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5.11-DIHYDRO-6H-DIPYRIDO{3.2-b:2°.3"-e][1.4IDIAZEPINES

AND THEIR USE IN THE PREVENTION OR TREATMENT OF HIV INFECTION

Ficid of t.he Invention _
The invention relates to novel 5,1 l-dihydrB-GH-dipyﬁdoB,Z-b:Z',3’-c][.1,4]diazepincs and
pharmaceutically acceptable acid addition salts thereof, mcthod; for preparing
ﬂlcse'écompounds,_ltbe use of these _comp'ou_nds in the prevention or treatment of HIV infection,

andto pharmaceutical compositions containing these compounds.

Ba_ckeround of the Inveation

The human disease, Acquired Immune Deficiency Syndrome (AIDS), is caused by the Human

Immunodeficiency Vﬁus (HLV), particul#rly the strain known as HIV-1.
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Like other viruses, HIV-1 cannot replicate without commandesring the biosynthedc apparatus
of the host cell it infects. It causes this ap;;aratus to produce the sauctural proteins which
make up the viral progeny. “These proteins are coded for by the genetic material contained
within the infecting virus partcle, or virion. Being a retrovirus, however, the ggnctic material
of HIV is RNA, not DNA as in the host cell’s genome. Accér_dingly‘, the viral RNA must
first be converted into DNA, and then integrated into the host cell’s genome, in order for the
host cell to produce the required viral proteins. The conversion of the RNA to DNA is
accomplished through the use of the enzyme reverse transcriptase (RT), which is included
within the infecting virion along with tﬁc RNA. Reverse transcriptase has three enzymatic
functons; it acts as an RNA-dependent DNA polymerase, as a ribonuclease, and as a DNA-
dependent DNA polymerase. Acting first as an RNA-dependent DNA polymerase, RT makes
a single-strand;d:DNA copy of the viral RNA. Next, acting as a ribonuclease, RT frees the
DNA just produced from the ongmalvual RNA and then destroys the original RNA. Finally,
acting as a DNA-dependent DNA polymerase, RT makes a second, complementary DNA
strand, using the first DNA strand as a template. .Thc two stra.ﬁds form double-stranded

DNA, which is integrated into the host cell’s genome by another enzyme called an integrase.
Compounds which inhibit the enzymaric functions of HIV-1 reverse transcriptase will inhibit

replicadon of HIV-1 in infected cells. Such cbmpounds are useful in the prevention or

treatment of HIV-1 infection in human subjects.
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Descrinton of the Invenuon

In one of its compositon of matter aspccts, the invention comprises 5,11-dihydro-6H-

dipyrido{3,2-b:2",3'-¢][1,4)diazepines of the formula I

@®

wherein, -

Z is oxygen, sulfur, =NCN or 2 group of the formula =NOR® wherein R’ is alkyl of 1 0 3

carbon atoms;

R'.is hydrogen, alkyl of 1 to 6 carboﬁ atoms, fluoroalkyl of 1 to 6 carbon atoms and 1 to0 3
fluorine atoms, cycloalkyl'of 3 to 6 carbon atoms, alkenyl or alkynyl of 2 to 6 carbon atoms,
2-halo-2-propen-1-yl, mono- or di-halovinyl, éryl or arylmethyl (wherein the aryl moiety is
phenyl, thienyl or furanyl, which is either unsubstituted or substituted by methyl, methoxy or

halogen), alkanoyl of 2 to 4 carbon atoms, aminoethyl, mono- or di-alkylaminoethyl wherein
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each alkyl moiety contains 1 to 2 carbon atoms, alkyloxyalkyl or alkylthioalkyl of 2 10 4
carbon atoms, alkyloxycarbonyl wherein the alkyl moiety contains 1 to 4 carbon atoms,
alkenyloxy- or alkynyloxycarbonyl wherein each alkenyl or alkynyl moiety contains 2 to 4
carbon atoms, hydroxy, alkyloxy of 1 to 4 carbon atoms, amino, mono- or di-alkylamino
wherein each alkyl moiety contains 1 to 4 carbon atoms, aminocarbonylmethyl, or cyanoalkyl

wherein the alkyl moiety contains 1 to 4 carbon atoms;

R? is hydrogen (with the proviso that R' is not hydrogen), alkyl of 1 to 6 carbon atoms,
fluoroalkyl of 1 to 6 carbon atoms and 1 to 3 fluorine atoms, cycloalkyl of 3 to 6 carbon
atoms, oxetanyl, thietanyl, tetrahydrofuranyl or tetrahydrothienyl, alkenyl or alkynyl of 2 t0 6
carbon atoms, .!allgyloxyalkyl or alkylthioalkyl of 2 to 5 carbon atoms, alkanoyl of 2 to 5
carbon atoms, cyano, hydroxyalkyl of 2 to 6 carbgn atoms, aryl or 'arykr;ct}!yl (wherein the
aryl moiety is phenyl, thicny_lfo’i" fm'anyl, which is either unsubstituted or sg_xbsritutcd by alkyl
or alkyloxy of 1 to 3 carbon atoms, hydroxyl or halogen), or alkyloxycarbonylmethyl

wherein the alkyl moiety contains 1 to 5 carbon atoms;

one of R? R* and R’ is alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon atoms,
alkenyl or alkynyl of 2 to 6 carbon atoms, trihalomethyl, hydroxyalkyl of 1 to 6 carbon - -
atoms, alkyloxyalkyl or a]kylth.ioa]le of 2 to 5 carbon atoms, alkyloxycarbonylalkyl wherein
the alkyl moieties each contain 1 'to 2 carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 5
carbon atoms, hydroxyalkyloxy of 2 to 4 carbon atoms, alkanoyloxy of 2 to 4 ca;'bon atoms,

alkylsulfinyl or alkylsulfonyl of 1 to 4 carbon atoms, alkanoyl of 2 to 6 carbon atoms,
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alkyloxycarbonyl wherein the alkyl moiety contains 1 to 3 carbon atoms, mono- or di-
alkylaminocarbonyl wherein each alkyl moiety contains 1 to 3 carbon atoms, aminoalkyl of 1
to 4 carbon atoms, mono- or di-alkylaminoalkyl wherein each alkyl moiety contains 1 to 3
carbon atoms, aryl or arylmethyl (wherein the aryl moiety is phenyl, thienyl or furanyl, which
is either unsubstituted or substituted by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or
halogen), a group of the formula -NR'R", halogen, cyano, nitro, azido or carboxyl, with the

other two substituents being hydrogen, methyl or chloro; or,

two of R? R* and R® are independently alkyl or hydroxyalkyl of 1 to 2 carbon atoms,
trihalomethyl, alkyloxy or alkylthio of 1 to 2 carbon atoms, halogen or a group of the formula

-NR'’R", with the remaining substituent being hydrogen or methyl; or,
R3, R* and R® are each hydrog;n‘fv'

one of R%, R’ and R® is alkyl of 1 to 4 carbon atoms, alkenyl or alkynyl of 2 to 4 carbon
atoms, trihalomethyl, hydroxyalkyl of 1 to 4 carbon atoms, alkyloxyalkyl or alkylthioalkyl of
"~ 2 to 4 carbon atoms, alkyloxycarbonylalkyl wherein the alkyl moieties each contain 1 to 2
carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 4 carbon .atoms, hydroxyalkyloxy of 2
t0 4 carbon atoms, alkanoyloxy of 2 to 4 carbon atoms, alkylsulfinyl or alkylsulfonyl of 1 to

. 4 carbon atoms, alkanoyl of 2 to 6 carbon atoms, alkoxycarbonyl wherein the alkyl moiety
contains 1 to 3 carbon atoms, aminoalkyl of 1 to 4 carbon atoms, mono- or di-

alkylaminoalkyl wherein each alkyl moiety contains 1 to 2 carbon atoms;- a group of the
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formula -NR'ZR", halogen, cyano, nizro, azido or carboxyl, with the other two substtuents

being hydrogen; or,

two of R, R” and R? are independently alkyl of 1 to 2 carbon atoms, tihz!omethyl, alkyloxy
or alkylthio of 1 to 2 carbon atoms, halogen or a group of the formula -NR*R", with the

remaining substituent being hydrogen; or,
RS, R” and R® are each hydrogen; and,

R¥, RY, R and R" are each independently hydrogen, alkyl of 1 t(; 4 carbon atoms,
alkenylmethyl or alkynylmcthyl of 2 1o 4 carbon atoms, aryl or axylmcthvl (wherein the aryl
moiety is phenyl, thxcnyl or furanyl which is cxthcr unsubstituted or substiruted by mcthyl
methoxy or halogen), mono-_/'dif diﬁydroxyalkylmcthyl of 2 to 4 carbon atoms, alkyloxy of 1
o3 cgrﬁon atoms, hyd_ioxy, alkyloxyethyl or alkylthioethyl of 3 to 4 carcon atoms,
amingalkylmcmyl of 1 to 4 carbon atoms, mono- or dialkylaminoalkylmetnyl wherein each

alkyl moiety contains 1 or 2 carbon atoms; or alkanoyl of 1 to 4 carbon atoms; or,

R' and R, and R* and R®, together with the nirogen atoms between them, respectively and
independently form azetidin-1-yl or a 5, 6 or 7-membered ring whigh is either saturated or
unsaturated, which optionally contains up to 6ne additional heteroatom which may be selected
frorﬁ O, S or N, or which optionally contains in place of a carbon atom a group of the

formula =NR™ wherein R* is hydrogen or alkyl of 1 to 2 carbon atoms, and which ring is
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optionally and independently substtuted with hydroxymethyl, aminomethyl, 1 to 4 methyl

groups and I to 2 hydroxy groups.;

subject to the proviso that when

a)

b)

c)
9l

Z is oxygen or sulphur

R2

is hydrogen, alkyl of 1 to 5 carbon atoms,

alkenyl or alkinyl of 2 to 5 carbon atoms,
alkoxyalkyl or alkylthioalkyl of 2 to 4 carbon atoms,

.-alkanoyl of 2 to 4 carbon atoms, hydroxyalkyl of 2 to

5 carbon atoms, phenyl (optionally substituted by
alkyl or alkoxy of 1 to 3 carbon atoms, hydroxyl or
halogen), or alkoxycarbonylmethyl wherein the alkyl
moiety contains 1 to 5§ carbon atoms,

i)

ii)

r3, R4. 25, %6, ®7

hydrogen or

and R8 are each

one of R3; R4, Rs, Rs, R7 and R8 is

alkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms alkyloxycarbonylaikyl wherein
the alkyl moieties each contain 1 or 2 carbon
atoms, hydroxyl, alkoxy or alkylthio of 1 to 4
carbon atoms, alkanoyloxy of up to 4 carbon
atoms, alkanoyl of up to 4 carbon atoms, amino,
aminoalkyl of up to 4 carbon atoms, mono- or
di-alkylaminoalkyl wherein each alkyl moiety
contains 1 to 2 carbon atoms, halogen, cyano,
nitro, azido, or carboxyl, and the remaining
five of R, R, R®, R®, R’ ana Rr®
are each hydrogen, or
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i)

iii) R3, R4 and R5 are each independently

hydrogen or alkyl of 1 to 3 carbon atoms,
provided at least one is hydrogen, or one of
R3, R4 and Rs

two being hydrogen and

is butyl with the remaining

RG, R7 and R° are each independently hydrogen

or alkyl of 1 to 3_cérhon atoms, provided at least
one is hydrogen, or

8

one of RG, R7 and R8 is butyl with the

remaining two being hydrogen,
then R1 cannot be

hydrdgen, alkyl of 1 to S carbon atoms, alkenyl or
alkinyl of 3 to 5 carbon atoms, 2-halo-2-
propen-1-y¥1, arylmethyl (wherein the aryl moiety
is phenyl,fthiényl or furanyl, which is either
unsubstifﬁted or substituted by methyl, methoxy or
halogen), alkanoyl containing 2 or 3 carbon atoms,
alkoxyalkyl or alkylthio alkyl of 2 to 4 carbon
atoms; .

and compounds of formula I wherein Z is oxygen and

R1 is methyl, R2 is ethyl and either
7 . . . . 3 6
R" is azido, amino or nitro and R to R and
R8 are hydrogen, or
R3 is ethylamino or diethylamino and R4 to
R8 are hydrogen, or
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R6 and R8 are methyl and R3 to R5 and R

are hydrogen, or

7

R3 and R4 are methyl and Rshto R8 are

hydrogen, or
R5 is methyl and R3, R4, Rs, R7 and R8
are hydrogen, or
ii) R! is methyl, R®? is ethyl, t-butyl, s-butyl or
isopropyl and.R3 to RB are hydrogen, or
. s 1 2 5 . _
iii) R™ and R™ are methoxymethyl, R™ is methyl
T and B>, R? ana rR®, R’ and R® are
hydrogen, or
. 1l . 2 .. . 3 8
iv) R™ is hydrogen, R™ is ethyl and R™ to R
are hydrogen;
and compounds,df Formula I wherein Z is sulfur and
either a) R? is ethyl, R> and R® are both methyl
and Rl, R4 and R6 to R8 are hydrogen, or b) R1

is methyl,,R2 is ethyl, g3 is methoxy and R4 to

R8 are hydrogen.

———————~___;__h___‘
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A subgeneric aspect of the invention é_ompriscs compounds of formula I, wherein,

Z is oxygen, sulfur or a group of the formula =NOR® wherein R? is alkyl of 1 to 2 carbon

atoms;

R! is hydrogen, alkyl of 1 to 4 carbon atoms, ﬂuoroalkyl of 1 to 4 carbon atoms, cyclopropyl,
alkenylmethyl or alkynylmethyl of 3 to 4 carbon atoms, 2-halo-2-propen-1-yl, alkanoyl of 2 to
3 carbon atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 3 carbon atéms, or cyanoalkyl wherein

the alkyl moiety contains 1 to 3 carbon atoms;

R? is hydrogen (with the proviso that R' is not hydrogen), alkyl of 1 to 5 carbon atoms,
fluoroalkyl of 1 to 5 carbon atoms, cycloalkyl of 3 to 5 carbon almﬁs. oxetanyl, thiemnyL
alkcnylmethyi or a]kynykncmyl of 3 to 5 carbon atoms, a]kyloxyallkyl or alkylthioalkyl of 2
to 4 carbon atoms, alkanoyl of 2 to 4 carbon atoms, hydroxyalkyl of 2 to 5 carbon atoms, aryl
or arylmethyl (wherein the aryl moicty_ is phenyl, thic‘ilyf or furanyl, which is either
unsubstituted or substituted by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or

halogen), or alkyloxycarbonylmethyl wherein the alkyl moiety contains 1 to 4 carbon atoms;

N
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one of R?, R* and R’ is alkyl of 1 10 4 carbon atoms, alkenyl or alkynyl of 2 to 4 carbon
atoms, trihalomethyl, hydroxyalkyl of 1 to 4 carbon atoms, alkyloxyalkyl or alkylthioalkyl of
2t 4 carbon atoms, alkyloxycarbonylalkyl wherein the alkyl moieties each contain 1 to 2
carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 3 carbon atoms, hydroxyalkyloxy of 2
to 3 carbon atoms, alkanoyloxy of 2 to 3 carbon atoms, alkylsulfinyl or aikylsulfonyl of 1 to
3 carbon atoms, alkanoyl of 2 to 4 carbon atoms, alkyloxycarbonyl wherein the alkyl moiety
contains 1 to 2 carbon atoms, aminoalkyl of 1 to 3 carbon é.tom‘s, mono- or di-

alkylaminoalkyl wherein each alkyl moiéty contains 1 to 2 carbon atoms, amino, mono- or di-

i

N y

alky;lamino wherein each alkyl moiety contains 1 to 4 carbon atoms, azetidin-1-yl, pyrmol-1-yl,
pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl, pyrazolidin-1-yl, imidazol-1-yl,
 imidazolin-1-yl, imidazolidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yl, (4-
methyl)piperazin-1-yl, piperazin-1-yl, NN-bls(Z-hydmxyemyl)ammo, N N—bxs(?.—
methoxyethyl)amino, or halogen, w1th the other two substiuents being hydrogcn, methyl or

chloro; or,

two of R? R* and R’ are independently alkyl of 1 to 2 carbon atoms, alkyloxy or alkylthio of
irt’b 2 carbon atoms, amino, mono- or di-alkylamino wherein each alkyl moiety contains 1 to
3 carbon atoms, azetidin-1-yl, pyrrol-1-yl, pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl,
pyrazolin-1-yl, pyrazolidin-1-yl, imidazol-1-yl, imidazolin-1-yl, imidazolidin-1-yl,
terahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yl, (4-methyl)piperazin-1-yl, piperazin-1-yl,
N,N-bis(z-hydroxycd\yl)amino, N,N-bis(2-methoxyethyl)amino, or halogen, with the

remaining substituent being hydrogen, methyl or chloro; or,

9/038-4-C6
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R?, R* and R’ are each hydrogen;

one of RS, R and R® is alkyl of 1-to 2 carbon atoms, vinyl, trifluoromethyl, hydroxyalkyl of 1
to 2 carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 2 carbon atoms, hydroxyalkyloxy
of 2 to 3 carbon atoms, alkanoyloxy of 2 to 3 carbon atoms, amino, mono- or di-alkylamino
wherein each alkyl moiety contains 1 to 2 carbon atoms, azetidin-1-yl, pyrrol-1-yl, pyrrolin-1-
31, pyrrolidin-1-yl, pyrazok-1-yL pyrazolin-1-yl, pyrazolidin-1-yl, imidazol-1-yl, imidazolin-1-
yl, imidazolidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yl, (4-
memyl)_pipcrazin-l-yl, piperazin-1-yl, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-

methoxyethyl)amino, or halogen, with the other two substituents being hydrogen; or,

R, R? and R?® are each hydfogen.

