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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

A i
N Field of the Invention ’
‘ . _,_-'f ' The invention relates to novel 5,1 l-dihydrB-GH-dipyﬁdoB,Z-b:Z',3’-c][.1,4]diazepincs and
g pharmaceutically acceptable acid addition salts thereof, methods for preparing
- ?« thesecompounds, the use of these compounds in the prevention or treatment of HIV infection,

andto pharmaceutical compositions containing these compounds.

Background of the Invention
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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The human di sease, Acquired | mmune Deficiency Syndrome (AIDS), is
considered to be caused by the Human,l mmunodefi-ci ency Virus (H V),
particularly the strain known as H V-1. Li ke other viruses, H V-1 cannot
replicate without utilizing the biosynthetic apparatus of the host cell it
I nfects. The virus causes the biosynthetic apparatus to produce the

proteins needgd dupdr Widsad, HIVOPRALIHE rdfIRaMi WidthouP EOth&aR8e-Rr GRAfsyr@icdtyadphius
genetic material contained within the infecting virus particle, or virion.

L Ry g SRty WS ARRE  JRNREIL SRR ooty i
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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must be converted into DNA and integraged into the host cell's genone, so
that the host cell may produce the required viral proteins. The
conversion of the RNA to DNA is acconplished by the enzyne reverse
transcriptase (RT), which is present within the infecting virion with the
RNA. Reverse transcriptase has three identified enzymatic functions - it

acts as an RNA- degend t A rPOl ynmerase, as a ribonuclease, and as a
DNA- dependerﬁ-ﬂ!ﬁ—%‘bﬁ?—%—@g@——& an RNA-dependent DNA pol yrrerase RT
produces a single- stranded DNA copy of the viral RNA Next,_as

ri bonucl easdn dRE ofeitceaneposition ofoMAYETaspeass) tDNIRViGRGOR ERBPTFENT héhlﬁfdr‘gw%l

viral RNA and then destroys the original RNA. Finally, acting as a
DNA- dependendiphdb[3,2-b:2’,3"-¢][1,4]diazepines of the formula I

)
AN

wherein, !

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

R! is 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, alkenyl or alkynyl of 2 to 6 carbon atoms,

2-halo-2-propen-1-yl, mono- or di-halovinyl, aryl 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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pol yrmer ase,

RT makes a second, conplenentary DNA strand,

-2- using the first DNA strand as a tegplate. The two DNA strands form a
doubl e- stranded DNA nol ecule, which is integrated into the host cell's
genone by another enzyne called an integrase.

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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The genetic information of the host cellsis stably maintained as

doubl e-stranded DNA. In normal protein synthesis, a selected section of the
DNA genone is first transcribed into single stranded nessenger RNA which is
subsequently translated to produce the encoded proteins. There is no

reverse transcription involved in the normal netabolismof the host cell

and an enzynelkgloxgtapbmg wherewneths @lityl ansaty icpbiame lawt 3 ¢iutopniatomat mpnesend-
Hence conpounds which inhibit the enzymatic functions of H V reverse

transcri pt asgi{Refa6abdiy] Mhérdin le@tLilEPl ImbROSEdrtEhagap Ikdrbon AR, taminoalkyl of 1

replication of H'V in infected cells wthout affecting the host cell. Such
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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conpounds are useful in the prevention or treatnent of H 'V infection in
human subj ect s. Vi ewed from one aspect, the invention provides conpounds
of Formula | [err] _6 -

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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() (wherein Z is oxygen, sulphur, .NCN or a group of the fornula
=NOR[err] wherein Rerr] is err] alkyl;

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) Z is oxygen or sulphur
b) R2 is hydrogen, alkyl of 1 to 5 carbon atoms,
alkenyl or alkinyl of 2 to 5 carbon atoms,
i,j' 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,
iy =%, &%, &%/ =8, 7
hydrogen or

c) and R8 are each

ii) one of R3, R%, R%, R®, R’ and R® is

alkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1

) to 4 carbon atoms alkyloxycarbonylaikyl wherein

W the alkyl moieties each contain 1 or 2 carbon
atoms, hydroxyl, alkoxy or alkylthioc 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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-3- HRerr] is hydrogen, Cerr] alkyl, fluoroalkyl of 1 to 6 carbon atons

and 1 to 3 fluorine atons, ([err] cycloql%yL, Cerr] al kenyl or al kynyl,

2- hal o- 2- propen-1-yl, nono- or di- halovinyl, aryl or arylmethyl (wherein

the aryl noiety is phenyl, thienyl or furanyl, optionally substituted by

met hyl , met hoxy or hal ogen), ([err] al kanoyl; am noethyl, nonor or _

di-(Cerr] al kyl)am noethyl ;3 al lgoxyal kgl or alﬁ%;thioalkyl of. 2 to 4 carbon

atons, (Cerr] al koxyyidarBonyR EP&r R Ate fpchxy-ndgpegidsnyly

al kynyl oxycar bonyl , hydr oxydaoefen| oal kQxy,l @F 10tomsneamordiatdhe) r]

al kyl') am no, am nocar bony! r{)‘:"rtor\]ryild’edorat_cﬁae%%t( %[rﬁ’ar ri]s ?Jylﬁyaclggen, or one of
R3, R4 and Rs is butyl with the remaining
two being hydrogen and

6 7

R, R 8

and R° are each independently hydrogen

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

i~/ and compounds of formula I wherein Z is oxygen and

1) RrY is methyl, R? is ethyl and either

R7 is azido, amino or nitro and R3 to RG and
R8 are hydrogen, or

R3 is ethylamino or diethylamino and R4 to
R8 are hydrogen, or
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Rlerr] is (Jerr] alkyl, fluoroalkyl of 1 to 6 carbon atons and 1 to 3
fluorine atons, (Jerr] cycloal kyl, oxetany ,_thietanyl, tetrahydrofuranyl,
tetrahydrothienyl, Cerr] al kenyl or al kynyl, al koxyal kyl or al kylthi oal kyl
of 2 to 5 carbon atoms, (C[err] al kanoyl, cyano, C[err] hydroxyal kyl, aryl
or arylmethyl (wherein the aryl nDiety I s phenyl, thienyl or furanyl,
optionally substituted errls al k | Kox | . or .ial ogen), or
(Cerr] al koxy)carbonyl ﬂ%ﬁ %y d 14or v% "}e%ﬁalerr dles oth ceBr@t%an ydr ogen,
hydr ogen; one of R[emqtelﬂxﬁnqg&nuidqerr] is CJerr] alkyl, Cerr]
cycloal kyl, Clerr] alkenyl or alkynyl, trihalonmethyl, Cerr] hydroxyal kyl,

3 5 8

RY and R4 are methyl and R™ to R~ are

hydrogen, or
R5 is methyl and R3, R4, Rs, R7 and R8
are hydrogen, or

ii) RY is methyl, R? is ethyl, t-butyl, s-butyl or

3 8

- isopropyl and R° to R are hydrogen, or

5

S iii) R1 and R2 are methoxymethyl, R™ is methyl

and R3, R4 and RG, R7 and R8 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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al koxyal kyl or al kylthioal kyl of 2 to 5 carbon atons, ((err]

al koxy) carbonyl (derr] alkyl), hydroxyl-, '€ err] al koxy or alkylthio,

C err] hydroxyal koxy, Cerr] al kanoyl oxy, Cerr] al kylsulfinyl or

al kyl sul fonyl, Cerr] al kanoyl, ((err] al koxy) carbonyl, nono- or
di-(Cerr] al kyl)am nocarbonyl, C[err] amno alkyl, nono- or di-((err]

al kyl )amno (Cerr] alkyl), aryl or arylnethyl (wherein the aryl noiety is
phenyl, thienyl or furanyl optionally substituted by Cerr] al kyl or

al koxy, hydroxyl or hal ogen), a group of the formula -NR[err]Rferr],

hal ogen, cyano, nitro, azido or carboxyl, and the other two of Rerr],
Rlerr] and R err] are each independently hydrogen, nethyl or chloro, or

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

(N 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;
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-4- two of Rerr], Rerr] and R err] are independently CJerr] al kyl or
hydr oxyal kyl, trihalomethyl, Clerr] alkoxy or alkylthio, halogen or a group
of the formula -NR[err]Rerr], and the remaining one of R err], Rerr] and
Rlerr] is hydrogen or nethyl, or Rlerr], Rerr] and R err] are each
hydr ogen;

one of R, R* and R’ is alkyl of 1 to 4 carbon atoms, alkenyl or alkynyl of 2 t0 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 alkylsulfonyl 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 atoms, mono- or di-

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

i .
W 2

alky;lamino 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, 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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one of Rlerr], Rerr] and Rerr] is (ferr]-ahkyl, Cferr] al kenyl or

al kynyl, trihalonethyl, Cerr] hydroxyal kyl, al koxyal kyl or al kyl thi oal kyl
of 2 to 4 carbon atons, ((err] al koxy) carbonyl (Cferr] alkyl), hydroxyl,
Clerr] al koxy or alkylthio, Cerr] hydroxyal koxy, C[err] al kanoyl oxy,

Clerr] alkysulfinyl or al kyI sul fonyl, Cerr] alkanoyl, (([err] al koxy)
carbonyl, derr] amjoal k or di-(Cerr] alkyl) amno ((err]

al kyl), a gre] Léf‘dtpg o%/cr}rlutfﬁ%ﬁ[ err]R[err], hal ogen, cyano, nitro, azido
or carboxyl, and t he other two of Rlerr], Rerr] and R err] are -each

hydr ogen, or two of Rlerr], Rerr] and Rerr] are independently C[err]

al kyl, trihal onet hy Cgerr] al koxi;ﬁq())r al kyl t hi o, hal ogen or a Proup of
formul a - NRanerdfF%e R pnd Rids ekl pbhue 2iegpasrasoms, vinyl, mifluoromethy 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 t§ 2 carbon atoms, azetidin-1-yl, pyrrol-1-yl, pyrrolin-1-
1, 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, 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 hydrogen.

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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Rlerr], Rerr] and Rerr] is hydrogens ar Rlerr], Rerr] and Rlerr] are
each hydrogen; and Rlerr], Rerr], Rerr] and R err] are each

i ndependent|ly hydrogen, Cerr] al kyl, al kenylnmethyl or al kynyl nethyl of 2
to 4 carbon atonms, aryl or arylmethyl (wherein the aryl noiety is phenyl,
thi enyl or furanyl optionally substituted by met hyl , nethoxy or hal ogen),

nono- or_ di hydr oxyal ky of to 4 on at ons, al. koxy

hydr oxyR’ ia| YSREER P FIY quﬁ?y‘%yt i‘if}éYlHW of “3 ??IQP“C%IP% ino, Mdno- or

am noal kyl nethyl of 1 to 4 carbon atonms, nono- or di (C[er rl] aI kyl) am no
(] er r |dialkylahinoevhertin eaeh akyt moiesy IQQWWF 1 tgrigcarbon atoms, allylamino, 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, 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

- This Sheet Has Been Replace

A llll




substituent pairs Rerr] and Rerr], an_dé_ err] and R err], in each
- 5 - case together with the intervening!fitrogen atons, may

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,

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

R* is hydrogen;
R’ is hydrogen, methyl, ethyl, chloro, or triflucromethyl;
R and R® are hydrogen; 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-¢][1,4]didzepin-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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i ndependently forman azetidin-1-yl or a 5,;6_or 7- nenbered saturated or
unsaturated ring optionally containing one additional ring heteroatom
selected fromO S or Nwhich if Noptionally carries a substituent group
of the Rlerr] wherein Rlerr] is hydrogen or (Jerr] alkyl, which ring is
optionally and independently substituted with hydroxynet hyI , am nonethyl, 1

to 4 nmethyl groups and 1 to 2 hydroxy groups; with the proviso that when
Z is oxygen G6R08%l phur, :

2-chloro-11-cyclopropyl-3,1 1—dihyd:o-4-mcﬂ1yl-6H—d.ipyﬁdo[3.2-b:2' ,3"-e](1,4)diazepin-6-one
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’-¢](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"-¢](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
-

Sheet Has Been Replaced

T



Rlerr] is hydrogen, Cerr]alkyl, Cerr] alkenyl or alkynyl, alkoxyal kyl or
al kyl thioal kyl of 2 to 4 carbon atoms, €[E¥ri al kanoyl, Jerr] hydroxyal kyl
or (CJerr] al koxy) carbonyl nethyl, aryl nmethyl or phenyl optionally
substituted by Cferr] al kyl or al koxy, hydroxyl or hal ogen and either (i)
Rerr], R[err] Rlerr], Rerr], Rerr] and R err] are each hydrogen, or

(ii) one of &]cm%_gﬁéb; LR{oaer] Rlerr], Rerr] and Rerr] is C[err]'
al kyl , C[errl][ hydroxyal kyl, (Cerr] alkoxy) carbonyl (C[err] alkyl),

hydr oxyl. ¢ 3:5&{1}1 &%yebagg-@a%r Bl Atk Aoy qﬁ 4Bt 3h-§aFen ators,

al kanoyl ato am no car bon

at oms, - an né’]u 4 pm < ondbr -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)
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up to 4 carbon atons, nono- or di- (Clerr] alkyl) amno (Cferr] alkyl),
(dJerr] al koxy) carbonyl, nono- or di-({ert]-alkyl) am no, hal ogen, cyano,
nitro, azido, or carboxyl, and the remaining five of Rerr], Rerr],
Rlerr], Rerr], Rerr] and Rl err] are each hydrogen, or (iii) one of
Rlerr], Rlerr] and Rerr] is hydrogen-and of the remaining two of Rlerr],

e P bareln &1 and ke R0g T RE ate GRS Thoe SRATEPEL o sl Bl AniBLAY 15 &

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

formula I,
R* R’ R® R’
R! O
l
ST/ S | /2N \Nt
N— | —N
_. Hal — HN @
'\’br' Rz ’
wherein R', R® through R® and R* have the same definitions set forth with respect to Formula
Ia and Hal represents fluorine, "Eﬁlorinc, bromine or iodine.
A variant of this method, which is preferably used to prepare compounds of formula Ia
o wherein R®, R, or R?, especially R’, are electron withdrawing groups, such as nitro, involves
\/
cyclizing carboxylic acid amides of formula IIa,
R* rR*  R® R
R!' 0

_ (Tia)
N
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- 6 - and the other is butyl, and one of R err], Rerr] and Rerr] is
hydrogen and of the remaining twg of Rerr], R[err] and R err] either both
are independently hydrogen or (Jerr]” alkyl or one is hydrogen and the ot her
I's butyl, then Rlerr] is other than hydrogen, Cerr] alkyl optionally
substituted by fluorine,

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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Clerr] al kenyl or al kynyl, 2-halo-2-propen-1-yl, arylnethyl (wherein the
aryl noiety is phenyl, thienyl or furanyl optlonally substituted by nethyl,
met hoxy or hal ogen), (err] al kanoyl, and" C[ érr] al koxyal kyl or

al kyl t hi oal kyl ; and conpounds of forrrula | where (i) Rerr] is nethyl,
Rlerr] is ethyl and (A) R err] is azido, am no ~or nitro and Rlerr],
Rlerr], Rerr], Rerr] and R err] are hydrogen, or (B) Rerr] is
ethylam no or diethylamno and R err], Rerr], Rerr], Rlerr] and
Rlerr] are hMatkedeB or (C) Rlerr] and Rlerr] are nethyl and Rlerr],
Rlerr], Rerr] and Rlerr] are hydrogen, or (D) Rerr] and Rlerr] are

met hyl and RCemppundy eff fobmulR[lérr] and R{err] are hydrogen, or (E)
Rlerr] is methyl and Rerr], Rerr], Rerr], Rerr] and Rerr] are
hydr ogen,

(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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or . (ii) Rerr] is methyl, Rerr] is ethyl, t-butyl, s-butyl or

i sopropyl and Rlerr], Rlerr], Rerr], Ret?]; Rerr] and Rerr] are

hydr ogen, or (tii)Rerr] and Rl err] are nethoxynethyl, R err] is nethyl
and Rlerr], Rerr], Rlerr], Rerr] and R err] are hydrogen, or

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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(iv) Rerr] is hydrogen, Rerr] is ethyl and Rlerr] to Rerr] are
hydr ogen, and Z i s oxygen; '
-7- : - .21 -

\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 formulaTV -

£

NS

Iv)

~herein R? through R® are defined as above, into the corresponding 5-alkali or alkaline earth
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- and corfpounds of fornmula | where either a) R2 is ethyl, R err] and

Rlerr] are both methyl and Rlerr], R[err] R[err] R err] and R err]
are hydrogen, or b) Rerr] is mathyl R[err] S ethyl, Rerr] is
met hoxy and Rlerr], Rerr], Rerr], R[err] and R[err] are hydr ogen,

and Z is. sul phur) and acid addition salts t hereof, especially
physi ol ogically acceptable acid addition salts with organic or inorganic

?Ci dsl- | Pr ef. 61 16 o e st dlibsefieni flidgrs tehaiiinmen! tompbirdd Witk af dvasgouall of
or mul a

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 bf 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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wher ei n, Z is oxygen, sulfur or a group of the fornula =NOR[ err] wherein
Rlerr] is (Jerr] al kyl, Rl err] is hydrpgen, Cerr] alkyl, (err]
fluoroal kyl, cycl opropyl, al kenyl methyl or al kynylnethyl of 3 to 4 carbon
atonms, 2-halo-2-propen-1-yl, Cerr] al kanoyl, al koxyal kyl or al kylthi oal kyl
of 2 to 3 carbon atons, or cyano (C[err] alkyl), Rlerr] is (Jerr] alkyl,
Cerr] fluoroalkyl, Cferr] cycloal kyl, oxetanyl, thietanyl, alkenyl nethyl
or al kynyl'%‘g&nﬁngo;ge%ts, whereas, if an alkali or alkaline earth 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 earth metal-substituted 5,1 1-dihydro-6H-dipyrido[3,2-
b:2°,3'-¢][1,4]diazepin-6-one thus obtained into a compound of general formula Ic, the
solution or suspension of the alkali or alkaline earth metal compound is reacted directly, i.e.
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 medium, whichever is lower. The substitution
S 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.

ol
4

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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to 5 carbon atons, al koxyal kyl or al kylthioalkyl of 2 to 4 carbon atons,
Cerr] alkanoyl, ([err] hydroxyal kyl, aryl or arylnmethyl (wherein the aryl
noiety is phenyl, thienyl or furanyl optionally substituted by Cerr] alkyl
or al koxy, hydroxyl or halogen), or ((err] alkoxy) carbonylnethyl, or,
where R err] is other than hydrogen, hydrogen, one of Rerr], R[err] and
Rlerr] is (Jerr] alkyl, Cerr] al kenyl or alkynyl, trihal orrethyl Cerr]
hydr oxyal kMethod|IRyl oxyal kyl or al kylthioal kyl of 2 to 4 carbon at ons,
(err] al koxy) carbonyl (Cerr] alkyl), hydroxyl, Cerr] al koxy or

al kyl t hi 0, A Gb¥pbhnd1yfifanmpdd koxy, Clerr] al kanoyl oxy, (Clerr]

)
_
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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-8- alkylsulfinyl or alkylsulfonyl, Cerr] alkanoyl, (C[err] al koxy)
carbonyl, C err] am noal kyl, nono- or di- (Cerr] alkyl) amno ((err]

al kyl), amno, nmono - or di-((err] alkyl “@m™no, azetidin-1-yl,

pyrrol -1-yl, pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl,

pyrazolidin-1-yl, imdazol-1-yl, imdazolin-1-yl, imdazolidin-1-yl,
tetrahydropyridin-1-yl, piperidin-1- yl, norpholin-1-yl,

(4- et hyl) pi perazin-1-yl, piperazin- _ _

(VIb)
mt

L 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
B R'X o (VID
wherein R? and X are as hereinbefore defined.
\__, The conversion of a compound of formula Ib into the corresponding alkali metal cc;mpound

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
fithium), an alkali metal hydroxide (¢.g. lithium, sodium or potassium hydroxide), an alkali

* metal hydride (e.g. sodium or potassium hydride), an alkali metal amide (e.g. sodium or
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1-yl, N, N-bis(2-hydroxyethyl)am no, N, N-bis(2- nethoxyethyl)am no, or

hal ogen, and the remaining two of Rlerr], Rerr] and R err] are

i ndependent |y hydrogen, nethyl or chloro,2or- two of Rerr], Rerr] and
Rlerr] are independently Cferr] alkyl, Cerr] alkoxy or alkylthio, am no,
nono- or di-((err] alkyl) amno, azetidin-1-yl, pyrrol-1-yl,

pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl, )
pyrazol i di n-geragkium ﬁhi}liaz)abr-aLGingpariirftmzb(Q-m-ﬂlﬂgyl, mp griediar ddda; ethy} |magnesium
tetrahydropyridin-1-yl, piperidin-I- yl, norpholin-1-yl,

(4- et hyl ) pi bq?ﬁ%‘%i &-ﬁl}fﬁ){%l, mBgiReiuar bromide)y | Ond\editila(tDfhase tsxneqhingd Foraht femmation

N, N- bi s(2- nmethoxyethyl)am no, or hal ogen, and.the remaining one of Rerr],

Rlerr] and Riert pohﬁdyé’tdfoﬁgﬁﬁ’ VIEE Wh¥tea® fwé B4 sivalentS'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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Rlerr], Rerr] and R err] are each hydrogen, one of Rerr], Rerr] and
Rlerr] is (Jerr] alkyl, vinyl, trifluorome2hyt, Cerr] hydroxyal kyl,
hydroxyl, Cerr] al koxy or alkylthio, C[err] hydroxyal koxy, C[err]
al kanoyl oxy, am no, nono- or di-(Cerr] alkyl) amno, azetidin-1-yl,
pyrrol -1-yl, pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl,
pyrazolidin-1-yl, imdazol-1-yl, imdazolin-1-yl, |mdazoI|d|n 1-yl,
tetr ahydr Opyﬁ&ﬁmnﬂs. ymchmpmqmthanlthcwl-posmon nitrogen, not nucleophilic but which can be
nmor phol i n- 1-yl ,; (4- et hyl ) pi perazi n-1-yl, piperazin- 1-yl, -
N, N- bi s( 2- hﬁg[rl@%ahuly)mcqﬁird& grosp. 2Fonaxdmp19;enm;zb)oammalhyiadmabcsgbsntuems
and the remaining two of R err], Rerr] and R err] are hydrogen, or

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 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 example,

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
~

H,N-R” ()

wherein R” is as hercinbefore defined. The reaction can also be carried out in the presence
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-9- HRerr], Rerr] and Rlerr] are each hydrogen, and the salts thereof.

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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Parficularly preferred conpounds according to the invention include those
of fornula I wher ei n, Z is oxygen or sulfur, Rl err] is hydrogen,
Cerr] alkyl, or allyl, Rlerr] is Clecrjgalkyl, or Clerr] cycloal kyl,

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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Rlerr] is hydrogen, nethyl, Cerr] alkoxy or alkylthio, chloro, am no,

nmono- or di-(([err] alkyl)am no, allylamne, —azetidin-Il-yl, pyrrol-1-yl,
pyrrolin-I-yl, pyrrolidin-1- yl, pyrazol-1-yl, pyrazolin-1-yl,
pyrazolidin-1-yl, imdazol-l-yl, imdazolin-l-yl, imdazolidin-I-yl,

tetrahydropyridin | -yl, piperidin-I-yl, norpholin-I-
, (4- et hyl ) pi perazi n-1-yl, lxﬁ)lperazm 1(?/ N, N-bis (2-
hydroxyet hy | gsfei tho aboverpesttoned &n oF dHYgwifideseit rwprqﬁ?ra'almtercaﬂy ougyths sylfyrigation
hydr ogen, nethyl, ethyl, chloro, or
-eaction 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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trifluoronethyl, Rlerr] and R err] are hydrogen, and Rlerr] is hydrogen
or am no, and the salts thereof. More particularly preferred conpounds
according to the invention include those of fornula I

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,

9/038-4-C6
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-10- wherein, Z is oxygen or sul phur,
- 32 -

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 Derivatives

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 additidn salts

with one molar equivalent of the acid.
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Rlerr] is hydrogen, C[err] alkyl, or allyl, Rlerr] is (Jerr] alkyl, or

C err] cycl oal kyl, Rerr] is hydrogen Het hyl , chl oro, nethoxy, ethoxy,

am no, nono- or di-((Cerr]alkyl).am no, -aP ylram no, allyl met hyl am no,

pyrrolin-1-yl, pyrrolidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-yl or

mor phol i n- 1- yI Rierr] is hydrogen

" Those skilled in the art will realize that it will at times be more convenient to make certain

compounds 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 actdvity 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

N 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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Rlerr] is hydrogen, nethyl, ethyl, chloro, or trifluoronethyl, Rl err] and-

R err] are
t her eof .

