) (HE `ZH L=f 'l) 96'0 `(HZ `ZH L=f `la'lxas) Li~' 6 '(HZ
`ZH L=f 'lalulnb) 88' 1 '(HZ 'ZH L=f 'l) Z6'Z `(HZ `ZH 9=f 'b) ZO'~'(HZ 'ZH
9=f 'l) 80'9 '(HZ `s ~q) Z'9 `(H 1 'ZH  



'9=f 'PP) 68'9 `(H 1 `ZH =f `P) 01'1 `(H 1 'ZH Z' 1 `9=f `PP) 9'1 `(H 1 `zH
b't~ `9'8=f `PP) 9ti'L '(H 1 `l 1q) 69'1 '(H 1 `ZH 9' 1 '9'8=f 'PP) S Otii
0'8 '(H 1 'ZH 9' 1 'i~'~=f 'PP) 99'8 8 (EI~O~) (HE `ZH 1=f 'l) 00' 1 '(HZ
`ZH L=f 'lalxas) Z9' 6 '(HZ `ZH L=f `lalulnb) Z6' 1 `(HZ 'zH L=f 'l) E6'Z
'(HZ `ZH 9=f 'b) i~0'b'tHZ `zH 9=f 'l) Z1'9 '(HZ `s ~q) Z6'9 `(HZ 'ZH 8=f
`P) ~E'L `(H 1 'ZH ti'4 `9'8=f `PP) 9i~'L '(HZ `ZH 8=f 'P) 1ti'1 '(H 1 'ZH
9' 1 `9'8=f 'PP) 60'8 `(H 1 'l lq) ~y; / \ 6i 9Z'8 `(H 1 `ZH 9' 1 '~'b=f
`PP) Z9'8 g (I~a~) (HZ `w) 98'0 `(HE `ZH 1=f 'l) LO' 6 '(HZ 'b) 16Z' 1 '(HZ
`~u) 6ti' 1 `(HZ 'ui) 09' 1 '(H9 'u~) Z9' 1 `(H '~u) 88' 1 '(HZ `ZH 1=f 'l)
Z6'Z '(HZ `ZH 9=f 'b) 18' `(HZ 'ZH 9=f '~) 96'ti G~9ZI86SN.L~d E696Z/66 OM
ZOOZ 1nf 6 0   0 9 JUL 2002 WO 99/Z9693 PGTNS98r16473 (CDCI3 at 29C) 8 8.59
(dd) J=4.0, 1.5 Hz,144\ /1 H), 8.14 (dd, J=8.0) 1.5 Hz) 1 H), 8.09
(dd,pJ=8, 1.5 Hz, 1 H), 7.87 (t, J=6 Hz, 1 H), 7.42cH,(t, J=8 Hz, 1H), 7.42
(dd) J=8.0) 4.0 Hz, 1H),7.06 (t, J=8 Hz, 1 H), 6.87 (d, J=8 Hz, 1 H))6.19
(br s, 2H)) 5.07 (t, J=6 Hz, 2H)) 4.04 (q,J=6 Hz, 2H)) 3.68 (s, 3H), 2.89
(t, J=7 Hz,2H), 1.80 (quintet, J=7 Hz) 2H), 1.39 (sextet)J=7 Hz, 2H), 0.88
(t, J=7 Hz, 3H)(CDCI3) s 8.60 (dd) J=4.4, 1.5 Hz, 1 H), 8.111450(dd) J=8.5,
1.5 Hz, 1 H), 7.47 (dd, J=8.5, 4.4o-cHHz, 1 H), 7.01 (br t) 1 H), 6.43 (br
s, 2H), 4.95,(t, J=6 Hz) 2H), 3.81 (q, J=6 Hz, 2H), 3.63(s, 3H), 2.93 (t,
J=7 Hz, 2H)) 2.19 (t, J=7 Hz)2H), 1.92 (m) 4H), 1.51 (sextet, J=7 Hz)
2H),1.42 m) 4H , 1.00 t J=T Hz, 3Ho rro~(CDCI3) b 8.23 (dd, J=4.4, 1.5 Hz,
1 H), 8.52146~(br s, 1 H)) 8.10 (dd, J=8.5) 1.5 Hz, 1 H), 7.53(dd, J=8.3)
4.4 Hz, 1 H), 7.21 (d, J=4 Hz,1 H), 7.06 (d, J=4 Hz) 1 H)) 6.1 (br s,
2H),5.11 (t, J=6 Hz, 2H), 4.04 (q, J=6 Hz, 2H))2.94 (t, J=7 Hz, 2H), 1.93
(quintet, J=7 Hz,2H), 1.53 (sextet, J=7 Hz, 2H)) 1.01 (t, J=7Hz, 3H(CDCIs)
8 8.39 (dd, J=4.4, 1.5 Hz, 1 H)) 8.31147-N(dd, J=5.0, 2 Hz, 1 H), 8.21 (br
t, J=6 Hz,\ /1H), 8.00 (dd) J=8.4) 1.5 Hz, 1H), 7.42 (dd,J=5) 8 Hz) 1 H),
7.33 (dd, J=8.5, 4.4 Hz, 1 H),7.07 (dd, J=8, 5 Hz) 1 H)) 5.84 (br s)
2H))5.06 (t, J=6 Hz, 2H), 4.05 (q, J=6 Hz, 2H),2.97 (t, J=7 Hz, 2H)) 1.93
(quintet, J=7 Hz,2H), 1.53 (sextet, J=7 Hz, 2H), 1.01 (t, J=7Hz, 3H1148\ /
ci1H), 8 33 (d, J=2 Hz~1H)a8 06 (dd1J 8 4)1.5 Hz, 1 H)) 8.06 (br s) 1 H))
7.56 (dd) 8.5, 2Hz, 1 H), 7.45 (dd, J=8.4, 4.4 Hz, 1 H), 7.15d, J=8 Hz, 1 H
, 5.72 br s, 2H , 5.08 t) J=6 - 114    0 9 J U L 2002 WO 99/29693
PCTNS98126473 Hz, 2H), 4.03 (q) J=6 Hz, 2H), 2.93 (t, J=7Hz, 2H), 1.93
(quintet, J=7 Hz, 2H), 1.52sextet) J=7 Hz, 2H , 1.00 t, J=7 Hz, 3H(CDCI3) 8
8.61 (dd, J=4.4, 1.5 Hz, 1 H)) 8.03149\ / o(dd, J=8.3, 1.5 Hz, 1 H), 7.50
(t, J=6 Hz) 1 H),7.44 (dd, J=8.3, 4.4 Hz, 1 H), 7.42 (d, J=8Hz, 2H), 6.73
(d, J=8 Hz) 2H), 6.45 (br s)Hsc2H), 5.06 (t, J=6 Hz, 2H), 4.00 (q, J=6
Hz,2H), 3.90 (t, J=7 Hz, 2H), 2.90 {t, J=7 Hz,2H), 1.84 (quintet, J=7 Hz,
2H), 1.74(quintet, J=7 Hz, 2H), 1.42, m, 4H)) 1.28 (m,6H), 0.93 (t, J=7 Hz,
3H), 0.87 (t, 3H)o(CDCI3) 8 8.61 (dd, J=4.4, 1.5 Hz, 1 H), 8.09150\ /(d,
J=8.5 Hz, 1 H), 7.90 (d, J=8 Hz, 2H)) 7.84o H c(br s, 1 H), 7.48 (dd,
J=8.5, 4.4 Hz, 1 H), 7.44,(d, J=8 Hz, 2H), 6.4 (br s, 2H), 5.12 (t, J=6Hz,
2H), 3.94 (t, J=7 Hz, 2H)) 3.91 (s, 3H),2.94 (t, J=7 Hz, 2H), 1.91
(quintet, J=7 Hz,2H), 1.50 (sextet, J=7 Hz, 2H), 0.99 (t, J=7Hz, 3H)(CDCI3)
8 8.48 (br s, 1 H), 8.22 (dd, J=4.5,151-1.5 Hz, 1 H), 8.04 (dd, J=8.4, 1.5
Hz, 1 H),\ / ci7.33 (s) 2H), 7.30 (dd, J=8.4, 4.4 Hz, 1 H),5.96 (br s, 2H),
5.00 (t, J=6 Hz, 2H)) 4.03 (q,J=6 Hz, 2H), 2.99 (t, J=7 Hz, 2H),
1.93(quintet, J=7 Hz, 2H), 1.54 (sextet, J=7 Hz,2H)) 1.03 (t, J=7 Hz,
3H)(CDCI3) b 8.41 (dd, J=4.4, 1.5 Hz, 1 H), 8.06152/ \(dd, J=8.3, 1.5 Hz, 1
H), 7.41 (dd, J=8.5, 4.4Hz, 1 H), 6.75 (d, J=8 Hz) 2H), 6.64 (d,
J=8o-cHsHz) 2H), 6.60 (br t, 1 H), 6.02 (br s, 2H), 4.92(t, J=6 Hz, 2H),
3.80 (q) J=4.6 Hz, 2H), 3.76(s, 3H), 3.22 (s, 2H), 2.88 (t) J=7 Hz)
2H),1.87 (quintet, J=7 Hz, 2H), 1.50 (sextet, J=7Hz, 2H , 1.00 t, J=7 Hz,
3H - 115    0 9 JUl 2D02 WO 99/Z9693 Examples 153 -190 Compounds of Formula
I PGTIITS98~26473 The compounds of Examples 153-190 shown in the table
below were prepared 5 according to the following method.
4-(4-Amino-2-butyl-1H imidazo[4,5cJ[1,5]naphthyridin-1-yl)butaneamine {25
umol) was dissolved in dichloromethane (10 mL) in a screw-capped test tube
and the solution was cooled in an ice-water bath. An acid chloride (25
lcmol) of the formula R~COCI was added as a solution in 100 uL of
dichloromethane (Acid chlorides that are solids were added directly.). The
mixture was 10 vortexed for 15 seconds to 1 minute, becoming cloudy, and
then ~80 mg of an aminomethyl polystyrene resin (0.62 meq/g, 100-200 mesh,
1 % crosslink, Bachem #D2100, lot # FM507) was added, and the mixture was
vortexed for another 30 seconds. The mixture was applied to a short column
(3 x 1 cm ) of silica geI conditioned with dichloromethane. The product was
eluted with 10:1 dichloromethane:methanol, collecting 15 ~2 mL fractions.
Thin layer chromatography of the fractions was performed, and fractions
with the product spot were pooled and stripped to dryness in a Savant
SpeedVac. Purity was checked by reversed phase-HPLC (HPLC conditions refer
to using a Hewlett Packard HP 1090 system fitted with a C 18 Rainin
Microsorb MV column) 4.6 x 50 mm, particle size = 3 microns, pore size =100
Angstroms. Gradient elution: linear gradient from 20 100% water +0.1 %
trifluoroacetic acid to 100% acetonitrile + 0.1 % trifluoroacetic acid over
5 min. at 1 mL per minute. Detection is at 220 nm and 254 nm). APCI-mass
spectral data confirmed presence of the expected molecular ion, and proton
nmr data supported the expected structure. - 116    0 9 J U l 2002 WO
99l29693 PCT/US98r16473 ~x N ~ N N ( iN O~l/ '_A Exam le #RA Fra entH NMR
500 MHz solvent indicated(CDCI3 at 29C) 8 8.53 (dd, J=4.4, 1.5 Hz,1531 H),
8.12 (dd, J=8.5, 1.5 Hz, 1 H), 7.83 (t) J=2\ /Hz, 1 H), 7.59 (d, J=8 Hz, 1
H), 7.57 (d, J=8Hz, 1 H), 7.42 (dd, J=8.5, 4.4 Hz, 1 H}, 7.23 (t)J=8 Hz, 1
H), 6.73 (t, J=6 Hz, 1 H), 6.50 (br s,2H)) 4.84 (t, J=6 Hz, 2H), 3.60 (q,
J=6 Hz,2H), 2.92 (t, J=7 Hz, 2H), 2.04 (quintet, J=7Hz) 2H)) 1.88 (quintet,
J=7 Hz, 2H), 1.80 (m,J=7 Hz, 2H)) 1.48 (m) 2H), 0.99 (t, J=7 Hz,3H(CDC13 at
29C) s s.s0 (dd, J=4.4, 1.5 Hz,154H1 H), 8.09 (dd, J=8.5, 1.5 Hz) 1 H),
7.43 (dd,J=8.5, 4.4 Hz, 1 H), 6.32 (br s, 2H), 5.75 (t,xJ=6 Hz, 1 H), 4.81
(t) J=6 Hz, 2H}, 3.35 (q,J=6 Hz, 2H), 2.91 (t) J=7 Hz, 2H), 2.1-1.6 (m,ca.