A particular subgeneric aspect of the invention comprises compounds of formula I wherein,
Z is oxygen or sulfur;

R' is hydrogen, alkylof 1 to 3 carbén atoms or allyl;

R? is alkyl of 2 to 3 carbon atoms, or cycloalkyl of 3 to 4 carbon atoms;

9/038-4-C6
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R? is hydrogén. methyl, alkyloxy or alkylthio of 1 to 3 carbon atoms, chloro, amino, mono- or

di-alkylamino wherein each alkyl moiety contains 1 to 3 carbon atoms, allylamino, azetidin-1-

yl, pyrrol-1-yl, pyrrolin-1-yl, pymrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl, pyrazolidin-1-yl,
imidazol- 1-yl, imidazolin-1-yl, imidazolidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-yl,
morpholin-1-yl, (4-methyl)piperazin-1-yl, piperazin-1-yl, or N,N-bis(2-hydroxyethyl)amino;
R* is hydrogen, methyl or chloro;

RS is hydrogen, methyl, ethyl, chloro, or trifluoromethyl;

R® and R? are hydrogen; and

R’ is hydrogen or amino. o

A more particular subgeneric aspect of the invention comprises compounds of formula I
wherein,

Z is oxygen or sulfur;

R! is hydrogen, alkyl of 1 to 3 carbon atoms or allyl;

9/038-4-C6
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R? is alkyl of 2 to 3 carbon atoms, or cycloalkyl of 3 to 4 carbon atoms;

R? is hydrogen, methyl, chloro, methoxy, ethoxy, amino, mono- or di-alkylamino wherein
each alkyl moiety contains 1 to 2 carbon atoms, allylamino, allylmethylamino, pyrrolin-1-yl,

pynoﬁdin-l-yl, tetrahydropyridin-1-yl, piperidin-1-yl or morpholin-1-yl;
R* is hydrogen;

R’ is hydrogcﬁ, methyl, ethyl, chloro, or trifluoromethyl;

RS and R® are hydrogcn; and

R’ is hydrogen or amino. ./~

Preferred compounds of formula I are:
3,11-dihydro-11-ethyl-4-methyl-6H-dipyrido{3,2-b:2’,3'-¢](1,4]diazepin-6-one .
11-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido(3,2-b:2’,3'-¢]( 1,4]diazepin-6-

thione; | |
3,11-dihydro-1 1-cthyl-2,4-dimcthjl-6H—dipyrido[3,2-b:2',3 *.¢][1,4]diazepin-6-one or -thione;
11-cyclopropyl-5,1 1-dihydro—2,4—di’methyl-6H—dipyri&o[3,2-b:2’,3’-c][1,4]diézepin—6-one or-
thione;

2-chloro-5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido{3,2-b:2’,3’-¢][1,4]diazepin-6-one or -

9/038-4-C6
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thione; _

2-chloro-11-cyclopropyl-3,1 1—dihyd:o-4-mcﬂ1yl-6H—d.ipyﬁdo[3.2-b:2' 3'-e](l ,4]diazzpin§6-onc
or -thione; |
5,11-dihydro-11-ethyl-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2°,3’-¢][1,4]diazepin-6-one or -
thione; |
11-cyclopropy!-5,11-dihydro-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2’ ,.3'-e](1,4]diazepin-6-
one or -thione;
8-amino-5,11-dihydro-11-ethyl-2-methoxy-4-methyl-6H-dipyrido[3,2-b:2’,3’-¢][1,4]diazepin-6-
one or -thione;
8-amino-11-cyclopropyl-5,11-dihydro-2-methoxy-4-methyl-6H-dipyrido[3,2-b:2°,3'-
e]{1,4]diazepin-6-one or -thione;

5,11-dihydro-1 1-cthyl-2-methoxy-S-m’ethyl-éH—dipyﬁdo{S,Z-b:Z’,3’¢e] [i,4]diachin-6—

thione; Ve g
11-cyclopropyl-5,11-dihydro-2-methoxy-5-methyl-6H-dipyridof3 ,2-b:2’,3"-¢e][1,4]diazepin-6-
one or -thione;
5,11-dihydro-11-ethyl-4-methyl-2-(N-pyrrolidino)-6H-dipyrido[3,2-b:2’,3"-e][ 1;4]diazepin-6-
one or --thione; |
11-cyclopropyl-5,11-dihydro-4-methyl-2-(N-pyrrolidino)-6H-dipyrido(3,2-b:2",3'-
e](1,4]diazepin-6-one or -thione;
5,11-dihydro-11-ethyl-5-methyl-2-(N-pyrrolidino)-6H-dipyrido[3,2-b:2",3"-¢][1,4]diazepin-6- -
one or -thione;

11-cyclopropyl-5,11-dihydro-5-methyl-2-(N-pyrrolidino)-6H-dipyrido(3,2-b:2’,3’-

9/038-4-C6
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e]{1,4]diazepin-6-one or -thione;
5,11-dihydro-11-ethyl-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido[3,2-b:2",3"-

e][ 1,4]diazepin-6-one or -thione;

11-cyclopropyl-5,1 1-dihydro—4—mcth_yl-2-(N ,N-dimethylamino)-6H-dipyrido[3,2-b:2’,3'-
e]{1,4)diazepin-6-one or -thio_nc;
8-amino-5,11-dihydro-11-ethyl-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido(3,2-b:2’,3’-
¢]{1,4]diazepin-6-one or -thione; and,

8-amino-11-cyclopropyl-5,1 l-dihydro-4-mcthyl-2-(N,N-dimethylamino)-GH—dipyﬁdoB,2-

b:2’,3’-¢]{1,4]diazepin-6-one or -thione.

Svnthesis Of Compounds Of Formula I And Their Salts
The compounds. of Formula Iand their salts can be prepared by known methods or obvious
modifications thereof. Mcthod/s,Ai-K, ;icsaibcd below, are illustrative qf the methods for

preparing the compounds.

Method A

Compounds of the formula Ia

(Ia)

9/038-4-C6
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wherein R! and R?® through R® are defined as above and R* has the same definitions as R?

with the exception of hydrogen, can be obtained by cyclizing carboxylic acid amides of

formula II,
R* R’ RS R’
R! O
R3¢/ N\ 1111 /' \\_pt
- _
Hal BN -
R2’

wherein R', R® through R® and R* have the same definitions set forth with respect to Formula

Ia and Hal represents fluorine, ‘chlorine, bromine or iodine.

A variant of this method, which is preferably used to prepare compounds of formula Ia
wherein R®, R’, or R?, especially R’, are electron withdrawing groups, such as nitro, involves

cyclizing carboxylic acid amides of formula IIa,

N:<< ) >____N (Tiz)

9/038-4-C6
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wherein R? through R? are defined as above and R* has the same definitions as R* with the

exception of hydrogen, and Hal represents fluorine, chlorine, bromine or iodine.

Cyclization is conveniently carried out by the conversion of compounds of formula I or IIa
into their alkaline metal salts and subsequent condensation at tcinperamrcs between O°C and
the boiling point of the reaction mixture. If, in the starting compounds qf formula II or Ha,
R! is different from hydrogen, metallation requires at least 1 mole of the metallating agent.
Lpn the oﬁcr hand, R! is hydrogen, at least 2 moles of ﬁﬁs agent must be used. For
métallation, lithium, sodium and potassiumn hydrides or lithium alkyls, such as n-butyl |

lithium, are preferably used.

- The cyclization reaction is usually f_:arricd out in inert solvents, e.g. in _tetrahydrofuran, 1,4-
dioxane, glycoldimethyl ether, diemylcne?gl§éoldimemyl ether, triethyleneglycoldimethyl
ether, dimethylformamide, benzene or anisole. Cyclization may also be effected by heating
carboxylic acid amides of formula II or IIa in dipolar aproﬁc solvents, preferably in sulfolane
_~~ dimethylsulfone. Catalytic quantitiés of strong acids, e.g. sulfuric acid, hydrochloric acid,
\t:;drobromic acid, phosphoric acid, polyphosphoric acid, methanesulfonic acid or p-
toluenesulfonic acid, have proved to be of use. The ﬁece#sary ;eaction temperature is usually

between 110 and 220°C.
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Method B

Compounds of formula Ib

(Ib)

wherein R' and R? through R® are defined as above, can be prepared by hydrolytic cleavage

of the arylmethyl group in compounds of formula I,
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wherein R! and R? through R? are defined as mentioned above and Ar can be, for example, a
phenyl or 4-methoxyphenyl group. Hydrolysis is effected by moderate to strong acids or

" Lewis-acids at temperatures between -20 and +150°C. Such acids can be, for example,
sulfuric acid, methanesulfonic acid, trifluoroacetic acid, trifluoromethanesulfonic acid,
phosphoric or polyphosphoric acid. When using phosphqric or polyphosphoric acid, the
addition of solvents such as benzene, toluene, phenol, anisole or veratrole has proved to be of

advantage.

If Lewis acids, such as aluminum chloride or bromide are used to eliminate the arylmethyl
group, solvents such as aromatic hydrocarbons, e.g. benzene, toluene, anisole, or mixtures

thereof with dichloromethane are suitable.

It will be obvious to those skﬂié:im the art that Method B is not preferred in those cases
wherein any of R' and R® through R® are readily hydrolyzable substituents, for example,
wherein R' is alkanoyl or any of R® through R® are alkanoylamino or alkoxycarbonyl. In
cases wherein R! is alkanoyl or any of R’ through R°® are alkoxycafbonyl, for example, .it is
preferable to utilize method A described above; when R! is hydrogen two equivalent§ of base
must be used. In cases whciein any of R® through R® are alkanoylamino, for example, it is
preferable to carry out the hydrolysis (and subsequent acylation) on the corresponding nitro
derivative, and then reduce the nitro moiety to the amine, followed by acylation to yield the

desired product.
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\ethod C

A compound of formula Ic

(Ic)

wherein R* has the same definitions as R' with the exception of hydrogen and R? through R’
are defined as above, may be obtained by converting a 5,11-dihydro-6H-dipyrido(3,2-b:2’,3’-

e](1,4]diazepin-6-one of the formula TV

Iv)

~herein R? through R® are defined as above, into the corresponding 5-alkali or alkaline earth

9/038-4-C6 _
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metal compound and subsequenty reactng the alkali metal compound with a compound of

the formula V
R'X -

wherein R! has the same meanings as in formula Ic.and X is the radical of a reactive ester, a
halogen atom, the group OSO,0ORY, the methanesulfonyloxy or ethanesulfonyloxy group or an
aromatic sul_fonyloxy group. - Instead of converting the compound of the formula IV into its
concspondixig alkali metal sait in the first step, the alkylaton of a compound of formula IV
may also be performed by fcactidn with a compound of formula V in the presence of amines,
such as triethylamine, diazabicycloundecene or 4-(dimethylamino)pyridine, or of alkali
carbonates or bicarbonates, such as sodium and potassium carbonate or sodium bicarbonatc.
The conversion of a compound of formula IV into the corresponding alkali metal or alkaliné
earth metal compound may be effected by reacting a compound of formula IV with an alkali
metal or alkaline earth metal hydroxide, such as lithium hydroxide, barium hydroxide, sdd_ium
hydroxide or potassium hydroxide, with an alkali metal alcoholate, such as sodium methoxide
or potassium tert-butoxide, with an alkali metal amide, such as sodium amide or potassium
amide, or with an alkali metal hydride sﬁch as sodium hydride or potassium hydride. The
reaction is preferably carried out at elevated temperatures and in the presence of a suitable
organic solvent. Inert organic solvents, such as dimethylformamide, dimethylsulfoxide,

tetrahydrofuran or glycoldimethyl ether are preferred if alkali metal hydrides are used as the
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‘metallating agents, whereas, if an alkali or alkaline carth metal hydroxide is used, an aqueous
mixture with an organic solvent, such as methanol or tetrahydrofuran, may also be employed.
For conversion of the alkali_ or alkaline ¢ard1 metal-substituted 5,1 1-dihydro-6H-dipyrido[3,2-
b:2°,3'-e][1,4]diazepin-6-one thus obtainc’d into a compound of general formula Ic, the
solution or suspension of the alkali or alkaline earth metal compound is reacted directly, i.c.
without isolation, with a compound of formula V at -20°C or at elevated temperatures, up to
the boiling point of the solvent or reaction médium, whichever is lower. The substitution
wakes place almost exclusively at the nitrogen atom in the 5-position of the dihydro-
dipyridodiazepinone, even if R? in the stahin‘g material of formula IV is a hydrogen atom,
provided that one equivalent of base and one equivalent of a compound of formula V are

used.

L
s

It will be obvious to those skilled in the art that the presence of nucleophilic substituents in
the compounds of formula Ic may require the use of an intermediate of formula Ic having
substituents which are, other than the ll-posiﬁon nitrogen, not nucleophilic but which can be
derivatized to yield the required group. For example, amino or monoalkylamino substituents
at any of R® through R? are preferably obtained by alkylating or acylating an intermediate of
formula Ic having a nitro group at any of R® through R®, and sz;bsequcntly reducing the nitro

group, and alkylating, if appropriate, to yield the final product.
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Method D

A compound of formula [

@

wherein Z is oxygen and R! through R® represent the groups mentioned above, can be
obtained by converting a 5,11-dihydro-6H-dipyrido(3,2-b:2°,3’-¢][1,4]diazepin-6-one of
formula Ib, as described above, into the corresponding metal salt of foimula VIa or - in the

- case of R! in the compound of for'fﬂ/ula Ib being hydrogen -~ into 2 compound of formula VIb

(Via)
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(VIb)
mt

wherein M represents an alkali metal, such as lithinm, sodium, potassium, rubidium or
cesium, or M represents the group MgHal+, wherein Hal is a chlorine, bromine or iodine

atom, and subsequently alkylating with a compound of formula VI
RX | VD
wherein R? and X are as hereinbefore defined.

The conversion of a compound of formula Ib into the corresponding alkali metal compound
of formulae VIa or VIb may be effected by reacting a compound of formula Ib with a lithium
alkyl (e.g. n-butyl lithium, or t-butyl lithium) optionally in the presence of
tetramethylethylenediamine, a lithium dialkylamide, (e.g. lnhmm diisopropylamide, lithium
dicyclohexylamide and lithium isopropyl—cyclohcxylamidc),' a lithium Aryl (e.g. phenyl

lithium), an alkali metal hydroxide (e.g. lithium, sodium or potassium hydroxids), an alkali

* metal hydride (e.g. sodium or potassium hydride), an alkali metal amide (e.g. sodium or
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potassium amides) or a Grignard rcagcnt (e.g. methyl magnesium iodide, ethyl magnesium
bromide or phenyl magnesium bromide). One equivalent of base is required for the formation
of compounds of formula Vla, whereas two cquivaicnts of base are required for the formation
of compounds of formula VIb. The metallation is conveniently carried out in an inert organic
solvent at temperatures of between -78°C and the boiling point of the reaction mixture in
question. If a lithium alkyl, lithium aryl,-' lithium dialkylamide or Grignard reagent is used fof
the metallation, the preferred solvents are ethers such as tetrahydrofuran, diethyl ether or
dioxane, optionally in a mixture with aliphatic or aromatic hydrocarbons, such as hexane or
benzene, and the operation may be carried out at temperatures of between -20 and +80°C.
When metallation is effected with an alkali metal hydride or alkali metal amide, in addition to
the solvents mentioned hereinbefore it is also possible to use xylene, toluene, acetonitrile,

_ dimethylformamide and dimethylsulfoxide, while if an alkali metal hydroxide is used it is also
possible to use alcohols such % 'e;.tha-nol, methanol and aliphatic ketones such as acetone, as

well as mixtures of these solvents with water.

For conversion of the alkali metal salt thus obtained into a compound of formula I, the
solution or suspension of the alkali metal compound is reacted directly, i.e. without isolation
of the reaction product, with a compound of formula VII at temperatures of between -20° and

the boiling point of the reaction mixture, preferably at room temperature.

It will be obvious to those skilled in the .art that the prcséncc of nucleophilic substituents in

the compounds of formula I may require the use of an intermediate of formula I having
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bstituents which are, other than the .ll-position nitrogen, not nuclw?hilic but which can be
:l:ri;atimd to yield the required group. For example, amino or monoalkylamino substituents
at any of R? through R® are preferably obtained by alkylating or acylating an intermediate of
formula Ic having a nitro group at any éf R® through R®, and subsequently reducing the nitro

group, and alkylating, if appropriate, to yield the final product.

Starting Materials For Methods A-D

The carboxylic acid amides of formula II used as starting materials are obtained, for éxamplc,

by amination of 2-chloro-nicotinic acid amides of formula VIII

(Vi)

wherein R' through R® and Hal are as hereinbefore defined, with primary amines of formula
X

H,N-R” ()

. i i i resence
wherein R* is as hereinbefore defined. The reaction can also be carried out in the p
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of inorganic or organic auxiliary bases, such as tricthylam'inc. N,N-dimethylaniline, or sodium
or potassium carbonate. The reaction can be carried out without using a solvent; it is of some
advantage, however, to use inert organic solvents at temperatures of between 0°C and 175°C,
preferably at reflux temperature. Suitable inert solvents that can be used include an excess of
the primary amine of general formula IX, open chain or cyclic ethers, such as tetrahydrofuran,
1,4-dioxane, glycoldimethyl ethér. diethyleneglycoldimethyl ether; aromatic hydrocﬁrbons,
such as benzene, toluene, xylene, chlorobenzene or pyridine; ‘alcohols such as methanol,
ethanol, isopropanol; dipolar aprotic solvents such as dimethylformamide; 1,3-dimethyl-2-

imidazolidinone, 1,3-dimethyl-tetrahydro-2(1H)-pyrimidinone and sulfolane.