!

hydr ogen, and Rlerr] is hydrggen or am no, and the salts
Preferred conpounds according to the invention include:

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 foﬁns can be solid dosage forms, for e:_camplc, tablets, dragees; capsules, and thc- like,
or liquid dosage forms, for example solmions, 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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5, 11-di hydr o- 11- et hyl - 4- et hyl - 6Hdi pyri do[ 3, 2-b: 2", 3' -

e][ 1, 4] di azepi n- 6- one; _

11- cycl opropyl - 5, 11-di hydr o- 4- met hyl - 66 dspyri do[ 3, 2-

b:2',3 -e][1, 4] di azepi n-6-one or -thione;

5, 11-di hydro- 11-et hyl - 2, 4- di met hyl - 6H-di pyrido[ 3, 2- b:2', 3" - €]

[ 1, 4] di azepi n-6-thione; 11-cycl opropyl -5, 11-di hydro-2, 4- d| nmet hyl - 6H-

di pyrido[ 3, 2- Jﬁ;d% fo?' exehplt, dhathalacsa - réanmitol, arethyl eBwlose. microcrystalline cellulose,
2- chl oro 5, 11-4d ydro 11- et hyl - 4- net hyl - 6Hdi pyri do[ 3, 2-

b:2",3 -e][1 g{] S%&,zamﬁc Galeiaen Pliosphdte, 0 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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- 11 - 2-chloro-11-cycl opropyl -5, 11-di hydr o- 4- net hyl - 6H
di pyrido[3,2-b:2",3 -e][1, 4] di azepi n-6-0one or -thione;

5, 11-di hydro-11- et hyl - 2- met hoxy- 4- net hyl- 8ld -

di pyrido[3,2-b:2",3 -¢e][1,4]diazepi n-6-one or -thione;
11- cyclopropyl 5, 11 di hydr o- 2- met hoxy- 4- et hyl - 6H

di pyrido[3,2-b:2",3 1,4]diaz 6-one or -thione;

oI oL, % ik, e d Bl R e o B admicsred by spposion.

di pyrido[ 3, 2-b: 2 3 -e][1, 4] di azepi n-6-0one or -thione;

8-am no-11-cycl opr opyl -5, 11- di hydr o- 2- met hoxy- 4- net hyl -
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 tested 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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6H di pyrido[3,2-b:2',3" -e][1, 4] di azepi n-6-one or - thione;

5, 11-di hydr o- 11- et hyl - 2- et hoxy- 5- net hyl - 6H-

di pyrido[3,2-b:2"',3-€e][1, 4] di azepi n- 6-t hi one;

11-cycl opropyl -5, 11- di hydr o- 2- net hoxy- 5- 38t hyl - 6H di pyrido[ 3, 2-b: 2
,3'-e][1, 4] di azepi n-6-0one or -thione;

5, 11-di hydr o- 11- et hyl - 4- et hyl - 2- (N- pyrrol i di no) - 6H

di pyri do[ 3,¥aw®rigs: 3' - e][ 1, 4] di azepi n- 6-one or -t hi one;

11-cycl opropyl -5, 11-di hydr o- 4- met hyl - 2- (N- pyrrol i di no) -

6H-di pyri daoj) Prepamtpn of theepayms di azepi n- 6-one or - thione;

5, 11-di hydro- 11- et hyl - 5- et hyl - 2- (N- pyrrol i di no)-6H dipyrido[3,2-b;2

, 3" -e] [ 1, 4]glivesepiansGrimase enzyme [fiiconghe LAY strain of Human Immunodeficiency Virus (HIV-
11-cycl opropyl -5, 11-di hydr o- 5- net hyl - 2- (N- pyrrol i di no) -

6H- di pyri dojy3yPwhs Holated Bbhnlihé]bdtRAGPIGADIANE) (3) exprddsingahe DNA clone pBRTpril+

(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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5, 11-di hydr o- 11- et hyl - 4- net hyl - 2- (N- di et hyl am no) - 6H-

di pyrido[3,2-b:2",3 -e][1, 4] di azepi n-6-0one or -thione;

11-cycl opropyl - 5, 11- di hydr o-4-net hyl - 2- (N- N

di met hyl am no) - 6H-di pyri do[ 3, 2- b~ 21383 e][1, 4] di azepi n- 6-one or -thione;
8- am no- 5, 11-di hydr o- 11- et hyl - 4- net hyl - 2- (N, N-

di met hyl am no) - 6H-di pyrido[ 3,2-b:2',3" -e][1, 4] di azepi n- 6-one or -thione;
8- ambﬂocérih pSIUESOBE @Monéon&%mdlsmeﬂrreacﬂomﬁamh 2- (N, N-

di met hyl am no) - 6H di pyri doJ 3, -e][1, 4] di azepi n- 6-one or -thione;
Stock Rcaecnt 2X Mix Conccnu'auon
IM Tris pH 7.4 100mM
IM Dithiothrietol 40mM
1M NaCl . 120mM-
1% Nonidet P-40 0.1%
IM MgCl - 4mM | ]
N _'_\/"_poly r(C)/oligo d(G)](5:1) _ 2pg/ml |
" H4GTP (81uM)  06uM
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

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

\c/nzymc 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

* Subtracted from all other groups. Twenty-five ul of the 2X reaction mixture are added to all
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-12- and the salts thereof. The conpounds according to the invention can
be prepared by known rethods or mo#? fications thereof. Thus viewed froma
further aspect the invention provides a process for preparing a conpound of
formula | or salt thereof, said process conprising at |east one of the

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 50 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
,\;/ 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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fol | ow ng steps: ~ (a) (to prepare co ounds of formula | wherein Z
i's oxygen and Rlerr] is other than hydro cyclizing a carboxylic
acid amde of formula Il or lla [err]

{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

L 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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- 13 - (wherein Rerr], Rerr], Rerr], Rerr], Rerr], Rerr] and Rerr]
are as hereinbefore defined, R err]diis as hereinbefore defined for R err]

wi th the exception of hydrogen and Hal represents fluorine, chlorine,

brom ne or iodine); (b) (to prepare conpounds if Forrmula | wherein
oxygen and R err] is hydrogen) hydrolytically cleaving an aryl net hyl
froma conmpound of formula Il
replicadon is accomplished by harvesting 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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[err] ~ (wherein Rerr], Rerr], R[err], Rlerr], Rerr], Rerr]

and R err] are as hereinbefore defined and Ar is an aryl group, for
exanpl e, a phenyl or 4-nethoxyphenyl groapf? -

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% fetal bov_ir_l_c serum, is used as the target cell iinc in the assay. .
Cells (100pl) are plated in nﬁé&cst i:iatc wells at a concentration of 10° cells 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.
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(c) (to prepare conpounds of Formula I
ot her than hydrogen)

wherein Z is oxygen and R err]
e][1, 4] di azepi n-6

reacting a,5, 11-di hydro-6H di pyr|d0[3 2-b:2',3, -
-one of the forrula IV [err]

Data from this assay arc used 10 gencrate a nonlinear 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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SMQEr?in Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr]

and R[err] are as

o 44 —
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
o 15 91* 100 45
1 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
g 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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her ei nbef ore defined) or the corresponding'5-alkali or alkaline earth netal
~conpound thereof with a conpound of the fornmula V

"Rerr]X (V) (wherein R err]' is as herei nbefore defined
for Rlerr] with the exception of hydrogef5Sand X is the radical

reactive ester, a halogen atom a group CS(Jerr]ORerr]', a of @
nethangsulfonyloxy or et hanesul f onyl oxy g&oup or an arongh?c sul f onyl oxy
group); 37 34%
38 0 NT Nt
39 100 NT e
40 99 NT N
4l 100 NT - NT
42 83% NT -~ NT
43 85 | NT NT
44 91 NT 'NT
45 64* NT NT
46 70% ' NT ' NT
47 34% . NT NT
| 48 o* NT NT
N 49 o* NT NT
50 i 43 % NT NT
51 9Q* NT NT
52 : 44 | NT NT
53 90 * NT NT
54 a5% NT NT
55 44 .. NT NT
56 100 100 NT
57 77 NT N
58 - §2% NT NT
59 44% NT NT
60 20% . NT NT
L 61 72% NT NT
N~ 62 - 17* NT NT
63 30# NT NT
64 61* 'NT NT
65 68% NT NT
66 - 66% NT NT
67 37t ’ NT NT
68 g* NT - NT
69 go* . NT NT
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(d) (to prepare conpounds of forrmula | wherein Z is oxygen) converting a
conpound of fornula | wherein Z is oxygen and R err] and optionally al so

Rlerr] are hydrogen - into a nmetal salt conpound of fornmula Vlia or Vib
[err] - 46 -
70 75% 'NT NT
71 ox* NT NT
72 g9g* NT NT
73 g4% NT NT
74 g2* | NT NT
75 100 - NT NT
76 8gx* NT NT
* = @ 1 uM
* =@ 1.25 uM
# _eo.s M
i 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
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- 47 -

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’ J-

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
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(wherein Mrepresents an alkali netal, such as |lithium sodium potassium
rubi diumor cesium or Mrepresents the group MgHal +, wherein Hal is a
chl orine, brom ne or iodine aton anq;gsubsequent ly alkylating with a

compound of formula VII R[err]x (M1)
(wherein Rerr] is as hereinbefore defined and X is as her ei nbef ore
defined);

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 descrived in Example 1c), 5,11-dihydro-11-propyl-6H-
- dipyrido[3,2-b:2",3"-¢}{1,4]diazepin-6-one, m.p. 184—186°C (rec’rystallized from acetonitrile),
- Was prepared from the product obtained in the above step a) and sodium hydride. The yield

was 74% of theory.
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(e) (to prepare a conpound of Fornmula I, wherein Z I's sulfur) reacting a
conpound of Forrmula | wherein Z is oxygen, with a sulfurating agent, such
as for exanpl e 2, 4- bi s(4-met hoxyphenyl)-1, 3-dithia-2, 4-

di phosphet ane- 2, 4-di sul fi de; bi s(tricychPBhexyltin)sulfide; bis(tri-n-
butyltin)sulfide; bis(tri-phenyltin)sulfide; bi s(trinmethylsilyl)sulfide
or phosphor ous pent asul fi de; (f) (to prepare a conpound of fornula I,
wherei n R efixpmold & hydrogen, and Rlerr], Rerr], Rerr], Rerr], Rerr],
Rlerr] and Rl err] are as her ei nbefore defined and Z is a group of fornula

=NCN) , reactSi.rlgD&@_ﬂg}_’gommlngl-grfogfzbﬂ%dimn_ulgoB.Z-b:Z'.3'-e1[1,41-diachin- -one
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 tempcraturc__and 1
1 of water was added. Ths layers were separated, and the aqueous ‘phase was extracted three
times with 300-ml portions of” tolucnc The organic layers were combined and washed
successively with 300 ml of water, 300 ml of 1% aqueous acetic acid and_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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[err] . - 16 - (wherein Rerr],
Rlerr], Rerr], Rerr], Rerr], Rerr] and R err] are as her ei nbef ore
defined) with cyanam de;

- 51 -

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

N\ 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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(g) (to prepare conpounds of forrmula I, wherein R err] I s hydrogen

and Rerr],

Rlerr], Rerr], Rerr], Rerr], Rerr] and R err] are as

herei nbefore defined and Z is a group of fgrnula =NOR[ err]) reacting
a conmpound of formula XI (wherein err], Rerr], Rerr], Rerr],
Rlerr], Rerr] and Rlerr] are as hereinbefore defined) with an

al koxyl am ne (O al kyl hydroxyl amne) or a salt thereof (for exanple,
met hoxyl am ne hydrochl orj de)

conmpound of

y . Co ti
1o thus ﬁP'ﬁ”’&ﬁ was exhaygty &Y&&HF‘E‘F%H"@&;}%*“PWE‘\F/ #CQ%%P@SPH

addi tion salt

obtained after usual work-up was rccrystallmcd from 150 ml of isooctane. 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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of a conmpound of formula I into the free base. In process step (a)
conpounds of fornmula Ila are preferably used to prepare conpounds of
formula | wherein Rerr], Rerr] or R[err%3 especially Rerr], are _
el ectron w thdrawi ng groups, such as nifra: The cyclization of step (a)
I's conveniently carried out by the conversion of conmpounds of fornula Il

or llainto their alkaline netal salts and subsequent condensation at

t enper at ur es @t Sig&sDibfdorJ-Chah til -(fhenPoickliygoibalippridof (3 2re2",3 eclt . #lshirze pin-6-one
m xture. If, in the starting conpounds of forrmula Il or Ila, Rerr] is

di ff e ent T onydivglh PBesdurcBiaRigbas idihal @SLibeSindixanf Ba, 15, IDUhyfo-5 Rehyl- 11-
netal | ati ng

(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

'K/ 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.

p a) N—(2-Chloro—3-pyridinyl)-N-mcthy1—2-[(phenylmethyl)amino]-3-pyridinccarboxar¥1idc' _

l 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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agent. If, on the other hand, R err] is hydrogen, at least 2 noles of this
agent nust be used. For netallation, |lithium sodium and potassium
hydrides or lithiumalkyls, such as n-butyl [ithium are preferably used.
The cyclization reaction is usually carrired?oat in inert solvents e.g. in
t etrahydrofuran, 1, 4-di oxane, glycoldlnethyl et her,

di et hyl ene- glycoldlnethyl et her,

b) 5,11-Dihydro-5-methyl-1 1-(phcnyhncthyl)-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

‘U 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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-17- triethyl enegl ycol di nethyl ether, dimethylforman de, benzene or

ani sole. Cyclization may al so be effected by heating carboxylic acid am des

of formula Il or Ila in dipolar aprotic solvents, preferably in sulfol ane

or dinethylsulfone. Catalytic quantities I -strong acids, e.g. sulfuric

acid, hydrochloric acid, hydrobrom c acid, phosphoric acid, polyphosphoric

acid, nethanesul fonic acid or p-toluenesul fonic acid, have proved to be of

use. The reaction tenperature used is usually between 110 and 220[err]C

Hydr ol ysi s ipoistefrigb) Ths miznwe wiag thenyevepdraied éd vaguo, 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 yielding 1.2 g (45%
of theory) of colorless crystals 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 déﬁcr_ibcd in Example la, 2-c-hloro-N-(2-chlor0-3-
pyﬁdinyl)—3—pyﬁdinecarboxﬁi;ide was prepared. Thc purified product was obtained by
cooling the reaction mixture tb room temperature and decanting the sup,cmatﬁnt from the
precipitate. The solid was then dissolved in methylene chloride, and the solution washed with
: b 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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noderate to strong acids or Lew s-acids at tenperatures between -20 and
+150[ err] C. Such acids can be, for exanple, sulfuric acids, nethanesulfonic
acid, trifluoroacetic acid, trifluoronmethanesul fonic acid, phosphoric or

pol yphosphoric acid. When usi ng phosphoric ¢sar pol yphosphoric acid, the

addi tion of solvents such as benzene, toluene, phenol, anisole or veratrole
has proved to be of advantage. If Lewis acids, such as alum niumchloride
or bromde are used to elimnate the aryl nethyl group, solvents such as

aromati ¢ hydr ggapbaned v erobﬂ'l’%Zl‘ﬂB%olvEﬁk' M8ABLo, HAHHP! WatePlo THeXt4ARS ahARKEAtng

wi th di chl oromet hane are suitab

' the product with methylene chloride. This soludon 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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It will be obvious to those skilled in the art that step (b) is not
preferred in those cases wherein any of R err] and R err] to Rerr] are
readi |y hydrol yzabl e substituents, for exanple, wherein R err] is al kanoyl
or any of Rlerr] to Rerr] are al kanoyl am né or al koxycarbonyl. |In cases
wherein R err] is al kanoyl or any of R err] to Rlerr] are al koxycarbonyl,
for exanple, it is preferable to utilize step (a) described above. Wen

Rierr] is hydsogg tettheeftiiieal 80%hfin Odndddes hehieddl 30 B mid) B&SESoIRY, 8iN ¢
any of R[err] to Rerr] are al kanoyl am no, for exanple, it is preferable to

carry (m'é%ﬁmcémdc 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’-¢][1,4]-diazepin-6-one, and the
mixture was stirred for one hour at room temperature. The acid was removed in vacuo and
the fesiduc was strred for onc 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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- 18 - out the hydrolysis (and subsequent acylation) on the corresponding
nitro derivative, and then reduce the nitro noiety to the am ne, foll owed
by acylation to yield the desired product. In reaction step (a) the
conpound of formula IV may be converted iritd -its corresponding alkali neta
salt in a first step and subsequently reacted with the conmpound of

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 mixtre 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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formula V;, alternatively the al kylation of a conmpound of formula IV may be
performed by reaction with the conpound of fornula V in the presence of

am nes, such as triethylam ne, diazabicycl oundecene or 4-
(dlnethylan1no)pyr|d|ne or of alkali carbonates or bicarbonates, such as
sodi um and pot assi um carbonate or sodi um bitarbonate. The conversion of a
conpound of fornmula IV into the corresponding alkali netal or alkaline
earth nmetal conpound may be effected by reacting a conpound of formula IV
with an alkali netal or al kaline earth netal hydroxide, such as l|ithium

hydr oxi de, badi inlwtgndefold-O of sysmoagatayide dxi8Qanlopf w@émawqw@fidmmec 34 then

an al kali netal al coholate, such as sodi um net hoxi de or potassium
14g of piperidine and 25g of tifluoroacetylacetone were added. The resulting mixture was

stirred at 70° for 30 min. and then 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 cautiously 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 (magnesium 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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tert-butoxide, with an alkali nmetal am de, such as sodi um am de or
potassium am de, or with an alkali netal hydride such as sodi um hydri de or
pot assi um hydride. The reaction is preferably carried out at el evated
tenperatures and in the presence of a sui-t & e organic solvent. Inert
organi ¢ sol vents, such as dinethyl formam de, di nethyl sul foxi de,
tetrahydrofuran or glycol dimethyl ether are preferred if alkali netal

hydri des are used as the netallating agents, whereas, if an alkali or

al kal i ne eart fesimeh@lmiRyse ek dbrred ubisiede %am@mbﬁynpwﬁmnem¢lhcmn~mgﬁﬂm CThe
sol vent, such as methanol or tetrahydrofuran, may al so be enpl oyed. For

E??f&?kﬁgrgf%‘ﬁ"‘?#ﬁdfﬂ’ S|t e FRkilb URS Ben WatfRkTb 50 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 partitioning with 30 ml of ethyl acetate, the organic phase was cxlrac;ed 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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- 19 - e][1,4]diazepin-6-one thus obtained into a conmpound of formula I
the solution or suspension of the alkali or alkaline earth netal conpound
is reacted directly, i.e. without isolation, with a compound of fornmula V
at -20[err]C or at elevated tenperatures, R to the boiling point of

acetate/hexane, 1:1) gave 0.5g of the atle compound.

) 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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t he solvent or reaction nedium whichever is |ower. The substitution takes
pl ace al nost exclusively at the nitrogen atomin the 5-position of the

di hydro- dipyridodi azepi none, even if Rferr] in the starting material of
formula IV is a hydrogen atom provided that one equival ent of base and one
equi val ent of a conpound of fornula V are-u8éd- It will be obvious to
those skilled in the art that, for the process of step (c), the presence of
nucl eophilic substituents in the final product may require the use of an

i nternedi ate ofy ﬁo&mﬂoaz.hhmwqucm P;‘,ﬂid,hutents which are, other than the
11-position n|trogen not nucl eophilic but which can be derivatized to

yield the requjd .05 MRro-a%he Ry RIMFopyATinE Qv addRL R4 kTt Aetic 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,
whiéh 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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substitutents at any of Rlerr] to R err] are preferably obtained by

al kyl ating or acylating an internediate of fornula | having a nitro group
at any of Rlerr] to R err], and subsequently reducing the nitro group, and
al kylating, if appropriate, to yield the fgyal product. I n process step
(d), the conversion of a conpound of fornmula | into the corresponding

al kali metal compound of formulae Via or VIb may for exanple be ef fected by

h Lith I b
opt i onal 1y | AoEREHPOdEaR orct & ForrEuyblimymt dutt SRS Bt g bt @beracure
di al kyl am de, l'i thium diisopropylam de, I|ithiumdicyclghexy I am de and

lithiumi sopr%?‘gv@'yd’t’ﬁﬁéﬁlﬂ’%ﬁfﬂ"d\ﬁﬁcw and iwater added A theé%dufphé’h‘pprqqushwaﬁ)

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

/.".
Kd

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-

W b:2',3"-e]{1,41diazepin-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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an al kali nmetal hydroxide (e.g. lithium sodium or potassium hydroxide), an
al kali nmetal hydride (e.g. - 20 -

sodi um or potassium hydride), an alkali netal am de (e.g. sodium or
potassi um ami des) or a Gignard reagent _ ., _ '

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 0.03 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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(e.g. nmethyl magnesiumiodi de, ethyl magnesi um brom de or phenyl magnesi um
brom de). One equivalent of base is required for the formation of conpounds
of formula VIa, whereas two equival ents ofcpase are required for the

formati on of conpounds of fornmula VIb. The netallation is conveniently
carried out in an inert organic solvent at tenperatures of between

-78[err]C and the boiling point of the reaction m xture in question. If a
lithiumal kyl, lithiumaryl, lithiumdialkylamde or Gignard reagent is

used for the cohinal (@abylametatdfieeanef led) ogiso 2 7enovsthartileatdrepaunsushitabde for use in the
tetrahydrofuran, diethyl ether or dioxane, optionally in a mxture with

al i phatic or RRkof@Edlen hydrocarbons, such as hexane or benzene, and the
operation may be carried out at tenperatures of between -20 and +80[err]C.
Wien netallation is effected with an alkali nmetal hydride or alkali netal
amde, in '
' b) N-(2-Bromo-6-methoxy-3-pyridinyl)-2-chloro-3-pyridinecarboxamide

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
Y 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 addidon 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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addition to the solvents nentioned hereinbefore it is also possible to use
xyl ene, toluene, acetonitrile, dinmethylformm de and di net hyl sul f oxi de,
while if an alkali netal hydroxide is used it is also possible to use

al cohol s such as ethanol, nethanol and aliphatic ketones, such as acetone,
as well as m xtures of these solvents wth water. For conversion of the
al kali metal salt thus obtained into a conpound of forrmula I, the solution
or suspension of the alkali nmetal conpound is conveniently reacted

C Formia Vi) HGnd SR IN Bladillf ARl AMRRAGED: 1 Bt £ BERAN

of formula VI tenper at ures- of |ng poi nt
_ of the react t%lylanpni(r}cu(lbef 8) p&gsf SR8 2 soluaﬁrg?l o - &%ngmo.%-mc&oxy-o—pyndmyl) 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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It will be obvious to those skilled in the art that in the perfornance of
process step (d) the presence of nucleophilic substitutents in the
conpounds of formula I - 67 -

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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-21- may require the use of an internediate of fornmula | having
substitutents which are, other than the 11- position nitrogen, not

nucl eophi li ¢ but which can be derivatized to yield the required group. For
exanpl e, am no or nonoal kyl am no substituests at any of Rerr] to Rerr]
are preferably obtained by al kylating or acylating an internediate of
formula | having a nitro group at any of R err] to Rlerr], and subsequently
reducing the nitro group, and al kylating, if appropriate, to yield the

final productdried (ahhgdreas RRxiésin selfde)airddRacatioraedl N"herebtinug edlyagsidhe kdas Ng
material s may be obtained, tor exanple, by

crystallized from ethyl acetate/hexane to provide 0.11 g of 5,11-dihydro-11-ethyl-5-methyi-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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am nation of 2-chloro-nicoti.nic acid am des of fornmula VIII [err]

- 69 -

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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wherein Rerr] to Rlerr] and Hal are as herei nbefore defined, with primry
am nes of fornmula I X : Herr]N-R err]

(1'X) wherein R err] is as hereinbefore defined. The reaction can also
be carried out in the presence of inorganjg or organic auxiliary bases,
such as triethylamne, N, N dinet hyl ani line, or sodiumor potassium
carbonate. The reaction can be carried out wthout using a sol vent it is

of sone advant age, however, to use inert organic
with diisopropyl ether to give 095 g of the dtle 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

L/ (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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- 22 - solvents ét t enperatures of between O[err]C and 175[err]C,
preferably at

refl ux tenperature. Suitgb?@ inert solvents that can be used
i nclude an excess of the primary amine of forrmula I X, open chain or cyclic
et hers, such as tetrahydrofuran, 1, 4-dioxane,

