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PCT/-US98/ 26 ONAPHTHYRI DI NES AND THEI R USE | N | NDUC
BICSYNTHESI«xégkﬁ&ﬁyzof the Invention This invention reIateslijt@(gﬁj\égi;gw“NE

i m dazonapht hyri di ne and tetrahydroi m dazonapht hyri di ne conpounds,
processes for maki ng these conpounds and 10 I nt ennedi ates used in theLr
preparation. This invention additionally relates to pharmaceuti cal

conposi tions containing inmdazonaphtliyridine and

t et r ahydr oi m dazonapht hyri di ne conpounds. A further aspect of this

i nvention relates_to the use of these conﬁ%fnds as_ i ni munonodul at or s and

For inducing cyto T INDLIGING (NTOK B §

Inventidn The first reliable report on the 1//-imdazo[4,5-c]quinolinc ring

system Backman etal., J. Og. Che (1950) descri bes the
synthesis of 1-(6- 20 met hox ieﬂﬁ,ﬂ five a met hyl -

/1-imdazol 4, 5-c] JnO|I e f e u ntlmalarlal agent .
Subsequent |y, syn&H’éé%‘éen Vi@@%‘ﬂéﬂ%‘ﬁﬁg‘wﬁﬁ%ﬁmﬁﬂp m dazo[ 4, 5-¢] qui nol i nes
were reporte SBhSphtthdinloniounds] pro¥Bsbes o Hiikinklihedtfbonpbuit and
(1968), synthesi edﬁiﬁﬁe conﬁ%ﬁn onﬂloun P o “pg]{e om% an

| - [ 2- (40pi peirntetyie)lmtdsyséd inltheir piepaatgnt, Bhis Inyantiol adddionslhnrelatesiobl e
anti convul san and cardi ovascul ar aqent ov et al., Chem Abs.

85, 25 ae%%')wnwa%wsewﬂ St LaldarphnyRGRE at

2- oxoi m dazo ﬂﬁﬁjm A 3
18, 1537- 154% (1 cgr]if)ii'ﬁ vg repéﬁlt eddﬁ?p:ao??gél n&?rﬁl}gy#cg&}ﬁ?iﬁn@%ﬁﬁ#x‘aﬁlﬁhﬁ nes.

Certain 1H- i thedae of the$e ahpoundsd dsrindnmoinodslatnsiand fonindu@ing gitokinebiaspmthesis
derivatives thereof were |ater found to be useful as antiviral agents,

br onchodi | at H’r%‘“@ﬁ‘&
15

Backeround of the Invention

The first reliable report on the | H-imidazo|4,5-c]quinoline ring system,
Backman etal., J. Org. Chem. 15, 1278-1284 (1950) describes the synthesis of 1-(6-

20 methoxy-8-quinolinyl)-2-methyl-1/{-imidazo[4,5-c]quinoline for possible use as an
antimalarial agent. Subsequently, syntheses of various substituted 1H-imidazo[4,5-c]
quinolines were reported. For example, Jain et al., J. Med. Chem. 11, pp. 87-92 (1968),
synthesized the compound 1-[2-(4-piperidyl)ethyl]-1 H-imidazo[4,5-c]quinoline as a
possible anticonvulsant and cardiovascular agent. Also, Baranov et al., Chem. Abs. 85,

25 94362 (1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et al,, J.
Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5-
cjquinolines.

Certain 1H-imidazo[4,5-c]quinolin-4-amines and - and 2-substituted derivatives
thereof were later found to be useful as antiviral agents, bronchodilators and

30 immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338,
4,698,348; 4,929,624; 5,037,986, 5,268,376; 5,346,905; and 5,389,640, all 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 abilily to modulate the immune response', by induction

35 of cytokine biosynthesis or other mechanisms,
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30 i mmunonodul ators. These are described in, inter alia, U S. Patent

Nos. 4, 689%wd3dj20é3698, 348; 4,929, 624; 5,037, 986; 5, 268, 376; pér ;
5,389,640, all of which are incorporated herein by reference. Although
there continues to be interest in the imdazoquinoline ring system as seen
for exanple in WD 98/ 30562, there is a continuing need for conpounds that

have the ability to nodul ate the i mmuune response, by induction 35 of
cyt oki ne bi osynthesi s or other sﬁchani S@. I aurmary of the Invention W
have found a new cl ass of conp Y | in inducing cytokine 5
bi osynthesis in animals. Accordingly, this invention provides

i mi dazonapht hyrWehage ff’@ﬁﬁé@ﬁﬁ’s" $F Oﬁﬁ?fﬁm"ﬁldﬁ that aperysefy) n md“ﬁégéy‘i‘?kﬂe Rl err]

and ar gy [ ﬁﬁ;ﬁl‘ﬁm
tetra ydr0|m az%l'ﬁgg%?ﬁyrl |n gﬁ%&*‘%%@ ?éassiﬁlf(:pdrz rrd]l 15
wher ei n B,colfpeunds ¢fiRbrinilad: e as def| ned hereinafter. The conpounds of
Formula | and Formula Il are useful as immune response nodifiers due to
their ability to induce cytokine biosynthesis and otherw se nodul ate the
i mmune reponse when administered to ggugals. This ability makes the
compounds useful 20 in the treatmepht“of a variety of conditions, e.g.
viral diseases and tunors that are N
[ Y=
N

N/
A R

10 wherein A, R, and R; are as defined hereinafter.
The invention also provides tetrahydroimidazonaphthyridine compounds of

Formula II:

15
wherein B, R; and R, are as defined hereinafter.

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.
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responsive to such changes in the inmune response. -2 - The invention
furt-her -proygesndesr neceutial conpositions containing a conpegi@ssnedfs

Formula 1 or Fornula Il and nethods of inducing cytokine biosynthesis in an
animal and/or treating a viral infection in an anlnal by administering a
conpound of Forrmula | or Formula Il to the animal. In addition,

nmet hods of synt hd&be mveatiaofgbenrrevides pharmaceatial c@mow@pmp@tammgmmpound

i nt er nedi at v

Furt her 1 heor FOoeY St Forbtifas 60l Hehlols 8 b URREOBRRC SRSt bt W M, .,
i n an ani mabknd&/6Mpédtingaitahibfétion ivan aﬁmanbﬁcﬁmnfs&rmg aSdintpoand sEFormut:ohgound
of Formula | or Formula Il in an anmobunt effective to induce said interferon

~ bi osynt hesi Formaa Ikto tae simabf 10 treating a viral infection in an ani nal

. h la |
comr| 515 (1 SRR b i o ST S Pl
Det ai | ed De gterniidiaes ustful thethe Bmmsllmftﬂése compounds afsproeided.oned earlier, the

i nvention provides conpounds_of Fornmula |: NH2 [err] wherein Ais
=N- CR=CR- CR=; =CRu m@gwentwmm amethog of ingucing interfernn bresinthesig imam | s

sel ected Tr ot RCHpAYR BV HpUrafhifbtering fYHH%Ra] a compound of Formula I or

Formula Il in an amount effective to induce said interferon biosynthesis, and 2 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 IT in an amount effective to inhibit the viral infection.

PDetailed Description of the Invention

15 As mentioned earlier, the invention provides compounds of Formula I:
NH,
N
N ’
| \>—R2
N
A R,
I
wherein
A is =N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or
20 =CR-CR=CR-N=;

R; is selected from the group consisting of:
- hydrogen;
-Ci.20 alkyl or C;.50 alkenyl that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
25 -aryl;
-heteroaryl;
-heterocyclyl;



C[err] al kyl or C2 20 alkenyl that is unsubstituted or substituted py one

mor.e su ts selected fromthe group consisting of:
-aryI -heﬁ@r%&#% -heterocyclyl; -3.- -0-Cerr] alkyl, PETusm264TS

O(C[err] aryl; -O([err] -heteroaryl ; -O([err]-heterocycl yl; 5°
C[ err] al koxycarbonyl ; -S(OJferr] alkyl; -S(0)[err]-aryl;
S(O [err]-heteroar yO-Cro@®yl,err] - heterocycl yl; 10 ' h
N(R[err]) - N3; 0X0;_ -_hal_o eq _NC1)2 15 -OH, and - SH;
and O-(C)20a1kyljo.1-aryl;
-0-(C-20alkyl)o.1-heteroaryl;
-0-(Ci.20alkyl)o.1-heterocyclyl;
5 -Cy.20 alkoxycarbonyl;
-S(0)o-2-Ci-20 alkyl;
-S(0)o2—(Ci1-20 alkyl)p.1-aryl;
-S(0)o-2—(Ci.20 alkyl)o.1-heteroaryl;
-S(0)o-2~(Ci.20 alkyl)o.1-heterocyclyl;
10 -N(Ra);
-Ns;
0X0;
-halogen;
-NO3;
15 -OH; and
-SH; and

-Ci.20 alkyl-NR3-Q-X-R4 or -C;.2 alkenyl-NR3-Q-X-R4 wherein Q is ~CO- or —
SO,-; X is a bond, -O- or -NR3- and Ry is aryl; heteroaryl; heterocyclyl; or -C, alkyl or
20 C1.20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
-heteroaryl;
-heterocyclyl;
25 -0-Cyz0alkyl,
-0-(Ci.20alkyD)o.1-aryl;
-0O-(Cy-20alkyl)o.1-heteroaryl;
-0-(C,20alkyl)p.;-heterocyclyl;
-Ci.20 alkoxycarbonyl;
30 -S(0)o-2 -Ci20 alkyl;
-S(0)o-2~(Ci20 alkyl)o.1-aryl;
-S(0)p2 «(Ci-20 alkyl)p.1-heteroaryl;
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-[err] S2-; Xis a bond, -0- or -NR3- and Rferr] is aryl; heteroaryl;

het er ocycl yl g d)ggngg3err] aI kyl or 20 C2. 20 al kenyl t hatpgT3Us98/26473

unsubsti tut ed or substituted by one or nore substituents selected fromthe

group consisting of: -aryl; -heteroaryl; -heterocyclyl; 25

-0-Cerr] alkyl, -0- ([err ( rr]heteroaryl -

-O-(derr]-heterocycl yf ;o@[-@{wz]) a&b’ﬁ@%@ Yyl

-S(O)[err] al kyl ; -S(Oi\gkri aryl ; -S(O)[err] -heteroaryl; -4- [err] -N3;
: hal ogen; -NO2; -OH and

-NR;;-CO O-C1.2oalky1;

-N3;
5 0X0;

-halogen;

-NOy;

-OH; and

-SH; or Ry is

OO0
((’))0-1
((I:HZ)I-G
10 NR3)2

wherein Y is -N- or -CR~;
R; is selected from the group consisting of:
-hydrogen;
-C1-10 alkyl;
15 -Cz.10 alkenyl;
-aryl;
-Cy.10 alkyl -O-C;. p-alkyl;
-Ci.10 alkyl-O-Cs.10 alkenyl; and
-C1.10 alkyl or Cy.q0 alkenyl substituted by one or more substituents selected from
20 the group consisting of: |
-OH;
-halogen;
-N(R3)z;
-CO-N(R3)z;
25 -CO-Cyyp alkyi;
-Ns;
-aryl;
-heteroaryl;



-SH, or R4 is wherein Y is “N- or -CR-; [err] R2is selected fromthe

group conswﬁtgFa -hydrogen -Cferr] alkyl; 15 peT/USTR2E 3
al kenyl ; -ary &ferr the group consisting of: - %a’Pogen;
-N(R3) 2; -CO N(R3)2; 25 -COderr] aIkyI -N3;" -aryl;
-heteroaryl; -5- -heterocyclyl; -COaryl; and - COheteroaryI ; each R3 is
I ndependent |y sel ect-hetefocyslylt he gr oup consi sti ng of hydrogen and Clerr] "
-CO-aryl; and
-CO-heteroaryl;

each R; is independently selected from the group consisting of hydrogen and C;.jo
5 alkyl; and
each R is independently selected from the group consisting of hydrogen
Ci-10 alkyl, Cy.1p alkoxy, halogen and trifluoromethyl,

or a pharmaceutically acceptable salt thereof.

10 This invention also provides compounds of Formula II
NH,
N
N ’
| D—r
2
N N
B R,
II
wherein
15 B is -NR-C(R)2-C(R)2-C(R)z~; -C(R)2-NR-C(R)-C(R)2~;

-C(R)z-C(R)>-NR-C(R);- or -C(R)>-C(R);-C(R)>-NR-;
R; is selected from the group consisting of:
- hydrogen;
* -Cj20 alkyl or Cy.90 alkenyl that is unsubstituted or substituted by one or more
20 substituents selected from the group conéisting of:
-aryl;
-heteroaryl;
-heterocyclyl;
-0-Cyz0alkyl;
25 -0-(Cy20alkyl)p.-aryl;
~0-(C;.20alkyl)p.1-heteroaryl;



5 . alkyl; and each Ris independently selected fromthe group consisting
of "hydr ogen, woegorbeaal koxy, hal ogen and trifluoronethyl, or a pctusessesrs
pharmaceutically acceptable salt thereof. 10 This invention al so
provi des conpounds of Formula Il NH2 [err] wherein 15 Bis
-NR-C(R)2-C(R) 2-C(R) 2-; -C(R2-NR-C(R2-C(R)[err]; [err] Rerr] is selected
“fromthe group consi stOh§esalkyohthetesepaalyl- Cerr] al kenyl that is

rom the group consi st it aprstaBaRI?T COLR 2001, heterocyelyl: [err] -6 -
[err] -N3; oxo; -S(0)o2-Cy20 alkyl;
-5(0)0-2(Ci.20 alkyl)o.;-aryl;
5 -S3(0)o-2—~(Ci20 alkyl)o.;-heteroaryl;
-S(0)o-2—(Ci.20 alkyl)o.;-heterocyclyl;
-NR3)z;
-N3;
0X0;
10 -halogen;
-NO;
-OH; and
-SH; and
15 -C1-20 alkyl-NR3-Q-X-R; or -Ca.5¢ alkenyl-NR;3-Q-X-R4 wherein Q is ~CO- or —

S0O,-; X is a bond, -O- or -NR3- and Ry is aryl; heteroaryl; heterocyctyl; or -C;.2 alkyl or
C2.20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
20 -heteroaryl;
-heterocyclyl;
-0-Cy 9 alkyl,
-0-(C1.202kyl)o-1-aryl;
-O-(Ci20alkyl)p.;-heteroaryl;
25 -O-(Cy20alkyl)q.;-heterocyclyl;
-C.20 alkoxycarbonyl;
-S(0).2 -Ci-29 alkyl;
-S(0)o2—(Ci20 alkyl)y.;-aryl;
-8(0)o2~(C120 alkyl)o.;-heteroaryl;
30 -S(0)-2Cy20 alkyl)o.y -heterocyclyl;
-NRa);
-NR;3-CO-0O-C, z0alkyl;



10 -hal ogen; -NO2; -OH, and -SH, and 15 .
[err] whergi o -CO- or - [err] aryl; heteroaryl; hetero 2697
-[err] al k?Prbgr&"tpgrr] al kenyl that is unmsubstituted or subsf‘iyﬂjltwe%ﬁby one
or nore substituents selected fromthe group consisting of -aryl; 20
-heteroaryl; -heterocyclyl; [err] -7 - -N3; oxo; -halogen; -NO2; 5 _
-OH, and -SH, or RA-Ng; [err] wherein Yis -N or -CR; Rerr] is selected
fromthe group consiogitoi. ng of:

-halogen;
-NO;
5 -OH; and
-SH; or Ry is
~ 0

(?)0-1
((EHz)l-s
N(Ra)2

wherein Y is —N- or —CR-;
R, is selected from the group consisting of:
10 -hydrogen;
-Ci.10 alkyl;
-Cz.10 alkenyl;
-aryl
-Ci-10alkyl -0-Cy.0-alkyl;
15 -Ci.10 alkyl-O-C;.j0 alkenyl; and
-Ci.10 alkyl or C.1 alkenyl substituted by one or more substituents selected from
the group consisting of:
-OH;
-halogen;
20 -N(R3)2;
-CO-N(R3)z;
-CO-Cy.10 alkyl;
-Ns;
-aryl;
25 -heteroaryl;
-heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;



10 , v -hydrogen; [err] -[err] al kenyl substituted by one or nore

substi t uent swesjopodegd fromthe group consisting of: -OH;, - ha'l‘?ﬂ‘?(llrb%/ﬁ@ﬁf]
-aryl; .25 -heteroaryl; -heterocyclyl; -COary
-CO heteroaryl ; each R3 is independently selected from the group

consi sting of hydrogen and Cerr] alkyl; and each R is independently
selected fromt he%gl?l Ba s indenshdentiygelstiedfony thergrovpegonpistingk oy drogenane £:.and

trlfluoronet£¥ or a pharmaceutically acceptable salt thereof. As
used herein %ém}erns "al kyl", "alkenyl"”, and the prefix "'-alk" are

i nclusive of bot heash Reis @hdepédtichily sdlebtdd RovaiRslgolp consiktingPF hodidged, cyclic
groups, i.e._cycloal kyl and cycloalkenyl These cyclic groups can be

nonocycl i ¢ CEI'I}O@II()Y!‘))Q]I'W alkexie hplogereandrifluprometing, from3 to 10 ring
g?LFgﬂe%f) &Fﬁhgfm%c%ﬁ%fcﬁ%%&e%ta%ﬁé)syaﬂsthereg% ude cycl opropyl, cycl opentyl,

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, biphehyl, 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 heteroary! groups include furyl, thienyl, 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, morpholinyl, 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 Cy.59 alkyl, hydroxy,
halogen, N(R3),, NO,, Cy.29 alkoxy, C;.z0 alkylthio, trihalomethyl, C).0 acyl, arylcarbonyl,
heteroarylcarbonyl, (Ci.19alkyl)o.1-aryl, (Ci.10alkyl)o.1-heteroaryl, nitrile, C;.59
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
phanmaceutically acceptable forms, including isomers such as diastereomers and

enantiomers, salts, solvates, polymorphs, and the like.



The term"aryl"™ as used herein includes carbocyclic aromatic rings or ring,

syst ens. F‘iﬁﬁ%ﬁ‘éﬂf aryl groups include phenyl napht hyl, Qk-PH8dR%k4r3
e

fl uorenyl nyl. The term "heteroaryl” i ncl udes ar omatT e rirngs or

ring systens that contain at |east one ring 15 hetero atom(e.g., 0, S,
N). Suitable heteroaryl groups include furyl, thienyl, pyridyl, quinolinyl,

t et r azol ylpreparatibhzd theo@empourgls. " Het er ocycl yl " i ncl udes non-aromatic rings

or ring systens that contain at |east one ring hetero atom(e.g., 0, S, N).

Exenpl ary heterocyclic groups_ include yrrolldlnyl et r ahydr.of uranyl ,
nor phol i nyl , t KGosgnraunds plFormulas Tiand dbw —(13 R Ihlﬁrhe aryl

het e o eI RSN é%%?%?ﬁ#ﬁ%*‘%%%ﬁ?@#&%a&r S

hydr gxy, haReg&ion[Sthemedd kylthio, trihal omethyl, [err] acyl, aryl carbonyl,

het er oaryl carbonyl, ([err]oalkyl)[err] -aryl, ([err]alkyI)[err]-heteroaryI,

nitrile, [err] al koxycarbonyl, oxo, arylal kyl wherein the al kyl group has
from1l to 10 carbon atons, and 25 het er oaryl al kyl wherein the al kyl
group has from1 to 10 carbon atons. The invention is inclusive of the
conpounds described herein in any of their phanmaceutically acceptable
forms, including isoners such as diastereoners and enantioners, salts,

sol vat es, pol ynorphs, and the |ike. Preparati on of the Conpounds
Compounds of Fornulas | and Il wherein Ais =NNCR=CR-CR=or B is [err] are
as defined above can be prepared according 5 to Reaction Schene |I:

-10-



Reacgtion Schene | [err] Many 2-am nonicotinic acids of Fornmula Ill are
known (see, Wahogpogespl e, U.S. 5 3,917,624). The conpound vﬂﬂ{,gs@zk@3
hydrogen is commercially available. In step (1) of Reaction Schene | a
2-am nonicotinic acid of Formula Il is reacted with acetic anhydride by
heating to provide a 2-nethyl-4H pyrido[ 2, 3-d] [ 1, 3] oxazi n-4-one of Fornul a
| V. The conpound of Formula IV where Ris hydrogen is known and its
preparation has been disclosed i n UReacfiai Scierddd. 3, 314,941 (Littell), the
di scl osure of which is incorporated 10 herein by reference. In step (2)
of Reaction Schenme | a gonpound of Fornmula IV is reacted w thgodium azide
in a suitable solvent slich as acetic aciddgo provide a tetrazdfyl nicotinic
acid of Formula V. tion conveniently may be run
conditions. In ) of Reaeti»son SefimpeENg an acid ok
esterified to proveg . Fdr nul > Th
may be carried out using conventional WethodsxcHFor exanple, the gCid nay be
esterified in acetoneyusing potassium carbonate and ethyl iqdrde® IR, step
(4) of Reaction Schene | a conpound of FOrmula VI is cyclizeé to provide a
tetrazo50[1,5-a][1,8]naphthyridin-5-o| of Formula VII. The reaction maybe
carried out 20 by reacting the conmpound of Fornmula VI with aE al koxi de

la Vis
-i"™Ri cati on

in a suitable solvent, e.g., potassium ethoxide in NN-dinethylf m de, at
anbi ent conditions.

-11-



In step (5) of Reaction Schenme | a conpound of Formula VIl is nitrated
usi ng .a sy pitrating agent such as nitric acid to propgessiresrs
4-nitrot e'turvg?g}f%fl, 5- a][1, 8] naphthyridin-5-0ol of Fornmula VIII. 25 :
In step (6) of Reaction Schenme | a conpound of Formula VIIIl is converted to
atriflate of Formula I X. The reaction is preferably carried out by }
conbi ni ng a conpound o: Formula VIII with a base, preferably a tertiary

3

am ne such as triethyl ine, in a suitable -12- 6l G¥nt such as

di chl oronet hane and th ddi ng trifl ulffenet hanesul foni ¢ anhydri de. The
addition is preferably carried out in
dropwi se at a reduced tenperature sullif a
product can be isolated by conventi onal
wi t hout isolation as described beBENw I
step (7) of Reaction Schene | a co und ofRfFormula 1 X is reacted with an
am ne of fornmula RNH2 where Rl err] as defined above to provide a
4-nitrotetrazol o[ 1, 5- a][I,8]naphg%yridi -5-am ne of Forrmula X. The
reaction can be carried out by adding th&'am ne to the reaction m xture
resulting fromstep (6). The reaction can also be carried out 10 by
adding the amne to a solution of the conpound of Fornula I X and a tertiary
amne in a suitable solvent such as dichloronmethane. In step (8) of
Reaction Schemgyihyyp GRFRGHAANRS aciddy dTHoAmNlal I 416 Hhewh! (Je8, foFf exdniisle,U.S.
tetrazolo[l,5-a][ I, 8] napht hyri di n-4, 5-di am ne of Fornula Xl. Preferably,

t he r®duct3,®4¥,624).cZhe cendpound wisire & ia hydnogemisi comunerpially avajlables s step (1) of

hyd tion. | yst h.as.pl.ati '
O L Y v
by heating to provide a 2-methyl-4H-pyrido[2,3-d][1,3]Joxazin-4-one of Formula IV. The.

controll ed manner, e.g., adding

r exanple, at about O0C The
t%ﬁ'ﬁor it can be carried on
5 N connection with step (7). In

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 Formula 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[1,5-a][ 1,8]naphthyridin-5-ol 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[1,5-
a][1,8]naphthyridin-5-ol of Formula 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
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apparatus.in a suitable solvent such as ethanol. In step (9) of Reaction
Scheme |- a opowpewssds of Fornula Xl is reacted with a carboxyl ipgramgbghedfs an
equi val ent thereof to provide a JHtetrazol o[ 1, 5-a]im dazo[ 4, 5- '

c][!l, 8] naphthyridine of Fornula Xl I. Suitable equivalents to carboxylic

acid include acid 20  halides, orthoesters, and 1, 1-dial koxyal kyl :
al kanoat es. saiventsyelbasdirhleromsthpngand thenaddling trifleoromethenesulfonicianbydzide; Thei | |

ide th ' ti t. i ound aof Farmula Xl.. For
xanpl o, SH05eh EhrFerRP it L im TR s B i
hydr ogen angedtetdteyipetinire suchas)\or lexhpié] AQboutTPOD THB prisfiet Barl¥e isslated by -
The reaction can be run in the absence of solvent, in a carboxylic acid

such as acetpeveatipapl mathqds onif cpn be carsigd ea withont isglation asdeseribeddglow inf a
car box3sl i C @8ﬁr%cti rp@if?l%?eﬁgjéf” is run with sufficient heating to drive off
r1or ’

any al cohol “or wage as a byproduct of the reaction. In step (10) of

Reaction Schene In step (MdRedotivh Sohemmslla c¥npoiusd 6fRsEnath I isheacted with an
tri phenyl phosphine to provide a N-triphenyl phosphinyl -JHi m dazo[ 4, 5-
cj [, 8] naph®myns ¢f farmula RyNKe whereRy isas defined|abovgite previde p drnitretatrazoleldssr i ed

2 sui L abl e ST AR S SRR oo X T hreabint b A bR RSRRINS 1

conpound of afminewolthe x¥ttich Mixtire rastuitthg!fronp Etep (6)€ The reaction can also be carried out
| H-im dazo[ 4, 5-c] [ 1, 8] napht hyr.i di n-4-am ne of Formula XIV which is a
subgert¥s of birafding she amme fo yeluen ef the sempopndof Formulad¥: ansa tedtiayy aminsial

nmet hods S“Qsﬂﬁaﬂ?%s&]@&&hﬁ@xis'ﬁi 1:8% :haﬁékanol In the presence of an acid.

The product or a pharnmaceutically dcceptabl e salt thereof can be

i sol ated using cdmstep(8)aiReactinBulisme [ a coinppurd ) ForimuldeXidd fedicedab provide 2
XY 1 duced to

compound of te'iroarzo ot16}5—115[Y,8']1§aplix§1qul((:igl-4,5-diamine of Formula XI. Preferably, the reduction is

carried out using a conventional heterogeneous hydrogenation catalyst such as platinum on

v

15 carbon or palladium on carbon. The reaction can conveniently be carried out on a Parr
apparatus in a suitable solvent such as ethanol.

In step (9) of Reaction Scheme I a compound of Formula X1 is reacted with a
carboxylic acid or an equivalent thereof to provide a /H-tetrazolo[1,5-a)imidazo[4,5-
c]{1,8naphthyridine of Formula XII. Suitable equivalents to carboxylic acid include acid

20 halides, orthoesters, and 1,1-dialkoxyalky! alkanoates. The carboxylic acid or equivalent
is selected such that it will provide the desired R, substituent in a compound of Formula
XIL. For example, diethoxymethylacetate will provide a compound where R; is hydrogen
and valeryl chloride will provide a compound where R; 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-7 H-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.
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provide a 6,7, 8 9-tetrahydro-1Him dazo[ 4, 5-c][1, 8] napht hyri di n-4-am ne of,

Far mul.a XV s a subgenus of Formula Il. The reductiong #:.?mggsrd“%d out
by suspendl g | ssol ving a conmpound of Forrmula XIV in trifluoroacetic
acid, adding a cat al ytic amount 10 of platinum (IV)oxide, and then

subj ecti ng the m xture to hydrogen pressure. The reaction can be
conveni ently cadnstepqt Dwfnmmxfmhenmdmmpmndﬁﬁﬁomtddmi.hydrolyzed to

et hods. Arvasnhd Roengazogh Sl esmatading erupe phEsmiNs ARtV SE none || a
6,7,8,9-1ghp %éﬂ BPF%ﬂﬂﬁlé fn’ﬂﬁzhg'[l ?s&lin]b&]aﬂ?éﬂ'@\ﬁ%&'c@h{?erﬂmnﬂ%&ﬁo@ suEHhW' a

XV can be pr I on of a conpound of Fornula Xl
reducti on hysheahmgmenﬂomtalkyndunﬂmntesegc@ofmamd)l 'Fhmy‘OducI(mpound of Forrml a

XIl in tri Iuoroacelc aci anount |.atinu

(1) Ok de PramRceRisly gopatie S hea bt yama i ioBeipetof,
reaction can beln%% ?ﬂ&‘liéa&l&ﬂSéﬂeﬁféP#éorﬁﬁbﬁd'%@%nﬁﬂﬁmﬂd?edtﬁédﬁbove the
product or a pharnacedtically acceptable salt thereof can be isolated usi ng

conv e nt i orpmbvide & 678, 9-t@ttrhydro-1 H-imidazo ]{di,§]maphmyndm wmln%mﬂ"‘ armulh¥Vei n

LIZf |_ne;:I a&?}?}g “Bg %&%&Bﬁ%ﬁ&%‘ﬁ"& e%?‘!f%o?'nut S’[frél g %g%e:(r:? i g?\
Schere || @ssolvifg & comiffound of[}%hhlalmﬁﬁﬁﬂﬁaﬁoaeéumtau@mgsmmld dmcunt

3-am noi sonicotinic acid of Formula XVI is
10 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-

1H-imidazo[4,5-c][1,8]naphthyridin-4- amine of Formula XV can be prepared by

15 reduction of a compound of Formula XII. The reduction is carried out by suspending or
dissolving a compound of Formula XTI 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.

20 Compounds of Formulas I and II wherein A is =CR-N=CR-CR=or B is
-C(R)2-NR-C(R)>-C(R)2-; R, R, and R; are as defined above can be prepared according to

Reaction Scheme II.
Reaction Scheme 11
25

o O

z OH
Z OH 7 0 |
—_— l N /N
NH, R Hj R 1\{
XVI Xvil CHj XVl
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reacted with acetic anhydride by heating to provide a

2- et hyl - 4H Qg dophgked: 4- - 15 - d] [ 1, 3] oxazi n-4-one of For mpeErPedhhssrd Ne
conpound of Forﬁﬁ?a XVI1 where R is hydrogen is known and its preparation
has been disclosed in Littell cited above. In step (2) of Reaction Schene

Il a conmpound of Formula XVII is reacted with sodiumazide in a suitable_
sol vent such as acetic acid to provide a tetrazolyl isonicotinic 5 aci d
of Formula XVIII. The reaction conveniently may be run at afrbi ent
conditions. In step (3) of Reaction Scheme |l an acid of Fofftla XVIIl is

esterified to provide a conpound of Forrmula XIX. The esteriyication may be
carried out using conventional nethods. For exanple, the acid may be
esterified in acetone using potassium carbonate and ethyl igdide or by
reacting with dinethyl formam de diethyl acetal in a suitablg solvent 10
such as dichl oronmetgnane. In step (4) of
Formula XIX is cycl]|zed to provide at
of Formul a XX ction maybe c
Formul a XI X n al koxi de ieR—a—SNi [y . € 0.
et hoxi de in l~Lormam’d@), ak” anbi ¥nt xondi'tions. 15k=\ In
step (5) of Reactio Sgheme || a conpound miN’ForrmI a XX G’ chl ori nated
using a suitable orY nat | ng agent suclas thionyl chloride xal yl

chl oride, phosph s pentachl ori de or ferably phosphorus 3§§chloride to
provide a 5-chloroté¢trazolo[1,5- a][l, 7] naphthyridine of Fornula XXI. The
reaction can be carfi@d out in an inert solvent or if appropriate in neat
chlorinating agent.YPreferred reaction conditions involve,reaction 20 in
neat phosphorus oxychloride with he@k{ng @ about 90C. NH

Ri NH
NH,

NH N+
N | . O SN
8,
R N @» R I\I{\I N R | /N

N=N/ _]\{ N=N
XXt XX XxXv

1@

N==P(Ph);
NH,
N N7 | N>
1 R — S
Nl - Ry N~ Ry
R R
XXVII XXVI
(54
NH,
NANN
)=
N |
HN R
R
5 XXVIII

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-
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In step (6) of Reaction Scheme Il a conpound of Fornmula XXI is reacted with
an ani.ne o a RINH2 where Rl is as defined above to p

tetrazol o[%({sﬁ i | , 7] napht hyri di n-5-am ne of Formula XXII. E)g?éhg?%&‘?l on
can be carried out by heating with an excess of the am ne. ’

step.(7) of Reaction Schene Il a conmpound of Fornula XX I |s nltrat ed u5| ng
a suitabl ed][’ll 3]0mu+§—mgexfﬁonnnla X¥IInThe compoundl ¢fFormmid X¥ Tlbwhere R is

4-nitrot | 7 ht nm XXI 1|
b of ex abl yORDHEBS APt s e distiseliim el e Aoteneat i ng and
an excess of n'Ihrstcﬁ éugbﬂRedcﬁoﬁselﬁbxﬁ@ﬂ a%nﬁ%ﬁﬁ& bPPorRnl1® RV Is RaefRAHNd Of

Formula XXI'II is re ed provid
t et r azol o[sedmmagide in]aitableysolvgntsuch Bs mebmramddomi‘oﬁdﬂ! atdtazolyl igoniPetirfier abl y

the rgduct f sodi drogensul fide in a
ot oo et orgia XEin 2 the HEicfth nRRET naliog Yoh R ph RRARbR | O
Schenme |1 a conpePY3Psf Redctibh Schetheilian &W%\M&kﬂl?@és%ﬁéd'tspﬂﬁﬁ& or

an equivalent thereof to provide a IHtetrazolo[1,5-ajimdazo[4

c][1, 7] naprompougd of Fermyla XXl dheesterioatianbnay bejodrviad enttssmg)cmcinmnyl iC

aC|d inclu I|d . Ort.hoesters ngd.1, 1-di al an at es.
The car boigﬁ}'@&ag% @é ©ag %HW Meii Qen?gggb?céa&ngdmw "F‘ﬁéf“ a?

provi de t hadeas iclidder Brladtidgueith dinﬁbtﬁymﬂmﬁwd@myf@édm liRa Xa%m&mvem
exanpl e, di ethoxynethyl acetate will provide a conpound where i s hydrogen

and Ier;ﬁuc}éﬁﬁélﬁh]@@mﬁhmeprow de a conpound where R2 is butyI The

reacti on can bayi dflof Reacl SUAEROT BlniRlihg of RoAnBRR Ly ALY Such 25

acetic acid, or in-an’rner resence o C acid.
The react Ipiﬁvfds attetrazolof h5<)f1f, Taapthyridiasidl$f 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 90°C.

In step (6) of Reaction Scheme II a compound of Formula XXI is reacted with an
amine of formula R{NH> where R; is as defined above to provide a tetrazolo[1,5-
a][1,7Inaphthyridin-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 IT a compound of Formula XXII is nitrated using a
suitable nitrating agent such as nitric acid to provide a 4-nitrotetrazolo[1,5-
a][l,7]naphthyridin-5-amine of Formula XXIII. Preferably the reaction is carried oﬁt 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.
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10 drive off any alcohol or water forned as a byproduct of the reaction.

In step {10)wefeopggast i on Scheme |1 a conpound of Fornul a XXV degbiRgedees
with triphenyl phosphine to provide a N-triphenyl phosphinyl -JH1 msgazo?4, 5-

c] [I , 7] napht hyridin-4-am ne of Fornmula XXVI. The reaction can be carried

out by -conbining a conBound of Formula XXV with triphenyl phosphine in a
sui t abl e sol vent Imstep Oxefdeagion Scheiedhi compamdaf&@ommulaEXIV isreadted witkep

brovi de o | AR BB bl bR ARl Sl Ao A
which is a s)jigAfshtiefidae sfRofnhla XXV, ISyitaslk u?gealaﬁ@t&@ars&fynibaadqmudw

conventional nethods such as by heating in a [ower al kanol in the presence

of an aci-d. aFkkhalides gethogstersy ang 1,1-dipkaxyaliod alkanodtes, Thearhoxylieacidbr t her eof

be ¢ sol gt ' h wind { 2).. of .Reaction Scheme
e e 4 50! Sgaisk RO S BT TEHARS o sBLR, bl SRSl SISt
6,7, 8, 9-t et IFvfmdlal{X M- iFsk eeaailé, dethotymethylagbitwill flovide-a compeand WhERIRuUS a
XXVIII which is a subgenus of Fornula |1. The reduction is carried out by
suspendi ng dtydeness and valsryhclleridewilliprovide gropmpaundvhereiRy is butyl. uﬂgmﬁcémnc
id, addi ' J | xi de, .and .t hen
e "SRR o r AR LB AT NP0 B e

conveni ent | ysobant indhe presence ofa EabsxylicpeidatThe readiien i e With Qiffidient heating to
pharmaceutical ly acceptabl e salt thereof can be isolated using conventional

met hodX0 Al eVt apy ajcohglon watersforrmedes 3 bypsedyst pfithy resetigact i on Schere 11,
Bl o oot 11 o ESieB R0 IrReABTN Sl 4 corlp BB BKh s X XU ARG |

Formula XXVI11 can repare 'on or ‘a compoun
XXV. The r edriphényiphosphine toipealideih Nowiphershstivdpligylol H-dinfda0bMi53g a conpound of

(1) oxi de, - &M Demhesaioetumie Sromimia Skol: Shhgearudpem bpramed outby

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 XXV1I is hydrolyzed to
provide a 1H-imidazo[4,5-c][1,7]naphthyridin-4-amine of Formula XXVII which is a
subgenus of Formula 1. The hydrolysis can be carried out by conventional methods such as
by heating in a lower alkano] 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 XXV1I is reduced to
provide a 6,7,8,9-tetrahydro-1 H-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-/ H-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
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pressure. The reaction can be conveniently carried out in a Parr apparatus,
The pr.odu&g%%%&g:fhar maceutical ly acceptable salt thereof ,@éags}'zgﬁgat ed

usi ng con nmet hods. Conpounds of Forrmulas | and I ereln is
=CR-CR=CR-N=or Bis -[err] are as defined above can _be prepared accordi ng
5 . to Reaction Schene Il1. Reaction Schene 11l [err] In step (1) of

React i on {iessare The reactidbnrvah be [convdniemtilytchrieddiun inda Barr epparatusalte poduct bs
chlorinated using a suitable ch]orinating agent,such as phos horusd

oxychl or i #Rharmagentical %?‘if\‘??‘tﬂglea?a 1hsreod;can Be fiolated ysing Wﬁgﬂwmeﬁé’ Ot
Formul a XXX. T [ camn A serei o dreyt 6P i Ng a
conpound of Fo?rs}ﬁnﬁ)g%log(@\?\n t agﬁ&%ﬁg%rd}%elgg%hl%% de iI%JNaE sui tabl e sol vent
such as NEC@)FERHC@RIPNR-dad Ri, Rp and R atesstdefiged at®we Can baheeparsdpecerdingay be
i sol ated by conveg/t;i onéh met hods or it can be carried on w thout isolation
as déscr i Wkeashppprhemethnection with step (2). The conpound of Formula 5
XXI X where R is hydrogen is known and its preparation has been disclosed in
Hart, Journal of the Chemical Society pp. 212-214, (1956). In step (2) of

- Reaction Schenme 11 a 4-chl oro- 3- ni Rea¢tior=3chemetlHyri di ne of Fonnula XXX is
reacted with an am ne of Fornmula RINH2 where Rl is as defined above to
provide a 3-nitro[l, 5] napht hyridin-4-am ne of Fornmula XXXI. The reaction
can be carried out by

— N\
R I Z ;Il';o
OH O-
10 XXX

NN
(@) N NH;

NH,

NH, N7 N
— | >_R2
l ‘\>—Rz !
N N R
l N llq R

XxXxv XXXVI

R

In step (1) of Reaction Scheme III a 3-nitro[ 1,5]naphthyridin-4-ol of Formula
XXIX is chlorinated using a suitable chlorinating agent such as phosphorus oxychloride to

15 provide a 4-chloro-3-nitro[ 1,5]naphthyridine of Formula XXX. The reaction can be
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10 , adding water then excess amne to the reaction mxture resulting from

step (1) thewowabéeRg on a steam bath. The reaction can al so geagReLéesl out
by adding excess anmine to a solution of a conmpound of Formula XXX in a

sui tabl e sol vent such as dichl oromet hane and optional |y heating. The
conpound of Formula XXXI where R is hydrogen is known and its preparatian
has been di stardescentiby reasting akompownd of FormulaneX X with@lpsphorus oxyehlonidg in ) 5

pp. 511-13 ( : X L 1Q1 - 5C ol &0

i trol i 51 BAARE Ay PrphER s . Bimg R AR RIS Bl Heathp €457 O The 4.

[ 1, 51napht hygontiongd tad b@iisulatedbp torventidlabméisds or iced b edvtipd oh vithowtduct i on
Is carried out using a conventional he,tero_geneous throgenat I Qn, cat al yst

such as pl iat isplatiomes desprihed bslovhim qornedtion avithcstem@n. Theeompaynd;od Forapa
: o . on I
uh oS ot iyl snePER ifidrGilen Ty oy B froBRRRPIAl et (RclBbid i Bt o0, Vo

For mul a XXXI Joutral bfthe (Chemidal Bocietlyappb2¥214; (B836). or an equi val ent thereof to
provide a I|H imdazo[4,5-cl[1, 5 napht hér}ldi ne of Formula XXXI|I1. Suitable
¢

equival ents to cakmisn/(@) ef Reaction Sehamsllba fehlose-3unitiol 1M paphtymiding of Fqpmula

11-dial K : . ; ) ; : .
sei ect od Suckyinreie RN B arybe D FBRRAE KRy Yl R{js AU AR B iuice
of Formul a XaXnitto[15daphthytifined-asliret dfBoyriela KX AL eTlad reastidnl cap be catied aut by

conmpound where R2 is hydrogen and tri net hyl orthoval er at ﬁﬁwl | é&ovi de a
conpouRf whedddingwatsr thigp pxcessaane 4q theireaction mikfure fesulting frm stenyd) thenof

sol vent, in l?ecagﬁ% Pﬂgﬁleig@l l%‘&L %ﬁé&%ﬁctﬁﬁ&ﬁ%fsh%e%&%d oftf by ﬁcﬁ%‘% LG anfife Y6

t
in the presen e reaction1s run wmth su ent eatlng;pto
30 dri ve slitionof asdoampoahd of Fovatuta XKOT imeckuitabla stlypiitadeic as dithlblomaetlemet | on.

For mul a. 50054 AReRaally Besiinbe Figcageanns chRareile CEK] ¥ o te RioeRes Fhoct
Part (i) I nvglq4@Sprepatation 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-nitro[ 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 /H- imidazo[4,5-c][1,5]naphthyridine
of Formula XXXIII. Suitable equivalents to carboxylic acid include acid halides,
orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is

25 selected such that it will provide the desired R; substituent in a compound of Formula
XXXIII. For example, diethoxymethylacetate will provide a compound where R; is
hydrogen and trimethylorthovalerate will provide a compound where R; 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
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reacting a conmpound of Fornmula XXXII with an acyl halide of fornmula R2C(O X
wher ei-n R3yhge/adsesief i ned above and X is chloro or brono. The~faadbkes can
be carried out by adding the acyl halide in a controlled fashion (e.g.
dropwi se) to a solution of a conpound of Formula XXXI| in a suitable

sol vent such as dichl oronethane at a reduced tenperature 5

The resul teagtingarerapeyndffioamulaX XXl with an geylthalide of Mz%ﬂgx wglesqsn vent.

Part (ii)gh E‘é’%a’eﬁe&gﬁd\}e&hﬁ%mﬁl %Qﬂﬁ&n fm&%&é&&?@é §ﬂ-fetd Gd?ﬁ t wth
net hanol i C2antoni a at an el ev ate enperature G&an pressure. In
step (5) addikgaetdcyhhdiciedne cohtroltedfashioni(eck. diopgwiselitba s¥batioh lof asompouhdzed t o
provide a 1H imdazol4, 5-c][1, 5] naphthyridine-5N-oxide of Fornula XXXV
usi ng a 10@fFormgyy has *aw)v% sucheasrdighlopomethang at a reduged tegipsratiye

N- oxizdes. e Gtl | f a
conpound SFEFOAuI S fRpe A Rare M B IIERE) kAol SPNIBRENC G
anbi ent  c®arti(ii) mlvelvei oyddizing thé prodiictRefpatti ()rbyFeinting it with metianolic aninafnia

Formula XXXIV is am nated to pro
i ni o|azo[4asanz;f1[=*1at3c§r psTatyrei(eenl %’gw%eprs*suﬁomm a XXXV which is a 15

b f
subgenus of Fon ;??fﬂ (5) °f%§‘9“&%°“c§*’°q%"§§°(‘ﬁ?§““?‘g??ﬁ8‘ t ﬁm%"&ﬂdﬁéd for mul a

XXXIV with an t'1’'ng agent e product with an
am nat i ng paapade a ] Hairhidazg[45fc]bl, Elmapl@hyridineSNeoxide af Formmia XXX IVxusiieg 2 t h an

acyl ating agent. Suit blea |l ati,n en i ncl | k ora |.sul fonyl
o ot oS cpaveptionslaiiriag aBe i H soAME gL Toreg ioudss BrpRIEAGe
p-tol Uene%?hcfh%ﬂsi invhive "rédlﬁ)xg aRbiatisH bf‘ £ Bdhp &M&Hﬂﬂﬁﬁu&rmﬁﬁ ehefbfomn 20

Tol uenesul fonyl chl oride 1s nost pref erred Part (i1) of step (6) involves
reacting twith pehidmperadybprroic 4did avdmbientrcopditions of an ani nating agent.

ﬁ;hf’ g)t(): Se?maggﬁ'g%zgfﬁgﬁcﬁd ghe&le HIILLH ?Hﬂ%cdaf 3{12),(@%%%%%[1' o
bi car bonatpeviad WY AL ifldabs[PRE( B3 InaphePhidivM-amine of Formula XXXV which is a

15 subgenus of Formula I. Step (6) involves (i) reacting a compound of formula XXXIV

bt

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 0°C to about 5°C during the addition of the acylating agent. The productora
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
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hydr.oxi de.is preferred. The reaction is preferably carried out by

- di ssol ving t o 990893de of 25 Formula XXXIV in an inert sol perntsosredrsas
di chl oronet hane, adding the am nating agent to the solution, and then
addi ng the acyl ating agent. Preferred conditions involve cooling to about

0C to about 5C durin he. addifjon of the acylati agent. The product or. a
phar naceut i cﬁ??@nﬁte%gﬁi‘é‘ﬁ PE"‘@X# POGRBE ol gE Hichen ‘i’f[s}g? %fgé}an&Eﬁ Wigh ﬁ"&%ﬂ@ﬁfi? Hhal
met hods. Alt ' | )3 | :
Compound of - Fiored b UnterSuBGalally Ryl Gus il B adif elipdck it (¥ iution
hydr ol yzi ng ofthe pt-oxide in anFaert s¢lvgntisnatodswdichloremetliang TheaehHiing prodwdt chn be

Prof o r od | SBOPHLIEEROYR G AE 1o 1eeh IEAoE Brprves By ikl Gerodre flom Bt
| socyanat es gYChheARaltRRZaN be Eﬁﬁ%&%ﬂ?ﬁfcoﬂ@rﬁidhﬁ%&ﬂh@&b ﬁlfchrabﬁea{tﬁlgqﬂaﬁat e with

the NFoxide I's - carried out under substantia anhydrous conditions by
addi ng t he i presgnaeaf watcporna owten aikenol@ptivmadlyNin the presence afa catalyst sech assamt such

as dichloro ane he resultin roduct can be isolated by renoval of the
sol vent . Pa?%aﬁ('(" meta,lﬁx%g@g °ﬁ§?3¥egla§‘§?‘gleof the product frompart 5  (1).
The reaction can Best&af7 bf’ﬁf&%n B%ﬁx&ﬂé‘ﬁ?&%%xﬁ?%\lﬁgﬁg‘aﬁﬂﬁlamﬁ§ rdiaedd 9

in
the presence of water of a | ower al kano t In the presence of a

cat al yst sucproxisieat, 38 Rekirahydraal Hhimidesc] 4,5-a)i1, 3 joaphthyaddimesdiatiene of Fetnapa ( 7)

G, 7. 5. 30 o + BV ieh i ARBR P EStpilh T hemken SRR aN heSePeripent o
10 XXXVl @isidiVing & cBmpREPSTFonRlila R XY R thilluordh@HE 81 4 Satmighi¢ | €d out

by suspending or dissolving a conpound of Formula XXXV in trifluofoacetic
aci d, addi ngamowniofplatinemy de; ingthen isubjacting\the miviturs, to Apdrogerepreswiy. €bBte ng

the mxture }egctmﬁdcra%%%Qox%%%%e%‘t’lgl%arﬁg %ut in a Parr apparatus. The productor a

pharmaceutically acceptable salt thereof can be isolated using conventional methods.

15 Certain functional groups recited in connection with R, and R; may be
incompatible with some of the reagents of Reaction Schemes L, IT 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-ferz-butyl dicarbonate.

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 R;

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 Certain 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-



reaction can be conveniently carried out in a Parr apparatus. The product .,
or- a phar W@M%ggal |y accept abl e salt thereof can be isol atRenudsnes73
conventi ona Certain functional groups recited in
connection with RI and R2 may be incorrpatl bl e wlth sorre of the reagents of

Reaction Schenes I, Il _and |11 ounds cont such func roups
can be prEpad Bermyja ITh Jhe sgrertrlraééow Fnﬂ‘é‘% qlatﬁﬁf\‘r’rﬁe‘né@ftﬁ@at’

functi ona i exanpl e, am ne groups may
be prot ec?‘g%e\%?%{e}lﬁg%g%sg%gg?%%g e \@Fl@?r@ﬂﬂnw Eﬁ di-tert-butyl dicarbonate.
20 Sonme conpounds of Formula | or Forrmula Il containing certain
functional groups may be readil) fromot her conpounds of Fornula I
or Formula Il. For exanple, conpe mrereP e Rl substituent contains
an ami de group may conveniently be prepared by reacting an acid chloride
with a conpound of Formula | or Formula Il wherein the Rl substituent
contains a primary amne. Likew se, c_o-m])ounds wherein the R 25

wi th a conpound of Formula | or ForNul a
contains a primary anmine. Further, cofp
contains a carbanmate group nmay be pre eac®ing a chloroformate with
a conmpound of Forrmula | or Formula I the Rl substituent contains a
primary am ne. 30 Certain \of the inf{er medi at e conpounds useful in
the preparation of conpounds of For mé¥ and Formula |1 have not been
previously described. Therefore, the invention also provides internediate

whgrein the Rlerr] substituent
erein the R err] substituent

conmpounds usef urhermanRpmnb&raeﬁtaSCﬂcﬁmdshnvpdm@mnmunﬂbofrfwraml@land | and
For mul a | Thlelftructural formul as of these novel internedi ates are set
forth bel a il

10 Intermediate Compound 2

N
N 7l
| \>'—R2
Z N
N R

R .
wherein R, Ry, and R; are as defined above for compounds of Formula I and

Formula II.
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These conpounds have the follow ng structural fornulas: Internediate

Conpound 1 Swbawpdsogherein Rerr], R2 and A are as defined alperrishgresrs
. conpounds of Forrmula | and Formula Il. 10

| nternedi ate Conpound 2 [err] wherein R Rerr], and R2 are as defined

above for conpounds of Forrmula | and Formula Il. - 22 - Internediate _

Compound 3 [err] wherein R R[err! and R2 are as defined above for
conmpounds of Fornmula | and 5 te)(Lomy di at e Conpound 4 10
[err] wherein R7 is OH halogen or NHR err] (and A and Rerr] are as
defined above for conpounds of Fornula I) and Rlerr] is H NO2 or NH2.

o:
\N+ Cadl N
| \>—R2
=z ' I;T
N R
R
wherein R, R; and R; are as defined above for compounds of Formula I and
5 Formula II.
Intermediate Compound 4
Ry
He
A
N~ N I]I
\ =N
10

wherein Ry is OH, halogen or NHR; (and A and R, are as defined above for
compounds of Formula I) and Rg is H, NO, or NH;,
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I nt ermedi ate Conpound 5 5 \
[err] V\/ner 9@& as defined above for conpounds of Forrml CJIF(U%%E{J rr
is Hor [err({b . Internedi ate Conpound 6 10 [err] wherein err]
are as defined above for conpounds of Forrmula | and Formula Il wi'th the
proviso that R err] is other than hydrogen, and R err] or NH2- 15

Phar maceuti cal Conpositions and Bioloaical Activity Pharmaceutical
conpositions of the invention cant ai nd a E;Eeraﬁeég%i cally effective amunt of
a conmpound of Formula | or For above in conbination with
a pharmaceutically acceptable carrier. As used herein, the term"a
therapeutically effective 20 anopunt"” neans an anount of the conpound
sufficient to induce a therapeutic effect, @uch as cytokine induction or
antiviral activity. Al though the exact anopu of active conpound used in a
pharmaceutical conposition of the mye-n-\ tORgry according to factors
known to those of skill in the art, guchips the physical and chem cal
nature of the -24 - conmpound as | I the nature of the carrier and

the intended dosing regimen, it is anticipaNedNt hat the conpositions of the
i nvention wll contain sufficient achngégreHl ent

N—N

wherein A is as defined above for compounds of Formula I and Ry is H or
Ci0 alkyl.

Intermediate Compound 6
10

wherein R and R, are as defined above for compounds of Formula I and Formula II
with the proviso that R, is other than hydrogen, and R;¢ is NO, or NH,.
15
Pharmaceutical Compositions and Biological Activity
Pharmaceutical compositions of the invention contain a therapeutically effective
amount of a compound of Formula I or Formula II as defined above in combination with a
pharmaceutically acceptable carrier. As used herein, the term “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
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to provide a dose of about 1 OOng/ kg to about 50ng/ kg, preferably about 10
[err] g/ kg t owel®oubeodng/ kg of the conpound to the subject. Anparfus9bie6d?3
conventional dosage fornms may be 5  used, such as tablets, |ozenges,
parenteral fornulations, syrups, creans, ointnents, aerosol formulations,

transdennal patches, transpucosal tches and spo on..The conpounds of the
i nventi on h&emppwathassyel qlﬁnF‘HEﬁpr ?F?é'“ﬁ‘i’@gdlé? 31“6‘??%84 l%%%‘éﬁg & Ri nes in

experi ment s BELEALAR ACBhibSHoiLof e inteston\FiilNRdtadutfileh hcl9t RiPredieHt S
S that the

ability indica onpounds are useful as 1 mune response
nmodi fi ers t haprdvide a dasanf ate 1 60ne/kgte abnutfdmg/ks poeferablyrabauhlingdeg tofabout

diff t , i t | ip the t t f f
o erent g e el et SRR s S
accordiyig t glts%&r] %?%}Rla%g@%gﬂéi@%,%'al—éﬁtérﬂ%hﬂﬁaﬁ&ﬁ?iy?@s?éﬁeﬁrh&'&ntﬁi&ﬁts} 4698501

necrosis fa Il "as"certain interleukins (IL). In particular,
t he conpoundemiuldticms, triisdéneral patchigsFrinsmmicosal patghes@nd s0ons and 12, and a

i et f oth t oki th f ts, t oki i nhj bj. '
broducti on and. AGCOBBORRg A TRAVERHERAGYE REPCBE (0 OuEE B aroduptin gt "
Lreat ment _ofcolufiRs ik i bialinfthBRHBAned sboditlid fole T8t MsThtbick drih Beow.

i nduce the production of cytokines, the conpounds affect other aspects of
t he innate iThisshlityssdioatexthafihe compompids aransefil a$ innniherespasise npdifiers thet i vity

may be_stinul ated, . an. ef.fect that may be due cytokine induction. T
CompouHls. ek ARl (6 TG EPOR AL SRR WL ER L Yo FPTETIR BERIEEE | on
of nitric oxheg fafmbtRteravatsslofaitorferaddi tional cytokines. Further, the
conmpounds may cause proliferafion and differentiation of B-1|ynphocytes.

Conpounds of ~t he Cytokines that ax¢ induped/ey the adminigration of pempeunds peeprdingtmiae

response. 25 For_ex | e, .althaugh re,.s not [

direct eff edPVEHoR gggqr?lg})gﬁclugp ngr?erlgﬂ&l&ﬁi 206, h}swor.f:egxte%ﬁs f%éé?rg(&[fl\ﬁ?%? wfégés

product | 0N QlerthiCinierlBAKRASHL . Yidaitidulih] the uhUnag irdube YFN %, TNIUGAH. -1, 6, 10

indirectly and the production of the Th2 cytokine IL-5 is inhibited upon
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 treatment of
tfumors 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 (Th1) 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 Th1 response and/or downregulation
30 of the Th2 response is desired. In view of the ability of compounds of Formula I é.nd
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
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adm ni stration of the conpounds. This activity nmeans that the conpounds are
usef ul- in fehbeat nent of di seases where upregul ation of tBeriRbesgePonse
and/_or"dovmreguFation 30 of the Th2 response is desired. Tn v? ew of the
ability of conpounds of Fornula | "and Fornula Il to inhibit T-helper-type 2
i mmune response, the conpounds are expected to be useful in the treatnent
of at opy, agaegine adjvyant ferceumediated inommnity; andipbssibjy as aittestnggnt fornrecinrent;  as

-25 - vacei ne adj t f.or cell nmediated inmmunity-, and possibly as a
treat ment Wﬁ'@%ﬁ?sﬁ%ﬁ]&ﬁ%ﬁﬁég di seases and chl anydia. The imune response
nodi fyi ng ef f eqthe iRbming @esponFeaHodiSying kffedtH 6Nhd T6Mmpbunds hile théfiakeMNin of a
wi de variety of conditions. Because of their ability to induce cytokines 5

such as | t¢ tzeaimentuf wide vriety of congditionsn Becanse of heir shilityrtpynduse eitokings t he
f Vi di d . This i l.at | i Wit
LLeonsTen s R S35, AR SohBRR B el DR AL AR O

such as, lifeadt@land hithdr8d Thid itinfuonfOdaRERS Actbvify sugBetts @t (Y@x'i;?o?md@ efiken

warts, plantar warts, Hepatitis B, Hepatrtis C, FRerpes Sinplex Type | and
Type |1, dmvention areusefil iyireatimg dicoses@iwh asybwt not dimited4d viral diseses gl i al 10

neopl asi a, n_papillomaviru nd_assogi t‘?Fg? opl.asias, fungal ,di seases,
e.g. candig(ﬁg#aqam#fj ."i"ﬂg }"W’;@?’g}%‘gﬁﬁ’ ?fﬁ?ﬁﬁl . ?ﬁ??a"ﬁéﬁ‘??&&ﬁsgq’a‘i’?éas es,
e.g., basglypeelahd T3pé INASRUsIIR EohtARddm, VK TNM¥, VIFAD @ervidal fritfaepitielial €nal
cel |l carcinonma, squanmous cell carcinoma, nyel ogenous | eukem a, multiple

nyel ¥ha, mevplagiachuman paptlogravirus and assheisted neoplasias; fungnl dispases, ergs ieardida, and

Cr yt osport e BURE Tt ol mERaRR: Rofisshl SRRVl hobd ool chEidthia boiry

leis hrrangaaan %ukblﬂﬁé, ®apobi’s sabcoeid, odial céll ehrcinbmbaiqamoas cell diyéindaat eri um
avium Additiona
myelogenous leukemia, multiple myeloma, melanoma, non-Hodgkin’s lymphoma,

g

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 Iupus, 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 50mg/kg,
preferably about 10pg/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
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di seases or conditions that can be treated using the conmpounds of the
invention i nglom@e@azenn, eosinophilia, essential thronbocyt hRakidsrears
. leprosy, multiple sclerosis, Omen's syndrone, rheumatoid arthritis,
system ¢ | upus erythematosis, discoid |upus, Bowen's 20 di sease and
Bowenoi-d papul Qsis. Accordingly, the invention provides a nethod of

i nduci ng cyt%‘f?étaﬁ?ﬂfs%fﬁ’ﬂ%bgg@tlpﬁ siph asvirgd lestanspyirad long, rtmefvinserodvgtiom

effective a . C _ _ or Forymula Il to e.ani nal. An
anount of 'armég rr%pogg%lt esf(?)g&%fg\;%ot% Ea‘trlgér%éadt]%déﬁ&i/?" ﬂa{r??e T&#é’gfﬁsteﬁé’é‘)lui‘pwgﬁ‘éﬂyamunt
sufficient tacadinggo faveorskndwii i the bt buyReSpeciedts bas d9ee 6£ VI0RE/kg2b about

macr ophages,_dendritic cells and B-cells to produce an anount of one or

more cyt oki W&k preferablyabow long(ke to phputSameis. TNF-a, IL-1,6, 10 and 12

t hat isgincrease he . I g i he pr.eci se
anmount ?NI Il var ydra{{cé\ég‘?e I Eg lﬁﬁb%@g‘?}gﬁgﬁ%’%e fb&lo%g]%%&xgutaﬁi}hé\ge p‘grgﬁlgggt o]
be a dose offorillustration@nty i@l dre natintehd&Dwbelimiting af afyakay about | Jerr] g/ kg
to about 5ngy/kg. The invention further provides a nethod of 30 treating
a viral infection in an aninmal conprising adm nistering an effective anount
of a compound of Formula |I or Formula Blead tshe ani mal . An anount effective
to treat or inhibit a viral infection iS ah amount that will cause a
reduction in one or nore of the - Cipound offBétnfdsVati ons of viral

i nf ection, such as viral lesjons, viral |load, rate of virus production, and
mortal 19y as conpared to urr@MethykddhtateazokkiyhmicotinivAcigr eci se amount wi | |
vary accordiﬁg&o factors known in the art but is expected to be a dose of
1 Ong/ kg to about 50ny/ kg, preferably about 10[err]g/kg to about 5ng/kg. 5
The invention is 2AmitweicafiatcacidScg, 5% rnele) whas swpeagledia ngetie anhydtide (2 5me.)
provi ded

then heated at reflux 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  gof 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-(5-
20 methyl-7 H-tetrazol-1-yl)nicotinic acid as a white solid, m.p. 178-180°C (gas evolution).
Analysis: Calculated for CgH7NsO,: %C, 46.83; %H, 3.44; %N, 34.13; Found: %C, 46.38;
%H, 3.36; %N, 34.01.
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for illustration only and are not intended to be Iimting in any way.
Example 1 of Formula V 10

T /26473
2- (5- Met hy“;,?)rglijﬂ%‘I ?razol 1-yl)nicotinic Acid Part A 2-Ani nolr:Fc/(l)JtS?sm c acid
(5 g, 36 nmole) was suspended in acetic anhydride (25 nL) then heated at
reflux for 2 hours. The reaction mixture was concentrated under vacuum _The

[esulti ng rgsilgue was fsI urri eﬂ YMth dxapples et at e and hexane t hen filtered
0 provide g of 2-met y : 4H- [ 1, 3] oxazi n-4-one. Part B:
The material fromPart A was co ?ﬁﬁé@gﬁ?g‘]{aci d (75 m.), sodium azi de

(2 g) was added and the Eﬁmni(slmeiwl-wptemoﬁl-lylymitmat@nbl ent tenperature
over the weekend. The resulting precipitate was isol ated filtration then

dried to provi (?e(SSMG 1-dH-tetrazpl- 1P )nicotinieagig (5.019, 22 1ppols) WPS suspendsdin nj ¢

For (5] %pohgE3D %836%1 ChoPAg s B SURL IR kel i e 0 o

34.01. -2 7react10n nﬁXﬁﬂ@W@s Rea@‘é&‘ﬁt&ﬂﬂﬁk fr 2Aars The Ytetéiidwhs removed under
2-(5-Methyl-1Htetrazol -1-yl)nicotinate

2- (5- Met hyacawn She mesislueiwasippritioned hetwvese watergnd dighloromthgne) Ths suspended
05 ACRLANG 800 Tlver waOL AR A NRARL Shokrirlba e Shlibm iploHRe (5 )

wer e adde
6.3 g of ethyl 2-(5-methyl-1H-tetrazol-1-yl)nicotinate.