21 H), 1.51 (sextet, J=7 Hz, 2H), 1.01 (t,J=7 Hz, 3H(CDCI3 at 60C) 8 8.44
(dd, J=4.4, 1.5 Hz,1551 H), 8.10 (dd, J=8.5, 1.5 Hz, 1 H) 7.43 (dd,J=8.5,
4.4 Hz, 1 H), 7.10 (s, 4H), 6.00 (br s,2H), 5.60 {t, J=6 Hz, 1 H), 4.63 (t,
J=6 Hz,2H)) 3.30 (q, J=6 Hz, 2H)) 2.86 (t) J=7 Hz,2H), 2.37 (m, 2H),
2.0-1.4 (m, 14H), 1.01 (t)J=7 Hz, 3H)(CDCI3 at 60C) 8 8.33 (d, J=4.4 Hz, 1
H),156/ ~8.08 (dd, J=8.5, 1.5 Hz, 1 H), 7.5-7.0 (m, 4H))-6.70 (br s, 1 H),
6.25 (br s, 2H)) 4.85 (t, J=6Hz, 2H), 3.67 (q, J=6 Hz, 2H), 2.93 (t, J=7Hz)
2H), 2.08 (quintet, J=7 Hz) 2H), 1.89 (m)4H , 1.53 sextet, J=7 Hz, 2H ,
1.02 t, J=7 - 117    -8ii 1=f `i) 66'0 `(HZ 'zH 1=f `ieixes) 0~' l '(HZ '~)
09' l `(HZ 'w) 08' 6 '(HZ `~) 06' 4 `(HZ `w) Z6'Z '(HZ '~) ZE'E `SHE `s)
89'E `(H9 's) 81'E `Hp-o '(HZ `zH 9=f `i) l.8'~ :(HZ ;s aq) 91'9`'(HZ` `s)
p / \ Z6'1 (H ~ zH b't~ Z 8=f PP) 6E'1 (H 6 zH 9' 6 'Z'8=f 'PP) 68'1 'CH 6
`zH 9=f 'i) 6E'8 '~H 6 'zH 9' 6 `~'~=f `PP) 1~'8 8 (Oo6Z is OSWO-9P) ,~~H
Z9t (HE `zH 1=f `I) 98'0 'tHZ `~) 6E' 6 '(HZ '~) t~9' 6 `(HZ '~) 9L' l '~HZ
`w) 06' 6 '(HZ `zH L=f `l) 66'Z '(HZ 



'w) 8E'E '(HZ `zH 9=f '~) Z8't~ `(HZ 's) 9L'9 '(H 6 `zH 1~'~ `9'8=f `PP)
LE'L `CH C `ZH 9' 6 \ / '9'8=f 'PP) 88'L '(H L `s) 6E'8 '(HE 'w) ~'8 T9I
'(H 6 `zH 9=f 'l) 96'8 s (Oa6Z le OSWO-9P) 3 3 3 (HE `zH L=f 'i) 96'0 '(HZ
'~) 1~0' L `~HOL `~) E' l-9' 6 '~Hb `~) Z8' 6 `(HZ `~) 96' 6 '(H 6 `w)
ti0'Z `(HZ 'ZH 1=f `~) Z6'Z `(HZ `zH 9=f 'b) 90'E '~HZ 'ZH 9=f 'i) 61't
'(HZ 's ~q) ti1'9 `~H 6 'zH ~h'ti 'Z'8=f `PP) Zti'1 `(H L 'zH 9=f `i) 61'L
`CH 6 `ZH 9' 6 `Z'8=f `PP) 06'L `(H 6 09t 'zH 9' L `b'i~=f 'PP) 6t'8 8
(Oo6Z la OSWO-~P) (HE 'zH L=f 'i) 96'0 `(H OZ `~u) 6' L-99' l '(HZ `w) 08'
L `(HZ 'ZH L=f `iai~lnb) 86' 6 '(HZ 'zH L=f 'i) ~6'Z '(HZ `zH 9=f 'b) 80'E
'(HZ `zH 9=f `~) 6L't~ `(H 6 'w) Z6'1 `(H L `zH Z=f `PP) 86'i `(H 6 '~)
L1'9 '~HZ `s ~q) 98'9 `(H 6 `zH ~'ti `9'8=f 'PP) Eti'1 '(H 6 `zH 9=f 'i)
Z1'1 `~Hl 'zH ti'b'9'8=f 'PP) Z6'1 `~H6 r 6Si 'zH 9' 6 '~'i~f `PP) 49'8 g
(Oo6Z is OSWO-9P) H~ ` (HE `zH L=f 'i) 96'0 `(H~6 'w) 6' 6-9' 6 '(Ht~ `w)
08' C '(HZ 'zH L=f `i) 86' l '(HZ `ZH L=f 'i) OZ'Z '(Htr `zH 1=f 'b) 8Z'Z
'(HZ 'zH 9=f `b) 90'E '(HE `s) 19' `(HZ `zH 9=f `i) 6L'ti '(HZ `s ~q) 08'9
`(H 6 'zH ti`b 't~'8=f `PP) Et~'L '(H L `zH 9=f `i) 61'1 `(H 6 `zH 9' 6
'8=f `PP) 66'1'(H 6 0 8Si 'ZH 9' C '~'4=f `PP) 09'8 g (Oo6Z la OSWO-sP) (HE
'zH L=f `i) 60' 6 `(HZ 'zH L=f `ia~es) 69' 6 '(HZ `zH L=f 'ialulnb) 69' 6
`(HZ `zH 1=~ `~a~uinb) 06' ~ '(HZ 'zH L=(' '~a~~inb) 96' 6 `~HZ 'zH L=f 'i)
66'Z '(HZ `zH 9=f 'b) Zti'E '~HZ `s) 96'E '(HZ `s) 6b'b `(HZ 'zH 9=f 'l)
68'i '(HZ 's ~q) 4'9 '(H b 'zH 9=f `i) ti8'9 '(HZ \ / '~) 6Z'1 `(HE `w)
8Z'1 '(H L `zH b'ti `9'8=f `PP) 0~'L '(H 6 `zH 9' 6 `9'8=(' `PP) 0l'8 `(H 6
'zH 9' 6 `i~'b=f 'PP) 69'8 8 0009 is e100) ~ GSi (HE `zH  Gb9Z/86SN,1Jd
696Z/66 OM aooz ~nr s o   -6tt tHS `ZH L=r 'i)06'0 `(HZ 'ZH L=r `ia~es) 04'
6 '(HZ 'ZH 1=r'~e~uinb) Og' ~ '(HZ `zH L=r `i~~u!nb) g1' ~ '(HZ'~) Z6' 6
'(HZ `ZH L=r `l) 66'Z `(HZ `ZH 9=r`b) OE'E `(HZ 'ZH 9=r `l) 68'i '(HZ 's)
~L'9`(H6 'ZH E'i~'9'8=r `PP) 0~'L `(HZ `ZH 9'8=r'P) 09'L `(HZ `ZH 8=r `P)
61'L '(H 6 'ZH 9' 6`9'8=r `PP) 68'L '(H L 'ZH 9' 6 '~'~=r `PP)
9b'8j~~G9t`(H G 'ZH 9=r '~) E9'8 8 (Oo6Z ~e OSWO-9P)\ /(HE `ZH L=r `~) 66'0
`(HZ `w)9b' 6 '(HZ 'ZH 1=r '~a~~tnb) 09' 6 `(HZ `~) 61' 6'(HZ `w) 88' 6
`(HZ `ZH L=r '~) 66'Z '(HZ `ZH9=r `b) 6' '(HZ 'ZH 9=r 'l) L8'b '(HZ 's
~q)t~l'9 '(HZ `ZH 6=r 'i) 9Z'1 '(H 6 'ZH E'b '9'8=r`PP) Oti'L '(HZ `ZH 9
`8=r `PP) ~8'L `(H 6`ZH 9' 6 '9'8=r `PP) 68'L `(H 6 `w) 9b'8 '(H 63~99l`ZH
9' 6 'E'~=r'PP) 9i'8 g (Oo6Z ~e OSWa-sP)\ /(HE `ZH L=r'~) 96'0 '(HZ 'ZH 1=r
`~e~es) 9ti' 6 '(HZ `~)09' 6 `(HZ `~) Z8' 6 '(HZ '~) O6' 6 '(HZ 'ZH 1=r'~)
E6'Z '(HZ `ZH 9=r 'b) 9Z'E `(HZ `ZH 9=r'i) Z8'b '(HZ `s lq) 9L'9 '(H 6 `ZH
8=r `P) 0'1'(H 6 'ZH Z '8=r 'PP) Zt~'L '(H 6 'ZH E'~ 'Z'8=f`PP) ti'L '(H l
'ZH Z=(' `P) ti9'1 `(H L 'zHt~9' 6 `Z'8=r 'PP) 66'1 '(H L 'ZH 9=r `l) ~tr'8
'(H 6_ ~~S9i`ZH 9' 6 'E'fi=r `PP) 61F8 8 (Oo6Z le OSWO-8P)\ /(HE `zH L=r
`~) 96'0 `(HZ `~) 9ti' 6 `(HZ'ZH L=r `laiu~nb) 09' 6 `(HZ `W) 8' 6 '(HZ
`w)96' L '(HZ 'ZH 1=r `~) i~6'Z `(HZ `ZH 9=r 'b)9Z'E `(HZ `zH 9=r '~) E8'ti
`(HZ `s) ~L'9 '(H 6'ZH l '8=r 'PP) 1Z'1 '(H 6 `ZH 6 '8=r) iP) l'1`(H6 `ZH
E'ti'i~'8=r `PP) ti'L'(H6 `ZH 6 '8=r'lP) 6E'L `(H 6 'ZH 6 `8=(' `PP) ~'1
'(H C 'ZHt~9' 6 `~'8=r 'PP) 66'L `(H 6 'ZH 9=r '~) 8'8 '(H 6/ \~9t'ZH 9' 6
''ti=r 'PP) 09'8 S (~o6Z l~ OSWO-9P)(HE `ZH 1=r `~) 96'0'(HZ '~) 9ti' 6
'(HZ `ZH L=r '~e~uinb) 09' ~ `(HZ`~) 98'Z '(HZ 'w) 06'Z '(HZ 'ZH 1=r `i)
96'Z'(HZ 'w) t~E' '(HZ `ZH 9=r `~) 8't~ `(HZ `s gig)3 396'9 `(H6 'ZH i~'ti
`9'8=r'PP) ti~'L `(H6 `ZH/ \9'8=r 'P) 6'L '(H 6 `ZH 9' 6 'ti'i~=r 'PP)
L9'8`(H l `ZH 9=r `l) 68'8 g (Oo6Z lE OSWQ-sP)3(H 'ZH Lb9ZJ86Sf V.I.Jd
696L66 OM aooz inr 6 0   0 9 JUl 20Q2 WO 99I19693 PCTNS98I2b473 ~
CH,(ds-DMSO at 29C) 8 8.47 (dd, J=4.3, 1.5 Hz,168o "'~"1 H), 8.29 (t, J=6
Hz, 1 H), 7.89 (dd, J=8.5, 1.5Hz, 1 H)) 7.76 (d, J=8 Hz, 2H), 7.40
(dd)J=8.5, 4.3 Hz) 1 H), 6.96 (d, J=8 Hz, 2H),6.74 (s, 2H), 4.81 (t, J=6
Hz, 2H)) 3.79 (s)3H), 3.39 (q) J=6 Hz, 2H), 2.91 (t, J=7 Hz,2H)) 1.86 (m)
2H)) 1.79 (quintet, J=7 Hz) 2H),1.60 (quintet, J=7 Hz, 2H)) 1.41 (sextet,
J=7Hz, 2H , 0.91 t, J=7 Hz, 3H ~ ~(de-DMSO at 29C) 8 8.67 (t, J=6 Hz, 1
H))169F8.46 (dd) J=4.0, 1.5 Hz) 1 H), 7.97 (d, J=8 Hz,2H), 7.89 (dd, J=8,
1.5 Hz, 1 H), 7.39 (dd,J=8, 1.5 Hz, 1 H), 7.38 (d, J=8 Hz, 2H), 6.74(s,
2H), 4.82 (t) J=6 Hz, 2H), 3.32 (m, 2H),2.91 (t) J=7 Hz, 2H), 1.89 (m, 2H),
1.78(quintet, J=7 Hz, 2H), 1.62 (quintet) J=7 Hz,2H), 1.40 (sextet, J=7 Hz)
2H)) 0.89 (t) J=7Hz, 3H)cH, ~ ~(da-DMSO at 29C) 8 8.46 (dd, J =4.0, 1.5
Hz)170Hs1 H), 8.35 (t, J=6 Hz, 1 H)) 7.89 (dd, J=8.5) 1.5Hz, 1 H), 7.71 (d,
J=8 Hz, 2H), 7.43 (d, J=8Hz, 2H), 7.40 (dd) J=8, 4.0 Hz, 1 H), 6.73 (s,2H),
4.80 (t, J=6 Hz) 2H), 3.30 (q, J=6 Hz,2H)) 2.91 (t, J=7 Hz, 2H), 1.88