TABLE I

Compounds in this table are of the formula

W
wherein R\-R? are as defined below and Z is an oxygen atom unless noted to be a sulfur
atom.
| I- m.p.
1 2 Other
Ex. R R e
; -216
17 methyl ethyl 3-chloro, 2-nitro 215 "
214-2
18 H cyclobutyl 4-methyl oo
;') 19 H cyclopropyl 2,4-dinethyl A
1 4-ethyl
20 H cyclopropy .
21 H ethyl 2-chloro, 4-methyl 224 220
22 ‘H cyclopropyl 2-chloro, 4-methyl 31(;—212
211-
23 H ethyl | . aos
24 methyl t-butyl . e
25 methyl ethyl ‘8-azido S 06
26 H isopropyl SN
27 H cyclopropyl _
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gl ycol di net hyl ether, diethyl eneglycol di methyl ether;
hydr ocar bons, such as benzene, tol uene, xylene, chlorobenzene or pyridine;
al cohol s such as nethanol, ethanol, isopropanol; ‘dipolar aprotic solvents
such as di et hyl formam de; 1, 3-di netiwyl-2-i m dazol i di none, 1, 3-

di met hyl -t et rahydro-2(1H) - pyri m di none and sul f ol ane. Car boxylic acid
‘am des of formula Ila can be prepared by condensation of an appropriately
subst i28ut ed bathghl ororﬂx@ldgﬂqpnbi d cH-orétthyni t h an appropri agefy245

substlgpteddgéggpo 2-4<pd yp) pyridine, under well known reggLigy

aronmati c

ondltlons Startlng nater I al’s of formula VII'l, wherein Rerr] is
30 H (R)-2~buty1 172-174
31 methyl ethyl 2,3-dimethyl 143-145
.32 H (S)-2-butyl 173-175
33 H cyclopentyl 225-228
34 methyl ethyl 2-({pyrrolidin- 224-246
1-y1l), 4-methyl
35 methyl ethyl 2-(3-pyrrolin 153-156
1-yl)
<A 36 H ethyl 7,9-dimethyl 245-247
37 methyl cyclopentyl
38 methoxy- methoxy- 4-methyl 135-137
methyl methyl
39 H ethyl 2-chloro, 4-tri- 158-160
fluoromethyl
40 H cyclobutyl 241-243
41 methyl cyclobutyl . 144-146
42 H cyclopropyi 4-chloro NA
43 methyl ethyl 2-(tetrahydro- 138-140
pyridin-1i-yl)
44 H cyclopropyl 4-methoxy 185-187
- 45 methyl ethyl 2-(p-methoxy- 83-85
Y, benzylmethyl- '
amino)
46 methyl ethyl 2-allylamino 167-170
47 H cyclopropyl 4-hydroxymethyl 243-246
48 methyl ethyl _3,8-dinitro 167-169
49 methyl ethyl 2,8-dinitro, 3- 215-216
chloro
50 H cyclopropyl 4-methyl, 7-hydroxy 225-227
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di fferent from hydrogen,
am des of fornmula X [err]

can be prepared from 2-

chl oronicotinic acid

- 73 -
51 H cyclopropyl 4-methyl, (Z=8) 189-194
52 methyl cyano 274-277
53 methyl cyclohexyl 145-146
54 H cyclohexyl 139-201
55 H ethyl 7,9-dimethyl, 8- 160-162
chloro
56 methyl  cyclopropyl ' 163-166
57 methyl methylsulfonyl 239-241
58 methyl ethyl 2-amino, 3-chloro 160-162
59 allyl cyclopropyl 4-methyl 146-149
. RO methyl ethyl 3,8-diamino 240-~-250
;: k~61 vinyloxy- cyclopropyl 4-methyl 140-143
carbonyl
62 methoxy cyclopropyl 4~-methyl 169-171
63 acetyl cyclopropyl 4-methyl 176-179
64  methyl  ethyl 2-(p-methoxy- 133-135
benzylamino) .
65 methyl ethyl . 2-(morpholin-1-yl) 158-160
66 “methyl ethyl e 2-(piperidin~1-yl) 164-166
67 H cyclopropyl 4-cyano 243-245
68 dimethyl- cyclopropyl 88-89
aminoethyl
69 methyl ethyl 2-dimethylamino 118-120
"i\/70 methyl ethyl " 2-ethylamino 154-157
71 methyl ethyl 8-nitro . 148-149
72 H ethyl ‘2-dimethylamino, 209-211
' 4-methyl '
73 H ethyl' 2-(pyrrolidin-1- 215-218
yl), 3-choro, 4-
methyl
NA = not available
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by reaction with al kylating agents of fornmula V in the presence of proton
acceptors, for exanple of am nes, such as triethyl am ne,

di azabi cycl oundecene, 4- (dinmethyl am no)pyridine, or alkali or alkaline
earth netal hydroxides, such as sodi umhydtoxi de, potassium

Example 74

— 8-Amino-5.11-dihvdro-11-ethvl-5-methvi-6H-dipvrido(3.2-b:2".3"-¢][1.41diazepin-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 ixi;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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- 23 - hydroxide, calciumhydroxide, of alkali carbonates, or alkaline
earth netal carbonates or hydrogen carbonates, such as sodi um carbonate or
pot assi um carbonate, or potassi um hydrogen_carbonate. 2- Chl oroni cotinic
acid am des of formula X can be obtai ned”by>condensation of an
appropriately substituted 2-chloronicotinic acid chloride with an
appropriately substituted 3-am no-2-hal opyridine, under well known reaction

condi ti ons. ) .y
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
k-/ 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
W, 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-
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Al'l the other starting materials for process steps (a) to (d) are known
fromthe literature or nmay be purchaed or may be obtai ned by procedures
known fromthe literature. The reaction of step (e) is conveniently
carried out in an inert organic solvent such as carbon disulfide, benzene
or toluene, at anbient tenperature or higher, preferably at an el evated
tenperature up to the boiling point of the reaction m xture, and preferably
under anhydrous conditions. \Wen using the’@beve nentioned tin or silyl

sulfides, it i li”z%&a%@i&pgadssrw o8t et hQdRYdikIG-Git 0 maf At drlbgols tdthat

presence of a Léws acid h as boron trichloride.
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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It wll be obvious to those skilled in the art that the presence of another
carbonyl noiety in a conpound of fornula |, for exanple, a conpound where Z
is oxygen and any of Rlerr] to Rerr] is alkanoyl, will require that the
ket one carbonyl be protected via known methods by a suitable protecting
group prior to the sulfurization reaction; g;protectlon subsequent to the
sul furization reaction provides the deS|red conpound. Simlarly, in cases

wherein R2 igyhpl ex@nple, alkanoyl, it will be obvious that the
sul furization reaction is best perforrred prior to the acylation of the

11-position gt Qa6 | lr!c(}1t'lgé-‘ia‘ncLhoxvimino—2,4-dimcthv_l-6H—di0vrido(3.2-b:2',3'~c]| 1.4]diazepine

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-edxyl-2.4—dimcthyl-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
W, 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. Afer 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
p 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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- 24 - cases wherein the subsgituents at any of Rlerr] to Rerr] can be
derived fromnitro, for exanple, al kanoylam no, the sulfurization reaction
can be performed on the corresponding nitro derivative, followed by an

app&op{iate (known) reduction and;ginally acylation to yield the desired
pr oduct .

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.

\ ~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

r+wich was dried 12 hrs. in high vacuum at 80°C, 1.7 g (32.0%,
g = 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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The reaction of step (f) is conveniently carried out in the presence of a
base such as potassium carbonate, sodium carbonate, triethylamnne, or

di i sopropyl ethylam ne, and in an inert solvent such as methyl ene chloride,
1, 4- di oxane, tetrahydrofuran, dlethyTé?hér chl oroform or

di net hyl formam de at a tenperature between O[err]C up to the boiling point
of the reaction mxture. The reaction of step (g) is conveniently carried

out under cong'gm%gal ogous to those described for reaction step (f).

The starting of formula XI can be obtained by reacting a conpound

of formula I, wherein err] is hydrogen, R err] to Rerr] are as defined
above and Z %2 Tahy |

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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trifluoronethanesul fonic anhydride. The reaction is preferably carried out
In an inert solvent using one to two equival ents of
trifluoromethanesul fonic anhydride and in the presence of one to two
equi val ents of a base. The base may begfor exanple, a tertiary am ne such
as triethylam ne or diisopropylethylamne, and the inert solvent used may
include, for exanple, nethylene chloride, chloroform diethylether,
tetrahydrofuran, or toluene. Addition of the reagents is generally carried

out at or below ggq%@%a&ggpg&%%a,m@ndmt\bacmnﬁ thegeafisr theecorapdundeaf Example 2
react, at or near I ent tenperature The al koxyl am ne starting

T TR e NS AGALE W BOH DI D EIckt.{ EHEDHT 6F Ois STV s adjusted

obt ai ned by} terature

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

autoclaving.

EXAMPLE C
_ Nasal Soludons
~ _ In_zredicnts | Quantity
Compound of Example12 . 100mg
Citric acid : 1.92g
Benzalkonium chloride 0.025% by weight
o EDTA - 0.1 % by weight
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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- 25 - Conpounds of fornmula | may, if desired, be converted into their non
toxic, pharmaceutically acceptable acid addition salts by conventional

met hods; for exanple, by
_—

e G - " [0 Wlmm

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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di ssol ving a conpound of formula | in a suitable Solvent—and—acitdi-fy+ng the

solution with one or nore nolar equival ents of the ' ' I

i nvention al so enconpasses such salts. Exanpl es of nm'%ﬁmﬂ!}ﬂ‘uamam C
aci ds which may form nontoxic, pharmaceutigaldy acceptaola aal Us tion
salts with a conpound of the fornula | include the follow ng: hydrochloric

acid, hydrobr om GiRedd aueH hétEdyCoRtidl | RNGIRABRKI £orftS dhindatBdry LAGh |,
met hanesul f oni ¢ a(l:i d, aar]iﬁut he l;yi ke%@%o%ﬁ}(}% of formﬁla I nrgy fofr;\mogg)l/aéloalkyl

addition salts,with.on equi.val ept ,af .t h i.d. Those skilled in
the art wll Fggfcﬁgctw(%%ﬁ%ﬂhg? fl[})rrég% n‘rera[‘)(?}gg’conveni ent to make
certain conpounds of fornmula | by derivatization of other conpounds of

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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formula I, rather than by maki ng themdirectly, using one of the

above- descri be Such derivatizations will enploy known
reaction techna !IIE E ting exanples, where Rlerr] is hydrogen it
can be oxidized to0 ¢ el roxy; a nitrgn group can be reduced to yield an
am ne; a methoxy group can be converted to hydroxy by standard

denet hyl at i (neiftied @@subsesikanor supelirosey byaiicylion alpexpefll hte3 settonrmgems.bedroxyl or
turn replaced with amine via the trifluoronethanesul fonyl oxy derivative; an

am ne can bﬂaﬁﬁ&ﬁﬁh?o&@oﬂh@'fﬁnﬁﬂa aNRERYY haBEdiE cPind; alird) Qzidlokyt| AAbtskyt, Grith the
yield the nono- or al'’kyl am ne; a hal ogen can be replaced, in appropriate

settings, byuRp BN Beiflf RIEGHT heliy? WP chiRdFo:R, T emoved.  Viewed from
a further aspect the invention® providés a
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, trihalométhyl, hydroxyalkyl of 1 to 4 carbon atoms, alkyloxyalkyl or alkylthioalkyl 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
N\ 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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physi ol ogi cally acc

tion salt thereof together with at

phar maceut i cal corrp mﬂ"m ﬂ g a conmpound of Forrmula | or a
a

| east one pharmaceut #c

e carrier or exci pl ent.
- 84 -
or alkylthio of | to 2 carbon atoms, halogen or a group of the formula -NR¥R", with the

yLa

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 azetdin-1-ylora 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

optonally and independenty substituted with hydroxymethyl, aminomethyl, 1 to 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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The conpounds of Formula | or their salts may be admi ni steret—n—sihgl

di vi ded doses by oral, parenteral or topical routes. A suitabl S

for a conpound of Fornula | or a salt thereof would be in therﬂEU?ﬂMiwlﬂul”"l
about 0.5 to 1000 ng per day. In parenteral fornulations, a s

unit may contain from0.1 to 250 ng of séiﬁscbnpounds, whereas for topical

adm nistration, fornulations containing 0.01 to 1% active ingredient are

preferred. It shg g{d pé ggdﬁgé&gggn QTE%frOEtPaE tgecgggggea%ggknlstratlon

frompatient to patient wl ddsage for any particular patient
wi || depend upon the elkanpglafrsallégehent, th@ Wi FRrhee PREMSi;ze and

condi tion of the pat'ﬁ@koi&a@k&lebtaaiﬁyléhibﬁgkﬁlpbﬁpﬂrtGOQa@%ﬁﬁbdMﬁdoﬁ§

the patient's responselkgngg of g 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,

O (
0 O

c) 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
Rt : 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
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 R5 is butyl with the remaining
two being hydrogen and
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When t he confﬂn l sent invention are to be adm nistered by the
oral route, ll mjnml stered as nedicanents in the form of
phar maceut i cal" pfepara i ons*which contain themin association with a

conpati bl e pharmaceutical carrier material86 Such carrier material can be an
I nert organic or inorganic carrier material suitable for oral

adm ni stration. Exa &S such . garrier terjals incj]ude ter, gelatin,
tal c, starch, magnesiunt séﬂea? R AR FH c’;n‘i/%%%?%%?gfgi pg,grogen
pol yal kyl ene- gl ycol s,opedlioybunt j elty Anthtihen | akems, Fhevpbadmateliiacd

preparations can be pégga{gdh}@rgbggnwgptional manner and fini shed dosage
forns can be !

7

one of RG, 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
4

i) Rl is methyl, R2 is ethyl and either
7 . . . . 3 6

_ R’ is azido, amino or nitro and R” to R™ and
L R® are hydrogen, or
N 3 . 4

R” is ethylamino or diethylamino and R™ to

R8 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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solid dosage forns, for exanple, tablets, dragees, capsules, and the |ike,

or liquid dosage forns, for exanple sol utions, suspensions, lm '
the |ike. The pharnaceutical preparations gRY. be subj ect ed t ﬁm:"l,ﬁ"ﬂll”m
phar maceuti cal operations such as sterlllzatlon Furt her,

phar maceuti cal preparations may. contain conventi onal adjuvants such as

R> is methyl and R>, RY, R®, R’ and R®
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:

‘and” compounds of Formula I wherein 2 is sulfur and either
a) R2 is ethyl, R3 and R5 are both methyl and Rl,

R4 and R6 to R8 are hydrogen, 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.

This Sheet Has Been R
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- 27 - preservatives, stabilizers, enmulsifiers, flavour- inprovers,
wetting agents, buffers, salts for altering the osnotic pressure and the
like. Solid c “mnmnﬁ“]ﬂ““tlm ch can be used include, for exanple,

starch, |act oE“l h cel lul ose, mcrocrystalline cellul ose,
talc, silica, 8ibasi't al i uim phosphat &, 88na hi gh nol ecul ar wei ght pol yners
(such as pol yethyl ene glycol). For parenteral use, a conpound of Formul a

| can be adm' ni stered in an aqueous or non-aqueous sol ution, suspension or

emul sion in har maceuti cally accept
2. R compound of forml)xlla I, as ? rt.h 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 carbon 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, alkyloxyalk'yI 0}' %kylthioalkyl_ 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 phcnyl, thienyl or furanyl, which is either
.. KJ unsubsututcd or subsututed by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or

halogen), or alkyloxycarbonylmethyl wherein the a.lkyl moxcty 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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oil or a mxture of Tiquids, which may. contain bacteriostatic agents,

anti-oxi dants, preser ' or other solutes to render the
solution isotonic w Hnllmml]u"%gﬂﬂ“!!!ckenisﬁg -agents, suspendi ng agents or
ot her pharnmaceutically atceptable additives. Additives of this type

i nclude, for exanple, tartrate, citrate and acetate buffers, ethanol,

propyl ene glycol, polyethylene glycol, conplex fornmers (such as EDTA),
anti oxi dant s {560 adnsS RptiroRyIbakyioR ok alicyamidi dfm @3 alrtbonllafdlind, chydrokyaBg oy f 2

acid), high nolecular weight polyners (such as |iquid polyethyl ene oxides)

; ; A : > 1 )
or viscosity.yeguhah !a%@%;gﬁléﬁ} Egtg@g gg,%ibp\ﬁ%d@{ ulSRA B Akylsulfonyl of 1 to

anhydrides. Preservatives : necessary, such as’ benzdic
aemoni um ¢ B GRS Hmd WARSHY of S I £'KBh B aRbloR oy Wit AL SR bicry
| contains 1 to 2 carbon atoms, aminoalkyl of 1 to 3 carbon atOI;lS. mono- or 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, pyrazolidin-1-yl, imidazol-1-yl,
O 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(2-hydroxyethyl)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, azctidin-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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The corrpounds' of this invention may al so be adm nistered as sol utions for

nasal application and may contain in addition to the corrpounﬁﬂummmmu"m

i nvention suitable buffers, tonicity adj asP&rs, microbial pr A ,”"l
M s *

*

anti oxi dants and viscosity-increasing agents in an aqueous veficfe.
Exanpl es of agents used to increase viscosity are polyvinyl

al cohol , cel | ul g rd®r RYahd RESs a9l ¥V 1 Y RRMFOR! AtdtR) BAnNOHBRIGAE 851, Hydroxyalkyl of 1

glycerin. Mcrobial preservativeS added may include benzal koni um
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-
yl, pyrrolidin-1-yl, pyrazol-l-yl,' pyrazolin-1-yl, pyrazolidin-1-yl, ixqidazol-l-yl, 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 hydrogen; or,

RS, R? and R? are each hydrogen;

or a pharmaceutically acceptable acid additon salt thereof.

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

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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- 28 - chloride, thinerosal, chlorobutanol or pheny#ethy+—a+eehe#-
Addi tionally, the conpounds accordl ng to the inve dm ni stered
by suppository. The above described congqunds omwlmmjﬁl ,lﬂ

inhibitory activity against H V reverse transcrlp S

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;
U, 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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When admi ni st er ed—r—sui-tabte—dosage forms, they are useful in the
prevention or treat and reI ated di sorders associated with
H V infection. |mmm)um further aspect, the present invention
provi des the use «FormH @2 -or a physiologically acceptable
acid addition salt t hereof for the manuf acture of a therapeutic agent for

conbatting H V infection.- Viewed froma still further aspect, the present
i nvention proyi t f nt of, the_h d ) LV
i nf ecti on, sa%‘d%dﬁo%%ﬁ%‘%ﬁ%‘%ﬁm kel e BroeE s ot SRR} fenbin

Formul a | -
ormi-a 1 Of Gch 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 acccpa;ic salt thereof.
5. A compound selected from the group consisting of: -
\/ - 5,11-dihydro-11-cthyl-4-methyl-6H-dipyridof3,2-b:2" 3"¢][14]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
-thienc;

5,11-dihydro-11-ethyl-2,4-dimethyl-6H-dipyrido(3,2-b:2",3"-¢][1,4]diazepin-6-one or -thione;
1l-cyclopropjrl-S,l_1-dihydro-2,’4—dimcthyl—6H-dipyrido[3,2-b:2’.3'-c][1.4]diachin~6-onc or -

thione;

2-chloro-5,1 l-dihydre- 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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physi ol odi | e acid addition salt thereof. As stated before,
t he corlrﬂﬁ!g !‘Jﬁﬂﬂﬁ& y the invention inhibit the enzymatic activity of
H 'V RT!% L i ng of these conpounds, as described below, it is

known that -they inhibit the RNA-dependeft®®NA pol ynerase activity of HV
RT. Based upon other testing, not described herein, it is believed that
they al so inhibit the DNA-dependent DNA pol ynerase activity of HV RT.
Utilizing t hUg®yer se Transcr i pt ase (RT) Assay described bel ow, conpounds

can be tested for their ability to inhibit the RNA-dependent DNA fo[yrre.r ase
activity of Bichloro-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-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’-c][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-pymlidino)-&H—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"-

9/038-4-C6

This Sheet Has Been Replaced

A




RT. Certain specific conpounds described in the
Exanpl es whi ch appear bel ow, were so tested. The results Of”'hl S testl

appears in Table |, bel ow - 94 - 'Im’”'”""”M””m

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-
o b:2’,3-¢][1,4]diazepin-6-one 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.

9/038-4-C6
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REVERSE TRANSCRI PTASE (RT) ASSAY  Assay theory: Anong the enzymes for
whi ch Human | mmunodeficiency Virus (H V-1) encodes is a reverse
transcriptase (see Benn et al. Science 2309949 (1985)), so-naned because it

transcri bes a single-stranded DNA copy from an RNAtemnplrate. This activity
can be quantitatively neasured in a cell-free enzy S been

previously described (see Farnerie et al. Sci ence mmamnmmn "Tand S

based upon the observation that reverse

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 method 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
R 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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transcriptase _is able to use a synthetic tenplate [poly r(C prinmed with
oligo d(G] to transcribe a radio- |abelled, acid-precipitable DNA strand

utilizing BH_dGTHﬂmﬁuﬂ" B .. Materials: a) Preparation of the
enzynme Reverse m HME["L/WE fromdde_ LAV strain of Human

| mruno- deficiency Vfrus (Ml V-1 (see Benn et al. supra) is isolated from
the bacterial strain JMLO9 (See Yani sch-Perron et al. Gene 33: 103 (1985))
expressing the DNA cl one pBRTprtl+ (see Farnerie et al. supra) which is

under the control of the lac pronotor in the

pe A%, RS R’

rlo R* RS R6  R?
TN\, 8 R! 0
3 N A
AN /2N [\
Hal HN (11): N / N
! ) NH Hal (1Ia)
RZ 12. .
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

represents an aryl group);

are as hereinbefore defined and Ar

(C) (for preparing compounds of Formula I wherein R1 is
other than hydrogen and Z is oxygen) '

This Sheet Has Been Replaced




expressi on vector plBI21 (International Bi ot echnol ogi es Inc., New Haven,

Connecti cut 06535, over ni ght culture grown in 2XYT nmedi um
(37[err]C, 225 rpn) Mani ati s "Ml ecul ar doning: A
| abor at ory nmanual " ﬂi M Laboratory 1982) suppl emented with
100 [err]nmg/ M anpicil mﬁﬂm selection is inoculated at a 1:40

dilution'into M@ nedi um

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 Rl' is as hereinbefore defined for Rl with the
&v/ 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)

1 is hydrogen

by reacting a compoundﬁof Formula I wherein R
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;

-'i;/ (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 Rl
-. ‘represents hydrogen, VIb

This Sheet Has Been Rep
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- 30 - supplenented with 10[err]g/m thiamne, 0.5%casam no acids and 50
[err]g/m anpicillin (see Maniatis et al. supra). The culture is incubated
(37[err]C, 225 rpm until it reaches an err] of 0.3-0.
the repressor inhibitor | PTG (isopropyl Terr]- D-thlogalacto
added to 0.5mM and incubated for 2 additional hours. Bacter Hlm ium M”"l
pell etted, resuspended in a 50mM Tris, 0.6nM EDTA, 0.375M

di gested by the addition of |ysozyne (1ng/n1) for 30 mi nutes on ice. The
cells are lysed by the addition to O. 2@6NP—40 and brought to 1M Nad .

9 0

RS

(VIa)
U
{(Vib)
s (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

rR%x (VII)

(wherein X is as hereinbefore defined and R® is as defined
for Rz)

- This Sheet Has Been Rep

LT Illi



After renoval of the insoluble debris by centrifugation, the protein is
precipitated by the addition of 3 vol-unes saturated a |
sul phate. The enzyne is pelleted, resuspendéd in RT buffer (50mM Tris pH _
7.5, 1mM EDTA, 5nM DTT, 0.1% NP-40, 0.1M Nad and 50% glycﬁm wl"amu)ﬁnnm
at -70[err]C for further use. b) Conposition of 2X conce

reaction m xture St ock Reagent - 2X M x Cbncentratlon
{(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,

”iv) (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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IMTris pH 7.4 100mM 1M Di t hi ot hrei t ol

40mM 1M Nadl 120nmM 1% Noni det P-40

0.1% 1M MyCl [err] AnrM [poly r(QO/oligo d(GQ](5:1)
olerr]glm [ermmmwMHmL 00 - 0.6[err]M Assay

Pr ocedur e: d stock reactlon m xture is aliquoted and
stored at -20[err]& The mixture'is stable and thawed for use in each
assay. This enzynme assay has been

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
sélt thereof for use in the treatment or prevention of
HIV-infection. |

i\
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.
. ‘\_/ - This Sheet Has Been Replaced




- 31 - adapted to a 96 well mcrotlter _plate system and has been

previ ously described (see Spira et-al. J. Cinical M crobiology 25:97
(1987)). Tris buffer (50 mM pH 7.4), véfilcle (solvent drluted to natch the
conmpound dilution), or conpounds in vehicle are dispensed into

ABSTRACT

Disclosed are novel 5,11-dihydro-6H-dipyrido(3,2-b; 2°,3°¢][1,4]diazepines. - These arc useful

in the prevention or treatment of HIV infection.
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' - 032>
96-well mcrotiter plates . (10[err]l/well; 3 wells/corrpound Thel—% 3&4 8
enzyfe is thawed, diluted in 50nM Tris pH 7.4 so that 15[err]| of diluted

- engye: cont al ns ;0. 001 Unit (one Unit is that anount of enzyme needed to

transf orpm -orple.af  substrate per mnute eR—teterid—
ards & spens eBEBSACRD ISHEXfser 1 | |scPf J]12-0. 5M 5‘?@%@3 FE1Se $Grst |

t hr ee he mcrotiter pl a DTA che W%’[B?ge]i ﬂ‘é@ég%i q
prevent SD%&"%“{" R8s ‘f é ‘%ﬁageﬂ' roup sef VELIB(Y conpagedét.¢o paged (O° |
| evel of ; g SSd fﬁé? r-itg pageddIRng ch | s s awing(s) ropaged |.... 6d paged .....
results. f"lg cﬂagQ e~2)0 pagadt.i.an) m xt ur efvEl Abatidetd t:opaged “yed bagedTd

the ass %ﬂa‘ft()\/\;t—:-d’asttsi -Acubpdged af...ahbi ent tlenperature for 60 minutes. The
assay i s termmaredby- preekpitating.the DNA ji '
10%trichl oroacetic aC| d (TCA) in 10% W v sodr’

mcrotiter plate

'AND THEIR USE INTHE PREVENTIO.N OR TREATMENT OF HIV INFECTION

Field of the Invendon

The invendoa relates to novel 5,1 I-dihydr'o-ﬁ-l-dipyﬁdo[ii.z-b:Z'.S *-c][1,4]diazepines and
phannaccﬁdca.uy acceptable acid addidon salts thereof, _mct.héds for preparing
thesecompounds, the use of these compounds. in the prevention or weament of HIV infecton,

andto pharmaceutcal composidons containing these compounds.