10
Example 3
Compound of Formula VII
Tetrazolo[1,5-2][1,8]naphthyridin-5-ol
Ethyl 2-(5-methyl-7H-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-ol as an off white solid, m.p. 236° (decomposition). Analysis:
20 ~ Calculated for CsHsNsO: %C, 51.34; %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-a][1,8]naphthyridin-5-o01 (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. 229-230°C
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reaction m xture was heated at reflux for 2 hours. The acetone was renoved
under vacuumyoldidoffsi due was partitioned between water and

di chl oronet hane. The di chl oronet hane | ayer was separ at ed, dri],e%l:IU?gﬁe 473
concentrated under vacuumto provide 6.3 g of ethyl )
2-(5-methyl-|lHtetrazol-1-yl)nicotinate. 10 Exanple 3 Conpound of Fornula
VI | Tet r azol(8¢cpmpositiop)  SnalygisitCGejeulatedhfos CoH,CiNay 1%C, 46.73; %H, 1.96; %N, 34.06;

2- (5- net hyl [ =l s I, cOL (6.3 g, 27 mmol e) was covered with
15 NN-di %@é%?éﬁ‘?’dé&%§4rr€"§\i,’g§'§§assi um et hoxi de (4.5 g, 54 mol e)
was added and the reaction mxture was stirred at anbient tenperature for 2
hours. The reaction m xture was poured into ice water containing about 17
mL of acetic acid. The resulting preci pxempleSvas i solated by filtration,
washed i th water then dried to ovi de .4 f trazol o[ |, 5-

a1, 8]$r,1\napht hyridin-5-ol as an oﬁ"%ﬂ g°§§?\%&"ﬁa . 236 (deconposition).
Anal ysis: 20 Cal cul at e4lNisroteteizolo 1,3@][1§S§n%th?1¢n25_@; % oN, 37.42;
Found: %C, 51.23 . 9%, 2.77; 9N\, 37.25. Example 4 5-Chlorotetrazol o[ 1, 5-a]
[ 1, 81napht hyr i di Aditresacid (1.33 mL of #6M) avas|adfied ©-anspension @b bettagolofl, 5 5- ol (0. 5

g, 2.67 mol ded hos . OUS ,.0XYV. ri.de. (10 and heat ed
at refl ux f8?914%%”[@%2%?&%@[ﬁ&ﬂ"ﬁ?ﬁﬂ%?‘@%&éﬁ%ﬁﬂat F:iﬁ" é@gﬁ%ﬁ'ﬂ@ﬂm\}r&cuum
and the resiwhsheired oputeash batti for\Sahmites entobleA S kiiBRAt 1aDeAUHE Soafdy t he

aqueous_ | ayer was _made_basic with sodi um bi carbonate. The di chl oronet hane

|l ayer Mhs sapetagi(@d cq)in aemalanownt gif weten was afldedite thefrieactionavixtimel Then 30
concentrate 3 r LN oljd was.recrystalljzed.fraom
tol uene to g?égw esogﬁ%&ﬁg %ggggf%ﬁgﬁg%%?ﬁ%él&%ﬁof%wﬁ?f, ?ﬁﬁ%ﬂéﬁﬁwlﬂi@é as a
solid, m p. a2AB]aGMhEryidin-5-ol as a solid, m.p. 278°C (decomposition). Analysis: Calculated for
CsHaNeOs + 1.1 H,0: %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)%—nitrotetrazolo[I,S-a] [1,8]naphthyridin-5-amine
4-Nitrotetrazolo[1,5-a][1,8]naphthryidin-5-ol (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
exothermed. 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
dichlorpmethane then with 5% methanol in dichloromethane. The eluant was evaporated
to provide NS-(2-methy1propy1)—4-nitrotetrazolo[1,5-a][1,8]naphthyridine-5—amine asa
yellow solid, m.p. 171°C (decomposition). Analysis: Calculated for C,oH;3N;0,: %C,
50.17; %H 4.56; %N, 34.13; Found: %C, 49.84; %H, 4.51; %N, 33.88.
30
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-28 - (deconposition). Analysis: Calculated for [err]: %, 46.73;.- %,
1.96; %N, 34.06; Found: %, 46.87; 9% 1.54; %\, 33.93. Exa Elrﬁlgﬁslé 73
Conpound oMOWAWMa Vi1 4-Nitrotetrazolo[l,5-a] [1,8]napht %73
Nitric acid (1.33 nL of 16M was added to a suspension of tetrazol o[ 1, 5-
al[1,.8] naphthyridin-5-o0l (4 g, 21 mmole) in acetic acid (50 nL). Theé
reaction mxture was heated on a stem&qﬂéﬂfor 5 minutes then cooled to
anbi ent tenperature. Sodi um 10 acetate_ (0. in a small armount of
wat er was added to the reaction (PHIRPQW’QOffH@nPIéQaI ting solid was isol ated

g{[ f1I |8} L:tplh'? Er 3 qud(%%ﬁggpwtgﬁﬁalﬁlqﬂ%g%p gﬁe"(t:%ﬁggi ?{d}%ﬁ ne Anal ysi s:

Cal cul ated for AeatalyticlaniounP6f 5%@1&&&@@; cérbbn Vad 8ddethito asammﬁoﬁh&(zn/&:,
37.99; %, 2. 41 O\, f. F .
Nl errd- (2. mmu;nrmdbmmmm@u&&ft%mf%mﬁ?%ﬁasﬁ%r& S mmeles) i

' 20 0 SRR Elab a7 e BABER e A rphRed b e e S B Pand

t he react i Kg/ci’xhydrogeafor QdmhfsdThe\reuntmmmntmnerwas'ﬁiltendmrrcmm theeatalystni c
:n 2 ,y gé : ge a&h?} ﬁg{ateaw\é\slagqqgggtgg WNgz%uml, é)op?'g\t'l e ﬁ?‘l (Q-métﬁylpropyi)ten'azola Eildg din
a][1,8]naphthyridin-4,5-diamine as an oil.
10
Example 8
Compound of Formula XII
1-(2-Methylpropyl)-1H-tetrazolo[1,5-alimidazo[4,5-c][1,8]naphthyridine
The N°-(2-methylpropyl)tetrazolo[ 1,5-a][1,8Inaphthyridin-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 diclﬂoromethane 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[ 1,5-a]imidazo[4,5-c][1,8]naphthyridine as a solid, m.p. 248-
250°C (decomposition). Analysis: Calculated for Ci3H;3N7: %C, 58.42; %H, 4.90; %N,
36.68; Found: %C, 58.04; %H, 4.79; %N, 36.23.
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exot.hermed. The reaction m xture was partitioned between dichl oronet hane
and -aqueous | car bonate. The di chl oronet hane | ayer was, ,

dri edqové'r ngg)ﬁdem ugrgn 25 sulfate then filtered through a g@@é@é‘@?l i ca
gel. The silica gel was eluted first with dichloronethane then with 5%

met hanol in dichloronethane. The el uant was evaporated to provide

N err]-(2-methyl propyl)-4- nitrotetrazol o[1,5-a] [1,8]naphthyridine-5-am ne
as a yellow solid, mp. 171C (deconpostt i 0 Anal ysis: Cal cul ated for
[err]: %C, 50.17; 9% 4.56; o9&, 34.13; EXTH e %, 49 84; 9%, 4.51; W,

33.88. 30 -29 - Exanpl e 7 CompQugigy
Ns- ( 2- Met hyl propyl )tetrazol o[ 1, 5- a] 1&%‘napﬁ%rl di n-4,5-diram ne A

~catal ytic am)unt1ﬂ-Mﬂpmmdhweimldmdwﬁ-dﬂ;Slmiﬂﬂliyndm%-anﬁmehydmm of
N5-(2- 5 met hyl propyl )-4-nitrotetrazol o[ 1, 5-a] [ 1, 8] napht hyri di ne-5-am ne
(2.45 g, 8.5 mmoles) in ethanol ( %0 m.). The reaction m xture was reduced
on a Parr apparatus at 50 psi (3.5 ¥Kg/cn2) hydrogen for 2 hours. The
reaction mxture was filtered t we the catalyst. The filtrate was
concentrated under vacuumto prqvid :2-(2- met hyl propyl )tetrazol o[ 1, 5-
a] [ 1, 8] napht hyri di n- 4, 5-di am Rez il. 10 Exanpl e 8 Conpound of Fornul a
Xl 1-(2-Methyl propyl)-JH-tetrjazol|fo[ SS-/aI I m dazo[ 4, 5-c] [1, 8] napht hyri di ne
x

5

Part A:
Triphenylphosphine (1.0 g, 3.7 mmole) was added to a solution of 1-(2-
methylpropyl)-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-/ H-imidazo[4,5-c][1,8]naphthyridin-4- amine was isolated by
filtration and dried.
15 Part B:

The 1-(2-methylpropyl)-N-triphenylphosphinyl-1 H-imidazo{4,5-
c][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
reflux 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 reflux 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
acetate. The eluant was concentrated to dryness. The resulting material was recrystallized

from methanol and water to provide 0.35 g 1-(2-methylpropyl)-/ H-imidazo[4,5-
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Ige N5-E§<2- rrFt h¥l propyl Zﬂtjet razol o[ 1, 5-a] [ 1, 8] napht hyri di n-4, 5-di am ne. from,
.Exa e was conbi ned with di et hoxynethyl acetate (2 ,‘@% ated

on a stea PP4%9%r 3 hours. The reaction nixture was all owed to ssgﬁd at

ambi ent tenperature overnight and then it was diluted with dichl oromet hane

and met hanol. The resulting solution was heated to renove the -

di chl or onmey{1g8]Rapbiterideeyenihé Bydratewsa sofid, meipha25:830%€ (scorhpasitib)hen cool ed.

The resultin reci ' [ ' |

1-(2- 20 Ana?ys‘i)s: Caic%ﬁt&t t%rvc\ll?lelsﬁgLe}}s %I?Ob%é, |6|3t§2?%1-?,%31£ ‘%)IG,O %296, F%inzld:g of _
met hyl pr opy}l) to2yt J I m dazo[ 4, 5-c] [ 1, 8] napht hyri di ne as a

'solid, m pX’bZQf%bh’zégcg?Z’e%ylr’r%gsz?lt i on). ALaI ySi ]s[ Ca} culoat eé for [err]: oC,

58.42; 9%, 4.90; 9%\, 36.68; Found: %C, 58.04; %4, 4.79; 9%\, 36.23. -30-
Exanpl e 9 Conpound of Forrmula | 1-(2:-Methylpropyl)-1Hi m dazol 4,5-c

[ 11, 8Xnapht hyri di n- 4- ami ne hydrate [@P‘F‘}"P% art A: Triphenyl phosphine (1.0

g, 3.7 mol e) was added to a sol bli#P@urle fiForraula I

nmet hyl propyl )-1Htetrazol o[ 1, 5- a?l dazo(f 4,5-c][1 , 8] naphthyridine (0.5 g,

ﬁ. 8t7 (rjrm)lt e) ].:Llo fi n % ﬁ-dﬁﬂl;ﬂ,%ﬂtdbmhydm-l((l&nmh)'lprbpyl)f eaction m xture was
eated at reflux for S the oncent r d under vacuumto renove the

majority of the 1,2-di ch%wyéﬁ?ﬂﬂgraﬁh@%ﬁﬁﬁ%ﬁmg 2WME i ed with hexanes

for 30 mnutes. The resulting solid 1-(2-nethylpropyl)-

N-tri phenyl phosphi nyl -1 H i m dazo[ 4, 5-c] [ 1, 8] napht hyri di n-4- am ne was

! [

I sol ated by NH,
N
v

N7

10
Platinum oxide catalyst was added to a solution of 1-(2-methylpropyl)-/H-
tetrazolo[1,5-a]imidazo[4,5-c][1,8]naphthyridine in trifluoroacetic acid (30 mL). The
reaction mixture was reduced on a Parr apparatus at 50 psi (3.5 Kg/cm?) 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-

25 233°C. Analysis: Calculated for Cy3H19Ns: %C, 63.65; %H, 7.81; %N, 28.55; Found: %C,
62.99; %H, 7.74; %N, 28.33.
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filtration and dried. 15 Part B:. The

1- (2- met-hyl -N-tri phenyl phosphi nyl -JHi m dazo[ 4, 5-

c] [ 1, 8] napht 9?%963&\2 am ne fromPart A was dissolved in netPﬁg,#oSP?/%ﬁi‘? m.) .
Hydrochloric acid (10 nL of 0.6N) was added and the reaction m xture was
heated-at reflux for 1 hour. The reaction m xture was concentrated under _
vacuum The resi due was 20 diluted with water then nmade basic with

sodi um bi carbonate. The resulting solid was jsolated by filtration,
slurried with ether and then isol atedﬁﬂ‘?‘"l’fel’ltlration. The solid was

suspended in toluene (25 nl). Th@m&gfpm?@pat ed to reflux then
|

diluted with nethanol (10 nlL) to dissolve the solid. The sol ution was
refl uxed to r2+Bntgl-142-methylprepyl-hi+etroziled ,S-o]imidnze 4,S-cH 8 braphth yridine e

It i pit i sol ated by filtration 25  th t ed
i1 cael | The & fagCanoghel s piamg onFonhe ML E PIPRIRITGT N 1

acetate. Th : t _ : tai Al was
A tall SncRhy5HBbyNASniGORGEINSIAISH | SnlpiAfikéine mﬁuﬁegsg, 17N i

om het hano water to provide 0.35
1- ( 2- met hy| pthapgll (300 ML) niTHea raaftorbmixturecyds tedicad ph & Marriagparaths abdpsi Ig3.8r at e
as a solid, .2, 325-3301C (. decogposi tion). Anal ysis: | cul ated f err]
TVa to0: oDEE) Bidrog g 2R, e Sachdh i qvabereg o samova e seigyst o
28.23. 5 The filtrate was concentrated under vacuum to proid@ NP ZnithyHrapaedaslo[t St mul a
Il 6,7,8,9-Tetrahydro-1-(2-nethyl propyl) -
| H i mildazo[ 4][3,30ndphitetidineh6 rdjanine as 4n odhni ne [err]
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-methylpropy!)-1H-tetrazolo[1,5-
ajimidazo[4,5-c][1,8]naphthyridine as a solid, m.p. 182-184°C. Analysis: Calculated for
20 Ci7HaN7: %C, 63.14; %1, 6.55; %N, 30.32; Found: %C, 63.45; %H, 6.60; %N, 30.40.

-33-



10 Pl ati num oxi de catal yst was added to a sol ution of . '
1-(2-methyl propyl )-1H tetrazolo[ 1, 5-a]imdazo[4,5-c][1, 8] napht hyridine in
trifl uoroawgt"ﬁs‘@g%?éi d (30 m.). The reaction m xture was reduB Uuﬁ%g arr
apparatus at 50 psi (3.5 Kg/cnR) hydrogen 15 pressure for 5 hours. The
reaction mxture was filtered to renove the catalyst. The filtrate was _
concentrated under vacuum The residue was conbined with water and sodi um
bi carbonate. The resulting precipitate was isolated by filtration. The
solid was dissolved in i N hydrochl or E¥ampled2and charcoal filtered. The

filtrate was treated with 10% sogd] 'Q#ﬂ‘fﬁ&'ﬁj‘ The resulting precipitate
was isolated by filtration then gg‘(&:&%s a Iizeglaflrom 20 et hyl

acet at e/ met hanplButyRE-(2-asetipipropyly-¢ H-nmidazo[4)5-0}f158]daphthyyidinidramine

di chl or onet hane/ net hanol and placed on a silica gel colum. The colum was
eluted with 10% nmethanol in ethyl acetate. The eluant was concentrated
under vacuum and the residue was recrystallized from nethanol/water to
provide 0.9 g of 6,7,8,9-tetrahydf1-

(2-nmet hyl propyl ) -1 H i m dazo[ 4, 5-¢cJ& 1, & napht hyri di n-4-anm ne as a solid,
mp. 231- 25 2330C. Anal ysis:\ CaljcuNat ed_for [err]: % 63.65; %, 7.81;
9N, 28.55; Found: %C, 62.99; ¢ N N, 28733, - 32 - Example | 1
Compound of Formula Xl |
2-Butyl -1-(2-met hyl propyl ) - 1H azo‘?LL,S-a]inidazo[4,5-c]

[ 18] napht hyri di ne 5 A catal yffi c amount of 5% pl ati num on car bon
was added to a suspension of Nb5-(2-

met hyl propyl )-4-nitrotetrazol o[ 1, 5-a] [ 1, 8] napht hyri di ne-5-am ne (5g, 17.4
mmol es) in

Triphenylphosphine (0.9 g, 3.7 mmole) was added to a solution of 2-butyl-1-(2-
methylpropyl)-1H-tetrazolo[ 1,5-alimidazo[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 and then with 10% methanol in dichloromethane to recover 2-butyl-1-(2-
15 methylpropyl)-N-triphenylphosphinyl-/ H-imidazo[4,5-c][1,8]naphthyridin-4- amine.
| The 2-butyl-1-(2-methylpropyl)-N-triphenylphosphinyl-/ H-imidazo[4,5-
c][1,8]naphthyridin-4- amine was taken up in methanol (15 mL), combined with
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. 237-240°C. Analysis:
25 Calculated for C;7H23Ns + % H20: %C, 68.66; %H, 7.79; %N, 23.55; Found: %C, 66.80;
%H, 7.62; %N, 23.46.
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et hanol (300 nL). The reaction m xture was reduced on a Parr apparatus at
50 psi (3.5 hydrogen for 2 hours. The reaction m xtur VEsy ki-kered
to renove th%@?}%h}st. The filtrate was concentrated under vg%uums{ngs_
provi de N5-(2-nethyl propyl)tetrazolo[l,5- 10

al[1, 8]naphthyridin-4,5-diamne as an oil. The oil was covered with aceti.c
acid (300 m.), valeryl chloride (2.1 nExaniple43 mol e) was added and the
resulting m xture was heated at reflux overnight._ The reaction m xture was
concentrated under vacuum The re&Aenavgd ofEpmiallas t aken up in

di chl or onet hane, washed wit i bl EY: I ' I magnesi um

sul fate then 15 conce%%f%gg’gh e?étgg{eﬁfaﬁ? @h'ggd;hgisiﬂgggﬁwas purified

usi ng flash chromat ogr aphy 1Hsintidazo[4,8'c] [1s8)uaphthyridina4-antife net hanol in

di chl oronet hane). The isol ated product was purified fither using

pr epar aﬁory hi gh performance |iquid chromat ography eluting with 2% net hanol
i n di chl oronmet hane to provide 2-butyl N}E(Z- nmet hyl propyl )-1 Htetrazol o[ 1, 5-
al i m dazo[ 4,5-c][1, 8 naphthyridine as|a"solid, mp. 182-1840C. Anal ysis:
Cal cul ated for 20 [err]: %C, 63. 9 6. 55; %N, 30.32; Found: 9%,
63.45; %1, 6.60; % oN, 30.40. -33 - npound of Fornula |
2-Butyl-1-(2-nmethyl propyl)-1Him 753l [ 1, 8Snapht hyri di n-4-am ne [err]

Tri phenyl phosphine (0.9 g, 3.7 mmp|e) jwas{added to a sol ution of

2-butyl -1-(2-

met hyl propyl )-JHtetrazol o[ 1, 5-a] i m dazo[ 4/5-c][ 1, 8] napht hyridine (0.6 g,
1.8 mole) in 10 1, 2-di chl orobenzene (15 nL). The resulting m xture was

heated at reflux for 2 hours then

A catalytic amount of platinum oxide was added to a solution of 2-butyl-1-(2-
methylpropyl)-1H-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/cm?) hydrogen pressure. The reaction mixture was filtered to remove the
catalyst. The filtrate was concentrated 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. 81-84°C.
Calculated for C;7H27N;s + %H,0: %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-1H-tetrazol-1-yh)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 slarried 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 exothermed to 50°C. The
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concentrated under vacuumto renove nost of the |, 2-dichl orobenzene.. The
residue was slurred wth hexanes then taken up in dichloronethane and
filtered tWPJAGR3 | ayer of silica gel. The silica gel was BFTUSH6AT3  al |y
wi t h di chl oronet hane to renove the 1,2- dichlorobenzene and then with 10%
met hanol in dichloronmethane to recover 2-butyl-1-(2- 1 5

met hyl pr 0Fi&éc}ioﬁhﬂifmﬁ‘ﬁﬁélhlm'sﬁ%talﬁbiéﬂf‘t&ﬂ%&%ﬁxr@o@m{gﬁt W&iﬁﬁ}bd' n-4-
am ne. The 2-butyl -1-(2-met hyl propyl)-N-triphenyl phosphi nyl - 1H-1'm dazo[ 4, 5-
c] [ 1, 8] napyastisalated hy filtrationthervalurried peith mptharolrand Hilterdd. (TS solifl was dissolved

hour . The Hrvsfifhuotle? neoflion un fted GR8 BB Rilrnca i o

wat er and allo¥ed yslesut ind &hbﬁnﬂt@mgeraﬁ_ﬁ"b thenhiRtrhliZeéderigtieN hyardchiokicakRl. i@
neutralized with 10% sodi um hydroxi de. The resulting precipitate was

i sol at ed Bsuiting praeipiiate yvag isplatediby filtrationswashed yithowater sndsdriestp prevdde n

t ol uene. L .oduct al | dto
crystal i YA bBt G et SR LEE XD BIEE s 3Rl B W h gt oot
2-butyl - | -th.3: 2B1-D13°0 (@pydmpobition).m dazo[ 4, 5-c] [ 1, 8] napht hyri di n- 4-am ne

hem hydrate, mp. 237-240'C. Analysis: 25 Calcul ated for [err] + [err]:
%C, 68.66; 9%, 7.79; 9N, 23.55; Found: %, 66.80; %, 7.62; 9N, 23.46. - 34
- Exanpl e 13 Conpound of Fornul a b}(am le 15

2. Butyi -6, 7,8, 9-t et rahydr o- 1- ( 2- met by aFBISYT") - 1H i i dazo[ 4, 5- ¢

[ 1, 8lhapht hyri di u- 4-am ne [ err]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-1H-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-(5-
methyl-/H-tetrazol-1-yl)pyridine-4-carboxylate as a solid.

Example 16
20 _ Compound of Formula XX
Tetrazolo[1,5-a}[1,7]naphthyridin-5-ol hydrate
Potassium ethoxide (20.2 g) was added to a mixture of ethyl 3-(5-methyl-7H-
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-ol hydrate as a solid, m.p.
247-248°C (decomposition). Analysis: Calculated for CgHsN;sO: %C, 46.83; %H, 3.44;
%N, 34.13; Found: %C, 46.48; %H, 3.42; %N, 34.03.
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A cat al ytic anount of platinum oxide was added to a sol ution of

2-butyl - 4propyl)-JHimdazo[4,5-c][1, 8l naphthyrid (2.0
g, 6.2 rrm)l g‘?mﬁ’%fé trifluoroacetic acid (30 nL). The reakhéﬁ%aﬁu
was reduced on a Parr apparatus under 50 psi (3.5 Kg/cnR) hydrogen
pressure. The reaction mxture was filtered to renove the catal yst. The _
filtrate was concentrated under vacuum The residue was conbined with

wat er, sodi um bi carbonate and 10% sodi um hydroxi de. An oil was recovered
and purified using reverse phase hi ghE¥&mplsance 1iquid chromat ography

eluting with 30: 70 buffer 15 Qﬁ hosphate nmonobasi c;
1.69 g of sodium hydroxide, 1 L ogm&aﬁh&% ?to provi de

2-butyl -6, 7,8, 9- tetrahydr0SélCl(lBrdfarhzdlmgﬂid][i,7]dﬂphthyrldme
i m dazq 45c][18naphthyr|dn4a ate as a solid, mp

81- 84C Cal cul at “FB?HS{WFGH%O[%%aﬁs7]nmhﬂr,>/ﬂém-5m 28 19@h°ﬂ8\9rfdls %C,

65.57; 9%, o Tniefe m{h& 11

3- (5- Met hyl %ﬁﬁ%@agfn@ a}S) pyri g{ghd eﬁca?@oxy#ﬁgréa&%n&é%‘ ‘%\é

3- Anmi nopyr i domentfatednider whcuuma cTiek resiGuéwas péurdbint@ick wiset, divhlpricielhnewas

acetic 25 hydri d 50 rnL) then heated at reflux for_2 hours. The

reaction mi i‘@‘?ﬁ%e{yﬂ}é‘é’e‘ihélé’éﬁfiii@f’ﬁef mééf’g‘\‘/‘&b@m?’“%@ neytral pH.o Theiprodygt vas

slurried w . t I i

vas cover edPupReERf SCERARIGRE! ThL GhNAGRENARCMUE Wb Sepds iRt dlelviE T |

was added. Tagneshan sulfate thenichacentrated andé{vacuintto proeide 3385g of 5-
chlorotetrazolo[1,5-a][1,7]naphthyridine as a solid, m.p. 176-177°C. Analysis: Calculated
for CgH4CINs: %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
N 5--(2--Methylpropyl)tetraz'olo [1,5-a}[1,7]naphthyridin-5-amine
A suspension of S5-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, 5-
20% ethyl acetate in dichloromethane, and 10% methanol in dichloromethane. The
25 fractions with the slower moving material were concentrated to provide N°-(2-
methylpropybtetrazolo[1,5-a]{1,7]naphthyridin-5-amine as a solid, m.p. 220-221°C.
Analysis: Calculated for C1;H14Ns: %C, 59.49; %H, 5.82; %N, 34.69; Found: %C, 59.35;
%H, 5.89; %N, 34.88.
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reaction mxture was allowed to stir at anbient tenperature overm ght The
pr eci pi-tat%eég%ﬁcgl ated by filtration then slurried with nethan and
6!

filtered. was di ssol ved in 10% sodi um hydr oxi de. T 8@'?778n was
heated on a steambath for 30 mnutes, allowed to cool to anbient -
tenperature then neutralized with 6N hydrochloric acid. The 5 resul ting
precipitate was isolated by f||trat|OEx §l1gd wth water and dried to
provi de 64.5 g of 3-(5-nethyl- JH—tetraz 1-yl)pyridi ne-4-carboxylic acid
as an off white solid, mp. 214 ompowd d¥dn). Exanple 15 10

Compound of  For i .o b - mpeatetsazololtS-a) L TIE R AATISUR S-HIER i
di et hyl acetal M&wacid @equivditats 601 Mpwapaiied @ a eblufior 6f N°-(2-

s e prasdTops e ﬁﬁgtﬁzgﬂk@ﬁi&i@%@%%ﬁ@?%é %(guﬂf%@ml) ByasFimecid.

di chl & one
h SBER 00 :
5??2?352?%%%%@#9 HixtoRe ot SR ors Sed Bith &0 sbout bh hOud BEF borlcflatdl) . |

was recrysalidérvaesurhs The eésmde vmqioamvlh&»daawatdr and the\esidtifOmixtofe wdshy |
3-(5- nethyl-lHtetrazol: %rldlne4c rboxyl ate as a solid. Exarrple 16
20 neutralized with sodlum 1car ongtsn i b FRsulimgmsecipitate Was mwgh

i xtur o of rigpetagt, THURhErRAS aé*ﬁa@w%% el ﬁe-%il%%‘?@%'?%‘%?e ‘f 28

9) ag di mdried bterrmagnesiomn s?iﬂﬁta:rﬂ)hm Tdyer cleamiatographyritdicstedva sniaturoyethet 0 sti r
at anbi ent terrp ratyre overni ght the oured I ot 0 cold diJute acetic
acid. The mMaeN |“f"i"§%é Mélmo ica gelsluting %&%‘éé/w@ﬂ aggtatsinand dri ed
to provide e %%?QEM
solid, mp d@é]g}oghg{agg ge%%%i‘?ﬁ%%‘.m%\gng ySi éal?lhapat eci ? %g d?le)e lfes %,

46. 83; 9%, eguivdtent of mtnc 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 N°-(2-methylpropyl)-4-nitrotetrazolo[1,5-
a][1,7Inaphthyridin-5-amine as a yellow solid, m.p. 173-174°C. Analysis: Calculated for
C12H3N70;: %C, 50.17; %H, 4.56; %N, 34.13; Found: %C, 49.85; %H, 4.53; %N, 34.26.

20 Example 20
Compound of Formula XXIV
N5-(2-Methylpropyl)tetrazolo{1,5-a][1,7}naphthyridin-4,5-diamine
N’-(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
turned 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
N°-(2-methylpropyl)tetrazolo[1,5-a][1,7Inaphthyridin-4,5-diamine as a light yellow solid,

30 m.p. 203-204.5°C. Analysis: Calculated for: C;,H;sN7: %C, 56.02; %H, 5.88; %N, 38.11;
Found: %C, 55.68; %H, 5.81; %N, 37.74.
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O, -34.13; Found: %C, 46.48; %, 3.42; 9%\, 34.03. -36 - Exanpl e 17

- Conpound..of Yyergdubgys XXl 5- Chl or ot etrazol oll,5-a] [1, 7] naphth

- A suspensi on of te?razol o[ 1, 5-a][1, 7] napht hyr| din-5-0l (3.5 Wdﬂ@?ﬂéﬂ
phosphor ous oxychloride (15 nlL) was heated at 90'C for 2 hours The
reaction m xture was concentrated under vacuum The residue was poured into
ice water, dichl oromet hane was added fExlatnpha’n by the addition of 10% sodi um
hydroxi de to neutral pH The proguct rt|t| d into dichl oronet hane.
The dichl oronet hane | ayer was sepdra? T"B a 10 magnesi um sul fat e

then concentrat exi(zxmih maspymmeﬁfaeaabﬁes-éhﬂu&z‘ai4d§-c1[1 7]naf)hth1irldme

chl orotetrazol o[ 1 al[1, 7] napht hyri dine as a soll

Anal ysi s: Cal cul éfé@'M@hY‘P Jtetmamlodes-z1E1 7WPhﬂ.1Y9¢ﬂ-4’/NdlaBﬁn¢)G, 1 Ecbidd: oC,
46. 80; 94, npl e
18" Conpouna B eraiPies ik ictmmymetyaseists 2 L g hsplsf pn stgem batk

[ 1, 7] napht hyvérslight. STiR Hehdtioh iR Wt PartiAbned between dichloromethane and ammomum
5-chl orotétrazol of 1, ] napht hyridine (20 g) in isobutylamne (100 ni)
was heated hydresigey¥h ¢dmme¢thandia¥m9vaﬂnmrzte®.M%bcd with watez, duies] over

trat e i d
i ohi or onret MagResivn SREGE i io Realci e ety TheoR SR P stelioed m
concent r at edthmcbefate/m;lanmo Proeide OBSqsE Mﬁ-xﬂéﬂ?yﬂy&b JI!FF@ﬁ'aidl 4.0l uene to

give a materjal that was a mxture by thin |ayer chromatogra y The
10 alimidazo[4,5-c][1,7]naphthyridine as a solid, m.p. 181 182.5°C. Analysm Calculated for

CisHisN7: %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)-1H-imidazo[4,5-c]{1,7]naphthyridin-4-amine

Part A:

20 Triphenylphosphine (0.49 g, 1.8 mmol) was added to a suspension of 1-(2-
methylpropyl)-1H-tetrazolo[1,5-e}imidazo[4,5-¢][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-/ H-imidazo[4,5-c][ 1,7]naphthyridin-4-amine

25 was isolated by filtration.

Part B:
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(rjratﬁlri al was purified by flash chromatography, silica gel eluting with

i.chl oro - 20% et hyl acetate in dichloronethane, a s gpishanol
i n dichl ﬁ%?ﬁ%ﬁg The 25 fractions with the sl ower nov?%g%rgmt erial
were concentrated to provide N5-(2-

net hyl propyl )tetrazolo[l, 5-a][1, 7] naphthyridin-5-amne as a solidmp. .
220-221' C. AnalTsils(2-Gathylprepyd Nk oiphemyiposphiQyl- bH-imddazo§4,5-5. 82: %N, 34. 69;

Found: %C, (59 35: 9.5,
B o mtias o Aouire Dy B ks e ip FREB TGO GpTPOund
[1, 7] naph gp@b&?&héa&dftﬁﬁmiﬁﬂmcw&%dﬂed% 186l So1uAbE MdbthereakBbh niRGredeed to a

sol ution
met hyl pr orly:hted at reﬂzm lowEnight dffots Gging pendeptrated nnder yacynm (eremaye te 26 Mol )

in acetic reactlon xture e bout
an hour tt’f@ ??‘%HGBHS{Fﬁ WA AT Z‘f’ﬁ {hesé’ mg‘ﬁﬁéb g%%?% &\r te(lflice
wat er and Mﬂ?dfcﬁ&%&letﬁﬁ:eﬂmx@a&ﬁﬁammrow Fagnoshink siwi@de uﬁnbbﬁ@n&amt e.
The resulting precipitate was extracted w th dichl oromnet hane.

di chl or onamdarecunms %memmewes)mfwéd)y flash ishromatographit @rhcaaqhelm@ng withr i ed

Che. mat or s 0gethel 5 aiforite) P ROTRLIP SR BY O0RRRYRpRAE Y I © 50
ﬁ; Pglr acetiafi@azofy, shc]{h ’Hﬁ@ﬁﬁiﬁﬂﬂﬁ4—a¥iﬁﬁe wa@bh@ﬁnpasoe-mm Qﬁm:ﬂy.ﬂs .of starting
i al but usi n Kluone qgui valent of nitric acid resultin

mat et@al v@dﬂﬂh@d Wse % Chi6d. Tha Vadtli6ad 7; f’/PTSn@%% unééc%p@ﬁé IQaé'H@gf%gr ned
then purifj 22? fl ash chromat ography eluting with m xtures 15 of
hexanes/ et 8'[ ate. The fractions containing the slower noving materi al
wer e '

(')

l Example 23
Compound of Formula I
15 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 1-(2-
methylpropyl)-1 H-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/cm®) 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
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comii ned t.o provide about 0.3 g of N5-(2-nethylpropyl)4-nitrotetrazol 0[1 5-

al [ 1, 7] nrapht )y doBbgy3S- ami ne as a yellow solid, mp. 173-1740Gcrhnadkyéhs:
Calculated for [err] %, 50.17; %4, 4.56; %\, 34.13; Found: %, 49.85; %—l,

4.53; 9%, 34.26. 20 Exanpl e 20 Oorrpound

of Formula XXI'V N5-(2-Methyl propyl)tetrazol ol 1, 5-a]
[ 1, 7j napht hyYsrerembined; diied guer magnesium sulfate and concentrated under vacuum. The

N5- (2- Met hyl ?{u?tﬂ}g pesidudy £ F};s{aﬁfz%{i%ﬁi t%l\%l’x% %ﬂ;ﬁﬂfa@%ﬁb’@f’é 985 %lﬁ}@n(

g, 5.22 mol suspen n acetic acl XC@8s’s”

hydr ogen sul(2+mhthylpmp?1§ IH-nﬂidsmﬂ\SQ&][lmn@hmyﬂdmlmaﬁfmd\ﬁﬂohanﬁh padd&d to the
suspensi on. reaction g\ xturg t urned red teria nt

into sol uti (%33 Qhéni‘]é’é‘étq: lated r%ﬁza%‘séwﬂ’a@é éﬂ:’tﬁ&-(’@e‘ﬁﬂm %N, 28 03
di chl orgmet %ﬂﬁd(%é%irb?f%ﬁh?ﬁx‘%f\la% gwer e conbi ned, washed wth water,

dried over magnesi um sulfateé tére ‘and concentrated under vacuumto
provide 1.22 g of

N5- (2- met hyl propyl )tetrazol o[ 1, 5-a] [ 1, 7] napht hyri di n-4,5-diam ne as a |ight
yell ow solid, 30 m p. 203-204.5C. A#aple24” calculated for: [err] 9%

56.02; 9%, 5.88; %N\, 38.11,; Fou;gfnﬁgm(ﬁ@f%u%h@ 81, 9N, 37.74. -38 -

Exanpl e 21 Conpound of For rrul a
1- (2- Met hyl prbMdthleH(Z-ntathMpfaﬂyl)—HI-&é&mdﬂz;ﬂ-d]uﬁtddzbl‘t S elinpaphthydidiee

5 ML) whs  CASHR GBI (i U AR RSO GoNI) and heai ed on &
3 team bat h GNaRIRY|telrfolbE2 k][ 7 i EinE5: afiftihd (0. @51 REANESN 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)-
1H-tetrazolo[1,5-alimidazo[4,5-c][1,7]naphthyridine as a solid, m.p. 157-158°C.
Analysis: Caiculated for C,4sH;sN7: %C, 5§9.77; %H, 5.37; %N, 34.85; Found: %C, 59.64;
20 %H, 5.48; %N, 34.98.
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hydr oxi de. The di chl oronet hane | ayer was separated, washed with water,

dr.i ed .over, um sul fate and concentrated under vacuum Eif]i])é—\s ue was
recrystal |‘7§r§%55?§30m et hyl acet ate/ hexane to provide 0.85 R 9§E§J7§'

1- (2 met hyl propyl )-1 Htetrazol o[ 1; 5- 10

al i mdazo[4,5-c][1, 7] naphthyridine as a solid, mp. 181-182.50C. Analysis:
Cal cul ated for [err] %, 58.42; %, Eka@fple24\, 36. 68 Found: %, 5R 87; %,
5.04; %\, 36.13. Exanple 22 Co und ofd?Fﬁrrrulla I

1- (2- Met hyl propyl ) - 1Hi mi dazo] 4, I’&Eﬂ“f g’ﬂ?ﬂﬁ;rrdr n- 4- ani ne [err] Part A:
ggspensi on of ?I?@?PXl(ﬁliﬂétﬂplﬂ}ﬁp{rﬂdfﬁnﬂlda%o[a STP1, ndph tAASBRHE-4-Smine

met hyl propyl )-1 Htetrazol o[ 1, 5-a] i mi dazo[ 4, 5-c][ 1, 7j napht hyri di ne (0. 24 g,
0.9 mmol ) in dichlorobenzene (15 mAYH: The reaction m xture was heated at
reflux overnight then concentrated Mndgy vacuum The residue was slurried
w th hexane and the resulting sol NG 2\

-(2-nmet hyl propyl )-N-triphenyl pho NI Himdazo[4,5-c][ 1

, 7] napht hyri di n- 4-am ne 25 ol ted by filtration. Part B - 39 -
osp | -JHi m dazol[ 4, 5-

The 1-(2-methyl propyl)-N-triphe
c][1, 7] napht hyri di n-4-am ne from Part A/was di ssolved in nethanol (30 niL).
Hydrochloric acid (3 nL of 3N) was added to the solution and the reaction
m xture was heated at reflux overnight before being concentrated under

vacudm t o Peddlve t he
Triphenylphosphine (2.5 g, 9.6 mmol) was added to a suspension of 2-methyl-1-

(2-methylpropyl)-1 H-tetrazolo[ 1,5-a}imidazo[4,5-c][1,7]naphthyridine (1 g, 4 mmol) in
dichlorobenzene. The reaction mixture was heated at reflux overnight then concentrated

under vacuum. The residue was slurried with hexane and the
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5 met hanol . The aqueous residue was neutralized with sodium bi carbonate
t hen ext-ractygd oihidds di chl oronet hane. The extract was dried opefn/HBgrRs um
sul fate then concentrat ed under vacuum The residue was purified by flash
chromat ography (silica gel eluting W th 5-10% net hanol in dichl oronet hane)
to provide 0.15 g of 1-(2-nethylpropyl)-IH

i mi dazof 4, 5msp[tmg7sphaahnmylrH(mmt}adprnpylh&-mphmlmosnhlpyl-b’éﬁmm[6,5-

Anal ysi s: for err %4, 6.27; 9%\, 29.02; Found:
%C, 65.10; [|1|,7]rgap§§1 ToRAME W 1S ﬁBV tfﬁ’sm&)rrpound of Formula Il 15
6,7, 8, 9- Tet rpaRyglr o- 1- (2- rrethyl propyl) IH-|mdazo[4 5-c]

11, 7) napht hyrrdin-4-amne [err] tic amount of platinum
oxi de was added tmeé-mgﬂhul-l-&rmhﬂl’ pyl)-N—tnphenylphosp inyi- H—nmdazo[4 5-

11 vor GRE b on R pash Bt adhan (kB 1 ©° ™)

appar at us atn;?zﬂodmno(é’mﬁ(mqﬁﬁ BEINIWds add t6 BrRSoLition e the rgdtttion Thikturewat i on
mxture was filtered and washed W th nethanol to renmove the catalyst. The

filtrate m&w@damap@m@mwfommowmm undey yagumdo FRIBOVeIRGi ned wit h
di chl th d i Xt
Cae basr e ol TR SRR w AR Pl { BRAIRFad Ao R e i bhathp ik X L1 ©

extract ed f'd{&ﬂéﬂoﬂ%&a‘ﬁbhﬁd agidIRrinereAsE e poREitywo)5% HiethatibLinl or omet hane
extracts -40 - wer e conbi ned, dried over nagnesi um. su]fate and

concent at edlichiotemettape) taprowide 2-methyl-1-(2-methylpropyl)-/ H-imidazo[4,5-
¢)[1,7naphthyridin-4-amine as a solid, m.p. 322-324°C. Analysis: Calculated for

CyaHi17Ns: %C, 65.86; %H, 6.71; %N, 27.43; Found: %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-methylpropyl)-
1H-imidazo[4,5-c][1,7]naphthyridin-4-amine

NH,
N? | N\>__
N

O

20 A catalytic amount of platinum oxide was added to a solution of 2-methyl-1-(2-
methylpropyl)-/H-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/cm?®) 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
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resul ting residue was recrystallized fromtoluene to provide 0.34 g of

6,-7, 8,-9-te&;

(2- et hyl pro (g%v/ﬂ i m dazo[ 4, 5-c][ 1, 7] napht hyri di n- 4-am ne Pg"ésg%‘f“f’%l

m p. 220- 223C. Analysis: Calculated for [err], 62.50 %1, 7.87; "N, 28.03;
5 -Found: 9%, 62.50; %, 7.72; 9%\, 27.46. Exarrpl e 24 Corrpound of Fornmul a

XXV 2- Met hyjdeutm( Zrheeéduttiny residhe w&é"réc@}sta@ﬂﬁd(ﬂ'&n tolnéile tb fﬁr&&é@@b&ﬁ c]
[ 1, 71 napht hérl di ne 10 Acetic _anhydride (]2-3 was added to a
sol uti on ofe p,h)(dzo-Z-meﬂlyl-I (2-methylpropy1) -1H-imidazo[4,5-c][1,7naphthyridin-4-amine as a

met hyl prop, ber 7 e :

nol e) in Qz/iJcl)dt (%%b e rlé%;lﬁldo:%%épééﬁeé\ﬂg@ ea?‘gg%ﬁ' %Qgézgﬂf %“i{’h for
several hogus; %NeM.OGﬁE@ﬁHE%G;@?lﬂW%H,\BaM;%N, F4s.r esi due was partitioned
bet ween di chl oronet hane and water. The aqueous | ayer was nmade basic with

10% s&di um hydr oxi de then the 15 di chl oronet hane | ayer was separ at ed,
dried over magnesium sul fate and conggnti ?ﬁ under vacuum The residue was
purified by flash chromatography (si I I ca ge eluting with 2-5% net hanol in

di chl or onet hane) to provi de 0 25 Gpnefound o€ Fonnhulh 1 ( 2- met hyl propyl ) -
JHtetrazolo[ 1,5 m'daz%! c]b 7l.naphthyridine as a solid, mnp.

157- 158[ err] C. pﬁa H@-methylpnopyDef f{-ém“f 5-clig 7Inaphthyridin-4-3mine  og
34.85; Found: %C, 59.64; 20 %, 5.48; %N\, 34.98. -41 - Exanpl e 25
Compound of Formul a |

2- Met hyl - 1- (2- net hyl propyl ) -1 H i m da¥8] 4, 5-cl [ 1, 7] napht hyri di n- 4-am ne

10

Part A:
Valeryl chloride (0.76 mL, 6.4 mmol) was added to a solution of N°-(2-
methylpropyl)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




NH2 .5 Part A: [err] Triphenyl phosphine (2.5 g,

9.6 mmol°) wagogddegst 0 a suspension of 2-nethyl-|- PCT/US98/26473
(2-met hyl propyl )-JH-tetrazol o[ 1, 5-a] i m dazo[ 4, 5-c][1, 7] naphthyridine (1 g,
4 mmol ) in dichlorobenzene. The reaction m xture was heated at refl ux

overni ght then concentrated under vacuum The residue was slurried with
hexane and tspd 2-bptyl-1-(2-methylpronyd)-Ndtiphenylphosphinyl-/ H-imidazo[4,5-

2- et hyl - 1- h)L-N-1ri phenyl.ph i nyl -H i mdazo[ 4, 5-
c]f 1, 7] napht l;ﬁ%@?‘g&y?@“ﬁ%&’%ﬁ&@gﬁ@%ﬁ% ration. Part B. The
2-met hyl - | - @rtr@t hyl propyl ) - N-tri phenyl phosphinyl - I Himdazo [4,5- 5

c][1, 7] naphthyridin-4-am ne from Part A was dissolved in nethanol (100 ni).
Hydr ochl ori ¢ aci dhe2ebwyl-bf2-srghyingepdhiNetgiphenyiphosphinyit { Fimidagoldife r eact i on

m Xt ur eg was I - OV Nt fore .0 ne rat under.
B B s o e i R R O

chr omat ogr afBiy) wasadded 2o ge!sokuich and theirtdetich elik@fOWR RARA R RS vetigHtyY

i ncreasi ng thF polarity to 5% nmethanol in 10 di chl oronet hane) to provide

2- et hyl - 1- (botorebeipe genssyirated ppdervacuugy to remowg the nygthansht hlye aamepusaesidiqe as

6. 70;  oby 2 iR o ke o bRl Ry R agu sl SoqiffrpiciRiclie,
Conpound of dichloromathide laydr Waskefarated dHbdver ARafhustund slBte@idionpenvridd) -

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)- H-imidazo[4,5-

c][1,7Inaphthyridin-4-amine as a solid, m.p 213-214°C. Analysis: Calculated for

C17HzNs: %C, 68.66; %H, 7.80; %N, 23.55; Found: %C, 68.26; %H, 7.69; %N, 23.41.
15

Example 28
Compound of Formula I1
2-Butyl-6,7,8,9-tetrahydro -1-(2-methylpropyl)-
IH-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)-7H-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
psi (3.5 Kg/cm?) 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
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| Himdazol 4,5-cl [1, 7] naphthyridin4-amne NH2 [err] 20 A

catal ytic f platinum oxi de was added to a sol ution
2- et hyl - g@%ﬁh@shyl propyl)-1Hi m dazo[ 4, 5-c] [ 1, 7] napht hyr|9 T/rlljszslgrﬁs

(0.1 g, 0.4 nmol) in trifluoroacetic acid. The reaction mxture was reduced
on a.Parr apparatus at 50 psi (3.5 Kgfcn®) hydrogen.pressure overnight. The
reacti on ipicarbonatewess ddded entildhemixtweeswascbasict [Theslididorometimne dayer was he

catalyst, and the_filtrate was concentrat ed .unde h i d
s conbi AGRRTHELY The RAHCOR PR hEed e Hohes S A P s L 0EY aaded
unti | the 1iox dHiGrodRthahe sk tbactsWEreHoRibirRi0aRId GR niadnediumaalfenad at ed, and

t he aqueous | ayer was extracted three tines wth dichl oronet hane (100 m.) .
The conbi rencatirated onderstaconre. dhe Emlltmgmméuﬁwa%mcmtaﬂlmm talwensihémt e and

concentrat ed I

oyt ot IREEEE Py Gath it nmmiozrapti e del g Yyt 364 st '

tetrahydr Qﬁ&ﬂ&%hiw{ané with 2 Bide W Rfidftinm kbhﬂoﬁidé?i’@f:rﬂwﬁlecﬂ 1,8,9%krapjddrps i di n-4
-am ne as a sol I-m&thyglmp% 230[err] C. Anal ysis: Calcul ated for err] +

1.75 H20: buyl-15@2: )-48-imiglazopd 5-@1{1, Theaphthyridin-4 3migeas agolidgnoy: o4,
2 Bty - 1Y THEE Gy PSRBT § oot (Do S EEO AG BEAGhHh B9%: Ghne o
22.56; Found: %C, 65.99; %H, 8.71; %N, 22.23.
10
Example 29
Compound of Formula XXXI
N*(2-Methylpropyl)-3-nitro[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-nitro[ 1,5]naphthyridin-4-ol (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 N*-(2-methylpropyl)-3-nitro[1,5]naphthyridin-4-amine
as a solid, m.p. 97-99°C.
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- [err] Part A: Valeryl chloride (0.76 nL, 6.4 nmmol) was added to a sol ution
of "N5- (2- mayOwbRdsopyl )tetrazol o[ 1, 5-a] [ 1, 7] napht hyri di n- 4, Spgyakbstsatsl. S
g, 5.8.mmol) in 15 acetonitrile (15 nmL). The reaction m xture was _
allowed to stir at anbient tenperature for several hours. The resulting
preciprtate was isolated by filtration. Thin | ayer chromatography i ndicated
that the material contained two conponents. The solid was dissolved in
acetic acid and heated at refl ux overlﬁxgﬁ%legﬂw reacti on m xture was
concentrated under vacuum and the residueé extracted w th dichl oronet hane.
The 20 di chl or onet hane extr aCompamdefHoatiuly XXXWat er, dried over

magnesi um sul fate and_c erglt rat ed under vacuumto_provide a m xture of
2-butyl -1-(2-nethyl plltfggr)%’t- yjpropyl)-1H-imidazo[4,5-c][1,5|naphthyridine

tetrazgl o] 1pggal.i m dazo[ 4, 5-c][1, 7] naphthyridine and the acyl ated, but
uncyclized rnternediate. Part B: 25 Tri phenyl phosphine (2.4 g) was
added to a suspedstatalytif amdumt o %rplatinubr anedPbort wés added tchboluideof¥he- The

RF R T I T R e e
L
2- but yI - | - ( Bydregén/fop fawhbirs NThe rqactiory mittorephasifilterddHoiretoeezthE 4atalyst and the
10 filtrate was concentrated under vacuum to provide N*-(2-methylpropyl){1,5naphthyridin-
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. 82-84°C.
Analysis: Calculated for Ci3H;4Ny: %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)-1H-imidazo[4,5-c][1,5]naphthyridine-5N-oxide
3-Chloroperoxybenzoic 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-
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5 c[[1, 7] napht hyridin-4-am ne fromPart B was dissolved in nethanol. .
Hy.dr ochl Or%ﬁﬁﬁ;@ (3N) was added to the solution and the reggtARssEhst Ur e
was heated at™"re Fux overni ght before being concentrated under vacuumto
remove the nmethanol. The aqueous residue was m xed with dichl oronet hane
then.neutralized with aqueous sodi um bi carbonate. The di chl oromet hane | ayer
was separ ahethlylprpiyhel FHimidana]didec] Lijnspithatidine-HN-oxide asa salide th.p.0l 83-185AQer
vacuum The resi S, purj f [ 0 V,~(Silicg, gel

el it ng wATRR: e Ra et 4 A5 REE P ez g 2 B 1o 506
met hanol iga 14 64th oy exTBLRagRg2.t O provide

2-butyl -1 - (2 ket Ryl propyl Y-TH i m dazo[ 4,5- c][], 7] naphthyridi n-4-anine as a
solid, mp 213-214C. Analysis: Calculated for [err]: 9% 68.66; % 7.80;
%N, .55; Found: 9%C, 68.26; %A H 7.869; %\l 223.41. 15 Exanpl e 28 Conpound
of Fotmula |1 2-Butyl-6,7, 8, 9-tet r ahF&FBPeP2( 2 et hyl propyl ) -

| H i m dazol 4,5-c] [1, 7] napht hyri gbhpfumddiTmldd2 [err] A catal ytic anmount
of platinum oxi de was added to a solution of 2-butyl -1-(2-

met hyl propyl ) - 1H 1ﬁMgtbmrspy:lJ){Iﬂ-hpmmwycli[uﬁhm»immin(@u@qe 1.68 nol))
in 25 trifluoroacetic acid (20 nL). 'lI;he reaction m xture was reduced on
a Parr apparatus at 50 psi (3.5 Kg/cmzfl hydrogen pressure overni ght. The
reaction mxture was filtered and wa Nt h net hanol to renove the

catalyst. The filtrate was concentr atjed nd‘§r vacuum The resi due was
conbi ned with dichl oronet hane and si0di um - 45 -

10 Ammonium hydroxide (10 mL) was added to a solution of 1-(2-methylpropyl)-1H-
imidazo[4,5-c][1,5]naphthyridine-SN-oxide (0.6 g) in dichloromethane (30mL). The
reaction mixture was cooled in an ice bath then tosyl chloride (0.5 g) in dichloromethane
was added while the reaction was being rapidly stirred. The reaction mixture was stirred
at ambient temperature overnight. 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. 230-
231.5°C. Analysis: Calculated for Ci3H;sNs: %C, 64.71; %H, 6.27; %N, 29.02; Found:
%C, 64.70; %H, 6.01; %N, 29.08.
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bi carbonate was added until the m xture was basic. The dichl oronet hane
Iayer was . sepay g% The aqueous | ayer was extracted three tipgapsskhdars

di chl or onet hane }(2 8 The di chl oronet hane extracts were conbi ned, dried
over magnesi um sulfate and concentrated under vacuum The resulting resi due
was recrystallized fromtoluene then 5 purified by flash chromat ography
(silica gel eluting with 20% net hanol in dichloronethane with a trace of
anmoni um hydr oxi de) to provide 6,7,8, Q%t etraggdro- 2-

butyl - 1- (2- net hyl propyl ) -1 Him dazo[4 ] napht hyri di n-4-am ne as a
solid, mp. 164-1660C. Analysis: @ agflpalgﬁulgmHZ?I\lS + 0.5 H20: %C,
65.77; 9%, 9.09; %N, 22.56; Found: %, 65.99; %4, 8.71;, 9%\, 22.23. 10
Exanpl e 29 Conpound of For rruﬁ,éf, Btrahydro-l-(z-methylpropyl)-

N4- (2- Met hyl propyl )-3-nitr e hor ous

oxychl o?ide (0.6 nl, 6.44 ""}'haﬂﬁ%éi@zsﬂ Dt aRae

di met hyl formam de then added to a solution of 3-nitro[1, 5] napht hyridin-4-ol
(1.0 g, 5.23 mol) in NN-dinethylformam de (20 nmL). The reaction m xture
was warmed using a jacketed flask w t hNHef| uxi ng acetone as a heat source.
After 3 hours the reaction m xture was ou&pd into ice water, isobutylam ne
(2.0 nL, 20.1 mmol) was added and t h&*m e was heated on a steam bat h.
After several hours the reaction mXx cooled to 20 anbi ent
tenperature, filtered and washed wiffh The aqueous | ayer was
extracted with dichl oronethane. Theldi i o t hane extract was washed with
aqueous sodi um bi carbonate, washed with waté¢r, dried over nmagnesi um
filtrate then | oaded onto a | ayer of

A catalytic amount of platinum oxide was added to a solution of 1-(2-

10 | methylpropyl)-1 H-imidazo[4,5-c][1,5]naphthyridin-4-amine (0.46 g) in trifluoroacetic
acid (10 mL). The reaction mixture was reduced on a Parr apparatus under 45 psi (3.15
Kg/cmz) 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)- 1 H-imidazo[4,5-c][1,5]naphthyridin-4-amine as a solid,
m.p. 222-226°C. Analysis: Calculated for C13H;gNs: %C, 63.65; %H, 7.81; %N, 28.55;
Found: %C, 63.07; %H, 7.51; %N, 28.00.
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silica gel. The silica gel was eluted initially with dichloronethane.to

renove an wa:gé \ then with 5% net hanol in dichloronethane ver the
product. The elebjé?‘ﬁ't was 25 concentrated to dryness to png'?’&{é%%‘ﬂ

N4- (2- met hyl propyl ) -3-nitro[ 1, 5] napht hyri di n-4-anine as a solid, mp.
97-99C. -46 - Exanpl e 30 Conpound of Formula XXXII| B

1- (2-Met hyl propyl)-1Him dazo[ 4, 5-c] [1, 5] naphthyridine 5 Part A A
catal ytic amount of 5% pl ati num on cgr bo \Iggs added to a solution of N4-(2-
met hyl propyl )-3-nitro[ 1, 5] napht hyri dff ne (1.0 g, 4.1 mmol) in ethyl

acetate (50 nL). The reaction@u}?&ﬁlﬁo\@gmﬁﬁgmnpn a Parr apparatus at 50
psi (3.5 Kg/cnR) hydrogen for fo hours. The reaction m xture was filtered

to renpve the caZaMethylda(2-miethylpropyl)-i+imidazojdS-cH{dfiraphthyeidinender vacuum
to provid -'(2- met hyl propyl )[1 , 5] napht hyri di n- 3, 4-di am ne as a crude
solidSO Pa The crude solid fromPart A was conbined with

di et hoxynet hy| aggkini s?hlmé(stg)%d%aia%c%&n%ﬁmﬂ%ﬁ& ﬁﬁﬂ'b&?%re-rhe -

reaction m xture was taken, up 15 chl or onet hane, wat er

dri ed overaddabt@essdnhmﬁft@-mh@ﬂlmp)ﬂ)ﬁwQ[hﬁMmmnHMe €10 gckb.2el .
di ot hoxy maPROD 4L BT TR PR BHS TR BeeR STRp e A AT OheR ASAE PBWALESher
the producdp psi{Bes Kigleaif h?@t%géli)ﬂﬁ"ﬂ%rr }ﬁfu%j THe RAohdRixaite Wak fillicdo Y@Sove
puri f I ed btKe ::allta?lilgt a%g Ecﬁ)errglttr%?g \?/Eshgoncentrated under vacuum to provide N*-(2-
methylpropyl)[ 1,5Inaphthyridin-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)-
1H-imidazo[4,5-c][1,5Inaphthyridine as off-white needles, m.p. 118-119°C. Analysis:
20 Calculated for Ci4H;6N4: %C, 69.97; %H, 6.71; %N, 23.31; Found: %C, 69.24; %H, 6.67;

%N, 23.23.
Example 35
Compound of Formula XXXIV
25 2-Methyl-1-(2-methylpropyl)-1 H-imidazo[4,5-c][1,5]naphthyridine-5N-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)-1H-
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-
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(silica gel eluting with 50% et hyl acetate/hexane then with ethyl acetate)
to provide Oygg ?}g. ga PCT/US98/26473
1- (2- met hyl propy H-|mdazo[4 5-c][1, 5] napht hyridi ne as a so Id mp.