(quintet, J=7Hz, 2H), 2.80 (quintet, J=7 Hz, 2H), 1.60 (m,2H), 1.39
(sextet, J=7 Hz, 2H), 1.29 (s, 9H),0.90 t, J=7 Hz, 3H~(ds-DMSO at 29C) 8
8.47 (dd, J=4.0, 1.5 Hz,171cH s1 H), 8.35 (t) J=6 Hz) 1 H), 7.89 (dd,
J=8.0,1.5Hz, 1 H), 7.69 (d, J=8 Hz, 2H), 7.40 (dd,J=8.0, 4.0 Hz) 1 H), 7.23
(d, J=8 Hz, 2H))6.74 (s) 2H), 4.81 (t) J=6 Hz, 2H), 3.28 (q,J=6 Hz, 2H),
2.91 (t, J=7 Hz, 2H)) 2.34 (s)3H), 2.90 (m, 2H), 1.79 (quintet, J=7 Hz,
2H),1.60 (quintet, J=7 Hz, 2H), 1.41 (sextet, J=7Hz,2H,0.91 t,J=7Hz,3H -
120    0 9 JUL 2002 WO 99R9693 PCTIUS98R6473  ~(d~-DMSO at 29C) 8 8.49 (dd,
J=4.5, 1.5 Hz,172-~~ ~CH1 H), 7.90 (dd, J=8.5, 1.5 Hz, 1 H), 7.67 (t, J=6~
g s 42 (dd, J=8.5, 4.5 Hz 1 H) 6.74 Hz 1 H) 7, , , , . (s) 2H)) 4.79 {t,
J=6 Hz, 2H), 3.06 (q) J=6 Hz,2H), 2.91 (t, J=7 Hz 2H)) 1.87 (s, 2H))
1.82(quintet) J=7 Hz, 4H), 1.46 (sextet, J=7 Hz,4H), 0.96 (t) J=7 Hz, 3H),
0.86 (s, 9H)~D . ~173t, J=6 Hz 1 H), 7.90 (dd, J=8.5, 1 5 



1 H) 8. 0Hz, 1 H), 7.43 (dd, J=8.5, 4.5 Hz, 1 H), 6.75(s, 2H), 4.79 (t, J=6
Hz) 2H), 3.10 (q, J=6 Hz)2H), 2.92 (t, J=7 Hz) 2H), 1.82 (m, 4H), 1.45m, 5H
, 0.94 t) J=7 Hz, 3H , 0.60 m) 4H~8 s ~I~ i DM9 2J 11741 .5 Hz =8.4 H)) 7
68 (t J=6 1 h ) 0 (ddHz, 1 H), 7.42 (dd, J=8.4, 4.3 Hz, 1 H), 6.73(br s)
2H), 4.80 (t, J=6 Hz, 2H), 3.06 (q, J=6Hz, 2H)) 2.92 (t, J=7 Hz, 2H), 2.44
(m, 1 H),1.81 (m) 4H)) 1.70-1.30 (m, 12H), 0.96 (t, J=7Hz 3H~8 DM s a1 .
2J175=8.0 1 .5 Hz 1 H) 90 (dd H) 7 .73 (t J=6Hz, 1 H), 7.42 (dd, J=8.0, 4.5
Hz, 1 H), 6.75(s) 2H), 4.78 (t, J=6 Hz, 2H), 3.06 (q) J=6 Hz,2H), 2.92 (t,
J=7 Hz, 2H)) 1.99 (t, J=7 Hz,2H), 1.81 (m, 4H)) 1.63 (m) 3H), 1.6-1.3
(m,10H , 1.00 m, 2H , 0.97 t J=7 Hz, 3Ha 9 s 6 O176\ / =N4 8 dd, J=4 3 1.5
Hz, H)) 7.91 (m, 4H),7.89 (dd, J=8.3, 1.5 Hz, 1H), 7.40 {dd, J=8.3,4.3 Hz,
1 H)) 6.74 (s, 2H), 4.81 (t, J=6 Hz,2H), 3.31 (m, 2H), 2.91 (t, J=7 Hz)
2H), 1.90(m, 2H), 1.79 (quintet) J=7 Hz, 2H), 1.60 (m)2H), 1.40 (sextet,
J=7 Hz, 2H), 0.90 {t, J=7Hz, 3H) - 121    -zzi (HE 'ZH 1=f `~) 96'0 '(HZ
`ZH L=f 'ialxas} 9tr' 6 `(HZ `ua) 89' 6 `(HZ `ZH L=f 'iaiulnb) 98' 6 '(HZ
'ui) 06' 6 '(H9 's) EO'Z `(H `s) 09'Z `(HZ'ZH L=f `~) Z6'Z `(HZ `ZH 9=f 'b)
ZZ' `' '(HZ `ZH 9=f `i) Z8'tr'(HZ `g iq) 91'9 '(HZ `s) o H 8L'9 '(H 6 'zH
'tr 'tr'8=f `PP) Ztr'1 `(H 6 'ZH ` 9' 6 `tr'8=f `PP) 66'1 `(H 6 'ZH 9=f 'i)
tr6'8 `(H 6 H~ / \ OS i `ZH 9' 6 `E'~f `PP) 8b'8 8 (Oo6Z le OSWO-~P) o`H
(HE `zH L=f `~) 66'0 `~HZ `zH L=f `ieixes) Ztr' 6 `(HZ `~) 9' 6 '(HZ 'ZH
1=f 'le~ul~b) 61' 6 `(HZ 'ua) 06' 6 `(HZ `ZH L=f `i) Z6'Z `(HZ `w) ZE' `(HZ
`ZH 9=f `i) Z8'tr `(HZ `S) 91'9 `(H 6 'ZH tr'tr 'E'8=f `PP) 6'L `(H 6 'ZH
9' 6 ''8=f `PP) 68'L `(HZ `ZH 9'Z 9'8=f 'PP) 00'8 `(HZ 'ZH 9'Z `9'8=f 'PP)
8Z'8 `(H 6 'ZH 9' 6 `tr'tr=f `PP) 9t'8 ` / ~ 6Gi '(H 6 'ZH 9=f 'i) L1'8 g
(Oo6Z l~ OSWO-9P) (HE 'ZH L=f 'i) 96'0 '(Htr 'w) 9b' 6 '(Htr 'u~) 91' 6
`(HZ `ZH 1=f 'i) 06'Z `(HZ `ZH 9=f `b) 60'E '(HZ `s) 99'E '(HZ `ZH 9=f `i)
61'tr `(HZ `s aq) LL'9 '(H 6 `zH 6 `E=f `PP) Z8'9 `(H 6 `ZH  `S=f `PP) 68'9
'(H 6 `ZH 6 '9=f 'PP) 6Z'1 `(H 6 `ZH E'tr `Z'8=f `PP) Etr'1 `(H 6 `ZH 9' 6
`Z'8=f `PP) 66'1 '(H 6 `ZH 9=f `i) 90'8 `(H 6 ~ 8Gi `ZH 9' 6 ''t~f 'PP)
6tr'8 8 ~Oo6Z i~ OSWa-9P) s (H 'ZH L=f 'i) 66'0 `(HZ 'ZH L=f 'lalxes) Ztr'
6 '(HZ 'zH L=f 'ieiulnb) 09' 6 '(HZ 'ZH 1=f `~e~u~nb) 6L' t `(HZ 'u~) 18' 6
`(HZ `ZH L=f 'i) Z6'Z `(HZ 'ZH 9=f `b) 8Z'E `(HZ `ZH 9=f 'i) Z8'tr'(HZ `S)
trL'9 `(H6 `ZH E `9=f `PP) 66'1 '(H l 'ZH 'tr 'tr'8=f 'PP) Otr'L `(H 6 'ZH
6 '=f `PP) 19'L '(H 6 `ZH 6 '9=f 'PP) Z1'1 `(H 6 `ZH 9' 6 `tr'8=f `PP) 68'1
`(H 6 'ZH 9=f 'i) 9tr'8 `(H 6 ~ GG i `zH 9' 6 'E'tr=f `PP) 9tr'8 g (Oa6Z i~
OSWa-~P) s Lti9ZJ86SN.L~d 696Z!56 OM zooa inr s o   - Zi  `(HZ 'ZH 9=f '~)
b8'b `(HZ 's) b1'9 '(H 6 'ZHtoE'b `9'8=f 'PP) Zb'1 `(HZ `s) 69'1 '(H 6 `ZH
9' 6 / \ I~'9'8=f `PP) 06'1'(H 6 'ZH 9' l 'b'b=f 'PP) 6b'898t`(H 6 'ZH 9=('
'i) b9'8 8 (Je6Z ie OSWO-sP)I(HE 'ZH L=f `i) 68'0 `(HZ `ZH L=f `ia~es)--bE'
6 '(HZ '~u) E9' 6 '(HZ `ZH 1=f 'iaiulnb)8L' 6 '(HZ 'w) 88' 6 '(HZ `ZH L=f
'i) 66'Z'(HZ `w) OE'E '(HZ `ZH 9=f 'i) 68'b '(HZ 's~q) b1'9 `(H 6 'zH E'b
'8=f 'PP) 6E'1 '(HZ 'ZH8=f 'P) Eb'L '(H ~ `ZH 9' 6 `8=f `PP) 68'1 '(HZ o /
\`ZH 8=f 'P) 06'L '(H 6 `ZH 9' 6 `E'b=(' 'PP) 9b'83S8t`(H 6 `ZH 9=f 'i)
99'8 8 (Oo6Z ie OSWQ-9P)(HE 'ZH L=(' '~? 66'0 '(HZ 'ZH L=f 'ia~es)Ob' 1
`(HZ 'ZH L=f `~e~ulnb) 19' 1 `(HZ `ZH L=f';elulnb) 61' ~ '(HZ `w) 68' 6
'(HZ 'ZH L=f 'i)Z6'Z `(HZ `w) lE'E '(HZ `ZH 9=f `i) 68'b `(HZ`s aq) 91'9
'(H 6 'ZH 9' 4 `b'8=f `PP) Eb'L '(H 6'ZH 9'0 `8=f 'PP) Z9'1 '(H 6 'ZH 9' 6
`b'8=f`PP) 66'L '(H 6 `ZH E `8=f `PP) 9l'8 `(H l `ZH9' 6 `E'b=f `PP) 9b'8
`(H 6 `zH 9=f 'i) O1'8 '(H 1I~ / \b8I'ZH 9'0 '9'Z=f 'PP) 1L'8 8 (Oe6Z le
OSWa-~P)(HE 'ZH L=f `i) 96'0 `(HZ 'ZH L=f `lal~as)9b' 6 '(HZ '~) 09' 1 '(HZ
'ZH L=f `iaiul~b)E8' 1 '(HZ `~) Z6' 6 `(HZ 'ZH L=f `i) b6'Z'(HZ 'zH 9=f `b)
LZ'E '(HZ `ZH 9=f `l) E8'b'(HZ 's ~q) 9L'9 '(H 6 `ZH 9 `8=f `PP) Zb'L `(H
~'ZH E'b'8=f 'PP) Eb'L `(Hl 'ZH Z'0'8=f 'P)b1'1 '(H L `ZH 9' 6 `b'8=f `PP)
66'1 '(H 6 `ZH/ \Z `9=f 'PP) Eb'8 '(H b 'ZH 9' 1 'E'b=f `PP) 09'8~8 L'(H l
'ZH 9=f 'l) 99'8 8 (Oe6Z ig OSWa-~P)to(HE `ZH L=f '~) 96'0 `(H8 `~) bb'
6'(Hb'~u) 68'L `(HZ'u~100'Z `(HZ'w) 9Z'Z`(HZ `ZH L=f '1) 06'Z `(HZ `ZH 9=f
'b) 90'E`(HE `s) 99'E '(HZ `ZH 9=f `i) 81'b '(HZ `s ~q)11'9 '(H 6 `zH E'b
'0'8=f 'PP) Zb'1 '(H 6 'zH ' 



a9=f i) 91'L '(H 6 'ZH 9' 1 '0'8=f 'PP) 06'1 '(H 6Z8i`ZH 9' 6 'E'b=f `PP)
09'8 g ('Je6Z ~g OSWQ-9P)(HE 'ZHL=f `i) 96'0 '(HZ `ZH L=f 'ie~es) gb' 1
'(HZ'~u) 89' 1 '(Hb `w) 18' 6 `(HZ 'ZH L=f `l) Z6'Z'(HZ `ZH 9=f 'b) 9Z'E
`(HZ 'ZH 9=f 'i) 08'b'(HZ 's ~q) 60'1 '(H 6 `ZH 'b `0'8=f `PP) 9b'1 3'(Hl
'ZH 8=f `P) b6'L'(HL `ZH E'b=f 'P) Z9'83t8i'(Hl 'ZH 9=f 'i) 8b'6 s (Oe6Z is
OSWa-9P) Lq9=I86SN.L~d 696Z/66 OM toot inr s o   - i~Z I  (HE`ZH L=f '~)
L8'0 '(HE 'ZH L=f '~) !6'0 '(H4 `w)8Z'! `(HZ'u~) ZE'! `(H4 `ZH 1=f `~e~eS)
8E'!-'(HZ `~u) 09'! '(HZ'ZH L=f `lelulnb) !1'! '(HZ`ZH 1=f `lalulnb) 8L' !