Backeround of the Inventon

The humz.m disease, Acquired Immune Deficiency Syndrome (AIDS), is caused by the Human

Immunodeficiency Virus (HIV), partcularly the strain known as HIV-1.
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(T

v e . This is the replacement sheet
Ca s ey, . g SEP 9%

R - Date:



I's-incubated for 15 mnutes at 4[err]C and the precipitate is fixed onto
No.~30 gl ass fiber paper (Schleicher & Schuell) using a Skatron
sem-autonmatic harvester. The filters are then washed with additional 5%
TCAe;;fcont ai ni ng 1% sodi um pyrophosphate, rinsed with 70% aqueous et hanol,
dried, and transferred to scintillation wals (see Spira et al. supra). Each
vial receives 2 nis of scintillation cocktail and is counted in a Beckman
beta counter. Cal cul ations for percent inhibition are as follows: %
inhibition = CPM Mean Test Value - CPM Mean Control Value X 100
Like other viruses, HIV-1 caunot rc..plxc.u.. without commandesaing the biosynthede asparatus
of the host cell it infects. [t causes this apparatus to producs the soucturdl proteins which
make up the viral progeny. These proteins arc coded for by the gencdc material contained
within the infecdng virus pardcle, or virion. Belng a regovirus, however, the genedc material
of HIV is RNA, not DNA as in the host cell’s genome. - Accordingly, the viral RNA must
first be convert=d into DNA, and then integrated into the host cell’s genome, in order for the
host c<ll to producs the required viral proweins. The conversion of the RNA. o DNA is
accomplished through the use of the eazyme reverss maanscriptase (RT), which is included .
within the infcédng virion along with the RNA. Reverse transcriptase has three enzymatc
functons; it acts as an RNA-dependent DNA polymerase, as a ribonuclease, and as 2 DNA-
dependent DNA polymerase. Actng first as an RNA-dependent DNA polymerase, RT makes
a single-suandf:d'bNA copy of the viral RNA. Next, actingas a ;ibonuélcasc, RT frees the
DNA just produced from the griginal viral RNA and then deswoys the original RNA. Finally,
acting as a DNA-dependent DNA polymerase, RT makes 2 segond, complementary DNA.
strand, using the first DNA soand as a template. The two swands form double-stranded

DNA, which is integrated into the host cell’s genome by another enzyme called an integrase.

Compounds which inhibit the enzymadc funcdons of HIV-1 reverse wanscriptass will inhibit
replicadon of HIV-1 in infected cells.' Such compaunds are useful in the prevendon or

weamnent of HIV-! infection in human subjects.
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CPM Mean Control Val ue - 32 - In order
to eonfirmthat conpounds which are actlve I n the RT Assay al so have the

ablllty to inhibit HV

.';
B

-3-

Descriodon of the [nvennon
In one of its composidon of macer aspects, the invendon comprises 5,11:dihycro-Sti-

dipyrido(3,2-b:2",3"-c](1,4]diazepines of the formula I

wherein,

Z is oxygen, sulfur, =NCN or a group of the formula =NOR’ wherein R’ is alkyl of L 10 3

carbon atoms;

R! is hydrogen, alkyl of I to 6 carbon atoms, flucroafkyl of I t 6 carbon atoms and 1 ©0 3
fluorine atoms, cycloalikyl of 3 to 6 carbon atoms, alkenyl or alkynyl of 2 to § carbon atecs,
Z-halo-z-i:mpcn—l-yl, mono- or di-halovinyl, aryl or arylmethyl (wherein r1"1c aryl moiery is
phenyl, thienyl or furanyl, which is cither unsubsdtuted or subsdruted by methyl, methoxy ;:r

halogen), alkanoyl of 2 to 4 carbon atoms, aminoethyl, mono- or di-alkylaminocthyl whersin
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replication in a living system conpounds according to the invention were
al so tested in the human T-cell Culture Assay described below. The results
of this testing appears in Table 1. HUVAN T CELL CULTURE ASSAY  Assay
Theory: Formation of syncytia is a feature of in vitro cultures of CD4+
T-¢ells infected with HHV-1. In this asgay, T-cells are treated with a
putative replication inhibiting conpound and then infected with H V-1.
After incubation'the culture is checked for the formation of syncytia. The
absence or reduction of the .

cach alkyl moicty contiins | o 2 carbon atoms, aJkylo;cynlL‘yl or alkylchivalkyl of 2 w0 4
carbon atoms, alkyloxycarbonyl whersin the -al.kyl moiecy cbnmins 1 to 4 carbon atoms,
alk=nyloxy- or aﬂcynylox);czrbonyl wherein cach alkeny! or alkynyl moiety contains 2 to 4
carbon atoms, hydroxy, alkyloxy of 1 © 4 carbon atoms, amino, mono- or di-alkylamino
wherein each alkyl moiety contai.nﬁ 1 to 4 carbon atoms, a:qinocazjbonylmcmyl, or cyanoalkyl

whersin the alkyl moiery 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 w 6 carbon atoms and 1 to 3 ﬂﬁorinc atoms, cycloalkyl pf 36 .carbo'n
atoms, oxetanyl, thictanyl, terahydrofuranyl or terahydrothienyl, alkenyl or alkynyl of 2 w0 6
carbon atoms, alkyloxyaliyl or alkylthioalkyl of 2 w 5 carbon atoms; aJkanoyl of2105
carbon atoms, cyano, hydroxyalkyl of 2 w 6 carbon atoms, aryl or arylmcthyl (whcrcm the
-aryl moiety is phenyl, thieayl of fmnyl which is either unsubstituted or substituted by alkyl
or alkyloxy of 1 w 3 carbon atoms, hydroxyl or halogen), or alkyloxycarbonylmcdiyl

whersin the alky! moiety contains 1 to § carbon atoms;

one of R?, R* and R? is alkyl of 1 to 6 carbon atoms, cycloalkyl of 3w 6 czrbonﬂa.toms,
alkenyl or ai!:ynyl of2w 6 caﬁ:bon atoms, tihalomethyl, hydroxyalkyl of 1 to 6 carbon
atoms, alkyloxyalkyl or alkylthioalky!l of 2 to 5 carbon atoms, alkyloxycarbonylalkyl wherein
the alkyl moiedes each conaain 1 to 2 carbon atoms, hydroxyl, alkyloxy or aJkyIthxo oflws
carboa atoms, hydroxyalkyloxy of 2 to 4 carbon atoms, alkanoyloxy of 2 to 4 carbon 2toms,

alkylsulfinyl or alkylsulfonyl of 1 to 4 carbon atoms, alkanoyl of 2 10 6 carbon atoms,

/ .
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nunber of syncytia is used as a neasure of the test conmpound's ability to
I nhkbit HIV replication. Assay Method: The target cells, designated
c8166, are a subclone of human | ynphoma cells of T-cell origin and are
established -at an initial density of 5x10[err] per 100[err]l in RPM 1640
(+ 10% f et al. bovi ne serunm) culture nedinin 96 well flat bottom plates. A
sel ected amount of test conpound, dissolved in DMSO is included. After 24
hours, an excess of virus conprising 50-100 TCDerr]'s (TCIDerr] is the

dose that results in infection in 50%of test cultures) of the HTLV-111B
strain of HHV-1 (see Shaw et al. Science 226:1165 (1984)) are innocul ated
i nto each @ulidyiexboidntheeadin mula.thyr @dictyematue Ithe tesin sonpoume- @ dd-he virus
only. Four ays after the viral _
alkylamineccarbonyl wheretn cach alkyl moiety conains 1 w 3 carbon atoms, aminoalkyl of 1
to 4 carbon atoms, mono- or di-alkylaminoalkyl wherein cach alkyl moiety contains 1 w 3
carbon atoms, aryl or arylmethyl (wherein the aryl moiecy is phenyl, thienyl or furanyl, which
is either unsubsdruted or subsdtuted by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or
halogen), a group of the formula -NR'RY, halogen, cyano, nizo, azido or carboxyl, with the

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

two of R3, R* and R are independently alkyl or hydroxyalkyl of 1 to 2 carbon atoms,
uihalomethyl, alkyloxy or alkylthio of { 1o 2 carboa atoms, halogen or a group of the formula

-NR'R", with the remaining subsdwent being hydrogen or methyl; or,
R3, R* and R’ are each hydrogen

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, #ijlo:tyalkyl or alkylchioalkyl of
2 to 4 carbon aroms, alkyloxycarbonylalkyl wherein the alkyl moicdes each coatain 1 to 2
carbon atoms, hydroxyl, a!.-kyloxy or alkylthio of 1 to 4 carbon .atoms, hydroxyaii;_yloxy of 2
to 4 carpon atoms, alkanoyloxy of 2 to 4 carbon atoms, alkylsulfinyl or alkylsulfonyl of 1 to
4 carbon atoms, alkanoyl of 2 o 6 carbon atoms, alkoxycarbonyl wherein the akal moiety
_coqr.a.i:ns 1 o 3 carboa atoms, amino?.lkyl of 1 to 4 carbon atoms, mono- or di-

alicylaminoalkyl wherein cach alkyl moicty coatains 1 to 2 carbon atoms,: a group of the

This Sheet Has Been Replaced This is the re_p‘lacemeﬂt sheet
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chal l enge, the cultures are visually exam ned for the frequency and

di s¥ribution of virus-induced giant cell syncytia. The percent inhibition
by the test conpound is deternined by conparison with control values.
Confirmation of the presence or absence of virus replication is
accdnpl i shed by harvestlng the cell free_

‘formula -NRUR, halogen, cyano, niwo, azido or carboxyl, with the oter w0 subsdtueats

being hvdrogen; or,

two of R, R7 and R® are independendy alkyl of 1 to 2 carbon atoms, wihzlomethyl, alkyloxy
or alkylthio of 1 to 2 carbon atoms, halogen or a group of the formula -NR*R", with the

remaining substtuent being hydrogen; or,
RS, R’ and R® are each hydrogen; and,

R, R", R and R are each independently hydrogen, alkyl of 1 tr.; 4 carbon atoms,
alkenylmethyl or alkynylmethyl of 2 10 4 carbon atoms, aryl or a.rylmcﬁyl (wherein the aryl
moiety is phenyl, thicnyi or furanyl, which is either unsubsdmuted or substizuted by mcthyl,\.
methoxy or halogen), mono~or &iﬁ;da'oxyalkyhncmyl of.Z to 4 carbon zroms, alkyloxy of 1
t0 3 carbon atoms, hyd}-oxy. alkyloxyethyl or alkylchiosthyl of 3 w0 4 carbor; atoms, -

. amim;alk‘ylmcthyl of 1 10 4 carbon atoms, mono- or dialkylaminoalkylmethyl wherein each

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

R and RY, and R® an& RP, wgether with the nizogen atdrns berwezsn them, mspcc&?cly and
independently form azeddin-1-yl or 2 5, 6 or 7-membered ring which is either sa.nx'atésd or
- unsarurated, which opdonally contains up to one addidonal heteroatom which may be selected
from O, S or N, or which opdonally contains in place of a carbon atom a group of the
formula =NR" wherein R™ is hydrégcn or alkyl of 1 to 2 carbon atoms, and which ring is
S —
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-33- culture fluids fromall experinental groups to determ ne the presence
or ;absence of infectious progeny through the induction of syncytia

formation in secondary human T-cell cultures after 3 days. Regarding this
assay, reference may also be had to Somasundaran et al. Science 242: 1554
(1998) . In order to assess the speciflicity of the enzyme inhibitory

activity of the conpounds provided by the invention, a few were tested,
usi ng known per se assay

opdonally and independently subsdmuted with hydroxymethyl, aminomethyl, | w0 4 methyl

groups and 1 o 2 hydroxy groups.;

subject to the proviso that when

a) 'Z is oxygen or sulphur
" b) . 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
$§ 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,

o) iy 8%, r%, 25/ %%, ®7

hydrogen or

8

and R~ are each

ii) one of R . R4, Rs, Rs, R7 and RB is

alkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms alkylozycarbonylalkyl wherein
the alkyl moieties each contain 1 or 2 carbon
atoms,'hydrozyl, 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-alkylaminocalkyl wherein each alkyl moiety
conkains 1 to 2 carbon atcms,'halogeh, cyano,
nitro, azido, or carboxyl, and the remaining
Eive of R3, R4, Rs, Ra, R7 and R8
are each hydrogen, or ' '

//
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met hods, for their ability to inhibit Feline Leukem a Virus-derived reverse
transcri ptase and Calf Thynus- derived DNA al pha-pol ynerase. None of the
conmpounds so tested was observed to possess any inhibitory activity against
t hese enzynes. These results indicate that the enzyne inhibitory activity
of the conpounds provi ded by the i nvengion is directed rather specifically
agai nst H'V RT. In order to assess approximately the cytotoxicity of the
conpounds provided by the invention, several such conpounds were tested in
the MIT Cellular Cytotoxicity Assay described below. The results of this
ngng? :ig L?gﬁéifgdla~Tgble I @egggle§§“q¥%ggnggg%Lng a relatively high

hydrogen or alkyl of 1 to 3 carbon atoms,
provided at least one is hydrogen, or one of
RJ. r? and Rs is butyl with the remaining
two being hydrogen .and

Rs, R7 and R8 are each.independently hydrogen

or alkyl of 1 to 3 carbon atoms, provided at least

one is hydrogen, or

one of R%, R’ and R® 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-l-yl, arylmethyl (wherein the aryl moiety
is phenyl, .thienyl or furanyl, which is either
unsubstituted or substituted by methyl, methoxy or
halogen), alkanoyl containidg 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

i) .rY is methyl, R? is ethyl and either
7 . . . - 3 6
R’ is azido, amino or nitro and R” to R~ and
‘R¥ are hydrogen, or '
R3 is ethylamino or diethylamino and R4 to
R8 are hydrogen, or
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MIT ASSAY FOR CELLULAR CYTOTOXICITY  Assay Theory: The MIT

[ 3-:(4, 5-di net hyl t hi azol -2-yl)-2,5 di phenyl tetrazolium bromde] assay is
based on cl eavage of tetrazolium brom de by netabolically active cells,
resulting in a highly quantitative blue colour. This assay has been
previously described (see Mdsnann, J. Lgnunol. Methods, 65: 55°(1983)) but
has been optim zed '

6 | 3 7

R” and R™ acre methyl and R~ to R® and R
are hydrogen, orc

3 S 8

R and R4 are methyl and R™ to R~ are

hydrogen, or

S 3 4 6 7 8

R” is methyl and R, R', R°, R’ and R
are hydrogen, or
1 is methyl, R2 is ethyl, t-butyl, s-butyl or

ii) R
' 8 are hydrogen, or’

isopropyl and R3 to R

i1i) RY and R? are methoxymethyl, R° is methyl
and R3. R4-and RG, R7 and.-R8 are

hydrogen, or

1 8

iv) R™ is hydrogen, RZ is ethyl and R3 to 3
are. hydrogen; .
and compounds df Formula I wherein Z is sulfur and
either a) Rz is ethyl, R3 and R5 are both methyl
L 4 and Rs to R8 are hydrogen, or hb) Rl

'apd R™, R
is methyl, R? is ethyl, RS is methoxy and RY to

R8 are hydrogen.
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- 34 - for the purposes of the testing report.ed herein. Assay Met hod:
The+H9 cell line (see Jacobs, J. Natl. Cancer Inst. 34:231 (1965)), an
est abl i shed human | ynphoma suspensi on ceII line growmn in RPM 1640

suppl emented with.10% f et al

-10-

A subgeneric aspect of the inveadon comprises compounds of formula I, wherein,

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

atoms, - /

Rlis hydmgcﬁ, alkyl of 1 to0 4 carbon atoms, ﬂuoroa.lkyl of 1 w 4 carbon atoms, cycloproﬁzy[,
alkcuykncrhyl or alkynylmethyl of 3 to 4 carbon atoms; Z-halo-z-pmpcnfl-yl. a.l.kanoyl of 2 w0
3 carbon atoms, alkyloxyalkyl ot alkylrhmalkyl of 2 to 3 carbon aroms, or cyanoa.lkyl wherein

the alkyl moiety coatains 1 3 carbon atoms;

R? is hydrogen (with the proviso that R! is not hydrogen), alkyl of 1 w 5 carbon @ms,
fluoroalkyl of 1 to 5 carbon atoms, cycloalkyl of 3 to 5 carbon m, oxetanyl, thietanyl,
alkenylmethyl or alkynylmethyl of 3 to 5 carbon atoms, alkyloxy;ﬂcyl or a.kaIthx'éalkyl of 2
to 4 carbon atoms, alkanoyl of 2 to 4 carbon atoms, hydroxyalkyl of 2 0 5 ca.r'oon_ atoms, aryl
. or arylmethyl (wherein the aryl moiety is phenyl, thieayl or furanyl, which is cither
_unsubstimtcd or substdmred by alkyl or alkyloxy of 1 w 3 carbon atoms, hydroxyl or

halogen), or alkyloxycarbonylmethyl wherein the alkyl moiety contains 1 to 4 carbon atoms;
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bovine serumis used as the target cell line in the assay. Cells
(1QO0[err]l) are plated in mcrotest plate wells at a concentration of
10[err] cells per m in the presence of varying concentrations of
inhibitor. The cells are incubated at 37[err]Cin a humdified CJerr]

i neubator. Five days later, 20[err]l ofyMIT (5my/m in RPM 1640,
sonicated, 0.2 mcroneter filtered, and stored at 4[err]C) is added to each
well. After 4 hours additional incubation at 37[err]C, 60[err]l of Triton-X
is added to each well and throughly m xed to aid the solubilization of the
crystals. Absolute ethanol (5[err]l) is added, the wells are incubated for
30 mnutes at 60[err] C and immedi ately read on the plate reader (Dynatech)
at a wavel argittR'oR’ BRbRmis alkyl of bag 4 cppymupns silieayber dwvliged ¥ § GeBrate a

nonl i near regression analysis which yields an val ue for
atoms, mihalomethyl, hydroxyalkyl of | o 4 carbon atoms, alkyloxyalkyl or alkylthioalkyl of

7 10 4 carbon atoms, alkyloxycarbonylalkyl wherein the alkyl moiedes each contain L 0 2
carbon atoms, hydroxyl, alkyloxy or alkyithio 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 o 4 carbon atoms, alkyloxycarbonyl wherein the alkyl moiety
contains 1 to 2 carbon atoms, aminoalkyl of 1 to 3 carbon atoms, mono- or di-
;,!!cyiaminoalkyl wherein each alkyl moicty concains 1 to 2 carbonr atoms.. amino, mono- or di-
;Licylammo wherein each alkyl moiety contains 1 1o 4 carbon atoms, azeddin-1-yl, pyrrol-1-yl,
pyi-rolin-l-yl. pyrrolidin-1-yl, pyrazol-1-yl, pyrazolin-1-yl, pyrazolidin-1-yl, imidazol-1-yl,

| ifnidazolin-l-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, wfth the other two substituents being hydrogen, methyl or -

chloro; or,

two of R?, R* and R® are independendy alkyl of 1 to 2 carbon atoms, alkyloxy or alkylthio of
L- t0 2 carbon atoms, amino, mono- or di-alkylamino wherein each alkyl moiety contains 1 t
3 carbon atoms, azeddid-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-y1,
tewahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yl, (4-methyl)piperazin-1-yL, pipcrazin-ljyl.
N,N-bis(2-hydroxyethyl)amina, N,N-bis(Z;méthoxyc:hyl)ammo, or halogen, with tﬁé

remaining substtuent being hydrogen, methyl or chloro; or,

This Sheet Has Been Replaced _ This is the replacement sheet
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'RY, R* and R? are cach hydrogen;

one of Ré R7 and R' is alkyl of I to 2 carbon dtoms, vinyl, mriflucromethyl, hydroxyalkyl of {
to 2 carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 2 carbon atoms, hydroxyalkyloxy

* of 2 w0 3 carbon atoms, alkanoyloxy of 2 t0 3 carbon atoms, amino, mono- or di-alkylamino
wherein each alkyl moiety contains [ to 2 carbon atoms, 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, tcuahydropyﬁdih;l-yl. piperidin-1-yl, morpholin-1-yl, (4-
methyl)piperazin-1-yl, piperazin- 1—;1, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-

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

RS R” and R® are each hydrogen.

A particular subgeneric aspect of the invendon comprises compounds of formula I'wherein,
Z is oxygen or sulfur;
R' is hydrogen, alkyl of I to 3 carbon atoms or allyl;

"&'.

R? is alkyl of 2 to 3 carbon atoms, or cycloalkyl of 3 to 4 carbon atoms;
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Conmpound of RT Assay T-Cel | Assay . Cytotoxicity Assay
Exanpl e No. % i nhi bition % i nhi bition '

(EClerr],[err]M . at 10[err]g/m  at 10[err]g/m

10 100 NT “NT 11

100 100 - 13200 12 100
100 250 13 _ 36 NT
NT 15 91[ err] ~ 100 45

96[ err] 100 350 17 40.

NT NT 18 75. _ NT

NT 19

76.

85. ) - NT ) NT
R} is hydrogan]rcthyl. alkvloxy or alkylthio ofNTto 3 carbon atwoms, chloro, wuino, mono- or

di-alkylamino wherein each alkyl moicty contains 1 to 3 carbon atoms, allylamino, azeddin-1-

)}[, pyrrol-1-yL pyrrolin—l-yl. pyrrolidih-l-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,
ﬁlorpholin-l-yl. (4-methyl)piperazin-1-yl, piperazin-1-yl, or N,N—bis(2~hydroxyc:h}l)amino;
R* is hydrogen, methy! or chloro;

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

RS and R® arc hydrogen; and

R is hydrogen or amino.

A more particular subgeneric aspect of the invention comprises compounds of formula 1
wherein,

Z is oxygen or sulfur;

R! is hydrogen, alkyl of t to 3 carbon atoms or allyl;
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99 -

23853833

25

29

33

91. - NT : NT 22
NT NT 23 99
NT 24 87 NT
: 63 NT NT 26
NT ' 27 99
NT 28 -l 50. NT
93 NT _ NT 30
NT NT 31 : 100
NT 32 88 NT _
R® is alkyl oﬁ'\lzrto 3 car%éd atoms, or cycloauml- of 3'\tlzor§5cnrbon atoms; gré 34
NT 36 2. NT
R’ is hydrogen, methyl, chloro, methoxy, ethoxy, amino, mono- or di-alkylamino wherein
cach alkyl moiety contains 1 to 2 carben atoms, allylamino, allylmethylamino, py'frolin-l-y!,
pyrrolidin-1-yl, temahydropyridin-1-yl, pipéridin-l-yl or morpholin-1-yl;
R*is hydrogen;
R® is hydrogen, methyl, ethyl, chloro, or wifluoromethyl;
R® and R® are hydrogen; and
R’ is hydrogen or amino.
Preferred compounds of formula I are:
5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido{3,2-b:2",3'-¢]( 1,4]diaz'cpin-6-onc .
11-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido(3,2-b:2",3"-¢](1,4]diazepin-6-
thione;
3,11-dihydro-11-ethyl-2,4-dimethyl-6H-dipyrido(3,2-b:2’,3°-¢](1,4]diazepin-6-one or -thione;
11-cyclopropyl-5,1 1-dihydro-2,4~dimethyl-6H-dipyrido(3,2-b:2',3"-¢](1,4]didzepin-6-one or -
thione; ' |
2-chloro-5,1 l-dihydro-11-ethyl-4-methyl-6H-dipyrido(3,2-b:2’,3"-¢](1,4]diazepin-6-one or -
This Sheet Has Been Replaced ' This is the replacement smt
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34, NT | - .
NT NT 39 100
NT 40 99 -
41 100 NT T
-15-

thione;

2-chloro-1 l-cyclopropyl-3.1 1-djhydro-4-mcrhy.l-éH-dipyrido[B.Z-b:2‘.3'-c][ 1. 4]diazepin-G-one
or -thione;
5,11-dihydro-11-cthyl-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2",3"-¢](1,4]diazepin-6-one or -
thione;

1 1-cyclopropyl-5, 11-dihydro-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2°,3"-¢]( 1,4]diazepin-6-
one or -thione; |

8-amino-5,1 1-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-5,1 l-dihydm—Z-nicthéxyA—me:hyl—_GI-I—dipyﬁdoB 2-b:2°,3"-
e](1,4]diazepin-6-one or -thione;

5,11-dihydro-1 l-cthyl-z-mcthoxy-s-@c&yl—GH—dipyﬁdOB,Z-b 2’ .3’4c][i.4]diachin-6-

thione; | ' -

11-cyclopropyl-5,11-dihydro-2-methoxy-5-methyl-6H-dipyrido(3,2-b:2" 3"-¢]( 1 4]diazepin-6-

" one or -thione;

5.1 I-d.xhydro-l.1-cd1yl-4—mc:hy1-2—(N—pynohdm0)-6H—dlpyndﬂ[3.Z-b.Z' 3 -c][l 4]diazepin-6-
one or -dnonc'

1 l-cyclopropyx-s ,11-dihydro-4-methyl-2-(N-pyrrolidino)-6H-dipyrido(3,2-b:2" 3"~
31[1.4}diachin-6-onc ar -thione;
5.11-dihydro-11-ethyl-5-methyl-2-(N-pyrrolidino)-6H-dipyridof3,2-b:2",3"-¢]( 1 4]diazepin-6-
'onc or -thione; . | |

1 1-cyclopropyl-5,11-dihydro-5-methyl-2-(N-pyrrolidine)-6H-dipyrido(3,2-b:2",3"-

heet Has Been Replaced This is tha repiacemant sheet
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-.36 - 42
85.