Carboxylic acid amides of formula Ifa can be prepared by condensation of an appropriately
substituted 2-chloronicotinic acid chloride with an appropriately substituted 3-amino-2-

(alkylamino)pyridine, under well known reaction conditions.

Starting materials of formula VIII, wherein R! is different from hydrogen, can be prepared

from 2-chloronicotinic acid amides of formula X
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by reaction with alkylaung agents of formula V in the presence of proton acceptors, for
example of amines, such as tiethylamine, diazabicycloundecene, 4-(dimethylamino)pyridine,
or alkali or alkaline earth metal hydroxides, such as sodium hydroxide, potassium hydroxide,
calcium hydroxide, of alkali carbonates, or alkaline earth metal carbonates or hydrogen
carbonates, such as sodium carbonate or potassium carbonate, or potassium hydrogen

carbonate.

2-Chloronicotinic acid amides of general formula X can be obtained by condensation of an
appropriately substituted 2-chloronicotinic acid chloride with an appropriately substituted 3-

amino-2-halopyridine, under well known reaction conditions.

All the other starting materials are known from the literature or may be purchased or may be -

obtained by procedures known-"ﬁém the literature.

Method E

In Method E, a compound of Formula I, wherein Z is sulfur, is obtained by reacting a
compound of Formula I, wherein Z is oxygen, with a sulfurating agent, such as 2,4-bis(4-
methox_yphenyi)-l,3-dimia-2,4—diphosphcmnc-2,4~disulﬁde; bis(tricyclohexyltin)sulfide; bis(tri-
n-butyltin)sulfide; bis(tri-phenyltin)sulfide; bis(trimethylsilyl)sulfide or phosphorous
pentasulfide. The reaction is carried out in an inert organic solvent such as carbon disulfide,
benzene or toluene, at room temperature or higher, preferably at an elevated temperature up to

the boiling point of the reactiori mixture, and preferably under anhydrous conditions. When .
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using. the above mentioned tn or silyl sulfides, it is preferable to carry out the sulfurizadon

-aaction in the presence of a Lewis acid such as boron trichloride.

It will be obvious to those skilled in the art that the presence of another carbonyl moiety in a
compound of formula I, for example, a compound wherein Z is oxygen and any of R® through
R%is alkanoyl, will require that the ketone carbonyl be protected via known methods by a
suitable protecting group prior to the sulfurization reaction; deprotection subsequent to the
sulfurization reaction provides the desired compound. Similarly, in cases wherein R? is, for
example, alkanoyl, it will be obvious that the sulfurization reaction is best performed prior to
the acylation of the 11-position nitrogen. In those cases wherein the substituents at any of R®
through R® can be derived from nitro, for cxample,- alkanoylamino, the sulfurization reaction
can be performed on the corresponding nitro derivative, followed by an.appropx_'iate (known)

reduction and finally acylation- t'('):'/yifcld the desired product.
Method F

Compounds of formula I, wherein R’ is hydrogen and R? through R?® are as defined above and

Z is a group of formula %NCN, can be obtained by reacting a compound of the formula XI

XD
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wherein R? through R® are as defined above, with cyénamidc. The reacton is carried out in
the prcseﬁcc of a base such as potassium carbonate, sodium carbonate, triethylamine, or
diisopropylethylamine, and in an inert solvent such as methylene chloride, 1,4-dioxane,
tetrahydrofuran, diethylether, chloroform, or dimethylformamide at a temperature between 0°C

up to the boiling point of the reaction mixture.

Method G

Compounds of formula I, wherein R' is hydrogen and R? through R® are as defined above and
Z is a group of formula =NOR?, can be obtained, in a manner analogous to that of Method F,
by reacting a compound of formula X1, wherein R? through R® are as defined above with the
appropriate alkoxylaminc (O-alkylhydroxylamine) or their salts (for example, methoxylamine
hydrochloride). The reaction is carried out under conditions analogous to those described for -

the treatment of compounds qf’fi;;niula XI with cyanamide.

Starting Materials For Methods F and G

Compounds of the formula XI wherein R? through R® are as defined above, can be obtained
by reacting a compound of formula I, wherein R is hydrogen, R? through R® are as defined
above and Z is‘oxygcn, with trifluvoromethanesulfonic anhydride. The reaction is preferably
carried out in an inert solvent using one to two equivalcnts.of :riﬂuoromcdxancsulf_orﬁc
anhydride and in the presence of one to two equivalents of a base. The base may be, for
example, a tertiary amine such as triethylﬁmine or diisopropylethylamine, and the inert solvent

used may include, for example, methylene chloride, chloroform, diethylether, tetrahydrofuran,
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or toluene. Addition of the reagents is generally carried out at or below ambient temperature,

and the mixture is then allowed to react, at or near room temperature.

The alkoxylamine starting materials may be purchased or are known from the literature or

may be obtained by procedures known from the literature.

Formation Of Salts And Other bcﬁvaﬁves

Compounds of formula I may:,__if-=dé$i1;d, be converted into their non-.toxic,‘pharmaceuﬁca.lly
acceptable acid addition salts by conventional methods; for example, by dissolving a
compound of formula I in a suitable solvent and acidifying the solution with one or more

molar equivalents of the desired acid. The invention also comprises such salts.

Examples of inorganic and organic acids which may form nontoxic, pharmaceutically
acceptable acid addition salts with a compound of the formula I are the following:
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid,

methanesulfonic acid, and the like. Compounds of formula I may form acid addition salts

with one molar equivalent of the acid.
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" Those skilled in the art will realize that it will at times be more convenient to make ccriain
compoundé of formula I by derivatization of other compounds of formula I, rather than by
making them directly, using one of the above-described Methods A-G. Such derivatizations
will employ known reaction techniques. As non-limiting examples, where R is hydrogen it
can be oxidized to yield hydroxy; a nitro group can be reduced to yield an amine; a methoxy
group can converted to hydroxy by standard demethylation procedures and hydroxy can, in
appropriate settings, be in turn replaced with amine via the trifluoromethanesulfonyloxy
derivative; an amine can be acylated to yield an alkanoylamine or can be alkylated to yield

~ the mono- or dialkylamine; a halogen can be replaced, in appropriate settings, by an amine;

and a protecting group can be removed. |

Biological Properties

The above described compoungyéf"fc;ﬁnula I possess inhibitory actvity against HIV-1
reverse transcriptase. When ;dministered in suitable dosage. forms, they are useful in the
prevention or treatment of AIDS, ARC and related disorders associated with HIV-1 infection.
Another aspect of the invention, therefore, is a method for preventing or treating HIV-1
infection which comprises administering to a human being, exposed to or infected by HIV-1,
a prophylactically or therapeutically effective amount of a novei compound of Formula I, as

described above.

The compounds of formula I may be administered in single or divided doses by the oral,

parenteral or topical routes. A suitable oral dosage for a corhpound of formula I would be in
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the range of about 0.5 mg to 1 g per day. In parenteral formulations, a suitable dqsagc unit
may contain from 0.1 to 250 mg of said compoﬁnds, whereas for topical administration, |
formulations containing 0.01 to 1% active ihgmdicnt are preferred. It should be understood,
however, that the dosage administration from patient to patent will vary and the dosage for
any particular patient will depend upon the clinician’s jﬁdgemcnt, who will use as criteria for
fixing a proper dosage the size and condition of tﬁc patient as well as the patient’s response

to the drug.

When the compounds of the present inQendon are to be administered by the orai route, they
may be administered as medicaments in the form of pharmaceutical preparations which
contain them in association with a compatible pharmaceutical carrier material. Such carrier
material can be an inert organic or ino_rganic carrier material suitable for oral administration.
Examples of such carrier mate,na]s a}e water, gelatin, talc, starch, magnesium stearate, gum

arabic, vegetable oils, polyalkylene-glycols, petroleum jelly and the like.

The pharmaceutical preparations can be prepared in a conventional manner and finished
dosage forms can be solid dosage forms, for example, tablets, dragees, capsules, and the like,
or liquid dosage forms, for example solutions, suspensions, emulsions and the like. The

pharmaceutical preparations may be subjected to conventional pharmaceutical operations such

as sterilization. Further, the pharmaceutical preparations may contain conventional adjuvants

such as preservatives, stabilizers, emulsifiers, flavor-improvers, wetting agents, buffers, salts

for varying the osmotic pressure and the like.. Solid carrier material which can be used
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:nclude, for example, starch, lactose, mannitol, methyl cellulose, microcrystalline cellulose,

.alc, silica, dibasic calcium phosphate, and high molecular weight polymers (such as

polycthyle_nc glycol).

For parenteral use, a compound of formula I can be administered in an aqueous or non-
aqueous solution, suspension or emulsion in a pharmaceutically acceptable oil or a mixture of
liquids, which may contain bacteriostatic agents, antioxidants, preservatives, buffers or other
solutes to render the solution isotonic with the blood, thickening agents, suspending agents or
other pharmaceutically acceptable additives. Additives of this type include, for example,
tartrate, citrate and acetate buffers, ethanol, propylene glycol, polyethylene glycol, complex
formers (such as EDTA), antioxidants (such as sodium bisulfite, sodium mctabisulfitc, and
ascorbic acid), high molecular welght polymers (such as liquid polyethylene oxides) for
viscosity regulation and polyethylcnc denvauves of sorbitol anhydrides. Preservatives may
also be added if necessary, such as benzoic acid, methyl or propyl paraben, benzalkonium

chloride and other quaternary ammonium compounds.

-The compounds of this invention may also be administered as solutions for nasal application
and may contain in addition to the compounds of this invention suitable buffers, tonicity
adjusters, microbial preservatives, antioxidants and viscbsity-incrcasing agents in an aqueous
vehicle. ‘Examples of agents used to increase viscosity are polyvinyl alcohol, cellulose
derivatives, polyvinylpyrrolidone, polysorbates or glycerin. Microbial preservatives added

may include benzalkonium chloride, thimerosal, chioro-butanol or phenylethyl alcohol.
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Additdonally, the compounds provided by the invention can be administered by suppository.

As stated before, the compounds providcd by the inventon inhibit the enzymatic activity of
HIV-1 RT. Based upon testing of these compounds, as described below, it is known that they
inhibit the RNA-dependent DNA polymerase activity of HIV-1 RT. It is known (data not

shown) that they also inhibit the DNA-dependent DNA polymerase activity of HIV-1 RT.

Utilizing the Reverse Transcriptase (RT) Assay described below, compounds can be tcsied for
their ability to inhibit the RNA-dependent DNA polymerase activity of HIV-1 RT. Certain
specific compounds described in the Examplcs'which appear below, were so tested. The

results of this testing appear in Table I, below.

REVERSE TRANSCRIPTASE (RT) ASSAY.

Assay Theory:
Among the enzymes for which Human Immunodeficiency Virus (HIV-1) encodes is a reverse
transcriptase (1), so-named because it transcribes a DNA copy from an RNA template. This
activity can be quantitatively measured in a cell-free enzyme assay, which has been

previously described (2), and xs based upon the observation that reverse transcriptase is able
to use a synthetic template [poly r(C) prime& with oligo d(G)] to transcribe a radio-labelled,

acid-precipitable DNA strand utilizing *H-dGTP as a substrate.
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vfaterials:
a) Preparation of the enzyme
Reverse transcriptase enzyme from the LAV strain of Human Immunodcﬁcicnc); Virus (HIV-
1) (1) was isolated from the bacterial strain JM109 (3) qxprcssing the DNA clone pBRTprtl+
(2) which is under the control of the lac promotor in the expression vector pIBI21 (4). An
overnight culture grown in 2XYT medium (37°C, 225 rpm) (5) supplemented with 100 pg/ml
ampicillin for positive selection is inoculated at a 1:40 dilution into M9 medium
supplemented with 10pg/ml thiamine, 0.5% casamino acids, and 50 pg/ml ampicillin (5). The
culture is-incubated (37°C, 225 rpm) until it reaches an OD540 of 0.3-0.4. At that time the
- repressor inhibitor IPTG (isopropyl B-D-miog'alactopyranosidc) is added to 0.5mM, and the
mixture is incubated for 2 additional hours. Bacteria are pelleted, resuspended in a 50mM
Tris, 0.6mM EDTA, 0.375M NaCl buffc; and digested by the addition of l&s_ozymc (lmg/ml)
for 30 minutes on ice. The ccﬂs”&e lj}sed by the addition of 0.2% NP-40 and brought to IM

NaCl.

After removal of the insoluble debris by centrifugation, the protein is precipitated by the
addition of 3 volumes of saturated aqueous ammonium sulfate. “The enzyme is pelleted,
resuspended in RT buffer (50mM Tris pH 7.5, ImM EDTA, 5mM DTT, 0.1% NP-40, 0.IM

NaCL and 50% glycerol), and stored at -70°C for further use.
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b) Compositon of 2X concentrated stock reaction mixture

Stock Rcaecnt 2X Mix Concentration
IM Tris pH 7.4 100mM
IM Dithiothrietol 40mM
1M NaCl © 120mM
1% Nonidet P-40 0.1%
IM MgCl : 4mM . i
fpoly r(C)/oligo d(G)](5:1) _ 2pg/ml |
\';H-dGTP @1luM) - - 0.6iM
Assay Procedure:

The 2X concentrated stock reaction mixture 1s aliquoted and stored at -20°C. "i'he mixture is
stable and thawed for use in each assay.--’ﬁis enzyme assay has been adapted to a 96 well

- microtiter plétc system, and has been préviously described (6). Tris buffer (50 mM, pH .7'4)’
vehicle (solvent diluted to match the compound dilution), or compounds in vehicle are

_ dispensed into 96-well microtiter plates (10p1/wéll; 3 wells/ compoun&). The HIV-1 RT

\c/ﬁzymc is thawed, diluted in 50mM Tri.;s pH 7.4 so that fifteen pl of diluted enzyme contain
0.001 Unit (one unit is that amon_mt___gf,enzymc to transform 1 micromole of substrate per
minute at 25°C), and fifteen pl arcwéispensed per well. Twenty gl of 0.12-0.5M EDTA are
added to the first three wells of the microtiter plate. EDTA chelates the Mg** present and.

. Prevents reverse transcription. This group serves as background polymerization which is

B subtracted from all other groups. Twenty-five ul of the 2X reaction mixture are added to all
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wells and the assay is allowed to incubate at room temperature for 60 minutes. The assay is
terminated by precipitating the DNA in each well with 50yl of 10% trichloracetic acid (TCA)
(10% w/v) in sodium pyrophosphate (1% w/v). The microtiter plate is incubated for 15
minutes at 4°C and the precipitate is fixed onto #30 glass fiber paper (Schleicher & Schuell)
using a Skatron semi-automatic harvester. The filters are then washed \&ith addidonal TCA
(5%) containing sodium pyrophosphate (1%), rinsed with aqueous ethanol (70%), dried, and
transferred 1o scintillation vials (6). Each vial receives 2 mls of scintillation cocktail and is

\_Janted in a Beckman beta counter.

The calculation for percent inhibition is as follows:
%inhibition = CPM Mean Test Value - CPM Mean Control Value X150
CPM Mean Comrol"i;;lue
References:
1. Benn, S, et al., Science 230:949, 1985
) u Farmerie, W.G. et. al., Science 236:305, 1987
3. Yanisch-Perron, C., Viera, J., and Messing, J., Gene 33:103, 1985
4. International Biotechnologies, Inc., New Haven, CT 06535
5. Maniatis, T, Fritsch, E.F., and J. Sambrook, eds. Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory,
1982 |

6. Spira, T., et. al. J. Clinical Microbiology, 25:97, 1987.
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{n order to confirm that compoinds which are active in the RT Assay also have the ability to
inhibit HIV replication in a living system, compounds according to the invention were also
ested in the human T-Cell Culture Assay described below. The results of this testing appear

in Table L.
HUMAN T-CELL CULTURE ASSAY

Assay Theory: Formation of syncytia is .a feature of in vitro cultures of CD4+ T-cells infected
with HIV-1. In this assay, T-cells are treated with a putative replication inhibiting compound
and then infected with HIV-1. After incubation, the culture is checked for the formation of

syncytia. The absence or reduction in the number of syncytia is used as a measure of the test

compound’s ability to inhibit HIV replication.

e

.

Assay Method: The target cells, designated c8166, are a subclone of human lymphoma cells
of T-cell origin and are established at an initial density of 5x10* per 100 ul in RPMI 1640 (+
10% fetal bovine serum) culture medium in 96 well flat bottom plates. A selected amount of
test compound, dissolved in DMSO, is included. After 24 h(.mrs, 50-100 TCIDg,’s (the dose
that results in induced effect in 50% of test cultures) of the HTLV-IIB strain of HIV-1 (2)
are inoculated into each cultre. Control cultures receive compound or virus only. foﬁr days
after virus challenge, cultures are visually. examined for the frequency and distribution of
virus-induced giant cell syncytii;. The percent inhibition by the test compound is determined

by comparison with control values. Confirmation of the presence or absence of virus
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replicadon is accomplished by harvestirig the cell free culture fluids from all experimental
groups o determine the presence or absence of infectious progeny through the inducton of

syncytia formation in secondary human T-cell cultures after 3 days.

References:

(1) M. Somasundaran and H.L. Robinson, Science 242, 1554 (1988).

(2) G.M. Shaw, R.H. Hahn, S.K. Arya, J.E. Groopman, R.C. Gallo and F.