'(HZ '~u) 18' ! '(HZ 'ZH oL=(' '~) !6'Z `(HZ 'ZH 9=(' 'b) 8Z'E '(HZ `ZHL=f
'~) 00'4'(HZ `ZH 9=f `~) !8'4'(HZ'S) EL'9'(HZ 'ZH 8=(' 'P) 46'9 '(H ! 'ZH
E'4 '9'8=f`PP) 04'L `(HZ 'ZH 8=f `P) 9L'L '(H ! 'ZH9'! `9'8=f 'PP) 68'L
'(H! `zH 9=f `~) 1Z'8 '(H!o~06I'ZH 9'! 'E'4=f 'PP) 94'8 E (Oa6Z ~~
OSWa-~P)\ /lH'ZH L=f `i) 06'0 '(HZ `ZH 1=f `lamas) 9' !'(HZ `~u) !9' ! '(HZ
`ZH L=~ `lelulnb) 6L' ! `(HZ'tu) 88'! '(HZ'ZH L=f '~) !6'Z `(HZ 'ZH 9=f`b)
!E'E `(HZ `ZH 9=f '~) !8'4 '(HZ `S) 4L'9'(H! `ZH 4'4'4'8=f 'PP) 6E'L'(H!
`ZH 8=f '~)14'L '(H! 'iH Z'8=f 'Pl) 89'L `(H 6 `ZH Z '8=f`Pl) 4L'L '(H !
'ZH Z=f '~) Z8'1 '(H ! `ZH 9' !/ \`4'8=f `PP) 68'1 '(H ! `ZH 9' ! `t~'~f
`PP) 94'868I'(H! 'ZH 9=f `i) 99'8 q (Oo6Z lE OSWO-~P)t~(HE `ZH 1=f'i) Z6'0
'(HZ 'zH 1=(' `~8~es) ~' ! `(HZ `LU)09' ! '(HZ `ZH L=f `leluinb) 08' ! '(HZ
'~u) 06' !'(HZ `ZH L=f 'i) Z6'Z `(HZ `ua) E'E '(HE 's)OL''(HZ'ZH 9=f'i)
Z8'4 `(HZ's) 41'9'(H!'ZH Z '8=f 'iP) 86'9 '(H 6 'ZH 8=f `P) 90'1`(H! `ZH
E'i~ `4'8=f 'PP) 04'L `(H! `ZH Z `8=f ' ` ` ` ` ` ` oPP) 49'1 (H! ZH iP)
!4'L (H! ZH Z 8=f9'! `4'8=f `PP) 06'1 '(H! 'ZH 9=f `~) 9!'8'(H!/ \88I'zH
9'! 'E'i~=f 'PP) 14'8 s (Oo6Z le OSWa-~P)(H 'ZH L=f `l)' 96'0 `(HZ `ZH L=f
'lames)~' ! `(HZ `u~) 94' ! '(H4 `~u) 08' ! '(HZ 'ZH 1=f'i) 68'Z '(HZ `ZH
9=f 'b) 80'E `(HZ 'S) 9Z'E'(HE `S) 01'E '(HZ `ZH 9=f `i) 61'4 '(HZ 's ~q)~
41'9 `(HZ `ZH 8=f 'P) 9L'9 `(HZ 'ZH 8=f `P)_ ~LO'L '(H! 'ZH E'4 `9'8=f `PP)
Z4'L '(H! `ZH-'9'! `9'8=f `PP) 06'1'(H! `ZH 9=f `i) Z6'L `(H!\ /G8I'zH 9'!
`E'4=f `PP) 64'8 S (Oo6Z la OSWO-P)(HE `zH 1=f'i) 96'0 '(HZ 'ZH L=f `lames)
94' ! '(HZ 'ua)09' ! `(HZ 'ZH L=f `~alulnb) 8' 6 '(HZ `~u) 06' !`(HZ `ZH
L=f `i) E6'Z `(HZ 'ZH 9=f `b) 9Z'E G~9ZJ86SN,L~d 696Z/66 OM 1001 1 n r 6 0
0 9 JUl Z002 WO 99I19693 Examples 191 - 212 Compounds of Formula I
PCTNS98/26473 The compounds of Examples 191-212 shown in the table below
were prepared according to the following method. 4-(4-Amino-2-butyl-1H
imidazo[4,5-c][1,5]naphthyridin-1 yl)ethaneamine (50 ~mol) was dissolved in
5 mL of dichloromethane in a screw-capped test tube and a carboxylic acid
(50 pmol) of formula RACOOH was added at ambient temperature. Within 3
minutes a light suspension typically formed. The coupling agent,
I-(3-dimethylaminopmpyl~3 10 ethyl carbodiimide hydrochloride 010.5 mg) 55
~mol) was added and the mixture was vortexed at 400 rpm for 1-2 h at
ambient temperature) giving a clear solution in most cases. The mixture was
applied to a short column (3 x 1 cm ) of silica gel conditioned with
dichloromethane. The product was eluted with 10:1 dichloromethane:methanol,
collecting ~2 mL fractions. Thin layer chromatography of the fractions was
performed, and fractions with the product spot were pooled 15 and stripped
to dryness in a Savant SpeedVac. Purity was checked by reversed phase-HPLC
(HPLC conditions refer to using a Hewlett Packard HP 1090 system fitted
with a C 18 Raisin Microsorb MV column, 4.6 x 50 mm, particle size = 3
microns, pore size =100 Angstroms. Gradient elution: linear gradient from
l00% water +0.1 % trifluomacetic acid to 100% acetonitrile + 0.1 %
trifluoroacetic acid over 5 min. at 1 mL per minute. Detection is at 220 nm
20 and 254 nm). APCI-mass spectral data confirmed presence of the expected
molecular ion, and proton nmr data supported the expected structure. - I25
0 9 JUL 2002 WO 99/29b93 PGT/~3598/16473 NHi N I I ~ N ~ CHa O "A Example
#RA FragmentH NMR (500 MHz, solvent indicated)(CDCI3) 8 8.47 (dd, J=4.4,1.5
Hz, 1 H)) 8.10191~(dd, J=8.5, 1.5 Hz, 1 H 7.45 (dd, , J=8.5 4.4 ,Hz, 1 H),
7.15 (dd, J=5 0, 3.0 Hz) 1 H)) 6.75(d, J=3 Hz, 1 H)) 6.64 (dd, J=5.0, 1.2
Hz,1 H), 6.61 (br t, 1 H)) 6.3 (br s, 2H), 4.94 (t,J=6 Hz, 2H), 3.30 (s,
2H), 2.81 (q) J=6 Hz,2H), 2.89 (t, J=7 Hz, 2H)) 1.88 (quintet, J=7Hz, 2H),
1.50 (sextet, J=7 Hz, 2H)) 1.00 (t,J=7 Hz, 3HBr(CDCI3) s 8.41 (dd, J=4.4)
1.5 HZ, 1 H), 8.04I92~ ~(dd) J=8.5, 1.5 Hz, 1H), 7.40 (dd) J=8.5, 4.4Hz, 1
H)) 7.34 (dd, J=8) 1.2 Hz, 1 H)) 7.07 (dt,J=8, 2 Hz, 1 H), 7.00 (dt, J=8, 2
Hz, 1 H),6.96 (dt, J=8,2 Hz, 1 H)) 6.78 (br t, 1 H), 5.72(br s, 2H), 4.95
(t, J=6 Hz, 2H), 3.85 (q, J=6Hz, 2H), 3.42 (s, 2H), 2.89 (t, J=7 Hz,
2H),1.83 (quintet) J=7 H, 2H), 1.50 (sextet, J=7Hz, 2H , 1.00 t, J=7 Hz,
3Hct(CDCI3) 8 8.40 (dd, J=4.4, 1.5 Hz, 1 H), 8.07193~ ~(dd, J=8.5, 1.5 Hz,
1 H), 7.43 (dd, J=8.5, 4.5Hz) 1 H), 7.14 (d, J=2 Hz, 1 H), 7.06 (br t,c11
H), 6.98 (dd, J=8, 2 Hz, 1 H)) 6.85 (d, J=8Hz) 1 H), 5.75 (br s, 2H), 4.96
(t) J=6 Hz)2H), 3.86 (q, J=6 Hz, 2H), 3.31 (s, 2H), 2.89(t, J=7 Hz, 2H),
1.89 (quintet, J=7 Hz, 2H))1.50 (sextet, J=7 Hz, 2H), 1.00 (t, J=7 Hz,_3H)
-126 



- GZI  lH`ZH L=f `i) 60' 6 '(HZ `ZH L=f 'ie~as) Zg' 6'(HZ `ZH L=f `ia~ulnb)
O6' 6 `(HZ `zH L=f'i) 80'Z '(HZ `~u) 8Z'Z `(HZ 'ZH 1=f 'i) Z6'Z-'(HZ `ZH
9=r 'b) 8' '(HZ `ZH 9=f `i) 46'4'(HZ `s ~q) 6 6'9 `(H 6 's aq) 84'1 '(H 6
'ZH ' ~4'4'9'8=f 'PP) 84'L '(H b `ZH 9' 6 `9'8=f `PP)~ --66I6 6'8 '(H 6 `ZH
9' 6 '9'4=f `PP) 69'8 8 ~~I~a~)~(HE `ZH L=f `l) 00' 6 '(H 6 `ZH 9=f 'I) LZ'
6'(H b 'ZH 6=f `P) 8E' 6 `(HZ `ZH L=f 'lades)Z9' L `(HZ 'ua) 09' L '(H l
'u~) 6L' L '(H 6'w) 98' 6 '(HZ `ZH 1=f 'leiumb) 66' C '(HZ `ZHoL=f 'i) Z6'Z
'(HZ 'ZH 9=f 'b) 98'E `(HE '~u)60'9 '(HZ `s ~q) 69'9 `(H 6 `i ~q) 0'1 `(H ~
'ZH~'~''8=f 'PP) 84'L `(H6 `ZH 9'6 'E'8=f 'PP)86T60'8 `(H 6 'ZH 9' 6 `4'4=f
`PP) 89'8 g ~I~(7~)(HE 'ZH L=f `i) 60' 6 '(HZ-`ZH L=f `ia~as) 69' 6 '(HZ
`ZH L=f `Iel~lnb)06' l `(HE `s) i~'Z `(HZ `ZH 1=f `i) 68'Z '(HZ`s) OZ'E
`(HZ 'ZH 9=f 'b) 08' `(HZ 'ZH 9=f'I) 6'4 `(HZ `s ~q) 69'9 '(H b 's ~q) 69'9
`(HZHo-s'ZH 8=f `P) 91'9 '(HZ 'ZH 8=f 'P) 60'L '(H 4'zH 9'4 '9'8=f 'PP)
64'L '(H 6 `9' 6 '9'8=f `PP)G6 il 6'8 '(H 6 '9' 6 '9'~f 'PP) 09'8 g
(EI~a~)(HE 'ZH 1=f 'i) 60' ~ '(HZ `~u) 90' b '(HZ'ZH L=f 'ieluinb) 9' 6
'(HZ 'zH L=f `ia~es)09' C '(H4 `~u) 8' 6 '(HZ `ZH L=f `iaiurnb)66' 6 '(HZ
`ZHL=f 'i) 6'Z `(HZ 'zH 9=f'b) Z8' `(HZ 'ZH L=f 'l) 9Z'4 `(HZ 'ZH 9=f ';
)96'b `(HZ `s ~q) 0'9 `(H 6 's ~q) 4Z'1 `(H 6 'ZH9'4 `9'8=f 'PP) 64'L `(H 6
`~H 9' 6 `9'8=f 'PP)~96I6 6'8 `(H L 'ZH 9' 6 `9'4=f `PP) 09'8 g (I~O~)(H
`ZH 1=f '~) 60' 6 `(HZ 'ZH L=f`Ze;uinb) y 6 '(HZ 'zH L=f `~elxes) 09' 6
'(HZ'ZH L=f 'ia~u6nb) E8' 6 '(HZ 'ZH L=f `Ialulnb)06' 6 '(HZ 'ZH L=f `~)
46'Z '(HZ `ZH 9=f `b)port08' '(HZ `ZH L=f `I) 19Z'4 '(HZ `ZH 9=f
`I)96'4'(HZ `s) 8'9 '(HZ `ZH 8=f 'P) 46'L '(Hl 'i\ /~q) 6E'1 `(H6 '(9'8
`9'4=f 'PP) Z4'L '(H `uJ)S6i10'8 `(H 6 `ZH 8' 6 `9'1~=f `PP) 69'8 8
(I~a~)(H `ZHL=f '~) 60' 6 `(H9'w) 09' 6 '(HZ 'ZH 1=f `b) L8' 6 '(HZ 'ZH
L=f`b) 66' 6 '(HZ `ZH L=f 'I) Z6'Z `(HZ `ZH 9=f';) 9E' `(HZ 'ZH 9=f 'b) Z8'
`(HZ `ZH 9=f'I) 96'4 '(HZ 'sq) 61'9 '(H 6 `~G) 6 6'1 `(H 6 'ZH9'4 `9'8=('
'PP) Lb'L '(H 6 'ZH 8' 6 `9'8=f 'PP)~b6i60'8 `(H 6 'ZH 8' 6 `9'4=f 'PP)
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9 JUL 2002 WO 99/Z9693 PCTNS98lZ6d73 (br s, 2H), 5.11 (t) J=6 Hz, 2H), 4.05
(q, J=6Hz, 2H), 2.92 (t, J=7 Hz) 2H), 2.59 (s, 3H),1.87 (quintet, J=7 Hz,
2H), 1.46 (sextet, J=7Hz, 2H , 0.95 t J=7 Hz 3Ho Br(CDCI3) 8 8.73 (dd,
J=4.4, 1.5 Hz, 1 H)) 8.122o6~(dd, J=8.4, 1.5 Hz, 1 H), 7.95 (br s, 1 H),
7.52(dd, J=8.4, 4.4 Hz, 1 H), 6.91 (d, J=3.4 Hz)1 H)) 6.31 (d, J=3.4 Hz, 1