- 82-84[err]C. Analysis: Calculated for [err]: %, 69.00; %, 6.24; 9%\,
24.76; -Found: %C, 68.79; % H, 6.44; 9%\, 24.73. Exanple 31 25

Conpound of Emﬁryblle&mﬂl)dpmpb]a-lwbmnﬁbm{wyd]bl Jinaphihytiine- §N-oxide]as a solid,

Laded s 2R holyss CRRTIERE bR iRt uls bol el oSyl 88
1- (2- met hyl pred: bac Hs.79: 98L& A %N cdilosl, Snapht hyridine (1.5 g) in

chl orof orm at anbi ent t enperature. 'After 3 hours the 30 reaction m xture
was diluted with chloroform washed twice with 2.0 M sodi um hydroxi de and
once w tsh wat er, dried over magnesi um ﬁp%ﬁ; hen concentrated under
vacuum ~“The residue was recrystalli zed acet at e/ hexane to provide
1.2 g of 1-(2- - 47 - poundofFormulaI

nmet hyl propyl ) - 1H i m dazo[ 4, 5-c] [ 1, 5] napht hyri di ne-5N-oxi de as a solid, mnp.
183-1850C. Anal y21Meth¢hh(zﬂmtbyipr@yl}wripmdm[4,6¢][Aﬁ]nanhthzrldm-‘tmm% 12:
Found: %, 64.15; %, 5.92; %N\, 23.02. 5

Exanpl e 32 Conmpound of For rrul al 1-(2-Methylpropyl)-1Him dazol 4, 5-cl

[ 1, Snapht hyridin-4-am ne NH2 [err]

NHy
N
NZ
>
zz N

10
Ammonium hydroxide (10 mL) was added to a solution of 2-methyl-1-(2-
methylpropyl)-1H-imidazo[4,5-c][1,5]naphthyridine-5N-oxide (1.1 g, 4.29 mmol) in
dichloromethane (50mL). The reaction mixture was cooled in an ice bath then tosyl
chloride (0.82 g, 4.29 mmol) in dichloromethane was added. The reaction was warmed to
15 about 30°C 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
vacuum. The residue was recrystallized from ethy! acetate to provide 0.8 g of 2-methyl-1-
(2-methylpropyl)-1H-imidazo[4,5-c][1,5Inaphthyridin-4-amine as a solid, m.p. 228-

20 230°C. Analysis: Calculated for Cy4H;7Ns: %C, 65.86; %H, 6.71; %N, 27.43; Found: %C,
65.65; %H, 6.69; %N, 27.59.
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10 Anmoni um hydroxi de (10 nm.) was added to a sol ution of . .
1-.(2- et hy, i m dazo[ 4, 5-c][1, 5] napht hyri di ne- 5N- g) in
di chl orone{"ﬁ)a?ﬁgxé% The reaction m xture was cooled in gﬁ'm’g”gz%é%h t hen
tosyl chloride (0.5 g) i n dichl oromet hane was added while the reaction was
being rapidly stirred. The reaction m xture was stirred at anbient i

tenperature overni ght. The dichl oronethane | ayer was separated, washed with

15 aqueous sodi um bi carbonate, drjed Vg]‘é magnesi um sul fate then
concentrated under vacuum The resi ecrystallized from et hyl

acet at e/ hexane to provide 0.2 XXX

(2-methyl propyl )-IHim dazo[4%“@)](oﬁdg %rgml%y” dllnn-4- am ne as a solid,

m p. 230 231. 5C2- Batyhis(2smetinipropyl)eifimid4z0{4,5-c] [1S]ndphthyrididd 6. 27; %\,
29.0 nd:, %C, 64.70; %, 6.01; 9%\, 29.08. -48 - Exanpl e 33 Conpound
of F rrrul gﬁ"tH&G 7,8, 9-Tetrahydro- 1- ( 2- net hyl propyl ) -

5
| Himdazo(4, 5?\?&&1&31@&1@%'{3@ ghd'a éatﬂmleﬁmwhgt d(\f\ 5% ;lalatiﬂuiﬁ didatbon wéreamount

of platinum ox s added t0 a solutron of 1-
met hyi | pr aqh}dd)to mlumou@fb{‘425netpylp;@ybaqanmwr sh:aphmyadmﬂoem@mez(e 0g, 1222

appar at us AHRRL HEyigebateTH Ml G FeryR SR B SRCPd B Hah sB A
e s ot e, e g ok
10 the catalyst and the 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 taken up in acetonitrile 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-(2-
methylpropylamino)[1,5]naphthyridin-3-yl)valeramide hydrochloride as a solid.
Part C:
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)-/ H-imidazo[4,5-
c][1,5]naphthyridine as an oil.
25
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aqueous sodi um bi carbonate then a small anmount of 10% sodi um hydr oxi de was

added. 15 wdbsngsesul ting precipitate was extracted with dig &h RkARLRANE.
The di chl oromet hane extract was dried over magnesi um sul fate t

concentrated under vacuum The residue was purified by flash chromat ogr aphy
(silica gel eluting with 5% net hanol in dichloronmethane containing 0.5% _
anmoni um hydr oxi de). The el uant was concentrated under vacuum The residue
was recrystallized fromethyl acetate % ﬁlr \él de 6,7,8,9- 20

t et rahydro- 1- (2-net hyl propyl ) -1 Him dg %[‘ c]l1,5] napht hyri di n-4-am ne as

a solid, mp. 222-226[err]C Ar@dmpd@dowbénﬁlammr lert] oC 63 65 o
7.81; 9%\, 28.55: Found; 63.07; 9%, 7 ON, 28. -49 Exanpl e 34
Conpound of ForirBREy} mmpihy]propyb-lﬂ-lmldazoﬁ 5-c]{t,5] naphthyndme—SN-oxnde

I\/Ethl 1-(2-neth J I Part A:
Ivagn)ém um( sul fat%b?g&ggéré’w ?‘9@%?@%5@,“#5 %&g&y“{%tﬂﬁéﬁﬂ cs)%a%:lar bon

wer e added partienssolerh peﬁod)éf 30 minutes to a solution of 2-butyl-1- (2-methy1proixyl) -1H.

N4- (2- met hy] pr.op g‘@i nltro 5]n§htg#r|din-4-am'ne 2_%@0 rrm)l) in
ethyl acet alné‘d%z?g) O, 5]1141’@ vedimei (84 Sl Q-2anmolgh i ¢hierg ambieng r

appar at us T on
e vac PR Aheds SO e et thnd B biitd WAt chlordiifip, FREL O
concent r at etwicenetith ZXIBMLmdlmmh}tﬂromdelemb&w(tB ‘water, and once with brine, dried over

rrethyl ropyl) L%ga}ﬁpth i din-3,4-diamne as a_crude solid. Part B: The
crudel oI i degréﬁﬂ sulfae then conepimatedhunder ¥acoum: Theirgsiducwas pisifiedibylask et i ¢

chromatography (silica gel eluting with 5% methanol in dichloromethane) to provide 2-
butyl-1-(2-methylpropyl)-1 H-imidazo{4,5-c][ 1,5 Inaphthyridine-SN-oxide. Analysis:
Calculated for C17H22N40: %C, 68.43; %H, 7.43; %N, 18.78; Found: %C, 67.67; %H,
6.73; %N, 18.13
15
Example 39
Compound of Formula I
2-Butyl-1-(2-methylpropyl)-1 H-imidazo[4,5-c]{1,5]naphthyridin-4-amine

20

Ammonium hydroxide (25 mL) was added to a solution of 2-butyl-1-(2-
methylpropyl)-1H-imidazo[4,5-c][1,5]naphthyridine-5N-oxide (2.0 g, 6.7 mmol) in
dichloromethane (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 30°C 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
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anhydride then heated at reflux overnight. The reaction m xture was -
cancentra % vacuum The resulting residue was ﬁ?ﬂ@édﬂﬁ@ﬂw th
met hanol 5@88% %{)ose excess acetic anhydride then concentrated under
vacuum The resulting residue was conbined with cycl ohexane then

concentrated under vacuumto renove the acetic acid. The resulting residue
was recryghdiubd. ZEsE residne tvaxme;staﬂhzqdrfmm tiexane 2o groorideZL 55 gof 2-buty1-1 -(2-

met hyl - 1- ( 2- et hyl yl) dzo450 |d| f-vvhite
needl es, meth ynrszsyg éP@md rﬂ}ﬂ W@éﬂl%ﬂ}' ?8? ‘{é’??j 9. 97;
0H, 6.71; 3 69 0/ 10 . 0 ) 53’5

o ound aﬁpgir%mc}?%u&@}?@fggiﬁN& %868 18, £80; AN, 2§§5,2€oun5><%@ 59

2- Met hyl - BsH 27 75t9%M] 28Dyl ) - | H-i mi dazo[ 4, 5-c] [ 1, 5] napht hyri di ne- 5N- oxi de

3- Chl or oper oxybenzoic acid (4.5 g of 50% 13.1 nmmol) was added in snall
porti50ns over a period of 30 mnutes to a solution of

2-met hyl - 1- (2- net hyl propyl ) -JH im dgg@ﬁﬁ]eagc] [1, 5] napht hyridine (2.1 g,
8.7 mole) in chloroformat anbient tenperature. After 3 hours the reaction
mxture was diluted with chl or ofGompoundsfifdmagall twice with 2.0 M sodi um

Ul Tate then concent r a B Asrapaitefoucl-IERsOb R | 120 by Tl ash

chr omat ography (SI lica ggﬁ.ﬂ,ﬂ&iﬂw}[lkslﬁ%mbm-amﬂl chl oronmet hane) to

provi de 2- -

met hy0 - 1- ( 2- rret hyI propyl)-1Hi m dazo[ 4, 5-c] [ 1, 5] naphl yri di ne- 5N- oxi de as a
solid, mp. 228-2300C. Analysis: ulated for [err]: % 0C, 65.61; 9%,
6.29; 9%\, 21.86; Found: %C, 65.73; , 6.31; 9%\, 21.095.

N

A catalytic amount of platinum oxide was added to a solution of 2-butyl-1-(2-

methylpropyl)-1 H-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/cm?)
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)-I H-imidazo[4,5-c][1,5]naphthyridin-4-

25 amine as a solid, m.p. 143-147°C. Analysis: Calculated for C;7Hz7Ns: %C, 67.74; %H,
9.03; %N, 23.23; Found: %C, 61.90; %H, 7.51; %N, 19.91.
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5 : Exanpl e 36 Conpound of Fornula |

2- Met hyl - 1- (%bq)‘g}z hkpropyl)-IHimdazo[4,5-c] 1,5]naphthyri digerdrsghdags NH2
[err] 10 Ammoni"um hydroxide (10 nL) was added to a sol ution of ) _
2-methyl -1-(2- methyl propyl)-I|Himdazo[4, 5-c][1, 5] napht byri di ne-5N- oxi de
(1.1 g, 4.29 mol) in dichloronethane (501m.). The reaction m xture was .
cooled in an ice bath then tosyl chloride (0.82 g, 4.29 nmol) in

di chl or onet hane was added. The reacti(}? vvaﬂi?%r med to 15 about 30'C
while being rapidly stirred. The reactt5H ure was stirred at anbient
tenperature overnight. The di chl 0smapRiddaTFohAvEX¥RE separated, washed with
10% sodi um hydr oxi de, water and brine, dried over magnesi um sulfate then
concentrated under vacuum The resi dieDimethylethylst al | i zed from et hyl
acetate to provide O

(2- met Wyl propyl ) -1 H Fg{“ggg'ﬁﬂié:“gﬁé}?‘%l@@H%’ﬂﬂﬂ’ﬁ“ﬁfpﬂm&tg?ﬁ“@%‘% sol i d,
I e
37 Conpound diethylfomamidexi00imE) whilk gdoling (12 amise frpthp (The yesulting mixtra Wep 4, 5- c]
11, 5] napht h%trdidg | trc]>ea s%lution%q'riitniéé[1,5]naphthyridin-4-ol (50 g, 0.26 mole) in N,N-
dimethylformamide (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-aminobutyl)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 provide 76 g of 1,1-dimethylethyl N-{4-[(3-
nitro[ 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. 137-138°C. Analysis:
Calculated for Cy7H23Ns504: %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-Dimethylethyl
N-{4-[(3-Amino[1,5]naphthyridin-4-yl)amino]butyl}carbamate
25 1,1-Dimethylethyl N-{4-[(3-nitro[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 Kg/cm?) 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)aminoJbutyl} carbamate as a bright yellow-orange solid.
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Magnesi um sul fate (3 g) and a catalytic ambunt of 5% plati numon carbon

wer e adde | ution of

N4- (2- met &}'{)g?@%@?) 3-nitro[ 1, 5] napht hyridin-4-amne (3.0 gPCE/ESWI) in
ethyl acetate (150 nlL). The reaction m xture was reduced on a ParTr
apparatus at 50 psi (3.5 Kg/cnR) hydrogen for four hours. The reaction

m xture was filtered to renove 10 the catalyst and the filtrate was ~
concentrated under vacuumto provi de N4-(2-

met hyl propyl ) [ 1, 5] napht hyri di n- 3, 4- di%#e43s a crude solid. Part B: The
crude solid fromPart A was t e e then conbined with
valeryl chloride (1.5 nL, 12. ggﬁﬁoﬁ’)?db%&ﬁ'gmhlms stirred at anbi ent
tenperature for 15 30 mi nutes. l;tlhmmel:hyleﬂiylg preci pitate was isol ated by

filtration, washed_wi th cetonltrlle and air dried to
provPde 2.75 gNdf-ReButyk -lmldazoai4 5-c][1 S(inap thyridin-1-yDbutyl carbamate

et vl propyl ankRgky bitiRARGR Siflviletat (A1 ALATMANNBE M as a

solid. Part uspeh I'n acetrc ac and
heat ed at mixtiteof lolﬁdmmtl;jflbﬂxylzﬂ-{4—[(I¥mm@{d;i]naphthyndim4e was concentrated

under vacu m an resul ti e was art ed bet .

di chl orom\é}( ﬂﬁ“}q? g@'ﬂ (Q% Qxﬁ# Y/ ZP )ﬁgﬁﬁaﬁ% | ayer
was separ 10 Telel X ?ﬂ&n 2 § cuum
to provi dgﬁ%qm‘%é lfé;tzéa\gﬁtyl 1-(2- %e[ ﬁlylll:;orggry Efr{a?gi's ﬁéhﬂhﬁfjﬂ leas?

c] [ 105] napéif bf]ﬁndtmhngma&nabwhs stilbpre§eht. -p-ToluExesnifbmc aﬂhydnde 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. 96.0-98.0°C.
Analysis: Calculated for C»H31Ns02: %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-SN-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 1M sodium hydroxide. The organic layer was dried over anhydrous magnesium

sulfate and then concentrated under vacuum to provide 1-{4-[(1,1-
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Compound of Formul a XXXI'V 2-Butyl -1-(2-nethyl propyl)-1Him dazo[ 4, 5-cJ

[ 1, 5] napht hy N- oxi de 5 3- Chl or oper oxybenzoi c g of
50% 15.2 nnngvivag?‘éadded in small portions over a period of @?"%m’%“t‘g% to
a solution of 2-butyl-1-(2-nethylpropyl)-I1H

i mdaze[4,5-c][1, 5] naphthyridine (2.3 g, 10.2 mmole) in chloroform at

anbi ent t enﬁ&ﬂﬁhﬂﬁﬁlﬁwmvl)@nmmyl}-Iﬂd)utxelalﬂ-umtdam[ﬂﬁuc]él Singphthynidieei SN t h
chl or of orm Hts@gdtvvlce t.h .2, 9 odi mh dr oxi de, once with water, and
once with b€ aPP&‘a‘gss whigh soli d’:\fbﬁa ul fate then concentrated under
vacuum The residue was purified by flash chromatography (silica gel
eluting with 5% net hanol in dichloronethane) to provide 2-

butyl -1-(2-met hyl propyl)-1Hi ni dazo[4 Bxapiplel45] napht hyri di ne- 5N- oxi de.

Anal yS|5s Cal cul ated for CL7H22N4 o 8f§ 1 7.43; 9N, 18.78; Found:
%uC, 67.67;, %UH 6.73; %, 18.13 1 %“@j%)ound of Fornul a |

2- But yl - 1- ( 2- met hyl pnoppimhethvidt l@@-{«ﬂﬁA q am ne 20
[err] Amoni um hydrox?lge (255,|1 1)99 E ?(ljl g.[gl%‘ﬁggpﬁlpgghofws-ﬂutyl 1-(2-
met hyl propyl ) - | Hi ni dazo[ 4, HléjqaphS!IMnthbeuWHeaMede (2.0 g, 6.7
mmol ) in dichloronmethane (1 OOM). The reaction m xture was cooled in an ice
bath then tosyl 25 chloride (1.3 g, 6.7 mmol) in dichloronethane was
added. The reaction was warnmed tgHabout 300C while being rapidly stirred.
The reaction m xture was stirred| at anmbi ent tenperature overnight. The

di chl oronet hane | ayer was sep d,.Niashed with 10% sodi um hydr oxi de,

wat er and brine, dried over itum\sul f ate then concentrated under - 53

10
Ammonium hydroxide (20 mL) was added to a solution of 1-{4-[(1,1-

dimethylethylcarbonyl)amino]butyl}-2-butyl-1H-imidazo[4,5-c][1,5naphthyridine-SN-
oxide (194 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 15.1 g of 1,1-dimethylethyl N-[4-
(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]carbamate, m.p. 148.5-
149.5°C. Analysis: Calculated for C;H3NgO;: %C, 64.05; %H, 7.82; %N, 20.37; Found:
%C, 64.15; %H, 7.82; %N, 20.55.
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vacuum The residue was recrystallized fromhexane to provide 1.55 g of .
2-butyl yl propyl)-1Himdazo[4,5-c][1, 5] napht hyri as a
solid, mp%lgfgg%? C. Analysis: Calculated for [err]: %, &S-'P/ggg A—lﬂe7 80;
9N, 23.55; Found: %C, 69.52; 9%, 7.72; 9N, 21.72 5 Exanple 40 Conpound of
Formula Il 6,7,8,9-Tetrahydro-2-butyl-1-(2-nmethyl propyl)- I Himdazo[4, 5-c]
[ 1, 5l napht hyridin-4-amne 10 NH2 [err] A catal ytic anmount of platinum oxide
was added to a solution of 2-butyl-Ils(2- 4

met hyl propyl ) -1 Hi m dazo[ 4, 5-c][1, 5] % ?idin 4-amne (0.5 Qg) in
trifluoroacetic acid 15 (15 rtomp oTinade‘aﬁhmar[ m xture was reduced on a
Parr apparatus under 50 psi (3.5 g‘%ﬁ é% :ﬂé] rogen ressure overnight. The
reacti on fi(4tAminozbutyhiibimlaze{4.26HiSn thlé!tlﬁlny Dhntaneaming | ¢ r at e was
concentrated under vacuum The residue was conbi ned with aqueous sodi um

bi carbonate then a small amount of 10% sodi um hydr oxi de was added. The
resulting precipitate was extract @&Hw t h di chl oronet hane. The

di chl oronet hane extract 20 was dried over nagnesium sul fate then
concentrated under vacuum The Mas purified by flash chromat ography
(silica gel eluting with 1-5% INy_di ch| or opet hane cont ai ni ng 0. 5%
anmoni um hydr oxi de). The el uant at e

~
N
N k/\/NHz

A suspension of 1,1-dimethylethyl N-[4-(4-amino-2-butyl-1H-imidazo[4,5-
¢][1,5]naphthyridin-1-yl)butyljcarbamate (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>11) 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)butancamine
as a white solid, m.p. 212-213°C. Analysis: Calculated for C;7H24Ng: %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,S]naphthyridin-1-yD)butyl}-
N’-phenylurea
20

\>\/\/
N
Ny
N \H/N-Q
Under a nitrogen atmosphere, phenyl isocyanate (52 pL, 0.48 mmol) was added to
a suspension of 4-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine
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under vacuum The residue was recrystallized from hexane/ ethyl acetate to

- provide 6, 7, %0%okegezahydr o- 2- but yl - 1 PCT/US98/26473
-(2-met hyl propyl)-JHim dazo[ 4, 5-c][I 1, 5] napht hyri di n-4- 25 amne as a
solid, mp. 143-147C. Analysis: Calculated for Cl7H27N5: %: 67.74;, 9%,

1t 0 RS Sy Bk, Mo ™

N-{4-[(3-N ; Qﬂ}ﬁt h
oxi/chl[f)rl dIeEﬂhﬁ)&ﬂf&w‘;’Mm'tltre%ﬁtlevm lm&agmgcl) m%ls{/?\nﬂéﬁbkﬁﬁg |rrettﬁ3l/1l orﬁa(r)n'rgz (100
nm.) while cghnomag)graphamndlca;ect)m stam'ﬁgmateml rémaingedyi Adninometlad resid 280tmg af

| ut f t | 6 | j!
i oty £ or Ao s, 000 e il omBAGREM, Tomanve, Catitotesabes on
t enper &t ur e agddtd and Y refctiaUhixturd Wis hRGedd t@%n%ffé%rgr ‘@gicaogléﬁg?ﬂ ) Bh9adde

wat er and then extracted w th dichl oronet hane gam c layer
was separ at and ﬁmnmmwes)memmwd wridet Vawunytqu\née ¢ dtﬂxd:djljhe sﬁhdmbpmyﬁed

N (4- byt dded t
overnignt - Skt iRRRErpT SnB0RSAn R Sifohaahanucthaiol XV aR s o

d t NG S b | at ed
by 15 “’?.Sr“?‘ﬁ“z'f‘f'%ﬁ“ﬁ”’ﬁa‘é’di*a“a@ﬁ“f"“&ﬁ?gﬁﬂ‘m“%’%‘?é%%?g“ |00 Smbie-Yg 1501 &1 ©
1, 1- di net hy ieidaga[4,8-q14, Flaaphthyridin] )bltyie A mhenymmaAAda)yam ﬁaucmate;mr

a condl to rauro & YAREOTAR, BRI A BRa AL A3 ok e B0 T GG 1o

Cr7H23N504 o223 50; %, 6.41; 9N, 19.38; Found: %C, 56.26; %,

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

S
K/Vwr@

Using the general method of Example 47, cyclohexyl isocyanate (61 nL, 0.48
mmol) was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-c](1,5]naphthyridin-1-

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-c][1,5]naphthyridin-1-yl)butyl}- N’- cyclohexylurea as a white solid.
Analysis: Calculated for C;sH3sN,0: %C, 65.88; %H, 8.06; %N, 22.41. 'H NMR (300
MHz, CDCl;) 5 8.60 (dd, J=4.4,1.4 Hz, 1 H), 8.08 (d, ] = 8.5 Hz, 1 H), 7.44 (dd, ] =8.5,
44 Hz, 1 H), 5.55 (brs, 2 H), 4.92 (t, J = 5.8 Hz, 1 H), 4.82 (apparent t, J = 7.8 Hz, 2 H),

25 4.13 (d,J =8.6 Hz, 1 H), 3.48 (m, 1 H), 3.35 (apparent q, ] = 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
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6.30; %\, 19.53. 20 Exanple 42 Conmpound of Fornmula XXXII 1,1-D nmethyiethyl.
N--(4- [(3-% 03] napht hyridi n-4-yl )am no] butyl } carbanat e Betnsesne473

1, 1- Di net hyl et ?

N-{4-[(3- mtro[l 5] napht hyri di n-4-yl ) ani no] butyl }carbamate (42.7 g, 0.12
mol e), platinumon carbon (2 gﬁ and eth acetate (500 nlL) were conbi ned
and then Wdl-@@@n&t‘kﬂz Srtls @M%%&Cﬁﬁ%(bﬂwa@hz%lm $ hydrogen
pressure f g? aoillour The catal yst was renoved by filtration and rinsed with
et hyl acet @ he filtrate was concentrated under vacuumto provide 1,

| -di net hyl ethyl N {4[(3 30

am no[ 1, 5] napht i yr| di n-4-yl)am noj butyl car banate as a bright yell ow orange
solid. -55 - Exanpl e 43 Conpound Exampledfl a xxi1 1, 1-Dimethylethyl 5

N-[4-{2-Butyl -1 Himdazo[4,5-cl [} %W%ﬁwl yl ) butyl j car bamat e
Freshly distilled trimethyl orthovalera , 0.24 nole) was added to a
mixture of 1, 1 Ngd-peAnninetRphtyl1H-imidado|d;s-eJfl,5Thaphtisyridinyt-yDbueyl}-

yl)am no] butyl ecarbamate (39 g, 0.12 nole) in warm xylene (500 nmi). The
reaction mxture was heated at ref| JX-RRRY §ht. Thin | ayer chronatography

showed that at |east 10 h of the starting material was still present.
p- Tol uenesul f oni ¢ anhydri de

_ Using the general method of Example 47, butyl isocyanate (54 pL, 0.48

10 mmol) was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-¢][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][1,5naphthyridin-1-yl)butyl}- N’-butylurea as a white solid. Analysis:
Calculated for C5,H33N70: %C, 64.21; %H, 8.08; %N, 23.82; Found: %C, 64.05; %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][1,5]naphthyridin-1-yl)butyl]carbamate
NH,
N7 N
20
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g) was added. After a short tinme thin | ayer chromatography showed that the
reaction wasyg g,ga%l . The reaction mxture was all owed to coegrnisose¥ins ent
tenperature an en it was diluted with ethyl acetate and washed with
aqueous sodi um bi carbonate. The organic | ayer was concentrated under vacuum

to provide an oily residue. The residue was 15 triturated with hexane .to
provide a dark plsingsbe geheralmethadofExampie 4% phnyl ghlprofenate rh o Bhi tril e

o1 T 5 napndine Henrealte Stk (4 e hnyt Y S A i 1
96.0-98.0[ e L&ianémﬁhe/ 195 @48: ?Qo providew. 12 g of/herfyd NA4-(44aininé- BBty B\,
17.62; Foung o, 66. Zg) /%—I 17. 76. Exanpl e. 44 Conpound, of

For nul a xxxuﬂ-lmxgazo[z(,i-cﬂlﬁ]mhﬂwémywmﬂwbm ADR mhdyu)n Y%Gaﬂculated
1H 5% 0 o o
3- Clhlmo oéggégiﬁch@%?FJy?ggéegyJﬁ @3/3 )fég e% i {5’0??6 a0 /“%{66 59%0 ation

of 1,1- di mgphyl et hyl

N-[4-(2-butyl-1H i m dazo[ 4, 5-c][1, 5] napht hyridin-1-yl)butyl]carbamate in
chloroform (50 nL). The reaction mxture was allowed to stir at ambient
tenperature for 2 hours at which ti e 4 légnlyer chr omat ogr aphy showed t hat
no starting material remained. The reac n mxture was diluted with

- di chl or onet hane and t hen washed tv@:&@p&ﬁdowam\halM sodi um hydrOX| de. The
organi c | ayer was dried over antgi;dr ous ma?nem um sul fate and th

concent® at ed und@¥-[4récAmine3-hyl1 Hdmidgzel4,54c] ﬂﬁ]ngﬂnthyndm—l-yl)butyl]-
2-furamide
NH,
NZ N
1 >\/\/
= l N
H
x N k/\/N 0

Using the general method of Example 47, furoyl chloride (15.8 pL, 0.16 mmol)

was reacted with 4-(4-amino-2-butyl-1H-imidazo{4,5-c][1,5naphthyridin-1-

15 yl)butaneamine (0.05 g, 0.16 mmole) to provide 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. "H NMR (300
MHz, CDCls) 8§ 8.58 (dd, J=4.4,1.5Hz, 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, ] = 7.3 Hz, 3 H),
HRMS (EI) caled for CzHasNgO; (M") 406.2117, found 406.2121.
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di met hyl et hyl car bonyl ) am no] butyl } - 2-butyl -1 Hi m dazo[ 4, 5- c]
[ %, 5] napht 5N- oxide as an orange oil which solidif ndi ng.
Exa anpl e Qé%ﬂbﬁg Compound of For ntﬁ‘%u?&/zﬁﬁ
1, 1-Di rret hyl et hyl N-[4-(4- Am no-2-butyl -1Him dazo[ 4, 5-cl ’
5] napht hyri di n-1-yl ) butyl | carbamate NH2 10

[err] Anmoni um hydr oxi de (20 L) vvasEmdl;ManZO a solution of 1-{4-[(1,1-"
di et hyl et hyl car bonyl ) am no] but ﬁ%‘} B ﬁgl - | H- m dazo[ 4,5-c][1

, 5] napht hyri di ne-5N- oxi de (19. pquRd @ 8‘?’6‘?16 m Tosyl chloride (9 g) was
sl owl y added. Thin |ayer chr orraN:zpf_@pnhh@.QLms,gd that the reaction was
proceedi ng slowy. Additional tosyl chl ofi de was added twi ce. After
thin |ayer chronat obHaph#ﬂmﬁﬁﬁwﬂlcﬁinaMynﬂm-lﬁéﬁmtﬂ]bmampI ete, the
| ayers were separated. The organi¢ |ayer was washed with dilute aqueous
sodi um car bonate, dried over ma iumsul fate and then concentrated under
vacuum The residue was covered thyl acetate (10 nL), hexane (5 ni)
(4-am no-2-butyl-1Himdazo[[4, 5-)¢][1

was added and the m xture was O, ¢ stand overnight. The resulting
tien, washed wi th hexane and
'rret ert yl N-[4-
m p. 148.5- 149.5C. Anal ysi

crystalline solid was isolate
, ,p] napht hyridin-1-yl)butyll carbamate,
: . 5- . 5C. I S& ed for EP2H32N602: %C, 64.05; %H,
7.82; 9N, 20.37; Found: %C, 62715; %, “7. 8% 28055, -57 -

then dried to provide 15.1
cul

Using the general method of Example 47, benzoyl chloride (56 uL, 0.48 mmol)
was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-c](1,5]naphthyridin-1-
yDbutaneamine (0.15 g, 0.48 mmole) to provide 0.11 g of N-[4-(4-amino-2-butyl-1H-
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]Jbenzamide as a white solid. Analysis:

10 Calculated for C4HsN¢O + Y4 H0: %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-1 H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl}-
N’-benzylurea
NH,
Z N -
1 l \>\/\/
=z N
N H H

Benzyl isocyanate (59 uL, 0.48 mmol) was added at ambient temperature to a
suspension of 4-(4-amino-2-butyl-1H-imidazo[4,5-c}[1,5]naphthyridin-1-yl)butaneamine
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WO 99/ 29693 PCT/ US98126473

. Exanpl e 46 Gﬂ’@(}@}i 3of Formula | 4-(4-Amno-2-butyl-1H i m dazeradessdars
[ 1, 5] napht hyri di n??-yl )butaneanine 5 NI N N NH2 A suspensi on of ]

1, 1-di et hyl ethyl N-[4-(4-am no-2-butyl-IHimdazol[4, 5-
c][1, S}napht hyridin-1-yl)butyl]carbanmate £13. 89%@} n IN hydrochloric acid_
(140 L) wa€.Hept0:48 mmod) inteftaydrafirad (50 1oL Asalution wae oblainediimlessibre 3Pe was

|l owed t |t ient 10 t t d.then it d '
(oLl w v HSen DOTERS aPam e Lo ARG P Breiap i By ¢ e
by filtrati 'Rﬁ%or‘f@ﬁrégét with B hWABER, HAbnhy £ ftadk dfRehrfiy MaeMAll Afiddtnettyl resin

4-(4-am no-2-butyl -1Hi m dazo[ 4, 5-c][ I , 5] napht h%ll’l din-1 -yl)butaneam ne as
a white sol (280 mg)pvasatidedarsl the reantionymixsureuascstittgd & ISgpingtes.HFhagplveRt was

65.36; 9%, 7.74: 9N, 26.90:; und. . % 65.16;. 9 { - VA .45

Seanpi & 47 EOHSARRG RSy, T Roigag s AR B Shromitiibnig o plivide

[ 1, Snapht hypi1@igofN-Y4-{Ptaitiol2-bifyt- PHERd470PES 21 1 Shikphthyridih- INyl)butyl)-N’-
benzylurea as a white solid. Analysis: Calculated for C,sH31N70: %C, 67.39; %H, 7.01;
%N, 22.00; Found: %C, 67.43; %H, 6.92; %N, 22.02.

10 Example 54
Compound of Formula I
N°-[4-(4-Amino-2-butyl-
1H-imidazo[4,5-c][1,5]naphthyridin-1-yDbutyl]nicotinamide
NH,

NZ NN
l \>\/\/

/l N
H
. N k/\/N o

X

N

15 4-(4-Amino-2-butyl-1H-imidazo[4,5-c][ 1,5]naphthyridin-1-yl)butaneamine (0.050
g, 0.16 mmol) was suspended in tetrahydrofuran (30 mL). N,N-diisopropylethylamine (28
L, 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 Ry 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 dichloromethane:methanol. The cleanest fractions

25 were combined and then concentrated under vacuum to provide N>-[4-(4-amino-2-butyl-
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H H N NQ Under a nitrogen atnosphere, phenyl isocyanate (52 ,uL, 0.48 mmol)
was added pensi on of

4- (4- am n¥§9§%#§f| H- i mi dazo[ 4, 5- ¢] [ 1, 5] napht hyri di n- 1- yI )EtVY¥E484Re - 58
- (0.15 g, 0.48 mmole) in anhydrous tetrahydrofuran (60 niL). The
reaction mxture was stirred for 20 mnutes at which tine it had turned
honogeneddsimidazd] #5+c]] 195]aaphthyridint ogjmpylinitoribianddecas awhité powderg HNMR i al
remai ned. _Anmi nonet hyl resin (280 of 1% cross |inked, 100-200 nesh

avai | abl 6300 MHZBEBGEN 5 311t 13D, 858 (8o addt; 845 Walied LHa | B

reacti on gw ? d ' : g ¢ Oy 4 S
added anﬁ%@gnﬁmﬁﬁ mgg@b%%gh?rbgg%zq@hgg? (galcu %’%%&B%tgéjaﬁlgjo I'd. The
3 Chl of oot hane/ met haRoL Lo o1 ve arob Lo oL o wiech, das a1 | od. e vacuum
at 60[ er r(]“G:“ﬁ'Q’ bﬁ&wﬁﬂ? i-%oinéf fe Eiz %ibaﬁﬁl}gs %?fa aelyﬂprrestzv?\lvB 8/?5

I m dazo| idin-1-yl)butyl]- N -phenylurea. Analysis:

Cal cul at Aeh(}g?g]ﬁ’]l%ﬂ(i@ﬁé%r "+ 1/5 Hgo? %3?/ ]66. 25; p%—l, y6. 81; W\, 2%. 53;

Found: %C, 66.27; %1, 6.63; %\, 22.83 Exanple 48 Conpound of Formula I 15

N-[4-(4- Ami no-2-butyl -1 Him dazo[ 4, 5-c o] napht hyri di n-1-yl)butyl]-
N -cycl ohexylurea NH2 [err] Exm]nue 5%

Compound of Formula I
10 N-[4-(4-Amino-2-butyl-
1H-imidazo[4,5-c][1,5Inaphthyridin-1-yl)butyl]phenylaceatamide
NH,
N
-z
1 I \>\/\/

= | N
N H
X k/\/N
m

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 R¢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)butyljphenylacetamide as a white
powder. Analysis: Calculated for C2sH3oNgO2: %C, 67.24; %H, 6.77; %N, 18.82; Found:
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Usi ng the:general nethod of Exanple 47, cycl ohexyl isocyanate (61 ILL, 0.48
mol ) was -r evct®gnst h PCT/US98/26473

4- (4-am no- 2-butyl -1 Hini dazo[ 4, 5-c][1, 5] naphthyridin-1 - 20

yl') but aneanmine (0.15 g, 0.48 mmple) to provide 0.14 g of

L o o Y L A oA m@éifsb%%i w

65. 88; %, 0 0
4.4, 1.4 Hz?lziﬁﬁ))’,@‘l? g%}’?d, -%”a“%%‘%@f’?-%d @@343)1(4&3% THE P01 Gy
). 555 (D630 (s, 2E0BEA (m, D, S7R(epboredt 9= 74 HE XHBOSHGI2 B, A8 7 5

6 A HZZ?aLpp%ent%%—(ggigzpalfgnESEia@m%t g:i'jzlél-]%w 11_%%'6399 gﬁ_&) nt (o

J =
1.45-1575 ( 4 2 (t
7o RO T B R e s gt sn%ﬂ%?#%’gﬂ?l
Exanpl e 49 50und4302490 Conpound of Formul a |
N 14- (4- Ami no- 2-butyl -1 Him dazo[ 4, 5-cl [1, 5] naphthyridin-1-yl)butyll -
N -butylurea NH2 N1 N N N H H Usi ng the general nethod of
Exanpl e 47, butyl isocyanate (54 AL, mmol ) was reacted with
4- (4-am no-2-butyl -1 Him dazo[ 4, 5- c][l 5] Raphthyrldi n-1 -
Compound of Formula I
10 Benzyl N-[4-(4-Amino-2-butyl-

1H-imidazo[4,5-c][1,5]raphthyridin-1-yl)butyl)carbamate

REYOVQ

Using the general method of Example 55, benzyl chloroformate (83 pL, 0.58
mmol) was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5Inaphthyridin-1-
15 yl)butaneamine (0.15 g, 0.48 mmol) to provide 0.18 g of benzyl N-[4-(4-amino-2-butyl-
1H-imidazo[4,5-c]{1,5]naphthyridin-1-yl)butyljcarbamate as a white powder.
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yl ) but aneam ne (0.15 g, 0.48 nmole) to provide 0.13 g of

N-[4-(4-a tyl-1H imdazo[4,5-c][1, 5]naphthyr|d|n

N - butyl uigé’ggaé”“gﬁ te solid. Analysis: Calculated for I{E%*\I,gg%%gh
64.21; 9%, 8.08; %N\, 23.82; Found: %, 64.05; %4, 7.97, %\I 24.00. 15
Exanpl e 50 Corrpound of Formula | Phenyl N-[4-(4-Am no-2-butyl -

1H i mi dazo[ 4, 5-c¢] [ 1, 5] napht hyri di nExamplei®idt y| ] car bamate NH2 N ~N N 4zN
t~NH NyO 20 0 -60 -
W09/ 29693

PcT/ US98/ 26473 Usi ng tmgmabﬁnymEMﬂNq&-@xgm(gzﬁtyphenyI chl or of or mat e
(61 ,uL, 0.48 mml) was reacted with

4- (4- am no- 2- but y| -1H-imidageldei-al[55haphtiyridiont-y)butyllearbamatebut aneani ne
(0.15 g, 0.48 nmole) to p ide 0.12 g of phenyl N-[4-(4-am no-2-butyl -

| Him dazo[ 4, 5-cl[1, 5] nap ridin-I1-yl)butyl]carbamate as a solid.

Anal ysis: Calculated 5 forpyerr] % 66.65 9% 6.53; 9%\, 19.43; Found:
%C, 66.49; %, 6.59;

Compound of Formula I

Using the general method of Example 55, 9-fluorenylmethyl chloroformate (0.085
g, 0.33 mmol) was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-
1-yDbutaneamine (0.105 g, 0.33 mmol) to provide 0.125 g of 9H-9-fluorenylmethyl 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 C3;H34NgO; + ¥4 Ho0: %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-c][1,5]naphthyridin-1-yl)butyljcarbamate

NH,
N
s
1 I \>\/\/
=z | N -
x N K/\/H
i g

0]
Using the general method of Example 55, ethyl chloroformate (46 nL, 0.48 mmol)
20 was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-
yD)butaneamine (0.15 g, 0.48 mmol) to provide 0.15 g of ethyl N-[4-(4-amino-2-butyl-1H-
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19. 32. Exanpl e 51 Conpound of Fornula I 10

N- 14- (4-/Am nevcleomebasl - | H-i m dazo[ 4, 5-cl 11 , Snapht hyri di n-1-yg

2-furam de [err] Using the general nethod of Exanpl e 47, furoyl chI orlde (1
5.8 g.L, 0. 16 mvl) was reacted with

2:b dagol 4. &gl L1 SLnapht byridin.| -
e N S b ot S S s Ko

N-[ 4- (4-amu HEN 2, 0

5][ naéht hyr F%R:u% yﬁr utzg/l‘J]q%?%rgg%&dé%b%tl Ntzé 836()][:0‘3“1 fﬁl@l\/ﬁ? é‘&b VHz,
CDC13) [err[.28;, %Ng@d62. 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 (in, 1 H, 7.08 (dd, J = 3.5, 0.6
Hz, 1 H, 6.84 (in, 1 H, 6.47 (dd, J = 3.5, 1.7 Hz I H), 4.82 (ggpparent
t, J =47 Hz, 2 H, 3.59 (apparent q, .

(appar?nt t, J =7.8 Hz, 2 H), 1.7-2.Ei(mgle556§_‘zl-|) 1. 51 (|n 2 H; 1.00 (t,
J =7.3 Hz, 3 H; HRVMS (El) cal cho&npouﬁ?ﬁBElEﬁMﬁﬂQXODW) 406. 2117, fo;ng .
406. 2121. -61 - ! e 5: oun For myl a 4- Am no- uty
1H i mi dazo[ 4, 5- cl 1%@ﬁi&‘ﬁ%ﬁ?ﬁfﬁgﬁ!‘ﬁﬂ9%’9&"1‘%’@&&%@@ hapel,

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-nitro[1,5Inaphthyridin-4-ol (6.9 g, 36.1 mmol) in N,N-dimethylformamide
(60 mL). The reaction mixture was warmed in an oil bath to 60°C. 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-nitro[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 (~100 mL). The resulting precipitate
was isolated by filtration to provide 7.2 g of 1,1-dimethyl-2-[(3-nitro[1,5]naphthyridin-4-
yDamino]ethanol. A small sample was recrystallized from isopropanol to provide a pure
sample, m.p. 184.5-186°C. Analysis: Calculated for Ci,H4N;O3: %C, 54.96; %H, 5.38;

20 %N, 21.36; Found: %C, 54.63; %H, 5.36: %N, 21.51.
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Usi In)g t he general nethod of Exanple 47, benzoyl chloride (56 [err]L,«0.48,
mml ) was f!%aﬁ wth 4-(4-am no-2-butyl-lHimdazo[4, 5-c]

[ 1, 5] napht hyT él%r?s 1- yl)butaneanine (0.15 g, 0.48 mol e) thE,rUg\gﬁlﬁéﬂso. 11 g
of N-[4-(4-am no-2-butyl-1H : )

I m dazo[ 4, 5-c][ 1, 5] napht hyri di n-1-yl ) butyl ] benzam de as a white solid. _
Anal ysi s: 10 Cal cul ated for [err]Example 60: o%C, 68.47;, %4, 6.82; %\,
19.96: Found: %C, 68.24; /oH,

6. 76: %0 19 | e 53 Compound of
Formula | 15 N[4-(4QRH1P88{“§9‘LSE‘I’W“}% dggo[4, 5-¢c] w
[ 1, Snapht hyri di n- 1- yl) pifilethylld-(2pa6i1 5] RapthiyRdhelyl)etitimoy| | socyanate (59
,[err]L, 0.48 mmol) was addedyat anbi ent tenperature to a suspension of
4- (4- ami nBagAbut yl - | Hi m dazo[4,5-c] [I , 5] naphthyridin-1 -yl)butaneanine -
62 -5 (0.15 ¢ catalvtic amount of 1% platinim onchrbon was @dded ip.a suspesisioni i, has

i chi or o MR LSRN TR G i Bo bePalide 75 FREGS B Herbodp!

only a treqp @f). ST tiXibreWisydadgendigll BR APafvdpphatisit 6896 (3B)Kyem’pdded and

the reaction mXture was stirred Tor 15 mnutés. The solvent was 5

rermygd ghygpgm?mme frin@ howss. dlhe neactiopumixture wap filated tomemene theetatllyshphy to
provi de .

N-[ 4- ( 4- ar#‘ﬁ éﬁlﬁgﬁm ponqepfraficd 4pdraag Ry Toliens was added io thepesidps aod they
benzyy ur egnigirdwibédiRestedtédlundd FhotfinG to realos kR be thefadohbband pr¥¥ide67. 39; %,

7.01;
crudel, 1-dimethyl-2-[(3-amino( 1,5 Jnaphthyridin-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 reﬂﬁx for two days. The mixture was
diluted with methanolic ammonia, placed in a Parr vessel and then heated at 110°C 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. 85-88.5°C. Analysis:
Calculated for Ci7H2N4O: %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)-1H-imidazo[4,5-c}[1,5]naphthyridine-5N-
oxide
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[1,5napthyridin-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.
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ON, .22.00; Found: %C, 67.43; %4, 6.92; %\, 22.02. 10

Exanpl e 54 menmsof Formul a | N3-14-(4-Arnino-2-butyl- 1Hpd¥ckdgRéeds 5- Cl
[ 1, 5] napht hyr| din-1-yl)butyljuicotinanmde NH2 [err] 15

4-(4- Am no-2-butyl -1 Him dazo[4 5-c][1, 5] napht hyri di n- 1 yI ) but aneami ne

(0.050 -q, 0 16 nmmol ) was suspended in tetrahydrofuran ( {,
NN- di | sopr opXg Bsidye Was FF'é’rl(S izedrfrom mehy] acalaip (o Pfﬂwe&mof% wiyk1dZspension

and then ni added.
The reactlo%bﬁp%r%%gfog?l rreg{n{agIJ &% Ciﬁfé]g %{nﬁ%ﬂ‘? o\glséby whi ch
time a sol ul58C. vanlysist Galealdted Tou: ICH,HWNEO}:—FIF/DIFE@ :YCaeh93; (%HJJ 20; %N, 17.57;

di chl or onet hane; Y(éhanol showed one maj or new spot with a hi gher Rf and
only a trac oygd: ?E ﬁ?t%g/%ﬁe% &N, Wed lnonet hyl resin (100 ng) was added and
the regction mxture was stirred for 5 mnutes. The sol vent was renoved
~under vacuum The residue was dissolved in dichloronethane and placed on a
| ayer of silica gel. The silica gel Wﬁ‘xambutﬁed first with dichl oronet hane
and then with 9:1 dichl oronet hane; net han The_cl eanest fractions 25
were conbined and then concent rat SQMBA °f/§;ﬂfﬁ‘ﬂ‘}}ﬂlto provi de

N3- [ 4- (4-am no- 2- bugyl. (A g _
IHIm dazo[4 5-c][1, é]lr?ggﬁt 21)/% |(‘(’:I|aﬁm_nL0 2"3%‘&'[‘%??]““?3“ mﬁgnl\ %lgethzsm% white
powder . NMR (300 Mz, CDC13) 6 8Nghb (m 1 H), 8.68 (d, J = 4.5 Hz, 1H),
8.45(dJ 4.3 Hz, 1 H, 803 (m|2H, 7.30-7.40 (m 2 H, 6.98 (s, 2
H, 551 (s, 1 H), 4.86 (apparentN/, =N7.9 Hz,
I \>\/\/
= I N
e N
OH
10 Ammonium hydroxide (15 mL) was added to a solution of 2-butyl-1-(2-hydroxy-2-

methylpropyl)-1H-imidazo[4,5-¢][1,5Inaphthyridine-5N-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 yDethanol, m.p. 177-179°C. Analysis: Calculated for C;7H23Ns0: %C, 65.15; %H, 7.40;
%N, 22.35; Found: %C, 64.97; %H, 7.33; %N, 22.71.
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2 H, 3.66 (q, J =6.5 H, 2 H, 2.92 (apparent t, J = 7.7 Hz, H),.2.05,
(m 2 H, 7 55 (m 4H, 1.5 (m 2 H, 1.00 (t,

H); HRVS (ép)ggng 9§d for C23H27N70 (M+) 417.2277, found 417. ég%ggﬁanpl e 55
Compound of Formula | 10

N-[ 4-(4- Ami no- 2-butyl - | Him dazo[ 4, 5-cl

[ 1, 5] napht hyri di n-1-yl) butyl | phenyl aceatam de NH2 [err] Phenyl acetyl
chloride (21 ,[err]L, 0.16 nmmol) wa addq ?o a suspensi on of 4-(4-

am no- 2- butyI-IH-lmdazo[4 5-c][1, 5] Fn(? i di n-1-yl)butaneani ne (0.050 g,

0.16 15 mmol) in tetrahydr@dﬁ@ﬁnﬂaﬁpmulamlmctlon m xture was

stirred at anbi ent terrperaturefor 1 hour which tine a solution was

obt ai ned. Thin | aylek-Di mﬁnmzo@rmlwthym, napthyridinzl-zetbanehol ) showed
one r@j or spot with a higher Rf and only a trace of starting material.
Am ndnet h sin (100 ng) was added and the reaction mxture was stirred
for 5 mnutes. Pﬁb@ylwyehmquneﬁb\mﬂmamwm 4 suspermsidrdss 18120

white powder. This materia | aced on a short_  colum of sjlica gel and
purified wjmethyk2-§H3-amingfl, ﬂn@phtmwﬂd)?@mak&aaﬁw ? 18e b mmagd) gr 1

di chloro t hen
concentrc'Tt%ltl%l xan%&ﬁ@%@ﬁ() 29161?401\% a ngﬁg\\{aggséatgﬁﬁﬁe gm vvas I ssol ved

i n di chl orchremidiographyhiedvaed tmlﬂaachqmas aomipléte! The seactivn mixtateawasctdkdno
becone cl oudy,. and then the solvent was renoved to provide N-[4-(4- 25
ami nH? 2- b eP IhepexksteRz o[ 4, 5- c] [ 1, 5] napht hyri di n- 1- yl ) but yI ] phenyl acet ani de
as a V\hltqu_,r%@\der Anal ysi s: Cal cuI ated for [err]: YU, 67.24; %, 6.77;, 9N,
18. 82; Fo - 64 -

The material from Part A was combined with 7% ammonia in methanol (100 mL),

placed in a sealed vessel, and then heated at 150°C 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-(2-
phenylmethyl[1,5]napthyridin-1-yl)ethanol as a solid, m.p. 150-152°C. Analysis:
Calculated for CzoH20N4O: %C, 72.27; %H, 6.06; %N, 16.85; Found: %C, 72.11; %H,

20 6.01; %N, 17.00.

Example 64
Compound of Formula XXXIV
2-Phenylmethyl-1-(2-hydroxy-2-methylpropyl)-
25 1H-imidazo[4,5-c][1,5]naphthyridine-SN-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 2-
phenylmethyl-1-(2-hydroxy-2-methylpropyl)-1H-imidazo[4,5-c][ 1,5 ]naphthyridine-5N-
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9%, .67.52;, %1, 6.85; 9%\, 18.38. 'H NWR (300 MHz, CDC13) 6 8.51 (dd, J =
44 15Hz 11(dd J =8.4, 1.4 Hz, 1 H, 7.43 (dd,

Hz, Yb%ﬁg ., 6.30 (br s, 2 H), 583 (m 1 ‘Jfﬁ”s?g’“‘m
(apparent t =7.8 Hz 2 H) 3.54 (s, 2 H), 3.35 (apparent q, J 6.5 Hz,
2 H, 2.88 (apparent t, J =7.8H, 2H, 1.80-1.90 (m 4 H), 1.45- 5
1.65 (m 4 Idxide]lnOf AO@I—ZO&"(? Andyiily:, Ca‘Bcrﬂﬁted FINE o HEIN,Og &l 16 #0006, &712]1§ %61,

Banzyl N [ 4 X nts % o YT .0 aiBos 5 a5 38, ™ 1 10

[ 1, 5] napht hyr|d| n-1-yl)butyl] carbamate NH2 [err] Usi ng the general nethod
of Exanpl e 55, benzyl chloroformate (83 [err]L, 0.58 nmol) was reacted with
4- (4-am no-2-butyl -1 H i m dazo[ 4, 5- c][]E:Eﬂmlﬂpﬁjhyridin |- 15

| ) but apneam ne (0.15 g, 0.48 mmol ) .t 18 g of benzyl
KI—%4 (Zg]am' no- 2- but yl - Com p %°m“1? o
| Hi m dazo[ 4, 5-¢c ,]ﬁmmt W%q!! ?@fu powder .
- 65 - I[Exarrpl ]ei %7 Conpouir:tlg‘-%l?hﬂl%jr.ﬁgkﬁﬁ @ﬁf]%ﬁg a1
N-[ 4- (4- Ami no- 2- but yl - NH,

s U®

| N
a _N
OH

Ammonium hydroxide (10 mL) was added to a solution of 2-phenylmethyl-1-(2-
hydroxy-2-methylpropyl)-1H-imidazo[4,5-¢][1,5]naphthyridine-5N-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. 211-213°C. Analysis: Calculated for C0H;;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-nitro[1,5]naphthyridin-4-amine
Phosphorus oxychloride (3.5 mL, 37.7 mmol) was reacted with N,N-
25 dimethylformamide (15 mL) while chilling in an ice bath. This mixture was added to a
solution of 3-nitro[1,5]naphthyridin-4-01 (6.0 g, 31.4 mmol) in N,N-dimethylformamide

(60 mL). The reaction mixture was warmed in an oil bath to 60°C. Afier 3 hours the
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1H i m dazo[ 4, 5-cl |1, 5] naphthyridin-1-yl)butyllcarbamate NH2 [err] Using .,

t he general nethod of - Exanple 55, 9-fluorenyl nethyl chlorofg 085 g,
0.33 mmol )WRES2PBAct ed wit h PERSkdsdrs

4- (4-amino-2-butyl -1 Himidazo[ 4, 5-c][1, 5] napht hyri di n- 1-yl)but anean ne
(0.105 g, 0.33 mmol ) to provide 0.125 g of 9H 9-fluorenyl methyl N-[4- 10

(4- am no- Zedodiby hikturd WaslpaRbd into fckwaté) mh&dwﬁﬂ?reciﬁitaty was isoldtedBy bamat e
as a white powder. Analysis: Calculated for [err] + 1/4 H20. 9, 71 29, 9H,
6. 45; 94\, filGaths anddheniwashed with water.ofhe wetysudejychlprp-3mitrell sipaphthysidns

Compound Qf Fornmul.a. i E - k ROA- P |+ 10 -

[1, 51nap ht%%?rsluiﬁréﬁg% 1>r/1|ﬁ%@g&ﬁ%ﬁgﬁ%@%@f%ﬁl@*@lﬁg% g@é?’% a‘&#%% hod
of Exanpl gofiéwedbyibe stow addifion oPbenzylfhine@ ] inl §) 408nmol)| The Geactiomasixtueeact ed
with 4-(4-am no-2-butyl-IHimdazo[4,5-c]]1, 5ln pht.hyridjn-1-

yl ) bul aneavasreflyxedifgr 2 hours and them combined, with wa' eﬁ."ﬂé’og%b}- dthwyefs were

N-[4- (4-arg ng: -LH Lo - :

i m dazol 4%%?%?%{1 %ﬂaep(#. ;}??a Fhy s?/%cgrll}{%}ﬂ %rédr gar%;[uén %)sp rgvx\g\l’ﬁ iS'ESeg B%%er .
Anal ysi s: ylnlettiyd 3 -hiaro] ICjALRHMANRN-4%4Ein6 2 AddnalPddmple 84s rédystallizedGronkound:

UC, 61.73;, 9, 7.28; %N\, 21.62. A
isopropanol to provide a pure sample, m.p. 127-129°C. Analysis: Calculated for

C1sH12N4O,: %C, 64.28; %H, 4.32; %N, 19.99; Found: %C, 63.89; %H, 4.40: %N, 20.35.