\__ Wong-Staal, Science 226, 1165 (1984)

In order to assess the specificity of the enzyme inhibitory activity of the compounds provided
by the invention, a few were tested, using known per se assay methods, for their ability to
 inhibit Feline Leukemia Virus-derived reverse transcriptase and Calf 'Ihymus-de‘rfved DNA
alpha-polymerase. None of the compound’s' so tested was observed to possess any inhibitory
activity against these enzymes. These results indicate that the énzymc inhibitory acﬁvity of
the compounds provided by the invention is directed rather specifically against HIV-1 RT.
In order to roughly assess the cytotoxicity of the compounds provided by the invention,
several such compounds were tested in the MTT Cellular Cytotoxicity Assay described 'bclow.
The results of this testing are reported in Table I, below. Compounds having a relatively high

EC,, are preferred.
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MTT ASSAY FOR CELLULAR CYTOTOXICITY

Assay Theory:

The MTT [3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl tetrazolium bromide) assay is based on
cleavage of tetrazolium bromide by metabolically active cells, resulting in a highly.
quantitative blue color. This assay has been previously described (1) but has been optimized

for the purposes of the testing reported herein.

Assay Method:

The H9 cell line (2), an established human lymphoma suspension cell line grown in RPMI -
1640 supplemented with 10% fctal bovmc scrum, is used as the target cell line in the assay.
Cells (100p1) are plated in nﬁcrotcst platc wells at a concentration of 10’ cclls per ml in the
presence of varying conceatrations of inhibitor. The cells are incubated at 37°C in a
humidified CO, incubator. Five days later, 20id of MTT (Smg/ml in RPMI 1640, sonicated,
0.2 micron filtered, and stored at 4°C) is added to each well. After 4 hours additional
incubation at 37°C, 60yl of Triton-X is added to each well and. thoroughly mixed to aid the
solubilization of the crystals. Abs§lute ethanol (5u) is added to each well and the resul}ing
mixture is incubated for 30 minutes at 60°C and immediately read on a plate reader

(Dynatech) at a wavelength of 570nm.

heet Has Been Replaced .

i MR

- 9/038-4-C6



Data from this assay arc used 10 gencrate a nonlincar regression analysis which yields an

ECy.

: Rcfcrcnécs:
1. Mosmann, Tim, J. Immunol. Methods, 65:_55,. 198_3.

2. Jacobs, 1.P., J. Natl. Cancer Inst., 34:231, 1965.
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TABLE 1
compound of RT Assay T-Cell Assay Cytotoxicity
% inhibition % inhibution Assay

Example No. @ 10 pg/ml @ 3 pg/ml -(ECSO.pM)
10 100 NT NT

11 100 | 100 _ 200
12 100 100 250
13 36% NT NT

15 91* 100 45
16 96" - 100 350
17 40* NT NT

18 75% NT NT

19 85% NT NT

20 76% NT NT

21 91* | NT NT

22 90* . . NT | NT

23 9 7 100 NT

24 ' 87 NT NT

25 63*% NT NT

26 99 NT NT

27 99 NT NT

28 50%. ~ NT NT

29 93 NT NT

30 85 ' NT NT

31 100 NT NT

32 88 ~ NT NT

33 . 35% NT ' NT

34 94% _ NT NT

35 86% NT NT

36 2% NT NT
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37
38
39
40
41
42
43
44
- 45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
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34%*

100
99
100
83*
85*
91
64%
70%
34%
0*
0*
43%
90*
44
90*
35%
44
100 7
77

- 52%

44%*
20%
T2%
17*
30

61*
68*
66*

90*

NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
100
NT
NT
NT
NT
NT
NT
NT

'NT

NT
NT
NT
NT

. NT
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70 75% 'NT NT
71 0x NT NT
72 9gx* NT NT
73 94% NT NT
74 g2% | NT NT
75 100 - NT NT
76 g88* NT NT

* =@ 1 M

* =@ 1.25 uM

¥ _eo0.5 M

NT = not tested
Examples

The following examples further ilustrate the present invention and will enable others skilled
in the art to understand it more completely. It should be understood, however, that the

invention is not limited to the garﬁcuiax examples given below.

a) 2-Ch10r0-N—(2-chloro-3-pyﬁdinyl)-3-pjrridinccarboxamidc
In a three-necked round-bottomed flask, fitted with an efficient reflux condenser, mechanical
stirrer and dropping funnel, were placed 215 g (1.672 mol) of 3-amino-2-chloropyridine,

dissolved in a mixture of 400 ml dioxane, 500 ml cyclohexane and 130 ml pyridine. The

9/038-4-C6
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solution of 299.2 g (1.7 mol) of freshly prepared 2-chloro-3-pyridinecarboxylic acid chloride
in 200 ml dioxane was added at such a rate as to keep the vigorous reaction under control.
Thereafter, the reaction mixture was allowed to cool to room temperature and the resulting

crystalline precipitate was filtered off and washed successively with cyclohexane and ether.

The dark brown product was dissolved in 5 1 of a 3% aqueous solution of sodium hydroxide.
The resulting solution was treated with charcoal, suction filtered, and the filtrate was acidified
by additon of 50% aqueous acetic acid. The resulting precipitate was collected by filtration
and thoroughly washed with water. After being dried ovemnight in 2 stream of nitrogen at
room temperature the almost colorless product had a m.p. of 156-159°C and was sufficiently
pure for further reactions. T_h° yield was 376.0 g (84% of theory).

b) N-(2-Chlom—3-pyridinyl)-Z{[fi:ﬁcﬁmxyphenyl)mcﬂlyl]ami-no]-3—pyfid_i_necarboxamidc
13;.4 g (0.05 motl) of the product obtained in step a) were (iissolved in 20 ml of xylene, and
the resulting solution was admixed with 13.8 g (01 mol) of p-mcthoxybénzylaminc.
Thereafter, the mixture was refluxed for two hours. The reaction mixture was then
evaporated in vacuo, and the residue was purified by column chromatography on silica gel
(0.2-0.5 mm) using dichloromethane/ethyl acétatc 10/1 (v/v) as an eluent. Co:icenu"ation
afforded colorless crystals, melting at 122-124°C (after recrystallization from acctonitril-c).

The yield was 17.2 g (93% of theory).
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c) 35,11-Dihydro-1 1-[(4-methoxyphenyl)methyl]-6H-dipyrido(3,2-b:2°,3"-¢](1,4]diazepin-6-one
16.7 g (0.0453 mol) of the product obtained in step b) were dissolved in 150 ml of absolute
dioxane, and the resultng solution was admixed with 6.7 g (0.14 mol) of a 50% dispersion of
sodium hydride in mineral oil. Thereafter, the mixture - while protected against the external
atmosphere by a low flow of nitrogen - was refluxed until no starting material could be
detected by TLC. The surplus of sodium hydride was decomposed by cautous addition qf 10
ml of a mixture of methanol and tcu'ahy;drofuran (50/50 v/v). The reaction mixture was
neutralized by addition of acetic acid and then was c\}aporated in vacuo. The residue was
purified by column chromatography on silica gel (0.2-0.5 mm) using successively’
dichloromethane/ethyl acetate 10/1 (v/v) and dichloromethane/ethyl acetate 1/1 -(vlv) as
eluents. The crystalline product obtained by cvaporation-of suitable fractions was
recrystallized from acetonitrile and 2-propanol. The product had a m:p. of 213-215°.C and-
was identified as 5,11-dihydro- L,I4‘[(4—rﬁéﬁmxyphcnyl)-mcthyl]-GH-diﬁyﬁdo[3,2—b:2’ 37

e](1,4]diazepin-6-one. The yield was 10.3 g (68% of theory).

d) 5,11-Dihydro-6H-dipyrido{3,2-b:2°,3'-¢][1,4]diazepin-6-onc

10.0 g (0.3 mol) of the product obtained in step.c) were dissolved in 50 ml of trifluoroacetic
acid, whereby the mixture became slightly warm. Thereafter, the reaction mixture was stirred
at 60°C for 1 hour. No starting material could be detected by TLC at that time. The mixture
was t_hcn cvaporated in vacuo. The residue thus obtained was thoroughly stirred with 0.5%
aqueous ammonia-anci then was filtered by suction. The raw product was recrystallized from

150 ml of dimethyl sulfoxide to provide colorless crystals of m.p. > 340°C. The yield was

9/038-4-C6
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4.8 g (75% of theory). The product was iczadfied as 5,11-dihydro-6H-dipyrido(3,2-b:2",3"-

¢j{1,4]diazepin-6-one.

Example 2

5.11-Dihvdro-11-propvi-6H-dipvrido[3.2-5:2".3"-¢][1 .4Idiazcgin:6-onc

a) N-(2-Chloro-3-pyridinyl)-2-(propylamino)-3-pyridinecarboxamide
26.8 g (0.1 mol) of 2-;hloro—N-(2-chIoro—3-pyridinyl)-3~py;idinccarboxaxnidc were dissolved
\ in 200 ml of dioxane, and the resulting solution was admixed with 21.4 g (0.362 mot) of
;;ropylaminc. 'I;tlt;.maftcr, the mixture was shaken in a stainless steel pressure vessel at 150°C
ior 6 hours. The reacton mixture was then evaporated in vacuo, and the residue was purified
by column chromatography on silica gel, successively using dichloromcthane/ethyl a<-:ctatc -
10/1 (v/¥) and dxchlommcdla.nc/cyclohcxan.., ethyl acetate 1/2/1 (v/v/v) as eluents. The
product obtained by cvapgrauon was a lugnly viscous resin that had a satisfactory quality fo;-

the following reaction.

p b) 3,11-Dihydro-11-propyl-6H-dipyrido(3.2-b:2’,3'-¢]{1,4]diazepin-G-one
Using a procedure analogous to that descrited in Examplc L), 5 ,11-dihydro-11-propyl-6H-
- dipyrido[3,2-b:2",3"-¢}{1,4]diazepin-6-one, m.p. 184—186°C (recrystalhzed from acctommlc)
- Was prepared from the product obtained in the above step a) and sodium hydride. The yield

was 74% of theory.
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Example 3

5.11-Dihvdro-5-methvl-11-propvl-6H-dipvrido[3.2-b:2".3"-l[ 1 4]-diazepin-6-ane

a) 2-Ch10ro—N-(2-chloro-3-pyridinyl)-N'-mcthyl-3-pyridinccarboxamidc

A four-necked rognd—bottomcd flask, equipped with a mechanical stirrer, a dropping funnel, a
thermometer and an efficient reflux condenser, was charged with 268.1 g (1.0 mol) of 2-
chloro-N-(2-chloro-3-pyridinyl)-3-pyridinecarboxamide, 260 ml of 50% aqueous sodium
hydroxide, 1500 ml of toluene and 8.0 g (0.0352 mol) of benzyl!ﬁcthylammoniugn chloride.
Stirring was begun and a solution of 134 ml (178'5. g, 1.415 mol) of dimethyl sulphate in 11
of toluene was added dropwise over a period of about 3 hours, whereby the temperature rose
to 50-60°C. After the addidon 6f dimethyl sulfate -was complete, stirring at 60°C was
continued for a further 2 hours. The reaction mixture was cooled to room temperature and 1
1 of water was added. The layers were separated, and the aqueous phase ;vas extracted three
tirﬁcs with 300-ml portions qf’féiucnc;; The organic layers were combined and washed
successively with 300 ml of water, 300 ml of 1% aqueous acetic acid ax;d 300 ml of water.
The combined organic ‘extracts were dried over sodium sulfate, and the solvent was removed
by distllation under reduced pressure. The residue was purified by column chromatography
on silica gel (0.2-0.5 mm) using as eluents successively toluene and ethyl _
acetate/cyclohexane/tetrahydrofuran 1/9/10 (v/\;/v). “The prociuct obtained by evaporation of
suitable fractions was recrystallized from acgtonitrilc/tcrt—butyl methyl ether 1/1 (v/fv). It was
highly soluble in dichloromethane, had a m.p. of 98-101°C, and was identified to be 2-chloro-
N-(?.-chloro—3-pyridinyl)-N-mcthyl—3¥pyrid1nccarboxamide. The yield was 232.5 g (82.5% oi’
theory).
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b) N-(2-Chloro-3-pyridinyl)-N-methyl-2-(propylamino)-3-pyridinecarboxamide
Using a procedure analogous to that dcséribcd in Example 2a, N-2-(chloro-3-pyridinyl)-N-
methyl-2-(propylamino)-3-piperidinecarboxamide was prepared from the product obtained in

the preceding step and propylamine. The yield was 91% of theory.

¢) 5,11-Dihydro-5-methyl-11-propyl-6H-dipyrido{3,2-b:2",3’-¢](1,4]diazepin-6-one

Using a procedure analogous to that described in Example lc, except employing
tetrahydrofuran instead of dioxane as a solvent and applying only equimolar quantities of
sodiurﬂ hydride, 5,11-dihydr§—5-mcthyl-l1-propyl—6H—dipyrido-[3,2~b:2',3"~e][1.4]diachin-6—
one, a highly viscous oil, was prepared from the product obtained in the above step. The yield

was 75% of theory.

Example 4

5.11-Diethvl-5.1 1-dihvdro-6H-dipvrido(3.2-b:2’ 3" -el(1,4]-diazepin-6-one

6.4 g (0.03 mol) of 5,11-dihydro-6H-dipyrido[3,2-b:2',3"-e](1,4]diazepin-6-one were dissolved
in 100 ml of absolute dimethylformamide, and the resulting solution was admixed with 3.4 g
(0.07'1 mol) of a 50% diépcrsion of sodium hydride in mineral oil. While protected against
the external atmosphere by a flow of nitrogen, the mixture was stirred at 50-70°C for 1 hour.
After the evolution of hydrogen had ceased, the mixture was cooled to 30°C and 10.9 g (0.07
mol) of ethyl iodide were added dropwise within 15 minutes. For completion of the
exothermic reaction, the mixture was heated at 80-90°C for a further hour. The solvent was

removed by distillation under reduced pressure. The residue was admixed with water and the

_—
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suspension thus obtained was exhaustvely extracted with dichloromethane. The product
obtained after usual work-up was recrystallized from 150 ml of iscoctane. The product had a

m.p. of 102-103°C and was identified as 5,11-diethyl-5,11 dihydro- 6H-dipyrido[3,2-b:2’,3"-

e](1,4]diazepin-6-one.. The yield was 5.7 g (71% of theory):

a) N-(2-Chloro-3-pyridinyl-z-[(phe_nylmcthyl)amino]-3-pyridinccarboxamidc

Using é ﬁfocedurc analogous to that described in Example 1b, except employing diethylene-
glycoldimethyl ether as a solvent instead of xylene, N-(2-chloro-3-pyridinyl)-2-[(phenyl-
methyl)amino]-3-pyridine carboxamide, m.p. 95-97°C (recrystallized from diethyleneglycol-
din_lcthyl ether), was prepared from 2-,ch10ro-N-(2-'chloro-3-pyridixiy1)-3-pyridinecarboxamidc

and benzylamine. The yicld was 72% of theory.

b) 5,11-Dihydro-11-(phenylmethyl)-6H-dipyrido[3,2-b:2’,3’-e][1,4]diazepin-6-one

Using a procedure analogous to that described in Example 1c except employing diethylene-
glycoldimethyl ether as a solvent instead of dioxane, 5 ,11-dihydro-11-(p‘hcnylmcthyl)-6H—
dipyrido[3,2-b:2’,3"-e](1,4]-diazepin-6-one, m.p. 212-213°C (recrystallized from I-propanol),-
was prepared from the product obtained in step a) and sodium hydride. The yield was 61%

of theory.
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c) 5,11-Dihydro-5-ethyl-11-(phenylmethyl)-6H-dipyrido-{3,2-b:2",3"-¢](1,4]diazepin-6-one
Using a procedure analogous to that described in Example 3a, 5,11-dihydro—5-cthyl—1i-
(phenylmethyl)-6H-dipyrido[3,2-b:2',3’-¢]{ 1,4]diazepin-6-one, m.p. 209-211°C (recrystallized
from toluene/acetonitrile 1/1 v/v), dichloromethane/methanol 99/1 v/v), was prepared from the

product obtained in step b) and diethyl sulfate. The yield was 82% of theory.

d) 5,11~bihydm—5-cthyl—6H—dipyrido[3,2-b:2’,3'-c][1,4]diachin-6—0nc

Using a procedure analogous to that described in Example 1d, cxéCpt cfnplofing a pressure
vessel instead of an open one and heating the mixture at 120°C for 10 hours, 5,11-dihydro-5-
ethyl-6H-dipyrido[3,2-b:2’,3’-e]{1,4]diazepin-6-one, m.p. 161-163°C (recrystallized from

isooctane/ethyl acetate 1/1 v/v), was prepared from the product obtained in step (c). The yield

was 57% of theory.

a) N—(2-Chloro—3-pyridinyl)-N-mcthy1—2-[(phenylmethyl)amino]-3-pyridinccarboxamidc' _
Using a procedure analogous to that described in Example 1b, N-(2-chloro-3-pyridinyl)-N-
methyl-2-[(phenylmethyl)amino]}-3-pyridinecarboxamide, m.p. 114-116°C (recrystallized from
tert-butyl methyl ether), dichloromethane/ethyl acetate 3/1 v/v), was prepared from 2-chloro-
N-(2-chloro-3-pyridinyl)-N-methyl-3-pyridinecarboxamide and benzylamine. The yield was
8-‘-7% of theory.
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b) 5,11-Dihydro-5-methyl-1 1-(phcnyhhcthyl)-6H—djpyﬁdo[3,2-b:2',3'-e][1,4]diachin~6—onc
Using a procedure of analogous to that described in Example 3b, 5,11-dihydro-5-methyl-11-
(phcnyhncthyl)-GH—dipyﬁdoD,2-b:2',3'-c][1,4]diachin-6-onc, m.p. 198-199°C (recrystallized
from acetonitrile), was prepared from the product obtained in step (a). The yield was 80% of

theory.

c) 5,11-Dihydro-5-methyl-6H-dipyrido{3,2-b:2’,3"-e]{ 1,4]diazepin-6-one

A mixture consisting of 75.5 g (0.239 miol) of the product obtained in step b), 2.5 kg of
polyphosphoric acid, and 425 ml of anisole was stirred at 140-160°C for 2 hours. While still
hot, the reaction mixture was stirred into crushéd ice. Thereafter, the mixture was made
slightly alkaline by addition of aqueous ammonia and was then exhaustively extracted with
dichloromethane. The cofnbigcd orgariic layers were dried over Mum suifate and
evaporated in vacuo. The ;esidue was chromatographed on silica gel using dichloromethane/
ethyl aéctatc 1/1 (v/v) as an eluent. The product obtained by evaporation of suitable fractions

was recrystallized from acetonitrile, yielding 21.6 g (40% of theory) of colorless crystals

having a m.p. of 236-237°C.