H)) 6.04 (br s, 2H),5.07 (t, J=6 Hz, 2H), 3.99 (q, J=6 Hz) 2H),2.93 (t, J=7
Hz) 2H), 1.91 (quintet) J=7 Hz,2H), 1.50 {sextet, J=7 Hz, 2H)) 0.99 (t,
J=7Hz, 3H)(CDCI3) b 8.50 (dd, J=4.4, 1.5 Hz, 1 H), 8.42207~ ~(d, J=4 Hz, 1
H)) 8.19 (d) J=1.5 Hz) 1 H)) 8.09(dd) J=8.2) 1.5 Hz) 1 H)) 7.47 (dd, J=8.3)
4.4Hz, 1 H), 7.26 (br s, 1 H), 7.23 (d, J=8 Hz)1 H), 7.07 (dd, J=8.5, 5 Hz,
1 H), 6.06 (br s)2H)) 3.95 (t, J=6 Hz, 2H), 3.84 (q, J=6 Hz,2H), 3.21 (s,
2H)) 2.87 (t, J=7 Hz) 2H), 1.88(quintet, J=7 Hz, 2H), 1.50 {sextet, J=7
Hz,2H , 1.00 t, J=7 Hz, 3H(CDCi3) 8 8.54 (dd, J=4.4, 1.5 Hz) 1 H),
8.37208(d, J=4Hz, 1 H), 8.24 (br s, 1 H)) 8.09 (dd,J=8.5) 1.5 Hz, 1 H),
7.46 (dd) J=8.5, 4.4 Hz,N i1 H), 7.35 (br t, 1 H), 7.27 (td, J=8, 2 Hz) 1
H),7.08 (dd, J=8, 5 Hz, 1 H), 5.98 (br s, 2H))4.91 (t, J=6 Hz, 2H), 3.79
(q) J=6 Hz, 2H),2.90 (t, J=7 Hz, 2H), 2.69 (t) J=7 Hz, 2H),2.14 (t) J=7 Hz,
2H)) 1.90 (quintet, J=7 Hz,2H), 1.52 (sextet, J=7 Hz) 2H), 1.01 (t, J=7Hz,
3H~(ds-DMSO) 8 8.52 (d, J=8.3 Hz, 1 H), 8.37209 ~(m, 2H), 7.96 (d) J=8.3
Hz) 1 H), 7.4B (dd,~ ~ ~J=8.3, 4.5 Hz) 1 H), 7.14 (br s, 2H), 4.72 (t,J=6
Hz, 2H), 4.12 (t, J=6 Hz, 2H), 3.56 (q,rro=J=6 Hz, 2H), 2.81 (t, J=7 Hz,
2H), 2.52 (m,2H)) 2.33 (s, 3H), 1.T5 (quintet, J=7 Hz, 2H),1.40 sextet, J=7
Hz, 2H , 0.94 t) J=7 Hz, - 129    0 9 JUl 2002 WO 99129693 PCTNS981Z6473
3Hc(CD j138i~8.52 (dd, J=4.4) 1.5 Hz, 1 H)) 8.05210~(dd, 1.5 Hz, 1 H), 7.76
(t, J=6 Hz, 1 H),7.43 (dd, J=8.5, 4.4 Hz, 1 H), 7.27 (d, J=8Hz, 2H)) 7.06
(d, J=8 Hz, 2H)) 5.82 (br s,( ~2H), 5.06 ~ 4.83 (m, 2H), 3.88 8~ 3.79
(m,2H), 3.03 (m, 1 H), 2.89 (t, J=7 Hz, 2H), 2.79ct(m) 1 H), 2.5 (m, 3H),
2.25 (m, 1 H), 1.90(quintet, J=7 Hz, 2H), 1.51 (sextet, J=7 Hz,2H), 1.00
(t, J=7 Hz) 3H) ~(dg-DMSO) 8 8.53 (dd, J=4.4, 1.5 Hz, 1 H),211 08.24 (t,
J=6 Hz, 1 H), 7.96 (dd, J=8.4, 1.5 Hz,1 H), 7.84 (m, 4H), 7.48 (dd, J=4.4)
8.4 Hz)1 H), 7.18 (br s, 2H), 4.75 (t, J=6 Hz, 2H),3.73 (t, J=7 Hz) 2H),
3.52 (q, J=6 Hz) 2H),2.86 (t, J=7 Hz) 2H), 2.34 (t, J=? Hz, 2H),1.79
(quintet, J=7 Hz) 2H), 1.40 (sextet, J=7Hz,2H,0.92 t J=7Hz,3H_ (CDCI3) 8
8.60 (dd) J=4.4, 1.5 Hz, 1 H), 8.04212(dd, J=8.5, 1.5 Hz, 1 H)) 7.68 (dd)
J=3.5, 1.2Hz, 1 H)) 7.61 (dd, J=3.5) 1.2 Hz, 1 H)) 7.43(dd) J=8.5, 4.4 Hz,
1 H), 7.39 (t, J=6 Hz) 1 H),7.10 (dd) J=5, 3.5 Hz, 1 H), 5.79 (br s,
2H),4.93 (t) J=6 Hz, 2H), 3.82 (q, J=6 Hz) 2H),3.12 (t, J=7 Hz, 2H), 2.92
(t, J=7 Hz, 2H),2.32 (t, J=7 Hz, 2H), 1.89 (quintet, J=7 Hz,2H), 1.49
(sextet, J=7 Hz, 2H), 0.99 (t) J=7Hz, 3H - 130    0 9 J U L 2002 WO
99/29693 Example 213 Compound of formula II PCTNS98/26493
N-[2-(4-Amino-2-butyl-1H-imidazo[4,5-c]
[1,5]naphthyridin-1-yl)ethyl]5-oxo-2-pyrrolinecarboxamide NH2 N ~ NY I ` w
N ~O N N H H O 10 Using the general method of Example 97 L-pyroglutamic
acid (0.23 g, 1.7 mmole) was reacted with
2-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1 yl)ethaneamine (0.5
g, 1.7 mmole) to provide 0.10 g of
N-[2-(4-amino-2-butyl-1Himidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-5-oxo-2
-pyrrolinecarboxamide as a white powder, m.p. 135-138C. Analysis:
Calculated for CZOFizsN~Oz %s CH3CN: %C, 60.63; 15 %H, 6.42; %N, 25.25;
Found: %C, 60.14; %H, 6.41; %N, 25.20. HRMS (EI) calcd for CzoH2sN~Oz (M+)
396.2103 found 396.2112 TEST METHODS CYTOKINE INDUCTION IN HUMAN CELLS _ 20
An in vitro human blood cell system was used to assess cytokine induction
by compounds of the invention. Activity is based on the measurement of
interferon and tumor necrosis factor (~) (IFN and TNF, respectively)
secreted into culture media as described by Testerman et. al. In "Cytokine
Induction by the Immunomodulators Imiquimod and S-27609", Journal of
Leukocyte Biology, 58, 365-372 (September,1995). 25 Blood Cell Preparation
for Culture Whole blood is collected by venipuncture into EDTA vacutainer
tubes from healthy human donors. Peripheral blood mononuclear cells (PBMCs)
are separated from 



whole blood by Histopaque-1077 (Sigma Chemicals, St. Louis, MO) density
gradient centrifugation. The PBMCs are suspended at 1.5-2 x 106 cells/mL in
RPMI 1640 medium 30 containing 10 % fetal bovine serum, 2 mM L-glutamine
and 1 % penicillin/streptomycin - 131    0 9 J U l 2002 WO 99I29693
PCT/US98/26473 solution (RPMI complete). 1 mL portions of PBMC suspension
are added to 24 well flat bottom sterile tissue culture plates. Compound
Preparation The compounds are solubilized in dimethyl sulfoxide (DMSO). The
DMSO 5 concentration should not exceed a final concentration of 1 % for
addition to the culture wells. The compounds are generally tested in a
concentration range of from 0.1 to 100 pM. Incubation The solution of test
compound is added to the wells containing 1 mL of PBMCs in 10 media. The
plates are covered with plastic lids, mixed gently and then incubated for
18 to 24 hours at 37C with a 5% carbon dioxide atmosphere. Separation
Following incubation the plates are centrifuged for 5-10 minutes at 1000
rpm 0200 x g) at 4C. The cell culture supernatant is removed with a sterile
polypropylene 15 pipet and transferred to a 2 mL sterile cryotube. Samples
are maintained at -70C until analysis. Interferon Analvsis/Calculation
Interferon is determined by bioassay using A549 human lung carcinoma cells
challenged with encephalomyocarditis. The details of the bioassay method
have been 20 described by G. L. Brennan and L. H. Kronenberg in "Automated
Bioassay of Interferons in Micro-test Plates", Biotechniques, June/July,
78, 1983, incorporated herein by reference. Briefly stated the method is as
follows: A549 cells are incubated with samples and standard interferon
dilutions at 37C for 24 hours. The incubated cells are then infected with
an inoculum of encephalomyocarditis virus. The infected cells are incubated
25 for an additional 24 hours at 37C before quantifying for viral
cytopathic effect. The viral cytopathic effect is quantified by staining
followed by visual scoring of the plates. Results are expressed as alpha
reference units/mL based on the value obtained for NIH Human Leukocyte IFN
standard. Tumor Necrosis Factor y) Analysis 30 Tumor necrosis factor ()
(TNF)concentration is determined using an ELISA kit available from Genzyme,
Cambridge, MA. The results are expressed as pg/mL. - 132    w wD 99129693
PG'IYUS98IZ6473 In the table below, a "~" indicates that the compound
induced the indicated 5 cytakine at that particular concentration, a ` ="
indicates that the compound did not induce the indicated cytakine at that
particular concentration, and a "t" indicates that the results were
equivocal at that particular concentration. -133   0 9 J U L 2002 WO
99I29693 PCTNS98126473 00ac~~+++I+I+I+I++~~++++++++++++0 . ".00a0
AVo~~.,w..~.r.....~.r~.r.~~.,~+~~~~,,,~,,.,zzzzzzzzzzzzzzzzz'go0d0~o
'++++~++~++++++++++++++++U o ^00Uo,+++~+~+++++++++++++++++a0
A+~+ar~arar~~.y.~yrrar~rarr.r+'~"w~++ara~frOOOOOOOOOOOOOOOOOzzzzzzzzzzzzzzz
zzONMN NM Nv1 Nv0 NI~ N00 NN MM Mv0 
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INTERFERON (a) INDUCTION IN HUMAN CELLS An in vitro human blood cell system
was used to assess interferon induction by 5 compounds of the invention.