10
Example 67
N-(4-Phenylmethylamino[1,5}naphthyridin-3-yl)-ethoxyacetamide Hydrochloride
A catalytic amount of platinum on carbon was added to a suspension of N-
phenylmethyl-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 (3.5Kg/cm2) 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.
205-212°C. Analysis: Calculated for C;9H20N40, HCL: %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 Jnaphthyridin-3-y1)-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 150°C for 6 hours. The reaction mixture
30 was concentrated under vacuum. The residue was partitiohed between water and
dichloromethane. The dichloromethane layer was separated, washed with water, dried

over magnesium sulfate and then concentrated under vacuum. The residue was
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5 . Exanpl e 59 Conpound of Fornula XXXI

1, 1- D met byl g2 ki tro[ 1, 5] napht hyri di n-4-yl ) am noj et hanol Ltﬁ?;

oxychl ori de Wﬁ)éﬁé?@gs mol ) ‘was reacted wi th NN- di met hyl fornﬂ;m e?’?ﬁ‘?rﬂ.)
while chilling in an ice bath. This m xture was added to a 10 sol ution

of 3-ni-tro[ 1, 5] naphthyridin-4-ol (6.9 g, 36.1 nmmol) in NN-di nethylformam._de
(Gﬂ m). Eh&edir?ﬁﬁlliizailfrﬁm ¢thyl asetatenapnedde )13 grof Qi dthdxagidetliyd- 16fHeaynjethylAf t er
3 hours the reaction m xture s poured into ice ter. e resulting
ot 6ci i t at & IR ASeRIL bR B T ABHIES IR T | The vet
crude 5-chl 3NIOL & 1 %R0 b/ X | 40 o4QNEL dne
(150 ) D% SR, 148 L B s Al 07, SO R DAL 344, i o e
addi ti on of hydroxyi sobutylamne (3.4 g, 40 mmol ). The reaction m xture was
refluxed for 2 hours and then conbi ned_wit ter (-100 niL). The resulting
precipitate was isolated by filtrati onEX3ME8Yi de 7.2 g of
1,1-dinethyl-2-[(3-nitro[l, 5] naw%’rﬂhgiop Semuia XXR o) et hanol . A smal |
sanple was recrystallized fromi sopropanor to provide a pure sanple, mnp.
184.5-1 86C. Anal ysis: Cal cul agEthbrympthyl-]-penylmet®g: %1, 5. 38; 20 %N,
21.36; Found: %C, 54.63; % .5, 36: W%\, 51, - 67 - anpl e 60 Conpound
of Formula XXXI Il 1,1-Di me leZ?[faéglﬂiﬁ%]'ﬂaP!%?W&ﬁm‘Rjﬁﬁtﬂ’ﬁ%ﬁ- yl ) et hanol Part
/S*ugpensi on of Alcié-@m&bﬁer@eﬁ%efacfaf(ﬁ/g,ﬂb@tmﬁuﬁwa BASPA YRfoidd adofufiod

10 of Z-éthoxymethyl-l-phenylmethyl—1H-imidazo[4,5-c][1,5]naphthyridine (39¢g, 122

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][1,5]naphthyridine-
5N-oxide as a solid, m.p. 187.5-189°C. Analysis: Calculated for CysH;sN4O- + ¥4 H;0:
%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-Ethoxymethyl-1-phenylmethyl-1 H-imidazo[4,5-c][1,5]naphthyridin-4-amine
NH,
N

N 7

\

] >\/O\/

=z | 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
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dimethyl -2-[(3-nitro[l, 5] napht hyri di n-4-yl)am no]ethanol (7 g, 26 mwl) in,
| sopropanal (300 mL). The m xture was hydrogenated on a Parg r s at
50 psi (3.‘§° B{F%ﬁ%’e) hydr ogen pressure for 3 hours. The reac'fq@ﬁ&%{zg‘i"gre was
fileted to renpve the catalyst. The filtrate was concentrated under vacuum
Tol uene was added to the residue and the 10 m xture was concentrated.

under vaciymiht GeacB5PWAs tdcedtfing S16wh). CAdditiond fosy1 EMoflee was added twice. After
crudel, | -di methyl -2-[ (3-am no[ 1, 5] napht hyri di n-4-yl)am no] et hanol . Part B
Tri met hy| thin laperaheomategraphyindicatezGhag the yeagtien wasieampleteathe Jayssswewn of 1, 1-

di met hyl - 2- -am.nol 1 ht hyrldi p- . ) mml ) in
xyl ene 15531’;1(3?%§ %ogtgd”?h@%re‘&%%"%sﬁleﬁiwéﬁdrdél%@%hg%{be af %Pg?{iﬁ’x 8 r two
days. Theovdrpidghesiiva Sulfate dhé thei doficeitiattdnmidecvaznumn i The rediduewlad dovaregar r
vessel and then heated at 110[err]C for 4 hours. The reaction m xture was

concént r awish matend acetale (L mIInkexape (1md.) was afdad and;thaEix e Yasatlowed to
di chl or ongl RARGerARfh YilsTesudhiE cryBifiins B0 §a8 BRRkAH 67 flubi0n 8 BRVIGE 3-aver vas

washed wi dri'ed over gnesium su en concentrated under
vacuum t oetB@xymethyloMphenylmethiyl-1 Hiiidazo[4, v} 1/54waphtitysidin-4-athifie, amp nE3Ry |
acet at e/ benzene to provide 2.

8 f
L, 1 di et KA C2500B: Calpulatslfar o555 %4C38, 4% Aot 74063, 2bPT Fouly.
B SO GRS Y, S g g [ O LerT]s Y6 68.43; O 7. 43 O, 18.78;

Exanpl e 61 Conpound of Fornula XXXV
2- Butyl - 1- ( 2- hydr oxy- 2- net hyl propyl )-1H i m dazo[ 4, 5- cl
11, Snapht hyri di ne-5N- oxi de 3- Chl oro‘fﬂ@’%ﬁ%gi c acid (2.6 g, 9.5 mmol) was

added in 3 portions to a sol uttoBRpSind3F F la XXXI
1, 1- di met hyl - 2- (2-but yI [ 1, 5] napt hyridi n-1-y1)ethanol (2.6 g, 8.7 mmol) in

chl orof orm (50 nl) Nh(3aIsbpespoxyprepyd)3-witro[15jnaphthyridii-d-aniime r eact i on
m xture \A@gnspzirred at anbi ent _ '

15 Phosphorus oxychloride (3.4 mL, 30 mmol) was added to chilled (ice bath) N,N-
dimethylformamide (15 mL). The resulting solution was added dropwise to a solution of
3-nitro[1,5]naphthyridin-4-ol (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-nitro[ 1,5]naphthyridine.

PartB
4-Chloro-3-nitro[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 oil. The oil was purified by flash chfomatography (silica gel eluting with 1:1 ethyl
acetate:hexanes) to provide 4.8 g of N4-(3—isopropoxypropyl)-3-nitro[1,5]naphthyridin—4~
amine as a yellow powder, m.p. 62.5-63.5°C. Analysis: Calculated for Cy4H;gN4O3: %C,
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temperature for 4 hours; then it was washed tw ce with dilute aqueous
sodi-um bi car washed with brine, dried over nmagnesium S2647

t hen concent@%&gé&l?ﬁder vacuum - 68 - The residue was recrystallized
fromnmethyl acetate to provide 2.25 g of 2-butyl-1-(2-

hydr oxy- 2- met hyl propyl ) -1 H-i m dazo[ 4, 5-c] [ 1, 5] napht hyri di ne- 5N- oxi de, m p.
156- 158C. Andy %K, 6.25) %N, 9e30; Fonnd:[%C; 57.96] 8H, 6119:2%BN, 40,516 ASVRA300
7.11; 9N, 17.57; Found: %C 63.96; 9% _6.84; 9%\ 1 :

Conpound of MHeA&EDEL): 6 10.08 (broad s, 1H), 9.38 (broad s, 1H), g7g %m, %H)I%@aﬂpeds, ]6=%.4,1.6
1, 1- Di net hylz 2-¢4-ap] - 4}, 3Ra g 0- engh, 221087t =38
Ammoni um hy(ﬁ%}%’eﬂﬁgﬁ )?&h@%%&zg’?tgaiﬁgg#%t%h%b)gﬁ 57, 321057 b
2-butyl - 1- (HA)y2HRXY:19- (d, J=6.0 Hz, 6H); MS (EI}: m/e 290.1366 (290.1378 calc’d for
met hyl propyl ) -1 H-1 m dazo[ 4, 5-c] [ 1, 51napht hyri di ne-5N-oxide (1.9 g, 6.0
mol )i mdic 1o ohePhane (40 mL). Tosyl chloride (1.2 g, 6.4 mml) was
slowy added. Thin |ayer chromatography indicated that the reaction was
proceedi ng slowy. Additional tosyl chloride was added twi ce. After thin
| ayer chromat ography indicated that the maﬁ,g,jeon was 15 conpl ete, the

| ayers were separated. The organic | ayer was washed with dil ute aqueous
sodi um car bonate, dried over magne§ompound eEFamuaXXXdh concentrated under

vacuum, The ries) due, vee. SRAEL bt ROt A5SHSF Ak labBier (5,
crystahhi ne sol i dytesisbpRpatRRlopIN)-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/cm?) 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 N*-(3-
isopropoxypropyl)[1,5]naphthyridine-3,4-diamine as a bright yellow oil. "H NMR (300
MHz, CDCls): & 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, 5H), 1.87
(pentet, J=6.2 Hz, 2H), 1.17 (4, J=6.1 Hz, 6H); MS (EI): m/e 260.1630 (260.1637 calc’d
20 for C,4H20N40),

Example 73
Compound of Formula XXXIII
2-Butyl-1-(3-isopropoxypropyl)-1 H-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 N*-(3-isopropoxypropyl)[1,5]naphthyridine-3,4-
diamine (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.
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filtration to provide 0.9 g of .
1,-1-di-net hyl - 2-%— am no-2-butyl [1, 5] napthyridin-1- 20 yl )et hanol , m p.
177-179[ er WPE2%%31 ysis: Calculated for [err]: YuC, 65.15; BFTHSHPETY
22.35; Found: %, 64.97; 9%, 7.33; 9N, 22.71. - 69 - Exanpl e 63 Conpound
of Formula XXXI1I ‘

1, 1- Di net ipght-- ( 2- phenyl enet hyl [ 1, 5] napt hyri di n-1-yl ) et hanol 5 Part A
Phenyl acetyl chl ori de_SZ. 0 nL, 20 mol) was_added to a suspension of 1,1-

di met hyl - 2- [ ( 3 Thaimas¢rial formaBat Ayanddi 75% splution of anmednimin methane] (1Bmidol ) in

di chloro / T ke Lon 0 xture.was heated.a lux until
thin | aygﬁ‘} e?%&%%éﬁlg%rﬂ%%qu %%e&.a?’g%v%ﬁgltw?snsgaﬁgg@ P&H%@déh%&gfé{' 6Thga
reacti on Mbuiisu AfRentse thidogre wd coole@fo hibieRttefpétansre PwafnterRralétturidef er i al
fromPart A was conbined with 7% anmoni a i n. et hanol (gthO m.), placed in a

seal @d ve¥agum.yhhe xesidye was pagitigned befween dichlgromethane (15@ mlgandiwater il @ ur e

t ' ' ] ter (100 m.)
and ¢ hen TR TR S4B0Ghs WEE SRl nd B S TPachOR R SRl IR B L000 T
wer e conbidivhibromathase (MIOhL)VeTles orgdiio fiatfionsowdre dombied dridasict aghdshiih € and

t hen concentrated under vacuum The residue was recrystallized from nethyl
acetate t @ug@tg\,tpelgéecbgql then concentrafpd-anggy|vaguynp to provide'a brown oil. The oil was

g e ik B S AL e G D RREP
%C, 1R. 112-Bdtyl-1-(3-isopropoxypropyl)-1H-imidazo[4,5-c][1,5]naphthyridine as a colorless oil. 'H
NMR (300 MHz, CDCl,): 6 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=8.5,4.3 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), 1.60-
1.48 (m, 2H), 1.15 (d, J=6.1 Hz, 6H), 1.03 (t, J=7.3 Hz, 3H); MS (ED): m/e 326.2104
15 (326.2106 calc’d for C19H26N40),

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 57-86%) was added in four portions over a
period of 20 minutes to 2-butyl-1-(3-isopropoxypropyl)-1H-imidazo[4,5-
c][1,5]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
25 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[4,5-
c][1,5]naphthyridine-5N-oxide as a yellow solid, m.p. 92.0-93.0°C. Ana:lysis: Calculated
30 for CisH6N405: %C, 66.64; %H, 7.65; %N, 16.36; Found: %C, 66.18; %H, 7.39; %N,
16.26. 'H NMR (300 MHz, CDCls): 5 9.24 (dd, J=8.8,1.6 Hz, 1H), 9.05 (s, 1H), 8.98 (dd,
J=4.3,1.6 Hz, 1H), 7.65 (dd, J=8.8,4.3 Hz, 1H), 4.89 (t, J=7.0 Hz, 2H), 3.56 (pentet, J=6.1
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20 . 6.0%; 9%\, 17.00. Exanple 64 Conpound of Fornula XXXV

2- Phenyl met - 1o (2= hydr oxy-2- net hyl propyl )- 25

1H i m dazo| W@’é’?f@s] napht hyri di ne- 5N- oxi de 3- Chl or oper benzgﬁr"ggf%"ﬁ. 8
g, 6.6 nml) was added in 3 portions to a solution of

1, 1-di net hyl - 2- (2- phenyl net hyl [ 1, 5] napt hyri di n-1-yl )ethanol (2 g, 6 nmol )
i n chl or of otim 1B 344 (t,i JFrSH Hz,28K), 3.02 ¢ &<V Mz 2H), Q127718 (mj 2H), TI9F-1.85am,i on
m xture was ,sfi t_agpieni e u vernight; t it was washed
twice with &ﬁ)u{-éﬁiégé%gﬁ@ﬁdh@ Il ﬂzb%ﬁ)aﬁ@?r(&tj‘e‘?g\%ﬁgﬁ with brine,
dried over magnesi um sul fate and then concentrated under vacuum The

residue was recrystallized fromisopropanol to provide 2.25 g of 2-
phenyhnet hyl - | - (2- hydr oxy- 2- net hyl pr oBxajopld¥5 m dazo[ 4, 5-c][1

, S] napht hyri di ne-5N- - 70 - oxigde, mp..204-206[err]C. Analysis:
Cal cul ated for: C20H20N402 + 1/2 %P%&E 9’?&{3&4, 5.92; N, 15.68;
Found: 9%, 67. SButjfi-(RisepropdhlypropyDt Hlimhiddo £, 522} (P,5Inaphthyridine-4-amine

Conmpound of Formula |
1, 1- Di net hyl - 2- (4- am no- 2- phenyl et INHg | , 5Inapt hyri di n-1-yl ) et hanol NH2
s added to a solution of

- [err] Ammoni um hydroxi de (10 nlL) a
c] M 5] papht byri di ne- 5N-oxi de (1.5
N

2- phenyl net hyl - 1- ( 2- NZ
[ kA
N /<
O

hydr oxy- 2- met hyl propyl ) - | Hi m daz¢] 4, 5{
Under a nitrogen atmosphere, trichloroacetyl isocyanate (0.42 mL, 3.5 mmol) was

g, 4.3

added dropwise to a solution of 2-butyl-1-(3-isopropoxypropyt)-1H-imidazo[4,5-

10 ¢][1,5]naphthyridine-5N-oxide (0.8 g, 2.3 mmol) in dichloromethane (25 mL). The
reaction mixture was maintained at ambient temperature for 2 hours and then 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][1,5Inaphthyridine-4-amine as a white
crystalline solid, m.p. 174-175°C. Analysis: Calculated for CisH;7NsO: %C, 66.83; %H,
7.97; %N, 20.51; Found: %C, 66.70; %H, 7.81; %N, 20.75. "H NMR (300 MHz, CDCl,):
5 8.50 (dd, J=4.3,1.5 Hz, 1H), 7.90 (dd, J=8.4,1.5 Hz, 1H), 7.42 (dd, J=8.4,4.3 Hz, 1H),

20 6.75 (s, 2H), 4.77 (t, J=6.8 Hz, 2H), 3.50 (pentet, J=6.1 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, }=6.1
Hz, 6H), 0.97 (t, 3=7.3 Hz, 3H).
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10 mol ) in dichloromethane (40 nL). Tosyl chloride (0.8 g, 4.3 ml)
was slowy added. Thin | ayer chronmatography indicated that the reaction was
proceedi ngv@P¥P693 Addi ti onal tosyl chloride was added twi EETUFBEFBhi n

| ayer chromat ography indicated that the reacti on was conplete, the |ayers
were separated. The organic | ayer was washed with dilute agueous sodi um
carbonate, dried over nmagnesium sul fate and then concentrated 15 under
vacuum The residue was covered with nethyl acetate (10 nlL), hexane (5 nL)
was added and the ni xture was al | oneBxample7&nd overni ght. The resulting

crystalline solid was isolated b%pf\i[“_lflt@ on, t Iovi de 1,1

- di net hyl - 2- (4- am no- 2- phenyl ngf’ pyne ] r?é‘ﬂf‘l ) n- | -y!)et hanol , m p.
20, 16 Found: o, 60 L0 e & 44 donpound. of
Formfl a XxXI NUkideny hitesigtny atngospherec}-buekyprenylapine (40 mLa2é manod) wapaddeds

hl ori 3.5 nL, 37 L). ted i i
oot t Arriese 24 of P Rl R51A £ b ot ool
added to0 439 9% hifol) kndtridiyl&hine T4 .6amb 3Byl indicHloroMmethage (0. ALYhe i n

NN- di et hyl f or manmi de” (60 nl). The reaction mxture was warned in an oil
bath to 60gastioh@ixtafe was Baintainesd atipmbient temperatureoyernight. W ater (00wak) Watir ed

: . o Lt = . e g
hen washdie i G5 phe yhid faRtefel, HreBufedBpnhg Al Siabg Wi L1 O7 A1C
was s penfdlorothettianb { FO0AHE). MER€orgahid fraclionsDivére @pmbineld pdrisd awer rraghdsivineq)

was added . . .
sulfate, filtered and then concentrated under vacuum to provide 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 N*-(3-butoxypropyl)-3-nitro[ 1,5 jnaphthyridin-4-amine as a colorless oil.
'H NMR (300 MHz, CDCls): 6 10.08 (broad s, 1H), 9.38 (broad s, 1H), 8.78 (m, 1H), 8.22

15 (dd, J=8.4,1.6 Hz, 1H), 7.64 (dd, J=8.4,4.1 Hz, 1H), 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 (EI): m/e 304.1535 (304.1535 calc’d for CysH20N403),

_ Example 77
20 Compound of Formula XXXII
N*-(3-Butoxypropyl)[1,5]naphthyridine-3,4-diamine
Using the method of Example 72, N*-(3-butoxypropyl)-3-nitro[ 1,5]naphthyridin-4-
amine (4.9 g, 16 mmol) was reduced to provide 4.3 g of N*-(3-
butoxypropyl)[1,5]naphthyridine-3,4-diamine as a bright yellow oil. Analysis: Calculated
25 for C;sH2oN4O: %C, 65.67; %H, 8.08; %N, 20.42; Found: %C, 65.48; %H, 8.07; %N,
20.41. '"H NMR (300 MHz. CDClL;): 5 8.70 (dd, J=4.1,1.6 Hz, 1H), 8.39 (s, 1H), 8.18 (dd,
J=8.4,1.6 Hz, 1H), 7.37 (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); MS (EI): m/e 274.1799 (274.1793 calc’d for
30 CisHnN;0),
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fol l.owed by the sI ow addition of benzylamne (4.7 nL g, 40 nmmol ). The
reaction m was refluxed for 2 hours and then combigegH, ter
(-100 m). ﬁ{ﬁ ayers were separated and the organic |ayer was cogr%%%gnxgjr(v:t ed
.under vacuumto provide 5.5 g of N

phenyl net hyl - 3-ni tro[ 1, 5] napht hyri di n-4-ami ne. A small sanple was
~recrystallized fromisopropanol to prtBtdadpr@&oure sarrpl e m p.
127-129[err] C. Anal ysis: Calcul at ed fo err] %, S]i o%H, 4.32; W,
19.99; Found: 9%, 63.89; %, 4. mP%‘P ‘opmulay. npl e 67

A catalyt]c amount TSEoBhe %ﬁ%?*‘e‘aﬁ%gﬁﬁ%@“ﬂﬂwwﬁ%@us ot N
phenyl net hyl - 3- nK.Ismg[theSi:anihﬂdﬁbvdmﬁEx—aﬂWﬂmBar(Aahdg’artR -@ ol ) in toluene
inder '@ hypBigEPiePEenardhysginsed & isng UE 8y T Smntolf e reesiet B RAI Y

m xture was cpiolihe EF‘?‘ rﬁ]? lﬁ%rlﬁgxggtaﬂﬁ étgegx’eé’dlﬁ %%rnq%l‘inéhhédi&&% 1zedgent rat ed

under vacuumto e of en reacted h et hoxyacetyl
chl ori de (2pﬁoxgde 29 gnfdI-03-bquugrprqwl)l—Z-butgl—&Hhtrmdazp[%—c}Elﬁ}xtaphﬂmdmses ated by

filtration, sus endd| |eth et her nlsolat filtration to
provi de 5. 806106@532‘518 SN— 1’0{%’ Pufified Syr?]ﬂ'ﬂ’[ BTﬁtg&?Pﬁlﬁ ﬁblx‘? @‘

et hoxyacet a oed for
[err] HC: rﬂé ﬁS}‘l%&ﬁﬁ/k_{Rf%ﬂ@ide %Hre &5}@6% Fou vg/%rsm RS Ly‘z/ia-% €5 38; 9N,

15. 38. l(Examﬂxmlﬁfs @5lculated for C20H28N40 %C, 70. 56; %H, 8 Z&J%Nutﬁj%;fFonad PaCa XXXl | |

L AL AR RO e 0 0

hydrochl or i gy %anopg,(lfﬁsge;(ﬁ? -850 DI 9674k YR, 5Ta JEBOI 1) adh @11=7.0

anmoni a i n et | acéd 1'n” a §eal Parr 'vesse
heated at 1FDC2ER3.45-BA01(m, 4HNES.04c(,=7OHni2H)L2.26 (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, }=7.3 Hz,

15 3H).
Example 79
Compound of Formula XXXIV
1-(3-Butoxypropyl)-2-butyl-1 H-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-1 H-imidazo[4,5-c][1,5]naphthyridine-5N-oxide as a yellow
powder, m.p. 126.5-127.5°C. Analysis: Calculated for C30H28N40,: %C, 67.39; %H, 7.92;
%N, 15.72; Found: %C, 67.13; %H, 7.69; %N, 15.82. '"H NMR (300 MHz, CDCly): § 9.22

25 (dd, J=8.8,1.5 Hz, 1H), 9.04 (s, 1H), 8.99 (dd, J=4.3,1.5 Hz, 1H), 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),
1.97-1.87 (m, 2H), 1.62-1.46 (m, 4H), 1.45-1.33 (m, 2H), 1.03 (t, J=7.3 Hz, 3H), 0.94 (¢,
J=7.3 Hz, 3H).
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30 was concentrated under vacuum The residue was partitioned between
wat er .and di chl oronet hane. The di chl oronet hane | ayer was separated. washed
with wat er WO over magnesi um sul fate and then concent raFEWﬁ%f"‘?’
vacuum The residue was - 72 - "recrystallized fromnethyl acetate to
provide 4.3 g of 2-ethoxynethyl-1-phenyl net hyl -

1H i m dazo[ 4, 5-c][1, 5] napht hyri dine, mp. 118-1190C. Anal ysis: Cal cul at ed
for [err]: %C, 71.68; %4, 5.70; 9%\, 17.60; Found: %, 71.44; %V o 5.60;
N, 17.66. 5 Example 80 Exanpl e 69 Conpound of
Formul a XXXI V 2- Et hoxymnet hyl - 1- pheny| - | HJ4 m dazol 4, 5-cl

[ 1, 5] napht hyri di ne- 5N- oxi de 3-Ch %‘Pﬁ%@ﬁ‘%ﬁ’&“&‘@m d (3.7 g, 13.4 mmol) was
added in 3 por{iButétyprop blztﬁl&?l-iﬂ-imidﬁiom,s-c][1,5]naphthyridin-4-amine

2- et hoxynet hyl - 1- phenyl net hyl - | H.i mi dazo[ 4, 5-c] [ 1, 5] napht hyridine (3.9 g,
12.2 mmol ) in chloroform (100 an a flask covered with alumnumfoil.

The reaction m xture was stirred at I ent tenperature overnight; and then
it was washed twice with di |l uNe&a s sodi um bi carbonate and once with
brine. The chl oroform | ayer i dephd n t portions. One portion was

used in the exanpl e bel ow. 15 portion was concentrated under
vacuum The residue was recyystgllizgd fromisopropyl alcohol to provide

2- et hoxynet hyl - 1- phenyl nmet h i m Za\zrgi& c] [ 1, 5] napht hyri di ne- 5N- oxi de
as a golid, mp. 187.5-189[err+TC. AnalysisygGabqulated for [err] + [err]:

%C, 67.52; 9%, 5.49; 9N, 16.58; Found: %, 67.56; %, 5.36; oN, 16.77. 20
Exanpl e 70 Using the general method of Example 75, 1-(3-butoxypropyl)-2-butyl-1H-

imidazo[4,5-c][1,5]naphthyridine-5N-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. 101.0-101.5°C. Analysis: Calculated
for Cz0HNsO: %C, 67.58; %H, 8.22; %N, 19.70; Found: %C, 67.55; %H, 7.96; %N,
20.10. "H NMR (300 MHz, DMSO): § 8.50 (dd, J=4.4,1.5 Hz, 1H), 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
N*-(2-Phenoxyethyl)-3-nitro[1,5]naphthyridin-4-amine
20 Using the general method of Example 76, 4-chloro-3-nitro[1,5]naphthyridine (5.0
g, 24 mmol) was reacted with 2-phenoxyethylamine (3.5 mL, 27 mmol) to provide 6.6 g of
N*-(2-phenoxyethyl)-3-nitro[ 1,5]naphthyridin-4-amine as a yellow solid, m.p. 107-108°C.
Analysis: Calculated for C6H4N4O3: %C, 61.93; %H, 4.55; %N, 18.05; Found: %C,
61.99; %H, 4.58; %N, 18.42. '"H NMR (300 MHz, DMSO): § 10.25 (broad s, 1H), 9.39 .
25 (broad s, 1H), 8.81 (dd, J=4.1,1.7 Hz, 1H), 8.25 (dd, J=8.5,1.7 Hz, 1H), 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 (ED): m/e 310.1065 (310.1065 calc’d for C1H14N4O3).
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Compound of Formula | 2-Et hoxynet hyl -1 -phenyl net hyl -1 H i m dazo[ 4, 5-c]

‘[ 1, S1napht hygigdoRadhzam ne NH2 N [err] Ammoni um hydroxi de (Zowﬁﬁgded
.to the chloroformsol ution of 2- 25 et hoxynet hyl - | - phenyl

| Hi mi dazo[ 4, 5-cj [| , 5] napht hyri di ne-5N-oxi de fromthe exanpl e above. Tosyl
chloride was slowy added Thin | ayer chromatography indicated -73 -

that the reaction was proceeding slowy. Additional tosyl chloride was
added twice. After thin |ayer chromatg{ aphy_indicated that the reaction
was conplete, the |layers were separat ampe8%, rgam c layer was washed with

di | ute aqueous sodi um car bonat eCoﬁHﬂ S SV FSmiiRPR&SHpm sul fate and then
concentrated under vacuum The resi c(l)ue was covered with nmethyl acetate

(10 nL), hexane (5 ni) M-E(Z-&ﬂdndxymthyl)[h,é]nuphthyﬁdina&,@ﬂia&ﬁnd to stand

g\r/g\r/imd ht. The r%ssﬂllgt ggen%;;ﬁ ?hodo xsa?nlpied7%% (I S(l)’nlet?gxeygth?' -f-l Itration to

m B"X{?St " SRR s 9150 e R g 93,

21.01; Fou n@henmyetﬁﬁ)[ﬂﬁ]nﬁ{ﬂﬂh)&d&& 3 %d;mﬂihe ava bﬁght@eﬁaﬂ\p lo. M
For mul a ) pMSOL S 8 SO R PAYETRY 3% 40 b D), 510 R w4 1 91, 1555 5% .,
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 (CI): m/e 281 (M:+H).

Example 83
Compound of Formula XXXIII
2-(2-Butyl-1H-imidazo{4,5-c][1,5]naphthyridin-1-yl)ethy! Phenyl Ether
15 Using the general method of Example 73 Part A and Part B, N*-(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 of 2-(2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl phenyl ether as
a white solid, m.p. 150-150.5°C. Analysis: Calculated for Cy;H2oN4O: %C, 72.81; %H,
20 6.40; %N, 16.17; Found: %C, 72.78; %H, 6.40; %N, 16.31. '"H NMR (300 MHz, DMSO):
89.25 (s, 1H), 9.00 (dd, J=4.3,1.7 Hz, 1H), 8.52 (dd, J=8.4,1.7 Hz, 1H), 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 (,
J=5.2 Hz, 2H), 3.09 (t, J=7.7 Hz, 2H), 1.91 (pentet, }=7.6 Hz, 2H), 1.55-1.43 (m, 2H), 0.97
(t, 3=7.3 Hz, 3H); MS (EI): m/e 346.1794 (346.1793 calc’d for C3;HN,0).

25
Example 84
Compound of Formula XXXIV
2-Butyl-1-(2-phenoxyethyl)-1 H-imidazo[4,5-c][1,5]naphthyridine-5N-oxide
Using the general method of Example 74, 2-(2-butyl-1H-imidazo[4,5-
30 c}(1,5Inaphthyridin-1-ylethyl pheny! 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 (300 MHz, CDCly): § 9.10-9.03 (m, 3H), 7.81 (d4, J=8.7,4.3 Hz,

-81-



Part A 15 Phosphorus oxychloride (3.4 nL, 30 nmol) was added to
chilled (ice bat hé NN- di net hyl formam de (15 nL). The resulé}éﬂg %38% I on
was added WPEPAIIE to a sol ution of 3-nitro[1,5] napht hyridifc4o o1 4573 g,
30 nmol ) in NN-dinmethylformam de (35 nL). The reaction nixture was

mai nt ai ned at anbient tenperature for 5 hours and then it was poured onto

i ce. The 1g3W.25-nQ0Y@| tHyyme.Bpi(mBH?{mm (tSJeident Kig, 41Y), #isit(t, 3=4.0Hz BH)} hen
20 ~partitioned between dichl oronethane (200 % agg \A@_teiﬂ&lgi&;m. The
organi ¢ | 306, Vg 73z 2Ht L98-183i(BH 250 S4rd gl dm, gHD 0P & £7-3 Py 13 and

t hen conc r vacuumto provide 4.2 g of crude

4-chl or o- @1@e§kf?k§)]ﬂﬁn%ht hyridine. Part B

4-Chl oro-3-nitro[ 1, 5] naphthyridine (4.1 g¢g), dichloronethane (150 nl),
25 triethylamne (4.1 nL, 29.5 % and 3-i sopropoxypropylamne (3.3
m., 23.8 nmol) were conbined. The r RI&8¥i xture was maintai ned at

anbi ent tenperature overni ght ar@m{.l] dYfeRehed Wi th water (100 ni). The
phases were separated. The aqueous phase was extracted w th dichl oronet hane
(100 ni). The 2Byayl-H(Pphasmyethyl)-tH+iimida[4,5+¢] [ S]vaphthyridired:aming ul f at e,
filtered and then concentrated un vacuumto provide a yellow 30 oil.
The oil was purified by flash chr tography (silica gel eluting with 1:1
et hyl acet ate: hexanes) to provideld. 8
N4- (3-1 sopropoxypropyl )-3-nitr
powder, mp. 62.5-63.5[err]C : t for [err]: %C, -74 -
57.92; 9%, 6.25; 9N, 19.30; E ~No7.96; %, 6.19; 9%\, 19.51. 1H NWR

(300 MHz. cDA 3: 8 10.08 (brdad s|| 1H)/ 9.38 ( s, 1H), 8.78 (m 1H),
8.21 (dd, J=8.4,1.6 N 0

Using the general method of Example 75, 2-butyl-1-(2-phenoxyethyl)-1H-
10 imidazo[4,5-c][1,5]naphthyridine-5N-oxide (0.38 g, 1.05 mmol) was reacted with

t hyridin-4- amne as a yell ow

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[4,5-
c][1,5]naphthyridin-4-amine as a white powder, m.p. 159.0-159.2°C. 'H NMR (300 MHz,
DMSO0): 6 8.52 (dd, J=4.4,1.5 Hz, 1H), 7.92 (d4, J=8.4,1.5 Hz, 1H), 7.45 (dd, J=8.4,4.4
15 Hz, 1H), 7.26-7.21 (m, 2H), 6.92-6.86 (m, 3H), 6.79 (s, 2H) 5.13 (t, J=5.2 Hz, 2H), 448 (t,
J=5.2 Hz, 2H), 3.00 (t, J=7.8 Hz, 2H), 1.91-1.81 (pentet, ]=7.4 Hz, 2H), 1.52-1.40 (m,
2H), 0.95 (t, J=7.3 Hz, 3H); MS (ED): m/e 361.1899 (361.1902 calc’d for C2;Hz3N;0),

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-nitro[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-
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Hz, IH), 7.64 (dd, J=8.4,4.1 Hz, 1H), 4.57 (broad s, 2H), 3.65-3.57 (m
3H),- 2. 05 (t = Hz, 2H), 1.19 (d, J=6.0 Hz, 6H); M5 (ED: 66
(290. 1378 ca‘ivg'%%é%(;g? 5 [err] Exanple 72 Conpound of Fornulpgr%é?’?“

N4- (3-1 sopropoxypropyl ) [ 1, 5] napht hyri di ne- 3, 4-di am ne 10

N4- ( 3- I sopropoxypropyl )-3-nitro[ 1, 5] napht hyridin-4-amne (4.2 g, 14.5

mol ), pl at amincethyl)cabamate (1Lg) wagadded 2AQ theaesttioh Miktuaowisticated W0 eflik)forer €
placed in a héﬂ{éogena ion flask. The, m xture_was shaken under a hydrogen

pressure of @5 na} 3 hgurgy Thepaaction m@stsremraélpw%@ ook tx anabiens tperatula s
fi1tered angd den A3A\aRled At JRRIEE SHbhBrodldiine A5k Gith Witer duit Wil © Vas

dried over nagnesium sulfate an concen under
vacuum t o pbmng, dee®.afid thenfcohkenfrated under vacuum to provide a dark solid. This solid was

v 980 VP piAegyash ghR oA ey (Siiss gel ehgmavith gipnlopasghane) to paovide 248
L9598 {oroau® P 1IMimutiicn 3 (-1Cnidoth, Shnghyiftin 4 Samolelnf BhBgat -0 410 |
J=6.1 Hz, 6é¢dnarvelioazolidi A metiod @BDg) ReOretH3iallizal ffoth 3fhene (¥oonL) sxid | .

S BTVt - 1o g S e PS04 Fof Fanasy wllovisnestles, mpn MASVE: dhnabysiss
or, 1V et G0, A st ol i 1

0

N4- ( 3-10sopr B33Pk 2890) [ 1, 5] napht hyri di ne- 3, 4- dianine (3.2 g, 12.3 mmol)
i n dichloronmethane (40 nL). The cooling bath was renoved and the reaction
m xture was mai ntai ned at anbient tenperature for 1 hour. The sol vent

- Example 87
Compound of Formula XXXII
1,1-Dimethylethyl
15 N-{2-[(3-Amino[1,5]naphthyridin-4-ylyamino}] ethyl}carbafnate
1,1-Dimethylethyl N-{2-{(3-nitro[1,5naphthyridin-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 CysH;N50; + 0.1 CH3;CO,C,Hs: %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-1H-imidazo[4,5-c]1,5]naphthyridin-1-yl)ethyl]carbamate
1,1-Dimethylethyl N-{2-[(3-amino[ 1,5]naphthyridin-4-yl)amino]ethyl} carbamate
0.6 g, 2 mmol), trimethyl orthovalerate (0.35 g, 2.1 mmol), and toluene (25 mL) were
30 combined and 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
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30 was renoved under vacuumto provide a dark tan solid. -75 - « Part B

The material fromPart A and a 7.5% sol ution of anmonia in ggﬁ&gp% 4#1]00
m) were pWPER a pressure vessel. The vessel was seal ed #M"heat ed

at 1500C for 6 hours. After the m xture was cooled to anbient tenperature
It was concentrated under 5 vacuum The residue was partitioned between

di chl or omegyiiagethe k9n8was AReiv@bffled Vblhime UTabdutadchiLo The teiction ajirtuas ed
and the aqueous fraction was extracted wi th dichl oronethane (100 ni). The

or gani ¢ f reasaliowedie eeolc dirpiresulfingpreeipitale was isplptedby Mtetionawashed Wither ed and

t hen concentrated,un [ j i:], . rified
by 11 aoh. dRPlaRE a8 HEEE Lo WBRMNGsx P L ey AN Pl bl Ve iR 10
123. é g ?)f 114255]naphthyridin-1-yl)ethlyl]calrh_al_nat_e gs aniv40r>é powder, m.p. 198-199°C. Analysis:

-butyl - 1- (3-1 sopropoxypro - i mdazo =Sl [ 1 napht hyri dine a

col orbess Galpulateg, fmoiflpz@b%&@@s yeH{ ’L3$§] A’g].’ g&’% ;]SF °“§Bb 02%8 686 % %}i
J=4.3,1.7 7,(%@1 6 49 (dd, J=8.5,1.7 Hz, 11), 7.57 (dd, J=8.5,4.3 Hz,

1H), 4.94 ﬁ,’\?:?.% ) 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),

1.60- 1.48 (m 2H), 1.15 (d, J=6.1 Hz, 6H), 1.03 (t, J=7.3 Hz, 3H); M5
(El): nle 326.2104 15 (326. 2106 c Axampls 39 [err]. Exanple 74 Conpound of

o 000 2 Butyl 1 (5 SopkaSRs ROl 4 S el
3- Chijgr oper benzoi ¢ ag+{d-[(1,1-dimetifyléth o)y bomd)amideethyl}2¢butybor t i ons over a
1H-imidazo[4,5-c}[1,5]naphthyridine-SN-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)ethyljcarbamate (1.0 g, 2.7 mmol) in chioroform (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-1:-
imidazo[4,5-c][1,5]naphthyridine-SN-oxide. - Analysis: Calculated for Czo0H27N503: %C,
62.32; %H, 7.06; %N, 18.17; Found: %C, 62.03; %H, 6.73; %N, 18.10.
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period of .20 mnutes to 2-butyl-1-(3-isopropoxypropyl)-I1Himdazo[4,5-

c] [ X, 5] naphtyylbsdses (1.4 g, 4.3 mmol) in chloroform (20 nl) pcthmsed/mans i on
m xture was nai ntalned at anbient tenperature for 2 hours and then_ it was

washed with saturated 25 sodi um bi carbonate (2 x 15 nlL) and water (20
. m). The organic fraction was dried over magnesiumsulfate, filtered and.
then concentrated under vacuumto provide a yellow oil. The oil was

purified by col um chromatography (si lTEI ca %940 eluting with 95:5 ethyl
acetate: nethanol) to provide 0.95 g o

2-butyl -1-(3-isopropoxypropyl) -1 HGompéaA®bfFémula I

c][!, 5] napht hyri di ne-5N-oxi de as a yellow solid 92. 0-93. 0C. Anal ysi s:
Cal cul at ed 30 f or [err] lmlmﬂnthbe[Z-ﬂ-@gmn%@pbqwl-se Found: %,

66. 18; 94, 7.39; W\, 26 1H J=8.8,1.6
Hz, 1HP. 9.05 (s, 1H)] gr@g%ﬁ%ﬁaﬁ@%ﬁg%Qf-mpeﬂ'?“?%@b?“a%ﬂgJ 8 8 4.3 He,
1|:|) 4.89 (t, J=7.0 Hz, 2H), 3.56 fgpntet, J=6.1 -76 - Hz, 3.44 (t,
J=5.7 Hz, 2H), 3.02 (t, J=7.9 Hz 2.27-2.18 (m 2H), 197 87(m
g(—l), I1.53-51.847 (in, 2H), 1.15 (dN NHz, 6H), 1.82 ]gt, J=7.3 Hz, 3H).
anpl e ou of Formula I

2-Butyl -1-(34i sopropoxypropyl ) - | , 5] napht hyri di ne- 4- am ne
- NH2 [err] Under a nitrogen at i chi oroacetyl |socyanate (0.42 i,
3.5 mmol) was added dropw se t ut {on bﬁ‘ 2- butyI

- (3-i sopropoxypropyl)-1Himda thyr|d| ne- 5N- oxi de
(0.8 g, 2.3 mmol) in dichl ororrethane (25 rrL) The

Trichloroacetyl isocyanate (4.8 mL, 40 mmol) was added via a syringe to a
solution of 1-{2-[(1,1-dimethylethoxycarbonyl)amino]ethyl}-2-butyl-1H-imidazo[4,5-
c][1,5]naphthyridine-5N-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 overnight. 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-1 H-imidazo[4,5-c][1,5Jnaphthyridin-1-

20 yDethyl]carbamate as ivory crystals, m.p. 118-120°C. Analysis: Calculated for
CaoH28Ns02: %C, 62.48; %H, 7.34; %N, 21.85; Found: %C, 62.31; %H, 7.23; %N, 22.13.
HRMS (EI) calcd for CyoH2eNO; (M+) 384.2273, found 384.2273
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reaction mxture was maintained at anbient tenperature for 2 hours and then
concent rat% undgr vacuumto provide a yellow oil. The oil was dissaolved in
met hanol 3nd then sodi um met hoxi de (0.8 nL of 25%i RCRUSPRGP4T3 3.5
mmol ) was sl owly added. The reaction was maintai ned at anbient tenperature
overnight. The resulting precipitate was 15 isolated by filtration and
then recrystallized fromnethyl acetate to provide 0.47 g of 2-
butyl - 1- (3-i sopropoxypropyl )-1Him dazo[ 4, 5-c] [ 1, 5] napht hyri di ne-4-am ne as
a white crystalline solid, mp. 174-Exmwple®halysis: Calculated for [err]
0C, 66.83; %1, 7.97; %oN, 20.51; s 470; 9H, 7.81; 9%\, 20.75. 1H
NVMR (300 MHz. CDd j): 8850(dé(1r§ﬂé}ﬂlgofl§np§ﬁl 7.90 (dd, J=8.4,1.5
Hz, 1H), 7. 42 2(@dAmir$2butyldl HimidiZo]4, R-Q][I,S}nfp ﬁam-mylyethafheﬂ-ié J=6.8
Hz, 2H), 3.50 (pentet, J=6.1 Hz, H¥295(tJ78Hz,2H),
2.13-2.04 (m 2H), 1.86-1.76 (m Z2F 2 1 52 1 40 (m 2H), 1.05 (d, J=6.1 Hz,
6H), 0.97 (t, J=7.3 Hz, 3H). - 77 anpl e 76 Conpound of Fornul a XXXI
N4- ( 3- But oxypropyl )-3-nitro[ 1,5 {di n-4-amne 5 Under a
ni trogen atnosphere, 3-butoxypr 4. , 26 Mol ) was added
dropwi se over a period of 10 a solution of
4-chloro-3-nitro[ 1, 5] naphthyriding| (4.4 g, 22 mol) and triethylamne (4.6
m., 33 mmol) in. dichloronmethé&ge (M50 iéﬂ reacti on m xture was
mai ntdai ned at anbi ent tenperatu ni ter (100 nL) was added and
t he phases wer tira

p eI‘rﬁﬁB?Ja@Et%jacla- 253 g%ﬁ@‘éﬁdm%%esomn%’fl 12 8%&%9%&191(}% 2- 40ver

di chl or onet hane (100 nL anic fractions were co
magnesi umamino-2-butyl-1 H-xmxdazo[4 5-c][l ,5Inaphthyridin-1-yl)ethyljcarbamate (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
10 10% hydrochloric acid. The hydrochloric acid extract was washed twice with
dichloromethane and then it was made basic with ammonium hydroxide. The resuiting
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-1-yl)ethaneamine as a white powder, m.p. 175-176°C.
Analysis: Calculated for CisH0Ng: %C, 63.36; %H, 7.09; %N, 29.55; Found: %C, 62.98;
15 %H, 6.92; %N, 29.89. HRMS (EI) calcd for CysHzoNg (M+) 284.1749, found 284.1748.

Example 92
Compound of Formula I
N!-[2-(4-Amino-2-butyl-
20 1H-imidazo[4,5-c][1,S]naphthyridin-1 -yl)ethyI] acetamide
NH,
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sul fate, f.il tered and then concentrated under vacuumto provide a yellow

oi l.- The oi I %y fied by flash chromatography (silica gelpcgindoBgh7v t h
1: 1 ethyl acet atel hexanes) to provide 5.3 g of
N4- ( 3- but oxypropyl )-3-nitro[ 1, 5] napht hyri di n-4-am ne as a col orless oil. 'H

NVR (300 MHz. CDCl3): 8 10.08 (broad s, 1H), 9.38 (broad s, IH, 8.78 (in,
1H), 8.22 15 ((Wcler dnﬁrogpﬂaﬁlddphere,rd)cﬁtyyclﬁdm}wo W8, 74rpmole)m 1H), 4.57

{(incoH 1 dsiaromettne (SpLT was addel gioniise ton ool s afh) soion S35 )7

El me 3 I - Sarif
(Corriooundeof Qéﬂgl}éng?oﬁ?&y %ﬁfﬁﬁz&[ﬁ Scc]ﬁ%]%‘?}gg{/ﬂd)"? 1, %ht hy‘rﬂ?{gl2 ﬁéognzmgll) zlinm ne

Usi ng t he neli¢hioronfettane (G mLT 2Aﬂer the addition was comp ete, the reaction mixture was

NA- (3- but Oxéﬁlmyp é éS W%?QIH} r 1@}%%1218 rht b r)\ﬁernlu04 mlnu@sr%l%n(laye?cﬁ'on%a%g?%&) was

reduced’to

but oxypr opy lihdidated ﬂﬁpme%dudh was 30@51@@ MTHeGefSoR nitkiued WadWhihedwaihl 10%
Anal ysi s: Cal cul ated 25 o%C, 65.67; %, 8.08; %\, 20.42;

Found: 9%C, 66dits hqupmee,wvatemmd bzchdned wd\wmcmm@dl\u@er o to grayided-231d,

J=4.1,1.6 Hz
1 J=8.4.4.1 Hzg°f1 ﬁ@b)‘de %mé‘?ct( @Pﬁéﬁg@‘ﬁ ;gb%g B?IEE‘B °§‘°‘%§8g’a%‘y6(§ﬂgz§é'd(l n,
4H), 3. 44 (telytiip Rh h%hlo?dﬂlethéne?&) ﬁraeia%@tz géfﬁsélldﬂmedd)hd vlasG3er¥stalfizéd n,
2H), 1.44-1.32 2H) MS (El): me 274.1799

(274. 1193 cdfan acaomtrge (30 m@tq;}romdv@ l8 gof Eﬁgxﬁr@nme- WddméidazeldsSmul a
XXX c)[1,5Inaphthyridin-1-yl)ethyl)acetamide as a white powder, m.p.228-230°C. Analysis:

Calculated for C;7H2,N0: %C, 62.56; %H, 6.79; %N, 25.75; Found: %C, 62.50; %H,
6.59; %N, 26.04. HRMS (ED) calcd for C,pHygNgO, (M+) 326.1855, found 326.1846

15 Example 93
Compound of Formula I
N'-{2-(4-Amino-2-butyl-
1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-(E)-2-butenamide
NH,
N

| N\>\/\/
(_E

20 Using the general method of Example 92, crotonyl chloride (68 pL, 0.7 mmol) was

N/

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-1H-imidazo[4,5-
c][1,5]naphthyridin-1-yl)ethyl]-(E)-2-butenamide as a white powder, m.p. 198-200°C.
Analysis: Calculated for C1sH24NO: %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;oH4NsO (M+) 352.2011 found
352.1996
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1- (3-But oxypropyl)-2-butyl-1Himdazo [4,5-c] [1 ,5l naphthyri di ne Using the
gener al Exanple 73 Part A and Part B, N4 (3- 5

but oxypropy?ﬁ;f2 napht hyri di ne-3,4-diamne (3.7 g, 13.5 nnBF’)“%?V@act ed
with valeryl chloride (1.7 nm, 14:3 mol) and the resulting am de

internedi ate was cyclized to provide 2.9 g of

1- (3- but oxypropyl)-2-butyl -1 H i m dazBkdmple®[ 1, 5) napht hyri di ne as a
colorless oil. A small portion V\es puwy{ by flash chromat ography (silica
gel eluting with ethyl acetate) v8MBP k sanple as a white powder,

mp. 56.5-57. 5 i . %1 8.29;
oM 16. 46, Four% [&%'Am 4%“% ”g i%duﬁ/kf gfjsﬂbslﬁﬁhhhmgﬁﬁé@) @ﬁ—f}]

[err] 9.32 (s, 1H), 8.90 (dd, :1=c‘ychxl[bx6nédnrbd:kﬂmnd8 49 (dd, J=8.5, 1. 6 i He,
1), 7.57 (dd, J=8.5,4.3 Hz 94 (t, J=7.0 Hz, 2H), 3.45-3.39 (m
4H). '3.04 (t, 3=7.9 Hz, 6N entet, J=6.1 Hz, 2H). 2.01-1.91 (m
2H), 1.62-1.48 (m 4H). s 15 m,2H . 1.03 (t, 3=7.3 Hz, 3H), 0.94

(t, J=7.3 Hz, 15 3H). Exanp[Ns’? ound of Formula XXXV
1- (3- But oxypropyl)-2-butyl -1 Hijm da O[Mnapht hyri di ne- 5N- oxi de 20
Usi ng the general nmethod of E 1- (3- but gypropyl ) - 2-butyl -1 H

i m dazo[ 4, 5-c] [ 1, 5] napht hyri was oxidi zed to
provide 1.6 g of |- s UN

( 3- but oxypropyl)-2-butyl -1 Himdazo[ 4, 5-T ][\I 1t hyri di ne-5N-oxi de as a
yel | ow powder, mp. 126.5-127.5C. Analysis: Qalculated for [err]: 0/&:,

67.39% 9%, 7.92; %N, 15.72; Found: %, 67. 130%-| 7.69; 9%\, 15.82. 'H NMR

(300 MHz. CDC1 ﬁ% , 8.99
(200 W COCT b ) Bipeg o gml 2 gipedihpyf ol
2H), 3.46-®7 3ﬁnnﬂ}rwa41'£apte3 vﬂﬂh Z{4-aﬂ1{tﬁ:—9—bh@l—lﬁmldﬂzd[$ 5] ElQS]ﬁﬂphtR&ﬂdm—l-
1.97-1. 87& 211), ]( % 4H) , 1.33 (m 2H), )(1t .3
Hz, 3H), ggh aming (42§ 73rp|5nol) to provxde 0. 2 g of N'-[2- (4-am1no—2-buty1 1
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl}-1-cyclohexanecarboxamide as a white
10 powder, m.p. 188-190°C. Analysis: Calculated for C;H3oN¢O: %C, 66.98; %H, 7.66;
%N, 21.30; Found: %C, 66.72; %H, 7.57; %N, 21.48. HRMS (ED) calcd for CH3oNgO
(M+) 394.2481 found 394.2475.

Example 95
15 Compound of Formula I
Nl-[2-(4-émin o-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-
3,5-di-(1,1-dimethylethyl)-4-hydroxybenzamide
NH;

N/

N
\
NS
N
H
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=79 - Exanpl e 80 Conpound of Fornula |

1- (13- But oXy p{aposlbeed- but yl - I H-i m dazo[ 4, 5-cJ [1, 5] napht hyri di pcrusysi2ees NH2
1 tN. N5 Using t?le general nethod of Exanple 75, )

" 1- ( 3- but oxypropyl )-2-butyl -1 H imdazo[4, 5-c][1, 5] napht hyri di ne- 5N oxi de
(1.2 g,- 3.4 mmol ) was reacted with trichl oroacetyl isocyanate (0.6 nL, 5.0
mmol ) and the reddsing ty gen‘éfé]rWE@PGP@EMPIH%f%ﬁx%éh@@%‘%@ihﬂé"‘o. 86 g of

1- ( 3- but ox -2 - 4 Hoi 44 , : :
- C] E 1, Srngpﬁﬁ?@?&(}%’ ﬁngg ifjl'tr:%l%ﬂr’lrééi aol"{a? %ﬁ%ﬁgﬁg@m%%sgeacrﬁdpmﬂlﬁ@m%Z “Eab&tylfb\lr%l ysi s:
R T o T R P NN MR AT T SRR
(o 328 47 INBLi g -ty L sinidayed el S impbthipdin oy etk 3, S (0 v (¢

J=6.9 Hz, 2H). 2 N ~1 tet,
303 18 S iimehy Al Ay B fllaiae s aphie ot i p. 248350CT AR ©

' éisé) 1.25 ((]I nC?IEﬂlr:lhted@?r%;,oHRoNs%ﬂ’/JC, 42, 743%H, 7B083N,116.27=Fond:124C,39)65 THanpl e
N (o Pronoxeo1iaNy 1632 TRMS (E2) saloskfor GotlnieQr (Vi) 546312 found S16.3926 ng ¢ he
general nethod of Exanple 76, 4-chloro-3-nitro[1l, 5] naphthyridine (5.0

Example 96
10 Compound of Formula I
N'-[2-(4-Amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl}-
3-phenylpropanamide Hydrochloride

NH,
Z N
Y l \>\/\/
=z ’ N
H
N K/N
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-imidazof4,5-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 of N'-[2-(4-amino-2-butyl-1 H-imidazo[4,5-c][ 1,5]naphthyridin-1-yl)ethyl]-

20 3-phenylpropanamide hydrochloride as a white powder, m.p. 183-185°C. Analysis:
Calculated for Co4H2sNsO HCL: %C, 63.64; %H, 6.45; %N, 18.55; Found: %C, 63.68;
%H, 6.43; %N, 18.55.
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g, 24 mol) was reacted with 2- phenoxyethyl amne (3.5 n, 27 rrrml) t.o
pr-ovi de 6. & (2- phenoxyet hyl)-3-nitro[ 1, 5]naphthyr|d as a
yel | ow sol | 39)9%695”107 108C. Anal ysis: Cal cul ated for [err]begﬁs%nés %,
4.55; 9%\, 18.05; Found: %C, 61.99; 9%, 4.58; %\, 18.42. 'H NVR (300 MHz.
DMSO): [err] 10.25 (broad s, 1H), 9.39 25 (broad s, 1H), 8.81 (dd,
J=4.1,1.7 Hz, 1H), 8.25 (dd, J=8.5,1.7 Hz, 7.67 (dd, J=8.5,4.1 Hz,
1H), 7.34-7.26 (m 2H), 7.01-6.96. ( I—B} g 89 (broad s, 2H), 4.35 (t,
J=5.1 Hz, 2H); MS (ED): mie 310.1065 ’(%& €9965 calc' d for [err]. - 80-
Exanpl e 82 Conpound of Formul a X¢gthbound of Formula I

N4- ( 2- Phenoxyet hyl ) [ 1, 5] napht hyri di he- 3, 4-di am ne 5 Usi ng the
general nethod NrIZ-EkAmhQ-ZFFl,ltyMH-tmydlamiéa&yd{hi]n)aphthyridin-l-yl)ethyl]-

nitrgfl, 5] napht hyridin-4-a was reduced to provide
4.6 ¢ of N4-(2- phenoxyeth t&gﬂr" rl[%é*’raBF 3"%‘“ ‘i‘?am’ ne as a bright

yel low oil. "H NVR (300 Mz, Dlmz 8 8.68 (dd, J=4.1,1.7 Hz, IH), 8.40 (s,
1H), 8.10 (dd, J=8.4,1.7 Hz, 1H)|, 7.39 (dd, J=8.4,4.1 Hz, |H), 7.28-7.22
(m 2H), 6.94-6.90 (m 3H), t N3=7.0 Hz, 1H), 5.15 (s, 10  2H),

4.13 (t, J=5.5 Hz, 2H), 3.93-3.
83 Conpound of Forrml a XXXI'l _R-(2-
[ 1, 51napht hyri di n- 1-yl ) et hyt? Phyry|
nmet hod of Exanple 73 Part
phenoxyet hyl ) [ I, S] napht hyri
with val eryl

M5 (Cl): me 281 (MtH). Exanple
| vefazof 4, 5- c]
Usi ng the general

40 95.7 mol ) was reacted
A solution of (S)-(+)-5-ox0-2-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 of N-[2-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]}-5-
oxotetrahydro-2-furancarboxamide as a white powder, m.p. 153-154°C. Analysis:

20 Calculated for CyoH24NsO3: %C, 60.59; %H, 6.10; %N, 21.19; Found: %C, 60.34; %H,
6.14; %N, 21.13. HRMS (EI) calcd for C;0H24NsO3 (M+) 396.1909 found 396.1905
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chloride (1.95 nL, 16.4 mmol) and the resulting am de internedi ate was
cyclized to 34.0 ¢ of

2- (2-butyl - "lil{)l m azo[4 5-c][1, §] napht hyridin-1-yl)ethyl phenﬂms? e6r473as a
white solid, mp. 150-150.5C. Analysis: Calculated for [err] %, 72.81; 9%,
20 6.40; 9%\, 16.17; Found: %C, 72.78; %, 6.40; 9%\, 16.31. 'H NWR (300
MHz. DVMBO: 8 9.25 (s, 1H), 9.00 (dd J 4 3, 1 7 Hz, 1H), 8.52 (dd,
J=8.4,1.7 Hz, 1H), 7.74 (dd, J=8.4 725720(m 2H) ,
6.91-6.84 (m 3H), 5.22 (t, J=5.2 Hz H}lple 853 (t, J=5.2 Hz, 2H), 3.09 (t,
J=7.7 Hz, 2H), 1.91 (pentet, J7@§ﬁ, O}gﬁgl 43 (m 2H) 0.97 (t,
J=7.3 Hz, 3H); MS (El): nle 346.179 ?346 calc'd for C21H22N40). 25
Exampl e 84 ConpoNh(iZ-(#-AEnanl-lmtﬁO(HﬂmldazoM 5-c][1,5]naphthyridin-1-yl)ethyl]-

2-Butyl - 1- (2- phenoxyet hyl ) -1 Hi_nj.dazo[ 4, 5-c 1, 5] napht hyri di ne- SN- oxi de
Usi ng’ Phe general nethod of Exg‘ﬁé%df ’,‘yé‘-ef‘gn&ﬂ#{blel-l-i m dazo[ 4, 5- 30
c][!, 5] napht hyri di n-1-yl)ethyl nyl ether (0.6 g, 1.7 mmol) was oxidi zed
to provide 0.44 g of 2-butyl-1 }(2-phenoxyethyl )- 1H i m dazo[4,5-c[1

, 5] napht hyri di ne. - 5N- oxi de a el |NW powder "H NWMR (300 MHz. CDC[ err]
9.10-9.03 (m 3H), 7.81 (dd, 1H), 725720(In
2H), 6.92-6.83 (m 3H), 5.16 451(t, J=4.9 Hz,

81-
|_|)
3.06 (t, J=7.7 Hz, 2H), 1. :z/ 1.54-1.41 (m 2H), 0.96 (t,
5H

J=7.3 Hz, 3H); Ms Ml ): m

Exanpl e 85 Conpound of For
O

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-1-
yl)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. 208-210°C. Analysis: Calculated for C,3H6NsO2: %C, 66.01; %H, 6.26;
%N, 20.08; Found: %C, 65.63; %H, 6.11; %N, 20.30. HRMS (EI) calcd for Cy3H;6Ns0;
(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

NZ
S
N/ OH
0O
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-
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2-Butyl -1- (2- phenoxyet hyl ) -1 H-i m dazo[ 4, 5-cl [ 1, 5napht hyri di n4-am ne NH2 N
Usi ng the I thod of Exanple 75, 2-butyl-1-(2- phenox 10
i m dazo[ 4, %@F{@Fﬁrﬁapht hyri di ne-5N-oxi de (0.38 g, 1.05 ?“vva!Lg 59§,%%42%t ed
with trichloroacetyl isocyanate (0.19 nL, 1.6 nmol) and the resulting

i nternedi ate was hydrol yzed to provide 0.23 g of

2-butyl - m;(?etmemmqomg , 17 thimiol td pzeVlide 615(g]c{f|N—§2-0ﬁalintdmﬂ-bdlyMH am ne as a
white po 159. 0-159. 2[err]C. 1H

)=a.5, 15 Wt 5. i sinaplithyriging YDty Db YAoKy Sy iosetbogahids a8 2 i

Hz, _ 2 bac(é2 5.2
2 10 Todf kb, B B8 it Dol s et V(o5 2
J=7.4 Hz, %H) 5.80; %N,2445; Found2HC, 61L.8F %H, 5.76;7%BI, B2#.603H); M5 (El: mle
361. 1899 (361.1902 calc'd for [err]. Exanple 86 20
Corrpoﬁnd of Formula XXXl 1, 1-Di net hyl et hyl
N-{2-[(3-Nitroll, 5] napht hyr| di n-4-yl pahmeligphy! ) carbamate A sol ution of

di i sopropyl et hyl am ne (13.47 g, 0.10 no i n dichloronmethane (25 nlL) was
added to a solution of 5-chloro- Emﬁpqun{lbe@m;thyn dine (18.2 g, 0.086

m)z o noet hyl %E?réégﬂéﬂl %n‘i‘b‘gﬁg"m@})d%’ rﬁl Raphin f‘%ﬁégﬂﬁﬁy‘!% )

was slowy added to the reacti o 7ilefi-6-d&ienditfel i ON m xture was heat ed
at reflux overnight. Addltlorll\lal-ll tert-butyl N-(2- - 82 -
2

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 N'-[2-(4-amino-2-butyl-1H-imidazo[4,5-
c)[1,5]naphthyridin-1-yl)ethyl]-3,7-dimethyl-6-octenamide as a white whispy solid, m.p.