3.8 g (0.0126 mol) of the product obtained in Example 5b were dissolved in 20 ml of
trifluoroacetic acid whereby the mixture became slightly warm. Thcrcaftcf, the reaction

mixture was refluxed for 8 hours. No starting material could be detected by TLC at that
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point of dme. The mixture was then evaporated in vacuo, the residue thus obtained was
thoroughly stirred with 0.5% aqueous ammonia and then filtered by suction. The raw
material was suspended in 20 ml of acetonitrile, refluxed for 15 minutes and suction filtered
while hot. The filter cake was recrystallized from hot dimethyl sulfoxide yiclding 1.5. g (45%
of theory) of colorless c_rystals.which had a m.p. > 340°C and were identified by m.p., mixed
m.p. and UV-, IR- and MS spectra to be identical with the compound obtained in Example

1d.

Example 8

5.11-Dihvdro-11-ethvl-5-methvl-6H-dipvrido{3.2-b:2".3’-¢ '1.4]diazc in-6-one
a) 2-Chloro-N-(2-chloro-3-pyridinyl)-3-pyridinecarboxamide

Using a procedure analogous o that dcscnbcd in Examplc 1a, 2-clﬂoro-N-(2—chlor0—3-
pyridinyl)- 3-pyndmecarboxamxde was prepared. Thc purified product was obtained by
cooling the reaction mixture to room temperature and decanting the sup,cmatant from the
precipitate. The solid was then dissolved in methylene chloride, and the solution washed with
water, dried (anhydrous sodium sulfate), and the solvent removed in vacuo. - The solid was
then washed with ethyl acetate and dried to provide 7.24g (84% of theory) of product suitable

for use in the next reaction.

b) N-(2-Chlom—3-pyridinyl)-2-[[(4—mcthoxyphcnyl)me_thyl]axnino]-3-pyﬁdinecarboxamid¢
Using a procedure analogous to that described in Example 1b, N-(2-chloro-3-pyridinyl)-2-{[(4-

methoxyphenyl)methylJamino]-3-pyridinecarboxamide was prepared. The purified product
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was obtained by removing the solvent in vacue, adding water to the residue, and exwracting

the product with methylene chloride. This solution was dried (anhydrous sodium sulfate) and
the solvent removed to give a brown oil which was treated with 10 ml of ether. The product
which crystaliizcd was filtered and washed scquémially with ether and hexane to give 78.0 g

(91% of theory) of the title compound as an off-white powder, m.p. 121-122°C.

¢) 5,11-Dihydro-1 1-[(4-mcthoxyph_enyl)mcthyl]—6H-dipyﬁdo[3,2—b:2',3’-e][1,4]diachin-6-one
1.44 g of a 50% dispersion of sodium hydride in mineral oil was added to a solution of 3.69g
(0.010 mol) N-(2-chloro-3-pyridinyl)-2-[[(4-methoxyphenyl)methyl}amino}-3-pyridine-
carboxamide in 100 ml of dimethylformamide. Aftér the evolution of hydrogen stopped, the
mixture was heated (110°C) for 16 hours and then refluxed for eight hours. After the mixture
had cooled, the excess SOdl}lm 'hydridc.-was decomposed by the 'slow addition of ice. The
mixture was further diluted with water, and the product was extracted with ether and
concentrated. The crystallized residx;e was filtered and washed with ether to give 1.60 g of
5.11-dihydro-11-{(4-methoxyphenyl)methyl]-6H-dipyrido[3,2-b:2’,3’-¢][1,4]diazepin-6-one

(50% of theory) as an off-white powder, m.p. 209-210°C.

d) 5,1 1-Dihydro—11-[(4-medioxyphenyl)meﬁyl]-5-methy1—6H-dipyrid6 {3,2-b:2°,3"-¢]{1,4}-
diazepin-6-one .

10.0 g (0.030 mol) of 5.1I-dihydm-l1-[(4~methoxyp-hcnyl)mcmyll-&i-dipyrido-[Bﬂ-b:2',3'-
e](1,4]diazepin-6-one was added to a flask containing 2.16 g of a 50% dispersion of sodium

hydride in mineral oil and 100 ml of 'dimcthylformamidc. The resulting mixwre was stirred
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at room temperature for 30 min. and then heated to 50°C for 30 min. Afier cooling, 8.51 g
(0.060 mol) of methyl iodide in 10 ml of dimethylformamide was added dropwise and the
mixture was allowed to str at room temperature overnight. Excess sodium hydride was
decomposed by the careful addition of ice. Water was then added, and the productl was
extracted with ether, dried (anhydrous sodium sulfate), and concentrated to give 10.3 g (99%
of theory) of 5 11-d.1hydro—11-[(4-mcthoxy-phcnyl)~mcthyl]-5-mcthyl—6H-d1pyndo—[3,2—b 2'3-

e}l1 4]d1a.chm-6—onc as a light yellow oil suitable for use in the next reaction.

‘e) 5,11-Dihydro-5-methyl-6H-dipyrido(3,2-b:2’,3*-¢]{1,4]diazepin-6-one
50 ml of trifluoroacetic acid was added to 10.3 g (0.030 mol) of 5,11-dihydro-11-{(4-
methoxyphenyl)methyl}-5-methyl-6H-dipyrido [3,2-b:2',3’-c][1,4]-diachin-6—onc, and the
mixture was stirred for one hour at TOOm temperature. The acid was removed in vacuo and
the residue was stirred for one. hour with 0.5% ammonia. The solid was filtered and dried to
give 6.70 g (98% of theory) of pure 5,11-dihydro-5-methyl-6H-dipyrido [3 2~b 2'.3"-

e](1,4]diazepin-6-one, m.p. 230-232°C.

f) 5,11-Dihydro-11-ethyl-5-methyl-6H-dipyrido(3,2-b:2°,3"¢][1,4]diazepin-6-one

2.00 g of a 50% dispersion of sodmm hydride in mineral oil was added to a solution of 5.75
g (0.025 mol) of 5,1l--dihydxo?S-metllyl-Gf{-dipyrido[S,2-b:2',3’-e][1,4]diazepin—-6—onc in 100
ml of dimethylformamide. When the evolution of hydrogen ceased, the mixture was heated
to 50°C for 30 min. and then cooled to room temperature. Then,7.80 g of ethyl iodide (near)

was added dropwise over 15 minutes, and the resulting mixture was allowed to str overnight
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at room temperature. The excess sodium hydride was decomposed by the careful addidon of
ice, followed by water. The product was extracted with ether, dried (anhydrous sodium
sulfate), and evaporated to yield 4.5 g (70% of theory) of 5,11-dihydro-11-ethyl-5-methyl-6H-

dipyrido(3,2-b:2°,3"-¢](1,4]diazepin-6-one, m.p. 130-132°C.

Example 9

A mixture of 2.66g (0.01 mol) of 5,11-dihydro-11-ethyl-5-methyl-6H-dipyrido-{3,2-b:2°3"-
c][1,4jdiézzpin-6-onc and 2.10g (0.005 mol) of Lawesson’s reagent (2,4-bis(4-
methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide) in S0ml of toluene was refluxed
for 2 1/2 h. The solvent was then removed in vacuo and water wés added to the residue.
The product was extracted with ethyl acetate, dried (anhydrous sodium sulfate), and
concentrated in vacuo. Puﬁg;aﬁon was effected on a sﬁica gel column using methylene
chloride as the first eluent, followcci by ethyl acetate/hexane (1:4). Removal of the solvent in
vacuo gave 2.20g (74% of theory) of 5,11-dihydro-11-ethyl-5-methyl-6H-dipyrido[3,2-b:2’,3’-
e][1,4]diazepin-6-thione as a yellow powder, which was recrystallized from 10% hexane/ethyl

acetate to provide 1.1 g of the title compound as yellow needles, m.p. 157-158°C.

Example 10

5,11-Dihvdro-11-ethvl-2-methvl-4-trifluoromethvl-6H-dipvrido-[3.2-b:2".3’-el[ 1 .41diazepin-6-

one

a) 3-Cyano-2-hydroxy-6-methyl-4-(mifluoromethyl)pyridine
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A soludon of 14.0g of cyanoacetamide in 80 ml of ethanol was warmed to 50°C, and then
14g of piperidine and 25g of wifluoroacetylacetone were added. The resulting mkmc was
strred at 70° for 30 min. and_t?x_cn allowed to stir overnight at room temperature. The
mixture was concentrated in vacuo and then diluted with 100 ml of water. Concentrated
hydrochloric acid (15 ml)'was cautiouﬁly added with stirring and after 15 min. the precipitate

was filtered and dried in vacuoe overnight to give 27.8 g of the desired cyanopyridihc.

b) 3-Aminocarbonyl-2-chloro-6-methyl-4-(rifluoromethyl)pyridine

A mixture of 35 ml of phosphorous oxychloride and 9.8g of the cyanopyridine obtained above
was refluxed for 5 hrs. 'I_'he cooled mixture was quenched by cautdously adding to 400 ml of
ice water. The product was extracted with methylene chloride, washed with saturated sodium
bicarbonate, and dried (magﬁééium sulfate). After filtering and concentrating in vacuo, the
crude chloro compound was dissolved in S0 ml of concentrated sulfuric.acid and heated to
140°C for 20 min. The cooled mixture was carefully poured over 600 ml of ice and the
precipitate filtered, washed with ice water, and dried to give 7.6g of the desired amide. The
filtrate was extracted with 200 ml of ethyl acetate, dried (magnesiu_m s&lfatc). filtered and - |

concentrated to give an additional 1.7g of product.

c) 3-Amino—2~chloro-6—mcthyl-4—(u'iﬂuoromcmyl)pyﬁdinc
To a solution of 6.6g of sodium hydroxide in 60 ml of watcf at 5°C was added 9.3g of
bromine. When a clear solution was obtained, 9.2g of 3-aminocarbonyl-2-chloro-6-methyl-4-

(trifluoromethyl)pyridine was added quickly, maintaining the temperature below 5°C. The
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resulting mixture was stirred until the 3-(aminocarbonyl)pyridine dissolved (~30 min). The
cooling bath was removed and the mixture was then warmed to 75°C for 30 min. After
cooling to room temperature, the 3-aminopyridine product was extracted with ethyl acetate,

dried (magnesium sulfate), filtered, and evaporated to give 4.9g of the desired product.

d) 2—'Chloro-N-(2-chloro-6-mcthy1—4—iriﬂuoromcthyl—3-pyﬁdinyl)-3-f)yﬁdinccarboxamidc

To a cooled (-78°C) solution of 2.1g of the 3—amino-2-chloro—6-incthjl-4n(n'iﬂuoro-
mcthyl)pyﬁdine in 10 ml of THF was added dropwise over 3 min. 7 ml of lithium
diisopropylamine (LDA, 1.5 M in cyclohexane). The mixture was stirred 5 min., and 0.9g of
2-chloronicotinoyl chloride in 3 ml of THF was added over 1 min. After 5 min. an additional
3 ml of LDA solution was addcd followed by an additional 0.5 g of the acid chloride in 1 m1
of THF. The resulting mxxmrewas sun'ed 10 min. and then quenched with 100 ml of water.
After partiioning with 30 ml of ethyl acetate, the organic phase was extracted with water.and.
the combined aqueous phases extracted with methylene chloride, dried (magnesium sulfate),
filtered and evaporated to give the crude product. This was washed with a small amount of |

ethy! acetate and dried to give 1.3g of the title compound.

e) N-(2-Chloro-6-methyl-4-uiﬂ_uoromcthyl-3-pyridinyl)-2—cthy1amino-3-pyridinecarboxamidé
Ethylamine (0.4g) was added to a suspension of 1.3g of 2—chloro-N-(2—chIoro—6-methyl—4—
trifluoromethyl-3-pyridinyl)-3-pyridinecarboxamide in 5 ml of xylene, and the resuldng-
mixture heated in a pressure tube for 30 min. at 160°C. The cooled mixture was diluted with

ethyl acetate, washed, dried, and concentrated. Column chromatography over silica gel (ethyl
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acetate/hexane, 1:1) gave 0.5g of the atle compound.

f) 5.11-Dihydro—l1—cr.hyl—2—mcthjl-4—;riﬂuoromcmyl-6H—dipyrido-[3,2~b:2;,3'-c][1,4]diachin-
6-one |

A solution of 0.5 g of N-(2-chloro-6-methyl-4-trifluoromethyl-3-pyridinyl)-2-ethylamino-3-
pyridinecarboxamide in 3 ml of pyridine was added to 0.2g of a 50% dispersion of sodium
hydride in oil. The mixture was heated to 150°C and then cooled and concentrated in vacuo.
Water was added to the residue and the product was extracted with ethyl acetate, dried
(magnesium sulfate), filtered, and concentrated. The product was purified by column
chromatography over silica gel (methylene chloride, then methylene chloride/methanol). After
concentrating in vacuo, the residue was crystallized from hexane to give 0.09g of the tide

compound, m.p. 150-151°C. . .

Example 11

a) 2-Ckﬂoro-'4nmcthyl-3-nin'opy1iﬂine'

A mixwre of 25g of 2-hydroxy-4-methyl-3-niropyridine, 12.5g of phosphorous pentachloride,
and 62 ml of phosphorous oxych_loride wa;s refluxed for 2 hrs. After cooling, the mixture was
poured onto crushed ice and stirred until a precipitate formed. The product was extracted
with methylene chloride, dried (sodium sulfate) and concentrated to a brown oil, which was
washed with hot hexane. Concentration in vacuo provided 16.2g of the the titde compound,

m.p. 45-47°C.
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b) 3-Amino-2-chloro-4-methylpyndine

‘16.2g of 2-chlore-4-methyl-3-nitropyridine was added to 470 ml of accﬁc acid and the
resulting mixture stirred at room temperature for 15 min. A solution of 160 g of stannic
chloride dihydrate in 200 ml of concentrated hydrochloric acid was then added in one portion

and the resulting mixture stirred overnight at room temperature. This mixture was then

- diluted to 1 liter with water and 10N sodium hydroxide was added slowly with cooling until

the white precipitate of tin hydrochloﬁdc dissolved. The product was extracted with
methylene chloride, dried (sodium sulfate) and concentrated to give 12.8g of a yellow oil,
which solidified on standing, of almost pure 3-amino-2-chloro-4-methylpyridine suitable for

use in the next reaction.

c) 2-Chloro-N-(2-chloro-4:méihy1—3-pyﬁdinyl)-3-pyridinccarbo>.:amidc

Using a procedure analogous to that described in Example 1a, the carboxamide was prepared
from 12.8g of 3-amino-2-chloro-4-methyl pyridine, 15.8g of 2-chloronicotinoyl chloride, 7.1g
of pyridine, 30ml of cyclohexane and 60 ml of dioxane. After removal of the solvent, the
product was dissolved in methylene chloride, washed with water and dried (sodium sulfate). |
After removal of the solvent, the residue was washed with ethyl acetate to give 1.2g of the

dtle compound, m.p. 193-194°C.

d) N-(2-Chloro-4-methyl-3-pyridinyl)-2-cthylamino-3-pyridinecarboxamide
Ethylamine (12.7g) was added to a suspension of 21.0g of the 2—chloro-N-(2—chloro-4-methyl-'

3-pyridinyl)-3-pyridinecarboxamide in 150ml of xylene in a steel bomb. The mixture was
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then heated in an oil bath to 1655C for 6 hrs. and then strred overnight at room temperature.
The solvent was removed in vacuo and water added to the residue. The product was
extracted with ether, dried (sodium sulfate) and concentrated to give an oil. This was
dissolved in ethyl acetate followed by hexane at which time a precipitate formed. The solid |

was filtered and dried to give 16.5g of the title compound, m.p. 122-124°C.

e) 5,11-Dihydro-1 l-ctllyl-4-med1y1-6H-dipyrido[3,2—b:2',3 *-¢]{1,4]diazepin-6-one |

A 50% suspension of sodium hydride (7.9g) was added to a solution of 16.0g of N-(2-chloro-
4—mcthyi—3-pyridinyl)—Z—cthylamino-3—pyridinccarboxamidc obtained above in 200 ml of
dimethylformamide and slirrcd for 30 min. The mixwure was then refluxed for 2 hrs., cooled
and carefully treated with crushed ice. The solvent was rcmoved.in vacuo .and water was

added to the residue. The product was exwracted with ether, dned (sodium sulfate) and

e
I'd

concentrated. The residue was boiled with ethyl acetate/cyclohexane (1:1) and filtered to give
4.1g of almost pure product. 2.0g of this product was further purified by recrystallization
from dichloroethane to give 1.0g of pure 5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido(3,2-

b:2*,3’-e][1,4)diazepin-6-one, m.p. 212-214°C.