Activity is based on the measurement of interferon secreted into culture
media. Interferon is measured by bioassay. Blood Cell Preparation for
Culture 



Whole blood was collected by venipuncture into EDTA vacutainer tubes. 10
Peripheral blood mononuclear cells (PBM's) were separated from whole blood
by using either LeucoPREP~ Brand Cell Separation Tubes (available from
Becton Dickinson) or Ficoll-Paque solution (available from Pharmacia LKB
Biotechnology Inc, Piscataway, NJ). The PBM's were suspended at 1 x 106/mL
in RPMI 1640 media (available from GIBCO, Grand Island, N~ containing 25 mM
HEPES (N-2-hydroxyethylpiperazine-N'-2 15 ethanesulfonic acid) and
L-glutamine ( 1 % penicillin-streptomycin solution added) with 10% heat
inactivated (56C for 30 minutes) autologous serum added. 200 pL portions of
PBM suspension were added to 96 well (flat bottom) MicroTest III sterile
tissue culture plates. 20 Compound Preparation The compounds were
solubilized in ethanol, dimethyl sulfoxide or tissue culture water then
diluted with tissue culture water, 0.01N sodium hydroxide or 0.01N
hydrochloric acid (The choice of solvent will depend on the chemical
characteristics of the compound being tested.). Ethanol or DMSO
concentration should not exceed a final 25 concentration of 1 % for
addition to the culture wells. Compounds were initially tested in a
concentration range of from about 0.1 pg/mL to about 5 wg/mL. Compounds
which show induction at a concentration of 0.5 p.g/mL were then tested in a
wider concentration range. Incubation 30 The solution of test compound was
added in a volume (less than or equal to 50 pL) to the wells containing 200
pL of diluted whole blood or of PBM's in media. Solvent and/or media was
added to control wells (wells with no test compound) and as needed to
adjust the final volume of each well to 250 pL. The plates were covered
with plastic lids, -141   0 9 JUL 2002 WO 99IZ9693 PCTNS98/Z6473 vortexed
gently and then incubated for 48 hours at 37C with a 5% carbon dioxide
atmosphere. She oaration 5 Following incubation, the plates were covered
with parafilm and then centrifuged at 1000 rpm for 10 to 15 minutes at 4C
in a Damon IEC Model CRU-5000 centrifuge. Media (about 200 pL) was removed
from 4 to 8 wells and pooled into 2 mL sterile freezing vials. Samples were
maintained at -70C until analysis. 10 Interferon Analysis/Calculation
Interferon was determined by bioassay using A549 human lung carcinoma cells
challenged with encephalomyocarditis. The details of the bioassay method
have been described by G. L. Brennan and L. H. Kronenberg in "Automated
Bioassay of Interferons in Micro-test Plates", Biotechniques, June/July,
78, 1983, incorporated herein by 15 reference. Briefly stated the method is
as follows: interferon dilutions and A549 cells are incubated at 37C for 12
to 24 hours. The incubated cells are infected with an inoculum of
encephalomyocarditis virus. The infected cells are incubated for an
additional period at 37C before quantifying for viral cytopathic effect.
The viral cytopathic effect is quantified by staining followed by
spectrophotometric absorbance measurements. Results 20 are expressed as
alpha reference unitslmL based on the value obtained for NIFi HU IF-L
standard. The interferon was identified as essentially all interferon alpha
by testing in checkerboard neutralization assays against rabbit anti-human
interferon (beta) and goat anti-human interferon (alpha) using A549 cell
monolayers challenged with encephalomyocarditis virus. 25 In the table
below) a "+" indicates that the compound induced interferon a at that
particular concentration, a ` =" indicates that the compound did not induce
interferon a at that particular concentration, and a "t" indicates that the
results were equivocal at that particular concentration. -142   N O O ~l M
r ~0 00 O~ a M a .o a C o~ o. O 3
++++++++-0ti+++++++--6++++++++-9++++----'+++++----Zuni;ou++++++~-8Zutu;
ou++++++--GZuni;ou++~--_--9Ztmt;ou+++-___-SZuru ;ou__--uni ;ouutu ;ouutu
;ouutu ;ouZuna ;ou+---unt ;ouutu ;ouutu ;ouuiu
;ouZZ++++++++-i+++++++--ZI+++++~---Oi_____-___0'0S0'SZ0'0I0'S0'i0S'00i'0S0'
0I0'0(-Im/8ri) uoR~uaauo~ asoQi aidu~xgsiia~ ut:umg ut not;onpul (~o)
uoia,~a;ul  M rr   0 9 J U l 2002 WO 99I19693 PCT/US98/Z6473 The present
invention has been described with reference to several embodiments thereof.
The foregoing detailed description and examples have been provided for
clarity 



of understanding only, and no unnecessary limitations are to be understood
therefrom. It will be apparent to those skilled in the art that many
changes can be made to the described 5 embodiments without departing from
the spirit and scope of the invention. Thus, the scope of the invention
should not be limited to the exact details of the compositions and
structures described herein, but rather by the language of the claims that
follow. - 144    ~" f/t: S98/26473 ^'NE:SOTA MINING AND MANUFACTURING
COMP~,NY Rat.: D 1867 PCT The claimed invention is: 1. A compound of the
Formula I: NH, N, N ~>-- R~ ~N 1 p Ri I ~~!' nV!w ~~~~v7~ ~~ ~"' ~ ~ 9 ~u~
20O2,~,=.TF_;~,~r",;''~~~. .h. ~SiEL ."S I~.r.Ti ; '; . .! r $1 ~ % ~
r.~,', ! i _ "~; w ~1 ~ ~:.~~, N~ ~~iv~~ ~',~ ~.' .J wherein 5 A is
=N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or =CR-CR=CR-N=; R, is selected
from the group consisting of: - hydrogen; -Cc_zo alkyl or Cz.zc, alkenyl
that is unsubstituted or substituted by one or more 10 substituents
selected li-om the group consisting of: -aryl; -heteroaryl; -heterocyclyl;
-O-Ci_zo alkyl, 1 ~ -O-(C i -zoal kyl)c,. i-aryl; -O-(C c .zoalkyl)c,_
c-heteroaryl; -O-(C c .zoalkyl)c~_ i-heterocyclyl; -C~_zo alkoxycarbonyl;
-S(a)o-z-Cc-zo alkyl; 20 -S(O)o_z-(C~-zn alkyl)o_c-aryl; -S(O)o_z -(Ci-zo
alkyl)n-i-heteroaryl; -S~O)o-z-(Ci-zo alkyl)o-i-heterocyclyl; -N(R3)z; -N3;
25 oxo; -halogen; - l45  Q   r 0 9 J U L 200 -NOz; -OH; ctnd -SH; and 5 -C
i.zo alkyl-NR3-Q-X-R.~ or -Cz.zo alkenyl-I~R3-Q-X-R,~ wherein Q is -CO- or
SOz-; X is a bond, -0- or -NR~- and R4 is aryl; heteroaryl; heterocyclyl;
or -C,.zo alkyl or Cz_ZO alkenyl that is unsubstituted or substituted by
one or more substituents selected from the group consisiting of: -aryl; 10
-heteroaryl; -heterocyclyl; -0-C ~ _zo alkyl, -0-(C,.zoalkyl)o.i-aryl;
-O-(Ci.ZOalkyl)~.1-heteroaryl; 15 -0-(C~.zoalkyl)o.,-i~eterocyclyl; -C~.zo
alkoxycarbonyl; -S(O)o.z-C~.Z~ alkyl; -S(0)o.z-(Ci-zo alkyl)o.i-aryl;
-S(0)o-z-(Ci-z alkyl)o.i-heteroaryl; 20 -S(O)fl_2-(Ci_Z~
alkyl)o_,-heterocyclyl; -N(R3)z -NR3-CO-0-Ci.zoalkyl; -N3; oxo; 25
-halogen; -NOz; -OH; and -S.H; o r R., i s - 146 - ~~O S~tEc~ ~~t~   0 9 J
U L 2002 / \ Y / \ (o)o-! (CHI) t _6 N ~3)2 wherein Y is -N- or -CR-; Rz is
selected from the group consisting of: -hydrogen; 5 -C~.~o alkyl; -Cz.io
alkenyl; -aryl; -C i.io alkyl -O-C i.,o-alkyl; -C~.~o alkyl-0-Cz.,oalkenyl;
and 10 -Ci_,o alkyl or Cz_,~ alkenyl substituted by one or more
substituents selected from the group consisting of: -0 E-I; -halogen;
-N(R~)Z; 1 ~ -CO-N( R.i)z; -CO-C,.i~ alkyl; -N3; -aryl; -heteroaryl; 20
-heterocyclyl; -CO-aryl; and -CO-heteroaryl; each R, is independently
selected from the group consisting of hydrogen and C,.,~ alkyl; and _ 25
each R is independently selected From the group consisting of hydrogen)
Ci.io alkyl, C,.io alkoxy, halogen and lrifluoromethyl, or a
pharmaceutically acccpt~~f~lc salt thereof. - L ~l 7  A~'~   0 9 JUt 2002
2. A compound according to Claim 1 wherein R~ is selected from the group
consisting of Cy.b alkyl and C~.~ hydroxyalkyl. 3. A compound according to
Claim 2 wherein Ri is selected from the group 5 consisting of n-butyl,
2-hydroxy-2-methylpropyl, and 2-methyipropyl. 



10 4. A compound according to Claim 1 wherein RZ is selected from the group
consisting of C,.6 straight chain alkyl and alkoxyalkyl wherein the alkoxy
moiety and the alkyl moiety each independently contain 1 to 4 carbon atoms.