NT 46
345

NT 50
90. -

NT 54

83. - NT NT 43

NT NT 44 91
NT 45 64. NT

70. : NT NT 47
NT _ I 48 0.
NT 49 1" NT

43. NT NT 51
NT _ NT 52 44
NT 53 90. NT
2|t .4]diazepin-6-0@50rc -thione; NT NT

5,11-dihydro-1 L ethyl-4-methyl-2-(N,N-dimethylamino)-6H-dipyrido(3.2-5:2",3"-
e](1.4]diazepin-6-one or -thione;

1 1-cyclopropy!l-3,11-dihydro-4-methyl-2-(N N -dimethytamino)-6H-dipyrido(3.2-b:2",3"-
¢](1,4]diazepin-6-one or -thione;

8-amino-5,11-dihydro-11-ethyl-4-methyl-2-(N,N. -dimcmylammo)-éH-dipy@do[ 3.2-b:2° 3'-
e](1.4]diazepin-6-one or -thione; an@ :
8-amin°-1l-cvclopmpyl-i.l1-dihydm-mezhyt-z-(N,N-dimemyIamino)-eH-dipyrid§[3,z- :

b:2',3"-e](1,4]diazepin-6-one or -thione.

Svnthesis Of Compounds Of Formula I And Their Sales
The compounds of Formula I and their sa.ls can be prepared by known methods or obvious
modifications thereof. Mcthod.s A-H, desmbcd below, are illustradve of the methods for

preparing the compounds.

‘Method A

Compounds of the formula Ia

(fa)

Sheet Has Been Replaced Th is is that eplacement sheet
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67

44 NT o NT 56
100 NT 57 77
NT 58 52. : NT
44, NT NT 60
NT 61 72.
NT 62 IHT 1 NT
30** _ NT NT 64
NT NT 65 68.
NT 66 66. NT
3t NT 68 _,
whcn:m R l\ﬁld R through R* are defined’ :xN-‘&b%vg and R*¥ has the same dct%mns as R*

NT
with the excepdon of hydrogen, can be obtained by cyclizing carboxylic ncxd. amides of

formula I,

-

wherein R', R? r.hrongh R*® and R¥ ha.vc the same definidons set forth wn:h tcspcct to Formula

Ia and Hal represents fluorine, chlonne, bromine or icdine.

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 nimo, involves

cyclizing carboxylic acid amides of formula Ia,

R* R RS R’ -
i
i__// N\ 7\ 8 | _
R B N— B R Tz
N N |
- NH Hal

b
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70~

NT 74
100:

75. NT . : NT 71
NT NT 72 98.
NT 73 94. NT
82. NT ' NT 75
NT 76 88.
T L1t

wherein R? through R* are defined as above and R™ has the same detinitions as R} with the

excepdon of hydrogen, and Hal represents fluorine, chiorine, bromine or iodine.

Cyclizadon is convcnicn;ly carried out by the conversion of compound; of formula II or [Ta

into their alkaline metal salts and subsequent condensadon at temperatures between O°C and

| the boiling point of the reacton mixmre. If, in the starting compounds of formula I or I, -

R! is different from hydrogen, metallation requires at least 1 mole of the metallaring agenr

on the other hand, R! is hydrogen, at least 2_m_olcs of .this agent must be used. For

_metallagon, lithium, sodium and pomssium.hya;ides or lithium alkyls, such as an-bucyl

lithiumi, are preferably used.

The cyclization reacdon is usually carried out in inert solvents, c;g. in tccrahyd:ofuran. 1,4

dioxane, glycoldimethyl ether, d.icdiylcnc-g‘l'):éoldimemyl ether, triethyleneglycoldimethyl

ether, dimethylformamide, benzene or anisole. Cyclization may also be effected by heating

.carboxylic acid amides of formula I or Ia in dipolar aprodc solvents, ﬁrefcrably in sulfolane

_ ~ dimethylsulfone. . Catalytic quanddes of strong acids, e.g. sulfuric acid, hydrochloric acid,

hydrobromic acid, phosphoric acid, polyphospho:ic acid, methanesulfonic acid or p-
toluenesulfonic acid, have proved 0 be of use. The necessary reaction temperature is usuaily

between 110 and 220°C.
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The following non-limting exanples are provided to illustrate

further the present invention and to enable others skilled in the art to

understand it nore conpletely. Percentages, parts and ratios are by weight
unl ess ot herw se stated.

-19-

Methed B

Compounds of formula [b

(Ib)

wherein R! and R? through R‘ are defined as above, can be prcparcd by hydrolytic cleavage

of the a.rylmcthyl group in compounds of formula IIT,
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- 6 SEP 19%

_Date:



Exanple 1 5,11-D hydro-6H-di pyrido[3,2-b:2".3.-e][1.4]diazepin-6- one a)
2-Chl oro-N-(2-chl oro-3-pyridinyl)-3- pyridinecarboxam de. In a

t hree- necked round-bottoned flask, fitted with an efficient reflux
condenser, nechanical stirrer and dropping funnel, were placed 215 g (1.672
mol) of 3- am no-2-chloropyridine, dissghved in a mxture of 400 m

di oxane, 500 ml cycl ohexane and 130 ml pyridine. The

wherein R' and R’ through R* are defined as mendoned above a.nd. Ar can be, for example, a
phenyl or 4-methoxyphenyl group. Hydrolysis is effected by moderate to saong acids or
Lawis-acids at temperatures between -20 and +150°C. Such acxds can be, for ctamplc
sulfuric acid, methanesulfonic acid, zifluoroacedc acid, mﬂuoromcmancsulfomc acid,
phosphonc or polyphosphoric acid. When using phosphoric or polyphosphoric acid, the

addidon of solvents such as benzene, toluene, phenol, anisole or veraxole has provcd to be of

adva.magc.

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

thereof with dichloromethane are suitable.

It will be obvious to those siolicd in the art that Method B is nét preferred in those cases
wherein any of R! and R through R* are readily hydrolyzable substituents, for example, -
wherein R! is alkinoyl or any of R through R* are alkanoylamino or alkexycarbonyl. In
cases wherein R' is alkanoyl or any of R® through R® are alkoxycari;onyl. for example, it is
przfcrablc to utlize method A described above; when R' is hydrogen two equivalents of base
must be used. In cases wherein any of R? through R? are alkanoylamino, for example, it is -
preferable to carry out the hydrolysis (and subsequent acyladon) on the corresponding nizo
derivadve, and then reduce the nitro moiety to the amine, followed by acy!ation-to yield the

desired product.
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-38- solution of 299.2 g (1.7 nol) of freshly prepared :

2-chl oro- 3-pyri di necarboxylic acid chloride in 200 ml di oxane was added at
such a rate as to keep the vigorous reaction under control. Thereafter,
the reaction mxture was allowed to cool to roomtenperature and the
resulting crystalline precipitate waszfll |tered off and washed successively
w th cycl ohexane and et her.

Method C

A compound of formula Ic

(Ie)

wherein R" bas the same definidons as R with the exception of hydrogen and R* through R*
are defined as above, may be obumined by convertng a 35,11-dihydro-6H-dipyrido(3,2-b:2",3-
el(1,4]diazepin-6-one of the formulaIV '

Iv)

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

S
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The dark brown product was dissolved in 51 of a 3% aqueous sol ution of
sodi um hydroxi de. The resulting solution was treated with charcoal,
suction filtered, and the filtrate was acidified by addition of 50%
aqueous acetic acid. The resulting precipitate was collected by filtration
and thoroughly washed with water. Afterpfeing dried overnight in a steam of
nitrogen at roomtenperature the alnost colorless product had a mp. of
.156-159[err] C and was sufficiently pure for further reactions. The yield
was 376.0 g (84% of theory).

metal compound and subéc:qucndy reacdng the alkali mewal compound with 2 compound of

the formula V
R'X W

wherein RY has the same meanings as in formula Ic and X is the radical of a rcacﬁvc ester, a
halogen atom, the group OSQ,ORY, the mcthénc#ulfonyloxy or ethanesulfonyloxy group or an
aromatic sulfonyloxy group. Instead of converting the compound of the formula IV into its’
corresponding alkali metal salt in the ﬁrﬁ step, the alkyladon of a compound of formula IV
may also be i:crformcd by reaction with a compound of formula V in the presence of amines,
such as wiethylamine, diazabicycloundecene or 4-(dimethylamino)pyridine, or of alkali

carbonates or bicarbonates, such as sodium and potassium carbonate or sodium bicarbonate.

The conversion §f a compound -of formula IV into the corresponding alkali metal or alkaline
carth metal compound may be effected by reacting a compound of formula IV wi:ti an alkali
metal or alkaline earth metal hydroxide, such as lithium hydmxidc, barium hydroxide, sodium
hydroxide or potassium hydroxide, with an alkali metal alcoholate, such as scdium, methoxide
or potassium tert-butoxide, with an alkali metal amide, such as sodium amide or pétaésium .
amide, or with an alkali metal hydride such as sodium hydride or potassium hydride. The
reacdon is preferably carried out at elevated temperatures and in_. the presence of' a suitable |
organic solvent. Inert organic solvents, such as dimethylformamide, dimethylsulfoxide,

tctnhydroﬁzmp or glycoldimethyl ether are preferred if alkali metal hydrides are used as the

This is the replacement sheet
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b) :
N-(2- Chl oro- 3-pyridinyl)-2-[[(4-methoxyphenyl ) nmet hyl ] am no] - 3-pyri di necar bo
xam de 13.4 g (0.05 nol) of the product obtained in step a) were dissolved
in 20 mM of xylene, and the resulting solution was adm xed with 13.8 g
(0+1 nol) of p-nethoxybenzyl ani ne. Thg eafter, the mxture was refl uxed
for two hours. The reaction m xture was t "hen evaporat ed in vacuo, and the
resi due was purified by colum chromatography on silica gel (0.2-0.5 nm
usi ng di chl oronet hane/ et hyl acetate 10/1 (v/v) as an eluent Concentration
afforded colorless crystals, nelting at 122-124[err]C (after
recrystallization fromacetonitrile). The yield was 17.2 g (93% of
t heQr y) . metalladng agents, whereas, if an alkali or alkaline earth metal hydroxide is used, an aqueous

mixture with an organic solvent, such as methanol or. terahydrofuran, may also be employed.

For conversion of the alkali or alkaline earth metal-subsdruted 3,1 1-dihydro-6H-dipyrido(3,2-

B:2".3'-e]{1,4]diazepin-6-one thus obtained into a compound of general formula Ic, the

soluton or suspeasioa of the alkali or alkaline earth metal compound is reacted direcdy, i.e.

without isoladon, with a compound of formula V at -20°C or at elevated temperatures, up ©

the boiling point of the solvent or reaction medium, whichever is lower. The subsdmton

takes place almost exclusively at the nirogen atom in the 5-posidon of the dihydro-

dipyridodiazepinone, even if R? in the starting material of formula IV is a hydrogen atom,

orovided that one equivalent of base and one equivalent of a compound of formula V are

used.

It will be obvious to those skille&fin the art that the presence of aucleophilic substiments in
the compounds of formula Ic may requn'c the use of an intermediate of formula..Ic having
substituents which are, other than the ll;position nitrogen, not nucleophilic but wh.ich can be
derivarized to yield the required group. For example, amino or monoalkylamino substituents
at any of R through R* are preferably obtained by alkylatng or acylating an intermediate of
formula Ic having a niwo group at any of R® through R®, and §1;bscqucndy reducing the nizo-

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

S
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- 39- c) : S .
5,11-Di hydro- 11-[ (4- net hoxyphenyl ) net hyl ] - 6Hdi pyrido[ 3,2-b:2',3" -e][1,4]di
azepin-6-one 16.7 g (0.0453 nol) of the product obtained in step b) were
di ssolved in 150 mM of absolute dioxane and the resulting solution was
adim xed with 6.7 g (0.14 nol) of a 50%di.spersion of

Method D

A compound of formula I

wherein Z is oxygen and R' through R® represent the groups meadoned above, can be
obtained by converting a 5,11-dihydro-6’r1—dipyﬁdo[3,2—b:2',3'-_c][1.4]dia.zepin-6-onc of
' formula Ib, as described above, into the corresponding metal salt of formula VIa or - in the

case of R! in the compound of forfnula Ib being hydrogen - into 2 compound of formula VIb
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sodi um hydride in mineral oil. Thereafter, the m xture - while protected
agai nst- the external atnosphere by a |low flow of nitrogen - was refl uxed
until no starting material could be detected by TLC. The surplus of sodium
hydri de was deconposed by cautious addition of 10 m of a m xture of
met*hanol and tetrahydrofuran (50/50 v/y)s.The reaction m xture was
neutralized by addition of acetic acid and then was evaporated in vacuo.
The residue was purified by colum chromat ography on silica gel (0.2-0.5
nmm) using successively dichloronethane/ethyl acetate 10/1 (v/v) and

di chl cronet hane/ et hyl acetate 1/1 (v/v) as eluents. The crystalline
product obtained by evaporation of suitable fractions was

'wbcr.cin M represents an alkali meal, such as lithium, sodium, potassium, rubidium or

cesium, or M represents the group MgHal+, wherein Hal is a chlorine, bromine or iodine ¥

atom, and subsequenty alkyladng with a compound of formula VI
R*X | )
wherein R? and X are as hereinbefore defined.

The conversion of 2 compound of formula Ib into the comresponding alkali metal compound -
of formulae VIa or VIb may be cffected by reacting a compound of formula b with 2 lichium
.a.lkyl (e.g. n-butyl lithivm, or t-butyl lithium) optionally in the presence of
teaamethylethylenediamine, a h:hmm dialkylamide, (e.g. hthmm dnsopropylanudc Lichium
dxcyclohcxy]_.am;dc and lithium isopropyl-cyclohcxylamidc), a lithium aryl (e.g. phenyl
lithium), an alkali mewl hydroxide (e.g. lithium, sodium or potassium hydroxide), an alkah

metal hydride (c.g. sodium or potassium hydride), an alkali metal amide (e.g. sodium or
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recrystallized fromacetonitrile and 2-propanol. The product had a mp. of
213-215C and was identified as _

5, 11-di hydro-11-[ ( 4- met hoxyphenyl ) - et hyl ] - 64 di pyri do[ 3, 2-b: 2", 3' -

e][1, 4] di azepi n-6-one. The yield was 10.3 g (68% of theory). . d)

5,11-Di hydro-6H-di pyrido[ 3, 2-b. 2", 3' - e]4¢l, 4] di azepi n-6-one 10.0 g (0.3
nol ) of the product obtained in step ¢c) were dissolved in 50 m of
trifluoroacetic acid, whereby the m xture becane slightly warm
Thereafter, thé reaction mxture was stirred at 60[err]C for 1 hour. No
starting material could be detected by TLC at that tinme. The m xture

potassium amides) or a Grignard reagent (_c.g. methyl magnesium iodide, ethyl magnesium
bromide or pheayl rﬁagncsium bromide). One equivalent of base is required for the formadion
of compounds of formula Via, whereas wo quivalcms of base are required for the formadon
of compounds of formula VIb. The metallation is conveniently carried out in an inert organic
solvent .a.t temperamures of berween -78°C and the boiling point of the reacdon mixture in
quesdon. If a lithium alkyl, lithium aryl, lithium dialkylamide or Grignard reagent is used fof
r.hr; metalladon, the prcférmd solvents are ethers such as tetrahydrofuran, diethyl ether or
dioxane, opdonally in a mixmure with aliphatic or aromadc hydrocarbo:is, such as hexane or.
benzene, and. the operation may be carried out at temperatures of between -20 and +80°C.
When metalladon is effected with an alkah metal hydride or alkali mc:al amide, in addmon to
the solvents mentoned hereinbefore it is also possible to use xylcnc. tolucnc, acetonitrile,

_ ﬁﬁcthylformamidc and dimethylsulfoxide, while if an alkali metal hydroxide is uscd it is also
possible to use alcohols such-as ethanol, methanol and aliphatdc kctoncs'_such as acetone, as

well as mixrures of these solvents with water.

For conversion of the alkali metal salt thus obtained into a compound of formula I, the
soludon or suspcnszon of thc alkali metal compound is rcacted direcdy, Le. without isoladon
of the reacdon product, with a compound of formula VI at temperamires of betwesn -20° and

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

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

the compounds of formula I may require the use of an intermediate of formula [ having

-
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was then evaporated in vacua. The residue thus obtained was thoroughly
stirred with 0.5% aqueous ammonia and then was filtered by suction. The
raw product was recrystallized from 150 m of dinmethyl sulfoxide to
provi de colorless crystals of mp. > 340C. The yield was -

- 4d- -27-

substituents which are, other than the l1-posidon niogen, not nucleophilic but which can be
decivatized (o yicld the required group. For example, amino or monoalkylamino substituents
at any of R® through R*® are preferably obtained by alkyladng or acyladng an intermediate of
formula Ic having a nio group at any of R’ through R, and subsequently reducing the nito

group, and alkyladng, 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 example,

by amination of 2-chioro-nicodnic acid amides of formula VIII

v

wherein R' through R* and Hal are as hereinbefore defined, withi primary amines of formula
x -

H,N-RY o @)

wherein R is as hercinbefore defined. The reacdon can also be carried out in the presence
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Exanmple 3 : : .
5, 21- Di hydr o- 5- met hyl - 11- propyl - 6H-di pyrido[ 3, 2-b: 2", 3-e][1, 4] -di azepi n-6-0
ne a) 2-Chloro-N(2-chloro-3-pyridinyl)-Nmethyl-3-pyridincarboxam de A
four-necked round-bottoned fl ask, equipped with a nechanical stirrer, a
dr oppi ng funnel,; thernoneter and an ehgicient reflux condenser, was
charged with 268.1 g (1.0 nol) of 2-
chl oro- N- (2-chl or o- 3- pyri di nyl) - 3-pyri di necar boxam de, 260 m of 50%
aqueous sodi um hydroxi de, 1500 ml of toluene and 8.0 g (0.0352 nol) of
benzyl tri et hyl ammoni um chl ori de.
of inorganic or organic auxiliary bases, such as wiethylamine, N,N-dimethylaniline, or sodium
or powssium carbonate. The reacdon can be carried out without using a s'olw:ﬁt; it is of some
advantage, however, to use inert organic solvents a:t' temperarures of between 0°C and 175°C,
preferably .a.t reflux temperarure. Suitable inert solvcnt_s 'thac can be used inc_ludc an excess of
the primary amine of gencral formula IX, dpcn chain or cyclic ethers, such as tewahydrofuran,
1,4-dioxane, glycoldimethyl ether, diethyleneglycoldimethyl ether; aromatc hydrocarboas,
‘such as benzene, toluene, xylene, chlorobenzene or pyridine; alcohols such as methanol,
ethanol, isopropanol; dipolar aprodc solvents such as dimethylformamide; 1,3-dimethyl-2-

imidazolidinone, 1,3-dimethyl-tecrahydro-2(1H)-pyrimidinone and sulfolane.
Carboxylic acid amides of formula ITa 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 rﬁatcrials of formula VIII, wherein R! is different from hydrogen, can be prepared

from 2-chloronicotnic acid amides of formula X

X

-
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Stirring was begun and a solution of 134 m (178.5 g,. 1.415 nol) of

di.met hyl sul phate in 11 of toluene was added dropw se over a period of
about 3 hours, whereby the tenperature rose to 50-60C. After the addition
of dinethyl sulfate was conplete, stirring at 60[err]C was continued for a
further 2 hours. The reaction mxture ygs cooled to roomtenperature and 1
1 of water was added. The | ayers were separated, and the aqueous phase was
extracted three tinmes with 300-nm portions of toluene. The organic |ayers
wer e combi ned and washed successively with 300 mMl of water, 300 M of 1%
aqueous acetic acid and 300 mM of water. The conbined organic extracts

vere dried over sSQdh 4Rl Abfs ofRnbY BPINLGRLse MR REBN Aekepror. for
example of amines, such as miethylamine, diazabicycloundecene, 4-(d.imcd1ylamino)pyﬁdinc,
. or alkali or alkaline earth metal hydroxides, sﬁ_ch as sodium hydroxidc. potassium hydroxide,
calcium hydroxide, of alkali carl;onancs, or alkaline earth metal carbonates or hydrogen
carbonates, such as sodium carbonate or porassium carbonate, or potassium hydrogen

carbonate.

2-Chloronicodnic acid amides of general formula X can be obtained by condensadon of an-
appropriately substituted 2-chloronicotinic acid chloride with an appropriately substtuted 3-

amino-2-halopyridine, under well known reacdon conditioas.

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

obtained by procedures known: from the literature.

Method E

In Method E, 2 compound of Formula I, wherein Z is sulfur, is obtained by reacting 2
compound of Formula I, wherein Z is oxygea, with 2 sulfurating agent, such as ?:.4—bis(4—
mcthoxyphcnyl)-1,3-di&1ia—2,4—diphosphc:anc—2,4—disulﬁdc; bis(u'icyclohcxylﬁn)_sulﬁdc: 'bis(u'i-
n-butyltn)sulfide; bis(i-phenyldn)sulfide; bis(wrimethylsilyl)sulfide or phosphorous
pentasulfide. The reacdon is carﬁ.cd out in an inert organic solvent such as carbon disulfide,
benzene or toluene, at room temperature or higher, preferably at an elevated temperature up

the boiling point of the reactor mixture, and preferably under anhydrous condidons. When
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by distillation under reduced pressure. The residue was purified by colum
chromat ography on silica gel (0.2-0.5 mm using as eluents successively
tol uene and ethyl acetate/cycl ohexane/tetrahydrofuran . 1/9/10 (v/v/v). The
product obtained by evaporation of suitable fractions was recrystallized
fromacetonitrile/tert-butyl nethyl ethgr. 1/1 (v/v). It was highly soluble
i n di chl oronet hane, had a mp. of 98-101[err]C, and was identified to be
2-chloro N-(2-chloro-3-pyridinyl)-Nmethyl-3-pyridi necarboxam de. The
yield was 232.5 g (82.5% of theory).

- using the above mentioned dn or silyl sulfides, it is preferable o carry out the sulfurizadon

-=acdon in the presence of a Lewis acid such as boron aichloride.

{¢ will be obvious to those skilled in the art that the presence of another carbonyl moiery in a
compound of formula [, for éxamplc. a compounci 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
suitﬁblc 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
tl'.lc acyladon of the 11-position nicogen.: In those cases- wherein the substituents at any of R?
through R*® can be derived from niwo, for example, alkanoylamino, the sulfu:izaﬁ:on reacton
can be performed on the corrcqunding nitro derivative, followed by an-appmpria.tc (known)

reductdon and finally acyladon-té"y{dd the desired product.
Method E

Compounds of formula [, 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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- 40- 4.8 g (75% of theory). The product was identified as
5, 11-di hydro- 6H-di pyrido[ 3, 2-b:2',3" - e][1, 4] di azpi n- 6-o0ne.

-31-

wherein R‘. through R* are as defined above, with cyannmidc. The rc:xcu'olx_\ is carried out in
the presence of a base such as potassium carbonare, sodium ca:bonacc; trict.hyla:hinc. or
diisopropylethylamine, and in an inert solvent such as methylene chioride, 1,4-dioxane,
terrahydrofuran, dicthylether, chloroform, or dimethylformamide at a temperature betwesn 0°C

up fo the boiling point of the reactdon mixrure.

Mctitéd G

Compounds of formula [, wherein R' is hydrogea and R* through R’ are as defined above arltd
Zisa group of formula =NOR’, can be cbuined, in a manner analogous to that of Method F,
by reacting a compound of formula XI, wherein R? through R? are as defined above with the

appropriate alkoxylamine (O-alkylhydroxylamine) or their salts (for example, methoxylamine '
hydrochloride). The reacdon is carried out under conditions analogous to those d.cscrlbed for

the reatment of compounds of formula XT with cyanamide.

Starting Materials For Methods F and G

Compounds of the formula XTI wherein R? through R® are as defined above, can be obtained
by reacting a compound of formula I, wherein R‘ is hy&ogcn, R? through R® are as defined
above and Z is oxygen, with triflucromethanesulfonic anhydride. The rcacddn is preferably
carried out in an inert solvent using one to two equivalents of wriflucromethanesulfonic
anhydride and in the presence of one 0 two cquiv'alcnts. of a b;sc. The base may be, for
example, a terdary amine such as miethylaminie or diisopropylethylamine, and the inert sglvcn:

used may include, for example, methylene chloride, chloroform, dicthylether, temrahydrofuran,
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Exampl e 2 :
51 11- Di hvdro- 11- propyl - 6Hdi pyrido[3.2-b:2',3" -€e][1, 4] di azepi n-6-0one a)
N- (2- Chl or o- 3- pyri di nyl)-2-(propyl am no) - 3- pyri di necarboxam de 26.8 g (0.1
nol ) of 2-chl oro-N-(2-chloro-3-pyridinyl)-3-pyridi necarboxan de were
dissolved in 200 nl of dioxane, and thg.resulting solution was adm xed
with 21.4 g (0.362 nol) of propylamne. Thereafter, the m xture was shaken
in a stainless steel pressure vessel at 155[err]C for 6 hours. The
reaction m xture was then evaporated in vacuo, and the residue was purified
by col umm chromat ography on silica gel, successively using
di chl or onet hane/ et hyl acetate

or toluene. Addition of the reagents is generally carried out at or below mxbu.nt temperature,

and the mixture is then atlowed to react, at or near room tcmpcrnturc.