“Example 12

11-Cvclooroovl-5.11-dihvdro-4-methvl-6H-dipvrido[3.2-b:2’.3’-e}[ 1.4]1diazepin-G-one

Using a procedure analogous to that employed in Example 11, but using cyclopropylamine

instead of ethylamine, yiclded the title compound, m.p. 247-249 °C.
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Example 13

11-Cvclooroovl-5.11-dihvdro-5-hvdroxv-4-methvl-6H-dipvridof3.2-b:2'.3’-el[1.4]diazepin-6-

one

To a mixture of 0.5g of 11-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido(3,2-b:2°,3"-
e][1,4]diazepin-6-one (Example 12) in 25 ml of tetrahydrofuran was added 0.12g of 50%
sodium hydride in mineral oil. The reaction mixture was stirred at room temperature for one
hour and then cooled to 0°C, at which time 0.9g of oxodipcfoxymolybdcnum(pyrid.ine)—
hexamethylphosphoramide (MoOPH) was added in one portion. The reaction mixture was
then allowed to warm to room temperature and was allowed to stir overnight. The mixture
was quenched with water and the solvents removed in vacio. The residue was extracted with
warm ethyl acetate, concentrated in vacuo and purified on a silica gel column (cluent: ethyl
acetate) to give 0.05 g of pu;cf’i'i-cyélopropyl-s,1'1-dihydro-S-hydroxyA—mémyl-GH-

dipyrido{3,2-b:2’,3"-¢](1,4]diazepin-6-one, m.p. 239-241°C. The yield was 9.5% of theory.

EXAMPLE 14

5.11-Dihvdro-1 1-cthvI—Z-methoxv-S—mcthvl-éH—diovridoB 2-b:2°.3°-¢lf1 A4]diazepin-6-one

a) 3-Amino-2-bromo-6-methoxypyridine |

Sodium acetate (1.6 g) was addcd to a solution of 5-amino-2-methoxypyridine (2.5 g) in
acetic acid (15 ml). To the resulﬁhg solution bromine (3.0 g) was added dropwise, and the
mixture was stirred for 20 min., and mén-addcd to a solution of sodium hydroxide (10 g) in
water (100 mil). The product was extracted with ethyl acetate (50 ml), dried (anhydrous

magnesium sulfate), and concentrated in vacuo. The product was purified over a silica gel
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column (ethyl acetate/hexane, 1:4) to give 2.7 g of the title compound, suitable for use in the

next reacton.

b) N—(Z-Bromo-6—mct.hoxy-3-pyridinjl)-2—chloro-3-pyridinccarboxamidc

To a solution of 3-amino-2-bromo-6-methoxypyridine (2.7 g) in methylene chloride (20 ml)
and pyridine (1 ml) was added 2-chloronicotinoyl chloride (2.2 g), and the resulting mixture
was stirred 20 min. The mixture was then diluted with methylene chloride (100 ml), washed - |
with water (100 ml), dried (anhydrous magnesium sulfate), and concentrated. The semisolid
residue was saturated with hexane, filtered, and dried to give 4.1 g of product suitable for use

in the next reaction.

c) N—(Z-'Bromo-G-mcthony:RyridinyD-2-chloro-N-mcthyl-3-py1i;linocarboxamidc

Sodium hydride (0.3 g of a'SO% dispersion in mineral oil) was added to dimethylsulfoxide
(10 ml) and warmed to 50°C. After cooling the mixture to room temperature, N-(2-bromo-6-
methoxy-3-pyridinyl)-2-chloro-3-pyridinecarboxamide (2.0 g) was added and the resulting
solution was stirred for 10 min. Methyl iodide (0.4 ml) was then added and the mixture was
stirred for 30 min. The reaction mixture was quenched by the adddon of water (10 ml) and
ethyl acetate (100 ml) was then added. The organic phase was washed with water (4 x 100
ml), dried (anhydrous magnesium sulfate), concentrated, and purified on a silica gel column
(mcthylénc chioride followed by methylene chloride/ethanol, 98:2) to give 1.9 g of the tide

compound, suitable for use in the next reaction.
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d) N-(2-Bromo-6-methoxy-3-pyridinyl)-2-ethylamino-N-methyl-3-pyridinecarboxamide

_ Ethylaminc (0.7 g) was added to a solution of N-(2-bromo-6-methoxy-3-pyridinyl)-2-chloro-
N-methyl-3-pyridinecarboxamide (1.9 g) in xylene (5 ml), and the n;sulting mixture was
sealed in a pressure bottle and heated at 150°C for 4 ho&s. The solution was diluted with
ethyl acetate, washed with water, dried (anhydrous magnesium sulfate), concentrated, and
purified on a silica gel column (ethyl acetate/hexane, 1:4) to give 1.5 g of the title compound,

suitable for use in the next reaction.

e) 5,11-Dihydro-1 1-cthyl-2-mcthoxy-5-mcthyl-GH-dipyrido[S,2-b:2',3'—c][1,4]dia;cpin-6-onc
Sodium hydride (0.9 g of a 50% dispersion in mineral oil) was added to a solution of N-(2-
brom0-6-mcthoiy-3-pyridinyl)-2-'cthylamino—N—mcmyl-S-pyﬁdineqarboxthide (14 gin
xylene (20 ml) and the mixtg;:e‘i‘éﬂm’c'cd for 2 hours. After cooling, t-k.lc mixture was
quenched with methanol, diluted with ethyl acetate, and washed with water. The organic
phase was dried (anhydrous magnesium sulfate), concentrated, and purified on a _silica gel
column (ethyl acetate/hexane, 1:4) to give fairly pure product, which was then recrystallized
twice from ethyl acetate/hexane to give 0.52 g of pure 5,11-dihydro-11-ethyl-2-methoxy-5-

methyl-6H-dipyrido[3,2-b:2’,3"-¢]{ 1,4]diazepin-6-one, m.p. 116-118°C.

EXAMPLE 15

5.11-Dihvdro-11-ethvl-5-methvl-2-(N-pvrrolidino)-6H-diovrido[3.2-b:2’.3’-¢]{ 1.4]diazepin-6-

one

a) 5,11-Dihydro-11-ethyl-2-hydroxy-S-methyl-6H-dipyrido(3,2-b:2’,3*-e]{1,4]diazepin-6-one
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Hydrobromic acid (48%, 2 ml) was added w0 a soludon of 5,11-dihydro-11-ethyl-2-methoxy-
S-mCthyl-éH-dipyridoB,Z-b:2’,3'-c][1,4]d3&z.cpin-6-onc (0.3 g) in acetic acid (2 ml), and the
resulting mixture was rapidly heated to reflux for 5 min. The reaction mixturé was quenched
with 10% sodium hydroxide (10 ml) and the product was extracted with ethyl acetate, dried
(anhydrous magnesium sulfate) and concentrated to give a solid which was recrystallized from

ethyl acetate to give 0.08 g of product, m.p. 215-218°C.

b) 5,11-Dihydro-11-ethyl-5-methyl-2-trifluoromethanesulfonyloxy-6H-dipyrido(3,2-b:2°,3’-
c][1,4jdiachin—6-onc

To a solution of 5,11-Dihydro-11-ethyl-2-hydroxy-5-methyl-6H-dipyrido(3,2-b:2’,3’-
e][1,4]diazepin-G-one (0.2 g) in methylene chloride (4 mi) under nitrogen was added
diisopropylethylamine (0.2 ml) _t_'_pliovsgcd by lriﬂuoromethanesulfohic anhydride (0.2 ml). The
resulting mixture was stin'cd;f;r one hour, and then diluted with methylene chloride (20 ml),
and washed with water. The organic phase was dried (anhydrous magnesium sulfate),
concentrated, and purified on a silica gel column (ethyl acetate/hexane, 1:3) to give fairly

pure product, suitable for use in the next reaction.

c) 3,11-Dihydro-11-ethyl-5-methyl-2-(N-pyrrolidino)-6H-dipyrido(3,2-b:2",3 ’-c][1,4]diaz¢pin-
6-one
5,11-Dihydro-11-ethyl-5-methyl-2-trifluoromethanesulfonyloxy-6H-dipyrido[3,2-b:2’,3'-
e](1,4]diazepin-6-one (0.25 g) was dissolved in pyrrolidine (1 ml) and refluxed 30 min. The

cooled solution was diluted with ethyl acetate, washed with water, and.the organic phase was
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dried (anhydrous magnesium sulfate) and concentrated. The resulting oily residue was
crystallized from ethyl acetate/hexane to provide 0.11 g of 5,11-dihydro-11-ethyl-5-methyl-2-

N-(pyrrolidino)-6H-dipyrido[3,2-b:2’,3’-¢]{ 1,4]diazepin-6-one, m.p. 185-188°C.

EXAMPLE 16

5.11-Dihvdro-11-ethvil-2-methoxy-4-methyl-6H-dipvrido[3.2-b:2’,:

a) 2-Mcﬂ105cy—4-mcthyl—5-nii_ropyridinc

Sodiu_m methoxide (26.1 g) was added to a solution of 2-chloro-4-methyl-S-nitropyridine
(19.0 g) in methanol (100 ml) and the resulting mixture was refluxed for 12 hours. Upon
cooling, the mixture was poﬁred over water (1 L), and the product was extracted with ethyl
acetate and washed with water. The organic phase was dried (anhydrous magnesium sulfate)
and concentrated, and the rgs_i,,du'e diss‘dlved in hot ether and filtered. Crystallization from

ether prow)idcd 10.2 g of the title compound, suitable for use in the next reaction.

b) .5-Amino—Z—mcthoxy-4—methylpyridinc

A mixture of stannous chloride dihydrate (41 g) and concentrated hydrochloric acid (46 ml)
was added slowly to a solution of 2-methoxy-4-methyl-5-nitropyridine (5.1 g) in acetic acid
(40 ml), maintaining the temﬁeramrc below 35°C. The resulting mixnire was stirred at room
temperature for 2 hours, and then allowed to stand overnight in the refrigerator. The solid
was collected and both solid and supernatant were separately basified with a 20% sodium
hydfoxidc solution. The prodl;ct was extracted with chloroform, combined, dried (anhydrous

magnesium sulfate) and concentrated to give 3.9 g of the title compound as a solid, suitable
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for use in the next reaction.

c) 3-Amino-2-bromo-6-methoxy-4-methylpyridine

Bromine (4.8 g) was added in one poﬁior; to a mixture of 5-amino-2-methoxy-4-
methylpyridine (3.9 g) in acetic acid (25 ml) and sodium acetate (4.0 g). The resulting
mixture was stirred for 20 min. and then added to a solution of sodium hydroxide (135 g) in
water (200 ml). The product was cxtré.ctcd with chloroform, dried (anhydrous magnesium
sulfate), concentrated, and purified on a silica gel colurﬁn (mcthylt_:ne chloride/ethyl acetate,

19:1 — 4:1) to give 4.5 g of the title compound, suitable for use in the next reaction.

d) N-(2-Bromo-6-methoxy-4-methyl-3-pyridinyl)-2-chloro-3-pyridinecarboxamide
2-Chloronicotinoyl chloride (3.5 &) was added to a solution of 3-amino-2-bromo-6-methoxy-4-
methylpyridine (4.5 g) in mcihylcne chloride, and the resulting mixture was stirred overnight

at room temperature, and triturated with diisopropyl ether. The precipitated solid was filtered

to give 6.0 g of the title compound, suitable for use in the next reaction.

e) N-(?.—Bromo-6-methoxy-4»mcthyl-.3—pyridinyl)-2-cthylamino-3-pyridinccarboxamidc_

A mixture of N-(2-bromo-é-incthoxy-4-mcthyl-3-pyridinyl)-2—chloro-3—pyridinecarboxamidc

© (2.1 g), dioxane (10 ml), and ‘sthylamine (0.5 g) was heated to 140°C in a sealed tube for 5
hours. The cooled mixture was diluted with ethyl acetate, washed with water, and the organic
phase was dried (anhydrous magnesium sulfate) and concentrated. The product was purified

on a silica gel column (methylene chloride/ethyl acetate, 99:1) and crystallized by trituration
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with diisopropyl ether to give 0.95 g of the title compound.

f) 5,11-Dihydro-1 1-ethyl-2-methoxy-4-methyl-6H-dipyrido[3,2-b:2’,3’-¢](1,4]diazepin-6-one
Sodium hydride (0.14 g of a 50% dispersion in mineral oil) was added to a soluton of N-(2-
bromo-6-methoxy-4-methyl-3-pyridinyl)-2-ethylamino-3-pyridinecarboxamide (0.54 g) in
pyridine (4 ml), and the resulting mixture .was refluxed for 1.5 hours. The cooled mixture
was diluted with ethyl acetate, washed with water, and't_hc organic phase was dried
(anhydrous magnesium sulfate) and concentrated. The residue was washed with diisopropyl
ether aﬁd hot ethyl acetate, and then crystalli: :d from ethanol to provide 0.2 g of 5,11-
dihydro-11-ethyl-2-methoxy-4-methyl-6H-dipyrido[3,2-b:2",3'-€](1,4]diazepin-6-one, m.p. 249-

251°C.

EXAMPLES 17-73.

Using procedures analogous to those described above, the compounds of Examples 17- 73,

which are described below in Table II, were made.
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TABLE I

Compounds in this table are of the formula

wherein R!
atom.
Ex. Rl
17 methyl
18 H
19 H
20 H
21 H
22 H
23 H
24 methyl
25 methyl
26 H
27 H

_R® are as defined below and Z is an oxy

ethyl
cyclobutyl
cyclopropyl
cyclopropyl
ethyl
cyclopropyl
ethyl
t-butyl
ethyl
isopropyl
cyclopropyl

Other

3—-chloro,

4-methyl

2,4-dinethyl
4-ethyl

2-chloro, 4-methyl
2-chloro, 4-methyl

‘g—-azido

2-nitro
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gen atom unless noted to be a sulfur

m.p.

(°C)

215-216
214-215
»300

228-230
224-228
310-320
211-212
192-194
265-266
204-206
240-250



28
29

30
31
.32
33
34

35

.Qﬁ&~)36
Y37
38

39

40
41
42
43

44
45

46
47
48
49

50

- 72 -

methyl cyclopropyl

methyl cyclopropyl-
methyl

H (R)~-2-butyl

methyl ethyl

H (8)-2-butyl

H cyclopentyl

methyl ethyl

methyl ethyl

H ethyl

methyl cyclopentyl

methoxy- methoxy-

methyl methyl

H ethyl

H cyclobutyl

methyl cyclobutyll

H cyclopropyl

methyl ethyl

H cyclopropyl

methyl ethyl

methyl ethyl

H cyclopropyl

methyl ethyl

methyl ethyl

H cyclopropyl
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4-methyl

2,3-dimethyl

2-{pyrrolidin-
1-y1l), 4-methyl
2-(3-pyrrolin
1-yl)
7,9-dimethyl

4-methyl

2-chloro, 4-tri-

fluoromethyl

4~-chloro

2-(tetrahydro-

pyridin-1i-yl)
4-methoxy
2-(p~methoxy-
benzylmethyl-
amino)
2-allylamino
4-hydroxymethyl

_3,8-dinitro

2,8-dinitro, 3-
chloro

4-methyl, 7-hydroxy

244-245
138-139

172-174
143-145
173-175
225-228
224-246

153-156
245-247
135-137
158-160
241-243
144-146
NA

138-140
185-187

83-85

167-170
243-246
167-169
215-216

225-227




51
52
53
54
55

56
57
58
59
60

- 61

62
63

64

65
66
67
68

69
70
71
72

73
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H cyclopropyl 4-methyl, (Z=8) 189-194
methyl cyano 274-277
methyl cyclohexyl 145-146
H cyclohexyl 139-201
H ethyl 7,9-dimethyl, 8- 160-162
chloro
methyl  cyclopropyl ' 163-166
methyl methylsulfonyl 239-241
methyl ethyl 2-amino, 3-chloro 160-162
allyl cyclopropyl 4-methyl 146-149
methyl ethyl 3,8-diamino 240-~-250
vinyloxy- cyclopropyl 4-methyl 140-143
carbonyl
methoxy cyclopropyl 4~-methyl 169-171
acetyl cyclopropyl 4-methyl 176-179
methyl  ethyl 2-(p-methoxy- 133-135
benzylamino)
methyl ethyl . 2-(morpholin-1-yl) 158-160
“methyl ethyl e 2-(piperidin~1-yl) 164-166
H cyclopropyl 4-cyano 243-245
dimethyl- cyclopropyl 88-89
aminoethyl
methyl ethyl 2-dimethylamino 118-120
methyl ethyl " 2-ethylamino 154-157
methyl ethyl 8-nitro . 148-149
H ethyl 'Z—dimethylamino, 209~-211
' 4-methyl '
H ethyl' 2-{pyrrolidin-1- 215-218
yl), 3-choro, 4-
methyl
NA = not available
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Example 74

8-Amino-5.11-dihvdro-11-ethvi-5-methvl-6H-dipvrido[3.2-b:2'.3’-¢][1.41diazevin-6-one
hcmiﬂvd;aw

a) 2-Ethylamino-3-nitropyridine

A stirred mixture of 2-chloro-3-nitropyridine (8.60 g, 0.054 mol), c'_th'ylamine (5.37 g, 0.12
mol), and xylene (10 mi) was};umd.-at' 100°C in a scaled tube fo'r three hours. Afier cboling.
the solvent was removed in-;acuo, and water was added to the residue. The product was
extracted with methylene chioride, dried (sodium sulfa.te). and concentrated in vacuo to give

10.0 g of the dte <_:ompound as a yellow oil, suitable for use in the next reaction.