15 163-164°C. Analysis: Calculated for CsHigN¢O: %C, 68.77; %H, 8.31; %N, 19.25;
Found: %C, 68.84; %H, 8.14; %N, 19.58. HRMS (EI) calcd for C;5H36NsO (M+)
436.2950 found 436.2952.
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am noet hyl.) carbamate (1 g) was added and the reaction m xture was heated at
reflux for agygéhhekdzonal 3 hours. The reaction m xture was alpEpgshsi478 00!
to anbient tenperature and then it was diluted with additional .

di chl or onet hane, washed with water and with brine, dried, and then
concent-rat ed under vacuumto provide a dark solid. This solid was 5 -
purified by flash chromatography (silica gel eluting with dichloronethane)
to provide 24.8 g of 1, 1-dinethyl et hy[Example 101

N-{2-[(3-nitro[l, 5] napht hyri di n-4-yl)am nol.et hyl.carbamate as a canary
ﬁel ItOW s?lli)d.m_f\ {)orti on (0.3 t%) &&M#E&ﬁ‘%g from tol uene (}1(9) rlné)lcand
ept ane 0 i DinitehyethyDNOf1- ﬂngtdm\l -2 Bitnelnfdaz - - -
Anal ysi s. Cal cul at ed for [e’?r] y I(}gﬁ %4. 5; 9%, 5.75; %\, 21%425; ound: %C,
54.17; 34, 10  [BS/@phthyridio-1o0)etiyilamine} @rbarylp3uwmethpibutdlcarbamatex| |
1, 1-Di et hyl et hyl 15
N-{2-[ (3- Ami nol 1, 5Jnapht hyri di n-¥Hgl ) ani nof et hyl ) carbamate 1,1
-Dinethylethyl N-{2-[(3-nitro[1, $] napht hyrNdi n-4-yl)am no] ethyl} carbamate
(10 g, 0.03 nol), ethyl acetat pl al num on carbon catal yst
were conbined in a Parr bottle and|the m xt {ir e s hydr ogenat ed
overni ght. The reaction m xt N tered to flenov he catal yst. The
filtrate was concentrated u '

acuu toHpr(HN e 9.1 g of
1, 1- di met hyl et hyl N [
N-{2-[ (3-am no[ 1, 5] napht hyri “4-yl) am carbamate as a yell ow
syrup. Analysis: Calculated for [err] %, 59} 25; |%, 7.04; %N, 22.43;

Found: %C, 58.96; %, 6.87; %N, 22.46. Exam® e 83 25
Conpound of Forrmula XXXIII 1,1-Di methyl et hyl

N 12- ( B- but yI - 1HUsihglthe gederdl-méthodbHBrdmply OF ;- BOGL)latdnd (0cidrg)difamemole)
was reacted with 2-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5naphthyridin-1-
yl)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)ethyljamino} carbonyl)-3-
methylbutyl]carbamate as a white solid, m.p. 184-185°C. HRMS (EI) calcd for
CasH39N70;5 (M+) 497.3114 found 497.3093.

Example 102
15 Compound of Formula I
N*-[2-(4-Amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-

2-amino-4-methylpentanamide

NH,
N
~
1 l \>\/\/
=z N
' H NH2
x N N

(0]

1,1-Dimethylethyl N-[1-({[2-(4-amino-2-butyl-1H-imidazo(4,5-
20 c][1,5]naphthyridin-1-yl)ethylJamino} carbonyl)-3-methylbutyljcarbamate (0.35 g, 0.7

mmol) was combined with 1 N hydrochloric acid (40 mL) and heated on a steam bath for
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1,1 -Dinethylethyl N {2-[(3-am no[ 1,5]naphthyridin-4-yl)am no]ethyl}
car bamat e nmml ), trinmethyl orthovalerate (0.35 g, and
t ol uene (2‘@02{'?9 W%re 30 conbi ned and heated at refl ux fofcéuépégk)sn
Addi tional trimethyl orthovalerate (1 eq.) was added and the reaction
m xture was heated at reflux overnight. Xylene was added and the tol uene

was di sti B0 gainutes. . Theweactomomixturewees aHowed tb molandthmitfwas madeahkSiQWiﬂnal 8
hour s.

of about | SO%SOUHRL REF Ao RIS PRERPIAN Bk o s ot e ong

preci pi t apfovi@s0. 15%&1\&{2@_&{1&2&@% mﬂae&[m&é] bﬁﬁfyﬁtﬁ?ﬂ@iﬂﬂl ﬁ;étﬁﬁ]-t 0
provide 0.35 g of dimet hyl eth [ 2-(2-but H-|mdao
c] 1, 5] napﬁtmnpﬂrmethym@mmqsw gmhsl, 21518 é@rﬁ(@r#@bﬂeeealmﬂatpd faro8- 1990C.

Anal 5. Found:
e 8. 75CopluNDRE. B 37 Bt gL, oo, Boiaivacinte 27 Yo, TR A 37 20

A PIETEN HRNISY ngammaﬁmpwgﬂammmmﬁmmw- | Hi mi dazof 4, 5- -
I [1 , 5] napht hyri di ne- 5N-oxi de 3 | or oper benzoic acid (0.7 g of 57-86% was

di ssol ved in chl oroform (10 nL). One half of this solution was added to a
sol ution of 1, 1-dinethyl et hyl N—[2 (&ampleyl%ll-l-

|mdazo[45c]1 5]naphthyr|d|n arb te(l.O g, 2.7 mol) in
chl orof orm (10 15 The r]et:i }) I&rﬂflft% s stirred at anbient

tenpgy ature f om-fﬁ(mmesz-ﬁﬁﬁmmhmaeo agoa[psmphﬁiyfnm-ltmm 1]-

chl or oper benzoi c acid sol ution was added dropw 'se to 't he reactlon m xt ure.
The reaction mxture was sta,ime&wl-am:@mlecmbpmmdﬁe for a total of 2.5

hour s
_ NH;
Z N
i | \>\/\/
. H \
x-N k/N ! AN

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-1H-imidazo[4,5-

15 c][1,5]naphthyridin-1-yl)ethaneamine (0.5 g, 1.7 mmol) to provide 0.23 g of N-[2-(4-
amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yhethyl]-3,5-dimethyl-4-
1soxazolecarboxamide as a white powder, m.p. 188-189°C. Analysis: Calculated for
C21HasN;02: %C, 61.90; %H, 6.18; %N, 24.06; Found: %C, 61.92; %H, 6.15; %N, 24.28..
HRMS (EI) calcd for C31H2sN,0, (M+) 407.2069 found 407.2068

20
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-and_ then it was diluted with chloroform (50 nL); washed with sodium

-car bonate V\ﬁ' ,bl'b %ysodi um hydroxide, with water, and with brg and
concentrat ed unaersé\}’/acuum 20 to provide 1.1 g of a yellow 51?189%64%1
material was recrystallized twice fromacetonitrile to prow de 1.0 g of 1-
{2-[(1,1 -dinethyl ethoxycarbonyl)am no] et h?/I } -2-butyl -

~imdazo[ 4,5-c][1, 5] napht hyri di ne- 5N- oiEixamP eAfd| ysi s: Cal cuI ated for
C20H27N503: 9%C, 62.32; %1, 7.06; ?\l &7 FOUIiIdH %C, 62.03; 9%, 6.73; W,
18.10. -84-  Exanpl e 90 Conpound°8tPo 1-Di net hyl et hyl

- N-[2- (4- Ami no- 2- but yN*-[2-(4-Amino-2-butyl-6,7,8 Mttrﬁnmaqmnﬁmtmm 5-c]
- [1, 5] napht hyridin-1-yl )et hyl | car banat e NER er Trichl oroacet yl

i socyanat e (4. §1AInaphthynidinyl Y\B@huﬂd&:}dvﬁal-dlm?thy I-hydeexybenzamide 1
{2-1(1, 1-dinethylethoxycarbonyl I noj et hyl } - 2- butyI I Himdazo[ 4, 5-

c][!, 5] napht hyridi ne-5N-oxide (10.4 g, 27 mmol) in dichloronethane (75 niL).
The 10 reaction mxture was sijhirregyat anbient tenperature for 1 hour.

Sodi um net hoxi de (9 nL of 25% { hoxi de i n nmethanol) was added and
the reaction mxture was stirré¢d at aMrature overnight. Thin
MN reaction was not conplete so

- | ayer chr omat ogr aphy i ndi cat
~addi tional sodi um net hoxi de twce with each addition being

\ent fgenperature. The reaction
N
H

foll owed by 2 hours of stirr
m xt ure was

OH

A solution of N'-[2-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-
yl)ethyl]-3,5-di-(1,1-dimethylethyl)-4-hydroxybenzamide (0.1 g, 0.19 mmol) in
trifluoroacetic acid (15 mL) and platinum oxide (0.1 g) were combined and hydrogenated
ovemight 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-amnino-2-butyl-6,7,8,9-tetrahydro-1 H-imidazo[4,5-c][ 1,5 Inaphthyridin-1-yl)ethyl]-
3,5-di-(1,1-dimethylethyl)-4-hydroxybenzamide as a white powder, m.p. 208-210°C.
Analysis: Calculated for C3pHuNgO:2 + 0.1 CF3COH: %C, 68.17; %H, 8.35; %N, 15.79;
Found: %C, 68.48; %H, 8.29; %N, 16.08.
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15 di luted with dichl oronet hane; washed with sodi um carbonate, water,
and t hen i ed and then concentrated under vacuumto | 0.4 ¢
of a yell (b)wogbg{z?"gg This material was purified by col um chr%‘%@?%%s?éﬁ y
(silica gel eluting with dichloronethane) to provide 8.5 g of a solid. This
solid was recrystallized fromtoluene (20 nL) to provide 6.0 g of ,1

-di et hyl et hyl N-[2-(4-am no-2-butyl-|Hi n1 dazo[ 4, 5-c][ 1, 5] napht hyri di n=1-
20 yl)ethyl ] carbanmate as ivory cryst mp. 11 8-120[err] C Anal ysi s:
Cal cul ated for [err], 62.48; 9%, 7. 051 85; Found: %C, 62.31; 9%,

7.23; 9N, 22.13. HRVG (El') cal cqodps rdfFofiliy 1384 2273, found 384.2273 -
85 - Exanpl e. 91 Conpound of Forrﬁ] ?dnﬁJ]Fo 1

2- (4- Am no- 2- Uﬂi-ﬂ-@-&mmd@hﬂm]ﬂiﬂlmm&[@&p}[lsznaphthyﬂdipl-}gl)batﬁpm ne NH2
[ e rlﬁ -rrrélt Llyrg{ ﬁ? | e@',?{igfa Ct';fﬂyl(g 6-%1' o-il\? % ‘)a Cei:(tjrea ydro ilﬂsf))llxrlinyl?pentamlde
am no- 2- butyl - 1Hi m dazo[m c][1, 5] naphthyridin-1 -yl)ethyl]carbamate (5.7

g, 15 mmol) in dichl oronet ane (10 nmL). The reaction m xture was stirred at
anbi ent tenperature for WQUI_NThe reaction m xture was diluted with

di chl oronet hane and the act\}d Wi t h 10 10% hydrochloric acid. The
3 w th di chl oronet hane and then it

I‘OXI de The resulting precipitate was
d to prodide 3.7 g of 2-(4-am no-2-butyl -

a)\Qlte powder , mp
N

S

N—
N
/ \ﬁ
o
4-(4-Amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine (0.2 g),

5-(1,3-dimethyl-2,6-0x0-2,3,6,7-tetrahydro-1H-purinyl)pentanoic acid (0.18 g) and

dichloromethane (100 mL) were combined and stirred at ambient temperature for 30

was nmade basic with af
i sol at ed by filtratio
i mdazo[ 4, 5-c][ 1, 5] naph
175-1760C.

10 minutes. 1-[3-(D'imethylamino)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 -1H-imidazo[4,5-c][1,5naphthyridin-1-yl)butyl]-
5-(1,3-dimethyl-2,6-0x0-2,3,6,7-tetrahydro-1H-purinyl)pentamide, m.p. 153.5-155°C.

15 Analysis: Calculated for C2oH3sN;1003: %C, 60.61; %H, 6.66; %N, 24.37; Found: %C,
60.65; %H, 6.66; %N, 24.32. '
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Anal ysis: .Calculated for [err]: % 63.36; %, 7.09; %\, 29.55; Found: %C
62.98; 15 N, 29.89. HRVS (El) calcd for ClSHZOW%,z“n
284. 1749, four‘?}ggg%gl748 Exanpl e 92 Conpound of Fornula |

N1-[ 2- (4- Am no- 2- butyl - 20 1H i m dazo[ 4, 5-cj

[ 1, 5] napht hyridin-1-yl)ethyllacetam de NH2 [err] -86 - Under a nitrogen
at nosphere, acetyl chloride (50 [err] Exatpl %ol e) in di chl oronet hane (25

mL dded d i se t | | ut f 2-(4-
o 0= 2- buty - | 1 i dazol 45 o} [ 1. GIPERIARTFPEREL. y ) et hanear ne (0.2 g
0.7 mmol) in di Ciwl’-q&-mtnﬁﬁasz-sml mquﬁatzsp S-E]‘fl,s}iﬂ hitRRidias - ﬂ}lﬂﬁ{v% e, the

reaction mxture was 5 |l owed to warm nbi‘ent tenperature ter 30
m nutes thin | ayer chromat ographﬁ-mnnplmhmemcotmmtm reacti on was conpl ete.
- The reaction m xture was was wi th 10% sodi um hydr oxi de, water and bri ne;

~dried; and concentrated unde
This material was purified b
~with dichloronethane) to pNGvi

cuumto provide 0.25 g of crude product.
coI chromat ography (silica gel eluting
2 g of a solid. Thig$”sothd was

recrystallized 10 from gcet |tr ) tol\f)rov de 0] 18 g of

N - [ 2- (4-am no-2-but yl - | B [ N\/I

~c][I,5] naphthyridin-1-yl]jeth I]actamde agr a i owder,

m p. 228-230[err] C. Anal yS{szNal c fon [ert]: , 62. 56 %4, 6.79; W,

25.75; Found: %C, 62.50; .
, (W) 326. 1855, found 326. 1846

5 o
Using the general method of Example 105 6-morpholinonicotinic 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 mmot) to provide N'-[4-(4-amino-2-butyl -1H-imidazo[4,5-
c][1,5]naphthyridin-1-yl)butyl]-6-morpholinonicotinamide as a white solid, m.p. 95-
10 100°C. Calculated for C27H34N802 + Y5 H,0: %C, 63.39; %H, 6.90: %N, 21.90; Found:
%C, 63.69; %H, 6.95; %N, 21.52.

(El') calcd for [err]

Example 107
Compound of Formula I
15 N*-[4-(4-Amino-2-butyl -1 H-imidazo{4,5-c][1,5|naphthyridin-1-yDbutyl}-
6-quinolinecarboxamide
NH,
T | N\>\/\/
X N
H
0 N
l
N

Using the general method of Example 105 6—quinolinecarbdxylic acid (0.11 g, 64
mmol) was reacted with 4-(4-amino-2-butyl-1H-imidazo[4,5-c][1,5]naphthyridin-1-
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15 Exanpl e 93 Conpound of Fornula |

-[2-.(4 utyl- 1Him dazo[ 4, 5-cj

, 5] naphfﬁ‘y:}?/aﬁgpl yl)ethylj-(E)-2-butenamde NH2 N N [eWT’U%m“s
USI ng the general nethod of Exanple 92, crotonyl chloride (68 [err]L, 0.7
mmol) was reacted with

2 (4- ami nghButineaying (02 mmmhfblﬁmqubﬁdéN%unwn&mbulylymahﬁmmne (0.2

amj no- 2- but yl - | Hi m dazo[ 4, 5-

g, 0.7 mm z ovl de 0.2 {
c] [ 1, 5] naglh ﬁmapﬁthwqmﬂ-yléwfgﬂ16-@531012165@@%(19és agvhitegalidanpo QA 916 p

TR ke T ipiakzla sl St L ﬁ@“rs??] o

(M+) 352. %0, 6854y wH, H321; Y9.R20.9877- npl e 94 Conpound of Fornul a
N -12-(4- Am no-2-butyl -1 Him dazo[ 4, 5- c] Il 5] napht hyri di n- 1- yI)ethyII-
1- cyél ohexanecar boxam de NH2 [err] 5

0 Example 108
Compound of Formula I
N'-[4-(4-Amino-2-butyl -1H-imidazo[4,5-c] [1,S]naphthyridin-1-yI)butyl]-
2-(4-hydroxy-S-methyl-;Z-oxo-1,2-dihydro-1-pyrimidinyl)acetamide

NH,
N
1 l \>\/\/
AN N

10 0]

Using the general method of Example 105 2-(4-hydroxy-5-methyl-2-oxo0-1,2-
dihydro-1-pyrimidinyl)acetic acid (0.12 g, 64 mmol) was reacted with 4-(4-amino-2-butyl-
1H-imidazo[4,5-c][1,5Inaphthyridin-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. 242-244°C.
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~Using the general nethod of Exanple 92, cycl ohexanecarbonyl chloride (94
L lerr]L, 0. hwyee s reacted with
9= (4-an no- 2- but}i?ﬁ-g‘lgﬁ-i m dazo[ 4, 5-c] [ 1, 5] napht hyri di n-1- yl ) &haneam ne
(0.2 g, 0.7 mol) to provide 0.2 g of N -[2-(4-am no-2-butyl-1H
I m dazo[ 4, 5-c] [ 1, 5] napht hyri di n-1-yl ) et hyl ]-1-cycl ohexanecar boxam de as a
white 10 powder, mp. 188-190C. An&xgmplke:10€al cul ated for C22H30N60: %,
66.98; 9%, 7.66; %\, 21.30; Found:. % Gg. Eﬁ‘-’ &l . 7.57; 9N, 21.48. HRVS
(El) calcd for C22H30N6O (M+) 394 PRPoupdoifomalal, 75" £vanple 95 15
Conpound of For niN!-§4-(4-Nimihe-2(Buts 18R imidass 4|5-¢]t, S g RS diR-10/) butyl)-
[ 1, 5] napht hyridin-1-yl)ethyll -
3, 5-di - (1, 1- di net hyl et hyl ) - 4- Es(ZpyximidinylsulfaayDacetamideN N [err] - 88 -
[err] Using the general net ho%}?f Exanpl e 92, 3,5-di-(l,!|dinethylethyl)-4-
hydroxybenzoyl chloride (0.477,21.7 nml) was reacted with

2-(4-am no-2-butyl -1 H imdazg{4, 59¢][1, 5] napht hyridi n-1-yl) et haneam ne
(0.5 g, 1.7 mol) to provid .
N -[2-(4-am no-2-butyl -1 Hi i dazp[ 4, , apht hyridin-I-yl)ethyl]-3,5-d

i-(l1,2- 5 di et hyl et hy rdkybenzani de as a Vf\? & powder, m p.
248-250C. Anal ysi s: k/\,H b
N Z
\n/\s N
5 O

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 Jnaphthyridin-1-
yl)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-yDbutyl]-2-(2-pyrimidinylsulfanyl)acetamide as a white solid, m.p.
156-160°C (dec.).

Example 110
Compound of Formula I
15 Nl-[4-(4-Amino-2-butyl -1H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl}-
2-(4-pyridylsulfanyl)acetamide
NH,

Z N

1 | \>\/\/
N

B SN
T
0]

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][1,5naphthyridin-1-
20 yDbutaneamire (0.2 g, 0.64 mmol) to provide 0.1 g of N'-[4-(4-amino-2-buty] -1H-
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Cal cul ated for [err]: 9% 69.74; 9%, 7.80; %\, 16.27; Found: %, 69..65 %,
7..69; U\, . RVS (EI') calcd for [err] (M) 516.3212 foHe.ﬁ,U 26
Exanpl e 96"3@(?1]9%-96915_| _ Conmpound of Formu aésf&‘sg%

N -12-(4- Ami no-2-butyl -1 Himdazo[4,5-cjl [1,5]naphthyridin-1-yl Yethyl | -

3- phenyl propanam de Hydrochloride NH2 N [err] Using the general nethod of
Exanpl e 92midayo[rcice]ihfmabhtbitidint ldpl)ioyl]-2(4-pyridylmifanyl)acolamideas a sadidi ed wi t h
2- (4-am no- Zﬂﬁ%%/ 2éﬂﬁlmdazoM 5-cl [ 1, 5] napht hyridi n-1- yl)ethaneam ne
(0.2 g, OFFPniroby er one hour the reaction mxture was poured directly
onto a silica gel colum and eluted with dichloronethane at first, then 15%
nmet hanol ! dichl oronethane to provide 0.2 ? of a solid. This solid was
recrystallized fromtoluene to proviixkanplelhl of

Nl -[2-(4- amn02butyI-IH-|mdaz 5- n thyridin-1-yl)ethyl]- 20
3- phehyl pr opanam de hydrochl ori d 30‘51%1{0?“8 Wwder, mp. 183-1 85C.

Anal ysi s: Cal cul at@(h ﬁxﬁ{no[-ﬁgflﬂmdd%M ) 1,8 hapHthytidin- ﬁ yhbutafi@dmids. 55; Found:
%uC, 63.68; 9%, 6.43; %\, 18. - §arrp | e 97 Compound of Formula |
N-12- (4- Ami no-2-butyl -1Him dazo[4 ﬁzcl [ 1, 5] napht hyridi n-1-yl)ethyl |-

Part A

10 Triethylorthoformate (2.8 mL, 16.6 mmol) was added to a solution of 1,1-
dimethylethyl 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

15 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-(1 H-imidazo[4,5-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 gof 1,1-

20 dimethylethyl N-[4-(1 H-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-
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5 5- oxot et rahydr o- 2- f urancar boxam de [err] A

sol’ utl on of WO 99(29§935- 0X0- 2- t et r ahydr of ur ancar boxyl i ¢ aci d ( OpZRushsréds7s
mmol e i.n anhydrous dichl oronmethane (30 nL) was slowly added to a solution
of 2-(4-am no-2- butyl-I1Himdazo[4,5-c][1, 5] napht hyri di n- 1- yl ) et haneani ne

(0.5 g, 1.7 .n 10 anh ous et ha 0_.nmL The reaction
m xture was St M éfé‘nﬁtgiym}(@ﬂf%ﬂ’b%@" ‘}3}% }m‘%z"% ﬁté@?lﬁ?@t@mp"aﬁs

~sol ution of gkide3- (di nmet hoxyami no) propyl ]-3- ethyl carbodiim de hydrochloride
(0.37 g, 1.9 mmol ) in anhydrous dichl oronet hane (50 nL) was added dropw se.

" The reactioPaiGture was stirred at anbient tenperature overni ght and then

filtered to reno rat was washe \Mce ith 10% 15
sodi um hydr oxi de\ﬁg’ﬁﬁpﬂ \@Ilgﬁ gb:ar’;h Wé‘ﬁsl" iﬁﬂ ‘?dﬁé WP&?E;()P under
vacuums o prsgiiids o@tlﬁgnﬂénﬂ%?PﬂfB %tg, 3HYirfm B’gtxﬁﬁicﬁiorm&hwgzb'n% by

col um chromat ogr aphy (silica gel el ut| n with | or omet hane) foll owed by
recryst al | i Zsfterdrhoursom addéiopal 100 mg of toslnh'qhhrdb v@as:adged)tb drive the reaction to

oot et 1 anycr GBI, To& s o FASaskohed it B Mg pE RO 1 e

Anal ysi s: 2Qnd wafet! Wfrﬁl)ﬁﬂd Staed ﬁrafﬂbienq/@mpﬁgat&%,ove@'ihe @feéﬁend@i‘he@yeilsgwere
Found: 9%C, 60. 34; %—I 6.14; 9N, 21.13. HRVS (ElI) calcd for [err]

396. 1909 f oseparaed. Thoerganigdayer was Mpﬂr@ecban@mndto@oﬁde atdnesohd Thls

N-[2- {(f' Am nﬁ&y@?%ﬁ& ﬁ#ainmg@@%ceta?e, cJ)olL&hnd]{ﬂa%}fe “ din-1-yl)ethylJ- 5

2-(3- hydroxyB e
provide 0.9 g of 1,1-dimethylethyl N-[4-(4-amino-1H-imidazo[4,5-c][1,5]naphthyridin-1-

yl)butyl]carbamate,
PartD
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[4,5-
c][1,5]naphthyridin-1-yl)butancamine as a pale yellow solid, m.p. 161-163°C. Mass spec
M+ 1) =257.09.

20
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NH2dN([err] Usi ng the general nethod of Exanple 97 3-hydroxyphenyl acetic.
aci -0. 2Qy@ 99/d06dz DI €) was reacted with PCT/US98/26473

2- (4-am no-g-%ut y31 -1 Himdazo[4,5-c][I|, 5] napht hyridin-1- yl)ethaneam ne
(0.5 g, 1.7 mol) to provide 0.13 g of N -[2-(4-am no-2-butyl-1H 10

i m dazo[ 4, 5-c][I, 5] naphtiyridin-1-yl)ethyl]-2-(3-hydroxyphenyl)acetam de as
a white powder, mp. 208-210C. Anal ¥sample@dRcul ated for C23H26N602: %,

66.01: %4 6.26; 9%\, 20.08: Found. 04 C ogl 6.11; O, 20.30. HRVB
(Bl) calcd for C23H26N602 (M+) $imong SPEGRpT: 51057 18
Exanpl e 99 Cormhmgumhiﬁmmu@-lmﬂiaaimﬁrd}nqslaapumyﬁdimi_mmﬂgm 4, 5-c]

[ 1, 5] napht hyridin-1-yl)et hyl]- 6-hydroxy-2-pyridi necarboxam de NH2 N [err]
20 Usi ng ﬂfﬂgwlaﬁﬂﬂﬂs@w}@w)@e@ﬂ}aﬁmﬁypi colinic acid
(O.Zg g, 1.7 mole) was reacted with

2- (47am no- 2-butyl -1 Him dazo[ 4, 5-c] [ 1, 5] napht hyridin-1 - - 91-
yl )ethaneam ne (0.5 g, 1.7 mol) to provide 0.15 g of
N-[ 2- (4- ami no- 2- but yl -1Hy N—

I m dazo[ 4, 5-c][ 1, 5] naphti szi n- 1-yl ) et hyl ] -6-hydr OXT— pyri di necar boxam de
as a white

0

Part A _

Under a nitrogen atmosphere phenyl magnesium bromide (39 mL of 3 M in ether)

10 was added via a syringe over a period of 30 minutes to a solution of methyl 4-
formylbenzoate (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

15 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

(10.7 g, 56 mmol) in toluene (70 mL) was heated at reflux. Water (~1 mL) was collected

20 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,N-
dimethylethanolamine (2.9 mL, 28 mmol) in a minimal amount of toluene. The mixture
was heated 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

25 bicarbonate (the aqueous layer was basic). The aqueous layer was extracted with an
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powder, m.p. 258-260C. Analysis: Calculated for C21H23N702 + [err] CH3CN:
%UC, -62. 03, %o oonékds YN, 24.66; Found: 9%C, 61.87; 9%, 5.70, YR¥rnids/fddrs 5
Exanpl e 100 Conpound of Formula | N -[2-(4-Aniino-2-butyl-IHimdazo[4, 5-cl
[ 1, 5] napht hyridin-1-yl)ethyll- 3,7-di met hyl - 6-octenam de NH2 N 10

[err] Using the general nethod of Exanple 97 citronellic acid (0.3 g, 1.7
nmmol e) was epéditional 10Pmb of dicthyl ether. The combined organic layers were dried and then

o S e forighipind A yAAREL S hlade VAL RRIONY SR chiofba SR R R Bl © ©
c][1 , 5] napBlufivg wdih 5%, thén B0% Yhdthahol midiclEbityletitmeriognavit€l2.40$ of ndthylal-

whi spy solid, mNp. 15 163-164C. Analysis: Calculated, for [err]: 9%

68. 77, %, §-2-N.Dadimethylamingziboxy)beneyllrozente asgroleriass oilogy, 19. 58. HRVB

(E1) alcd for [onek (el 430 2950 L ahnd 83 FE Zsoilln ot men AT NA?

N-[1-({[2-( ﬁ‘rﬁ\gh mfrideitoxyyblehizy TBeAAAR] .53 £ 11 Ammol) in methanol (10 mL). The

[ 1, 5] napht hylr | |¥|‘- 1-yl)et k{l/)h aym no} car bonyT ) - 3- m(a)t)hyl butaglllol (car ba)mat e
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 45°C). 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

15 4-(4-Amino-2-butyl-1 H-imidazo[4,5-c][1,5]naphthyridin-1-yl)butaneamine (0.130
g, 0.4175 mmol) and 4-[a-(2-N,N-dimethylaminoethoxy)benzyljbenzoic acid (0.125 g,
0.4175 mmol) were combined in dichloromethane (150 mL} and stirred at ambient
temperature until a clear solution was obtained. 1-[3-(Dimethylamino)propy}-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 dichloromethane was
reduced and the concentrate was purified by flash chromatography (silica gel eluting with
10% methanol in dichloromethane) to provide 0.085 g of N'-[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. 105-108°C. Mass

25 spec (M + 1)=594.30,
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NH2 [err] Using the general nethod of Exanple 97 N-t-BOC-L-Ieucine (.0.41 g,
1..7 mmol e)_was reacted with

2- (4- am noW2BEYF- | H-i mi dazo[ 4, 5-c] [ 1, 5] napht hyri di n-1- yl PEVHSI2T3e
(0.5 g, 1.7 mol) to provide 0.5 g of 1,1-dinethylethyl N[I-({[2-(4- 10
am no- 2- butyl - 1H- i m dazo[ 4, 5-c] [ 1, 5] napht hyri di n- 1-yl ) et hyl ] am no} car bonyl )
-3- nmethyl butylicarbamate as a white B@hiplk 113 p. 184-185C. HRMS (El) calcd
for C26H39N703 (M+) 497.3114 found 497.3093. Exanple 102 15

Compound of Formula | N3-[2-(4- Akemspoungafiformplailni dazol 4, 5- c]

[ 1, 5] napht hyri dign}-y! - A1 - (L e \| ]
11D et hy! et hi) - HG AR by Biago i o) SRR Bt

c][1, 5] napht hyri di n- 1-yl ) et hyl | am4piwsoyibengamide met hyl but yl | car bamat e
(0.35 g, 0.7 mol) was conbined with I N hydrochloric acid (40 nL) and
heated on a steam bath for - 30 mnutes. The reaction m xture was
all owed to cool and then it} was I£ wth 10% sodi um hydroxi de. The

resulting precipitate waN=s tration andOdried to provide 0.15

g of N -[2-(4-anino-2-bufyl-I|}+i o[ 4,5-c][1
, 5] napht hyridin-1-yl)e p 1N no- 4- et hyl pe 1 fle as.a white solid,
m p. 60- 650C. Anal ysi s: |Ca| @r\’
N H
= N

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-1-
yl)butaneamine (100 mg, 0.32 mmol) to provide 30 mg of N'-[4-(4-amino-2-butyl-1H-
imidazo[4,5-c][1,5]naphthyridin-1-yl)butyl]-4-benzoylbenzamide as a white solid. Mass-
10 spec (M + 1=7521.31).

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-1,2,3,4-tetrahydro-1-pyrimidinyl)acetamide
NH,
Z N
N | A\
0]
AN

N &\
H
Z K/N\]/\ N N
|\ o
O
Using the general method of Example 112 Part B, thymine-1-acetic acid (130 mg,

0.70 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 68 mg of N'-[4-(4-amino-2-butyl-1H-

-104 -



5 <[err]t 9 63.27; %, 7.86; 9N, 24.66; Found: %C, 62.27; %, 7.67; 9\,
24.77. HRVE Gfd oo @scd for [err] (M) 397.2590 found 397. 2582 ~{7i4aR 103
Conmpound of Forrm? N-12- (4-Amin o-2-butyl -| H-|2Pm dazo kﬁs
[4,5-cl[1, 5] napht hyr| d| n 1-yl)ethylj- 3,5-di methyl-4-isoxazol ecarboxan de
NH2 [err] Using the general nethod of Exanple 97

3, 5- di net hyl umaﬂaaq[dlﬁec]@l,éhxaphthymdm-byioenhxlpzz5xg:th3m-zz4mmben,2 JBdstetratydret-
with 2-(4-am | Hinm da

111, 5] hapht Ry RTaRUbasantii, & AR fo1hmep. 241-242°C, Mogs-smge PRATILS § o
N-[2-(4- am no-2- butyI-IH-lmdazo[4 5-c][1, 5] napht hyridin-1

-yl )ethyl]-3,5-dinethyl-4- isoxazol ecarboxam de as a white powder, m p.
188-189C. Anal ysis: Cal cuI ated for [er Bxamplg1161. 90; %4, 6.18; %N, 24.06;

Found: 9%C, 61.92; %, 6.15; %\, 24. H ( alcd for [err] (M)

407. 2069 found 407.2068 20 -94 - &EQ% EM?E%IZH%%%)OUHd of Fornmula I1

NI - 12-(4- Ani no- 2- Nli [ 4-6\rﬁln%rﬁbhgilflﬂlﬁﬂfdﬁzé hﬂth@rﬁim-l Dethyl]-

[ 1, 5] napht hyridin-1 yI)ethyIl 3 yI ethyl)-4 hy roxybel nzam d

e NH2 -methyl-z-oxo-4-1mldazohdmyl)hexamide
NH,
z N
N | \
N H
N 0o
~ ~
NH

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-
yDethaneamine (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-imidazolidinyl)bexamide as a white solid, m.p. 184-186°C. Mass
spec (M + 1 =481.35).
15
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[err] 5 A solution . .
of-N1-[.2- (4-.am.ho2- butyl -1 H i m dazo[ 4, 5-cl [ |, 5] napht hyri di nglx

yl)ethyl] 4‘38;&)3’?69 1, 1- di met hyl et hyl ) - 4- hydr oxybenzani de (oh‘ié"g’fjs’(f.’zfﬁnmmn
in trifluoroacetic acid (15 nL) and platinumoxide (0.1 g) were conbi ned
and hydrogenated overnight on a Parr apparatus. The reaction m xture was
filtered to renove the catal yst. 10 Exaffiple ¥lid trate was concentrated under
vacuum The residue was dissol veggi n %_i_y@hlf onet hane. The di chl or onet hane
sol uti on was washed twice with 10988 R HPEPBRi'de and with brine, dried
and then concentrated undeg'.yaglumih6-2PhRYi-IH-fmtiddgo[Ri50quct . This materi al
was purified by chromatography eluting wih 10% net hanol” in

di chl or onet hane. The reflSimaphthyridindsyBethylimathaneswlfanamideonitrile to
provide 0.05 g of N1 - 15
[ 2- (4-am no-2-butyl-6,7,8,9-tetrahy = | H-im dazo[ 4, 5-c] [ 1, 5) napht hyridin-1
-yl)ethyl]- 3,5-di-(1,1 -dinethylet nzam de as a white -
powder, mp. 208-21 0C. Analysi s:N& [err] + 0.1 CF3CO2H. % 6C,
68.17; 9%, 8.35; %\, 15.79; Found: %:' 68.A48; %1, 8.29; %\, 16.08. 95 -
Exanpl e 105 Conpound of Formul a 4-MN\- Ami no- 2- butyl -1Hi m dazo[ 4, 5-cJ
[ 1, 5] napht hyridi n-1-yl)butyl]-
5-(1, 3-di net hyl - 2, 6- oxo- 2, 3, 6, 7N ektahydrQ-| H purinyl ) pentam de NH2 N

HN
O===‘——-
5 J

Using the method of Examples below, 4-(4-amino-2-butyl-1H4-imidazo[4,5-
c}[1,5]naphthyridin-1-yl)ethaneamine (14 mg, 50 pmol) was reacted with methanesuifonyl
chloride (4 L, 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 (500 MHz, d6-DMSO) 6 =

10 8.49 (dd, J=4.3; 1.5 Hz, 1 H), 7.92 (dd, J=8.0; 1.5 Hz, 1 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 (1,
J=7Hz, 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.
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NHJerr] -

4- (4~ Ami no- 2vRyégfdggestt | m dazo[ 4, 5-c] [ 1, 5] napht hyri di n-1-yl ) bupegsuses3( 0. 2
. 0), 5-(1,3-dinmethyl-2,6-o0xo0-2,3,6,7-tetrahydro-1H purinyl)pentanoic acid
-(0.18 g) and dichloronethane (100 nL) were conbined and stirred at anbi ent
tenperature .for 30 10 m nut es.

" 1-[3- (Di met hyl amni no) pr opy] - 3- et hyl car b%’tﬁmm&lk?(o 12 g) was added and the
“reaction mxture was stirred at anbj for 2 hours. The
reaction was filtered through a col Gﬁﬁ%@aﬁﬁeﬁ Hg‘gl and eluted with 10%
nmet hanol in dichl oronet hane m-wmmom.suglqy.ﬁh;d%[ag.@]m no- 2- but yl

-l Himdazo[4,5-c][1 ,5] nalphthyrl din-1- i_/-mibUt

", 3-di met hyl - 2, 6- oxo- 2, 3, 6, [, Xesphthyridin-1-m) ]hynqepwmwem p. 153.5-1
5500. 15 Anal ysis: Cal cul ated for [qu_lr] o%uC, 60.61; %1, 6.66; %\, 24.37;
Found: %, 60.65; %, 6.66; %\, 24.32. - Exanpl e 106

"N -[4-(4- Am no- 2- but yl -IH-|nmjazo[4/ N, 5] n yridin-1-yl)butyll-

" 6-nor pbol i noni cotinam de NH2 [err] I ng|It h&\ ge nmet hod of Exanple 105
- 6-nmor phol i noni cotinic acid (0.12 g, )/was reacted with

4- (4-am no-2-butyl -1 Himdazo[ 4, 54 ndpht hyri din-1 - yl)butaneam ne
(0.2 g, 0.64 mol) to provide N - |4 (4Nam 0-2-butyl -I1Himdazol[4, 5-

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, 50 pmol) to provide 10.9 mg of N'-[4-(4-amino-2-butyl-
1H-imidazo[4,5-c][1,5naphthyridin-1-yl)ethyl]benzenesulfonamide. 1H NMR (500 MHz,

10 d6-DMSO) 6 =8.43 (dd, J=4.4; 1.5 Hz, 1 H), 7.94 (t, J=6 Hz, 1 H), 7.89 (dd, =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, =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
L) in a screw-capped test tube and the solution was cooled in an ice-water bath. An acid
chloride (50 pmol) of the formula RACOCI was added as a solution in 100 pL of
dichloromethane (Acid chlorides that are solids were either dissolved or suspended in
~400 pL of dichloromethane and then added). The mixture was vortexed for 15 seconds

25 to 1 minute, becoming cloudy, and then ~80 mg of an aminomethyl polystyrene resin
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c] [ 1, 5] napht hyri di n-1-yl ) butyl ] - 6- nor phol i noni coti nam de as a white.soli d .

m.p. 95- C. Calculated for [err] + 1/2 H20: %, 63 @

o, 21. 901‘9909’2%“99%, 63.69; %, 6.95 9%\ 21.52. Exanple 15‘3'9’88 847§d
Formula | 15 N1- 14- (4- Ami no-2-butyl -1Him dazo[4, 5-cJ

[ 1, 5]l napht hyridi n-1-yl)butyl]- 6-quinolinecarboxanide NH2Z N N N [err]

Usi ng the geazm/momao ofesi; X136 ptosstink; Baclsgum HD-2 DG0; dstFHORMIS0T) was 4lided,. 11 g,
64 nmol) was. reacted w

4- (4-am noanBx&rwnmwaﬁnva%?@M%mﬂpex 38sregadenThe mlmawasgapplled to a short
)b

T G o @ G A S conlitioRe A Ricrofreltind TrREDAAINAS | 16 s

a white sokluted \mtblo lgtﬁsmwm@thaﬁnmo}harml cGHéaIMgaaade&acn{)m t‘]Ihm Uyer 68. 70;

A R TN T SRR TR T ) A R
[ 1, Sl napht Bystedand diriphddeldhess 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 C18 Rainin 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.
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2- (4-hydr oxy-5-net hyl - 2- oxo- 1, 2-di hydro- 1- pyri m di nyl )acetam de NH2 [err]
Usi hg t he gerwoadzeses hod of Exanple 105 2- (4-hydroxy-5- et hyl pérRsessksrs
di hydro-1-pyrimdinyl)acetic acid (0.12 g, 64 mmpl) was reacted with

4- (4-am no- 2-butyl - | Himdazo[4, 5-c][1,5]naphthyridin-1- yl ) but aneamni ne
(0.2 9g,°0.64 mol) to provide 0.06 g of N -[4-(4-am no-2-butyl

-l Himdazo[4,5-c][1 ,5]naphthyridin-1 -yl)butyl]-2-(4- 15

hydr oxy- 5- met hyl - 2- oxo- 1, 2- di iEJr o- 1- pyri m di nyl ) acet ami de as a solid,
mp. 242-244C. - 98 - Exanhe_}09 Conpound of Fornul a |

N err]-[4-(4-Am no-2-butyl -{HIm o[ 4, 5-cl [ 1, 5] napht hyri di n-1-yl obut yl | -
.2-(2-pyrimdinyl sul fanyl ) acetssfrog N err] Using the general nethod of
Exanpl e 105 (2-pyrim di nylt ) acexic acicd, (0.11 g, 64 nmml) was reacted
Wi th 4-(4-amino-2-butyl - M dado[ 4, 5-c] | 1, 5] napht hyri di n-1 -

yl ) butaneam ne (0.2 g, 0.64 mmpl )NHO provide N -[4-(4-am no-2-butyl
-1Hi ni dazo[ 4, 5- 10 0

c][1, 5] napht hyridin-1-yl)butyl]-25(2-pyrimdinylsul fanyl)acetam de as a
white solid, m-p. 156-160C (dec.).* Exanple 1 10 Conpound of Formula

Example# | Ra Fragment "H NMR (500 MHz, solvent indicated)

(ds-DMSO) 5 8.51 (dd, J=4.4, 1.5 Hz, 1H),
7.91 (dd, J=8.3, 1.5 Hz, 1H), 7.46 (t, J=6 Hz,
1H), 7.4 (dd, J=8.3, 4.4 Hz, 1H), 6.73 (br

118

z : s, 2H), 4.80 (t, J=6 Hz, 2H), 3.60 (q, J=6 Hz,
2H), 2.87 (t, J=7 Hz, 2H), 2.0-1.8 (m, 17H),
1.43 (sextet, J=7 Hz, 2H), 0.96 (t, J=7 Hz,
3H)
(de-DMSO0) & 8.49 (d, J=4.5 Hz, 1H), 7.93
119 (d, J=8 Hz, 1H), 7.65 (t, J=6 Hz, 1H), 7.45
(dd, J=4.5, 8 Hz, 1H), 7.29 (d, J=8 Hz, 2H),
7.17 (d, J=8 Hz, 2H), 6.92 (br s, 2H), 4.69 (t,
J=6 Hz, 2H), 3.59 (g, J=6 Hz, 2H), 2.60 (t,
Qa J=7 Hz, 2H), 2.28 (m, 2H), 1.67 (m, 4H),
1.5-1.3 (m, 6H), 0.92 (t, J=7 Hz, 3H)
(ds-DMSO) & 8.96 (t, J=6 Hz, 1H), 8.49 (dd,
120 J=4.0, 1.5, 1H), 7.92 (dd, J=8, 1.5 Hz, 1H),
7.50 (d, J=8 Hz, 2H), 7.44 (dd, J=8, 4.0 Hz,
1H), 7.40 (t, J=8 Hz, 1H), 6.76 (s, 2H), 4.85
(t, J=6 Hz, 2H), 3.88 (q, J=6 Hz, 2H), 3.03 (t,
J=7 Hz, 2H), 1.80 {quintet, J=7 Hz, 2H),
1.45 (sextet, J=7 Hz, 2H), 0.96 (t, J=7 Hz,
3H)
(ds-DMSO0) § 8.52 (dd, J=4.2, 1.5 Hz, 1H),
8.04 (t, J=6 Hz, 1H), 7.95 (dd, J=8.5, 1.5 Hz,
1H), 7.45 (dd, J=8.5, 4.2 Hz, 1H), 7.4-7.2
(m, 5H), 7.00 (br s, 2H), 4.84 (, J=6 Hz,
2H), 4.37 (s, 2H), 3.74 (s, 2H), 3.65 (q, J=6
Hz, 2H), 2.87 (t, J=7 Hz, 2H), 1.77 (quintet,

J=7 Hz, 2H), 1.40 (sextet, J=7 Hz, 2H), 0.94
(t, J=7 Hz, 3H)

121
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15 N -[4-(4-Am no-2-butyl -Himdazo [4,5-cl

[ 2, 5] napht@ 1-yl)butyl]- 2-(4-pyridylsulfanyl)acetam de NH2 [err]
Usi ng t he é &éﬁ; net hod of Exanple 105 (4-pyridylthio) acet TET ’58?86{‘('@ 11 g,
64 mmol) was reacted with

4- (4-arnino-2-butyl-IHimdazo[4,5-c][1, S] naphthyridin-1- 20

yl)putaneam ne[(0.2°g, 0.64 ) T S@)Qsdsg(a& J=4.4,15Hz, 1H), |
N-[4-(4ﬁ?mno~2- ut y AF_R9- é H)792 dd 8415Hz,
[ 1, B] naphthyri gl - ¥y Ybutyl 172- (@- py{HfI @51 8)4;10135 Ig°d,

mp} 127.5-1290C. Exanple 11 1 5 CH, H 57 of

Forjul a | 4-(4-am’no-|H-im'dazo[4,5-ﬁ%£_n§geé 1 ne

NH2| N Part A 10 Tri et hyl ort L4 dded
to A solution ¢ 1- di net hyl et hyl | J=7 Hz, 2H),

f
N-{#-[(3-am nol|1,
mmo|) in toluege (150 nil). The react{tod=fvbiz, BE)t ed at refl ux _overni ght
| collected in a DeagissmmSo)tsamz (Bde J=4aGi.D MM ) Ur 6 was
X
I
;

1,
(5] napht hyr i di n- 4- y| ) tauinist, bl?@h*%o%{'ﬁb@n@ﬂe" (I'B: ﬂ)zﬁ) 0.86 1
g

wi th et hanol bein

heated afparefl y r diAd | 6 JBIHE¢R),P7.08/(genesB!Bf P8 19z, aci d
(1.4 g, 7.5 mu wis added and t 4 1$H) 7 48 Balmgag4r i"rﬁ}a%%%r@ 3ht.
A dark orange/ Qrown oil had forned. t§'7§$ﬂ'? 1H), 4.98 (d, J=15 Hz, 1H),

4, 91 (d, J=13 Hz, 1H), 4.76 (t, J=6 Hz, 2H),
3.57 (q, J=6 Hz, 2H), 2.88 (t, J=7 Hz, 2H),
2.00 (q, J=7 Hz, 2H), 1.93 (t, J=6 Hz, 2H),
1.80 (quintet, J=7 Hz, 2H), 1.44 (sextet, J=7
Hz, 2H), 1.5-1.1 (m, 12H), 0.96 (t, J=6 Hz,
3H)
(ds-DMSO) 5 8.51 (dd, J=4.4, 1.7 Hz, 1H),
7.96 (t, J=6Hz, 1H), 7.92 (dd, J=8.3, 1.5 Hz,
1H), 7.44 (dd, J=8.3, 4.4 Hz, 1H), 6.81 (br s,
2H), 3.76 (t, J=6 Hz, 2H), 3.59 (q, J=6 Hz,
2H), 2.90 (t, J=7 Hz, 2H), 1.94 (m, 3H), 1.80
(quintet, J=7 Hz, 2H), 1.58 (m, 2H), 1.55-
1.40 (m, 6H), 0.96 (m, 5H)
_ EF (ds-DMSO0) 6 9.32 (t, J=6 Hz, 1H), 8.51 (dd,
125 F =4.4, 1.5 Hz, 1H), 8.29 (br s, 1H), 8.26 (br
s, 2H), 7.97 (d, J=8 Hz, 1H), 7.44 (dd, J=8,
4.4 Hz, 1H), 7.42 (br s, 2H), 4.97 (t, J=6 Hz,
2H), 3.88 (q, J=6 Hz, 2H), 2.86 (t, J=7 Hz,
FF 2H), 1.73 (quintet, J=7 Hz, 2H), 1.30 (sextet,
J=7 Hz, 2H), 0.80 (t, J=7 Hz, 3H)

(de-DMSO0) & 8.68 (d, J=4.5 Hz, 1H), 8.61 (t,

126 —Q J=6 Hz, 1H), 8.12 (d, J=8 Hz, 1H), 8.1 (brs,
2H), 7.62 (dd, J=8.0, 4.5 Hz, 1H), 7.44 (dd,

J=7.5, 2 Hz, 1H), 7.41 (dt, J=7.5, 2.0 Hz,
1H), 7.31 (dt, J=7.5, 2.0 Hz, 1H), 7.12 (dd,
J=7.5, 2 Hz, 1H), 4.91 (t, J=6 Hz, 2H), 3.83
(q, J=6 Hz, 2H), 3.00 (t, J=7 Hz, 2H), 1.83
(quintet, J=7 Hz, 2H), 1.44 (sextet, J=7 Hz,
2H), 0.94 (t, J=7 Hz, 3H)

124

4
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super nat amt was decanted off and concentrated under vacuumto provide 1.1 g

of "1, 1- di metwybezicsys PCT/US98/26473

_N—[4-(LH—inidazo[4,5-c][1,5Pnaphthyridin-1-y|)buty|]carbanate. e ol was

identified as 4-(1H i m dazo[ 4,5

mat er i
addi ti
N[ 4-(

were cC

acid (
mat er i
25

car bon
concen{

acet at
-di net

, 5] nap
slowy
Part Bj (

addi ti

conpl e

(5 n)

weeken

under

| _wAs reac

-c][1, 5]
ed wih 1 1 -dinethy

napht hyri di n- 1-yl ) but aneam ne.
ethyl -dicarbonate to provide an

onal 1 g of
H i d2dazo]
ponbi ned and
1.86 g of 6
al from Par

ate solutio
rat ed unde
cooled a
hyl et hyl car
ht hyri di ne-

a)

<y

Anbi ent t enperature overni ght and

PN oxi de.

1,1, 0 dlnethyle
- napht hyri di
car |ed on to the nej

Do C lwas added in smal |
{t Ain chloroform (25

1,

1. The layers were sep
vacuum The residue
nd then filtered to pn
bonyl ) am nol butyl} -1}
Part C Tosyl

b {dyyDMSO) 5 8.69 (t, J=6 Hz, 1H), 8.63 (dd,
Q=4; ¥15)tmt 4H), 80D aha=8.5 Fze1H)o | d

7.80 @-s, BRI 7 Bs?(dqmt-moqr-ﬁ)emw c
rJdaOﬁSa, chza 149 wumeJ 8 r@Hz

%ﬁ
- 0_

| sextet

+|n1dazo[4 5 c][1

chloride (0.64 g,

ﬁgdlu

{4-1(1,

3.37 mml ) was

added 1 n S

onal%fgo ng

i on.
and wat er

d. The | aye
bacuumto p

The r Pac

I portlons TO a 5
i n dichloronts
chl ori de was
s quenched w
nd stirred at
| e separated. Thd

fovi décg tan solid. Th

i

dgh 3=475, .5 Bz,

o

Jx8dilsntH): Enffe (b&tsu A6 (8d=8
Hyz, @ihi 6.&08(§«.el=6/\ld3, Adh el (hts6
iHz, 2H), 3.33 (s, 6H), 3.00 (t, J=7 Hz, 2H),
1.79 (quintet, J=7 Hz, 2H), 1.44 (sextet, J=7
Hz, 2H), 0.95 (t, J=7 Hz, 3H)

ém i

129

(ds-DMSO) & 8.66 (t, J=6 Hz, 1H), 8.57 (dd,
J=4.3, 1.2 Hz, 1H), 8.00 (dd, J=8.5, 1.2 Hz,
1H), 7.69 (dd, J=9, 5.8 Hz, 2H), 7.50 (dd,
J=8.4, 4.3 Hz, 1H), 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=7 Hz,
2H), 0.81 (t, J=7 Hz, 3H)

130

(d-DMSO) 5 8.72 (t, J=6 Hz, 1H), 8.52 (dd,
J=4.3, 1.5 Hz, 1H), 7.93 (dd, J=8.0, 1.5 Hz,
1H), 7.72 (d, J=8 Hz, 2H), 7.50 (d, J=8 Hz,
2H), 7.44 (dd, J=8, 4.3 Hz, 1H), 6.80 (br s,
2H), 4.90 (t, J=6 Hz, 2H), 3.81 (g, J=6 Hz,
2H), 2.79 (t, J=7 Hz, 2H), 1.70 (quintet, J=7
Hz, 2H), 1.29 (sextet, J=7 Hz, 2H), 0.81 (t,
J=7 Hz, 3H)

131

3
O
Ras

(d-DMSO) 5 8.55 (dd, J=4.3, 1.5 Hz, 1H),
8.49 (t, J=6 Hz, 1H), 7.95 (dd, J=8.4, 1.5 Hz,
1H), 7.69 (d, J=8 Hz, 2H), 7.46 (dd, J=8.4,
4.3 Hz, 1H), 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)

132

Cl

S,

(ds-DMSO) & 8.76 (t, J=6 Hz, 1H), 8.53 (dd,
J=4.3, 1.5 Hz, 1H), 7.95 (dd, J=8.5, 1.5 Hz,
1H), 7.67 (br s, 1H), 7.65 (d, J=8 Hz, 1H),

Thi s

—

S

r—r
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10

provi de O.
N[ 4-.(4- am no-

SO|Id was slurried in hot nethyl
¢s 1- di net hyl et hyl
I m dazo[ 4, 5-c] [ 1,

Yiddia

Part D A m xture of the materi al

m.)

t hat

sodi

prov
c][1
161-

For

[1,5
4-{1p
[err
et he
sol uf
allo

t he

was 15

heat ed at

5]
fro

reflux until

cooled and the filteced to,

napht hyridi n-1- yl)butyl T‘Eﬂp%f’é.
m Part C and |
thin | ayer chromat ography i ndi cat ed

acet at e,

the reacti

5] napht hyr
1631C Mass

Um hydr oxi d¢.
de 0.2 g of

NAa [ 4

on was conpl et e.

1Y

spec (M + 1) 257

The nh'i(SUr(m videh), ZjB4F A3, RHT7102 (brish
The resulting preci

4- (4-ammino-|1 Him da
itdi n- 1-yl ) but aneam ne

09.

ALl

P2HIRULO NS JE6 HZA 2, BB (d, UeBtHAN t
7Y+ 2081 (t, J—7 Hz, 2H), 1.71 (quintet, J=7

a;_ aﬁﬁ)};ﬁiv aafr Mz, 2A)P0.82 (¢

arrpe rrpoudc

I(J. I I\lJ._'L

napht hyri di
D - (dllr%t hyl
Under a n
) 10
i on of nmet
ped to stir
hddi ti on of

\H"_IE\III LAY

m-

added via a syri

hyl yl
for an additi onal

ULyI LT F 1

1- L‘F‘
am n x'{Gphenyl ) N
it r ogen at Sphere phe

wag

nge

4- fornyl benzoate

10

1 M hydrochloric acid

Td”‘ﬁlﬁbb) 5850 (dd, J=44, 12 iz, 1H),

8871 (1576, Hz: Hd),B.229 (br 1 2H). 8.12

gk .#Egrﬁbs‘li-ZIHZbr‘lbhi 661((pm 3H), 413 N
pide /=8 Hier2k)l 4892 (pJF6 hiz, 2k1); 3.82

() J26d+z, 124), @84 {t, JFNeizyRid)ut 68vay
n% quintes JBTCHE NZH), I .2 Pesextete DD 4, by,
HES E'F)(s gl 0.78 (t, J=7 Hz, 3H)

134

(ds-DMSO) & 8.55 (t, J=6 Hz, 1H), 8.54 (dd,
J=4.5, 1.5 Hz, 1H), 7.94 (dd, J=8.5, 1.5 Hz,
1H), 7.60 (d, J=8 Hz, 2H), 7.46 (dd, J=8.2,
4.5 Hz, 1H), 7.21 (d, J=8 Hz, 2H), 6.87 (brs,
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=7 Hz, 3H)

135

(de-DMSO) 6 8.58 (dd, J=4.4, 1.5 Hz, 1H),
8.00 (dd, J=8.4, 1.5 Hz, 1H), 7.97 (t, J=6 Hz,
1H), 7.52 (dd, J=8.4,4.4 Hz, 1H), 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)

136

(CDCl;3 at 60°C) & 8.56 (dd, J=4.0, 1.5 Hz,
1H), 8.06 (dd, J=8.5, 1.5 Hz, 1H), 7.41 (dd,
J=8.8, 4.0 Hz, 1H), 6.80 (br s, 1H), 5.70 (br
s, 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=7
Hz, 2H), 1.51 (sextet, J=7 Hz, 2H), 0.99 (m,
1H), 0.99 (t, J=7 Hz, 3H), 0.79 (m, 2H), 0.54
(m, 2H)

137

(CDCl3) 5 8.59 (dd, J=4.5, 1.5 Hz, 1H), 8.10
(dd, J=8.3, 1.5 Hz, 1H), 7.46 (dd, J=8.5, 4.5
Hz, 1H), 6.79 (br s, 1H), 6.02 (br s, 2H),
4.96 (t, J=6 Hz, 2H), 3.82 (g, J=6 Hz, 2H),
2.93 (t, J=7 Hz, 2H), 2.18 (quintet, J=7 Hz,
1H), 1.90 (quintet, J=7 Hz, 2H), 1.65-1.35
(m, 10H), 1.00 (t, J=7 Hz, 3H)

138

(CDCls) & 8.58 (dd, J=4.4, 1.5 Hz, 1H), 8.09
(dd, J=8.0, 1.5 Hz, 1H), 7.46 (dd, J=8.3, 4.4
Hz, 1H), 7.00 (br s, 1H), 5.85 (br s, 2H),
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conbirned extr.
filtered and t
This materi al
nes: et hyl

en concentrat ed 15

reaction mxture was extracted with diethyl

ether (2 X 200 nL). The

ye washed with brine,

acetate) to provide

dried over magnesiu
under vacuumto provide gk@qs%%%%". | .
was purified by flash chromatography (silica gel

9 g of nethyl

51 on of p-t

Stark trap.

droxybenzy )benzoate as a clear
| uenesul fonic acid ny

s heated at refl ux.