The alkoxylamine stardng materials may be purc_hased or arc known from the literature or

may be obtained by procedures known from the literature.

Formation Of Salts And Other Derivatives
Compounds of formula I may, if desired, be converted into their non-toxic, pharmaceutcally

acceptable acid addidon salts by conventonal methods; for example, by dissolving a
comi:ound of formula [ in a suitable solvent and acidifying the solution with one or more

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

Examples OF inorganic. and organic acids which may form nontoxic, pharmacecutically
accepuable 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 ma..y form acid addidon salts

with one molar equivalent of the acid.

9/038-4-C6
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16/1 (v/v) and dichl oronet hane/ cycl ohexane/ et hyl acetate 1/2/1 (v/v/v) as
el uents. The product obtained by evaporation was a highly viscous resin
that had a satisfactory quality for the follow ng reaction. b)
5, 11- Di hydr o- 11- propyl - 6H-di pyrido[ 3, 2-b: 2", 3" -e][1, 4] di azpi n-6-one Usi ng
a procedure anal ogous to that descri be_d? n Exanpl e 1c),
5, 11-di hydro- 11- propyl -6H di pyrido[3,2-b-2",3" -¢e][1, 4] di azepi n- 6- one,
m p. 184-186C (recrystallized fromacetonizile), was prepared fromthe
product obtained in the above step a) and sodi um hydride. The yield
‘Those skilled in the art will realize thae it.will at dmes be more convenient W make certain
compounds of formula I by derivadzadon of other compounds of formula [, rather than by
making them directy, using one of the above-described Methods A-G. Such derivadzadons
will employ known reaction techniques. As non-limiting examples, where R' is hydrogen it
can be oxidized to yield hydroxy; a nio group can be reduced to yield an amine; a methoxy
group can converted hydroxy by standard demethylatdon procedures and hydroxy can, in
apptopriate settings, be in turn replaced with amine via the trifluoromethanesulfonyloxy .
derivadve; 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 remaved.

Biological Properties

The above described compounds, of ‘formula T possess inhibitory activity against I-ﬁV-l

reverse transcriptase. When administered in suitable dosage forms, they are uscf,ul.in-mc-h _
* preventon or treatment of AIDS, ARC and related disorders associated with HIV-1 infection.

‘Another aspect of the invention, therefore, is 2 method for preventdng or wearing HIV-1

infection which comprises administering to 2 human bci_ng, exposed to or infected by HIV-1,

a prophylacttally or therapeutically effective amount of a novci compound of f‘o;;nula. L as

described above.

The cbmpounds of formula [ may be administered in single or divided doses by the oral,

parenteral or topical routes. A suirable oral dosage for a compound of formula I would be in
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was 74% of theory. -42- b)

N-(2- Chl oro- 3-pyridinyl)-Nmethyl-2-(propyl am no)-3-pyridi necar boxam de
Usi ng a procedure anal ogous to that descrl bed i n Exanpl e 2a,
N-2- (chl oro- 3-pyridinyl)-N

-34-

" (he range of about 0.3 mg w0 | g per day.- [n pareatcral formulagous, & suitable dosage unic
may co.ntain from 0.1 to 250 mg of said compounds, whereas for topical adminiscradon,
formuladons containing 0.01 to 1% acdve ingredient are preferred. [t should be understoed,
nowever, that the dosage administradon from patent to padent will vaiy and the dosagc for
any pardcular padent will depend upoa the clinician’s ju&gcmcnt, who will use as cﬁtcﬁa for
fixing a proper dosage the size and condidon of the patent as well as the padent’s responsc .

(o] éhc drug.

When the compounds of the present invention are t© be administered by the oral route, they
may be administered as medicameats in the form of pharmaceutical preparatons which
contain them ia associadon with a2 compadble pharmaceutcal carrier material. S‘uch mr@a
material can be an inert organic or inorganic carrier material suitable for oral @hﬁmﬁoa
Examples of such carrier ma:criai§ are water, gehdn. walc, starch, magnesium stearate, gum

arabic, vegetable oils, polyalkylenc-glycols, petoleum jelly and the like.

The pharmaceudcal preparations can be prepared in a conventional ‘manner and ﬁnished..
dosage foﬁns can be solid dosage forms, for c:;amplc, tablets, dragees, capsuics, jmd the like,
or liquid dosage forms, for example solutions.'suspcnsions. emulsions and the like. The
phann#ccuﬁcal preparadons may be subjected to conventional pharmaceutical operadoas such
as sterilizadon. Further, the pharmaceutical preparadons may contain convendonal adjuvants
such as preservatives, stabilizers, emulsifiers, flavor-improvers, werttng ageats, buffcr;. salts

for varying the osmodc pressure and the like. Solid carrier material which caa be used _.
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net hyl - 2- (propyl am no) - 3- pi peri di necar boxam de was prepared fromthe
product obtained in the preceding step and propylam ne. The yield was 91%
of theory. c)

5, 11- Di hydr o-5-net hyl - 11- propyl - 6H-di pyrido[ 3, 2-b:2',3" -¢e][1, 4] di azepi n-6-0
ne Using a procedure anal ogous to thatzsdescribed in Exanple 1c, except

enpl oying tetrahydrofuran instead of dioxane as a solvent and applying
only equi nol ar quantities of sodium hydride, :

5, 11-di hydo- 5- net hyl - 11- propyl - 6Hdi pyrido-[3,2-b:2",3" -¢e][1, 4] di azepi n- 6-

one, a highly vi-scous oil, was prepared fromthe product obtained in the
above step The yield ) . _
.~clude, for example, starch, lactose, manaitol, methyl cellulose, microcrystalline cellulose,

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

polycthylcnc glycol).

For parcnteral Qsc, a compound of form_v.ila I can be administered in an aqueous or non-
aqueous soludon, suspension or emulsion in a pharmaceutically accepeable oil or a miﬁ:mrc of
liQL;idS, which may contain bacteriostatic agents, andoxidants, preservatives, buffers or other
solutes to render the soludon isotonic with the blood, .thickcning agents, suspending agents or
other pharmaceutically acceptable additives. Addidves of this type include, for example,
tarrate, citrate and acetate buffers, ethanol, propylene glycol, polyethylene glycol, éoﬁiplcx
forrncrs (such as EDTA), andoxidanr# (such as sodium bisulfite, sodium mcta.bisu_lﬁtc, and
ascorbic acid), hxgh molecular wcxght polymers (such as liquid polyethylene oxides) for
 viscosity regulation and polycmylcnc derivatives of sorbitol anhydrides._ Prcscrva.uvcs may
also be added if necessary, such as beazoic acid, methyl or propy!l paraben, benzalkonium

chloride and other quatemary ammonium compounds.

The comﬁounds of this inventon may also be administered as solutdons for nasal application
and may contain in addition to the compounds of this invention suitable buffers, tonicity
adjusters, microbial preservatives, antioxidants and viscosity-increasing agents in an aqueous
vehicle. ‘Examples of ageats used to increase viscosity are éolyvinyl alcohol, cellulose
derivadves, polyﬁnylpyu‘olidonc, polysorbates or glycerin. Micrqbia.l preservatives added
may include benzalkonium chioride, thimerosal, chioro-butanol or phenylethyl alcohol.
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was 75% of theory. Exampl e 4

5,11-Di et hyl -5, 11- di hydr o- 6H-di pyri do[ 3. 2- b: 2' 3'_-e][.1.4]-di azepti n- 6- one
6.4 g (0.03 nol) of

5,11-di hydro-6Hdi pyrido[3,2-b: 2,3 -e][1, 4] di azepi n-6-one were di ssol ved
in-100 nl of absolute dinethylformam dgg_and the resulting solution was
adm xed with 3.4 g (0.071 nol) of a 50% di spersion of sodium hydride in
mneral oil. Wile protected against the external atnosphere by a flow of
nitrogen, the mxture was stirred at 50-70[err]C for 1 hour.

 Addidonally, the compounds provided by the invendon can be admianistered by suppository.

As stated before, the compounds provided by the invendon inhibit the enzymadc é._crivity of
HIV-1 RT. Bascd upon testng of these compounds, as described below, it is known that they
inhibit the RNA-dependent DNA polymerase acdvity of HIV-1 RT. It is known (data not

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

Udlizing the Reverse Transcriptase (RT) Assay described below, compounds can be tested for
their ability t0 inhibic the RNA-dependent DNA polymerase actdvity of HIV-1 RT. Certain
spcmﬁc compounds described in the Examples which appear below, were so tested. Thc

results of this testing appcar in Table I, below.

REVERSE TRANSCRIPTASE (RT) ASSAY.

Assay Ths-;ory:

Among the eazymes for which Human Immunod.eficxcncy Virus (HIV -1) encodes is a reverse
wanscriptase (1), so-named because it transcribes a DNA copy from an RNA tcmplauc. This
acuvxty can be quanurauvcly measured in a cell-fres enzyme assay, which has boen
previously described (2), and is based upon the observation that reverse transcriptase is able
to use a synthetic template (poly r{C) primed with oligo -d.(G)] to transcribe a radio-labelled,

acid-precipitable DNA strand utilizing *H-dGTP as a substrate.

. This Sheet Has Been Replaced This is the replacement Shee_'t

Date: ~ § SEP 199K



After the evolution of hydrogen had ceased, t-he m xture was cooled to
30ferr]C and 10.9 g (0.07 nol) of ethyl iodide were added dropwi se within
15 m nutes. For conpletion of the exotherm c reaction, the m xture was:
heated at 80-90[err]C for a further hour. The solvent was renoved by

distillation under reduced pressure. The _residue was adm xed with water and
t he

satenials:
- ;) Preparadon of the enzyme

Reverse manscriptase enzyme from the LAV swain of Human [rnmunodcficicnq; Virus (HIV-
1) (1) was isolated from the bacterial sxain IM109 (3) expressing the DNA clone pBRTprul+

" (2) which is under the conmol of the lac promotor in the cxprcs_sion vector pIBI21 (4). An
overnight culture grown in 2XYT medium (37°C, 225 rpm) (5) supplemented with 106 pg/ml
ampicillin for positive selecton is inoculated at a 1:40 diludon into M9 medium
supplemented with 10ug/ml thiamine, 0.5% casamino acids, and 50 pg/ml ampicillin (5). The
culture is incubated (37°C, 225 rpm) undl it reaches an OD540 of 0.3-0.4. At that time thc.
repressor inhibitor IPTG (isopropy!l f-D-thiogalactopyranoside) is added to 0.5mM, .and the
mixture is incubated for 2 addidonal hours. Bacteria are pcllctcd._rc_suspc_nded in 2 50mM
Trds, 0.6mM EDTA, 0.375M NaCl buffet_' and digested by the addidon of l.ysozymfe (lmg/ml)
for 30 minutes on ice. The cells are lysed by the addition of 0.2% NP-40 and brought to IM

NaCL

After removal of the insoluble debris by cenmifugadon, the protein is precipitated by the
addidon of 3 volumes of samrated aqueous ammonium sulfate. “The enzyme is p«:l%cted.
resuspended in RT buffer (S0mM Tris pH 7.5, ImM EDTA, 5mM DTT, 0.1% NP-40, 0.1M

NaCl, and 50% glycerol), and stored at -70°C for further use.

S
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suspensi on thus obtai ned was exhaustively extracted w th dichl oronet hane.
The product obtained after usual work-up was recrystallized from150 m of

i sooct ane.

1-di et hyl
The yield

The product. had a mp. of-102-103C and was identified as 5,1

-5, 11-di hydro- 6Hdipyrido[3,2-b:2",3 - e][1,4]diazepin-6-one.

was 5.7 g (71%of theory). _sgExanple 5

p) Composidon of 2X concenaated stock reacton mixoure

Stock Reagent 2X Mix Coancencration
M Tds pH 7.4 100mM

lg/t Dithiothrietol 40mM

1M NaCl " 120mM

1% Nonidet P-40 0.1%

IM MgCl | - | 4mM

fooly r(C)/olige d(G)](5:1) 2ug/ml
H-dGTP (81uM) - 0.6pM
| Assay Pr'occdur_c:

. The 2X concenwated stock reaction mixmure is aliquoted and stored at -20°C. The mixmure is

stable and thawed for use in cach assay. ’Th:s enzyme assay has been adapted to 2 96 well
microdter plate system, and has been previously described (6). Tris buffer (SO mM, pH 7.4),

vehicle (solvent diluted to match the compound dilution), or compounds in vch%clc are

_ dispensed into 96-well microdter plates (10il/well; 3 wells/ compound). The HIV-1 RT

snzyme is thawed, diluted in S0mM Tris pH 7.4 so that fifteen pl of diluted enzyme contain .-

0.001 Unit (one unit is that amount of enzyme to ransform 1 micromole of substrate per
minute at 25°C), and fifteen pl arc dispensed per well. Twenty ! of 0.12-0.5M EDTA are

added to the first three wells of the microdter plate. EDTA chelates the Mg™ preseat and

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

Subracted from all other groups. Twenty-five ul of the 2X reaction mixture are added to all
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5, 11- Di hydr o-5-et hyl - 6H-di pyrido[ 3. 2-b:2".3"-e][1, 4] di azeoi n-6-o0ne a)

N-{ 2- Chl or o- 3- pyri di nyl - 2-[ ( phenyl net hyl ) am no] - 3- pyri di necar boxam de
Usi ng a procedure anal ogous to that described in Exanple 1lb, except

enpl oyi ng di ethyl ene- glycoldinmethyl ether as a solvent instead of xylene,
N-{2-chl oro-3-pyridinyl)-2-[(phenyl - ggthyl)anino] 3-pyridi ne carboxam de,
mp. 95-97[err]C (recrystallized from ethyleneglycol di net hyl et her),
was prepared from 2-chl oro-N-(2-chl oro-3-pyridinyl)-3-pyridi necar boxam de
and benzyl am ne. The yield was 72% of theory.

wells and the assay is allowed to incubate at room temperature for 60 minutes. The nss;:\y is
recminated by precipitadng the DNA in each well with 50! of 10% trichloracedc acid (TCA)
(10% w/v) in sodium pyrophosphate (1% w/v.). .'ic microdter plate is ihcubatcd. for 15 .
minutes at 4°C and the precipitate is fixed onto #30 glass fiber paper (Schleicher & Schuell)
using ;. 5kan’0‘n semi-automatic harvester. The filters are then washed with addidonal TCA
(5%) containing sodium pyrophosphate (1%), rinsed with aqueous ethanol (70%), dried, and
rransferred to scindlladon vials (6). Each vial receives 2 mis of scintilla.dém cocktail and is .

unted in 2 Beckman beta counter.

The calculadon for percent inhibition is as follows:

%inhibidon = CPM_Mean Test Value - CPM Mean Contol Value X150
CPM Mean Contol Valuc
References:
1. Benn, S., et al., Science 230:949, 1985
. Farmede, W.G. ct. al.,, Science 236:305, 1987
3. Yanisch-Parron, C,\Vi;:m. I,and Messing, J., Gene 33:103, 1985
4. International Biotechnologies, Inc., New Haven, CT 06535
5. Maniads, T, Fritsch, E.F., and J. Sambrook, eds. Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory,
1982

6. Spira, T., et. al. /. Clinical Microbiology, 25:97, 1987.

This is the replacement sheet
Th1s Sheet Has Been laced pt .

Date: = b SEP B



by -
5,11-Di hydro- 11- (phenyl net hyl ) - 6Hdi pyri do[ 3, 2-b:2',3"-e][1, 4] di azepi n-6-0n
e Using a procedure anal ogous to that described in Exanple 1lc except
enpl oyi ng di ethyl ene- glycoldinmethyl ether as a solvent instead of
di oxane, 5, 11-di hydro-11-(phenyl nethyl)spH
di pyrido[3,2-b:2',3 -e][1, 4] -di azepi n-6-one, mp. 212-213C (recrystallized
from 1-propanol), was prepared fromthe product obtained in step a) and
sodi um hydri de. The yield was 61% of -t heory.

. (a order to confum that compounds which are acdve in the RT Assay also h_avc the abilicy ©0

| inhibit HIV replicadon in a living system, compounds according to the invendon wers also

tested in the human T-Cell Culture Assay described below. The results of chis. testing appear

in Table L.

HUMAN T-CELL CULTURE ASSAY

Assaf Theory: Formaton of syncyta is a feature of in vitro cultures of CD4+ T-cells infccn_::.i
with HIV-1. In this assay, T-cells are treated with a putadve replicadon inhibidng cqmpound
and then infected wich HIV-1. After incubadon, the culture is Ehcckcd. for the formadon of

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

compound’s ability to inhibit HIV replicadon.

Assay Mctl_rod: The target cells, designated c8166, are a subclone of human Iymphoma 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 compoupd, dissolved in DMSO, is included. After 24 hours, 50-100 TCID4's-(the dose
that results in induced effect in 50% of test culﬁncg) of the I-III.V—DIB. strain of HIV-1 (i)
are inoculated into each culture. Conrrol cultures rcccive compound or virus only. Four days
after virus challenge, cultures are visually examined for the frequericy and distibution of
virus-induced giant cell syncyda. The perceat iﬁhibidon by the test compound is determined

by comparison with conmol values. Confirmadon of the presence or absence of virus -
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5, ¥1- Di hydr o-5-et hyl - 11- (phenyl net hyl ) - 6H-di pyrido-[3;2-b.2',3 -€e][1, 4] di az
epi n-6-one Using a procedure anal ogous to that described in Exanple

3a, 51, 11-di hydr o-5-et hyl - 11-
(phenylnethyl)-6k#dipyrido[3,2-b:2,'3-5&{;,4]diazepin-6-one, m p. 209-211C
(recrystallized fromtoluene/acetonitrile 1/1 v/v), '

di chl or onet hane/ net hanol 99/1 v/v), was prepared fromthe product obtained
in step b) and diethyl sulfate. The yield was 82% of theory.

rsplicadon is accomplished by harvesdng the cell free culture fluids from all experimental
groups (© determine the presence or absence of infecdous progeny through the inducdon of

syﬁcyda formadon in secondary human T-cell cultures after 3 days.

Refersnces:

(1) M. Somasundaran and FLL. Robinson, Science 242, 1534 (1988).
(2) G.M. Shaw, REL Hahn, S.K. Arya, 1E. Groopman, R.C. Gallo and F.

| Wong-Staal, Science 226, 1165 (1984)

In order to assess tézc specificity of the enzyme inhibitory acdvity of the compounds provided
by the invendon, a few were tested, using known per se assay methods, for their abilicy 0 -
- inhibic Feline Leukemia Virus-derived reverse wanscriptase and Calf Thymus-dc'ri.ved DNA
alpha-polymerase. None of the compounds ;o tested was observed to possess any inhibitory
acdviry against these eazymes. These results indicate that the énzymc inhibitory ai:dvity ofm

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 invendon,
several such compounds were tested in the MTT Cellular Cytoroxicity Assay described below.
The results of this testing are reported in Table [, below. Compounds having a refadvely high

EC,, are preferred.
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d) 5,11-Di hydro-5-ethyl-6Hdi pyrido[3,2-b:2",3 -e][1,4]diazepin-6-one
Usji ng a procedure anal ogous to that described in Exanple 1d, except

enpl oying. a pressure vessel instead of an open one and heating the m xture
at 120[err]C for 10 hours, 5,11-di hydro-5-

ethyl - 6H-di pyrido[3,2-b:2'3"-e][1, 4] di_gaepi n-6-one, mp. 161-163[err]C
(recystallized from isooctane/ethyl acetate 1/1 v/v), was prepared from

t he product obtained in step (c). The yield was 57% of theory.

MTT ASSAY FOR CELLULAR CYTOTOXICITY .

Assay Theory:

The MTT (3-(4.5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide) assay is based on
cleavage of temazolium bromide by metabolically active cells, resuldng ia a highly
quanttadve bluc color. This assay has been previously described (1) buc has been opdmized

for the purposes of the testng reported herein.

Assay Method:

The HY cell line (2), an esuablished human lymphoma suspension cell line grown in RPMI-
1640 supplemented with 10% fetal bavine serum, is used as the target cell line in the assay.
Cells (100p) are plated in microtest plate wells at 2 concentration of 10° cells i:c'r ml in the
presence of varying concentrations of inhibitor. The cells are incubated at 37°Cina
humidified CO, incubaror. Five days later, 20pl of MIT (Smg/ml in RPMI 1640, somcated,
0.2 microa filtered, and stored at 4°C) is added to each well Aftcr 4 hours add.u;onal
incubagon ac 37°C, 60pl of Tritoa-X is added to cach well and.thoroughly mixed to aid the
- solubilizadon of the crystals. 'Absoh;tc ethanol (5yl) is added to each well and the resuldng
mixmure is incubated for 30 minutes at 60°C and immediately read on a plate reader

(Dynatech) at a wavelength of 570nm.
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Exanpl e 6 : :

5. 11- Di hydr o- 5- met hyl - 6H-di pyrido[ 3, 2-b: 2', 3" -e][1. 4] di azei n-6-one a)

N- ( 2- Chl or o- 3- pydi nyl ) - N- et hyl - 2- [ ( phenyl net hyl ) am no] - 3- pyri di necar boxam .
de Using a procedure anal ogous to that described in Exanple 1b,

N-¢2-chl oro-3-pyrinyl)-N -43-

met hyl - 2-[ (phenyl met hyl ) am no] - 3- pyri di necar boxani de, m p. 114-116C
(recrystallized from tert-butyl nethyl ether), dichloronetane/ethyl

acetate 3/1 v/v), was prepared from 2-chl oro-

N-(2-chl oro-3-pyridiny) - N net hyI 3-pyridi ncar boxari de and benzyl am ne. The
yield was 87% of theory.

Daa from this assay arc used 0 generate a nonlinear regression :malvsns which yields an

ECsw-

References:

1. Mosmann, Tim, /. Immunol. Methods, 65:55, 1983.

2. Jacobs, I.P., J. Nail. Cancer [nst., 34:231, 1965.
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-45- b) . .

5,11-Di hydr o-5-net hyl - 11- (phenyl net hyl ) - 6Hdi pyrido[3,2-b:2'.3" -€e][1, 4]diaz
epi n-6-one - Using 'a procedure of anal ogous to that described in Exanple 3b,
5, 11-di hydr o- 5- net hyl - 11-

(phenyl net hyl) - 64 di pyri do[ 3, 2-b: 2", 3'_4l[1, 4] di azepi n-6-one, mp. 198-
199[err]C (recrystallized _

TABLE L
compound of RT Assay T-Cell Assay Cytotoxicity
% inhibition % inhibution Assay
Example No. @ 10 pug/ml " @ 3 pg/ml (Ecso.p_M)
10 100 © NT NT
11 100 ' 100 200
12 - 100 100 . 250
13 36% - NT NT
15 g1* 100 4s
16 96" 100 ' 350
17 40% NT NT
18 75% NT . NT
19 85* - NT NT
20 76% - NT "NT
21 g1x - NT NT
22 90=* NT NT
23 99 - 100 NT
24 T 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

. This iz tha replacement sheet |
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from acetonitrile), was prepared fromthe product obtained in step (a). The
yield was 80% of theory. c)

5, 11- Di hydr o- 5- et hyl - 6Hdi pyri do[ 3, 2-b: 2", 3-e] [ 1, 4] di az'epi n- 6-one A
m xture consisting of 75.5 g (0.239 nol) of the product obtained in step

b) s 2.5 kg of polyphosphoric acid, ands425 nl of anisole was stirred at
140-160[err]C for 2 hours. Wile still "“hot, the reaction m xture was

stirred into crushed ice. Thereafter, the m xture was nade slightly

al kaline by addition of aqueous ammoni a and was then exhaustively extracted
wth

37 o 34 NT . NT
18 0 - NT NT
39 100 : NT . NT
40 99 : NT NT
41 100 NT . NT
42 . g3=% NT NT
43 85% ' NT NT
44 91 NT NT
45 64% NT NT
46 70% ~NT NT
47 34% ' NT NT
48 ox NT NT
49 o* NT NT
50 43* NT NT
S1 - 90* NT . NT
52 44 NT NT
53 30* ' NT NT
54 asx NT NT
55 44 . _ NT _ NT
56 - 100 100 NT
57 . 77 NT NT
58 | . 52% NT NT
59 44x NT NT
60 20% NT . NT
61 . 72% NT NT
62 17% NT NT
63 30¥ NT NT
64 . 61* 'NT NT
65 68% _ NT NT
66 66* NT NT
67 37t NT NT ..
68 g . NT NT
69 - 0% . . NT NT

e
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di chl oronet hane. The conbi ned organic |ayers were dried over sodium _
sul fate and evaporated in vacuo. The residue was chromatographed on silica

- gel using dichloronethane/ ethyl acetate I/l (v/v) as an eluent. The '
product obtained by evaporation of suitable fractions was recrystallized
fromacetonitrile, yielding 21.6 g (4Q%gSf theory) of colorless crystals
having a mp. of 236-237[err]C Exanple 7

5.11- D hydro- 6E-di pyrido[3.2-b:2'.3" -e][1. 4] di azepi n- 6-one

70 75% NT NT
71 0* © NT NT
7 98* " NT NT
73 94% NT NT
74 82* NT NT
75 100 NT NT
76 _ 88* NT NT

* =@ 1 uM

* = @.1.25 mM

o . eo0.5

NT = not tested
- Examoles

Thc following examples further illustrate the prcséut invendon and will cna.blc others skilled
in the art to understand it more completely. It should be undc:sr.ood.. howcver, that the

invention is not limited to the pamctﬂa.r examples given below.