5. A compound according to Claim 4 wherein Rz is selected From the group
consisting of methyl, n-butyl, benzyl, ethoxymethyl, and methoxyethyl. G. A
compound according to Claim l wherein each R is hydrogen. 15 7. A compound
according to Claim 1 wherein R~ is -Ci_2o alkyl-NR3-Q-X-R4. 8. A compound
according to Claim 7 wherein R., is I (~)o-i (CHz)t-~s N(R3)2 20 9. A
compound according to Claim 1 wherein A is =CH-CH=CH-N=. 10. A compound of
the formula II: - 148    0 9 JUl 20b2 NH~ N, N ~>-- R~ N B ~ Rt II wherein
B is -NR-C(R)z-C(R)z-C(R)z-; -C(R)z-NR-C(R)z-C(R)r; -C(R)z-C(R)z-NR-C(R)z-
or -C(R)z-C(R)z-C(R)z-NR-; 5 R, is selected from the group consisting of: -
hydrogen; -C i.zo alkyl or Cz.zo alkenyl that is unsubstituted or
substituted by one or more substituents selected from the group consisting
of: -aryl; 10 -heteroaryl; c -heterocyclyl; -O-C,.zo alkyl, -0-(C i
_zoalkyl)u.c-aryl; -O-(C y _2oalkyl)~_,-heteroaryl; 15
-0-(Cc_zoalkyl)o_c-heterocyclyl; -Cc_zo alkoxycarbonyl; -S(0)o-z-Ci-za
alkyl; -S(0)o_z-(Cc-zn alkyl)o_c-aryl; -S(O)o.z-(Ci.zo
alkyl)o.c-heteroaryl; 20 -S(0)o.z-(Cc.zc) alkyl)~_,-heterocyclyl; -N(R~)z;
-N3; oxo; -halogen; 25 -NOz; -OH; and _ _ 149 ~~,~1   0 9 J U l 2002 -SH;
and -C i _zn alkyl-NR3-Q-X-R., or -Cz.zo alkenyl-NR~-CO-X-R., wherein Q is
-CO- or -SOz-; X is a bond, -0- or -NR3- and R.~ is aryl; heteroaryl;
heterocyclyl; or -C,_z~ alkyl or 5 Cz.zo alkenyl that is unsubstituted or
substituted by one or more substituents selected from the group consisting
oF: -aryl; -heteroaryl; -heterocyclyl; 10 -O-C~.zo alkyl, -O-(C ~
_zoalkyl)o.~-aryl; -O-(Ci.zoalkyl)o.i-heteroaryl; -O-(C i
_z~alkyl)o.,-heterocyclyl; -Ci_zn alkoxycarbonyl; 15 -S(0),~_z -Ci.zu
alkyl; -S(O)z_z-(Ci.z" alkyl~~.,-aryl; -S(O)o.z-(C~.z~
alkyl)o_,-heteroaryl; -S(O)o_z-(Ci.zo alkyl)a.i-heterocyclyl; -N(R3)z~ 20
-NR3-CO-O-C ~ _Znalkyl; -N~; oxo; -halogen; -NOz; 25 -OH; and -SH; or R,~
is / \ ~ / \ (~)a. ~ (~Hz)i-c NCR~)z wherein Y is -N- or -CR-; - 150
EOS~E~ ~~~~0   o s ~u~ zoo2 R: is selected from the group consisting of: `
-hydrogen; -Ci.io alkyl; -Cz-io alkenyl; S -aryl; -Ci_io alkyl
-0-C~_~o-alkyl; -C~.~fl alkyl-O-Cz_,o alkenyl; and -Ci_io alkyl or Cz.io
alkenyl substituted by one or more substituents selected from the group
consisting of: 10 -OH; -halogen; -N(R3)z; -CO-N(p)z; -CO-C,_,o alkyl; 15
-N3; -aryl; ' -heteroaryl; -heterocyclyl; -CO-aryl; and 



20 -CO-Iteteroaryl; _ each R3 is independently selected from the group
consisting of hydrogen and C,_,~ alkyl; and each R is independently
selected Front the group consisting of hydrogen, Ci_i~ alkyl, Ci_io alkoxy,
halogen and tri(luoromethyl, 25 or a pharmaceutically acceptable salt
thereof. 11. A compound according to Claim l0 wherein Ri is selected from
the group consisting of Ci.~ alkyl and C,.~) hydroxyalkyl. 30 12. A
compound according to Claim 11 wherein R~ is selected From the group
consisting of n-butyl, 2-hydroxy-?-tnethylpropyl, and 2-methylpropyl.
-1stP~$~N   0 9 JUl ZOb2 13. A compound according to Claim 10 wherein R2 is
selected from the group consisting of methyl, n-butyl, henzyl)
ethoxymethyl, and methoryethyl. 14. A compound according to Claim 10
wherein each R is hydrogen. 5 15. A pharmaceutical composition comprising a
pharmaceutically effective amount of a compound according to Claim 1 and a
pharmaceutically acceptable carrier. 1 b. A pharmaceutical composition
comprising a pharmaceutically effective 10 amount of a compound according
to Claim 10 and a pharmaceutically acceptable carrier. 17. A method of
inducing cytokine biosynthesis in an animal comprising administering an
effECtive amount of a compound according to Claim 1 to the animal. 15 18. A
method of inducing cytokine biosynthesis in an animal comprising
administering an effe:etive amount of a compound according to Claim 10 to
the animal. 19. A method of treating a viral infection in an animal
comprising admistering an effective amount of a con~ponnci according to
claim 1 to the animal. 20 20. A method of treating a viral infection man
animal comprising administering an effective amount of a compounds
according to claim 10 to the aminal. 21. A compound of formula Nr N N N
~~--- R N Ri 25 A wherein A is =N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or
=CR-CR=CR-N=; R, is selected from the gi-~up consisting of: S~~~ - 152  ,_
0 9 J U l 2002 - hydrogen; -Cr.zo alkyl or C~.~o alkenyl that is
unsubstituted or substituted by one or more substituents selected From the
group consisting of: -aryl; 5 -heteroaryl; -heterocyclyl; -0-Cr_zo alkyl,
-O-{C r _zoalkyl)o_~-aryl; -O-(C ~ _zoalkyl)o_ ~ -heteroaryl; 10 -O-(C
r-zoalkyl)o_r -heterocyclyl; -C,_zo alkoxycarbonyl; -S(O)o-z-Cr-zo alkyl;
-S(O)o-z -(C r-zo alkyl)o-t-aryl; -S(O)o_z-(Cr_zo alkyl)o_i-heteroaryl; 15
-S(O)~~_z-(Cr.zo alkyl)u_i-heterocyclyl; -N(R3)z; -N~; oxo; -halogen; 20
-NOz; -OH; and -S 1-l; and -C,_zo alkyl-NR~-Q-X-R.r or -Cz_ZO
alkenyl-NR~-Q-X-R4 wherein Q is -CO- or 25 SOz-; X is a bond, -C)- or -NR~-
and Rd is aryl; heteroaryl; heterocyclyl; or -C,_zo alkyl or Cz_zo alkenyl
lhat is unsubstitnle~l or substituted by one ar morc substituents selected
from the group consisting of: -aryl; -heteroaryl; 30 -heterocyclyl;
-0-C,_z~ alkyl, -0-(C i _zual kyl )r~_ i-aryl; c ~G~ ~~~~ ~~;~c ~0 - 153
o s ~ a ~ 20o2 -O-(C,.zoalkyl)o_,-heteroaryl;
-0-(C,.zQalkyl)~~_,-heterocyclyl; -C,.zQ alkoxycarbonyl; -S(O)u-z-CI-zo
alkyl; -S(O)~~_z-(C,.zo alkyl)o_I-aryl; -S(O)~~.z-(Cl.zo
alkyl)o_I-heteroaryl; -s(O)c-z-(C,.zo alkyl)o_I-heterocyclyl; -N(R~.lz>
-NR3-CO-O-C,_2c~alkyl; I0 -N3; oxa; -halogen; -NOz; -OH; ~~nd I S -SH; or
fta is r / ` Y f (~)o-~ (C Hz) i -~ N(R3)z wherein Y is -N- or -CEZ-; Rz is
selected from the group consisting of: -hydrogen; 20 -C,.lo alkyl; -Cz.,~
alkenyl; -aryl -C1_10 alkyl -O-C,.,~-alkyl; -C~,u alkyl-O-Czar, alkenyl;
and 25 -C,_,~ aikyl or Cz.,n alkenyl substituted by one or more
substituents selected from the group Cot1S15tIIlg of: 



-OH; _ -halogen; ~D S~~c~ - 154    n q ~u~ zoot 5 10 15 -N(R~)~;
-CO-N(R~)2; -CO-C~.io alkyl; -N~; -aryl; -heteroaryl; -heterocyclyl;
-CO-aryl; and -CO-heteroaryl; each R3 is independently selected from the
group consisting of hydrogen and C,.io alkyl; and each R is independently
selected from the group consisting of hydrogen, Ci_,o alkyl, C~.,o alkoxy,
halogen and trifluoromethyl, or a pharmaceutically acceptable salt thereof.
22. A corrspound of fonrala N, N `~-- R: `N _ R N R 20 25 wherein R, is
selected from the group consisting of: - hydrogen; -C~_2,~ alkyl or CZ.2,~
alkenyl that is unsubstituted or substituted by one or more substituents
selected from the group consisting of -aril; -heteroaryl; -heterocyclyl;
-O-C i -zo alkyl) _ -O-(C i .z"al kyl ),~_, -ciryl; ~~~c~,'~ ~~~~0 - I 55
0 9 ,f U t 2002 -O-(C,.znalkyl)o.,-heteroaryl;
-0-(Cc.zoalkyl)o_,-heterocyclyl; -C~_zo alkoxycarbonyl; -S(0)u.z-Cr.zu
alkyl; 5 -S(O)c,_z-(C~-zu afkyl)o_~-aryl; -S(O)o_z-(C,_zo
alkyl)o_,-heteroaryl; -S(O)o_z-(Ci_zo alkyl)o_~-heterocyclyl; -N(R3)z; -N3;
10 oxo; -halogen; -N02; -OH; and -SH; and 15 -C, _zo alkyl-NR~-Q-X-R., or
-Cz.zo alkenyl-NR3-Q-X-R~ wherein Q is -CO- or SOz-; X is a fond, -O- or
-NR~- and R.) is aryl; heteroaryl; heterocyclyl; or -C~.zo alkyl or Cz_zo
alkenyl that is unsubsti toted or substituted by one or more substituents
selected From the group consiting of: 20 -aryl; -heteroaryl; -heterocyclyl;
-O-C c.zo alkyl, -0-(C ~.zoalkyl),~.,-aryl; 25
-O-(C~_zoalkyl)~_i-heteroaryl; -0-(C,.zoaikyl)"_i-heterocyclyl; -C,_zu
alkoxycarbonyl; -S(O)o.z -Cc_z~ alkyl; -S(O)o.z-(Ci-zo alkyl)o_i-aryl; 30
-S(0)o.z-(Cc_zc, alkylyo_,-heteroaryl; -S(0)o z-(C~_n)
alkyl)~_,-heterocyclyl; _ -N( R~)z; - 15G  P~``~o~c   0 9 s a ~ 2002
-NR~-CO-O-C i _~oalkyl; -N3; oxo; -halogen; -N02; -OH; and -SH; cr Ra is
(O)o-~ i i (CH~)i.6 N(R3)z wherein Y is -N- or -CR-; 10 RZ is selected from
the group consisting of: -hydrogen; -C,_,o alkyl; ' -CZ_io alkenyl; -aryl;
1S -C~_ip alkyl -O-C~.iu-alkyl; -Ci_ia alkyl-O-Ci_so alkenyl; and -C~_,o
alkyl or C~.") alkenyl substituted by one or more substituents selected
from the group consiting of: -OH; 20 -halogen; -N(R3)i; -C0-N(R3)z;
-CO-C,.in alkyl; _ -Ns~ 25 -aryl; -heteroaryl; -heterocyclyl; _ -CO-aryl;
and - l57  S~`to~C ~0~~   0 9 J U L 2002 -CO-heteroaryl; each R~ is
independently selected from the group consisting of hydrogen and C~.~o
alkyl; and each R is independently selected from the group consisting of
hydrogen, 5 C,_~o alkyl) Cc.co alkoxy, halogen and trifLuoromethyl, or a
pharmaceutically acceptable salt thereof. 