9/038-4-C6
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b) 3-Amino-2-cthylaminopyndine
Using a procedure analogous to that described in Example 11b, 6.5 g of the ude compound

was prepared from 9.1 g of 2-cthylamino-3-nitropyridine.

c) 2-Chloro-N-(2-cthylamino-3-pyridinyl)-5-nitro-3-pyridinecarboxamide

A soluton of 2.21 g of 2-chloro-5-nitronicotinoy! chloride (obtained by nitrating 2-
hydroxynicotinic acid, followed by conversion to 2-chloro-5-nitronicotinic acid, which was
then treated with thionyl chloride) in 10 ml of th'ahydrofuran was slowly added over 15
minut;:s to a cooled, stirred mixture of 1.34 g of 3-Amino-2-ethylaminopyridine, 1.29 g of
_diisopropylethylamine, and 40 ml of terahydrofuran. The resulting mixwre was allowed to
‘stir overnight at room temperature, and then concentrated in vacuo. ﬁe title cc;mpound (2.30

g, m.p. 185-186°C), which precipitated out when the residue was treated with methylene

P
s

chloride, was suitable for use in the next reaction.

.d) 5,11-Dihydro-1 1-cihyl-8-nin'o-5H-dipyrido[3,2-b:2’,3‘-c'][1,4]d_ia.chin—6-onc

A soluton of 1.80 g of 2—chlom-N-(2—cthylamino—3-pyridinyl)-5-niuo-?»-pyridinccarboxamidc
in 25 ml of xylene was rcﬂuz.tcd for four hours. After Eonccnuiting in vacuo, the residue was
purified on a silical gel column eluting with 56% cthyl acctatc/.hcxanc 1o give 0.93 g of the

dte compound.

¢) 5,11-Dihydro-11-ethyl-5-methyl-8-nitro-6H-dipyrido(3,2-b:2’,3"-¢]{1,4]diazepin-6-one

The tide compound (0.72 g, m.p. 148-149°C) was prepared from 0.93 g of 5,11-dihydro-11-

9/038-4-C6 —_—
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ethyl-8-niro-6H-dipyrido[3,2-b:2",3"-e](1,4]diazepin-6-onc in a manner analogous to that

described in Example 8d.

f) 8-Amino-5,11-dihydro-1 1-cthyl-S-nicthyl—GH-dipyﬁdo[B,2-b:2'.3'-c][1,4]dia.chin-6—onc
hemi-hydrate .

Following a procedure analogous to that described in Example 11b, 0.23 g of 5,11-dihydro-
11-ethyl-5-methyl-8-nitro-6H-dipyrido(3,2-b:2°,3’-¢](1,4]diazepin-6-one reduced to give, after
recrystallization from 1.2-dichlorocthanclhcxanc, 0.060 g of the dtle compound as a yellow-

brown powder, m.p. 193-194°C.

Examole g

6-Cvanoimiﬁo—§,l l—dihvdm: _llé'éthvl-z.4—dimctlwl—6H-dinvr;igioL3:2_-_b_:2r' ;3’-_dl'1 41diazepine
A mixrure of 5,1 1-dihydto;1 1-ethyl-6-methanesulfonyloxy-2,4-dimethyl-6H-dipyrido(3,2-
b:2’,3"-¢]{1,4]diazepine (0.25g, 0.63 mmol), cyamamide (0.034g, 0.8 mmoi), 5 ml of 1,4-
dioxane, and potassiur;x carbonate (0.11g, 0.8 mmol) was stirred at room temperature for 10
days. The mixture was then concentrated in vacuo, and the was residue partitioned between
cthyl acetate and water. The organic phass was dried, filtered and concentrated in vacuo.
The residue was chromatogr#phcd over silicé with 10% cthyl acetate/methylene chloride to

provide 0.025 g of the ttle compound, m.p. 230-233°C.
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Example 76

5.11-Dihvdro-11-ethvl-6-methoxvimino-2 4-dimethvi-6H-dipyrido(3.2-b:2",3"-¢l[1 4ldiazepine

a) 5,11-Dihydro-11-ethyl-6-methanesulfonyloxy-2,4-dimethyl-6H-dipyrido[3,2-b:2°,3"-¢][1,4]-
diazepine

Trifluoromethanesuifonic anhydride (0.24 ml, 14 mmol) was added to a solution of 0.314 g
(1.2 mmol) 5.11—dihydro—11-emyl-2.4—dimcmyl-6H-dipyrido[3.2-b:2',3'-e][1.4]diachin-6-‘onc
in 15 ml of methylene chloride containing 0.25 ml (14 mmol) of diisopropylethylamine, and
the resulting mixture was refluxed under argon for three hours. Ethyl acetate (~200 mL) was
then added and the solution was washed three times with water and four times with brine.
After drying (magnesium sulfate), the solution was concentrated in vacuo and the residue
dried under high vacuum for 2 hr. - The residue was dissolved in 20 lﬁl of _mcthylcnc chloride,
and 0.23 g (14 t}xol) of tetraethy[gmmgnium cyanide was added. After stirring the resulting
solution overnight at room ter/n/;crann'c, the reaction mixture was concentrated in vacuo. The
residue was dissolved in 100 ml of ethyl acetate, and the solution was washed with water and
brine. The dried {magnesium sulfate) solution was concentrated in vacuo and the residue was
chromatographed over silica with 5% ethyl acetate/hexane. The resulting solid was

crystallized from -hcptanc to provide 0.033 g of the ttle compound as red. crystals, m.p. 154-

155°C.

b) 5,11-Dihydro-11-ethyl-6-methoxyimino-2,4-dimethyl-6H-dipyrido[3,2-b:2’,3'-
c](1,4]diazepine

A soluton of 5,11-dihydro-11-ethyl-6-methanesulfonyloxy-2,4-dimethyl-6H-dipyrido[3,2-

9/038-4-C6
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b:2‘,3'-c][1,4]diachinc.(0.3g, 0.75 mmol), methoxylamine hydrochloride (0.15g, 1.8 1:nmol)
and diisopropylethylamine (0.3g, 2 mmol) in methylenc chloride was stdrred at room
tcmpcraturc.for 4 days. The organic phase was washed with water, dried, and filtered. The
solution was concentrated in vacuo and the residue was chromatographcd.ovcr silica with

20% ethyl acetate/hexane to give 0.07 g of the title compound, m.p. 164-166°C.

Example 77

\ ~4]diazepin-6-thione

A mixture of 5.0 g (18.77 mmol) of 5,11-Dihydro-6H-ll-cyclo-
propyl-4-methyl-dipyrido [3,2-b:2',3'-e][1,4]diazepin-6-one and
3.8 g (9.40 mmol) of p-methoxyphenylthienophosphine sulphide
dimer (Lawesson's reagent) was refluxed in 100 ml of ﬁqluene
for 2.5 hrs. The solution was gooled to room témperature and
was allowed to stand overnightf--The toluene was removed by
downward distillation and chromatography of the residue over
flash silica gel (Methylene chloride/ethyl acetate - 6:1) gave
a yéilow 0il which solidified on standing. Recrystallization -
from ethyl ether/petroleum ether gave a bright yellow solid
yhich was dried 12 hrs. in high vacuum at 80°C, 1.7 g (32.0%,
Mg = 189-194°C.

Anal. [od H N S
Cal‘'d 63.81 5.00 19.84 11.35

Found 63.75 5.10 19.88 11.24
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EXAMPLE A

Capsules or Tablets

A-1 - A-2

Ingredients Quandty Ingredicnts Quantivy

Compound of Ex.12 250 mg Compound of Ex.12 50 mg

Starch o 160 mg Dicalcium Phosphate 160 mg

Mimrocrys. Cellulose 90 mg Microcrys. Cellulose 90 mg
L/ _ Na Starch Glycolate 10 mg Stearic acid .o 5 mg

Magncsiﬁm Stearate 2 mg Sodium Starch Glycolate 10 mg

Fumed colloidal silica 1 mg Fumed colloidal silica I mg

The compound of Example2 is. blended into a powder mixture with the premixed excipient

‘materials as ideniified above with the excepton of the lubricant. The lubricant is then

blended in and the resulting blend compressed into tablets or filled into hard geladn capsules.

EXAMPLE B

Parenteral Solutions

.In ients Quantity
Compound of Example12 500mg
Tartaric acid . 1.5g
Benzyl Alcohol ' ' 0.1% by; weight
Water fof injection q.s. to 100ml |
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“The excipient materials are mixed with the water and thereafter the compound of Example 2
is added. Mixing is continued undil the soludon is clear. The pH of this soludon is adjusted

10 3.0 and is then filtered into the appropriate vials or ampoules and sterilized by

autoclaving.
EXAMPLEC
__ Nasal Soludons
N _
Ingredients | Quantity
Compound of Example12 . 100mg
Citric acid . 1.92g
Benzalkonium chloride 0.025% by weight
o EDTA - o 0.1 % by Wciéht
Polyvinylalcohol 10% by weight
- Water q.s. to 100ml

The excipient materials are mixed with the water and thereafter the compound of Example12
is added and mixing is continued until the solution.is clear. The pH of this solution is

adjusted to 4.0 and is then filtered into the appropriate vials or ampoules.
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1. A compound of the formula [

@®

wherein,
Z is oxygen, sulfur, =NCN, or a group of the formula =NOR? wherein R’ is alkyl of 1 to 3

carbon atoms;

R! is hydrogen, ﬂkyl of 1 to 6 carbon atoms, fluoroalkyl of 1 to 6 carbon atoms and 1 to 3
fluorine atoms, cycloaikyl of 3 to 6 carbon atoms, alkenyl or alkynyl of 2 to 6 carbon atoms,
2-halo-2-propen-1-yl, mono- or di-halovinyl, aryl or arylmethyl (whcreh the aryl moiety is
phenyl, thienyl or furanyl, which is either unsﬁbstit-utcd or substituted by m‘cthyl. methoxy or
halogen), alkanoyl of 2 to 4 carbon atoms, aminoethyl, mono- or di-alkylaminocthyl wherein
each aikyl moiety contains 1 to 2 carbon atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 4
carbon atoms, alkyloxycarbonyl wherein the alkyl moiety contains 1 to 4 carbon atoms,
alkenyloxy- or alkynyloxycarbonyl wherein each alkenyl or alkynyl moiety contains 2 to 4

carbon atoms, hydroxy, alkyloxy of 1 to 4 carbon atoms, amino, mono- or di-alkylamino

9/038-4-C6
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wherein each alkyl 'moicty contins | to 4 carbon atoms, aminocarbonylmethyl, or cyanoalkyl

wherein the alkyl moiety contains 1 to 4 carbon atoms;

R? is hydrogen (with the proviso that R! is not hydrogen), alkyl of 1 to 6 carbon atoms,

~ fluoroalkyl of 1 to 6 carbon atoms and 1 to 3 fluorine atoms, cycloalkyl of 3 to 6 carbon
atoms, oxetanyl, thietanyl, tctrahydrofumnyl or tetrahydrothienyl, alkenyl or alkynyl of 2 10 6
carbon atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 5 carbon atoms, alkanoyl of 2 to 5

. carbon atoms, cyano, hydroxyg.lkyl of 2 to 6 carbon atoms, aryl or arylmethyl (wherein the
aryl moiety is phenyl, thienyl or furanyl, which is either unsubstituted or substituted by alkyl
or alkyloxy of 1 to 3 carbon atoms, hydroxyl or halogen), or alkyloxycarbonylmethyl

wherein the alkyl moiety contains 1 to 5 ¢arbon atoms; and,

one of R?, R* and R¥is alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon atoms,
alkenyl or alkynyl of 2 to 6 carbon atomis, trihalomethyl, hydroxyalkyl of 1 to 6 carbon
atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 5 carbon atoms, alkyloxycarbonylalkyl wherein
ﬂw alkyl moieties each contain 1 to 2 carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 5
carbon atoms, hydroxyalkyloxy of 2 to 4 carbon atoms, alkanoyloxy of 2 to 4 carbon att-:vms.
alkylsulfinyl or alkylsulfonyl of 1 to 4 carbop atoms, alkanoyl of 2 to 6 carbon atoms,

- alkyloxycarbonyl wherein the alkyl moiety contains 1 to 3 carbon atoms, mono- or di- -
alkylaminocarbonyl wherein each alkyl moiety contains 1 to 3 carbon atoms, aininoalkyl of 1
to 4 carbon atoms, mono- or di-alkylaminoalkyl wherein each alkyl moiety contains 1 to 3

carbon atoms, aryl or arylmethyl (wherein the aryl moiety is phenyl, thienyl or furanyl, which

9/038-4-C6
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is either unsubsdtuted or subsdruted by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or

.83 -

halogen), a group of the formula -NR'’R"!, halogen, cyano, nitro, azido or carboxyl, with the

other two substituents being hydrogen, methyl or chloro; or,

two of R?, R* and R® are independently alkyl or hydroxyalkyl of 1 to 2 carbon atoms,
trihalomethyl, alkyloxy or alkylthio of 1 to 2 carbon atoms, halogen or a group of the formula

-NR'™R!", with the remaining substituent being hydrogen or methy}; or,
R3, R*® and R’ are each hydrogen;

one of RS, R? and R® is alkyl of 1 to 4 carbon atoms, alkenyl or alkynyi of 2 to 4 carbon
atoms, trihalomeéthyl, hydroxyalkyl of 1 to 4 carbon atoms, alkyloxyalkyl. or alkylthioatkyl of
2 to 4 carbon atoms, alkyloxng;bonylaikyl wherein the alkyl moic;ics each contain 1 to 2
carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 4 carbon atoms, hydroxyalkyloxy of 2
10 4 carbon atoms, alkanoyloxy of 2 to 4 carbon atoms, alkylsulfinyl or alkyisuifonyl of 1 to
4 carbon atoms, alkanoyl of 2 to 6 carbon atoms, alkoxycarbonyl wherein the alkyl moiety
contains 1 to 3 carbon atoms, aminoalkyl of 1 to 4 carbon atoms, mono- or di-
alkylaminoalkyl wherein each alkyl moiety contains 1 to 2 carbon atoms, a group of the
formula -NR'R", halogen, cyano, niwo, azido ﬁr carboxyl, with the other two subs.titucnts

being hydrogen; or,

two of RS, R? and R® are independently alkyl of 1 o 2 carbon atoms, trihalomethyl, alkyloxy

9/038-4-C6
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or alkylthio of | to 2 carbon atoms, halogen or a group of the formula -NR¥R", with the

remaining substituent being hydrogen; or,
R®, R’ and R? arc each hydrogen; and,

R, R™", R' and R" are cach independently hydrogen, alkyl of 1 to 4 carbon atoms,
alkenylmethyl or alkynylmethyl of 2 to 4 carbon atoms, aryl or arylmethyl (wherein the aryl
moiety is phenyl, thicriyl or furanyl, which is cither unsubstimted or substituted by methyl,
— methoxy or halogen), mono- or dihydroxyalkylmethyl of 2 to 4 carbon atoms, alkyoxy of 1 ©
3 carbon atoms, hydroxy, alkyloxyethyl or alkylthioethyl of 3 to 4 carbon atoms,
aminoalkyh.ncmyl of 2 1o 4 carbon atoms, mono- or dialkylaminoa]kyhnczhyl wherein each

alkyl moiety contains 1 or 2 carbon atoms, or alkanoyl of 1 to 4 carbon atoms; or,

e
re

R' and R", and R and R®, together with the nitrogen atoms between them, respectively and
independently form azetidin-1-yl ot a 5, 6 or 7-membered ring which is cither saturated or
_ unsaturated, which optonally coutains up to onc additional hetcroatom which may be selected
“ | from O, S or N, or which optionally contains in place of a carbon atom a group of the
formula =NR'" whercin R is hydrogen or alkyl or 1 to 2 carbon atoms, and which ring is
opdonally and independenty substituted with hydroxymethyl, aminomethyl, 1w 4 methyl

groups and 1 to 2 hydroxy groups;

subject to the proviso that when

a) Z is oxygen or sulphur
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| R W

R2 is hydrogen, alkyl of 1 to 5 carbon atoms,

alkenyl or alkinyl of 2 to 5 carbon atoms,
alkoxyalkyl or alkylthiocalkyl of 2 to 4 carbon atoms,
alkanoyl of 2 to 4 carbon atoms, hydroxyalkyl of 2 to
5 carbon atoms, phenyl (optionally substituted by
alkyl or alkoxy of 1 to 3 carbon atoms, hydroxyl or
halogen), or alkoxycarbonylmethyl wherein the alkyl
moiety contains 1 to 5 carbon atoms,

- B5 -

i) r3, R4,_R5, RG, R’ and R® are each

hydrogen or
ii) one of R3, R4, R5, RG, R’ and RS is
alkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms alkyloxycarbonylalkyl wherein
the alkyl moieties each contain 1 or 2 carbon
atoms, hydroxyl, alkoxy or alkylthio of 1 to 4
carbon atoms, alkanoyloxy of up to 4 carbon
-atomgffélkahoyl of up to 4 carbon atoms, amino,
aminbalkyl of up to 4 carbon atoms, mono- or
di~a1kY1aminOalkyl wherein each alkyl moiety
contains 1 to 2 carbon atoms, halogen, cyano,
nitro, azido, or carboxyl, and the remaining
five of R, R?, ®°, R®, R’ ana R®
are each hydrogen, or
R3, R4 and R5 are each independently
hydrogen or alkyl of 1 to 3 carbon atoms,
provided at least one is hydrogen, or one of

R3, R4 and R5 is butyl with the remaining

two being hydrogen and

e
[*N
|
A
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6 7 8 . '
R, R and R~ are each independently hydrogen
or alkyl of 1 to 3 carbon atoms, provided at least
one is hydrogen) or