Example 1

a) "-Chloro-N-(Z—chloro—3-pynd.myl)—3—pyndmecarboxa:mdc
In a three-necked round-bottomed flask, firted with an efficient refliux condcnscr. mechanical
stirrer and dropping funnel, were placed 215 g (1.672 mol) of 3-amino—2-chlompyridinc.

dissalved in a mixwure of 400 ml dioxane, 500 ml cyclohexane and 130 ml pyridine. The
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3.8 g (0.0126 nol) of the product obtained in Exarrpl e 5b were dissolved in
20. M of trifluoroacetic acid whereby the m xture becane slightly warm

Thereafter, the reaction m xture was refluxed for 8 hours. No starting
material could be detected by TLC at that
- 46- ' -47-

solution of 299.2 g (1.7 mol) of freshly prcpa.n.d -chloro-3- pynd.mc.c.athylxc acid chloride
in 200 m! dioxane was added at such a rate as to keep the vigorous reacdon under conmol.
| Thereafter, the reacdon mixture was allowed to. cool to room temperature and the resuldng

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

The dark brown product was dissolved in 5 | of 2 3% aqueous solution of sedium hydroxide.
Thc. resulting solution was oeated with charcoal, sucdon filtered, and the filtrate was acidified
by addidon of 50% aqueous acedc acid. The resuldng precipitate was collected by filration’
and r.hqtoughly washed with water. After being dried overnight in a stream of nitogen at
| room temperanre the almost colorless preduct had a m.p. of 156-159°C and was 'sufﬁcicntly

pure for further reacdons. The yield was 376.0 g (84% of theory).

'b) N—(2-CMom—3-pyddinyl)—2—{[f;m;thoxyphcnyl)mcmyllamino]-3—py§d§necarboiamid.e
13;.4 g (0.05 mol) of the product obtained in step a) were dissolved in 20 ml of xylene, and
the rcsultix';g solutdon was admixed with 13.8 g (01 lmol) of p-mcthoxybénzyiaminc.
Thereafter, the mixture was refluxed for two hours. The reacton mxxmrc was then
evaporated in vacuo, and the residue was purified by column chromatography on s_i_lica gel
(0.2-0.5 mm) using dichlommcchanc/cthyl acetate 10/1 (v/v) as an eluent. Conccntr'a.&or_z
afforded colorless crystals, melting at 122-124°C (after recrystallizadon from acetoniwile).

The yicld was 17.2 g (93% of theary).
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point of tinme. The m xture was then evaporated in vacuo, the residue thus
obt ai ned was thoroughly stirred with 0.5% aqueous ammoni a and t hen
filtered by suction. The raw naterial was suspended in 20 m of
acetonitrile, refluxed for 15 m nutes and suction filtered while hot. The
fidter cake was recrystallized from hotyedi net hyl sul foxide yielding 1.2 g
(45% of theory) of colorless crystals which had a mp. > 340[err]C and
were identified by mp., mxed mp. and U/-, IR and M5 spectra to be

i dentical with the conpound obtained in Exanple 1d.

¢) 3,LL-Dihydro-1 l-[(-'.-mcdloxyphcnyl)n_u:thyl]-GH-dipyrido[J..’.'-IJ:Z'.J' -¢|(1.4]diazepin-6-0ac
16.7 g (0.0453 mol) of the product obuinzd in step b) were dissolved in l.SO ml of absolute
dioxane, and the resuldng soludon was admixed with 6.7 g (0.14 mol) of a 50% dispersion of
scdium hydride in mineral oil. Thereafter, the mixture - while protected against the external
.au-nosphcrr: by a low flow of nizogen - was rcfiuxcd undl no starding inatcrial could be |
detected by TLC. The surplus of sodium hydride was decomposed by caudous addigon of 10
ml of a mixture of methanol and temrahydrofuran (50/50 v/v). The reaction mixture was
neutralized by addidon of acedc acid and then was evaporated in vacuo. The residue was
purified by column chromatography on silica gel (0.2-0.5 mm) using successively |
c‘.ichlqtomcthanc/cnhy! acerate 10/1 (v/v) and dichloromethane/ethyl acetate 1/1 (V/V).S
clncn':"s. The crystalline product obuined by cvaporadén.of suitable fracdoas was
recrystallized from acetoniaile and 2-propanol. The product had a mip. of 213-215°C and
was i&cndﬁed as 5,11-dihydro- I..1-[(Ltficthoxyphcnyl)-mcthyl]-GH-dipyrido[3.2-b:2';3'-

e](1,4]diazepin-6-one. The yield was 103 g (68% of theory).

d) | 51 1-Dihy&m—6H—dipyrido[3,2—b:2',3'-eI[lI 4ldiazepin-6-one

10;0 g (03 mo_l) of the product obtained in step ¢) were dissolved in 50 ml of wifluoroacedc
acid, whereby t.hc_ mixture became slighly warm. Thereafter, the reacdon mixture was sdrred

at 60°C for 1 hour. No starting material could be detected by TL.C at that ime. The mixmure
was then evaporated in vacuo. The residue thus obtained was _r:horoughly stirred with 0..5_%
aqueous ammonia and then w?s ﬁllccmd by suction. The raw product was recrystallized from '
150 ml of dimethyl sulfoxide to provide coloriess crystals of m.p. > 340°C. The yield was
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Exanpl e 8 a

5..11- Di hydro-11-et hyl -5-net hyl - 6H-di pyrido[3.2-b:2'.3"-¢e][1, 4] di azepi n- 6-0n
e a) 2-Chloro-N(2-chloro-3- pyridinyl)-3-pyridinecarboxam de Using a
procedure anal ogous to that described in Exanple 1la,

2-chl oro-N-(2-chloro-3- pyridinyl)-3_pyridi necar boxam de was prepared The
purified product was obt ai ned by cooling the reaction m xture to room

t enperature and decantlng t he supernatant fromthe precipitate. The solid
was then dissolved in nethylene chloride, and the solution washed with

438 g (75% of theory). The product was iceadfied as 5,1 1-dihydro-6H-dipyrido(3,2-b:2'.3"-

ei(1,4]diazepin-6-one.

Examole 2

5.1 l-Dihvd.ro- 1 1 -proovl-6H-diovridof3.2-b:2".3"-¢f | A4ldiazepin-6-one

a) N-(2-Chloro-3-pyridinyl)-2 -(propv{a.nh 0)-3-pyridinecarboxamide
26.8 g (0.1 mol) of 2-chlore-N- (2-chloro—3-:\-ndmyl)-3-pyndmccarboxa.mzdc were d.lSSOlvcd.
in 200 ml of d:.oxanc__. and the resuldng sqluuon_ was admixed with 21.4 g (0.362 mol) of
é:opylaminc. Thereaiter, the mixture Qm shaken in a stainless steel pressure vesssl at 150°C
for 6 hours. The reacdon mixture was then evaporated in vacuo, and the residue was purified
by column chromatography 0t'1 silica gel, successively using dichloromedm.n.c/enhyl acstate - .
1071 (v/v) ahd dichlomrx.tcmanc!cyclohcxz_g:,‘:ﬂxyl acetate 1/2/1 (v/vfv) as elueats. The
product obcained by cvapgmﬁon was 2 tfﬁghly viscous resin chat had a sflti?facmry qualicy for

the following reacdon.

b) 3,11-Dihydro-11-propyl-6H-dipyrido(3.2-b:2",3"-¢](1.4]diazepin-6-one ‘

Using a procedure altlogous t that descrived in Example 1c), 5,11-dihydro-11-propyl-GH- "
~dpyrido(3,2-b:2",3"-¢](1 4]diazepin-6-one, m.p. 184-186°C (rcc;rystanizcd from at:ct_orﬁtri.lc).
was prepared from the product obtained in the above step 2) and sodid.m hydride. The yield

was 74% of theory.
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wat er, dried (anhydrous sodium sulfate), and the solvent renpved 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- Chl oro- 3-pyridinyl)-2-[[(4- et hoxyphenyl ) net hyl ] am no] - 3- pyri di necarbo
xam de Usi ng a procedure anal ogous t4p that described in Exanple 1b,
N-(2-chl oro-3-pyridinyl)-2- [[(4-

met hoxyphenyl ) net hyl ] am no] - 3- pyri di necar boxam de was prepared. The
purified product .

‘Examole 3

5.11-Dihvdro-5-methvl-1 | -propvl-SH-dinvridof3.2-b:2".3 -e][ | 4]-diazepin-6-one

a) 2-Chloro-N-(2-chloro-3-pyridinyl)-N-methyl-3-pyridinecarboxamide
A four-necked round-bouomed flask, equipped with a mechanical sdrrer, a dropping funnel, a
thermometer and aa efficient reflux condcn-scr. was charged with 268.1 g (1.0 mol) of 2-
chloro-N—(Z-chlom—3-pynd.myl)-3-pyndmccarboxam1dc 260 ml of 50% aqueous sedium

: hvdroxxdc. 1500 ml of toluene and 8.0 g (0.0352 mol) of benzyltziethylammonium chlondc
Sdrring was begun and a soludon of 134 ml (173.5 g, 1.415 mol) of dimethyl sulphate in 1 |
of toluene was added dropwise over a period of about 3 hours, whereby the emperature rose
to 50-60°C. After the addidon of dimethyl sulfate -was complete, sdﬁ'ing at 60°C was

_ condnued for a further 2 hours. The reacton mixmre was cooled 0 room temperamure and 1

| 1 of water was added. The layers were separated, aad the aqueous phase was cxz::ractc& thres
imes with 300-ml pordons of 661ucn;. The orgﬁxﬁc layers were combined and washed
successively with 300 ml of water, 300 ml of 1% aqueous acetic acid and.300 ml of waer.
The comb'inc_d, organic ‘extracts were dried over sodium su!fa.tc._and the solvent was removed
by disdlladon under reduced pressure. The residue was purified by- column chromatography
on silica gel (0 2-0.5 mm) using as cluents successively toluene and ethyl 3
ac::atc/cyclohcxanc/tcnhydmfuran 1/9/10 (v/v/v) The product obtained by evaporaton of
suitable fractions was recrystallized from acetonitrilefrert-butyl methyl cthcr /1 (vfv). Il: was
highly soluble in dichloromethane, had a m.p. of 98-101°C, and was idendfied © be 2-chloro-

N-(?.-chldro—3-pyridinyI)-N-mcthyl-3-pyridinccarboxamidc. The yicld was 232.5 g (82.5% of
-
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-47- was obt ai ned by renoving the solvent in vacuo, adding water to the
resi due, and extracting the product with nethylene chloride. This sol ution
was dried (anhydrous sodium sulfate) and the solvent renoved to give a
brown oil which was treated with 10 ml of ether. The product which
crystallized was filtered and washed sefjuentially with ether and hexane to
give 78.0 ¢

b) N-(2-Chioro-3-pyridinyl)-N-methyl-2-(propylamino)-3-pyridinecarboxamide
Using a procedure analogous to. that described in Example 2a, N-Z-(chloré-li-pyﬁd.inyl)-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-S-methyt-1 I-prqpyI-GH-dipyrido[B 2-b:2°.3 '-c][1.4]diachin-6-o§c

Using a procedure analogous to that described in Example lc, except employing
tcu:ahyd.roﬁﬁan instead of dioxane as a solvent and applying only equimolar quanddes of .
sodium hydride, 5.1l-dihydro-S-mcmyl-l_I-propyI-GH-dipyrido-[iz-b:Z'.3'-c][1,4}d.iachin-6-
one, a highly viscous oil, was prepared from the product obtained in the abave step. The yield

was 75% of thco_r_y_.

Examoic 4

6.4 g (0.03 mol) of 5,11-dihydro-6H-dipyridof3,2-b:2’,3"-¢](1,4]diazepin-6-one were dissol:ved.
in 100 ml of absolute dimethylformamide, and the resulting solution was admixed with 3.4 g
(0.071 mdD) of a2 50% di§p<:rsion of sodium'hydridc in mineral oil. While protected against
the external amosphere by a flow of nitrogen, the mixture was sdrred at 50-70°C for 1 hour.
Aftcr the evoludon of hydrogen had ceased, the mixture was cooled to 30°C and 10 9 £(0.07
_ mol) of ethyl iodide were added dropwise within 15 minutes. For compledon of the
.cxomcrmxc reaction, the mixrure was heated at 80-90°C for a further hour The solvent was

_rcmovcd. by disdlladon under reduced prcssurc The residue was admixed with water and the
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(91% of theory) of the title conpound as an of f-white powder, m p.
121-122[err] C. C) :
5, 11- Di hydr o-11-[ ( 4- net hoxyphenyl ) met hyl ] - 6H-di pyrido[3,2-b:2',3' -€e][1, 4] di
azepin-6-one 1.44 g of a 50% di spersion of sodium hydride in mineral oil
was added to a solution of 3.69g (0.QLg _nol)

N- (2-chl oro- 3-pyridinyl)2-[[ 4- met hoxyphenyl ) net hyl ] am no] - 3- pyri di ne-
carboxam de in 100 m of dinethylforman de. After the evol ution of hydrogen
stopped, the mxture was heated (110[err]C) for 16 hours and then refl uxed
for eight hours. After the m xture had cool ed, the excess sodi um hydride
was deconposed by the slow addition of ice. The

suspension thus obuined was exhausdvely exmacted with dichloromethane. The product
obained after usual work-up was recrystallized from 150 ml of isooctane. The product had a
m.p. of 102-103°C a_nd was idendfied as 5,11-diethyl-5,1 1 dihydro- 6H-dipyrido(3,2-b:2".3°-

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

Examole 5

a) N—(Z-Chléro-3-pyridiny1-2—[(phcnylmcthyl)amino]—3-pyrid.inccarboxamidc

Using a procedure analogous to that described in Example 1b, except employing diczhyk:t{c-
glycoldimethy! ether as a solvent instead of xylene, N—(Z-cb.loro-3-pyridinyl)-z-[(pt;cnyl-
methyl)amino]-3-pyridine carboxamide, m.p. 95-97°C (fec:ysmﬂizcd &om .die:hylcncgly_cof-
dimethyl ether), was prepared from 2-_chloro-N-(Z-.chloro—3-pyriditiy1)r-3-pyridinceé.r$o;camidc

and benzylamine. The yicldlwas 72% of theory.

b) 5,11-Dihydro-1 1-(pheaylmethyl)-6H-dipyrido(3,2-b:2' 3'-¢](1,4]diazepin-6-one
Using a procedure analogous to that described in Example lc except employing diethylene-
glycoldintsthyl ether as a solvent instead of dioxane, 5,11-dihydro-11-(phenylmethyl)-6H-

dipyrido(3,2-b:2",3"-¢](1,4]-diazepin-6-one, m.p. 212-213°C (recrystallized from 1-propanol),

of theory.

was prepared from the product obtained in step a) and sodium hydride. The yield was 61%
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m xture was further diluted with water, and the product was extracted with

et hér and concentrated. The crystallized residue was filtered and washed
with ether to give 1.60 g of

5, 11- di hydro- 11-[ (4- net hoxyphenyl ) net hyl ] - 6H-di pyri do[ 3,2-b:2',3"-€e][1, 4] di
azepi n-6-one (50% of theory) as an off-ghite powder, mp. 209-210[err]C
d) 5,1 1-Di hydro-11-[ (4-net hoxyphenyl ) net hyl]-5-nethyl -6H di pyri do
[3,2-b:2",3 -€e][1,4]- diazepin-6-one 10.0 g (0.030 nol) of

5, 11-di hydr o- 11- [ ( 4- net hoxyphenyl ) net hyl ] - 6H-di pyrido-[3, 2-b: 2", 3" -

¢) 5,l1-Dihydro-5-cthyl-11-(phenylmethyl)-GH-dipyrido-{3.2-b:2".3"-¢|(1.+|diazepin-G-one
Using a procedurs analogous (o thac described in Example 3a. 5.11-dihydro-5-cthyl-11-
(phenyimethyl)-6H-dipyrido(3.2-b:2°,3"-e]( l,4]diﬁz=pin-6—§nc, m.p. 209-21 l°C.(rccxysm;llir:.d
from toluene/acetonitile 1/1 v/v), dichlommcmanc/mcr.hm.xol 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-Dihydro-S-ethyl-6H-dipyrido(3,2-5:2" 3"~<](1,4]diazepin-6-one

Using a procedure analogous to that described in Example 1d, excepe employing a pressure
vessel instead of an open one and heating the mixmure ac 120°C for 10 hours, 5,11-dikydro-5- -
ethyl-6H-dipyrido[3,2-b:2" 3'][1,4]diazepin-6-one, m.p. 161-163°C (recrysmallized from
isooctane/ethyl acetate 1/1 v/v), was prepared from the pfoduc: obtained in step (c). The yield

was 57% of theory.

Example 6

5.11-Dihvdro-5-methvl-§H-dipvridof3.2-b:2" 3’ ][ 1 4]diazepin-6-one

a) N—(Z-CMor&3-pyﬁdinyl)-N-ﬁcmyl-Z'[(phcnylmc:hyDaxninoi;3-pyridinccarboxaxpidc
Using a proccdurc analogous to that described in Example 1b, N—(Z-chloro-3-gyridinyl)-1fl’-

| mcmyl-i-[(phcnyhncmyl)anﬁno]-3-pyﬁdincca.rboxamidc, m.p. 114-116°C (recrystallized from
tert-bucyl methyl ether), dichloromethane/ethyl acetate 3/1 v/v), was prepared from 2-chloro-

N-(2-chloro-3-pyridinyl)-N-methyl-3-pyridinecarboxamide and beazylamine. The yicld was

87% of theory.
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e][ 1, 4] di azepi n-6-one was added to a flask containing 2.16 g of a 50%
di.spersion of sodium hydride in mneral oil and 100 m of
di met hyl f ormam de. The resulting m xture was stirred

- 48- at roomtenperature for 30 mn. and then heated to 50[err]C for 30
mn. After cooling, 8.51 g -54-

i:) 5.11-Dihydro-5-methyl-11-(pheaylmethyl)-6H-dipyrido(3,2-b:2",3"-¢](1.4]diaz=pin-6-one
Using a procedure of analogous to that described in Example 3b, 5. ll-d.ih'ydro-S-mct.hyl-l L-
(phcnyl.mct.hyl) 6H-d.1pyndo[3 2-b:2',3"-¢](1,4]diazepin-6-one, m.p. 198 199°C (recrystallized
from acctom:nlc) was prcpamd from the product obuained in step (a). The ytcld. was 80% of

theory.

) 5,11-Dihyd:o—S—mcmyl-éH-dipyrido(B,Z-b:Z;,3'-c][l.4]diachin-6—onc~ '

A mixture ¢onsisdng of 75.5 g (0.239 mol) 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. Wi:lﬂc sdil
hot, the reacdon mixture was sdrred into crushed ice. Thereafter, the mixoure was made
.'slighdy alkaline by addidon of aqueous ammonié. and was then exhaustdvely extracted with
dichloromethane. The combined organic llayc:s were dried over sodium sulfate and
evaporated in vacuo. The rcsu‘luc was chromatographed on silica gel using dichlommctharicl
ethyl acetate 1/1 (v/v) as an cluent. The product obtained by .cvapora:ion of suitable fracdons |

was recrystallized from acetonirile, yielding 21.6 g (40% of thcgry)' of colorless crystals

having a m.p. of 236-237°C.

3.8 g (0.0126 mol) of the product obtained in Example Sb were dissolved in 20 ml of
wifluoroacetic acid whereby the mixture became slighdy warm. Thereafter, the reacton

mixwure was refluxed for 8 hours. No starting material could be detected by TLC ac that
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(0.060 nol) of nethyl iodide in 10 m of dinethylformam de was added

dropwi se and the mxture was allowed to stir at room tenperature overnight
Excess sodi um hydri de was deconposed by the careful addition of ice. Water
was t hen added, and the product was extracted with ether, dried (anhydrous
sodium sul fate), and concentrated to gige. 10.3 g (99% of theory) of

5, 11-di hydr o- 11- [ ( 4- net hoxy- phenyl ) - et hyl ] - 5- met hyl - 64 di pyri do-[ 3, 2-b: 2",
3'- e][1,4]diazepin-6-one as a light yellow oil suitable for use in the
next reaction. e) :

5, 11- B hy Glofin 2t BRichYiftre Ghix kY ds! A Faporfle ine vhicrs] el rdicde FaRRbAIRD GRS
thoroughly sdrred with 0.5% aqueous ammonia and then filtered .by sucdon. The raw
material was suspended in 20 ml of acetonitrile, refluxed for 15 min;xtcs and sucdon filtered
while hot The filter cake was recrysaallized from hot dimethyl sulfoxide yielding 1.;7. g (45%
of theory) of colorless crystals which had a m.p. > 340°C and were idendfied by m.p., mixed

m.p. and UV-, IR- and MS specra to be idendcal with the compound obrained in Example
1d

Example 8

5.11-Dihvdro-1 I-cd;wl-S-mczhvl-GH-diovrido 3.2-b:2° 3¢l I.4Tdiazcoiﬁ-&onc
a) Z-Chloro-N-(Z-chloro—3-pyﬁciinyI)73-pyridinecarboxa.'midc
' _ Using a procedure analogous xjg,.:hat described in Example 1a, 2-<:.hlom-N-(2-ch1bro-3-
pyridinyl)-3-pyridinecarboxamide was prepared. The purified product was obtained by
cooling the reaction mixmure to oom temperature and decanting the supernatant from the
precipitate. The solid was then dissolved in methylene chloride, and the soludon washed wn:h
- water, dried (anhydrous scdium sulfanc), and the solveat removed in vacuo. The solid was

then washed with ethyl acetate and dried to provide 7.24g (84% of theory) of pioduct suitable

for use in the next reacton.

b) N-(2-Chloro-3-pyridinyl)-2-[[(4-methoxyphenyl)methyl]amino]}-3-pyridinecarboxamide
Using a procedure analogous t that described in Example 1b, N-(2-chloro-3-pyridinyl)-2-({(4-

mecthoxyphenyl)methyl]amino]-3-pyridinccarboxamide was prepared. The purified product
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50 m of trifluoroacetic acid was added to 10.3 g (0.030 nol) of

5,11-di hydro-11-[ (4- net hoxyphenyl) net hyl]-5-net hyl - 64 di pyri do
[3,2-b:2",3 -€e][1,4]-diazepin-6-one, and the mxture was stirred for one
hour at roomtenperature. The acid was renoved in vacuo and the residue
was stirred for one hour with 0.5% ammgi.a. The solid was flltered and
dried to give 6.70 g (98% of theory) of pure

5, 11- di hydr o- 5- net hyl - 6Hdi pyrido [3,2-b:2', 3’ e][ 1, 4] di azepi n- 6-one, np.
230-232C f)

5,11- D hydro-11-et hyl -5-net hyl - 6Hdi pyrido[ 3, 2-b:2',3"-e][1, 4].di azepi n- 6-on |

e was obuined by removing the solvent in vacuo, adding water to the residue, and excacdng
the product with methylene chloride. This soludon was dried (anhydrous sodium sulfaewe) and..
the solvent rcmovc_:d t0. give a brown oil which_was m:ﬁrcd with 10 ml of ether. The product
which crystallized was filtered and washed sequendally with cther and hexane to give 78.0 g

(91% of theory) of the title compound 2s an off-white powder, m.p. 121-122°C.

c) 5.1I-Dihydm-l1-[(4-mcthoxyphenyl)methyl]-éH—dipyridoB.2-b:2’,3'-c][l.d-jdiaizpin—é—one |
1.44 g of a.SO% dispersion of sodium hydride in mineral oil was added to a solution of 3.69g
(0.010 mol) N—(Z-chloro-3-p'yrid.inyl)-Z-[[(me:hoxyphcnyl)mcthyl]amino]-3—pyﬁdinc-
carboxamide in 100 ml of dimahylformamidc. After the evoludon of hydrogen stopped, the
mixture was heated (110°C) for 16 hours aﬁd. then refluxed for cigh.: hours. After the mixwure
had cooled, the excess sod.mm hydrldc:wa.s decomposed by the .slow addidon of ice. Tle
mixwure was further diluted with water, and the product was exwacted with ether and

| concentrated. The crystallized residue was filtered and ;washcd with ether to gi:ve 160 ¢ ?E
5,11-dihydro-1 1-[(4-mcmoxyphcnyl)met.ﬁyll-GH-dip yrido(3,2-b:2",3" -c){ 1 ,4]diachiq—6—gnc

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

d) 5.11-Dihydro-1 1-{(4-methoxyphenyt)methyl]-S-methyl-6H-dipyrido (3,2-b:2°,3'-¢](1.4]-
diazepin-&-one ' '