23. A compound of formula N+ ~ N ~>-- R2 /~~N Ri R 10 wherein R, is,
selected from the group consisting of: XXXW - hydrogen; -C,_zo alkyl or
Cz_zc, alkenyl that is unsubstituted or substituted by one or more 15
substituents selected from the group consisting of: _arYl; -heteroaryl;
-heterocyclyl; -0-Cc-zo alkyl, 20 -0-(C c_zoalkyl)o_ i-aryl;
-O-(Ci_zoalkyl)c,.c-heteroaryl; -0-(C~_~oalkyl)o.,-l~eterocyclyl; -C i _zo
alkoxycarbonyl; -S(0)o.z-C~-r~ alkyl; 25 -S(0)~_z-(C,.z" alkyl)u_i-aryl;
-S(O)c~_, -(Ci_zo alkyl)c,_i-heteroaryl; -S(O)c,_z-(C,.z"
afkyl)o.i-heterocyclyl; -N(R3)z; - 158  ~0~~   0 9 J U L 2002 -N3, OXO;
-halogen; -NOz; 5 -OEI; and -SH; -C, _zn alkyl-NR3-Q-X-R,; or -Cz_zo
alkenyl-NR3-Q-X-R,~ wherein Q is -CO- or SOz-; X is a bond, -O- or -NR3-
and iR.4 is aryl; heteroaryl; heterocyclyl; or -Ci_zo alkyl or 10 Cz.ZO
alkenyl that is unsubstituted or substituted by one or more substituents
selected from the group consisting of: -aryl; -heteroaryl; -heterocyctyf;
15 -O-Ci.zn alkyl, -O-(C,_2oalkyl)o_~-aryl; -O-(Ci_zoalkyl)o_,-heteroaryl;
-0-(Ci_zoalkyl)~_,-heterocyclyl; -Ci_ZO alkoxycarbonyl; 20 -S(O)o.z -C i_zn
alkyl; -S(0)o_z-(Ct-zn alkyl)o.~-aryl; _ -S(O)o z-(C~_~o
alkyl)o_~-heteroaryl; -S(0)o z-(C~_zn alkyl)~_~-heterocyclyl; -N(R3)z; 25
-NR3-CO-O-C i _znalkyl; -No oxo; -ha-logcn; -Naz 30 -OH; and -SH; or R.a is
- 1~9   0 9 JUL 2002 / \ Y / \ (~)o-i (CH2) i _6 N (R3)2 wherein Y is -N-
or -CR-; R: is selected from the group consisting of: -hydrogen; S -Ci_
alkyl; -C2.io alkenyl; -aryl; -C ~ _~ o alkyl -O-C i _, o-alkyl; -Ci_~o
alkyl-O-C2_,~ alkenyl; and 10 -C~.,o alkyl or Cz_,,~ alkenyl substituted by
one or more substituents selected from the group consisting of: -OH;
-halogen; -N(R3)z 15 -CO-N( R~)2; -CO-C~_,~ alkyl; -N3; -aryl; -heteroaryl;
20 -heterocyclyl; -CO-aryl; and -CO-heteroaryi; each R~ is independently
selected from the group consisting of hydrogen and C~_,~ alkyl; and 25 each
R is independently selected From the group consisting of hydrogen, Ci_io
alkyl, Ci_io alkoxy, halogen and trifluoromethyl)  or a pharmaceutically
acceptahle salt thereof. _ 160 - ~~,D P   0 9 J U l 2002 24. A compound of
forniula R~ y Rs A N' `_ N I N =N wherein 5 A is =N-CR=~CR-CR=;
=CR-N=CR-CR=; =CR-CR=N-CR=; or =CR-CR=CR-N=; 



R~ is OH, halogen, or NHR,, R~ is selected from the group consisting of: -
hydrogen; 10 -C~_ZO,alkyl or Cz_zo alkenyl that is unsubstituted or
substituted by one or more substituents selected from the group consisting
of _aryl; -heteroaryl; -heterocyclyl; 15 -O-C ~.za alkyl,
-O-{C,_zoalkyl)o.i-aryl; _ -O-(Ci_zoalkyl)o_i-heteroaryl; -O-(C i
_zoalkyl)o., -heterocyclyl; -Ci.zo alkoxycarbonyl; 20 -S(0)o_z -Ci_zo
alkyl; -S(0)o_z-{Ci_zo alkyl)~.i-aryl; -S{0)o.z-(C~_zn
alkyl)n.~-heteroaryl; -S(0)o.z-(Ci_zo alkyl)c~.~-heterocyclyl; -N(R3)z~ 25
-N3; oxo; -halogen; -NOz; -l61- ~~0   0 9 J U l 2002 -OH; and -SH; and -C,
_zo alkyl-NR3-Q-X-R., or -Ca_zo alkenyl-NR3-Q-X-~ Wherein Q is -CO- or  5
SOz-; X is a bond, -O- or -NR3- and Ra is aryl; heteroaryl; heterocyclyl;
or -C~.~o alkyl or Cz.zo alkenyl that is unsubstituted or substituted by
one or more substituents selected from the group consisting a f: -aryl;
-heteroaryl; 10 -heterocyclyl; -O-C t_zo alkyl, -O-(Ci_zoalkyl)o_~-aryl;
-O-(C;_ZOalkyl),~_i-heteroaryl; -0-(C~_zaalkyl)a.~-heterocyclyl; 15 -Ci.zc~
alko!cycarhonyl; -S(0)o-a-Ci-zn alkyl; ' -S(O)o_z-(Ci_i,~ alkyl)a_,-aryl;
-S(O)o_z-(Cc_zn alkyl)a_~-heteroaryl; -S(O)c~.z-(Ci_z"
alkyl)".i-heterocyclyl; 20 -N(R3)z; -NR~-CO-O-C,.zc,alkyl; -N~; oxo;
-halogen; 25 -NOx; -OH; and -SH; or R., is _ / \ Y (~)o-~ (CH~),.~ N(R3)z
-162 ~~S   0 9 J U L 2002 wherein Y is -N- or -CR-; R$ is H, NO~ or NH2;
and each R is independently selected from the group consisting of hydrogen)
Ci.io alkyl, Ci_io alkoxy) halogen and triftuoromethyl; 5 or a
pharmaceutically acceptable salt thereof. 25. A compound of formula O O- R~
A ' ~C~N-N CH3- N- N 10 wherein A is =N-CR=CR-CR=; =CR-N=CR-CR=;
=CR-CR=N-CR=; or =CR-CR=CR-N= and R9 is,H or C~_io alkyl. 15 2fi. A
compound of fc~nula N ~XX ll R N Riu NH 1 R~ wherein 20 R, is selected from
the group consisting of: -Ci.zo alkyl or CZ_ZO alkenyl that is
unsubstituted or substituted by one or more substituents selected Ii-om the
group consisting of: -aryl; -heteroaryl; 25 -heterocyc lyl; -0-C,.~o alkyl;
- I63    0 9 JUl 2002 -O-(C, _?oalkyl)u., -aryl; -O-(C,.zoalkyl}~_,
-heteroaryi; -O-(C,.zoalkyl)o_r-heterocyclyl; -Cr_zo alkoxycarbonyl; 5
-S(0)c~-z-Cr-zo alkyl; -S(O)u-z-(Cr-zo alkyl}o_,-aryl; -S(O)o_z-(Cv_zo
alkyl}o.,-heteroaryl; -S(O)o_z-(C,_zu alkyl)o_,-heterocyclyl; -N(R3)z; 10
-N~; . oxo; -halogen; -NOz; -OI-I; and 15 -SI-l; -C,_zo alkyl-NR3-Q-X-Ra or
-Cz.zo alkenyl-NR3-Q-X-R4 wherein Q is -CO- or -SOz-; X is of bond, -0- or
-NR,- and R,, is aryl; heteroaryl; heterocyclyl; or -C,.zn alkyl or CZ_~o
alkenyl that is unsuhstituted or substituted by one or toore substituents
selected from the groan consistiy cn: 20 -aryl; -heteroaryl; -heterocyclyl;
-0-C, _zo alkyl; -0-(C r_zoalkyl}u.,-aryl; 25 -0-(C
r_zoalkyl}c,_,-heteroaryl; -0-(Cr_~nalkyl)c~_,-heterocyclyl; -C,_zo
silkoxycarbonyl; -S(a)o-a-Cr.zo alkyl; -S(0)o.z-(Cr.zo afkyl)o_1-aryl; 30
-5(0)u.z-(C,_zu alkyl).,-heteroaryl; 



-S(0)o z-(Cr-zn alkyl)o_,-heterocyclyl; _ -N(R3)z ~~~p~c, - 1G4   o ~ ~ a ~
2002 r -NR~-CO-O-C,.~~,alkyl; -Ns; oxo; -halogen; 5 -NOZ; -OH; and -SH; or
R, is / \ ~ / \ (a)o-~ (CHZ)t_~ N(R3)2 wherein Y is -N- or -CR-; 10 each R3
is independently selected from the group consisting of hydrogen and C~_~o
alkyl; each R is selected from the group consisting of hydrogen, C,-,o
alkyl, C,.,o alkoxy, halogen and ~tri fluoromethyl; anti Ria is -NOz or
NH~; 15 or a pharmaceutically acceptahlc salt thereof. - 16~  ~0 S~~~ P
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#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X
#'&'()--:::::::_?HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()
--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--:::::::_?HA10%'X#'&'()--HA10
%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10
%'X#'&'()--:::::::_?HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&
'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--:::@$_?HA10%'X#'&'()--k,B
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::::::::pT8HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'
&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--::::::::tX<HA10%'X#'&HA1
0%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA1
0%'X#'&'()--HA10%'X#'&'()--::::::::tX<HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'(
)--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'(
)--::::::::tX<HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'
X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--:::$:tXk,BN_bjrz
,4758;HA10%'X#'&'()--::::::::tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--::::::::tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--::::::::tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--::::::::tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--::::tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--:::@$:tXHA10%'X#'&'()--k,BN_bjrz   ,4758;
::::::::tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X
#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--:::::::;
tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--;
;;;;;;;tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#
'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--;;; ;;;
;;tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()
--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--;;;$;tXk,BN_bjrz   ,4758;
HA10%'X#'&'()--;;;;;;;;pT8k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--;;;;;;;;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--; ;!;";#;$;%;&;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--&;';(;);*;+;,;-;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()---;.;/;-;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--/;0;1;@$-;tXHA10%'X#'&'()--k,BN_bjrz   ,4758;
1;2;4;5;6;7;8;9;
pT8HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA
10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--9;:;
;;<;=;>;?;@;tX<HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%
'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--@;A;B;C;D;E;F;G;
tX<HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA
10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--G;H;I;J;K;L;M;N;
tX<HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA
10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--N;O;P;$N;tXk,BN_bjrz   ,4758;
HA10%'X#'&'()--P;Q;R;T;U;V;W;X;pT8k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--X;Y;Z;[;\;];^;_;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--_;`;a;b;c;d;e;f;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--f;g;h;i;j;k;l;m;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--m;n;o;m;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
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tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--x;y;z;{;|;};~;
;tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()-
-HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--;
;;;;;;;tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#
'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--;
;;;;;;;tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#
'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--;;;$;tXk,BN_bjrz
,4758;HA10%'X#'&'()--;;;;;;;;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--;;;;;;;;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--;;;;;;;;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--;;;;;;;;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--;;;;tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
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HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--< <<<tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
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<<<<<<<<tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X
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HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA1
0%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--,<-<.<$,<tXk,BN_bjrz   ,4758;
HA10%'X#'&'()--.</<0<1<2<3<5<7<tT4k,BN_bjHA10%'X#'&'()--HA10%'X#'&'()--HA10
%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--7<8<
9<:<;
<<<=<><tX<k,BN_bjHA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()
--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--><?<@<A<B<C<D<E<tX<k,BN_bjHA
10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA
10%'X#'&'()--HA10%'X#'&'()--E<F<G<H<I<J<K<L<tX<k,BN_bjHA10%'X#'&'()--HA10%'
X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'
X#'&'()--L<M<N<L<tX<k,BN_bjHA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA1
0%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--N<O<P<@$L<tXHA10%'
X#'&'()--k,BN_bjrz   ,4758;
P<Q<R<S<T<U<V<W<tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()-
-HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--W<X<Y<Z<[<\<]<
^<tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()
--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--^<_<`<a<b<c<d<e<tX<HA10%'X#'
&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'(
)--HA10%'X#'&'()--HA10%'X#'&'()--e<f<g<h<i<j<k<l<tX<HA10%'X#'&'(HA10%'X#'&'
()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'
()--HA10%'X#'&'()--l<m<n<$l<tXk,BN_bjrz   ,4758;
HA10%'X#'&'()--n<o<p<q<r<s<t<u<tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--u<v<w<x<y<z<{<|<tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--|<}<~<<<<<<tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--<<<<tX<k,BN_bjrz
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--<<<@ <tHA10%'X#'&'()--k,BN_bjrz   ,4758;
<<<<<<<<tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X
#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX<HA10%'X#'&'
(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()-
-HA10%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'
X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'
X#'&'()--<<<<<<<<tX<HA10%'X#'&'(HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()
--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<$<tXk,BN_b
jrz   ,4758;
HA10%'X#'&'()--<<<<<<<<oS7k,BN_bjrzHA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&
'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX
<k,BN_bjrzHA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%
'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX<k,BN_bjrzHA10%'X#'&'()--
HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--
HA10%'X#'&'()--<<<<<<<<tX<k,BN_bjrzHA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&
'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<<tX<k,B
N_bjrzHA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'
&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<@$<tXHA10%'X#'&'()--k,BN_bjrz
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<<<<<<<<pT8HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'
&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX<HA10%'X#'&HA1
0%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA10%'X#'&'()--HA1
0%'X#'&'()--HA10%'X#'&'()--<<<<<<<<tX<HA10%'X#'&HA10%'X#'&'()--HA10%'X#'&'(
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