The heating mantl e

.96 (tdae Hza 2hi)t 3.84<a, dxGrblzpRE)e o
@%@(ﬂ 3+ 8 Hzl @Hj, 4.885f, 3Hy| 1.52(m,

[ 160YnlAH N AT (rh) 246), 2PD(q, |

Y, ¢ MAVRU=7THz! 519), 85 (. ZHYT € v

SOt ot on

D

to ambien
h di et hyl
layer was

PN concent r g
ogr aphy (si

N2.9 ni,
ir e
terrperature.

basi c).

of diethyl ether.

it ed under vacuum Th
eluting wth

lica gel

'! ~Z-( a- Nydroxy

heated at refl
The res
her and saturated aq
The aqueous

i

B2 (Wels6 &z, 2D 4940 d=Ghiz, 2
The2.83 {thUré dHx 24Hn1 82 (guintet, \Aen-lz;ir i

sextet pi=T HzeBHRY1 .00 & 0=7
|52/03Hd)ihz:(n 10%91:; haﬁol ))'I n %

omermane) 1

P- NN-  di et |

D anbi ent te

O prvide 249 g of
rr\a@oxy) benzyl | ben ‘?132;’158 S‘ﬁg J_44 1.
ilde (754 nl) was adddd,tb i

yl ami noet hoxy) benzyl ] ggn‘igad {
The sol ution was heat|d®

nperature and then

;%m. ), 8.03
), 7.45
r@g it

), g0, 153 Hé‘l)r 6.89
3 Hz, 1H), 6.32 (br s, 2H), 5.08 (t, J=6 Hz,

2H), 4.02 (q, J=6 Hz, 2H), 2.92 (t, J=7 Hz,
2H), 1.88 (quintet, J=7 Hz, 2H), 1.47 (sextet,
J=7 Hz, 2H), 0.96 (t, J=7 Hz, 3H)

v

(CDCl3) 8 8.45 (dd, J=4.4, 1.5 Hz, 1H), 8.08
(dd, J=8.4, 1.5 Hz, 1H), 7.43 (dd, J=8.3,4.4
Hz, 1H), 7.07 (dd, J=5, 1.6 Hz, 1H), 6.84 ( br
t, 1H), 6.78 (dd, J=5, 3.4 Hz, 1H), 6.51 (dd,
J=3, 1 Hz, 1H), 6.05 (br s, 2H), 4.94 (t, J=6
Hz, 2H), 3.82 (q, J=6 Hz, 2H), 3.49 (s, 2H),
2.89 (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)

NO,

<

(CDCl5) 6 8.52 (dd, J=4.4, 1.5 Hz, 1H), 8.42
(brt, 1H), 8.08 (dd, J=8.3, 1.5 Hz, 1H), 8.01
(d, J=9 Hz, 2H), 7.48 (dd, J=8.4, 4.4 Hz,
1H), 7.39 (d, J=9 Hz, 2H), 5.80 (br s, 2H),
5.12 (t, J=6 Hz, 2H), 4.05 (q, J=6 Hz, 2H),
2.94 (t, J=7 Hz, 2H), 1.93 (quintet, J=7 Hz,
2H), 1.52 (sextet, J=7 Hz, 2H), 1.01 {8, J=7
Hz, 3H)

H,C
CH,

(CDCI3) $ 8.21 (dd, J=4.4, 1.5 Hz, 1H), 8.05
(dd, J=8.4, 1.5 Hz, 1H), 7.53 (br t, 1H), 7.28
(dd, J=8.3, 4.4 Hz, 1H), 6.68 (s, 2H), 6.23
(brs, 2H), 5.02 (t, J=6 Hz, 2H), 4.00 (q, J=6
Hz, 2H), 3.03 (t, J=7 Hz, 2H), 2.21 (s, 3H),
1.99 (s, 6H), 1.94 (quintet, J=7 Hz, 2H), 1.59
(sextet, J=7 Hz, 2H), 1.03 (t, J=7 Hz, 3H)
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neutralized (pH 5-6) with 1 N hydrochloric acid (2.54 nlL).
vacuum (bath at 450C).
di chl oronet hane (15 nL) aRATHEIS4AG) (3

The extract was filtered and"the filtrate was concentrated under

concentr at
extract ed
m.) .

VoS,

xture of 10

vacuumto provide a viscous residue.

di e
di n
4- (

(0.
aci
sti
1-[

0.4
tem
con
10%

NL-
, 5]
(di

Mas

For
[1,

The m xture
The resulting residue was

Trituration with several portions

[ hyl et her

Pt hyljagi noe
1- Ami no- 2- b
130 g, 0.41]
d (0.125 g,

Fred at anbi
B- (Di net hyl
b nmol ) was
per at ure f o
centrate was
met hanol ir
4- (4-am no-
hapht hyri di
ret hyl am no)
5 25 sped
ul a |
5] napht hyri g

!

am no) pr opy]

N - [ 4-

roviged 0.39 g of 4-]
he nzyI ] benzoi c

tyl
5 Mol ) and 4-[a-(2-
0.4 mmol ) were co
ent tenperature until

added and the reactio
2 days. The volune o
purified by flash ch
di chl oronet hane) to
2-butyl-1H imdazo[4
-1-yl)butyl]-4-{[ 2-
et hoxy] (phenyl ) et hyl
(M+ 1) = 594. 30.
(4- Am no- 2- butyl -1 H
I n-1-yl)butyll -

i m dazo[ 4, 5-c]{

-3- ethyl cg

XCODChMt 28°C) 5 8.59
cqd), @1&(5&1';:% @

Cﬁ{tﬁf i agtg ??8?3

9 d Tﬁfga F'rlﬁ

T EizogH), 3.68i (8t Ahekid %

f 2d),ch80 (quintatade? s ZI-Iédhaedsamt,t
r rdHzg 2 Q.88t,| J=0aHReBHE| uti ng wi

br ovi de 0. 085 g of
5-c][1

dd, J=4.0, 15Hz
gz, 1RAS

t benzam de as a solid, mp. 105-10
103 - Exanpl e 113 Conpound of
m dazol4, 5-cl

Was,

of

nd

he

—

0C.

145

(CDCls) 5 8.60 (dd, J=4.4, 1.5 Hz, 1H), 8.11
(dd, J=8.5, 1.5 Hz, 1H), 7.47 (dd, J=8.5, 4.4
Hz, 1H), 7.01 (brt, 1H), 6.43 (br s, 2H), 4.95
(t, J=6 Hz, 2H), 3.81 (g, 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=7 Hz, 3H)

146

O

(CDCl) 5 8.23 (dd, J=4.4, 1.5 Hz, 1H), 8.52
(br s, 1H), 8.10 (dd, J=8.5, 1.5 Hz, 1H), 7.53
(dd, J=8.3, 4.4 Hz, 1H), 7.21 (d, J=4 Hz,
1H), 7.06 (d, J=4 Hz, 1H), 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=7
Hz, 3H)

147

Ci
=N

(CDCl3) 5 8.39 (dd, J=4 .4, 1.5 Hz, 1H), 8.31
(dd, J=5.0, 2 Hz, 1H), 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, 1H), 7.33 (dd, J=8.5, 4.4 Hz, 1H),
7.07 (dd, J=8, 5 Hz, 1H), 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=7
Hz, 3H)

148

—@—m

(CDCl; at 60°C) 5 8.54 (dd, J=4.4, 1.5 Hz,
1H), 8.33 (d, J=2 Hz, 1H), 8.06 (dd, J=8.4,
1.5 Hz, 1H), 8.06 (br s, 1H), 7.56 (dd, 8.5, 2
Hz, 1H), 7.45 (dd, J=8.4, 4.4 Hz, 1H), 7.15

(d, J=8 Hz, 1H), 5.72 (br s, 2H), 5.08 (&, J=6
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4- benzoyl benzam de NH2 [err] Using the general nmethod of Exanple 112 Part
B, "4- benzoy| henagisgezaci d (72 ng, 0.32 mmole) was reacted w t hperusesnesrs
4- (4-ami no- 2-butyl - 1Hi m dazo{ 4, 5-c] [ 1, 5] napht hyri din-1- yl)butanean ne
(100 ng, 0.32 nmol) to provide 30 rrg of Nl [4 (4 am no- 2 butyI-IH—

I M dazet4—5 C}[l 5] r‘.aphthy..uuﬂ I= yl)u
solid.l] Mass- 10 spec (M+ 1 521. 31). irﬁ
Nl -[ 4-](4- Ami no-2-buty|-||—|—im’dazo[4,5-

)

2-(5-nethyl-2,4-dioxo-1,2 3 4-tetrahydf etml
Usi ng [t he general| neth f Exanpl e 11P(CREL)B8. 611 n£-414.a13§tH2b 1&);&'_?1\
mg, 0.{70 mye) was Te th (dd J=8.3, 1.5 Hz, 1H), 7.50 (t, J=6 Hz, 1R),

4- (4-gm no- 2-butyl - 1H-imdazg[4,5-c][1}3 Dy8i3d 4t Hz, yH), .42 (dalwdne
(200 , 0.70 mmo|) to prgvide 68 ng o H}g gﬁsqmmﬂzbgﬂylsu&(brs 104-
i mi dazjo[ 4, 5-¢] [ 1, b] napyThyri din-1 545063 -6Hz 2H),400(q,J~6Hz

-yl)ethyl]-2-(5-ng -2,4-dioxo-1,2,3
pyrlmdlnyl)acetamde as a white solid ’p18

. . . ; J=7 Hz
For mul fa | (quintet, JE;E?‘“[‘ZH) :L%;S EE& Qé(

1 451. 24) . Exanple 115 5
6H), 0.93 (t, J=7 Hz, 3H), 0.87 (t, 3H)

0 (CDCl3) 6 8.61 (dd, J=4.4, 1.5 Hz, 1H), 8.09
150 —@—( (d, J=8.5 Hz, 1H), 7.90 (d, J=8 Hz, 2H), 7.84
u & (brs, 1H), 7.48 (dd, J=8.5, 4.4 Hz, 1H), 7.44

3

(d, J=8 Hz, 2H), 6.4 (br s, 2H), 5.12 (t, J=6
Hz, 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 (¢, J=7

Hz, 3H)
ai (CDCly) 5 8.48 (br s, 1H), 8.22 (dd, J=4.5,
151 1.5 Hz, 1H), 8.04 (dd, J=8.4, 1.5 Hz, 1H),
cl 7.33 (s, 2H), 7.30 (dd, J=8.4, 4.4 Hz, 1H),
- 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)

(CDCls) 5 8.41 (dd, J=4.4, 1.5 Hz, 1H), 8.06
152 (dd, J=8.3, 1.5 Hz, 1H), 7.41 (dd, J=8.5, 4.4
Hz, 1H), 6.75 (d, J=8 Hz, 2H), 6.64 (d, J=8
i Hz, 2H), 6.60 (brt, 1H), 6.02 (br s, 2H), 4.92

: (t, J=6 Hz, 2H), 3.80 (g, 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=7
Hz, 2H), 1.00 (t, J=7 Hz, 3H)
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N1-[ 4-(4- Am no-2-butyl -1Hi m dazo[ 4, 5-cl [1, 5] naphthyridin-1-yl)ethyl]- .
6- (5- et hyl I m dazol i dinyl)hexam de NH2 [err] Using the general

met hod of 89%96%112 Part B, D-desthiobiotin (151 ng, 0.70 11‘5"/8598(?ﬁﬂ3e)
was reacted with 4-(4-am no-2-butyl-1Him dazo[4,5-c][1,5]naphthyridin-1 -
yI)ethaneam' ne (200 ng, 0.70 mmol ) to provide 231 ng of

[4-(4-aznino-2-butyl-1H imdazo[4,5-c][1 ,65]naphthyridin- 1 -yl)ethyt]-
6- (5-W| m dazol i di nyl ) hexam de as a white solid, mp.
184-186[err]C. Mass spec (M (Eomporumisbf%ﬁnulhﬂ - 105- Exanpl e 116 Conpound
of Fornmul a N |.H-imd zo -C
[ 1, 5] napht h ?‘Eﬂ‘ﬂpo}méﬁ ?QEWPIH%F%&% @b@?ﬂv%{e@? PEPYERNg ¢ he
gt h0dac@i)r&ﬂ%ﬁﬁh@?olfb%ﬁﬂ%‘&neﬁio@&%ﬁﬂﬁﬁﬁmg‘ﬁbﬁt&i-lﬂfﬁﬂx&ﬂz@ 79l 4, 5-

c][ 1, 5] naphthyridin-1-yT)ethaneam ne (14 ng, 50 inol) was reacted with
rret hanelfL;sneplythyridinel-ylentineagiine G5 umwibwps tlissqived/ind dicklogomethaidie (10
-4 xgi) ?nma Q&ev%—cgpééd telstktlﬁllae an%atfle Léllhgon was cooled in an ice-water bath. An acid

chloride (25 pmol) of the formula RACOCI was added as a solution in 100 pL 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 #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

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 C18 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). APCl-mass spectral
data confirmed presence of the expected molecular ion, and proton nmr data supported the

expected structure.

- 116 -



c] [ L, 5] napht hyri di n- 1-yl ) et hyl ] met hanesul f onam de. 1H NMR (500 MHz.

d6- DMSO)" [ erwhboohbses 8.49 (dd, J=4.3; 1.5 Hz, | H), 7.92 (d%r}usg 473l 5

Hz, | H, 7.44 (dd, J=8.0; 4.3 , 7.30 (t, J=6 Hz, 3/9631
3

2H), 4.77 (t, J=6 Hz, 2 H), 3.
2.85 (s, 3H), 1.82 (quintet, J
3 H. Mass spec by APCI (+/-) p
Exanpl e 117 Conpound of Fornul &
[ 1, 5] napht hyri di n-1-yl) et hyl [Lb& pesul fonam de NH2 N 5

[err] Using the nethod of Exa : -152 bel ow, 4-(4-am no-2-butyl -

I m dazo[ 4, 5-c] [ 1, 5] napht hyr @ -Nl ) e neam ne (14 ng, 50 gunol) was
reacted w th benzenesul fony or'de (6 CHyr]L, 50 [err]m)t) to provide
10.9 ng of N -[4-(4-am no-2-
| Hi m dazo[ 4, 5-c][1, 5] naphthyr|d|
(500 MHz. 10 d6- DVBSO) 6 8. 4

6 Hz, 2 H), 2.98(t J7Hz 2H)
H, 1.46 (m 2 H), 096(tJ7H;,
ection gave desired MN -106-

ug inj
b N'-1-(4-Am no-2-butyl-1Him dazo[ 4, 5-cl

e

1-yl)ethyl] benzenesul fonam de. 1H NWR
(dd Ja.4; 1.5 Hz, 1 H), 7.94 (t, J=6 Hz,

1 H, 7.89 (dd, J=8.4; 15Hz, 7.68 (d, J=8 Hz, 2 H, 7.58 (t, J=8
Hz, 1 H), 7.50 (t, J=8Hz, 41(dd J84 4.4 Hz, | H), 4.72 (t, J=6
Hz, 2 H, 3.34 (m 2 H), 297( Hz, 1.81 (quintet, J=7 Hz, 2
H, 1.45 (sextet, J=7 Hz, 7 (t J= 7 Hz 3 H). Mass spec by APCI
(+/-) plug injection gave deS| red M\
‘Example # Ra Fragment IH NMR (500 MHz, solvent indicated)
Br (CDCl3 at 29°C) 6 8.53 (dd, J=4.4, 1.5 Hz,
153 1H), 8.12 (dd, J=8.5, 1.5 Hz, 1H), 7.83 (t, J=2
Hz, 1H), 7.59 (d, J=8 Hz, 1H), 7.57 (d, J=8

Hz, 1H), 7.42 (dd, J=8.5, 4.4 Hz, 1H), 7.23 (t,
J=8 Hz, 1H), 6.73 (t, J=6 Hz, 1H), 6.50 (br s,
2H), 4.84 (t, J=6 Hz, 2H), 3.60 (qg, J=6 Hz,
2H), 2.92 (t, J=7 Hz, 2H), 2.04 (quintet, J=7
Hz, 2H), 1.88 (quintet, J=7 Hz, 2H), 1.80 (m,
=7 Hz, 2H), 1.48 (m, 2H), 0.99 (t, J=7 Hz,
3H)
(CDCl; at 29°C) § 8.60 (dd, J=4.4, 1.5 Hz,
1H), 8.09 (dd, J=8.5, 1.5 Hz, 1H), 7.43 (dd,
J=8.5, 4.4 Hz, 1H), 6.32 (br s, 2H), 5.75 (t,
J=6 Hz, 1H), 4.81 (t, J=6 Hz, 2H), 3.35 (q,
=6 Hz, 2H), 2.91 (t, J=7 Hz, 2H), 2.1-1.6 (m,
ca. 21H), 1.51 (sextet, J=7 Hz, 2H), 1.01 (t,
J=7 Hz, 3H)

(CDCl, at 60°C) 6 8.44 (dd, J=4.4, 1.5 Fz,
155 % 1H), 8.10 (dd, J=8.5, 1.5 Hz, 1H) 7.43 (dd,
Cl

154

=8.5, 4.4 Hz, 1H), 7.10 (s, 4H), 6.00 (br s,
2H), 5.60 (t, J=6 Hz, 1H), 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 (8,
J=7 Hz, 3H)

(CDCl; at 80°C) 6 8.33 (d, J=4.4 Hz, 1H),
8.08 (dd, J=8.5, 1.5 Hz, 1H), 7.5-7.0 (m, 4H),
6.70 (brs, 1H), 6.25 (brs, 2H), 4.85 (t, J=6
Hz, 2H), 3.67 (q, J=6 Hz, 2H), 2.93 (t, J=7
Hz, 2H), 2.08 (quintet, J=7 Hz, 2H), 1.88 (m,
4H), 1.53 (sextet, J=7 Hz, 2H), 1.02 (t, J=7

156
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15 Exanples 118 - 152 Conpounds of Formul a |

118- 152 shgyg ob/e

cll,

di Chl aronet.han

éofie table bel ow were prepared according to
nmet hod. 4-(4-Am no 2-butyl -1 Himdazo[4,5- 20 l;‘plem&%

5] napht hyridi n-1-yl ) et haneanine (50 [err]inmol) was dissolved i'n
(5 ) in a SCrew capn

The conpounds of Exarrpl es

sy 9

coolled in an ite-vwater bath. An acidlt@3H)de (50 gnol) of the formila |
RACOCL was added™as a solution in 10p(CBEIat 60°Q)|808159r(dd13.ﬂ¢m461(54dz,d
chl o!*i des5t hat| arePsol i ds were eit he}l [ 1H),S8.90\(dd, 9=8.5u3BeHdetH),I7.4808d [ er|r] L
of dj chl oronet pané\ and t hen added). [I'begrg A4 H \Ma;s) 7.2BY(RY M) Pr21lfgn secqnds
25 to 1 mnpte, om ng cl oudy, q)t@ga (t8 G”igzo‘fH IB@% )4I 1
pol ygtyrene repgin 7- (0.62 neyg J_ W\zg 8 gl hem
#D- 2[100, | ot #}FMb was added, and Xe 2
30 sgconds. P m xture was appl I ed { % f%kgn |ca
gel fronditionefd with dichl oronethane g‘ 9t '0j
di ch| or omet hane: net hanol , col | ecti ng| % (ﬂyﬁget r‘%
chropmt ography!of the fractions was &emfmia 0 |
prodlict spot were pool ed and stQi ppe i(d@DMS@@iQQ"G)S 8350 {aid, .Eple&teduéd-lz
Purily was8 che¢ W}fse HRYC7 OHRdE, 28 BIMASIHE7ET1 {toJ+6 1 H9 a
Hewl ptt Packar¢ HP 1090 system fiited 1y t1p1 a7 daauagq i £ HeS 9Hb, /80
colupm, 4.6 x 50 nm particle si o (!_g )19%7 g84),0ns.
Gra]gl ent elution: | ijnear 1g(r)oa/di ent frc% }_,/2 g% Hz 4H21
trifluoroaceti¢ acid to 6 acet oni f 1 vier
Lrifuoroacet | (t 107 15 T8 55 s 30 ©
180 (m, 4H), 1.6-1. 1(m 14H), 0.96 (t, J=7
Hz, 3H)
NNy, | (de-DMSO at 29°C) § 8.51 (dd, J=4.4, 1.5 Hz,
159 * 1 1H), 7.92 (dd, J=8.5, 4.4 Hz, 1H), 7.72 (t, J=6
Hz, 1H), 7.43 (dd, J=8.5, 4.4 Hz, 1H), 6.86
(br s, 2H), 6.77 (m, 1H), 4.98 (dd, J=2 Hz,
1H), 4.92 (m, 1H), 4.79 (t, J=6 Hz, 2H), 3.08
(q, J=6 Hz, 2H), 2.94 (t, J=7 Hz, 2H), 1.98
(quintet, J=7 Hz, 2H), 1.80 (m, 2H), 1.55-1.1
(m, 20 H), 0.96 (t, J=7 Hz, 3H)
(de-DMSO at 29°C) 5 8.49 (dd, J=4.4, 1.5 Hz,
160 —b 1H), 7.90 (dd, J=8.2, 1.5 Hz, 1H), 7.71 (t, J=6
Hz, 1H), 7.42 (dd, J=8.2, 4.4 Hz, 1H), 6.74
(br s, 2H), 4.79 (t, J=6 Hz, 2H), 3.06 (q, J=6
Hz, 2H), 2.92 (t, J=7 Hz, 2H), 2.04 (m, 1H),
1.96 (m, 2H), 1.82 (m, 4H), 1.6-1.3 (m, 10H),
1.04 (m, 2H), 0.96 (t, J=7 Hz, 3H)
EF (de-DMSO at 29°C) 5 8.95 (t, J=6 Hz, 1H),
161 F 8.44 (m, 3H), 8.31 (s, 1H), 7.88 (dd, J=8.5,
1.5 Hz, 1H), 7.37 (dd, J=8.5, 4.4 Hz, 1H),
6.76 (s, 2H), 4.82 (t, J=6 Hz, 2H), 3.38 (m,
F 2H), 2.91 (t, J=7 Hz, 2H), 1.90 (m, 2H), 1.76
g F (m, 2H), 1.64 (m, 2H), 1.39 (m, 2H), 0.86 (1,
J=7 Hz, 3H)
H,C (de-DMSO at 29°C) 5 8.44 (dd, J=4.4, 1.5 Hz,
162 Y 1H), 8.39 (t, J=6 Hz, 1H), 7.89 (dd, J=8.2,1.6
dCHs Hz, 1H), 7.39 (dd, J=8.2, 4.4 Hz, 1H), 7.12
(s, 2H), 6.75 (br s, 2H), 4.81 (t, J=6 Hz, 2H),
0~CH 3.78 (s, 6H), 3.68 (s, 3H), 3.32 (m, 2H), 2.92
3
(m, 2H), 1.90 (m, 2H), 1.80 (m, 2H), 1.60 (m,
2H), 1.40 (sextet, J=7 Hz, 2H), 0.91 (t, J=7
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per .mnute. Detection is at 220 nmand 254 m). APClI-nmass spectral data
confiirmed pragpseessdf the expected nol ecul ar ion, and proton pfushsears

supported the expected structure. -108- NH2 [err] Exanpl e # RA
grg%m(snt 'H Iq\ll\u/\R*?i’(:SOO MHz, solvent indicated) (d6- DI\/SO) [err]
J=8.3, : H 7 'Lt1*?:5 Hz. Hzmg;'h 44 /M)—é1 A;A:jt...\mj o
6.73 ( © J=6 Hz, 2H) | (d-OMSQ at 298C Bﬁ%‘gﬁ J> k‘??ﬁ) J=1
Hz, 2H 1 A3 (sext ¢18.5¢dd, i=4.21)5 Hz, 4b)( 7.931d7J38.5 31
(d6- : =4.5 Hz, | HKHz AH)37449dd, J=8.5, 44Hz 1H), 6.95

((j, J3 H.| 7. L J=6 Hz, 1H) | (Br $2H)4.83)6AIE6 Ha, Bil), 384 (mi7 28D, (d,
%—ggHZ A L-Zl (d, J=8 Hz, 2H), 6.92 95\t 3=7 HI) 2H§ 290((m, 2H)p2185 (n3H) ,

3. 59 E?n ) 1,5_221)5 (2'606(H§’ (():Igz i ,.é) 1.60 (qui etJH¥H£|?)H) 24@({:6"2@2%
(t, Jao—tz—11H)—8-49 Endd 092 (Y048 t, By g Brhdo- DVEO [err °

! (de-DMSO at 29°C) 5 8.50 (dd, J=4.3, 1.5 Hz,
164 —Q 1H), 8.38 (t, J=6 Hz, 1H), 7.91 (dd, J=8.4, 1.5
Hz, 1H), 7.44 (dd, J=8, 1 Hz, 1H), 7.39 (dt,
=8, 1 Hz, 1H), 7.43 (dd, J=8.4, 4.3 Hz, 1H),
7.31 (dt (J=8, 1 Hz, 1H), 7.27 (dd, J=8, 1 Hz,
1H), 6.74 (s, 2H), 4.83 (t, J=6 Hz, 2H), 3.26
(g, J=6 Hz, 2H), 2.94 (t, J=7 Hz, 2H), 1.95
(m, 2H), 1.83 (m, 2H), 1.60 (quintet, J=7 Hz,
2H), 1.45 (m, 2H), 0.95 (t, J=7 Hz, 3H)
(ds-DMSO at 29°C) 5 8.49 (dd, J=4.3, 1.5 Hz,
165 ‘Q‘C‘ 1H), 8.4 (t, J=6 Hz, 1H), 7.91 (dd, J=8.2, 1.5
a Hz, 1H), 7.64 (d, J=2 Hz, 1H), 7.43 (dd,
J=8.2, 4.3 Hz, 1H), 7.42 (dd, J=8, 2 Hz, 1H),
7.30 (d, J=8 Hz, 1H), 6.75 (br s, 2H), 4.82 (t,
J=6 Hz, 2H), 3.25 (q, J=6 Hz, 2H), 2.93 (t,
J=7 Hz, 2H), 1.90 (m, 2H), 1.82 (m, 2H), 1.60
(m, 2H), 1.45 (sextet, J=7 Hz, 2H), 0.95 (t,
J=T Hz, 3H)

(de-DMSO at 29°C) § 8.46 (dd, J=4.3, 1.5 Hz,
—Q'F 1H), 8.46 (m, 1H), 7.89 (dd, J=8.5, 1.5 Hz,
1H), 7.84 (dd, J=8, 5 Hz, 2H), 7.40 (dd,
J=8.5, 4.3 Hz, 1H), 7.26 (t, J=9 Hz, 2H), 6.74
(brs, 2H), 4.81 (t, J=6 Hz, 2H), 3.31 (q, J=6
Hz, 2H), 2.91 (t, J=7 Hz, 2H), 1.88 (m, 2H),
1.79 (m, 2H), 1.60 (quintet, J=7 Hz, 2H), 1.45
(m, 2H), 0.91 {t, J=7 Hz, 3H)
(de-DMSO at 29°C) 5 8.53 (t, J=6 Hz, 1H),
cl 8.46 (dd, J=4.4, 1.5 Hz, 1H), 7.89 (dd, J=8.5,
1.5 Hz, 1H), 7.79 (d, J=8 Hz, 2H), 7.50 (d,
J=8.5 Hz, 2H), 7.40 (dd, J=8.5, 4.3 Hz, 1H),
6.74 (s, 2H), 4.81 (t, J=6 Hz, 2H), 3.30 (q,
J=6 Hz, 2H), 2.91 {t, J=7 Hz, 2H), 1.92 (m,
2H), 1.78 (quintet, J=7 Hz, 2H), 1.60 (quintet,
J=7 Hz, 2H), 1.40 (sextet, J=7 Hz, 2H), 0.90
{t, J=7 Hz, 3H)

166

167

.
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120

1H,

E?

J=7
8. 04

2H)

(qui
- 104

7. 9]

&

N &

=7

7. 50 v

6.76 (s,

2H),

1.80 (q

Gloonbss Hz,

2H), 7.44 (
4.85 (t, J=6 Hz,
Intet, J=7 Hz,

2H),

J

HH?

JI'I) \(

2H)

J=4.0, 1.5, 1H)
dd, J=8, 4.0 Hz,

792(dd J=8, 15Hz

" 4%?861%/2%35%

145(sextet J=7 Hz, 0:96 (t,

5
65
rr] 8.50 (dd,
7.92 (dd, J

2H), 4.762 (
J=7 Hz, 4H),

2H)
Hz,

VEO)
i

3. (q J=6 Hz,
“Ter

1H,
br s,
7 (t,

(br
.27 (

16="Di 2—(dd;
e S
17 H) 00 (br

6 |
,68)7.4
3.74 (s, -
1.40 (sextet

=8.

2H), 3.88 (q, J6Hz
JF

=8.

—
N

EE T

’}3 2. 55
JEBS, 14:3 1H)06@$ ﬂﬁ) 3H)
84 (s, ZH)Hﬁ 81 (tw— 2H) 3.79 (s,
BH)133B%Hg, JE6)Hz, 2HI52@M(t, J=BHE, 1.
2H)61186 (rRHH), 3. (quintstH)=7 RzBaH),t|
1160 (quintst JFEHz2PH), 1.493séktet, =7 HZ.
Hz, 2H), 0.91 (t, J=7 Hz, 3H)

t,

D

N

F
f—< >—4%F
F

(de-DMSO at 29°C) § 8.67 (t, J=6 Hz, 1H),
8.46 (dd, J=4.0, 1.5 Hz, 1H), 7.97 (d, J=8 Hz,
2H), 7.89 (dd, J=8, 1.5 Hz, 1H), 7.39 (dd,
J=8, 1.5 Hz, 1H), 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=7
Hz, 3H)

170

CH,
CH,

(de-DMSO at 29°C) & 8.46 (dd, J=4.0, 1.5 Hz,
1H), 8.35 (t, J=6 Hz, 1H), 7.89 (dd, J=8.5, 1.5
Hz, 1H), 7.71 (d, J=8 Hz, 2H), 7.43 (d, J=8
Hz, 2H), 7.40 (dd, J=8, 4.0 Hz, 1H), 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=7
Hz, 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)

17

(de-DMSO at 29°C) & 8.47 (dd, J=4.0, 1.5 Hz,
1H), 8.35 (t, J=6 Hz, 1H), 7.89 (dd, J=8.0, 1.5
Hz, 1H), 7.69 (d, J=8 Hz, 2H), 7.40 (dd,
J=8.0, 4.0 Hz, 1H), 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=7
Hz, 2H), 0.91 (t, J=7 Hz, 3H)
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qui.ntet, J=7 Hz, 2H), 2.6-1.1 (m 12H), 0.96 (t, J=7 Hz, 3H) (d6- DMSO

P L PN
—+ cD

rr] 8.52 (awboglméexd, 1.5 Hz, 1 H), 123 PCT/US98/26478- 97
, J=6 Hz,1 H), 7.95 (dd, J=8.3, 1.5 Hz, 745(dd J=8.3, 4.4 Hz, |
H, 6.88 (br s, 2H), 579(rr1|H) 498(d J15Hz 4.91 (d, J=13
Hz, 1 Hf, 4. 76 (1], =56 FHz, ZF), 3.57 7 ’
2.00 (g, I Hz,| 2H) )edn93 (t J=6 H§ %8‘33?}&1 ﬁsws@
1. 44 (lsextet, J—7;§;z cB), 1.5-1.1 (m %@Hz;ﬁ bgﬁ)D?/EsO)
6 8.51| (dd, J=4.l4, . 1.7 Hz, | H), 124 Iz(s %H 479’(“! (HA'%%’
(t, J=6Hz,1 H), [7.92 (dd, J=8.3, 1.5 F 4
H, 6.B1 (er)s, 5 ( .76 (t, J=6 Hz, |24W), 28%6, H%g‘hg%e’g)
=7 Hz| 2H), 1.9 (m 3H), 1.80 (qui ntdﬂuvrﬂeﬂJﬂz )14§ds HZ.L, 55-
40 (jn 6H), 0.P6 (m 5H) (d6-DVSO) [|efH), OB, 4157 BHmzqe (si)Q .51 (dd,
25 J=4.14, 1.5 Hz, | H), 8.29 (br s, | H),
.26 (s, 2H) 17 907 (d_1=8 Hz 1 H) 17 44 (dd_J=8 A A Hz 1 H). 7 A2
br s,|2H) . 4.97|( =6 Hz, 2H). 3.89 (e:DMSO at29°Q))5 8.504dd(4=4.5-1.5dz,
H, 1173 (muintkt, 37 Hz, 2H), 1.30 |(Hd)800 (t, J=6 Hz, 1H), 790(dd J=8.5,15

N R P G

Hz, 1H), 7.43 (dd, J=8.5, 4.5 Hz, 1H), 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), 1.45
(m, 5H), 0.94 (t, J=7 Hz, 3H), 0.60 (m, 4H)

(ds-DMSO at 29°C) 5 8.49 (dd, J=4.3, 1.5 Hz,
"G 1H), 7.90 (dd, J=8.4, 1.5 Hz, 1H), 7.68 (t, J=6
Hz, 1H), 7.42 (dd, J=8.4, 4.3 Hz, 1H), 6.73
(br s, 2H), 4.80 (t, J=6 Hz, 2H), 3.06 (q, J=6
Hz, 2H), 2.92 (t, J=7 Hz, 2H), 2.44 (m, 1H),
1.81 (m, 4H), 1.70-1.30 (m, 12H), 0.96 (t, J=7
Hz, 3H)

(de-DMSO at 29°C) 5 8.50 (dd, J=4.5, 1.5 Hz,
_/"G 1H), 7.90 (dd, J=8.0, 1.5 Hz, 1H), 7.73 (t, J=6
Hz, 1H), 7.42 (dd, J=8.0, 4.5 Hz, 1H), 6.75
(s, 2H), 4.78 (t, J=6 Hz, 2H), 3.06 (g, 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, 3H)

(de-DMSO at 29°C) 5 8.69 (t, J=6 Hz, 1H),
176 —O—EN 8.45 (dd, J=4.3, 1.5 Hz, 1H), 7.91 (m, 4H),
| 7.89(dd, J=8.3, 1.5 Hz, 1H), 7.40 (dd, J=8.3,

4.3 Hz, 1H), 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=7
Hz, 3H)

174

175
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2H), 0.80 (t, J=7 Hz, 3H) (d6-DVBO) 6868(d J=4.5 Hz,

Hz 1 H, 8.
126 wo 99129693 J=6 Hz, 8.12 (

(br s, 2H) . 7.62 (dd, J=8.0, 4.5 Hz,1 H), 7. 44 (dd, J= ggnk?g’ﬁ’g&"’l
(dt, 9=7.5 2.0 Hz, 1H), 7.3 (dt, J=7.5, 2.0 Hz, IH), 712(dd

L

TZ5 .:u. \L, F=6—+z—F
.83 3 J=7 Hz, 2 ,(6‘3" (éf?i&)§3;ﬁa zi'l‘ ,
§'L) -i(m ( d6- DVBO) [ef?] §‘§5t 358y 1H) -(7%5 ?%7
, 1.5 fz, 1 H), 8.07 (d, J=8|# d@lJ'5121H)76 7.80
s, 2H), 765 (d, J=2 Hz, 1 H), q'Jsﬁ,(l Z, 7540(4106JH§4MHZ71&Q dd,
| 8, 7.15 (d, J=8 Hz, 1H7.1%(dQ, J=5, 3IHB, 1), 674 (s, :21-624(82(t,]—6
98L(L, =7 bz, 2H), L 82 |(RGHEEH) 38 1, /BHiz, HA2.02 ¢ et
: 94 (t, J=7 Hz, 3H) (CW'\@Q&&Q)&@(I{\C’QH)JF?QQ uihtét h‘l?-?
| “1 gg mtéH)Jq HE2 12&@)?'@! 42=8
.42 (dd, J=8.5, 4.3 HZ(s tJ-72ﬁz,éH) 0.91 (t, J=7 Hz, 3H)

61

LG~NO— G
L

~N A
'_\

(_n

=7

TR
Il

I
o~
Mo N
o)
PN
L P
L

5 (ds-DMSO at 29°C) 5 8.49 (dd, J=4.3, 1.5 Hz,
178 1 1H), 8.05 (t, J=6 Hz, 1H), 7.91 (dd, J=8.2, 1.5
Hz, 1H), 7.43 (dd, J=8.2, 4.3 Hz, 1H), 7.29
(dd, J=5, 1 Hz, 1H), 6.89 (dd, J=5, 3 Hz, 1H),
6.82 (dd, J=3, 1 Hz, 1H), 6.77 (br s, 2H), 4.79
(t, J=6 Hz, 2H), 3.56 (s, 2H), 3.09 (g, J=6 Hz,
2H), 2.90 (t, J=7 Hz, 2H), 1.75 (m, 4H), 1.45
(m, 4H), 0.95 (t, J=7 Hz, 3H)

(ds-DMSO at 29°C) 5 8.77 (t, J=6 Hz, 1H),
—Q‘NO: 8.46 (dd, J=4.4, 1.5 Hz, 1H), 8.28 (dd, J=8.5,

2.5 Hz, 2H), 8.00 (dd, J=8.5 2.5 Hz, 2H),
7.89 (dd, J=8.3, 1.5 Hz, 1H), 7.39 (dd, J=8.3,
4.4 Hz, 1H), 6.75 (s, 2H), 4.82 (t, J=6 Hz,
2H), 3.32 (m, 2H), 2.92 (t, J=7 Hz, 2H), 1.90
(m, 2H), 1.79 (quintet, J=7 Hz, 2H), 1.63 (m,
2H), 1.42 (sextet, J=7 Hz, 2H), 0.91 (t, J=7
Hz, 3H)

H,C (de-DMSO at 29°C) 5 8.48 (dd, J=4.3, 1.5 Hz,
180 1H), 8.14 (t, J=6 Hz, 1H), 7.91 (dd, J=8.4, 1.5
CH, Hz, 1H), 7.42 (dd, J=8.4, 4.3 Hz, 1H), 6.78
HC (s, 2H), 6.75 (br s, 2H), 4.82 (t, J=6 Hz, 2H),

? 3.22 (g, J=6 Hz, 2H), 2.92 (t, J=7 Hz, 2H),
2.50 (s, 3H), 2.03 (s, 6H), 1.90 (m, 2H), 1.85
(quintet, J=7 Hz, 2H), 1.58 (m, 2H), 1.45
(sextet, J=7 Hz, 2H), 0.96 (t, J=7 Hz, 3H)

179
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lH) 6.74 (br s, 2H),
- J=6widz9/284ds, 3. 33 (s,

2H) 1.44 (sextet, .d=7 Hz,

6.61 (d, J=8 Hz,
6H) ,

3.00 (t,
2H),

J=7
0.95 (t,

D
0 .

=6 Hz, 1H),857(dd
\ s

U~ 00w WG

&

t,
17.93 (dd,
7. 44 (dd,
q, J=6 Hz|

2H),

279(t

s:
480(t =6 Hz, 2H)), 3.25 }i -gsgzlz)g )1 5
7202 (tl=TIHz, 2H), 1284 (m74H) 1.68 (-3

D2 r1.45 (Saktet, 4=90HZ, 2H),) 6O5HE,, J=§7H)
H2HBH) 1. 70 (quintet, J=7 Hz,

sextet, Ji

1%% 1

. 95

NrUPRPWNR®

w—

7 FzZ, ZA)

] 1

J=6. 47 10 ,
6.93 (d, J=8 Ham,

:Ih

(dstBMsﬁﬂét ég*c dBJéag
(t, 86

%}5 790 di ‘{_gBO
I"

s, 2|-6 478 (. J=6 Hz, 2H) 3.56 (s, 3H),
3.06 (g, J=6 Hz, 2H), 2.90 (t, J=7 Hz, 2H),
2.25 (m, 2H), 2.00 (m, 2H), 1.81 (m, 4H),
1.4 (m, 8H), 0.96 (t. J=7 Hz, 3H)

Cl
—N

\ 7

183

(de-DMSO at 28°C) 6 8.55 (t, J=6 Hz, 1H),
8.50 (dd, J=4.3, 1.5 Hz, 1H), 8.43 (dd, J=5, 2
Hz, 1H), 7.91 (dd, J=8.4, 1.5 Hz, 1H), 7.74
(d, J=8.0, 2 Hz, 1H), 7.43 (dd, J=8, 4.3 Hz,
1H), 7.42 (dd, J=8, 5 Hz, 1H), 6.75 (br s, 21H),
4.83 (t, J=6 Hz, 2H), 3.27 (q, J=6 Hz, 2H),
2.94 (t, J=7 Hz, 2H), 1.92 (m, 2H), 1.83
(quintet, J=7 Hz, 2H), 1.60 (m, 2H), 1.46
(sextet, J=7 Hz, 2H), 0.95 (t, J=7 Hz, 3H)

184

(ds-DMSO at 29°C) 6 8.77 (dd, J=2.5, 0.5 Hz,
1H), 8.70 (t, J=6 Hz, 1H), 8.46 (dd, J=4.3, 1.5
Hz, 1H), 8.16 (dd, J=8, 3 Hz, 1H), 7.91 (dd,
J=8.4, 1.5 Hz, 1H), 7.62 (dd, J=8, 0.5 Hz,
1H), 7.43 (dd, J=8.4, 1.5 Hz, 1H), 6.76 (br s,
2H), 4.81 (t, J=6 Hz, 2H), 3.31 (m, 2H), 2.92
(t, J=7 Hz, 2H), 1.89 (m, 2H), 1.79 (quintet,
J=7 Hz, 2H), 1.61 (quintet, J=7 Hz, 2H), 1.40
(sextet, J=7 Hz, 2H), 0.91 (t, J=7 Hz, 3H)

185

{(de-DMSO at 29°C) 5 8.55 (t, J=6 Hz, 1H),
8.45 (dd, J=4.3, 1.5 Hz, 1H), 7.90 (d, J=8 Hz,
2H), 7.89 (dd, J=8, 1.5 Hz, 1H), 7.43 (d, J=8
Hz, 2H), 7.39 (dd, J=8, 4.3 Hz, 1H), 6.74 (br
s, 2H), 4.81 (t, J=6 Hz, 2H), 3.30 (m, 2H),
2.91 (t, J=7 Hz, 2H), 1.88 (m, 2H), 1.78
(quintet, J=7 Hz, 2H), 1.63 (m, 2H), 1.34
(sextet, J=7 Hz, 2H), 0.89 (t, J=7 Hz, 3H)

186

(ds-DMSO at 29°C) 5 8.64 (t, J=6 Hz, 1H),
8.49 (dd, J=4.4, 1.5 Hz, 1H), 7.90 (dd, J=8.5,
1.5 Hz, 1H), 7.69 (s, 2H), 7.42 (dd, J=8.5, 4.3
Hz, 1H), 6.74 (s, 2H), 4.84 (t, J=6 Hz, 2H),

-123 -



)
<

N

o |l Il
B

oo -
NP ©

8.69 (dd, J=4.4,1.2 |{m
8.22 (br s,

90 (t, J=6 Hz, 2H), 3.8 (q, Jt6 Hz, 2H), 3.79 (s, 3H),
, L. hptet, J=7 Hz, 2H), 1.29 (sextet, J=7 Hz, t,
. 3H) : 0) [err] 8.76 (t, J=6 Hz, 1 H), 8.53 (dd, ‘é‘é%s’s‘?“’g'
1. . 1H, 7.95 (dd, J=8.5, 1.5 g, 1H), 7.67 (br's, .
1 (1, 3 ﬂlzT,ZH) 3.82 (q, J=6 M3 r 2 (9. @E- '95'293(%1?-7 7“1)7”1’
iint et Hz, 2H), 1.31 (sextet, dqgﬁ‘t ttJ'ZHZ ), 3,60

extet, J= Hz 2H), 0.96 (t,
EH)=7HZJEHIdd J=8.0, 1.2 Hz,1 H), 7

I, 3,

GO N G G
oo

k) I |-|),
t\J=9

|_|Z1
78 (t,

3'1'2 2
1 H), =@ (d, J=8 Hd(Golf l:%

4.92
1.68 (qU| nt et
=7 Hz,

((HS-DMQO% 292).6 $483ddJ=4. 361 l&7Hz2
tl (12h6 aﬁ)wm@a Jg8 iz

(df,
(bFS) 2H), 4" 9‘(???4 21) 37?(5%),

3.25 (s, 2H), 3.08 (q, J=6 Hz, 2H), 2.89 (,
J=7 Hz, 2H), 1.80 (m, 4H), 1.46 (m, 2H), 1.44
(sextet, J=7 Hz, 2H), 0.95 (t, J=7 Hz, 3H)

188

(de-DMSO at 29°C) § 8.47 (dd, J=4.3, 1.5 Hz,
1H), 8.15 (t, J=6 Hz, 1H), 7.90 (dd, J=8.4, 1.5
Hz, 1H), 7.64 (dd, J=8, 2 Hz, 1H), 7.41 (dt,
J=8, 2 Hz, 1H), 7.40 (dd, J=8.4, 4.3 Hz, 1H),
7.06 (d, J=8 Hz, 1H), 6.98 (dt, J=8, 2 Hz,
1H), 6.74 (s, 2H), 4.82 (t, J=6 Hz, 2H), 3.70
(s, 3H), 3.33 (m, 2H), 2.92 (t, J=7 Hz, 2H),
1.90 (m, 2H), 1.80 (quintet, J=7 Hz, 2H), 1.60
(m, 2H), 1.43 (sextet, J=7 Hz, 2H), 0.92 (t,
J=7 Hz, 3H)

189

Cl

(ds-DMSO at 29°C) 5 8.56 (t, J=6 Hz, 1H),
8.46 (dd, J=4.4, 1.5 Hz, 1H), 7.89 (dd, J=8.4,
1.5 Hz, 1H), 7.82 (t, J=2 Hz, 1H), 7.74 (id,

=8, 2 Hz, 1H), 7.58 (td, J=8, 2 Hz, 1H), 7.47
(t, J=8 Hz, 1H), 7.39 (dd, J=8.4, 4.4 Hz, 1H),
6.74 (s, 2H), 4.81 (t, J=6 Hz, 2H), 3.31 (q,
J=6 Hz, 2H), 2.91 (t, J=7 Hz, 2H), 1.88 (m,
2H), 1.79 (quintet, J=7 Hz, 2H), 1.61 (m, 2H),
1.36 (sextet, J=7 Hz, 2H), 0.90 (t, J=7 Hz,
3H)

190

H,C

(ds-DMSO at 29°C) 5 8.46 (dd, J=4.3, 1.5 Hz,
1H), 8.27 (t, J=6 Hz, 1H), 7.89 (dd, J=8.5, 1.5
Hz, 1H), 7.75 (d, J=8 Hz, 2H), 7.40 (dd,
J=8.5, 4.3 Hz, 1H), 6.94 (d, J=8 Hz, 2H),

6.73 (s, 2H), 4.81 (t, J=6 Hz, 2H), 4.00 (t, J=7
Hz, 2H), 3.28 (q, J=6 Hz, 2H), 2.91 (t, J=7
Hz, 2H), 1.87 (m, 2H), 1.78 (quintet, J=7 Hz,
2H), 1.71 (quintet, J=7 Hz, 2H), 1.60 (m, 2H),
1.38 (sextet, J=7 Hz, 4H), 1.32 (m, 2H), 1.28
(m, 4H), 0.91 (t, J=7 Hz, 3H), 0.87 (t, J=7 Hz,
3H)
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6,“‘#; i%w(zd J=8 Hz, 2H), 6.87 (br s, 2H), 4.90 (t, J=6 Hz, 2H),
= Bultoo 2.80 (t, J=7 Hz, 2H), 2.32 (s, 3H), 1.6%-6el =7
.20 (sextet, J=7 bz, 2H), 0.81 (t, J=7 Hz. 3H) (dG?%VBO) ?’3&?58
1.5 Hz, 1H), 135 ' 8.00 (dd, J=8.4, 1.5
.97 (t, J=6 Hz, 1H), 7.52 (dd, J844.4Hz, 1H), 7.35 (br s, _
2, 3.58 (q, I=6 Hz, 2.93 (t, J=7 Hz, 2H), 1.785
v %7 ey 5 etetJ?Hz oH), 0.96 (t.
. 0.87 (s, 9H (CD %‘ngﬂdét?ég‘g‘é 6 (dd, J=4.0,1.5 Hz, 136
dd, J=8.5 1.5 te, 1), 7.41 (dd, J88,40Hz L H. 6.80 (br
0 (br s. 2H), 4.94 (t. J=6 Hz, 2H), 3.82 J=6 Hz, 2H), 2.91
. Thi cobpemds gfi Exaraples 191721% showsyin the t@hle(hf; { were Erwaccgﬂ)mg

gtqt fgfllqgwmg ngettlis&f] 41%%%\102% ’bgg'}‘%%-l(rrrﬁhazolfg S-C?[lgﬂnéﬂﬁhﬂiﬁn CDCl% d8

% )éthﬁgeanﬁﬁg( (50 7prﬂ@l) (v@gdls&ﬁ%cﬁm $mb df'&ohldr&metﬁaﬂ@m(ﬁcréw-cdpp& tesbtube

00 01
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4. 96 I—2382é8 2H), 2.93 (t, J=7_Hz.
, 2. 36d @ qarbnxdic, acild:(ﬁOl-ﬂznoI) of formula RA,COOH was added at ambient temperature. Within

3 minutes 2 light suspension typically formed. The coupling agent, 1-(3-dimethylaminopropy})-3-

NAL,CDOAU) G~ N
-~

-

10 ethyl carbodiimide hydrochloride (~10.5 mg, 55 umol) 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 C18 Rainin
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% trifluoroacetic 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.
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1H) | 1.9? (CE])]ui ntet,(é;? He, 2H), 1.65-1.35 (m 10K, 1.00 (t, J=7 Hz, 3H) .
) J=4.4, 1.5 Hz, 1 H), 8.09 138
oot §, 1 H, 7.46 (dd, J=8.3, 4.4 Hz, 1 H), 7.B0"F Br2847
112-  4.96 (t, J=6 Hz, 2H), 3.81 (q. J=6 Hz, 2H), 2.92
1.88 (m 3H), 1.52 (m 6H), 1.50 (m 2H), 1.49 (m 2H).
.01 (t, J=7 Hz, 3H), 0.85 (m 2H (CDCL3) 5 8.52 (dd, J4. 4,
6 139 (br t, 1H). 8.09 (dd,
J=8 Hz, 2H), 7.46 (dd, J=8.5, 4.4 Hz, | H),
's, 2H), 5.12 (t, J=6 Hz, 2H), 4.04 (q, J=6
, J=7 Hz, N .92 (quintet, J=7 Hz, 2H), 1.52 (sextet,
0 (t, J=7 CDCI3) 5 8.65 (dd, J=4.4, 1.5 Hz, | H),
d, J=8.5, 1.5 Hz, 1 H), 7.59 (br t,
H, 7.9% (dd, J=5, 1.2 Hz, IH). 7.10 (d,

Example # Ra Fragment 'H NMR (500 MHz, solvent indicated)
—~ (CDCl) 5 8.47 (ad, J=4.4, 1.5 Hz, 1H), 8.10

191 (dd, J=8.5, 1.5 Hz, 1H), 7.45 (dd, J=8.5, 4.4

S Hz, 1H), 7.15 (dd, J=5.0, 3.0 Hz, 1H), 6.75
(d, J=3 Hz, 1H), 6.64 (dd, J=5.0, 1.2 Hz,
1H), 6.61 (brt, 1H), 6.3 (br s, 2H), 4.94 (t,
J=6 Hz, 2H), 3.30 (s, 2H), 2.81 (g, J=6 Hz,
2H), 2.89 (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)

Br (CDCls) & 8.41 (dd, J=4.4, 1.5 Hz, 1H), 8.04

192 -@ (dd, J=8.5, 1.5 Hz, 1H), 7.40 (dd, J=8.5, 4.4

Hz, 1H), 7.34 (dd, J=8, 1.2 Hz, 1H), 7.07 (dt,
J=8, 2 Hz, 1H), 7.00 (dt, J=8, 2 Hz, 1H),
6.96 (dt, J=8,2 Hz, 1H), 6.78 (br t, 1H), 5.72
(brs, 2H), 4.95 (t, J=6 Hz, 2H), 3.85 (q, J=6
Hz, 2H), 3.42 (s, 2H), 2.89 (t, J=7 Hz, 2H),
1.83 (quintet, J=7 H, 2H), 1.50 (sextet, J=7
Hz, 2H), 1.00 (t, J)=7 Hz, 3H)

cl (CDCl3) 6 8.40 (dd, J=4.4, 1.5 Hz, 1H), 8.07

193 (dd, J=8.5, 1.5 Hz, 1H), 7.43 (dd, J=8.5, 4.5
Hz, 1H), 7.14 (d, J=2 Hz, 1H), 7.06 (brt,

- 1H), 6.98 (dd, J=8, 2 Hz, 1H), 6.85 (d, J=8
Hz, 1H), 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)
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o H)~, 6.32 (br s, 2H), 5.08 (t, J=6 Hz, 2H), 4.02 (g, J=6 Hz, 2H),

" (t, J=Twidezeomdkds, 1.88 (quintet, J=7 Hz, 2H), 1.47 (sext eﬁm,gsggnw,s

0.96 (t, J=7 Hz, 3H) (CDCL3) [err] 845(d J44 1.5 He, 8. 08
) 5 He, 7 43 (dd J=8. 3,

=y
N

CBhEPDNNW

4}1 _ (dd, J=8.4, 1.
7T =, 1. (ad,—J=5, 1.0 HZ, = -
=5, 3.4@, H), 1 (dd, J=3, 1 Hggd 'Z %g 345 )zggt =6
Hz, 2H), 382 (a, 12 , 3.49 (9, )
(quiniet, J=7 iz, 2 )i t JH’Z , E%Hz H

err .
Ebrt, )1H§ 8]. 08 ’ 'Geﬁa. )1291%6 5T H)-71 ag(
J=8.4] 4.4 Hz, d, hg=7!5z ), B:8% (g, 2l|=r)7H521|‘2) @t50 Hz,
2H), 4.05 (q, J= : BHE 1.0, JS7H8 JHui ntet, J=7 Hz,
2H) ., .52 (sexq] t(CDCI4) $8.513dH, (<86, 4)8 Hzrm)%m
(dd. §=4:fos 1.3 ({g. 742 (gd J=4.5,8.5), Igb
Lot SH)’ZH)- ﬁ’£ 28 Hz; 214)] 5s?s% o
' ’ ’ ’ 257 (t, J=7 Hz, 2H), 3.80

(q. J=6 Hz 2H) 2.94 (t, J=7 Hz, 2H), 1.90
(quintet, J=7 Hz, 2H), 1.83 (quintet, J=7 Hz,
2H), 1.50 (sextet, J=7 Hz, 2H), 1.34 (quintet,
J=7 Hz, 2H), 1.01 (t, J=7 Hz, 3H)

(CDCl3) 6 8.60 (dd, J=4.5, 1.5 Hz, 1H), 8.11

196 —\_\_\ (dd, J=8.5, 1.5 Hz, 1H), 7.49 (dd, J=8.5, 4.5
NO, Hz, 1H), 7.24 (br s, 1H), 6.0 (br s, 2H), 4.95

. {t, J=6 Hz, 2H), 4.26 (t, J=7 Hz, 2H), 3.82 (q,
J=6 Hz, 2H), 2.93 (t, J=7THz, 2H), 1.91
(quintet, J=7 Hz, 2H), 1.83 (m, 4H), 1.50
(sextet, J=7 Hz, 2H), 1.35 (quintet, J=7 Hz,
2H), 1.05 (m, 2H), 1.01 (t, J=7 Hz, 3H)

(CDCls) 8 8.60 (dd, J=4.5, 1.5, 1H), 8.11
197 (dd, J=8.5, 1.5, 1H), 7.49 (dd, J=8.5, 4.5 Hz,
1H), 7.01 (d, J=8 Hz, 2H), 6.76 (d, J=8 Hz,
S—CH, 2H), 6.59 (br s, 1H), 5.69 (br s, 2H), 4.93 (t,

J=6 Hz, 2H), 3.80 (g, J=6 Hz, 2H), 3.20 (s,
2H), 2.89 (t, J=7 Hz, 2H), 2.44 (s, 3H), 1.90
(quintet, J=7 Hz, 2H), 1.51 (sextet, J=7 Hz,
2H), 1.01 (t, J=7 Hz, 3H)

H (CDCl5) 8 8.58 (dd, J=4.4, 1.5 Hz, 1H), 8.09
198 | (dd, J=8.3, 1.5 Hz, 1H), 7.48 (dd, J=8.3, 4.4
Hz, 1H), 7.30 (brt, 1H), 5.69 (br s, 2H), 5.01
(m, 3H), 3.85 (q, J=6 Hz, 2H), 2.92 (t, J=7

0 Hz, 2H), 1.91 (quintet, J=7 Hz, 2H), 1.85 (m,
1H), 1.79 (m, 1H), 1.60 (m, 2H), 1.52
(sextet, J=7 Hz, 2H), 1.38 (d, J=9 Hz, 1H),
1.27 (¢, J=6 Hz, 1H), 1.00 (t, J=7 Hz, 3H)

—\_F\(p (CDCl) § 8.59 (dd, J=4.5, 1.5 Hz, 1H), 8.11
199 (dd, J=8.5, 1.5 Hz, 1H), 7.48 (dd, J=8.5, 4.4
F Hz, 1H), 7.48 (br s, 1H), 6.11 (brs, 2H),

4.94 (t, J=6 Hz, 2H), 3.83 (q, J=6 Hz, 2H),
2.92 (t, J=7 Hz, 2H), 2.28 (m, 2H), 2.08 (t,
J=7 Hz, 2H), 1.90 (quintet, J=7 Hz, 2H),
1.52 (sextet, J=7 Hz, 2H), 1.01 (t, J=7 Hz,
3H)
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3.03 (t,
7 2Hwo bo/pf}
at 290 5
8.14 (dd, J

.21 (s, 3H), 1.99 (s,
2H), 1.03 (t,
.5 Hz, 144

809(dd J=8, 1.5 Hz,

J
of

S
8.5

0o -
(@R oM RN

1.94 (quintet,
J=7 hz, 3"')Pé1‘/&§9§/'26473

6H) ,

7.87 (t,

(t,
2H)

h'd
—
)
—

TV nollal:

Qo o~

54 ; \
6
ZG 87 9(an71

) 688(d J=8 Hz, 2H), 5.94 ( rs 2
4.91 (tzJ=a Ha) 2H), B.78((ay J=6 He, EH)
(t, J2004, J2rHz, 2H),12.65. (L, U=F He, 2R} ,
( 2.1/ )+ HZ EH), 1.882qUintetd b7 Hz, 51
1206, {152 (dexteizd=BHz, éﬁquﬁi 6{' 997]
Hz, 3H)

8. 60

. B3

3. 63

B. 23

o
e

@

@

(CDCl3) 3 8.60 (dd, J=4.4, 1.5 Hz, 1H), 8.12
(dd, J=8, 1.5 Hz, 1H), 7.47 (dd, J=8.0, 4.4
Hz, 1H), 6.86 (br s, 1H), 6.20 (br s, 2H),
4.96 (t, J=6 Hz, 2H), 3.81 (q, J=6 Hz, 2H),
2.92 (t, J=7 Hz, 2H), 1.90 (m, 4H), 1.51
(sextet, J=7 Hz, 2H), 1.33 (quintet, J=7 Hz,
2H), 1.23 (m, 16H), 1.01 (t, J=7 Hz, 3H),
0.87 (t, J=7 Hz, 3H)

202

(CDCl3) 5 8.58 (dd, J=4.3, 1.5 Hz, 1H), 8.04
(dd, J=8.0, 1.5 Hz, 1H), 7.56 (br s, 1H), 7.43
(dd, J=8.0, 4.3 Hz, 1H), 5.84 (br s, 2H), 4.94
(t, J=6 Hz, 2H), 4.89 (br s, 1H), 3.85 (q, J=6
Hz, 2H), 3.54 (d, J=6 Hz, 2H), 2.92 (t, J=7
Hz, 2H), 1.89 (quintet, J=7 Hz, 2H), 1.51
(sextet, J=7 Hz, 2H), 1.41 (s, OH), 1.00 ,
J=7 Hz, 3H)

203

'l\N’ﬁ\OJE;QH

(CDCl3) & 8.60 (d, J=4.4 Hz, 1H), 8.07 (dd,
J=8.0, 1.5 Hz, 1H), 7.59 (br s, 1H), 7.45 (dd,
J=8.5, 4.4 Hz, 1H), 5.88 (br s, 2H), 4.94 (m,
2H), 4.77 (s, 1H), 3.93 (m, 1H), 3.84 (m.
2H), 2.94 (t, J=7 Hz, 2H), 1.89 (quintet, J=7
Hz, 2H), 1.52 (sextet, J=7 Hz, 2H), 1.40 (s,
9H), 1.01 (d, J=7 Hz, 3H), 0.99 (t, J=7 Hz,
3H)

204

(de-DMSO at 80°C) 5 8.53 (dd, J=4.4, 1.5
Hz, 1H), 8.53 (t, J=6 Hz, 1H), 7.96 (dd,

=8.3, 1.5 Hz, 1H), 7.45 (dd, J=8.3, 4.4 Hz,
1H), 7.32 (d, J=4 Hz, 1H), 7.16 (d, J=4 Hz,
1H), 6.81 (br s, 2H), 4.91 (t, J=6 Hz, 2H),
3.78 (q, J=6 Hz, 2H), 2.85 (t, J=7 Hz, 2H),
1.77 (quintet, J=7 Hz, 2H), 1.37 (sextet, J=7
Hz, 2H), 0.87 (t, J=7 Hz, 3H)

205

~ )cn,
-

(CDCl) 5 9.16 (d, J=1.4 Hz, 1H), 8.66 (dd,
J=4.4, 1.5 Hz, 1H), 8.44 (t, J=6 Hz, 1H),

8.11 (d, J=1.4 Hz, 1H), 8.0 (dd, J=8.4, 1.5
Hz, 1H), 7.47 (dd, J=8.5, 4.4 Hz, 1H), 6.10
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. J=8.3, 4.4 Hz, IH, 7.21 (d, J
s, 2H), Wolsbnbées J=6 Hz, 2H), 4.
1.93 (quintet, J=7 Hz, 2 1.53 (

3H) (CDC13) 8 8.39 (dd,- 4, 1
p=5.0, 2 {iz, T H), 541(Drt, J
7.42(dd J:5 8 Hz, i H), 7.33
b Hz, 1 H), 5.84(br s, 2H), 5

J

(

N/—\/—\
Iza

)11 &;QQGHigaH},%OS

2337

N R

0 H 255(&%14)0'0'
: J=
D97 (t, J=7 Hz, 2H), 1.93 (quin ?ZS%?‘G

s 35 (0 R ) . 5,06 (dd, IGDGE) 58T Ad: i<k, 16 . TH)
8.33 (d, I Bt H), 8.06 (dd,

56 206d, §. m 1H), 7. 453 (dd, (ddr-9=8.4, 4.5He1H) 95 Wrﬁ 1+, 7528
H, 5.72|(br s, 2H) 5.08 (t, J4ddd, J28.4, 4.4 Hz, 114:6.9%(d3I=Ch Hz=6 Hz,
.93 (t, J=7 1H), 6.31 (d, J=3.4 Hz, 1H), 6.04 (br s, 2H),
5.07 (t, J=6 Hz, 2H), 3.99 (g, 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=7
Hz, 3H)

TS &

N
Z!
=

(CDCl;) 5 8.50 (dd, J=4.4, 1.5 Hz, 1H), 8.42
207 /N (d, J=4 Hz, 1H), 8.19 (d, J=1.5 Hz, 1H), 8.09
_ (dd, J=8.2, 1.5 Hz, 1H), 7.47 (dd, J=8.3, 4.4
Hz, 1H), 7.26 (br s, 1H), 7.23 (d, J=8 Hz,
1H), 7.07 (dd, J=8.5, 5 Hz, 1H), 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)
(CDCls) 5 8.54 (dd, J=4.4, 1.5 Hz, 1H), 8.37
208 (d, J=4Hz, 1H), 8.24 (br s, 1H), 8.09 (dd,
J=8.5, 1.5 Hz, 1H), 7.46 (dd, J=8.5, 4.4 Hz,
1H), 7.35 (br t, 1H), 7.27 (td, J=8, 2 Hz, 1H),
7.08 (dd, J=8, 5 Hz, 1H), 5.98 (br s, 2H),
4.91 (t, J=6 Hz, 2H), 3.79 (g, 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 (¢, J=7
Hz, 3H)
N (ds-DMSO) 5 8.52 (d, J=8.3 Hz, 1H), 8.37

209 N (m, 2H), 7.96 (d, J=8.3 Hz, 1H), 7.48 (dd,

j\_ ) J=8.3, 4.5 Hz, 1H), 7.14 (br s, 2H), 4.72 ¢,

N

NO

Zie=
\ 7

J=6 Hz, 2H), 4.12 (t, J=6 Hz, 2H), 3.56 (q,

2 J=6 Hz, 2H), 2.81 (t, J=7 Hz, 2H), 2.52 (m,
2H), 2.33 (s, 3H), 1.75 (quintet, J=7 Hz, 2H),
1.40 (sextet, J=7 Hz, 2H), 0.94 (t, J=7 Hz,
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Hz, 2H), 1.93 (quintet, J=7 Hz, 2H), 1.52 (sextet, J= 7 Hz 1.00.(t,
J=7 Hz; 3 ; 8.61 (dd, J=4.4, 1.5 Hz, 8.