6 7

one of R, R’ and R8 is butyl with the

remaining two being hydrogen,
then R1 cannot be

hydrogen, alkyl of 1 to 5 carbon atoms, alkenyl or
alkinyl of 3 to 5 carbon atoms, 2-halo-2-
: propen-1-yl, arylmethyl (wherein the aryl moiety
— .is phenyl, thienyl or furanyl, which is either
unsubstituted or substituted by methyl, methoxy or
halogen), alkanoyl containing 2 or 3 carbon atoms,

alkoxyalkyl or alkylthio alkyl of 2 to 4 carbon
atoms;

and compounds of .formula I wherein Z is oxygen and

rd
rd
4

i) Rl is methyl, R2 is ethyl and either

R’ is azido, amino or nitro and R3 to R6 and
are hydrogen, or

is ethylamino or diethylamino and R4 to
are hydrogen, or

R6 and R8 are methyl and R3 to R5 and R7
are hydrogen, or

R3 and R4 are methyl and RS to R8 are
hydrogen, or
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R> is methyl and R, R, R®, R7 ana Rr®

are hydrogen, or
ii) R1 is methyl, R2 is ethyl, t-butyl, s-butyl or
isopropyl and R3 to R8 are hydrogen, or

iii) R1 and R2 are methoxymethyl, R

and R3, R4 and-RG, R7 and R8 are

hydrogen, or

5 is methyl

iv) R1 is hydrogeh, R2 is ethyl and R3 to R8

are hydrogen:

'andlcompounds of Formula I wherein Z is sulfur and either

3

a) R2 is ethyl, R” and R5 are both methyl and Rl,
4 6 to RS

R™ and R are hydtogen, or b) Rl is methyl,
R2 is ethyl, R3 is methoxy and R4 to R8 are

hydrogen

or a pharmaceuticéily acceptable acid addition salt
thereof.
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2. A compound of formula I, as set forth in claim 1, wherein,

Z is oxygen, sulfur or a group of the formula =NOR’® wherein R? is alkyl of 1 to 2 carbon

atoms,;

R! is hydrogen, alkyl of 1 to 4 carbon atoms, fluoroalkyl of 1 to 4 carbon atoms, cyclopropyl,
alkenylmethyl or alkynylmethyl of 3 to 4 carbon atoms, 2-halo-2-propen-1-yl, alkanoyl of 2 to
3 carbpn atoms, alkyloxyalkyl or alkylthioalky! of 2 to 3 carbon atoms, or cyanoalkyl wherein

the alkyl moiety contains 1 to 3 carbon atoms;

R? is hydrogen (with the proviso that R' is not hydrogen), alkyl of 1 to 5 carbon atoms,
fluoroalkyl of 1 to 5 carbon _af,;afhs,"'c.ycloalkyl of 3 to 5 carbon atoms, oxetanyl, thietanyl, -
alkenylmethyl or alkynylmethyl of 3 to 5 carbon atoms, alkyloxyalkyl or alkylthioalkcyl of 2
to 4 carbon atoms, alkanoyl of 2 to 4 carbon atoms, hydroxyalkyl of 2 to 5 carbon atoms, aryl
or arylmethyl (wherein the aryl moiety is phenyl, thienyl or furanyl, which is either
unsul_:stitutcd or substituted by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or

halogen), or alkyloxycarbonylmethyl wherein the alkyl moiety contains 1 to 4 carbon atoms;

one of R’, R* and R is alkyl of 1 to 4 carbon atoms, alkenyl or alkynyl of 2 to 4 carbon
atoms, trihalomethyl, hydroxyalkyl of 1 to 4 carbon atoms, alkyloxyalkyl or alkylthioalkyl of

2 to 4 carbon atoms, alkyloxycarbonylalkyl wherein the alkyl moieties each contain 1 to 2

9/038-4-C6
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carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 3 carbon_atoms. hydroxyalkyloxy of 2
to 3 carbon atoms, alkanoyloxy of 2 to 3 carbon atoms, alkylsulfinyl or alkylsulfonyl of 1 to
3 carbon atoms, alkanoyl of 2 w0 4 carbon atoms, alkyloxycarbony! wherein the alkyl moiety
contains 1 to 2 carbon atoms, aminoalkyl of 1 to 3 carbon atOI;lS. mono- ;)r di-
alkylaminoalkyl wherein each alkyl moiety contains 1 to 2 carbon atoms, amino, mono- or di-
alkylamino wherein each alkyl moiety contains 1 to 4 carbon atoms, azetidin-1-yl, pyrrol-1-yl,
pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazblin-l-yl, pyraquidin—l-yl, imidazol-1-yl,
imidazolin-1-yl, imidazolidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yl, (4-
mcthyl)pipgra.zin-l-yl, pipcrazin-l-.yl, N,N-bis(.z-hydroxyed\yl)amino, N,N-bis(2-
methoxyethyl)amino, or halogen, with the other two substdwents being hydrogen, methyl or

chloro; or,

two of R?, R* and R® are indé;;ndcnt’ly alkyl of 1 to 2 carbon atoms, alkyloxy or alkylthio of
l1to2 carb;m atoms, amino, mono- or di-alkylamino wherein cach alkyl moiety contains 1 to
3 carbon atoms, azctid.in-i-yl; éyn'ob 1-yl, pymrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl,
pyrazolin-1-yl, pyrazolidin-1-yl, imidazol-1-yl, imidazolin-1-yl, imidazolidin-1-yl,
tetrahydropyridin-1-yl, piperidin-1-yl, mmphol?n-l-yl, (4-methyl)piperazin-1-yl, piperazin-1-yl,
N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-methoxyethyl)amino, or halogen, with the

remaining substituent being hydrogen, mct.hyi or chloro; or,

R’, R* and R? are each hydrogen;

9/038-4-C6
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onc of R‘, R’ and R? is alkyl of 1 to 2 carbon atoms, vinyl, trifluoromethyl, hydroxyalkyl of 1
to 2 carbon atoms, hydroxyl, alkyloxy or alkylithio of 1 to 2 carbon atoms, hydroxyalkyloxy
of 2 to 3 carbon atoms, alkanoyloxy of 2 to 3 carbon atoms, amino, mono- or di-alkylamino
wherein each alkyl moiety contains 1 to 2 carbon atoms, azetidin-1-yl, pﬁrol—l-yl, pyrrolin-1-
yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl, pyrazolidin-1-y, ﬁgidazoi-byl, imidazolin-1-
yl, imidazolidin-1-yl, tetrahydropyridin-1-yi, piperidin-1-yl, morpholin-1-yl, (4-
methyl)piperazin-1-yl, piperazin-1-yl, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-

methoxyethyl)amino, or halogen, with the other two substituents being hydmggn; or,
RS, R’ é.nd R} are c_a.ch hydrogen;

or é. pharmaceutically acceptable acid addition sait thereof.

3. A compound of formula I, as set forth in claim 1, wherein,

Z is oxygen or sulfur;

R! is hydrogen, alkyl of 1 to 3 carbon atoms or allyl;

'R? is. alkyl (;f 2to 3 carbon atoms, or cy“:loa.lkyl of 3 to 4 carbon atoms;

R? is hydrogen, methyl, alkyloxy or alkylthio of 1 to 3 _carbon atoms, chloro, amino, mono- or

9/038-4-C6 :
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di-alkylamino wherein each alkyl moiety contains 1 to 3 carbon atoms, allylamino, azeddin-1-

yl, pyrrol-1-yl, pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl, pyrazolidin-1-yl,
~ imidazol-1-yl, imidazolin-1-yl, imidazolidin-1-yl, tetrahydropyridin-1-yl, plpcndm—l yl,
morpholin-1-yl, (4-methyl)piperazin-1-yl, piperazin-1-yl, N,N-b1s(2-hydroxycd1yl)ammo.
R* is hydrogen, methyl or chloro;

R? is hydrogen, methyl, ethyl, chloro, or trifluoromethyl;

R® and R® are hydrogen; and,

R’ is hydrogen or amino;

or a pharmaceutically acceptable acid addition salt thereof.

4. A compound of formula I, as _set forth in claim 1, wherein,

Z is oxygen or sulfur;

R! is hydrogen, alkyl of 1 to 3 carbon atoms or allyl;

R is alkyl of 2 to 3 carbon atoms, or cycloalkyl of 3 to 4 carbon atoms;

9/038-4-C6
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R? is hydrogen, methyf, chloro, methoxy, cthoxy, aming; mono- ot di-alkylamino wherein
each alkyl moiety contains 1 to 2 carbon atoms, allylamino, allylmethylamino, pyrrolin-1-yl,

pyrrolidin-1-yl, tearahydropyridin-1-yl, piperidin-1-yl or morpholin-1-yl;

R* is hydrogen;

R? is hydrogen, methyl, ethyl, chloro, or triffuoromethyl;

RS and R® are hydrogen; and

R’ is hydrogen or amino;

or a pharmaceutically acccp&blc salt thereof.

5. A compound selected from the group consisting of: -
5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido(3,2-b:2",3"-¢]{1,4]diazepin-6-one or -thione;
11-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido{3,2-b:2°,3"<][1,4]diazepin-6-one or
-thione;
5,11-dihydro-11-ethyl-2,4-dimethyl-6H-dipyrido[3,2-b:2",3’-¢]{1,4]diazepin-6-one or -thioune;

11-cyclopropyl-5,11-dihydro-2,4-dimethyl-6H-dipyrido(3,2-b:2°,3’-¢]{1,4]diazepin-6-one or -

thione;

2-chloro-5,1 l-dihydrb- 11-ethyl-4-methyl-6H-dipyrido[3,2-b:2",3"-¢]( 1 4]diazepin-6-one or -
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thione;

2-chloro- 1 1-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido{3,2-b:2°,3’-¢]{ 1 ,4]diazepin-6-one
or -thione; |
5,11-dihydro-11-ethyl-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2’,3 ;-c][ 1 ,4];iiachin-6-onc or -
thione;

l.l-cyclopropyI-S ,11-dihydro-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2’,3"-¢][1,4)diazepin-6-
one or -thione; |
8-amino-5,11-dihydro-11-ethyl-2-methoxy-4-methyl-6H-dipyrido[3,2-b:2°,3"-¢){1,4]diazepin-6-
one or- —ihionc; .

8-amino- 1 1cyclopropyl-5,11-dihydro-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2’,3"-
e]{1,4]diazepin-6-one or -thione;

5.1 1-diﬁydn>11my1-2-mcmoxy-simg:_hyx-sn-dipyﬁdo[s,z-b:z'.3'_-c][1,4jdsmpm-&one o -
11-cyclopropyl-5,11-dihydro-2-methoxy-5-methyl-6H-dipyrido(3,2-b:2",3’-¢]{1,4]diazepin-6-
one or -thione;

5,11-dihydro-1 1-cthyl—4—mcthyl—2-(N—pynolidind)-6H—dipyrido[3,2-b:2',3’-e][1,4]diachin—6—
one or -thione;

11-cyclopropyl-5,1 1-dihydm-4—-mcthyl—2—-(N-p};nnlidino)-6H-di1;yrido[3 2-b:2°,3"-
e](1,4]diazepin-6-one or -thione;

5,11-dihydro-1 1-ct_ﬁyl-S—mcthyl-Z—(N-pyrmlidino)-GH-dipyrido[B,2-b:2',3"-c] [1,4]diazepin-6-
onc or -thione;

11-cyclopropyl-5,11-dihydro-5-methyl-2-(N-pymrolidino)-6H-dipyrido(3,2-b:2°,3"-
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e](1,4]diazepin-6-one or -thione;
5,11-dihydro-11-cthyl-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido(3,2-b:2",3"-
e][1,4]diazepin-6-one or -thione;
11-cyclopropyl-5,11-dihydro-4-methyl-2-(N ,N-dimcmylamino)-GH—dipyﬁcioB,2-b:2',3 -
e¢][1,4]diazepin-6-one or -thione; |
| 8-amino-5,11-dihydro-11-ethyl-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido[3,2-b:2°,3’-
e](1,4]diazepin-6-one or -thione; |
8-amino- 11-cyclopropyl-5,11-dihydro-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido[3,2-
b:2',3-’-9][1,4]diachin-6—onc or -thione;

and pharmaceutically acceptable salts thereof.

6. 1 l—Cyclopropy_l-S,l 1-d.ihydm-'4-mc':thy1-6H-dipyﬁdo[3,2-bi2’.3 f-c][l,4]ﬂiachin—6—onc or

-thione, or a pharmaccutically,;acccpt’ablc acid addidon salt thereof.

7. 5,11-Dihydro-11-cthyl-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido[3,2-b:2°,3’-

e]{1,4)diazepin-6-one or -thione, or a pharmaceutically acceptable acid addition salt thercof.

8. 11-Cyclopropyl-5,11-dihydro-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido{3,2-b:2",3’-

¢](1,4]diazepin-6-one or -thione, or a pharmaceutcally acceptable acid addition salt thereof.

9. 5,11-Dihydro-11-ethyl-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2’,3"-¢](1.4]diazepin-6-one

or -thione, or a pharmaceutically acceptable acid addition salt thereof.
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10. 11-Cyclopropyl-5,11-dihydro-2-methoxy-4-methyl-6H-dipyrido[3,2-b:2",3'-

c][l,4]diachin-6-onc or -thione, or a pharmaccutically 'acc:ptablc acid addidon salt therzof.

11. A mecthed for preventing or treating HIV-1 infecton which comprises administering, to a
hun.lan being exposed to or infected by HIV-1, a prophylactically or therapeutically effective
amount of a compbund of formula I, as set forth in claims 1,2, 3, 4,5, 6,7, 8,9 0r 10,0r a
pharmaceutically

acceptable acid addidon salt thereof.

12. A pharmaceufical composition suitable for preventing or treating HIV-1 infection which

compriscs a prophylactcally or ;hctapclxﬁcaﬂy cffective amount of a compound of formula I,

s

as set forth in claims 1, 2, 3, 4, 5. 6, 7, 8, 9 or 10, or a pharmaczudcally 'aci:cptablc acid

addition salt thercof, and a pharmaceutically acceptable carzier.

13. A process for preparing a compound as defined in any of
claims 1 to 10, said process comprising at least one of the
following steps:

(A) (for preparing compounds of Formula I wherein Rz is
other than hydrogen and Z is oxygen) cyclizing a carboxylic
acid amide of general Formula II or IIla

-
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R R* R RS R’
3, R0
\
NH Hal (11a)
i
va {wherein Rl, R3 to R8 are as hereinbefore defined, Rz'
; 2

is as defined for R” with the exception of hydrogen, and Hal
represents a fluorine, chlorine, bromine or iodine atom);

(B) (for producing compounds of Formula I wherein R2 is
hydrogen and Z is oxygen) hydrolytically cleaving an arylmethyl
group from a compound of Formula IIXIIX '

(III)
(wherein Rl, R3 to R8 are as hereinbefore defined and Ar
represents an aryl group);
(<) (for preparing compounds of Formula I wherein R1 is

other than hydrogen and Z is oxygen)
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converting a compound of Formula I wherein Rl is hydrogen and
Z is oxygen into a corresponding 5-alkali or alkaline earth
metal compound and subsequently reacting said alkali or
alkaline earth metal compound with a compound of Formula V

rl'x (V)

{wherein R1 is as hereinbefore defined for Rl with the

exception of hydrogen and X is the radical of a reactive ester,
a halogen atom, a group'OSOZORl ., a methanesulphonyloxy or
ethanesulphonyloxy group or an aromatic sulphonyloxy group):

(C*) (for preparing compounds of Formula I wherein Rl is
other than hydrogen and Z is oxygen)

by reacting a compoundﬁof Formula I wherein R1 is hydrogen

and Z is oxygen with a compound of Formula V (as defined above)
in the presence of an amine or an alkali metal carbonate or
bicarbonate; |

(D) (for preparing a compound of Formula I wherein Z is

oxygen)

converting a compound of Formula I wherein R2 is hydrogen
into a corresponding metal salt of Formula VIa or, where R

“represents hydrogen, VIb
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(VIa)

(VIb)

(wherein M represents an alkali metal, such as lithium, sodium,

}L“) potassium, rubidium or cesium, or M represents the group
MgHal+, wherein Hal is chlorine, bromine or iodine) and
subsequently alkylating with a compound of Formula VII

2 (VII)

(wherein X is as hereinbefore defined and R® is as defined

for Rz)
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{(E) {to prepare a compound of Formula I, wherein Z is

sulphur)

reacting a compound of Formula I, wherein 2 is oxygen with a
sulphurating agent,

(F) (to prepare a compound of formula I wherein Rl is

2 8

hydrogen, R” to R~ are as hereinbefore defined and Z is a

group of the formula =NCN)

reacting a compound of the formula XI

with cyanamide,

(G) (to prepare a compound of formula I wherein R1 is
hydrogen and Rz to R8 are as hereinbefore defined and Z is

a group of the formula =NOR9)

reacting a compound of formula XI as defined with an
appropriate alkoxylamine (O-alkylhydroxylamine) or salt thereof:

and isolating the compound of Formula I as such or as an acid
addition salt thereof.
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14. A method of preparing a pharmaceutical composition which
comprises mixing a compound of Formula I as set forth in any
one of claims 1 to 10 or a pharmaceutically acceptable acid
addition salt with a pharaceutically acceptable carrier dr
excipient.

15. A compound of Formula I as set forth in any one of
claims 1 to 10 or a pharmaceutically acceptable acid addition
salt thereof for use in the treatment or prevention of
HIV-infection. |

16. Use of a compound of Formula I or a physiologically
acceptable acid addition salt thereof as claimed in any of
claims 1 to 10 for the manufacture of a therapeutic agent for
combatting HIV-infection.
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