(dd, st.g?w?.gggﬁg,)l[%,r]lw (E, J=6 Hz, 1 H), 7. 44 (dd Jp‘g”éé9%26‘i?3 1
H, 7.42 (d, J=8 Hz, 2H), 6.73 (d, J=8 Hz, 2H), 6.45 (br s, '

1.44, m_4H), | 1. 2g~#P 6H), 0.93 t,ﬁxcﬂwsg 32 (g 7

[ ern] gl.ZésQH%du,m 1.H%5 Hz, 1H§, 4.(dd, d=B4, %Hz 1H)(;[76(thHz1 ),

(d, [3=8.5 Hz, |1 HNO0 (d, J-8 Hz, |43 (dd k8644 Hz, 1), T2, (s,
J=8.15, 4.4 Hz| 1 H),_X 44 (d, J=8 Hz,|RR#)2H) 7408 [d, J=8 BE)2H) 5182 (br.s,)=6 | Hz,
2H),| 3.94 (t,|J=7 %H), 3.91 (s, JHH), 3694&(433§mzz , 3898 379fm,
(quijntet, J=7{Hz, 2 1.50 (sextet H203 &h) 1HY, 289 fd—:}ﬂzfﬁ,‘) 399
(CD4l 3) [err]|8.48 ( s, 1 H, 8.22 g .
1.5Hz, 1 H),|8.04 (&4, J=8.4, 1.5 Hz .4,
4.4Hz,1,596b,2,500t,"§5é:§%2§ ‘Eg"'zz,
2 o (t, W, " 2(H)r 2 93H%qU| ot &# Hz3 sextet ° HZH)

(de-DMSO) 5 8.53 (dd, J=4.4, 1.5 Hz, 1H),
8.24 (t, J=6 Hz, 1H), 7.96 (dd, J=8.4, 1.5 Hz,

211 ’\
= 1H), 7.84 (m, 4H), 7.48 (dd, J=4.4, 8.4 Hz,
1H), 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=7 Hz, 2H),
1.79 (quintet, J=7 Hz, 2H), 1.40 (sextet, J=7
Hz, 2H), 0.92 (t, J=7 Hz, 3H)
o (CDCls) 6 8.60 (dd, J=4.4, 1.5 Hz, 1H), 8.04
(dd, J=8.5, 1.5 Hz, 1H), 7.68 (dd, J=3.5, 1.2
S Hz, 1H), 7.61 (dd, J=3.5, 1.2 Hz, 1H), 7.43
(dd, J=8.5, 4.4 Hz, 1H), 7.39 (t, J=6 Hz, 1H),
7.10 (dd, J=5, 3.5 Hz, 1H), 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=7
Hz, 3H)

212
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H, 1.03.(t, J=7 Hz, 3H (CDCI3) 8 8.41 (dd, J=4.4, 1.5 Hz, 1 H), 8.06 152
dd, J=8.3, wo2ehlees 1l H ., 7.41 (dd, J=8.5, 4.4 Hz, 1 H), 6. 7pcRsesledrzrz,
H, 6.64 (d, J=8 OCH Hz, 2H), 6.60 (br t, I H), 6.02 (br s,
H, 4.92 (t, J=6 Hz, 2H), 3.80 (q, J=4.6 Hz, 2H), 3.76 (s, 3H), 3.22 (s,
H, 2.88 (t, J=7 Hz, 2H), 1.87 (quintet, J=7 Hz, 2K), 1.50 (sextet, J=7.
Hz, 2H), 1.00 (t, J=7 Hz, 3H - 115 - Exanpl es 153 - 190 Conpounds of

Forrmula | The conpounds of Exanpl es 153-.19 zgs)wn in the table bel ow were
prepared 5 according to the foll ow ‘Fz‘fﬁng

4- (4- Am no- 2-butyl -1 Him dazo[ 4, 5- cah.b&uﬁmﬂmxu di n-1-vyl )but aneam ne (25
tunol ) was dissolved in dichloronethane In a screw C%‘yfed test tube

and the solution was cBol2d-Amingr2ihusy 'ém“l?éf’[‘ﬁss'mlé}ﬂ”d‘héhﬂ indleyDethyl]-
pnol ) of the fornul a RACOC was Seekee2+pyrrolinecrboxamiden 100 )1 L of

di chl oronet hane (Acid chlorides that are solids were added directly.). The
m xture was 10 vortexed for 15 seconds to 1 m nute, becom ng cl oudy, and
then -80 ng of an am nomet hyl pol ysiypene resin (0.62 neq/g, 100-200 nesh,
1% crosslink, Bachem #D- 2100, | ot 7) was/ added, and the m xture was
vortexed for another 30 seconds. W& | r¢” was applied to a short colum
(3 x 1 cm) of silica gel conditi N h

|
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-1H-
imidazo[4,5-c][1,5]naphthyridin-1-yl)ethyl]-5-oxo-2-pyrrolinecarboxamide as a white
powder, m.p. 135-138°C. Analysis: Calculated for C2oH,sN70; V2 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
CaoHasN70, (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 10° cells/mL in RPMI 1640 medium
30 containing 10 % fetal bovine serum, 2 mM L-glutamine and 1% penicillin/streptomycin
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di chl oronet hane. The product was eluted with 10:1 di chl or onet hane: net hanol.,

callectin 5 -2 nL fractions. Thin |ayer chromat ography
fracti onsg@s”ﬁaﬁsor med, and fractions with the product spoF %&gﬁzﬁéﬁ ed

and stripped to dryness in a Savant SpeedVac. Purity was checked by :
reversed phase-HPLC (HPLC conditions refer to using a Hew ett Packard HP

1090 syst engohitionq®PMItdontplétd RaInportibhecoDBBMC depamionare added tu 28 Ovetinflat
partlcle size = 3 mcrons, pore size = 100 Angstrons. G adient elution:
| i near gr adhasiom $tP’61ﬁ1“E€Pe°“ tun@iotesat er +0. 1% trifl uoroacetic acid to 100%

acetonitrilg 4 dehdidfpr cacetic acid over 5 min. at 1 nL per mnute.
Detection i 254 mu). APCl -mass spectral data confrned
presence of the 'Ekmﬁmdnﬂmhmcsulubiliziedmdiumﬂhylrsutfoxiden(iﬁMSﬂ)a’BanpMSOed t he
expected structure,

(500, M, sempeHadion helifag) exseed & final concentration p1ya &P idtbep t the eybirgy |
8:53 ( dd JY_Jélls ﬂgﬁ &yﬁérém%sg%e fenerally tested ina coréce?gan%n ranE|Z e of ﬁ='o‘ﬂl 0. ﬁtolﬂ)OE dd,

J=8 Hz, 1|—hM742(dd J=8.5, 4.4 Hz, 1H),723(t J8Hz 1 H, 6.73
(t, J=6 Hz,_ | 6.50_(br s, OH), 4.84 (t, J=6 Hz, 2H), 3.60 (q, J=6 Hz,
2H), 2.92 (n,cu Oy 2H), 2.04 (quintet, J=7 Hz, 2H), 1.88 (quintet, J=7
Hz

2H), 1.80 (mMrhdsofutiBn oftebt-cotpdiind Maddéd to the K116 tontdinitng ZmLBHPBMCs in

10 media. The plates are covered with plastic lids, mixed gently and then incubated for 18 to
24 hours at 37°C with a 5% carbon dioxide atmosphere.
Separation
Following incubation the plates are centrifuged for 5-10 minutes at 1000 rpm
(~200 x g) at 4°C. The cell culture supernatant is removed with a sterile polypropylene
15 pipet and transferred to a 2 mL sterile cryotube. Samples are maintained at -70°C until
analysis.

Interferon Analysis/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 37°C 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 37°C 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 () 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.
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(CDGl 3 at 29C) 8 8.60 (dd, J=4.4, 1.5 Hz, 154 1H),
8.09 (dd, Jﬂﬁg@gn&g§ , 1H), 7.43 (dd, J=8.5, 4.4 Hz, P@Tﬁﬁwéimnﬁ
2H), 5.75 (t, . J=6 Hz, 1 FD, 4.81 (t, J 6 Hz, 3. 35
(g, J=6 Hz, 2H) 2.91 (t, J=7 Hz, 2H), 2.1-1.6 (m ca. 21 H), 151(sextet
J=7 Hz, 2H), 1.01 (t, J=7 Hz, 3H) (CDCI 3 at 60C)8844(dd J=4.4, 1.5 Hz,
155 In the table below, a “+” indjcateg ﬂmmed:@mp@u@i gldug_ecﬁhﬂmdlqateﬁ 7.43

Iy, 46 (1 cvbifta b pgrendasdoheertidion 42 irbiinc e e colrbind iy gy,

§ t|)4 P 2.0 ﬂie ﬂlc}bfc&ﬂed giokine bt it }‘é‘blculm'7coh@entn§f'% (ahPe13” fﬁdlé‘hg%)thégt e ﬂeslﬁts?’ 3

1H), 7. 5mmeqmoc41-9tthaspmmlarcmcentra%bon 6.25 (br s 2H) 4. 85 (t J 6
< 3.67 (q, J=6 Hz, 2H), 2.93 (t, J=7 Hz, 2H), 2.08 (quintet, J=7 Hz,

(m
(d
|_IZ7
He, 2H)
oH), 1.89 (m 4H), 1.53 (sextet, J=7 Hz, 2H), 1.02 (t, J-7 - 117-  Hz,
3H)
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(CDC13 at 60[err]C)88.59 (dd, J=4.4,1.5 Hz, 157

8.10 5 1.5 Hz, 1H), 7.40 (dd, J=8.5,4.4 Hz, : (m
7.21 ‘%’ﬁ?’i’/}iﬁﬁ 6.84 (t, J=6 Hz, 1 H), 6.4 (br s, 2H), 41.,@0?%{2%%36 Hz
2H) 4.49 (s, 2H), 3.96 (s, 2H), 3.42 (g, J=6 Hz, 2H), 2.91 (t, J=7 Hz,
2H), .1.95 (quintet, J=7 Hz, 2H), 1.90 (quintet, J=7 Hz, 2H), 1.69 (quintet,
J =7
2

=7 Hz, 2H), 1.51 (sextet, J=7 Hz, 2ro 1.01 (t, J=7 Hz, 3H) (dr-DVBO af
9[err]Q [e"‘ri] 9074, J=4- 4 [ o[ Ff, | 1pS
H, 7.91 (dd :,é5 H, 1H),77lt b=6 k| 1H|, |7]43 od, }o=q. 4, |4, 4
Hz, iH), 6.8p B [(bB]s.|. A0l |4 79 ( k20,1, 3.521(d 3. 3.10d (a.
J=6 Hz, 2H),]|2][28% (& Jz*?wﬂz"', 4’4H) N ?1, 37| M2 1, (*1.*8 (tl " 3=1 e,
2H), 1.80 (n fm, rlofulricm ab] 0-96\(1, |357[H4, |3 I(de-NsOlat
29[ err]C) 88|54 (dd, 14444 11 15 Hz = 9P ddd 131485 Hz L1H) |+ 7. 72
(t, J=6 He, |3 43 |(dd]| =4 5 L4It, | &) 6.86|(dr [s.] 29| 9 47 [(m
| H), 4.98 (bdl 122 de.[ iR la.b2| (il 1HI, 14|79 {t)] 1= Hz.| 2H)| 3. ds|(q.
J=6 Hz, 2H),{2]|94HE| =7 e | aH| #1+08 | 6quil nt ef + | 337 | g+ [2H)+ | 411480 «|m
2H), 1.55-1. ) {(mE|zq H, .96 (1] =7 M| 3H)
[
=]
28
8
St v |+ o] oo+l o] oL o] o ]
8
s
] (=1 E-1E~1 5= [=1=] [=IR=1 -] [=] =]
3| | ||| .[E\E|E|E|E|B\E|2 B E|E\E|2| |, |E|.|.| IE |EZ
g ° 2212 |2|2|2|2|2|2|2|2|2|2 2 Z 2|2
g
=
=
gy o
5 S| +{+]|+] o] o [H ||| F| ] B BB ] (]
*g y—t
-
=
g |5
2l |3e
- I 1 R R R R R R I e e e e R e R e R R R R R Rl
ol |2
| &
8
Sl v |l | o |+ ] [+ |+ ][]+ [+ [+ |+ ]+ |+]+
7]
]
(=11~ = ai|s
L IBIEEIEIE|E B BIE|EIEIEIEI |, |B] .|, |.|E |B|E
| Blele e sl plelaielesis el || e
°
B E R NSRRI SRS R S R
"
jAa)
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(d6-DMBO at 290C) & 8.49 (dd, J=4.4,1.5 Hz, 160
1 H., 7. 90( 9?’%5%82 1. 5 Hz | H, 7.71 (t, J=6 Hz, IH), 7.143%,@51,2%3:8.2,

4.4 He, s, 4.79 (t, J6 Hz, 2H),.3.06 (q, J=6 Hz,
2.92 (t, J 7 He, 204(m IN), 1.96 (m 2H), 1.82 (m 4H), 1.6-1.3
(m 10H), 1.04 (m 2H) 0.96 (t, J=7 Hz, 3H) (d6-DMBO at29[err]C) 88.95 (t,
J=6 Hz, 1 H), 161 _8.44 (m 3H), 8.31 (s, 1H),
7.88 (dd, J=§ X, 1L.51, 1T 1O 17.131 (dd, 19¥815.] 4.4 Hz,] 4 H),] 6 76 |(d, [2H),
4.82 (t, J=6{H{, 2H)§( 3.38|(m |2H) .| 3.92|(d, |I37|Hd, {2H),| 2L 90 [(mh |2H),
1.76 (nm 24}, |1 64dim)|., 20, 1439.0m) 4K 10,89t o371 43H) £ [d8HOMEQ |at
29[err] C)8 8Y44 ([ddSj34.14.[1.|5 |Hd, 142 14H)|, |8.[39 JEg Hz,
1H), 7.89 (dd, {J38.12,] 1.9 Hz,| 1H)|, {7.139 (dd, {I=8.12,| 4.4 Hz, 1H), 7.119 (Is,
2H), 6.75 (bq {, |2H) 1ctt i=6lhd 1oy 1 3 28 b(d laHy L3 sl {3
3.32 (m 2H) | 4.9l 2H).| 4. 90i(m 124 .1 3.80|(m [2H).| A 60 km PH.| 1. 40
(sextet, J=7iHa, [&),] 0 91 |(t|, I47 Hz,| 3H)
P R R R R R R R R R R R R B R Rl el el Rl B Bl Bl e el R
o!—i
4l
8
4 ] [ R Y (R I ) S R IR ) A ) S S A S Y 5 I I A A
8
A
1]
3 o'gglna+llnn|u+ut'ltultss|+
| Z\Z
E
-
<=
B o
g Sl+{+H|+| [+ |+ R
>4 —
2
=
gl S
-t o
8t |Gl +H{+ ||+ |+ |||
S|~
G‘ZE
8
bt it T L N S B S S R S R R 2 AN IR I IR Y B
[72]
A
‘;+,§§- AR AR E AR T SRR IR A NN IR R IR O IR B
Z\Z
=2
§' o|s|nlolslolaln|o|n|oln|ol—|ain|tvn|e sl SISISIS
8 wnnjnv|nlvoo|~|s|ojo|R ||| A D= =2 =
45|
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6.74 (s, 2H), 4.81 (t, J:6 rz, 2H), 3.79 (s, 3H), 3.39 (g, J=6 Hz,
2.91 (t, 86 m 2H), 1.79 (quintet, J=7 Hz,
ui n'get ‘Xa?%&“'g 1. 41 (sextH)t J=7 |(4(21, 2H), 0.91 (t, gébufé’ﬁ%m

(q
(d6- DVBO at 290C) 88 67 (t, J=6 Hz, IH), 169 8. 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, |
H), 739(dd J=8,1.5 Hz. 1H). 7.38 (d. J=8 2H . 6.74 (s 482 (t,
J= ,2H[ B 321(h 128).] 3. 7 H], 12H), 1.89(n}. pH) , | 1} 7B
(qumtet, 7{HZ, 1.2 {(g J37 Hz, 12H) .| 1. 40 { sextet, | JF7| He,
2H), 0. 89 337 |B4.+ 13H); |6 29 ), 188 A6, |(ddw | Ja) 0| 1) 5|+, | 170
1H),835(t J=6 I H, 7 J=gl 5, 1.5 |cH3 Hz| LH),
7.71 (d, 8 bz 2 7.3 ({d, 2H)| [7.140 (ldd, p=g, [ 4|o|He, | 1 H
6.73 (s, 2§, {4.8d l=g Hz | 2bpt Q.Fv( | S~ R ) T 2.,1(,TH2,
2H), 1.88 {quilntjet 7 Hz, 2H),| 2} 80 (quipntet}, pP=7 Hz ZH{, 1| 69 PH) ,
1.39 (sextet, jJ¥ , 2H L1120 (s, PH,| Ol 9D [t} U= Hz{ BH] {db- PM5Q at
290C) 58.47 (dd,|=4.40, Al B) 4z | A -+ |+ |+ | H|H [+ [F]FH]FH ] FH | F8HBD J(-,
J=6 Hz, lH’,'.Es d,| JF8, 0, [L.b
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174 1 H, 7.90 (dd, J=8.4, 15Hz H, 7.68
(t, FEU 7.42 (dd, J=8.4, 4.3 Hz, | H), 6.73 (b iﬁﬁf&mn‘w§0 (t,
J6Hz 2 05%;%%3((1,\]6& o) 2,02 (1. 327 te. 21, 2% g
1.81 (in, 4H), 1.70-1.30 (m 12H): 0.96 (t, J=7 Hz, 3H) (d6 DMVBO at 29:C) 5
8.50.(dd, J-4.5, 1.5 Hz, 175 1 H, 7.90 (dd, _
J=8.0, 1.5 Hz, 1 H, 7.73 (t, J=6 Hz, 1 H,  7.42 (dd_J=8.0_4.5 Hz, 1 H),
6.75 (s, 2[. [2178 (t.] 3=9 Hz,| 7). |3.[08 (a.] J=4 Hz.{ | R-P2 (}. I=7 H,
2H), 1.99 [t,|J¥7|H4, |2H),| 1.81|(m |4H).| 1. 63 [(m BH.j L 61 3 (m 1 O,
1.00 (m 2H), 104970ty | 57 41 | 3| +({d9DVBQ |at A9, 15, 18. BO| £ f+ | HFS Hz, |
H, 176 < 8.148 (|dd, J=4.13,| U 5 Hz,| 1H), 7.91
(m 4H), 7{89](dd| J=4.3, 1.5 |Hd, |1H) .| 7. 40 |(dd,| J=8. 3, K.B Hz H, 6.74
(s, 2H), 4§81}(1, 136 {HA 12H) 1im 12H) 1ttt J=7 Hzl Ry 1.90 (‘m
2H), 1.79 {quintetl, |J97 [Hg, 2H),| 1. 40 |(m 2H) ,| 1} 40 ((slexfef,| JF7| Hz, 2H),
0.90 (t, J¥ W,%@-lZl- -
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6-DVBO at 29[err]C) [err] 8.46 (dd, J4.3,1.5 Hz, 177
H: 8.45 (Wwo 99a6s9%1Z, H)789(d J=8. 4, 15HzIH)
1 H, 7.67 (dd, J=3, 1Hz,IH),740(dd J=8.4, 4.3
5 3 Hz, 1 H, 6.74 (s, 2H), 4. (t J=6 Hz, 2H), 3.28
.92 (t, J=7 Hz, 2H), 1.87 (m 2H), .79 (quintet, J=7 Hz,
u

- (

7?@/{&%‘26 75=5, 1
TH), 7.11 (dd.

_EIE'_\

Hz, 7.

(q, J=6 Hz, 2H),

2H), 1.60

intet, J=7 Hz, 2H), 1.42 (sextet, J:7 Hz, 2H), 0.91 (t, J=7 Hz, 3H)
d6- DVBO at 290C) 88.49 (dd, J=4.3,1.5 Hz, 178

8.05 (t, J=6 Hz, |mTERmcoNc(a)mNBm:T1m5mzmMANcmns (dd, J=8.2,

.3Hz,1H) 729(dd J=5, 1 1H), 6.89 (dd, J=5, 3 Hz, 6.82 (dd,
3, 1 dan Vit hlgnanzlr?nyod @,ellwskem wasiisef o assegs mtsrfgpn(l luctipy) by 3 09
J=6

. % pr?g%Q)f f}ﬁég%ea?lggz %ﬁﬁy 18 %e%lgé)rﬂliég%\surer?éﬁ o? therﬂI%n se%re%gd (t,

H)

J=4nté culturb nddia. ThierfendSmedshredbBbibassdy.5 -Hz, 2H), 8.00 (dd, J=8.5
2H), 7.89 (dd, J=8.3, 1.5 Hz, 1H), 7.39 (dd, J=8.3, 4.4 Hz, IH),
2H), 4.82 (t, J=6 Hz, 2H), 3.32 (m 2H), 2.92 (t, J=7 Hz, 2H),
2H)

P l%;{d@;}fg!éi;%ﬁ&nfo‘ilﬂltmze 2H), 1.63 (m 2H), 1.42 (sextet, J=7

, Whole blood was collected by venipuncture into EDTA vacutainer tubes.

(_,AL._Q—CDAI\)(_:
=z 2

I Il

(o]

dd,

O~NO1T b g
v -

owu
AAE,—\E

TRoON®

0.9

)
<

(AN
(=

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 10%mL in RPMI 1640 media (available from
GIBCO, Grand Island, NY) containing 25 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-
15 ethanesulfonic acid) and L-glutamine (1% penicillin-streptomycin solution added) with
10% heat inactivated (56°C 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 pg/mL. Compounds which show

induction at a concentration of 0.5 pg/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 uL)
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,
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(d6- DVBO at 290C)88 48 (dd, J=4.3,1.5 Hz, 180 -
5 14 b 9orkzBs M2 7.91 (dd, J=8.4, 1.5 Hz, 1H), 7. mgshasd. 4
|l§" 85‘@ s, 6. 75 (br s, 2H). 4.82 (t, J=6 Hz,ﬂ82H) 2 (q,
292(tJ7Hz 250(s 3H) 203(? 6H) , 90(m
sext et,, J=7

5 (qumtet J=7 Hz, !E;L
06 yortexpdgeptly anglghen incpbated fqrcf(&mvg@ a3t7°fz‘gc§h 5%, carponydioxide Hz 1H),

8.52 (d, J=4.3 Hz, | H), 7.94 (d, J=8 Hz, 1
xtet, J=7 Hz, 2H), 0.95 (t, J=7 Hz, 3H) (de- DIVISO at 290C) 8 8.50
2:::)75’ 4.7 8 (t FZ)? %ﬁq%lﬁchgﬁg%la ek w‘%?_')é% dngﬁlzgaraﬁiré aﬁ'ﬂthe]a"&entrﬁu%eﬁ (br
Hz,

OHEIE_EOO

RPNNGOGPNN—
IITLZ

(o0}
[

-
SESWNINE
oo

7.45 (BFOPRFe) 4 3 Hz, 1H), 7.09 (brs. 2H). 4.80 (t. J=6 Hz, 2H),
e
43,_9.93.1'_&% 182 7.90 (dd, J=8.0,
2Hpat 1000 rpm for 10 to 15 minutes at 4°C in a Damon IEC Model CRU-5000 centnfuge

4
Eq J=6 Hz, 2H), 2.92 (t, J=7 Hz, 2H), 1.81 (m 4H), 1.58 (m 2H),
s
J= ,
Media (about 200 pL) was removed from 4 to 8 wells and pooled into 2 mL sterile

o wm |_\A|_\w
o -

=
\I

freezing vials. Samples were maintained at -70°C 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 37°C 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
37°C 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 units/mL based on the value obtained for NIH 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 o at
that particular concentration, and a “+” indicates that the results were equivocal at that

particular concentration.
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2.25 (m 2H), 2.00 (m 2H), 1.81 (m 4H), 1.44 (m 8H), 0.96 (t. J=7 Hz,
3H) {d6- DMSOwas 9o&88a) & 8. 55 (t, é=? Hz, 1 H), 183 PCT/US98/26473

8.50 (dd, J=4.3, 1.5 Hz, 1H), 8.43 (dd, J=5, 2 Hz, 1H), 7.91 (dd, J=8.4,
1.5 Hz, IH), 7.74 (d, J=8.0, 2 Hz, T H), 7.43 (dd, J=8, 4.3 Hz, 1 H), 7.42
(dd, J=8, 5 Hzmrtedor—frmZBmief bS8 3 { b v ol =6
Hz, 2H), 2.94 (t| JE7 Hz,|2H), k.92 (Im PH)| 1l 83 (ghintet] J ,
1.60 (m 2H),| 1.46 [sektel, P=7| Hz.§ I-ag)% E §:7Hz, 3H) t
290C) 8 8.77 |(ddl JR2. b pro|+z+ 2 |E (5 |8 [E|E |+ [+ {+
8.70 (t, J=6 16 ((dd, JFR.[8 [129 &z 218, | 8. 16 | dd Hz,
1H), 7.91 (dd Hl 1l H), 7.62 (dd, Pp=8, ol 5 Hz, |1 dd,
J=8.4, 1.5 Hz O —st—2H— T8 T 3= H T 2H)
2.92 (t, J=7 b (I ﬁkb, 1], 79 (Juinket, JE7 He, | 2H),
(quintet, J= AD (sextety, P74z, 2H, [ 0-PL (1.1 4=
(d6- DVBO at t,{J=6 Hz, 0L H, 185
8.45 (dd, J=4 . iH) 7t 90 (d JE8 |Hz, | 2H), [.8p (Hd, 1.5 Hz,
1 H, 7.43 ( = T B B | 2H) |
4.81 (t, J=6 2 3D (n H)
o O O T I R B B o O o o S
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291(t J=7 Hz, 188(m 2H) 1.78 (quintet, J=7 Hz, 163(m

1. 34 J 7 Hz, .89 (t, J=7 Hz, 3H) (d6-DMVp )
8 64 (t I-E%gF 186 8. 49 (dd ﬁ%’%giil 5 Hz,
1H), 90(dd J85 '1.5 Hz, 1 H), 7.69 (s, 2H), 7.42 (dd, J=8.5, 4.3 Hz,
1 H), 6.74 (s, 2H), 4.84 (t, J=6 Hz, 2H), - 123 - 3.26 (q, J=6 Hz, 2H),

2 93 (t, J=7 Hz Tl@ﬂmsem Byerftinn ys b)‘@n dessﬁbt(mnhmfer;ende:m slelz¢ra2¢i@1bodim6nIS( m

8 49 (1 d36 ge{)e(éf 1’1"1136 7c?e't_giledQiescnp{mﬁ and examplessh@ve(been prqyﬁcc)ie% fgaﬁy 8 =6

Hz, | H), 7of919dé1§ﬁndrﬁg%n§v and Ro ﬁﬁnecbss@y lindit4tforis @fe tobeRindersfood thisrefrdmtIt
7 07 (d, J=8 2H) 2H), 6.74 (br s, 2H), 4.79 (t, J=6
, oH) . 3.will esppamant toshsz@ SQ@lledz pithe agt et many chaggescanteymade, todhg described Hy

iﬁg o Bt e e 5 sy gghiond (e 27 |

. 15 (seopelaftthEimvehtibn shoulPndtdd limited 14 thelexact details of the compositions and
structures described herein, but rather by the language of the claims that follow.

-144 -



H, 7.64 (dd, J=8, 2 Hz
4.

Hz, , i1H), 7.41 (dt, J=8, 2 Hz, |H), 7.40 (dd,

J=8.4, 3 Hwpoede937. 06 (d, J=8 Hz, IH), 6.98 (dt, J=8, 2 HpcThushsrdri/4

(s, 2H), 4.82 (t, J=6 Hz, 2H), 3.70 (s, 3H), 3.33 (m 2H), 2.92 (t, J=7 Hz,

2H), 1.90 (m 2H), 1.80 (qU| ntet, J=7 Hz, 2H), 1.60 (m 2H), 1.43 (sextet,
(dr-

Hz; 2H),.0. 92, " 3H) (dr-DVBO at 290C) 8 8.56 (t,
189 Tgeg]amgedmvenZlonls. 8. 46 (dd J=4. 4, 1.5 HZ,
8

=8.4, 1.5 Hg, | H\cofp@énd bfthe fo’rxﬂ%ﬁall H, 7.74 (td, J=
. td, J=8, 2 Hz, | H), 7.47 (t, J=8
H, 6.74 (s, 2H), 4.81 (t, J=6 Hz, 2

J=6 Hz, 1

| H, 7.89
, 2 Hz, | H),
Hz, 1 H), 7.39 (dd, J=8.4, 4.
23.31 (g, J=6 Hz, 2H), 2.91
7 2H), 1.88 (m 2H), 1.79 (quintel, J=7 Hz, 2H), 1.61 (m 2H),

extet, J=7 Hz, 2H), 0.90 (t, J=7 Hx 6- DMSO at 290C) 8 8. 46 (
4.3,1.5 Hz, 190 1H), 8. Rz, 1H), 7.89 (dd, J=
5 Hz, IH), 7.75 (d, J=8 Hz, 2H), % =8.5, 4.3 Hz, | H), 6.9

=8 Hz, 2H), 6.73 (s, 2H), 4.81 (t,{ J=6YHz, %H), 4.00 (t, J=7 Hz, 2H),
g, J=6 Hz, 2H), 2.91 (t, J=7 Hz, .87 Ryn 2H), 1.78 (quintet, J=

OO FR,™bH
a -

2
7 He

I
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;
-Ci20 alkyl or C.50 alkenyl that is unsubstituted or substituted by one or more
10 substituents selected from the group consisting of:
-aryl;
-heteroaryl;
-heterocyclyl;
-0-Cy. alkyl,
15 -0-(Cy-20alkyl)o.-aryl;

-O-(Cy20alkyl)o.;-heteroaryl;
-0-(C20alkyl)o.y-heterocyclyl;
-Ci 20 alkoxycarbonyl;
-8(0)o-2-Ci20 alkyl;

20 ~-8(0)o.2—~(Ci20 alkyl)o.1-aryl;
-S(0)o2—(Ci20 alkyl)o;-heteroaryl;
-5(0)o-2—(Ci20 alkyl)g.1-heterocyclyl;
-NRs)z;
-N3;

25 0X0;

-halogen;
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2H), 1.71 (quintet, J=7 Hz, 2H), 1.60 (m 2H), 1.38 (sextet, J=7 Hz,.4H), ,
1.32 (m 2 (m 4H), 0.91 (t, J=7 Hz, 3H), 0.87 (t, J=

S 124- Ex@l%%@%ﬁgim _ 212 Conpounds of Formula | 5 P‘?T’{F%?é”’m
conpounds of Exanples 191-212 shown in the table bel ow were prepafed
according to the foll ow ng nethod. '

4- (4- Am no- 2- but yl - 1HN@3;dazo[ 4, 5-c] [ 1, 5] napht hyri di n-1- yl) et haneam ne (50
gnnol ) was dissolved in.5 nL of dichloronmethane in a screw capped test tube
and a carboxylic acid" 'O‘“tj’rml) of formul a RACOOH was added at anbi ent
tenperature. Wthin SBngI.%Hes a light suspension typically forned. The
coupl i ng agent, 1-(3-di et hyl am nopropyl)-3- 10 et hyl carbodiim de
hydrochl oride (-10.5 ng, 55 [err]nol) was added and the m xture was
vortexed at 400 rpmfor, 1-2 ambient te a j ving.a clear

sol uti gn in mst'@a@ééﬁ?yl‘m‘(g'&#%g%ﬁgam% 'bgf(;z"s‘%?rf’“’c PRI x 1 cm
) of silicaggel i~k O 1 i -gﬂqeﬁ . A d
with 10:1 d??gl’ﬁ%goﬁg’n?%é%%o#ﬁqyolﬁl ect iéﬂnga- I’EL%%% %’?ﬁ!&s&%ﬁﬁkgyer
chr omat ogr aBhye alkenyhthaf isamsubstititeder substitoteddby, ong o morasithistituentsistlected érom

pr oduct spo[LPFwere ool ed 15 and stripped to dryness in a Savant
SpeedVac. PHIF&M Sg d by reversed phase-HPLC (HPLC conditions refer
to using a Hewl ett Pa :d HP 1090 systemfitted with a C1 8 Rainin

M crosorb MV colum, 4.6 x 50 mm particle size = 3 mcrons, pore size =
100 Ad@strons. G adi erhetagparyl;on: |inear gradient from 100% water +0.1%
trifluoroacetic acid t,0,100% qpetonitrile + 0.1%trifluoroacetic acid over
5 mn. at 1 nL per mFRﬁt@.oc)G(ngCtion is at 220 nm

-0-C;.z0 alkyl,
-0-(Cyz0alkyl)o.1-aryl;
-0-(Cy-20alkyl)o-1-heteroaryl;
15 _ -O-(Cy20alkyl)o.1-heterocyclyl;
-Ci20 alkoxycarbonyl;
-8(0)o-2 -Cy-20 alkyl;
-8(0)o-2(Ci1-20 alkyl)o.1-aryl;
-8(0)o-2—(Ci-20 alkyl)o-1-heteroaryl;
20 -S(0)p-2—(Ci-20 alkyl)o-1-heterocyclyl;
-NR3)2;
-NR3-CO-0-Cjz0alkyl;
-Ns;
0X0;
25 -halogen;
-NO;;
-OH; and
-SH; or R4 is

R

e
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20 « and+254 nm. APCl-nmass spectral data confirned presence of the

- expetct ed. .nol egydsmesgzon, and proton nnr data supported the expaeieshsresrs
structure. - 125 - [err] 5 Exanple # RA Fr agnent

- 1H NWR (500 MHz, solvent indicated) (CDC13) 8 8.47 (dd, J=4.4, 1. 5 Hz, 1
H), 8.10 191 (dd, J=8.5, 15Hz IH), 7.45

(dd, J=8.5, 4.4 s ru, 7 15 (dd, J=5.0, 3.0 Hz,
IH, 6.75 (d, J=3 Hz, |H), 664 Hz, | H), 6.61 (br t, | H,
6.3 (br s, 2H), 4.94 (t, J=6 HzZ\=2 2.8 J=6 Hz, 2H),
.5 t
|

.89 (t, J=7 Hz, 2H), 188(quintet H) 0
H, 1.00 (t, J=7 Hz, 3H) (CDCI3) 8 8 1.
d 5 Hz, iH, 7.40 (dd, J=8. 4H21H),

~N o~

1.
7

H, 6.78 (br t, 1 H, 5.72 (br s, 2H), 4.
6 Hz, 2H), whemiq¥is2Nyor2CRY (t, J=7 Hz,

R; is selected from the group consisting of:

(dt, J=8, 2 Hz, 1H), 7. ooN(Rstbz J=8, 2 Hz,
9
2

~hydrogen;
5 -Ci.10 2alkyl;
-Cs.10 alkenyl;
-aryl;
-Ci-10alkyl -O-Cy0-alkyl;
-Cy.10 alkyl-O-Cy.1o alkenyl; and
10 -Ci.10alkyl or Cy.19 alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH;
-halogen;
-NR3)2;
15 -CO-N(R3),;
-CO-C,y.y0 alkyl;
-N3;
-aryl;
-heteroaryl;
20 -heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;
each Rj is independently selected from the group consisting of hydrogen and Cy.0
alkyl; and
25 each R is independently selected from the group consisting of hydrogen, Cy.10
alkyl, C,.10 alkoxy, halogen and trifluoromethyl,
or a pharmaceutically acceptable salt thereof,

\
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1.83 (quintet, J=7 H 2H), 1.50 (sextet, J=7 Hz, 2H), 1.00 (t, J=7 Hz, 3H).
(CDC13) 8 J=4.4. 1.5 Hz, IH), 8.07 193 POT/USOBI26473
(dd, J=8. 5&?A9g’2£?§g 7.43 (dd, J=8.5, 4.5 Hz, 1H), 7.14 (d, J=2 Hz, IH),
7.06 (brt, 1H), 698(dd )8, 2 He, 1H) 685 (d. J=8 Hz, 1H). 575 (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 (qui enmapound-agcaudingleiC lan_n bwhersinReis selpetedfom the)group 00

(t, J=7 Hz, 3 1 3 dd, J=4.5, 1.8 e, 1H)."8.09 194
(dd, J=s. 5°°‘135%mﬁ£%?& ﬁikylg“% %RS‘? ’55@3“%( 5 H, 1 H, 7.19 (H)bt, 1H,
5. 79 (bs, 2H) ., 4.96 (t, J=6 H, 382(q, 1=6 H, 2H) 3.36 (1, =6 H,

oH), 2.92 (t, J=7 Hz, 2H), 1.91 2 1. 50
(m 6H), 1.01 (8; J= ?mommynd(@mg;ngsogﬂem%mereﬁm§sel.ecs=dlfz°m mgro% 07

195 v ¢ copsistng of nptyl2-hydey 2 mefiThordbly ok #ncliproltt S 8-5). 1M,

4, A compound according to Claim 1 wherein R; is selected from the group
consisting of C.¢ straight chain alkyl and alkoxyalkyl wherein the alkoxy moiety and the

alkyl moiety each independently contain 1 to 4 carbon atoms.

10
5. A compound according to Claim 4 wherein R; is selected from the group
consisting of methyl, n-butyl, benzyl, ethoxymethyl, and methoxyethyl.
6. A compound according to Claim 1 wherein each R is hydrogen.
15
7. A compound according to Claim 1 wherein R; is -Cy.30 alkyl-NR3-Q-X-Ry.
8. A compound according to Claim 7 wherein Ry is
<:> ‘f"Q
(?)0-1
(('31'12)1-6
NR3),
20
9. A compound according to Claim 1 wherein A is =CH-CH=CH-N=.
10. A compound of the formula II:
—_—
This Sheet Ha -148 -

LTI Lanll



(t, J=6 Hzsy 2H), 4.257 (t, J=7 Hz, 2H), 3.80 (q, J=6 Hz, 2H), 2.94 (t, J=7
Hz,, 2H),- 1. SPobomegas et, J=7 Hz, 2H), 1.83 (quintet, J=7 Hz, PHYWUSIS/I6A73
(sextet, J=7 Hz, 2H), 1.34 (quintet, J7 Hz, 2H), 1.01 (t, J=7 Hz, 3H
(CsD3) 8.60 (dd, J-4.5, 1.5 Hz, I H, 8.1 1 196

(dd, J=8.5, 1.5 Hz, 1H), 7.49 (dd, J=8.5, 4.5 Hz, 1 H), 7.24 (br s, | H) .

6.0 (br s, 2H), 4.95 (t, J=6 Hz, 2H),
Hz, 2H), 2.93 (t, J=7Hz, 2H) 1.91 (qui
50 (sextet, J=7 Hz, 2H), 1.35 (quiR§

B (t, J=7 Hz, 2H), 3.82 (q, J=6
J=7 Hz, 2H), 1.83 (m 4H),
1. s N Hz, 2H), 1.05 (m 2H), 1.01
(t, J=7 Hz, 3H) (CDCI3) 6 8.60 (dd, J 4.5)| 1.9—R,H), 8.11 197

(dd, J=8.5, 1.5, 1 H), 7.49 (dd, J= . , 1H), 7.01 (d, J=8 Hz, 2H),
6.76 (d, J=8 Hz, 2H), 6.59 (br s, 5.69|(br s, 2H), 4.93 (t, J=6 Hz,
2H), 3.80 6 Hz, 2H), 3.20 (s, 2.8Ry (t, J=7 Hz, 2H), 2.44 (s,
3H), 1.90 et, J=7 Hz, 2H), 1. sextet, J=7 Hz, 2H), 1.01 (t, J=7
Hz, 3H) ( 8 8.58 (dd, J=4.4, 1.5 Hz, 1 H), 8.09 198

dd, J=8.

.69 (br

(q, J
(qui nt
CDC13)
3, 1.5 Hz, IN, 7.48 (dd, J=8.3,114.4 Hz, | H), 7.30 (br t, 1 H,
s, 2H, 5.01 (m 3H), 3.85 (q, J=6 Hz, 2H), 2.92 (t, J=7

wherein
B is -NR-C(R)2-C(R)2-C(R)z-; -C(R)2-NR-C(R)-C(R)2-;
-C(R)2-C(R)2-NR-C(R)z- or -C(R)2-C(R)2-C(R)2-NR-~;
5 R; is selected from the group consisting of:

m/‘\

- hydrogen;
-Ci.20 alkyl or Cs.59 alkenyl that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
10 -heteroaryl;
-heterocyclyl;
-0-Ci 20 alkyl,
-0-(Cy202lkyl)o.1-aryl;
-0-(Cy.20alkyl)o.1-heteroaryl;
15 -O-(C,;.20alkyl)o.1-heterocyclyl;
-Cj.20 alkoxycarbonyl;
-S(0)o-2-Ci.20 alkyl;
-S(0)o-2—(C1-20 alkyl)o.1-aryl;
-8(0)o.2—~(C1-20 2lkyl)o.1-heteroaryl;
20 -S(0)p.2 (C120 alkyl)o.;-heterocyclyl;
-N(R3)2;
-N;s;

0X0;

25 -NO3;

- —
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Hz, 2H), 1.91 (quintet, J=7 Hz, 2H), 1.85 (m 1 H, 1.79 (m 1 H), 1.60 (m
2H), 1.52 wooskeds J=7 Hz, 2H), 1.38 (d, J=9 Hz, 1H), 1. 27§1~m§98€525k% |
H, 1.00 (t, J=7 Hz, 3H) (CDCI3) 6 8.59 (dd, J=4.5, 1.5 Hz, 8. 11 199
(dd, J=8.5, 1.5 Hz, . '7.48 (dd, J=8.5, 4.4 Hz, 1H), 7.48 (brs 1H)
6.11.(brs, 2H), 4945% J=6 Hz, 2H), 3.83 (q, J=6 Hz, 2H), 2.92 (t, J=7
Hz, 2H), 2.28 (m 2rySHmandg (t, J=7 Hz, 2H), 1.90 (quintet. J=7 Hz, 2H)]
1.52 (sextet, J=7 Hz, 2H), 1.01 (t, J=7 Hz, 3H) - 127 -  (CDC3) 88.54
(dd,J44 1.5 Hz, IH), 8 10 200 (dd, J=8. 4,
1.5 Hz, | : -@1610 WI-NR:;&PX-MOﬂ C¥ao allddhyl—ﬂRQ-@d—Kﬂh whébein Q 1§2C0-1 or J=8
Hz 94 (br s H, 4,91 (t, J=6 , 3.78

q. ? E)e 6-3&45 Xis a@en'ést-b- S’P?Nllir anélléa is zrséseh qroaryk; hetggocyslyf; orsz alleyl og=7
Hz, 2k), 3 ii)cé?o ilféﬂyf'{}ﬁ{ is uhsubsHatedsd Subgtltﬁ%d(b§’%te ok mote fublffituchtdseledred ol -

J=7 H,

)

the group consisting of:
-aryl;
-heteroaryl,;
-heterocyclyl;

10 -O-Cyzalkyl,
-0-(Cy0alkyl)o.1-aryl;
~0-~(C,-20alkyl)o-1-heteroaryl;
-0-(C,-20alkyl)o.;-heterocyclyl;
-Ci-20 alkoxycarbonyl;

15 ~-8(0)o-2 -Ci120 alkyl;
-S(0)o2~(Ci20 alkyl)o.-aryl;
-S(0)o-2 -7(C1.zo alkyl)o.-heteroaryl;
-S(0)o-2—C1-20 alkyl)o.1-heterocyclyl;
-NR3);

20 -NR3-CO-0O-C, zalkyl;
-Ns;
0X0;

-halogen;
-NO;

25 -OH; and

-SH; or Ry is
OO0

(?)0-1

(?H2)1-6

NRs)2

wherein Y is —N- or —CR-;

m————
— .
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(CDCI3) 8 8.60 (dd, J=4.4, 1.5 Hz, 1H), 8.12 201
(dd,- J=8, 1@3)@,294950 7.47 (dd, J=8.0, 4.4 Hz, | H), 6.86 (hic 893,231),3
6.20 (br s 6 (t, J=6 Hz, 2H), 3.81 (q, J=6 Hz, 2H), 2. =7
Hz, 2H), 1.90 (m 4H), 151(sextet', J=7 Hz, 2H), 1.33 (qui ntet J 7Hz
2H), 1.23 (m 16H), 1.01 (t, J=7 Hz, 3H), 0.87 (t, J=7 Hz, 3H) (CDCI3) 8.
8.58 (dd, J =4, 3, Rzﬁskde;ctetdﬁt)mtmg‘auﬁmsxstmgof (dd, J=8.0,
1.5 Hz, 1 H), 7 56 (br , 7.43 (dd, J=8.0, 4.3 Hz, | H), 5.84 (br s,
oH), 4.94 (t, zﬁ)jd 89 (br s, | H), 3.85 (q, J-6 Hz, 2H), 3.54 (d,
J=6 Hz, 2H), 2 92 (t Jeyl lgmyle) 1.89 (quintet, J=7 Hz, 2H), 1.51
(sextet, J=7 Hz, A0 1.00 (t, J=7 Hz, 3H) (CDC13) 8 8.60 (d,
J=4.4 Hz, 1 H), 8 07 (dﬂzmmkmy, J=8.0, 1.5 Hz, | H),
759(brs,|H),745§_y J85 4.4 Hz, | H), 5.88 (br s, 2H), 4.94 (m
L 4.7 (s, | H, 'm . 3.84 (m 2H), 2.94 (t, J=7 Hz, 2H), 1.89
(qU| ntet, J=7 Hz, 2H), K eg_t(g - , 2H), 1.40 (s, 9H), 1.01 (d,
J=7 Hz, 3H), 0.99 (t, é;‘/é%”@ ?"aﬂ(ﬂvso at 80C) 8 8.53 (dd, J=4.4, 1.5

-Ci-10 alkyl-O-Cz-lo alkenyl; and
-Cy.10 alkyl or Cy.1p alkenyl substituted by one or more substituents selected
from the group consisting of:
10 ‘ -OH;
-halogen;
-N(R3)z;
-CO-N(R3);;
-CO-C;.40 alkyl;
15 -N3;
-aryl;
-heteroaryl;
-heterocyclyt;
-CO-aryl; and
20 -CO-heteroaryl;
each R; is independently selected from the group consisting of hydrogen and Cy.1o
alkyl; and
each R is independently selected from the group consisting of hydrogen, Cy.10
alkyl, Ci.10 alkoxy, halogen and trifluoromethyl,

25 or a pharmaceutically acceptable salt thereof.

11. A compound according to Claim 10 wherein R, is selected from the group
consisting of C_¢ 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-2-methylpropyl, and 2-methylpropyl.

S
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204 Hz, IH), 8.53 (t, J=6 Hz, IH), 7.96 (dd,

J=8.3,. 1.5 7.45 (dd, J=8.3, 4.4 Hz, |H), 7.32 (d, 1= o
7.16 (d, J“@ﬁh§b“?)H) 6.81 (br s, 2H), 4.91 (t, J=6 H, 2F§€5@?§%??%§ﬂ3:6
Hz, 2H), 2.85 (t, J=7 Hz, 2H), 1.77 (quintet, J=7 Hz, 2H), 1.37 (sextet,

J=7 Hz, 2H), 0.87 (t, J=7 Hz, 3H) (CDC13) 8 9.16 (d, J=1.4 Hz, IH), 8.66
(dd, 205 13. A compound accdrdingito (laiin H wherelf) R, B sélected, frobrthelgroup H) ,

LAY | Dbl orihey n—‘?»cae&dgmwhﬁsqu%m wdinghidsedidl | 4705 (g, 36

Hz, 2H), 2 92 (t, J=7 Hz, 2.59 (s, 3H), 1.87 (quintet, J=7 Hz, 2H)

1. 46 (sextet J=7 Hz, 2H), o 95 (t, J=7 Hz, 3H) (CDC3) 8 8.73 (dd. J=4.4,
1 5 Hz, H, 8.1#2 208 compound according to Claim 10 wherein eqoliR ishy@regenl. 5 Hz, 1
, 7695 (br s, 1 FD, 7.52 (dd, J=8.4, 4.4 Hz, 1 H), 6.91 (d, J=3.4 Hz,

|ro 31 (d, J=3.4 Hz, IH), 6.04 (br s, 2H), 5.07 (t, J=6 Hz, 2H), 3.99

(a, J=6 Hz, 2H),152. 93A pharmbicéutital cathpositiontbnipisidy £pharthadevi€ally effective

amount of a compound according to Claim 1 and a pharmaceutically acceptable carrier.

16. 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 effective 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 compound 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

25
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 group consisting of:
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2H),. 1.50 (sextet, J=7 Hz, 2H), 0.99 (t, J=7 Hz, 3H) (CDCI3) 8 8.50 (dd,
J-4.4, 1.5 Ngoodnddys 8.42 207 pEgusdEbat.
1H), 8.19 (d, J=1.5 Hz, iH), 8.09 (dd, J=8.2, 1.5 Hz, IH), 7.47 (dd, J=8.3,
4.4 Hz, 1 H, 7.26 (br s, | H, 7.23 (d, J=8 Hz, IH), 7.07 (dd, J=8.5, 5

Hz, IH)., 6.06 (brs, 2H), 3.95 (t, J=6 Hz, 2H), 3.84 (g, J=6 Hz, 2H), 3.21
s, 2H), 2.87 (t,-bydrogen; 2H), 1.88 (quintet, J=7 Hz, 2H), 1.50 (sextet,

= Hg ’082*')’ 1.00, t.zo alkyl ot &;. 20%@en)(l%Iis?’t)lr(sgbs%}l?f'ﬁl_épQ*bsébﬁ?edgj_yzc%ie?%Efog?l 1H)H51
(dd, J= &xlﬁtxmknfésﬂéctedﬁbb)mthe?gfbﬁg(cdﬂsm tiigfb, 4.4 Hz, | IH), 7.35 (br t,
H), 7.27 (td, J=8, 2 Hz 8 (dd, J=8, 5 Hz, 1 H), 5.98 (br s,
H, 4.91 (t, J=6 Hz, =L 3. 79 (q, J=6 Hz, 2H), 2.90 (t, J=7 Hz, 2H), 2.69
t, J=7gHz, 2H), 2 14(e ‘}ﬁl , 2H), 1.90 (quintet, J=7 Hz, 2H), 1.52
(sextet > J=7 Hr. xoik J=7 Hz. 3H) (d6-DVBO) 8 8.52 (d, J=8.3 Hz, 1
H), 8.37 209 -heterocyclyl (m 2H), 7.96 (d, J=8.3 Hz, IH),
7.48 (dd, J=8.3, 4.5 He, 1 F) 7.14 (br s, 2H), 4.72 (t, J=6 Hz, 2H), 4.12
(t, J=6 Hz, 2H), 356(<&uoky

-0-(C)z0alkyl)o.-aryl;
-0-(C;.20alkyl)o.1-heteroaryl;
10 -0O-(C20alkyl)o.1-heterocyclyl;
-Ci20 alkoxycarbonyl;
-S(0)o-2-Cj20 alkyl;
-S(0)0.2—(Cy20 alkyl)o.1-aryl;
-S(0)o-2—(Ci-20 alkyl)o.;-heteroaryl;
15 -S(0)o-2 ~(Ci20 alkyl)o.t-heterocyclyl;
-NRs)2;
-Nj;
0XO0;
-halogen;
20 -NOy;
-OH; and
-SH; and

-Ci20 alkyl-NR3-Q-X-R4 or -Cy.50 alkenyl-NR;-Q-X-R4 wherein Q is ~CO- or —
25 SO;-; X is a bond, -O- or -NR;3- and Ry is aryl; heteroaryl; heterocyclyl; or -C;.0 alkyl or
Ca20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
-heteroaryl;
30 -heterocyclyl;
-0-Cy.20 alkyl,
-0-(Ci-20alkyl)o-aryl;
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J=6 Hz, 2H), 2.81 (t, J=7 Hz, 2H), 2.52 (m 2H), 2.33 (s, 3H), 1.75.

(qui ntet, wg b6 2H), 1.40 (sextet, J=7 Hz, 2H), 0.94 (t, P 29 -
3H) 13‘# Sorgfons (dd, J=4.4, 1.5 Hz, | H). 8.05 210 fusbaneirs

(dd, J=8 4,1.5 Hz, 1H), 7.76 (t, J=6 Hz, 1H), 7.43 (dd, J=8.5, 4.4 Hz, 1H),
7.27.(d, J=8 Hz, 2H), 7.06 (d, J=8 Hz, 2H), 5.82 (br s, 2H), 5.06 & 4.83
(m 2H). 3.88 & 3. 79-Q16C1.ﬁmky1)&-bae(omyl,1H) 2.89 (t, J=7 Hz, 2H), 2.79 (m
IH, 2.5 (m 3H), ntet J=7 Hz, 2H), 1.51 (sextet,
J=7 Hz, 2H), 1.00 (t%ﬁévmﬂi‘%%lqﬁet 0) 6 8.53 (dd, J=4.4, 1.5 Hz, I H),
211 _Cl_zoalkox carbon .24 (t J=6 Hz, H), 7.96 (dd J=8. 4,
15Hz 1H),784(m YAs dd, J=4.4, 8.4 Hz, | H), 7.18 (brs, 2H),
4.75 (t, J=6 Hz, 2m-S(@)a8%nqﬂkﬁ7 Hz 2H), 3.52 (g, J=6 Hz, 2H) 2.86 (t,
J=7 2H) , 2 34 (t, . (qU| ntet, J=7 Hz, 2H), 1.40
(sex{_%t J=7 2H) S(é)-‘b’Z'?Ff‘” %}_k‘?)"

-5(0)o-2—(C120 alkyl)o. -heteroaryl;
-8(0)o-2~(Ci-20 alkyl)o.1-heterocycelyl;

-N(Rs)z;
-NR3-CO-0-C,.z0alkyl;
10 -Ns;
0Xo0;
-halogen;
-NO;
-OH; and
15 -SH; or R4 is
—O 10
(?)in
((EHz)l-s
NR3)2

wherein Y is -N- or —-CR-;
R; is selected from the group consisting of:
-hydrogen;
20 -Cy-10 alkyl;
-Cz-10 alkenyl;
-aryl
-Cr-10alkyl -O-C¢-alkyl;
-Ci.10 alkyl-O-C;.1p alkenyl; and
25 -Ci.0alkyl or Ca.9 alkenyl substituted by one or more substituents selected

from the group consisting of:

—— —
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(CDC13) 6.8.60 (dd, J=4.4, 1.5 Hz, |H), 8.04 212
(dd,- J85 4‘,95?;63&0 7.68 (dd, J=3.5, 1.2 Hz, 1 H), 7.61 Krvussdzas,
1.2 M, A3°Pdd, 1=8.5, 4.4 Hz, | H). 7.39 (t, J=6 Hz, IH), 7.10 (dd,
J=5, 35 Hz 5.79 (brs, 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), 232 (t, J=7 Hz, 2H), 1.89
(quintet, J=7 Hz, 2H), 1.49 NRet, J=7 Hz, 2H), 0.99 (t, J=7 Hz, 3H)
romula |1
cl

- 130- Exanpl e 213 Conpoun I
N- 12- (4- Ani no- . 2but yl - 1H- i m&%o]g@% I1,51napht hyridin-1-yl)ethyll- 5

5- oxo- 2- pyrrol i necar boxam decd-@, [,alid; 1 Usi ng the general
nmet hod of Exanple 97 L-pyroglutamc aC|d (0.23 g, 1.7 nmmol e) was reacted
W th 2-(4-am no-2-butyl-1H i-Msdazo[ 4, 5-c] [ 1, 5] napht hyri di n- 1-
. yl)etha garri ne (0.5 g, 1.7 mple) to provide 0.10 g of
N-[ 2- (4-4am no-2-butyl -1 H ini o[4,5-c][1 ,5]naphthyridin-1
- -yl)ethyl]-5-0x0-2-pyrroli negeefaram de as a white powder, mp. 135-1380C.

Anal ysis: Calculated for [err] %, 60.63;
-heterocyclyl

-CO-aryl; and
-CO-heteroaryl;
10 each R; is independently selected from the group consisting of hydrogen and Ci.10
alkyl; and
each R is independently selected from the group consisting of hydrogen, Ci.10
alkyl, C;.1o alkoxy, halogen and trifluoromethyl,

or a pharmaceutically acceptable salt thereof.

15
22. A compound of formula
N
N =
[ >w
N
| |
N R
R
wherein
R, is selected from the group consisting of:
20 - hydrogen;
-C1.20 alkyl or Cy.29 alkenyl that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
-heteroaryl;
25 -heterocyclyl;
-O-C1.2o alkyl,

-0-(Ci.20alkyl)o.1-aryl;
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15 0, 6.42; 9%\, 25.25; Found: %, 60.14; %, 6.41; % oN, 25.20. HRVS
(El'l) «calc ﬁf%%rr] (M+) 396.2103 found 396.2112 TEST METHODS CYTOKI NE

| NDUCTI ON CELLS 20 An in vitro human bl oBHTEPY2640st em
was used to assess cytokine induction by conpounds of the invention.
Activity is based on the measurenment of interferon and tunor necrosis
factor (oc) (IEN and -ONE, . palleylRGthevebaryl;secreted into culture nedia as -
descri bed by Testefnan et. al. In "Cytokine Induction by the

| mmunorodul at or s | mi q@-tfoagcalidles-hetespoyclylyour nal of Leukocvte Biol ogy, 58,
365-372 ( Septenber, 1 ood Cell Preparation for Culture Wole
bl ood is collected byg‘\?g%a}llé%ﬁ'g?repﬂ nt o EDTA vacut ai ner tubes from heal t hy
human donors. Peri pheS@D)hHOp4d atlyltonucl ear cells (PBMCs) are separated from

whol e£l ood by Hi stopgabj)eo- 077 (%i gma Chemicals, St. Louis, M) density
gradi ent centrifugati"8R’/0FN IR etr'éry§uspended at 1.5-2 x 106 cells/nL in
RPM 1640 nedium 30 _ tahni A . bovine serum 2 nM L-gl utam ne
and 1% penicillin/st rg %?ry |'fr}°-gﬂc¥§% ?{%&FOLAQ% ution (RPM conplete). 1 nL
portions of PBMC susp8(@)ar(Gie akyhegheterotgclyll | flat bottom sterile tissue
culture plates. Conpo Preparati on The conpounds are solubilized in

di met hyl sul f oxi de ( 2> The DMSO 5 concentration should not exceed a

final concentration af,1%for addition to the culture wells. The conpounds
are gleonerally tested 1n" a concentration range of fromO0.1 to 100
0Xo0;

-halogen;
-NO,;
-OH; and
-SH; and
15
-C120 alkyl-NR3-Q-X-R4 or -C; 9 alkenyl-NR3-Q-X-R, wherein Q is ~CO- or —
S0,~; Xis 2 bond, -O- or -NR3- and Ry is aryl; heteroaryl; heterocyclyl; or -C;.z alkyl or
Cz-20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consiting of:
20 -aryl;
-heteroaryl;
-heterocyclyl;
-0-Cjz0alkyl,
-0-(Ci20alkyl)p.;-aryl;
25 -0-(Ci-20alkyl)g.1-heteroaryl;
-0-(Ci-20alkyl)o-1-heterocyclyl;
-C1-20 alkoxycarbonyl;
-5(0)o-2 -C120 alkyl;
-8(0)o-2~(Cj20 alkyl)o.1-aryl;
30 -S(0)o-2—(Ci20 alkyl)p.;-heteroaryl;
-S(0)o-2~(C120 alkyl)o.)-heterocyclyl;
-N(R3)2;

———
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FM |Incubation The solution of test conpound is added to the wells

cont ai ni N9 lyideoRbgokBMCs in 10 medi a. The plates are coverggdokPes73
plastic lids, mXxed gently and then incubated for 18 to 24 hours at 370C
with a 5% carbon di oxi de at nosphere. Separation Follow ng incubation the

pl ates .are centrifuged for 5-10 m nutes at 1000 rpm (-200 x g) at 4[err]C
The cell cul ture super ARsMIO-OsCrpallyled with a sterile pol ypropylene 1 5
pi pet and transferred tlg a 2 nL sterile cryotube. Sanples are maintained at
-70[err]C until analysi % Interferon Analysis/Calculation Interferon is
determi ned by bioassay gygi ng A549 human |ung carcinoma cells chall enged

wi th encephal omyocarditis. The details of the bioassay method have been 20
described by G L. Brerbalogeand L. H. Kronenberg in "Automated Bi oassay of
Interferons in Mcr o-teﬁbFPI ates", Biotechniques, June/July, 78, 1983,

i ncor porated herein by reference. Briefly stated the nethod is as foll ows:
A549 cell's are incubat egpwaad sanpl es and standard interferon dilutions at
37[err]C for 24 hours. Thé incubated cells are then infected with an

i nocul um of encephal onmyBdaeR4iss virus. The infected cells are incubated 25
for an additional 24 hours at 37[err]C before quantifying for viral
cytopathic effect. The viral opa} hi c_ ef is quantified by staining
foll owed by visual scoring @ . s are expressed as al pha
reference units/nL based on the\s= ue é?all e for NIH Human Leukocyte |FN
standard. Tunor Necrosis Factor (oc) Ana @sis 30 Tunor necrosi s
factor (cc) (TNF)concentration is deten@Hagg usi ng an ELI SA kit avail abl e
from Genzyne, Canbridge, MA. The resultﬁ(ﬁ\ e expressed as pg/ni.

wherein Y is -N- or —-CR-;
10 R; is selected from the group consisting of:
-hydrogen;
-Ci0 atkyl;
-Cy.19 alkenyl;
-aryl;
15 -Ci.10 2ikyl -O-Cy.yo-alkyl;
-C1.10 alkyl-O-Cy.10 alkenyl; and
-Ci.10 alkyl or Cs.10 alkenyl substituted by one or more substituents selected
from the group consiting of:
-OH;
20 -halogen;
-N(Ras)z;
-CO-N(R3)2;
-CO-Cy49 alkyl;
-N3;
25 -aryl;
-heteroaryl;
-heterocyclyl;
-CO-aryl; and
T
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-132- In the table below, a "+" indicates that the corrpound I ndueed t he
I ndi cat ed % at that particular concentration, " t hat

t he corrpm}’%t9 4d@io i nduce the indicated cytokine at that g@%}?%?
concentration, and a "+" indicates that the results were eqw vocdl at that
particul ar concentration. 5 - 133 -

-CO-heteroaryl,;
each R; is independently selected from the gfoup consisting of hydrogen and C;.)o
alkyl; and .
each R is independently selected from the group consisting of hydrogen,
5 Ci-10 alkyl, Cy.;0 alkoxy, halogen and trifluoromethyl,
or a pharmaceutically acceptable salt thereof.

23. A compound of formula

10
wherein
R; is selected from the group consisting of:
- hydrogen,
-Ci20 alkyl or Cz20 alkenyl that is unsubstituted or substituted by one or more

15 substituents selected from the group consisting of:
-aryl;

-heteroaryl;
-heterocyclyl;
-O-Cyoalkyl,

20 -0-(Cy20alkyl)o-1-aryl;
-O-(Ci-20alkyl)o-1-heteroaryl;
-O-(Cj.20alkyl)o.1-heterocyclyl;

-Ci.20 alkoxycarbonyl;
-S(0)o-2 -C1-20 alkyl;

25 -S(0)o.2 (Ci-20 alkyl)o.1-aryl;
-S(0)o-2—(Ci-20 alkyl)o.1-heteroaryl;
-8(0)o-2—~(Ci1-20 alkyl)o-1-heterocyclyl;

-N(R3)2;
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| NTERFERON (a) | NDUCTI ON I N HUMAN CELLS An in vitro human bl ood cell system

was -used t o @¥§8Rgeos Nt er f eron induction by 5 conpounds ofpciiifkesresrs
invention. Activity is based on the neasurenent of interferon secreted into

culture nedia. Interferon is neasured by bioassay. Blood Cell Preparation
for Cul-ture Wiol e bl ood was col |l ected by veni puncture into EDTA vacut ai ner
tubes. 10 Peri pher atN#l ood nononucl ear cells (PBM's) were separated from
whol e bl ood by using either LeucoPREPTm Brand Cel |. Separati on Tubes

(avail abl e from Bect on® ¥ cki nson) or Ficoll-Paqueg solution (available from
Phar naci a LKB Bi ot echniaRggn;] nc, Piscataway, NJ). The PBM s were suspended
at 1 x 106/nL in RPM 1640 nedia (available from d BCO, G and I|sland, NY)
cont ai ni ng 25 mv HEPES'N®:2- hydr oxyet hyl pi perazi ne-N -2- 15

et hanesyl fonic acid) ar J_érﬁl utamne (1% penicillin-streptonycin solution
added) Wwith 10% heat inactivated (56[err]C for 30 m nutes) autol ogous serum
added. 200 AL portions-SH; PBM suspension were added to 96 well (flat

botton) McroTest Ill sterile tissue culture plates. '20 Compound
Preparation

-C1.20 alkyl-NR3-Q-X-R, or -C; 20 alkenyl-NR3-Q-X-R4 wherein Q is -CO- or —
SO,-; X is a bond, -O- or -NR;- and Ry is aryl; heteroaryl; heterocyclyl; or -C, .y alkyl or
10 Ca.20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
-heteroaryl;
-heterocyclyl;
15 -0-Cya20alkyl,
-0-(Cy20alkyl)o.-aryl;
-0-(Ci20alkyl)o.1-heteroaryl;
-O+(Cj.20alkyl)o.1-heterocyclyl;
-Cy.20 alkoxycarbonyl;
20 -8(0)o-2-Ci-20 alkyl;
-8(0)o-2—(Ci1-20 alkyl)o.1-aryl;
-S(0)o.2—(Ci 20 alkyl)o-1-heteroaryl;
-S(0)p.2—{C1-20 alkyl)p1-heterocyclyl;
-N(R3)2;
25 -NR;-CO-0-C, 0alkyl;
-Ns;
0XO0;
-halogen;
-NO3;
30 -OH; and
-SH; or Ry is

—_—
——————
P
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The conmpounds were solubilized in ethanol, dinethyl sulfoxide or tissue
cul ture Wah B diluted with tissue culture water, 0.01 i

hydr oxi de or 93}28{%% hydrochl ori ¢ acid (The choice of sol ven{\lpgf}lyrsy@e‘sﬁ"esnd on
the chem cal characteristics of the conmpound being tested.). Ethanol or

DVSO. concentrati on should not exceed a final 25 concentration of 1% for
addition to the culture wells/Cupounds initially tested in a )
concentration range of fraom @ X = to about 5 Lg/nL. Conpounds
whi ch show i nduction at a conk 5 [err]g/nmL were then tested

in a wder concentration range. |ncubgte-on The sol ution of
test conpound was added in a volune ( than or equal to 50 [err]L) to
the wells containing 200 [err]L of di¥j 28 whol e bl ood or of PBMs in

medi a. Sol vent and/or nedi a was addedN(Rjontrol wells (wells with no test
conpound) and as needed to adjust the final volunme of each well to 250 gL.
The pl ates were covenrslrsih YispNari-CR-j ds, -141- vortexed gently and

t hen i ncubated for, 48 hours at 37[err]C with a 5% carbon di oxi de

at mosphere. Sepd¥ds selected from the grouprgnsishigRf: i ncubati on, the plates were
covered with parafil %?(Egg%en centrifuged at 1000 rpmfor 10 to 15 m nutes
at 4[err]C in a Danon del CRU-5000 centrifuge. Media (about 200
[err] 19 was renoved f-Copgadkglp 8 wells and pooled into 2 nL sterile freezing
vials. Sanples were maintajned at -70[err]C until analysis. 10

I nterferon Anal ysis/ che-oAl%8MY5n I nterferon was deternined by bi oassay using
A549 human | ung carci_g@qga cells

-Cra0alkyl -O-Cyp-alkyl;
-Ci.10 alkyl-O-C;. 0 alkenyl; and
10 -Ci10alkyl or Cy.y0 alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH;
-halogen;
-NR3)z2;
15 -CO-N(Rs)2;
-CO-Cj.10 alkyl;
-Ns;
-aryl;
-heteroaryl;
20 -heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;
each Rj3 is independently selected from the group cohsisting of hydrogen and C; .0
alkyl; and
25 each R is independently selected from the group consisting of hydrogen, Ci.10
alkyl, C,.jo alkoxy, halogen and trifluoromethyl,

or a pharmaceutically acceptablé salt thereof.

—
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chal | enged. wi th encephal onyocarditis. The details of the bioassay nethod
have been deggideddaghsby G L. Brennan and L. H Kronenberg i n ptsdenéas

Bi oassay of Interferons in Mcro-test Plates", Biotechnigues, June/July,

78, 1983, incorporated herein by 15 reference. Briefly stated the nethod
is as follows: interferon dilutions and A549 cells are incubated at -
37[err] C for 12 t 244 hygempomdofifomuat ed cells are infected with an

i nocul um of encephal onyocarditis virus. TheRynfected cells are incubated
for an additional period at 371C before quantifying for viral cytopathic
effect. The viral cytopathic effect i by staining foll owed by
spectrophot onetri ¢ absor bance neasur . Relsults 20 are expressed as
al pha reference units/nL based on thé\val xie optained for NIH HU | F-L
standard. The interferon was identified as Nsséan ally all interferon al pha
by testing in checkerboard neutralization ash ay: sNagal nst rabbit anti-human
interferon (beta) and goat anti-human i nt er f &on (al pha) using A549 cell

nonol ayers chal |l enged with encephal onyocarditis virus. 25 In the
tabl e below, a "+" indicat es that the conpound i nduced interferon a at that
particul ar cowhemsinr ati on, "-" indicates that the conpound di d not induce

osul 15 Ser e oqui vad ?Q{?kr?#??& TRtk I R an R g5 "

" present inven;tﬁ_rt;ﬁ@@Rl;@g,n descrl bed with reference to several enbodinents
R is OH, halogen, or NHR;,

R; is selected from the group consisting of:

- hydrogen;
10 -Cy20 alkyl or C,.20 alkenyl that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
-heteroaryl;
-heterocyclyl;
15 -0-Cy 20 alkyl,
-0-(Ci0alkyl)o.;-aryl;
-O-(Ci-20alkyl)o.;-heteroaryl;
-O-(Cy-20alkyl)p.;-heterocyclyl;
-C).20 alkoxycarbonyl;
20 -S(0)g.2 -Ci20 alkyl;
' -8(0)0.2~(C1.20 alkylo.1-aryl;
-S(0)o-2~(Ci1-20 alkyl)o.1-heteroaryl;
-S(0)o-2 ~(Ci.20 alkyl)o.;-heterocyclyl;
-N(Rs)2;
25 -Njs;
0X0;
-halogen;

-NOy;

————

-
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thereof. The foregoi ng detail eddescription and exanpl es have been provi ded

for clarit er st andi ng onl sary limtati to be
under st oodw?%é/rze ?om It will beTﬂHmmlm“IH‘[mﬂmﬂe skilled ﬁ#’ﬂ%@éﬁ t hat
many changes can be nade to the descfibed ™ * é&nbodi nents wi thout
departing fromthe spirit and scope of the invention. Thus, the scope of
the invention shoul d-QHtamik |imted to the exact details of the ' )
conpositions and structures descri bed herein, but rather by the | anguage of
the clainms that foll oMb anflg4- [err] 1.The clained invention is: [err]
wherein 5 Ais =N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or
=CR-CR=CR-N=; R[err] is selected fromthe group consisting of: - hydrogen;
-[err] al kyl or-CepalkyhiNRerQ4X-Rhar -Cxo alkenyisNR{-Q-KeR pwhearehsQiis 4COdoby one

het epoar y PO ACIE B NRer 1 By gyl Aegerodtyt Hercrocyelyl: of gy ki
Ca.20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
-heteroaryl;
10 -heterocyclyl;
-0-Cyz0alkyl,
-O-(Ciz0alkyl)o.1-aryl;
-0-(Ci0alkyl)g.1-heteroaryl;
-0-(Cy20alkyl)o.;-heterocyclyl;
15 " -Cy.20 alkoxycarbonyl;
~-S$(0)o-2 -Ci20 alkyl;
-8(0)o.2—(Ci-20 alkyl)o.1-aryl;
-S(0)o-2—(Cy-20 alkyl)o.1-heteroaryl;
-8(0)0-2—(C,.20 alkyl)o.;-heterocyclyl;

20 NRs)z;
-NR;3-CO-0-C;.20alkyl;
-N3;
0X0;
-halogen;
25 -NO»;
-OH; and
-SH; or R, is
—O 0
((l))o-l
(C|3H2)1-6
NR3)2
This Sheet Has Be -162 -
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-O([err]

~heteroaryl; -Q([err]-heterocyclyl; -[err] al koxycarbonyl;

-S(0O -S(O - l; -S(0O
SADSRE a@?@ff’grr] -heterocycl yl ; ( )[err] 5 (s

- het er oar yl

oxo; -hal

-N([err] -N3; 25

ogen; -145- _NO2: -OH and -SH and - -[err] S®-; X is a bond,
-0- or--NR[[err]- and R4 is aryI het eroaryl; heterocyclyl; or -(err]

al kyl or C2 20 al kenyl vhesdin 1Y81suNSnbsCRt- uted or substituted by one or
substituents sele roup consisiting of: -aryl; 10
-heteroaryl; - -h Fi@@nﬂr and
eachRis mdependently selected from the group consisting of hydrogen, Ci.10
alkyl, C,.;0 alkoxy, halogen and trifluoromethyl;
5 or a2 pharmaceutically acceptable salt thereof.
25. A compound of formula
0]
SN[ OB
A !
\/C\N
CH3—< I |
N—N
10 wherein
A is =N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or
=CR-CR=CR-N= and
Ry is H or Cy.j0 alkyl.
15 26. A compound of formula
wherein
20 R; is selected from the group consisting of:
-Cy.20 alkyl or C;.50 alkenyl that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
-heteroaryl;
25 -heterocyclyl,;
-0-C1 20 alkyl;
TTTre—
—————""M/ \
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-0-Clerr] alkyl, -O((err]-aryl; -O(Cerr] -heteroaryl; 15

-0 ( lyl | k bonyl ; -S(0 o
gareiaggsr o] eneeion S0 etk

-S(O)[err] heterocyclyl; -N(R3)2; -NR3-CO- O err] -NJ; oxo; 25
- hal ogen; -NO2; - OH; and -SH, or R4 is 11111 101 IIlliliS-ij) 1 [err]

wherein Y is -N- or =0RC,datkybgl-asfied fromthe goup consising of -hydr ogen;
~0-(C.20alkyl)o.1-heteroaryl;
-O-(Ciz0alkyl)o.1-heterocyclyl;
-C1.20 alkoxycarbonyl;
5 -S(0)o2 -C1-20 alkyl;
-5(0)0.2—~(Ch-20 alkyl)o.1-aryl;
-S(0)9.2(Ci-20 alkyl)o-1-heteroaryl;
-S(0)o.2 «(C1.20 alkyl)o.1-heterocyclyl;
-NR;);
10 -N3;
0XO0;
-halogen;
-NO,;
-OH; and
15 -SH;
-C1.20 alkyl-NR3-Q-X-R; or -C;.2¢ alkenyl-NR3-Q-X-R4 wherein Q is -CO- or
—S0,-; X is a bond, -O- or -NR;3- and Ry is aryl; heteroaryl; heterocyclyl; or -C; alkyl or
Ca.20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
20 -aryl;
“-heteroaryl; -
-heterocyclyl;
-0-Cy20alkyl;
-O-(Ci-20alkyl)o-1-aryl;
25 -O-(C;-20alkyl)o-1-heteroaryl;
-0-(C,).20alkyl)o.1-heterocyclyl;
-C.20 alkoxycarbonyl;
-S(0)o-2 -Ci20 alkyl;
-S(0)o-2~(Ci-20 alkyl)o.1-aryl;

30 -S(0)o-2 —(Cy20 alkyl)p.1-heteroaryl;
-S(0)p.2—(Ci-20 alkyl)o-1-heterocyclyl;
-NRs)2;
This Sheet Has Been Rep -164 -
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5 < -[err] alkyl; -[err] alkenyl; -aryl; [err]alkcyl;
[erT] at kenwio;992pe$3 10 -[err] al kenyl subsidriuyesgedsy one
or nore substituents selected fromthe group consisting of: -OH, -halogen;
-N(R3) 2; 15 -CONRTI[err] -CO[err] alkyl; -N3;
-aryl; ~-heteroaryl; 20 - het erocycl yl ; COaryI
and - CO heteroaryl : earNRs-Q&Qr(]?l 208kylhyependent |y sel ected fromthe group
consi sting of hydrogen ]? .c0 allcyl; and 25 each Ris :
i ndependent |y sel ected 3t’om t he group consisting of hydr ogen, (lerr] alkyi,
Cf err]al koxy, hal ogen axe} trifluoromethyl, or a pharmaceutically acccptible
salt tllereof.

-halogen;
5 ~N02;
-OH; and

-SH; or R; is

wherein Y is -N- or—CR~; .- ;\“
10 each R is independently selected from the group consisting of hydrogen and Cy.1o
alkyl;
each R is selected from the group consisting of hydrogen, C;.10 alkyl, C;.10 alkoxy,
halogen and trifluoromethyl; and
Rygis —-NO or NH.
15 or a pharmaceutically acceptable salt thereof,

—_—

- ————— TTTT——
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PCTUSREESHTB8und according to Caim L. wherei n-Rlerr]z s oIS &eRARIDR he
MDINESCTAIMINING AND MAer FACTURINGGEMEANY]  hydr oxyal kwaTERTANYALEompound
AurdRefi:n@® 1867PGTM 2 wherein R erl i< selected fromtfe. gragpsss’s; fl:} .t
gonsi sting bf n-butyl, 2-hydroxy-2-n€thyl propyl, and 'aﬁemﬁ/lhékf&é%.‘gﬂi

A corrpound,rgcc rdic? t(%. C.aim| wherein R2 is selected fromthe group

consi st i ng *8f “GEY 'ﬁV%’H"&i'ﬁht chai n al kyl and al koxyal kyl V\pgr in the

al koxy noiety apd thg dnipsundBf @k Yo : | ndependent |y cont a4 & i0¥.01589car bon
atons. 10 5. A conpound.according te Caim4 wherein R2 is selected from
thé group consisting of methyl.n-butyWHbenzyl eihoxymethl, and methoxyet hl
6. A conpound according to Claiml}wherein each Ris hydrogen. 15 7.

A conmpound according to Claiml whey€i Njs -[err] 8. Aconpound
according to Clai 7 wherein [err] ijs 20]] S—R

[err] 9. A conpound accordi ng d

2
>\-/\—,herein Ais =CH CH=CH N=. 10.

A conmpound of the fornula 11: 14 [erf] [err] 5 Rl is
selected fromthe group consistin Ry
I
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 cbnsisting of:
- hydrogen;
-C).20 alkyl or Cy.29 alkeny! that is unsubstituted or substituted by one or more
10 substituents selected from the group consisting of:
t -aryl;
-heteroaryl;

-heterocyclyl;
-0-Cj.a0 alkyl,

15 -0~(C; .z0alkyl)y.i-aryl;
-0-(C.20alkyl)o.1-heteroaryl;
-O-(Cy.spalkyl)p.i-heterocyclyl,
-Ci.20 alkoxycarbonyl;

-$(0)o.2 -Ci0 alkyl;

20 -8(0)o-2—(C).20 alkyl)o.1-aryl;
-S(0)o.2 ~(C).20 alkyl)y.,-heteroaryl;
~8{0)q.2 ~(C1.20 alkyl)o-;-heterocyelyl;
-N(R3)z
-Ns;

25 0X0;

-halogen;
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- hydrogen -[err] alkenyl that is.unsubstituted or substitutee by-wgne or
nore substituents selected fromthe gimoup consisting of -aryl ia A0, e
-heteroaryl; -heterocyclyl; -0-C[efr] sal kyl, -O([err;]-aryl -O(C .
[érr]-heteroéryl; 15 ) -O(C[err]heterocycTyI -[err]
al koxycarbonyl; -S[err kyl; -S[err]-aryl; -S(Oferr]-heteroaryl; 20

-S(O[err]-heterocyclyt"2ct N(R[err] -N3; oxo; -halogen; 25
-NJerr]; -O4 and -oftlan@nd
| -SH; and
5 -C1.20 alkyl-NR3-Q-X-Ry or -Cp.39 alkenyl-NR3-Q-X-R4 wherein Q is ~CO- or -

SO;~; X is a bond, -O- or -NR;- and Ry is aryl; heteroaryl; heterocyclyl or -Cy_30 alkyl or
Ci.20 alkenyl that is unsubstituted or subsututed by one or more substituents selected from
the group consisiting of:
-aryl;
10 -heteroaryl;
--heterocyclyl;
-0-Cyz0alkyl,
- -0+(Cy.z0alkyl)g.;-aryl;
-0-(C)-20alkyl)y.s-heteroaryl;
15 -0-(Cy.20atkyNo.i-heterocyclyl;
-Ci.20 alkoxycarbonyl;
' -8(0)02-C1.z0 alkyl;
-8(0)o2~(C1.20 alkyl)p.;-aryl;
-S(0)s.2 ~(Ci-20 alkyl).|-heteroaryl;
20 -8(0)p-2~(C1.20 alkyl)o.i-heterocyclyl;
-N(R3);
-NR;-CO-0O-Cy.palkyl;
-N3;
0X0;
25 -halogen;
-NO;3;
-OH; and
-SH; or Ry is
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&

-[err] wherein Qis -CO or -S2-; X is a hond, .-0- ar -NR3- and Rl.err] is

aryl; heteroaryl; heterocyclyl; OI’“-‘-@EGI’I’] al kyl or § d err]. akkenyl
that is unsubstitUted or substi tutﬁed by one qr nore substituent’g seélected
ffomthe group consisting of: -aryl; =sheteroaryl; -heterocyclyl®, 20

-0-Cerr] alkyl, -0-([err] -aryl; -O([err]-heteroaryl; -O((err]
-heterocyclyl; -derr] al koxyg -S(Oferr]

al kyl; -S(0)[err]-aryt; -S(QJ ; -S(OJferr] -heterocyclyl;
-N(Rerr] 20 - er A kyl; -N3; oxo; -hal ogen; -NOZ2;
25 -OH, and -SH{QWx Rerr] is [err] '

]
(?Hz)x-s
NRs3),
" wherein Y is -N- or ~CR-;

R; is selected from the group consisting of:

—h?drogen;
5 -Ci.10 alkyl;
-Ca.10 alkenyl;
-aryl;
-Ci-10 alkyl -O-C)_jp-alkyl;
. -Cy.10 alkyl-O-C,. g alkenyl; and
10 -Cj.10alkyl or Cy.19 alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH;
-halogen;
-N(R3)z;
15 -CO-N(Ry)z;
-CO-C,.9 alkyl;
-N3;
-aryl;
-heteroaryl,
20 . -heterocyclyl;
-CO-aryl; and
-CO-heteroaryt;
each R; is independently selected from the group consisting of hydrogen and C,.;o
alkyl; and
25 each R is independently selected from the group consisting of hydrogen, C;.p
alkyl, Cy.19 alkoxy, halogen and trifluoromethyt,

or a pharmaceutically acceptable salt thereof.
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Wwherein Yis -N or -CR-; -Rlerr] is sel gcted frpmthe group con5|st|ng
of -hydrogen; [err]alkyl; [err] al keqyl 5- yl .,-C[err]
al kyl; -Cferr] al kenyl; and - -Clerr] ol kenyl substltut ect by oﬁe,or aor e
substituents sel ected fsom the group <consi st i g of : 10 -

-OH, -halogen; -N(Rerr] -CONRerr] -CO(err]alkyl; 15

-N3; -aryl; - hetZ:r oarA kompb@tdeacoorditigitb ClaifiQ wherkin Rarisisel€cted from the group
COheteroaryI J R3 .is independently selected fromthe groop consisting
of hydr ogen"%ﬁé n@ ¢1}6 alkyl and C,¢ hydroxyalkyl.

3. A compound according to Claim 2 wherein R) is selected from the group

5 consisting of n-butyl, 2-hydroxy-2-methylpropyl, and 2-methylpropyl.

4, A compound according to Claim 1 wherein R; is selected from the group
consisting of Cy.¢ straight chain alkyl and alkoxyalky! wherein the alkoxy moiety and the

alkyl moiety each independently contain ! to 4 carbon atoms.

10
5. A compound according to Claim 4 wherein R; is selected from the group
consisting of methyl, n-butyl, benzyl, ethoxymethyl, and methoxyethyl.
6. A compound according to Claim | wherein each R is hydrogen.
15
7. A compound according to Claim 1 wherein R, is -Cj.z0 alkyl-NR;-Q-X-Ry.
8. A compound according to Claim 7 whercin R, is
- 3"@
(C,))O-I
(leHz)r‘r,
N(R3)
20

9. A compound according to Claim | wherein A is =CH-CH=CH-N=.

10. A compound of the formula {I:
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al kyl; and each R is independently selected.fsromthe group censistjng of
hydrogen, Clerr] alkyl, Clerr] al kexy, hal agen and tkinl uoromethyl ° 25

or a pharmaceutically acceptable galt; thereof. 11. -A conpound- agc'ordl ng
t-o Claim 10 wherein R is selected from the gifoup consisting & derr]al kyl
and (ferr] hydroxyal kyl. 30 12. A conpound according to Caim

1lwherein Rl is selected fromthe gragg,consisting of n-butyl,

2- bt ydr oxy-2- et hl yl propyl, and 2-nie h§/| propyl . 13. A conpound
according to Caim10 wherein R2 i ect}qfd fromthe group consisting of
met hyl , n-butyl, benzyl, ethoxynet , ﬁ_'e_ﬁoxyet hyl . 14. A conmpound
according to ClaimlO wherein each i sllhydfogéh. 5 15. A pharmaceuti cal
conposition conprising a pharnaceqdti | y feffective amount of a conpound
according to Caiml and a pharmaceutjcal Iy acceptable carrier. 16. A
phar maceuti cal conposition conpri & a pha‘r maceutically effective 10
anount of a conpound according to Cl aim 10 and a pharnaceutically

acceptable carrier. 17. A et hod of iégdum ng cytoki ne biosynthesis in an
ani mal conprising administering an effective amount of a conpound according
to daiml :he animal . 15 A met hod of inducing cytokine

bi osynthesis 1 n an ani mal conpri sing adm n| stering an effective amount of a
conpound accor diBrig -NR-C{R);- G(H.E-(I(R)zt- he(m)me-IC(R)lzGC(R)z-A met hod of treating a

viral infection in an_ani npri_si n%&a m stering an effective anount of
a conpoi nd @%&)’F@Rk@vgﬁ(@apmq(@qu RbriR-;
5 R; is selected from the group consisting of:
- hydrogen;

-C.20 alkyl or Cs.50 alkenyl that is unsubstituted or substitutec_l by one or more
substituents selected from the group consisting of:
-aryl;
10 -heteroaryl;

t -heterocyclyl;
-0-Cy.poalkyl,
-O~(C20alkyl)o.(-aryl;
-O-(C;.30alkyl)o.i-heteroaryl;

15 -O-(C|.20alkyl)o.|-heterocyclyl;
-C\.20 alkoxycarbonyl;
- -8(0)o-2-Ci.20 alkyl;
~8(0)o.2<(C\-20 alkyl)o.1-aryl;
-S(0)p.2—(C\.20 alkyl)o.1-heteroaryl;
20 -S(0)g.2-(C,.29 alkyl)y.;-heterocyclyt;
-N(R3)z;
-Ns;
0X0;
-halogen;
25 -NOy;
-OH; and
A
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20 20. A nethod of treating a viral, infectiaon man ani mal conpri s ng

admi ni stering an effective anount ,of*:a conpounds according to claiml1lOto
the anminal. 2 1. A conpound of fornrula wherein 3 _ Ca e

[ferr] Ais =N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or =CR-CR=CREN=; Rl is
selected fromthe group consisting of: - hydrogen; -Clerr] al kenyl that
i s unsubstituted or sYsandt uted by one or nore substituents selected from
the group consisting of: -aryl; 5 : - het eroaryl;
-heterocyclyl; -0-Cerr] alkyl, -O((err] -aryl; -O((err] -heteroaryl;

! g( Oferr] alky G §%k8)1'[N 5’%{)%‘5 F’F chbf%ﬁ@mﬂﬂ%&% g;}ls,}e§mkgx¢9agponyl ;
—S02-; X is a bond, -O- or -NR;- and Ry is aryl; heteroaryl; heterocyclyl; or -Cj.9 atkyl or
5 Cz.20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
-heteroaryl;
-heterocyclyl;
10 -0-Cy.0alkyl,
-0-(C\.20alkyl)o.s-aryl;
-0-(C-z0alkyl)p.1-heteroaryl;
- -0-(Cy_20alkyl)o.1-heterocyclyl;
-Ci.20 alkoxycarbonyl;
15 -5(0)q-2-Ciz0 alkyl;
-8(0)y2~(Cy-20 alkyl)p,-aryl;
-S(0)o-2 ~(C;.20 alkyl)g.1-heteroaryl;
-8(0)p-2 —(C, 20 alkyl). -heterocyclyl;

-N(R3);
20 -NR;-CO-0O-Cy_yalkyl;
-Ns;
0xo0;
-halogen;
-NOy;
25 -OH; and
-SH; or Ry is
OO0
(?)O-I
(?Hz)l-o
NR;3)2

wherein Y is -N- or -CR-;

\
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15 . . -S(O)[erg] heterocyclyl; -N(R3)2; -N3; oxo;

- hal ogen; 20 > .4§R; - QH. .and -SH and -Cerf]:

al kenyl -NR, -Q X-R wherein Qis -C® aq - 25, .~ SCP- Xis a?bon -C or
-NR3- and R[[err] is aryl; heteroaryl’ het erotyclyl { “or *err| a kyl or

Cerr] al kenyl ¢hat tituted qr, substituted by one or nore
substituents sekétstsé °Fﬂgfﬂ ﬁ‘é%ﬁ‘“@ ngYyingiods i ng of: -aryl: -heteroaryl: 30

- het erocycl yl; -0- C[ kyI -O(derr]-aryl; I1F111 1111i 77in 111
-O(Cerr] -heteroary (C[err] -heterocyclyl; -Cerr] al koxycarbonyl;
-S(Oferr] alkyl; -C1 10 alkyl
-Ca.10 alkenyl;
5 -aryl;

-Ci.j0 alky! -O-Cy. p-alkyl;
-Cy.10 alkyl-O-C;.;p alkenyl; and
-Ci-1o alkyl or Cy.19 alkenyl substituted by one or more substituents selected
from the group consisting of:
10 -OH;
-halogen;
-N(R3)z;
-CO-N(R3)2;
-CO-C.y0 alkyt;
15 -N3;
-aryl;
-heteroaryl;
-heterocyclyl;
-CO-aryl; and
20 -CO-heteroaryt;
each R; is independently selected from the group consisting of hydrogen and C;.;p
alkyl; and '
each R is independently selected from the group consisting of hydrogen, Cy.ig
alkyl, C.;¢ alkoxy, halogen and trifluoromethyl,

25 or a pharmaceutically acceptable salt thereof.

11. A compound according to Claim 10 wherein R, is selected from the group

consisting of Cy.¢ 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-2-methylpropyl, and 2-methylpropyl.

— - 151 - @

O g



5 -S(O[err] -aryI -9(O[err]-heteroaryl; .-
-S(O[err].-heterocyclyl; -N(R[err-]q--NR[err]aI Kyl ,‘:10
-Nerr]; oxo; -halogen; -N®; -OH “and 15 N

is [err] wherein Yis -N or -CR; Herr] is selectedfrbmthé gl’bup
consi sting of. -hydrogen; 20 -Cerr] alkyl; -Cerr]
al kenyl ; -aryl 3] erAkompéayid, acesefiimgitd Cidimelfywheraein®, 26selected from the group

L5 ST by D skl D R e

14, A compound according to Claim 10 wherein each R is hydrogen.

Qo

[V I E)

HZ

or R4

15. A'pharmaceutical composition comprising a pharmaceutically effective

amount of a compound according to Claim { and a pharmaceutically acceptable carrier.

16, 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 effective 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 compound 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.

2t. A compound of formula

25
wherein

A 15 =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:
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N(R[err] -CO-N(Rerr]; COC[err] al kyl; - N3, on we

-aryl; -heteroaryl; -heterocycl yl ;GO aryl and CGheteroarqu ¢ 10

each R3 is i ndependent |y sel ected: frqm t he group conkisting of” hyd'r-ogen and
€ err] alkyl; and each Ris |ndependently sel ected fromthe gfoup"®

consi sting of hydrogen, Cferr] alkyl, Cerr] al koxy, halogen and
trifluoronethyl ,'thngephar maceut i cal I y acceptable salt thereof. 15 22. A

conei sting of - 2h v ok Cahikenty FaPisbabRfed o PR O i) ey
that is unsgimstituénié &dected Pl e gryﬁg-:@brmgugggf or nore substi tuent s sel ected
fromthe group consisting of: -aryl
-aryl;
5 ' -heteroaryl;
-heterocyclyl;
-0-Ci.p0alkyl,
-0-(Cy.z0alkyl)o-1-aryl;
-0-(Cy08lkyl)s.i-heteroaryl;
10 -0-(Ci.20alkyl)o.1-heterocyclyl;
-Cy.20 alkoxycarbonyl;
-8(0)y-2-Cy-20 alkyl;
-S(0)o.2~(Ci.20 alkyl)o.;-aryl;
-8(0)s2 ~(Ci-20 alkyl)e.;-heteroaryl;
15 -3(0)r-2—(Cy20 alkyDo. |-heterocyc]yl,
-N(R3)2;
* N3
0X0;
-halogen;
20 -NOy;
-OH; and
-SH; and

-C .20 alkyl-NR;-Q-X-Ry or -Ca.30 alkenyl-NR;-Q-X-R4 wherein Q is ~CO- or -
25 SO;-; X is a bond, -O- or -NR;- and Ry is aryl; heteroaryl; heterocyclyl; or -C;.z alkyl or
Cz.20 alkenyl that is unsubstituted or substituted by onc or more substituents selected from
the group consisting of:
-aryl;
-heteroaryl;
30 -heterocyclyl;
-O-C .20 alkyl,
-O-(C\.20alkylo.1-aryl;

O
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- F\eteroaryl ; 25 - -heterocyclyl; -Q(err] " ee
-0-(Cerr]-aryl; - 155 - -O-(C &¥ydi -heterodryl: =O-(qerr} ;3"
-heterocyclyl; -C[err] alkoxycarbonyl;s -S(QTerr] alkyl; 5 - ooilesd
-S(0)[err]-aryl; -S(0)[err]-heterodryl% -S{0){err] -heterocyclyti e«
-N(Rlerr]; -N3; 10 oxo; -hal ogen; - N2, -OH and
-SH, and 15 -[err] \/\hé@épﬂﬂt@“ﬁ}@o-r@@eroaryl- [err]; heteroaryl; het erocyclyl;
or - [[er] alkyl or -O-(Cz0alkyl)y. -heterocyclyt;

-Ci.20 alkoxycarbonyl;

-8(0)o-2-Ci.29 alkyl;

5 -8(0)o-2~(C\.20 alkyl)o.;-aryl;
-5(0)o-2—(Cy.20 alkyl)o.;-heteroaryl;

‘S(O)o -2—(C.20 alkyl),. 1-heterocyclyl

-N(R3)z;
' -NR;3-CO-0-C, yalkyl;
10 -N3;
0x0;
-halogen;
. -NOy;
-OH; and
15 -SH; or Ry is
~OO
(Op.)
(C':HZ)I-G
N(R;3)2

wherein Y is -N- or -CR-;
R; is selected from the group consisting of:
-hydrogen;
20 _ -Ci.10 alkyl;
-Ca.0 alkenyl;
-aryl
-Cripalkyl -0-Cy.ip-alkyl;
-Cy.10 alkyl-0-C;.p alkenyl; and
25 -Ci.nalkyl or Cy.p alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH,;

-halogen;
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C2 20 al kenyl that is unsubstitutedl or substituted.by one OI""‘IIDJ"G
substituents selected fromthe group’con3| t£ing of: 20 '
-aryl; -heteroaryl; -heterocyclyl; -®-Cerr], alkyl, -0 (Lerr] : ar.yl'; 25
= O ( C[ err] +heter oaryl ;-0 ((er r] heter ocyc¢l yl'; C[ err] al koxycar bonyl ;
-S(Of[err] alkyl; -S(0)[err]-aryl; 30
-S(Oferr]-heteroaryl; -StMiR3%ir] -heterocyclyl; -N( Rerr] 156 -
-NR[ err]al kyl; -N3; oxo; -hal.ogen; 5 - err]; -OH and
| Rl err]al ky -88-198{;5} ; Ng err]
-CO-Cy.ip alkyl;
-N3;
5 -aryl;
-heteroaryl;
-heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;
10 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, C;.io
alkyl, C,.ip alkoxy, halogen and trifluoromethyl,

or a pharmaceutically acceptable salt thereof.

15
22. A compound of formula
wherein
R; is selected from the group consisting of:
20 - hydrogen;
-Ci.20 alkyl or Cy. alkeny! that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
-heteroaryl;
25 -heterocyclyl;
-0-Ci 0 alkyl,
-O~(Cy.avalkyl)y. -aryl; %\g&\
. ‘s&\\“@
[ -155-



-SH, or R4 i's [err] . Wherein Yis -N- or -CR; 10 R[errJ i's
sel ected fromthe group consisti ng of-- -hydraogen C[err]al kyk; =€ferr]

al kenyl ; -aryl; 15 " zCerr]-aikyl; -C[errral kenyds, and
“qerr]. al kenyl subst , tut ed by one or nore -subst i t uent s sel ected from t he
group consiting of: - ~halogen; -N(Rerr];
“CO-N(R[err]: -cO-Q el"pl‘(c@?"@}kyl)(’dmmﬁ@’ -aryl;
- h?*t eroaryl; -heterocyg. (I@f zdalkygo %et%rocyc{:}nd 157
-Ciao alkoxycarbonyl;
-8(0)y.2-Ci30 alkyl;
5 -5(0)-2~(Ch.20 alkyl)p.i-aryl;
-5(0)02~(C\.20 alkyl)o.;-heteroaryl;
-8(0)0.2—(C1.20 alkyl)o.;-heterocyclyl;
NQRs); |
-N3;
10 0X0;
-halogen;
-NO3;
- -OH; and
-SH; and
15
-Ci.20 alkyl-NR;-Q-X-R, or - Ca-20 alkenyl-NR;-Q-X-R, wherein Q 18 -CO- or -
SO,-; X is a bond, -O- or -N Rs-and Ry is aryl; heteroaryl; heterocyclyl; or -C,. 0 alky] or
C2-20 alkeny! that is unsubstituted or substituted by one or more substituents selected from
the group consiting of:
20 -aryl;
-heteroaryl;
-heterocyclyl;
-0-C_ypalkyl,
-0-(Ci.20alkyl)y.1-aryl;
25 -0-(Cy_z0alkyl),. i-heteroaryl;
-0~(Cy.z0alkyl)y. ;-heterocyclyl

-Cia a]koxycarbonyl

-5(0)o.2-Cy.20 alkyl;
-5(0)o.2~(Ci20 alkyl)g.;-aryl;
30 -5(0)6.2~(Cy20 alkyl)o.|-heteroaryl;
-5(0).2-(C).20 alkylo.-heterocyclyl;
-N(Ry)z;
- 156 - Q%“\Q'é
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each R3 is independently sel ected fromthe group consisting
of hydrogen and CJerr] alkyl; and eaGR R i ¥ ai ndependesnt I y: sel ec‘t-ed' f~rom t he
group consisting of hydrogen, S * ferr] LAl koxy, hal ogen and.. s

tfifluoromethyl, or a pharmaceutical hy accept abl e sal-t ther eoiz 23.’ A
erein Rlerr] is selected fromthe group

conpound of formula [ Qh\flgn
consisting of: - hydrﬁg%nmili emﬂ th kenyl that is unsubstituted or
substituents sclected fromthe group

substituted by one orngpre 15
consisting of: -aryl; heteroaryl -heterocyclyf; -0-Clerr] alkyl, 20

-0-(derr] -aryl; -O-OQ&G{err]heteroaryI -O(C [err]-heterocyclyl;

-Cerr]al koxycarbonyl S(HO)[err] al kyI 25

-S(0)[err]-aryl;
3

- CO het er oaryl;

-N02§
-OH; and
-SH; or Ry is _
OO0
(Q)o-1
(?Hz)l-a
N(R3)
. wherein Y is —N- or -CR-;
10 R; is selected from the group consisting of:
-hydrogen;
~Ci.i0 atkyl;
' -Cy.10 alkenyl;
-aryl;
15 -Crioalkyl -O-C_jp-alkyl;

-Ci.10 alkyl-0-Ca.pp alkenyl; and
-Cipalkyl or Ca.q alkenyl substltuted by one or more substituents selected
from the group consiting of:
| -OH;
20 _ -halogen;
-N(R3)z;
-CO-N(R;)z;
-CO-Ci.yp alkyl;
-N3;
25 -aryl;
-heteroaryl;
-heterocyelyl;
-CO-aryl; and

g _ e
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het er oaryl ; -S(O)[err]-heterocyclyl -N(R[err] - 158- - N3;

-é(O)[err]
oxo; -hal ogen; -NOZ; 5 e - 3 -O—| nd - SH; C[errj Wnereln
Qis -CO or - S@2-; Xis a bond, -0’-.or - NR3- "and 4-|s aryl hete-r-oaryl

héterocyclyl; or -CJerr]alkyl or 10 3 crer-r] al kenyl. it hat i€ es
unsubstituted or substituted by one or nore substituents selected fromthe

group consisting of: -aryly hﬂtceQaeonaryl -heterocyclyl; 15
-O-derr]al kyl, g het er oaryl ; -O(C[err]
“heter ocyel y Il . %[ hR 'SF'L‘%Q 5?{%\6?@?“6(‘1[ rom ]the group cons:stmg of hydrogen and C,
alkyl; an
each R is independently selected from the group consisting of hydrogen,
] Ci.10 alkyl, Cy.jp alkoxy, halogen and trifluoromethyl,

or a pharmaceutically acceptable salt thereof.

23. A compound of formula

O\
N"‘ e N ——— T
N\
I >—R2 XXX / \/
2NN —
N R
R
10
wherein
R, is selected from the group consisting of:
- hydrogen;
-Ci.20 alkyl or Cy.y9 alkeny! that is unsubstituted or substituted by one or more
15 substituents sclected from the group consisting of:
-aryl;
-heteroaryf;
-heterocyclyl;
. -0-C 1+20 alkyI,
20 -O-(C { .zoa[kyl)o. 1-ar yl;

 -0-(C)z0alkyl)y. -heteroaryl;
-O~( Cr.20alkyl)o. -heterocyclyl;
-Ci.20 alkoxycarbonyl:
-S(0)o.2-Ci. alkyl;

25 -5(0)o2~(C,.20 alkyl)y.;-aryl;

-5(0)y2 ~(C\.p alkyl).;-heteroaryl;

- =3(Qo-2=(Cy.20 alkyl)y., -heterocyclyl;
-N(R3)2;

R




~ w . - - |
20 -S(O[err] alkyl; .. S(O[err] ary ; S
-S(O[err]-heteroaryl; --S(O)[err]-hete:rocycl:’yl; *-N(R§)2,;25 > oae d—l and
-NR[ err]al kyl; -N3; oxo; -hal ogen':-NQZ' 30 . - ' SR c
= X 4 S '159' ~™ T~ T !5
[ng’r]O\rmsre:n Yis -N_or -CR; R is sel ected fromthe group consi sting
of - -hydrogen; [err] fN%m t he group consisting of: -OH, -halogen; [err]
0xo;
-halogen;
-NO;;
5 -OH; and

-SH;

-Ci-20 alkyl-NR3-Q-X-Ry or -Cs.39 alkenyl-NR;-Q-X-R; wherein Qis -CO-or -
SO2~; X is a bond, -O- or -NR;- and R, is aryl; heteroaryl; heterocyclyl; or -Cy.5 atkyl or
10 Ca.20 alkenyl that is unsubstxtuted or substltuted by one or more substituents selected from
the group consisting of:
-aryl;
. ~heteroaryl;

-heterocyclyl;
15 -0-Ci.ypalkyl,

-O~(C, z0alkyl)y.;-aryl;

: ~O-(C;_zoalkyl)0.1~heter0aryl;

-O-(Cl.zoalkyl)o-,-heterocyclyl;

-Ci20 alkoxycarbonyl;
20 -8(0)o.2-Cy.20 alkyl;

-5{(0)g.2 ~(Cj .20 alkyl)o-1-aryl;

-5(0)0-2 ~(C1.20 atkyl)g.)-heteroaryl;

-3(0)o.2~(Cy.20 alkyl)o., -heterocyclyl;

-N(R3)z;
25 -NR;-CO-0-Cy yalkyl;

-N3;

0X0;

-halogen;

-NO;
30 -OH; and

-SH; or Ry is

T -159- g,x\?f'\
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-Nerr]; -aryl; -heteroaryl; 20 - het erocycl yl ;

-CO aryl; and -CO heteroaryl; each’R3iis ihdependently selected fsdmthe
group consisting of hydrogen and ([ etry] al kyl; and 25 - ..Stach Ris
i ndependently sel ected fromthe groupiconsisting of hydrdgen, C%er¢d® al kyl,
C err] al koxy, halogen and trifluoronethyl, or a pharnmaceutically
acceptabl e salt thereof. | W | 11 111 [err] wherein 5
A is =N-CR-CR-CR=; =CR- N=CR or =CR-CR=CR-N=; Rlerr] is
OH,.» hal ogen, or NHRI, R err] i% the group consisting of: -
hydr ogen; 10 -Cerr] al ken@)o-n at is unsubstituted or
substituted by one or nore substituen (‘ﬁ{ﬁel ected fromthe group consisting
of: -aryl; | -6

N(R3);
wherein Y is ~N- or —CR-;

R; is selected from the group consisting of:

-hydrogen;
5 -Ci.10 alkyl;
-Ca.10 alkenyl;
-aryl;
-Cia0alkyl -O-C 1-10-alkyl;
. =Ci.10 alkyl-0-Cy.40 alkenyl; and
10 -Ci.ealkyl or Cyg alkenyl substituted by one or more substituents selected
from the group consisting of:
-OH;
-halogen;
-N(R;)z;
15 -CO-N(Ry)»;
-CO-Cy.yp alkyl;
-N3;
-aryl;
-heteroaryl;
20 _ -heterocyclyl;
-CO-aryl; and
-CO-heteroaryl;
each Ry is independently selected from the group consisting of hydrogen and Ci.o
alkyl; and
25 each R is independently selected from the group consisting of hydrogen, Ciio
alkyl, C.o alkoxy, halogen and trifluoromethy|,

or a pharmaceutically acceptable sall thereof.

&
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-heteroaryl; -heterocyclyl; 15 -O(derr]alkyl, -O([err]

-aryl; -O(derr] -heteroaryl; -O{(C&rr]-heterocyclyl; -Clerr]"s "

al koxycar bonyl ; 20 22850 [grr]alkyly -S(O[érr]*ad]

-S(Oerr] -heteroaryl -S(O)[err] -Reterogytl yl; -NRE4]; 25 «°
S~ S -OH, and - SH and

-N[err]; oxo; %ogeg{j
-[érr] wher ei n Q4 °"69°“nd9ff°mu1880 X is a bond, -O or -NR3- and

Rlerr] is aryl; heteroaryl; heterocyclyl; rar -Cerr] al kyl or Cferr]
al kenyl that is unsubstltut ed or substit utled by one or nore substituents

sel ected from N Rs
A
N SN
\ |
N=N
wherein
5 A is =N-CR=CR-CR=; =CR-N=CR-C CR=; =CR-CR=N-CR=; or
=CR-CR=CR-N=;

Ry is OH, halogen, or NHR,,
Ry is selected from the group consisting of:
- hydrpgen;
10 -Ci20 alkyl or C;.59 alkeny! that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
; -heteroaryl;
-heterocyclyl;
15 -0-Cy .0 alkyl,
-O-(Ci.z0alkyl)o.,-aryl;
-O-(C.20alkyl)o.i-heteroaryl;
-0-(Ci.z0alkyl)o.1-heterocyclyl;
| -Ci-20 alkoxycarbonyl;
.20 _ -5(0)p.2 -Ci-z0 alkyl;
-8(0)o2~(C).20 alkyl)g.s-aryl;
-8(0)0.2~(Ci-20 alkyl)q.,-heteroaryl;
-8(0)g2~(C.z0 alkyl)g.; -heterocyclyl;
"-N(Rj)z;
25 ~Ns;
0X0;
-halogen;
. -NOgy;

I —
- 161 - s\""g\

L »



the group consisting of: -aryl; -heteroaryl; 10 -

-heterocyclyl; -0-C[err] alkyl, [err].%hal 6geni®25 .. R o s et

-NJerr]; -O4 and -SH, or Rerr] is*[®rr] -162-. wherein Y is;-"Ds3or

-CR-; [err] and each R is independently selecfed frontthegroups.tomsl sting

of hydrogen, Clerr] alkyl, (err] alkoxy, halogen and trifluoronethyl; 5

or a pharmaceutically” '(:%!{5& abl e salt thereof. 25. A conpound of fornula
[err] Ais

I:I\ECchghg_;' "R NGB R CReN CRe: or =CR CRECR N and [err] lalkyl.
-Ci-20 alkyl-NR3-Q-X-Ry or -Cs.49 alkenyl-NR;-Q-X-R; wherein Q is ~CO- or —
5 SO;-; X is a bond, -O- or -NR;- and Ry is aryl; heteroaryl; heterocyclyll; or -Cy.y0 alkyl or
Caz.20 alkeny! that is unsubstituted or substituted by one or more substituents selected from
the group consisting of:
-aryl;
-hetervaryl;
10 -heterocyclyl;
~0-Cy.q0alkyl,
-O-(Ci.z0alkyl)o. -aryl;
-0-(C :-208lkyl)o.1-heteroaryl;
~O-(Ciz0alkyl),. i-heterocyclyl;
15 -Ci.0 alkoxycarbonyl;
-8(0)p.2-C1.20 alkyl;
" -8(0)0.2~(Ci.0 alkyl)o.;-aryl;
-8(0)0.2~(C1.29 alkyl)g., -heteroaryl;
-8(0)-2~(Cy.20 alkyl)y. -heteroc yelyl;
20 NR); |
-NR;-CO-0-C;.yalkyt;
-N3;
0X0;
-halogen;
25 -NO;;
-OH; and
-SH; or Ry is

~ 0
(?)0-1

(§H2)1-6
N(R3)2

T -162 -
s



15 26. A conpound of fornula [err] wherein 20

Rlerr] is selected fromthe group congisting of: -[eri] al kenyl that-is
unsubstituted or substituted by one or; nore substituents sel ectefd*friomthe
group consisting of: -aryl; -heterogaryl; 25.° LT W% s
-heterocyclyl; [err] 1?@ - «,. [err] oxo; -halogen; -NO2; -OH and 15

-SH, -Cerr] wherein &I ¥ds -Yrocf@R+] is aryl; heteroaryl: heterocyclyl;

or --Cferr] al kyl R3fis frl,eNO]z °ﬁW%A&‘ that is unsubstiluted or substituted by

onc or norc substituents seled fromthe group consisting or: 20
Caryl; eachR is independently selected from the group consisting of hydrogen, C,.;
alkyl, Cy.io alkoxy, halogen and tri fluoromethyl;
5 or a pharmaceutically acceptable salt thereof,

25. A compound of formula

10 wherein
Ais =N-CR=CR-CR=; =CR-N=CR-CR=; =CR-CR=N-CR=; or
=CR-CR=CR-N=and
ReisHor C, alkyl.

15 26. A compound of formula

wherein
20 R, is selected from the group consisting of:
-C.20 alkyl or C.4 alkenyl that is unsubstituted or substituted by one or more
substituents selected from the group consisting of:
-aryl;
-heteroaryl;
25 -heterocyctyl;
-0-Cy.yg alkyl;

A g



-ﬁeteroaryl; -heterocyclyl: [err] -164 - [[err] -Nerr]; oxo; -halogen;
NO2; -OH, and -SH, or R4 is [err] wherein Y,is. -N or

5 - )

-CR-; 10 , each R3 is indepeéndently selected fromthe group

consi sting of hydrogen and (Jerr] alkyl; each Ris selected fronthe group
al koxy, hal ogen and trifluoromethyl; and

[Cgpfi st1|5ng ° OPygr 8%:@6&6&%*@%”%5' acceptabl e salt thcreof -165-
B -0~(C\.z0alkyl),.;-heteroaryl;
) -O-(Ci-20alkyl). -heterocyclyl;
-Ci-20 alkoxycarbonyl;
5 - =8(0)o-2-Cy.20 alkyl;
-5(0)o.2 «(C1.20 alkyl)o.;-aryl;
-S(0)o2 ~(Ci.20 alkylo.i-heteroaryl;
-8(0)o.2~(Ci-0 alkyl)o., -heteroéyc!yl;
-N(R3)y;
10 -N3;
"0x0;
-halogen;
-sz;
-OH; and
15 -SH;
-Ci.20 alkyl-NR;-Q-X-R, or -Cz.29 alkenyl-NR;-Q-X-R, wherein Qis-CO-or
=80;-; X is d bond, -O- or -NR ;- and Ry is aryl; heteroaryl; heterocyclyl; or -Ci0 alkyl or
Cz20 alkenyl that is unsubstituted or substituted by one or more substituents selected from
_ the group consisting of:
20 -aryl;
-heteroaryl;
-heterocyclyl;
-0-Cjp0alkyl;
-0-(C.z0alkyl)g.-aryl;
25 -O~(Cy.z0alkyl).i-heteroaryl;
-O-(C.palkyl),. 1-heterocyclyl;
-Ci-20 alkoxycarbonyl;
-8(0)o-2-C120 alkyl;
-5(0)o.2~(C).20 alkyl). -aryl;

30 -8(0)y2—~(Ci.20 alkyl)o.,-heteroaryl;
-S(0)y.2 -(C) .20 alkyl)o.;-heterocyclyl;
-N(R3)z;
&
SO

- 164 - @X&"\

M



RRCR I
-

-NR;3-CO-0O-Cy.yalkyl;

-Ny;

0X0;

-halogen;

5 -NO;
-OH; and
-SH; or Ry is
0
(?)o-l
(?Hz)l-a
NRs)
. wherein Y is -N- or -CR-;
10 each R; is independently selected from the group consisting of hydrogen and C, g

alkyl;

each R is selected from the group consisting of hydrogen, Cy.i¢ alkyl, C;.; a]koxy,
halogen and trifluoromethyl; and

Rygis -NO; or NH,,

15 or a pharmaceutically acceptablc salt thereof,

AR R
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