10.0 g (0.030 mol) of § .11-dihyd.m—11-[(methoxyp.hchyl)mcthyl]-6H—dipy:ido—[3.Z-b:Z'.3'-
c](1.4]diazepin-6-onc was added to a flask containing 2.16 g of a 50% dispersion of sodium

hydride in mineral oil and 100 ml of dimethylformamide. The resulting mixture was sdrred
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2:00 g of a 50% di spersion of sodiumhydride in mneral oil was added to a
solution of 5.75 g (0.025 nol) of

5, 11-di hydro- 5- et hyl - 6Hdi pyrido[ 3, 2-b-2",3" -e][1, 4] di azepi n-6-one in 100
m of di nmethyl formam de. When the evolution of hydrogen ceased, the m xture
was heated to 50[err]C for 30 mn. andsgithen cooled to roomtenperature.
Then, 7.80 g of ethyl iodide (neat) was added dropw se over 15 m nutes, and
the resulting mxture was allowed to stir overnight :

at room temperature for 30 min. and then heated to 50°C for 30 mua. Alter cooling, 851 ¢
(0.060 mol) of methyl iodide in 10 mi of dimethylformamide was added dropwise and the
mixture was allowed to sdr at room temperature overnight. Excess sodium hydride was
decomposed by the careful addidon of ic;. Water was then added, and the product was
extracted with ether, dried (anhydrous sodium sulfate), and concentrated to give 10.3 g (99%
of theory) of 5,11-dihydrq-l1-[(4-mcthoxy-phcnyl)-mcdxyl]-S-mc:hyl-GH-dipyrido-B.2-b:2',3'-

e](1,4]diazepin-6-one as a light yellow oil suitable for use in the next reacdon.

e) 5'.1.1-Dihydm-S-mcnhyl-SH-dipyrido[3,2—b:i’.3‘-c][1.4]diachin-6-onc

50 ml of wifluoroacedc acid was added to 10.3 g (0.030 mol) of 5.1 l-ﬁhydm-ll-[('df-
mcthoxypﬁcnyl)mcmyl]-S-mcthyL-GH-dipyrido [3,2-b:2’.3'-c][l.4}di@pig-6—oqc, and the
mmxturc was stirred for one hour at room temperarure. The acid'was removed in vacuo and
the residue was strred for one hour with 0.5% ammonia. The solid was filtered and dried to
give 6.70 g (98% of chcoryj of pure 5.1l-dihydm-s-mcmyl-éH-dipyrido‘[3..2-b:2'.3'- '

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

f) 5,11-Dihydro-11-ethyl-5 -merhyl—6H—di§yrido[3 ,Z-b:Z;.3 '—e][1,4]diachi§-6-o§c

2.00 g of a 50% dispersion of sodium hydride in mineral oil was added tw a soludon of 5.75
g (0.025 mol) of 5.1{-dihydro-i-mcd1y1-6§£-dipyrido[3,2—b£2'.3’-c][1,4]diachih-6-onc in 1CO
ml of dimethylformamide. When the evoludon of hydrogea ceased, the mixture was heated

té 50°C for-30 min. and then cooled to rcom temperature. Then,7.80 gof ethyl iodide (neat)

was added dropwise over 15 minutes, and the resuldng mixwure was allowed to str overnight
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-49- at room tenperature. The excess sodi um hydri de was deconposed by
the careful addition 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 5,1 1-dihydro-11-ethyl-5-nethyl-6H
di.pyrido[3,2-b:2',3" -e][1,4]diazepi n-G-qgne, mp. 130-132[err]C

at room temperature. The excess sodium hydride was decomposed by the carcful addidon of
ice, followed by water. The product was extracted with ether, dried (anhydrous sodium
sulfate), and evaporated to yicld 4.5 g (70% of theory) of 5.1 I-d.ihyd.ro-l_l-cmyl-S-mcr.hyl-éH-

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

Example 9

A, mixture of ZSég (0.01 mol) of 5,11-dihydro-11-cchyl—S-mcfhyl-GH—dipyrido—B,Z-b:2'3'- .
c](1,4]diazepin-6-one 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 efluxed
for 2 1/2 h. The solvent was then removed in vacuo and water was added to thc r_csidﬁc.
The product was extracted with ethyl acezate, dried (anhydrous sodium sulfate),.and
concentrated in vacuo. Puriﬁ;aﬁon was effected on a silica gel column using methylene
chloride as the first eluent, followed by ethyl acetate/hexane (1:4). Removal of the solvent in
vacuo gave 2.20g (74% of theory) of 5,11-dihydro-1l-cmyI-S-mcghyI-GH-dipyrid..oB.2-b:2',3'-
c](1,4]diazepin-6-thione as a yellow powder, which was recrystallized from 10% hexane/ethyl

acetars t&provide_ 1.1 g of the dde compound as yellow needles, m.p. 157-158°C.

Example 10

5,11-Dihvdro-11-ethvl-2-methvi-4-aifluoromethvi-6H-diovrido-[3.2

-b:2".3'-e}{1,4]diaz=pin-6-

a) 3-Cyano-2-hydroxy-G-methyl-4-(zifluoromethyl)pyridine
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Exarfpl e 9

5.11-Di hydro- 11- et hyl - 5- net hyl - 6H di pyri do[ 3. 2 b:2'3 -¢e][1. 4]d| azepi n-6-thi
one - A mxture of 2.66g (0.01 nol) of

5, 11-di hydro-11- et hyl - 5- et hyl - 6H di pyri do-[ 3, 2-b: 2" 3" -

e]{1, 4] di azepi n-6-one and 2.10g (0.005 &pl) of Lawesson's reagent
(2,4-bis(4- nmethoxyphenyl)-1, 3-dithia-2,4-di phosphetane-2,4-disulfide) in
50m of toluene-was refluxed for 2 1/2 h. The solvent was then renoved in
vacuo and water was added to the residue. The product was extracted with
- ethyl acetate, dried (anhydrous sodiumsulfate), and

A soludon of 14.0g of cyangacetamide in'80 ml of ethanol was warmed 10 50°C, and then
14g of piperidine and 25g of wrifluoroacerylacetone lwcn:' added. The rcsuicing rnixm;c was
sdrred at 70° for 30 mia. and then allowed to sdr overnight at room tcmporamrc. The
mixture was concenmated in v'acuo and then diluted with 100 ml of water. Concentrated
hydrochlonc acid (15 ml) was caudously added with sumng and after 15 min. the precipitate
was filtered and dried in vacuo overnight to give 27 8g of the desired cyanopyndmc.
b) 3-Aminocarbonyl-2-chloro-6-mc:hyl-4-(uiﬁuoromc:hyl)pyﬁdioc
A mixture of 35 ml of phosphorous oxychloride and 9.8g of the cyanopyridine obtained above
was refluxed for § hrs. The cooled mixture was quenched by cautously adding t© 400 ml of
ics water. The product was exwacted with methylene chloride, washed with sacurated sodium
bicarbonate, and dried (magn’ooium sulfate). After filtering and conocnrra&ng in vacuo, the
crude chloro compound was dissolved in 50 ml of c_onccn:ra.tod sulfuric.acid and heated t0
140°C f.or 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 acota.ro. dried (magnesium sulfate), filtered and

concentated to give an addidonal 1.7g of product.

¢) 3-Amino-2-chloro-6-methyl-4-(zifluoromethyl)pyridine
To a soluton of 6.6g of sodium hydroxide in 60 ml of water at 5°C was added 9.3g of
bromine. When a clear solution was obtained, 9.2g of 3-aminocarbony1-2—chloro-6-mc:hyl-4-

(wifluoromethyl)pyridine was added quickly, maintaining the temperature below 5°C. The
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concentrated in vacuo. Purification was effected on a silica gel colum
using nethylene chloride as the first eluent, followed by ethyl

acet at e/ hexane (1:4). Renoval of the solvent in vacuo gave 2.20g (74% of

t heory) of 5,11-dihyro-11-ethyl-5-nethyl-6Hdipyrido[3,2-b:2",3" -

el-[ 1, 4] di azpi n-6-thione as a yell ow pogger, which was recrystallized from
10% hexane/ ethyl acetate to provide 1.1 g of the title conpound as yell ow
needl es, mp. 157-158C. Exanpl e 10

5. 11-Di hydro-11-et hyl - 2-nmet hyl -4-trifl uoromet hyl - 6Hdi pyrido-[3.2-b:2'.3" -e
][ 1. 4] di azepi n- 6-

resulting mixoure was sdrred until the 3-(aminocarbonyl)pyridiae 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 exwacted with ethyl acetate,

* dried (magnesium sulfate), filtered, and cvapora:cd to give 4.9g of the desired product.

@) 2—Chloro-N-(2-chloro-6-mcthyl—4—t:iﬂuororﬁcd1yl—3fpyﬁdinyl)-3-pyﬁdinccarboxa.mid_e

To a cooled (-78°C) soludon of 2.1g of the 3-amino-2-chloro-6-methyl-4-(trifluoro-
methyl)pyridine in 10 ml of THF was added dropwise over 3 min. 7 ml of lithium
ciiisopropylaminc (LDA, 1.5 M in cyclohexane). The mixmre was sdrred 5 min., and 0.9g of
2-chloronicotnoy! chloride in 3 ml of THE was added over | min. After 5 min. an addidonal
3 tﬁl of LDA soluton was added followed by an addidonal 0.5 g of the acid chloride in 1 ml
of THF. The resultng mxxt:urc was strred 10 min. and then quenched with 100 ml of water.
After parddoning with 30 m! of ethyl acetate, the organic phase was exwacted with water and
the combincd aqueous phasés extracted with methylene chloride, dried (magnesium sulfate),
filtered and evaporated to give the crude product. This was washed with-a small amount of

ethyl acerate and dried to give 1.3g of the dile compound.

e) N—(Z_-Chloro-é—mcthyl-4-trif1uoromcnhyl-B—pyridinyl)-Z-cthxlamino-3-pyridincca.rboxamidc
Ethylamine (0.4g) was added to a’suspension of 1.3g of 2-chloro-N-(2-chloro-6-methyl-4-
wifluoromethyl-3-pyridinyl)-3-pyridinecarboxamide in 5 ml of xylene, and the resuldng
mixcure heated in a pressure wbe for 30 min, at 160°C. The cooled mixture was diluted with

cthyl acetate, washed, dried, and concentrated. Column chromatography over silica gel (cthyl
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a) 3-Cyano- 2- hydr oxy- 6- net hyi -4-(trifluoromethyl)pyridine.
-61-
acstate/hexane, 1:1) gave 0.5g of the dde compound.

f) 5.11-Dihydro-11-ethyl-2-methyl-4-mifluoromethyl-6H-dipyrido-(3,2-b:2’,3"-¢](1,4]diazepin-
6-one

A soludon of 0.5 g of N-(2-chloro-6-methyl-4-trifluoromethyl-3-pyridinyl)-2-cthylamine-3-
pyridinecarboxamide in 3 ml of pyridine was added to 0:2g of a 50% dispersion of sodium
hydride in oil. The mixmre was heated to 150°C and then cooled and concentrated in Qacua.
Water was added to the residue and the product was exwracted with ethyl acetare, dried
(magnesium sulfate), filtered, and concentrated. The produclt was purified by column
éhroma.tography over silica gel (methylene chloride, thea methylene chloride/methanol). After
concentrating in Vacuo, the residue was crystallized from hexane to give 0.09g.of the dde

compound, m.p. 150-151°C. -

Examople 11

a) Z-Ctdoro-i—methyl-?a-niu'opyri&inc'

A rmxrure of 25¢g of 2-hydroxy-4-methyl-3-nizopyridine, 12.5g of phosphorous pentachloride, )
and 62 ml of phosphorous oxych}oridc wa;s refluxed for 2 hrs. After cooling, the mixture was
poured onto crushed ice and strred undl a precipitate formed. The product was exwracted

.with methylene chloride, dried (sodium sulfate) and concenwrated t 2 browr; oil, which was

washed with hot hexane. Concentraton in vacuo provided 16.2g of the the dde compound,

m.p. 45-47°C,
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A solution of 14.0g of cyanoacetam de in 80 nl of ethanol was warned to
5Q[err]C, and then 14g of piperidine and 25g of trifluoroaccryl acetone
were added. The resulting m xture was stirred at 70 for 30 mn. and then
allowed to stir overnight at roomtenperature. The m xture was
concentrated in vacuo and then dilutedgsith 100 nl of water. Concentrated
hydrochloric acid (15 m) was cautiously added with stirring and after 15
mn. the precipitate was filtered and dried in vacuo overnight to give
27.8 g of the desired cyanopyridi ne. b)
3- Ami nocar bonyl - 2- chl or o- 6- net hyl - 4-(tri fl uoromet hyl)pyridine

b) 3-Amino-2-chloro-4-methylpyridine

.-16.2g of 2-chlor6-4-mcd1yl-3-nilmpyrid.inc. was added to 470 ml of acedc acid and the

resuldng mixture stirred at room temperarure for 15 min. A soludon of 160 g of sunnic

chloride dihydrate in 200 ml of concentrated hydrochloric acid was then added in one pordon

and the resuldng mixture strred overnight at room temperature. This mixure was then

diluted to 1 fiter with water and 10N sodium hydroxide was added slowly with cooling undil

the white precipitate of dn hydrochloride 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-Ehloro-4-mcthylpyridinc suitable for

use in the next reacdon.

c) 2—Chloro—N-(2-chloro-4g_-mc"i:hy1-3-pyridinyI)-3—pytidinccarbo:;amidc

-Using a profcdure analogous to that described in ﬁxa.mplc 12, the carboxamide was prepared
from 12.8 g of 3;amino-2.-chlom-4-med1yl pyridine, 15.8g of Zchlomnicodnoyl_ chloride, 7.1g
of pyridine, 30ml of éyclohexanc 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 tim solvent, the residue was washed with ét.hyl acetate 10 give 1.2g of the

~ dde compound, m.p. 193-194°C,

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

3-p)'ridinyl)-3-pyridihccarboxaxnidc in 150ml of xylene in a stecl bomb. The mixture was
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A-m xture of 35 m of phosphorous oxychloride and 9.8g of the cyanopyri dine
oht ai ned above was refluxed for 5 hrs. The cool ed m xture was quenched by
cautiously adding to 400 m of 1ice water. The product was extracted with
met hyl ene chl ori de, washed with saturated sodi um bicarbonate, and dried
(magnesium sul fate). After filtering angg concentrating in vacuo, the crude
chl oro conpound was dissolved in 50 ml of concentrated sulfuric acid and
heated to 140[err]C for 20 min. The cooled m xture was carefully poured .
over 600 mM 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 mf.qOfe.@lhYha BESLALE 165C BH 6 FRIREREN BAM! JBinGih af bobfCkRgeRNAL.

The solvent was removed in vacuo and water added to the residue. The producr was
extracted with echer, dried (sodium sulfate) and concenmated to give an odl. This was .
dissolved in ethyl acetate followed by hexane at which dme a precipitate formed. The solid

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

e) 5,11-Dihydro-11-cthyl-4-methyl-6H-dipyrido(3,2-b:2",3'-¢](1,4]diazepin-6-one

" A 50% suspension of sodium hydride (7.9g) was added to a soludon of 16.0g of N-(2-chlore-
4-methyl-3-pyridinyl)-2-ethylamino-3-pyridinecarboxamide obtained abave in 200 ml of
dimethylformamide and sdrred for 30 min. The mixmure was then refluxed for 2 hrs., cooled
and cm@y treated with crushed ice. The solvent was removed in vacuo.a.nd. water was
added to the residue. The prcduc: was extracted with ether, dned (sodium sulfate) and

" conceatrated. The residue was boiled with ethyl acsmte/cyclohexane (1:1) and filtered t0 give
4.1g of almost pure product. 2.0g of this produc: was further purified by recrystallizadon
from dichloroethane to give 1.0g of purc 5,11-dihydro-1 1-c:hy1-4-mcchyl-6'£{-d1pynd.o{3 2-

b :27,3"-¢][1,4]diazepin-6-one, m.p. 212-214°C.

Example 12 -

11-Cvclooroovl-5.1 1-dihvdro-4-methvl-6H-diovridof3.2-b:2".3"-¢1[ 1 .4]1diazcoin-6-0one

Using a procedure analogous to that employed in Example L1, but using 'cyclopropylaminc

instead of ethylamine, yielded the dde compound, m.p. 247-249 °C.
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concentrated to give an additional 1.7g of product. c)

3- Am no- 2-chl oro-6-nethyl -4-(trifluoronmethyl)pyridine To a solution of

6. 69 of sodium hydroxide in 60 ml of water at 5[err]C was added 9. 3g of
brom ne. When a clear solution was obtalned 9. 2g of

3-am nocar bonyl - 2- chl or 0- 6- net hyl - _@urlfluoronethyl)pyrldlne was added
qui ckly, maintaining the tenperature belom/5[err]C The

Example 3

11-Cvclooroovi-5.1 1-dihvdro-5-hvdroxv-4-methvl-6H-diovridof3.2-b:2".3 el 1 .4]diazepin-6-

one
To a mixwure of 0.5g of ll-cyclopx;opyl-s.l 1_-d1hydro-4-mcthyl—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%
sodinm hydride in mineral cil. The reaction mixture was stirred at room temperature for one
hour and then cooled to 0°C, at which tme 0.9g of oxodiperoxymolybdenum(pyridine)-
hcxa:ncmyll;hosphoramidc (McOPH) Qas added in one porton. The reacton mixmre was |

' then allowed to warm to room temperature and was allowed to str ov;might. The mixture
was qﬁcnchcd with water and the solveats rc:ﬁovcd in vacuo. The residue was cxtrla.c:tcd with
wa.fm ethyl acetate, concentrated in vacue and purified on a silica gel column ('elucm: ethyl
acetare) to give 0.05 g of pu;z'-ll-cyélopropyl-s.ll-dihydro-S-hydroxyA-mcmyf-éH-

dipyrido(3,2-b:2",3"-¢](1,4]diaz=pin-6-0ne, m.p. 239-241°C. The yield was 9.5% of theory.

EXAMPLE 14

3. 11-D1hvdro-1 1-cthvl-Z-mcthoxv-S—metthGH—dmvndo 3.2

a) 3-Ammo—2—bromo-6—mcthoxypyndmc

Sodium acetate (1.6 g) was added to a soludon of 5-amino-2-methoxypyridine (25 2)in
dcctic acid (15 ml). To the resuldng soludon bromine (3.0 g) was added dropwise, and the
mixture was stirred for 20 min., and then added to a soludon of sodium hydroxide (10 g) in
water (100 ml). The product was extracted with ethyl acerate (50 ml), dried (anhydrous
magnesium sulfate), and concenated in vacuo. The product was puﬁﬁcd over a silica gel

I ———————
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-51-- resulting mxture was stirred until ‘the 3-(am nocarbonyl)pyridi ne
di.ssolved (-30 mn). The cooling bath was renoved and the m xture was then
warmed to 75[err]C for 30 min. After cooling to roomtenperature, the
3-am nopyri di ne product was extracted with ethyl acetate, dried (rmagnesium
sul fate), filtered, and evaporated to_gsve 4.9g of the desired product.

columa (ethyl acetate/hexane, 1:4) to give 2.7 g of the dde compound, suitable for use in the

next-reacdon.

b) N-(Z-Bromo—6—mcthoxy-3-pyrid.inyl)-z-chloro-3-pyridinccarboxamidc
To. a soludon of 3-amino-2-bromo-§-methoxypyridine (2.7 g) in methylene chloride (20 ml)
and pyridine (1 ml) was added 2-chloronicotnoyl chloride (2.2 g), and the resuldng mixmure
was stirred 20 min. The mixture was thqn diluted with methylene chloride (100 ml), washed
with water ('100 ml), dried (anhydrous magnesium sulfate), and concentrated. ‘The scmisoli;i

' residue was sawrated with hexane, filtered, and dried to give 4.1 g of product suitable for use

in the next reacdon.

c) N—(‘.’.—Bromo-é-mer.hoxy—%-pyridiny!)-z-chloro-N-mcdiyl-S-pyﬁ;ﬁnccarboxamidc

Sodium hydride (0.3 g of 2 50% dispersion.in mineral oil) was added to .dimethylsulfoxide

(10 ml) and warmed to 50°C. After cooling the mixture to room tcmécrann'c, N-(2-bromo-6- |
- methoxy-3-pyridinyl)-2-chloro-3-pyridinecarboxamide (2.0 g) was.added and the resuldng

solution was strred for 10 min. Methyl iodide (0.4 ml) was then added and the mixture was

stdrred for‘Z;O min. The reaction mixmure was quenched by the adddon of watet'(10 ml) and

ethyl acetate (100 ml) was then added. The organic phase was washed v)ich water (4 x 100

ml), dried (anhydrous magnesium sulfate), concentrated, and purified on a silica gel c&h_xmr;

(methylene chloride followed by methylene chloride/ethanol, 98:2) o give 1.9 g of the dde

compound, suitable for use in the next reacdon.
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d) _ :
2-Chl oro-N-(2-chl oro-6-nethyl -4-trifluoronethyl-3-pyridinyl)-3-pyridinecarb
oxam de To a cooled (-78[err]C) solution of 2.1g of the

3-am no-2-chloro-6-nethyl -4-(trifluoro- nmethyl)pyridine in 10 i of THF
was added dropwi se over 3 min. 7 m of ggi.thium diisopropylamne (LDA, 1.5
Min cycl ohexane). The m xture was stirred 5 mn, and 0.9qg of

2-chl oronicotinoyl chloride in 3 ml of THF was added over 1 nin. After 5
mn. an additional 3 nml of LDA solution was added foll owed by an
additional 0.5 g of the acid chloride in 1 mM of THF. The resulting

m xture was stirred 10 min. and then quenched with 100 H‘iﬁ of wate Af ter
partiti on|dhd“v(n—tW@@GrWCf'Eﬁ‘YétW“aBe?r%i-biéam’f“ﬁé"‘&‘@’dhPcPYB E@f%‘s’mé ract ed

with water and
Ethylamine (0.7 g) was added to a soludon of N-(Z-bromo—é—mcr.hoxy 3-pyridinyl)-2-chloro-

N-methyl-3-pyridinecarboxamide (1.9 g) in xylene (3 ml), and the resuldng mixture was
scaled i a pressure boule and heated at 150°C for 4 hours. The soluton was diluted with
ethyl acetate, washed with water, dried ka.nhydrous magnesium sulfate), concentrated, and
purified on a ﬁﬁca gel column (echyl aceta.tcﬂ;cxanc, 1:4) o give 1.5 g of the dte compound,
suitable for use in the next reacton.

e) 5.1 I-Dihydro-.l l-cthyl-Z-mcthoxy-'S-mcthyl-GH-dipyridoB 2-b:2°.3 7-c][1,4]diaz=Pin-6-onc
Sodium hydride (0.9 g of 2 50% dispersion in mineral oil) was added to a soludon of N-(2-
bromo-6-methoxy-3-pyridinyl)-2-ethylamino-N-methyl-3-pyridinecarboxamide (1.4 g) in
xylene (20 mi) and the mixture reflwied for 2 howrs. Afer cooling, the mixture was
qucnchcd with methanol, diluted with ethyl acetate, and washed with water. The organic
phase wis dried (anhydrous magnesium sulfate), conccnu'a-t.cd. and purified on 2 silica gel
coiumn (ethyl acetate/hexane, 1:4) to give fairly pure product, which was then recrystallized
wice from cthyI acetate/ticxane 0 give 0.52 g of pure 5, ll-dlhydro-ll-cmyl-z-mcthoxy-S-

methyl- 6H"-d.tpyndo[3,2-b 27.3%-e]{1 4]d;mpm-6-one, m p 116—1 18°C.

- EXAMPLE 15

3.11-Dihvdro-11-ethvi-5-methvi

o
(1]

B

a) '5,11-Dihydro-t 1-cthy}-?.-hydroxy-S-mcﬁxyl—SH—d.ipyrido(?:.Z-b:Z',3'-c][l,4]dia;cpin—_6-onc
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t he conbi ned aqueous phases extracted with nethyl ene chloride, dried
(magnesium sul fate), filtered and evaporated to give the crude product.
This was washed with a small anount of ethyl acetate and dried to give
1.3g of the title conpound. e)

N--(2-Chl oro-6-nmet hyl -4-trifluoronet hyl -3-pyridinyl)-2-et hyl am no- 3- pyri di ne
car boxam de Ethylam ne (0. 4q) vvas added to a suspension of 1.3g of
2- chl or o- N- (2- chl or o- 6- net hyl -

trifluoronethyl-3-pyridinyl)-3- pyri di necarboxam de in 5 mM of xylene; and
the resulting mxture heated in a pressure tube for 30 mn. at 160[err]C.

The cool ed m xture was diluted with
Hydrob.romic acid (48%, 2 ml) was added (0 a soludon of 5,11-dihydro-1 ljcthyl-'_’-mcdtoxy-
S-mcchyl-éH-dipyﬁdoB.Z-b:Z'.3'-c][l,4]diachi.n-6-onc (0.3 g) in acsdc acid_(?. ml), and the
resulting mixmure was rapidly heated to reflux for 5 min.” The reacton mixwre was quenched
with 10% scdium hydroxidc' (10 ml) and the product was extracted with ethyl acetate, dried

(a.nhydrous magnesium sulfate) and concentrated to gwc a solid which was recrystallized from

c:hyl acetatc © ngc 0.08 g of product, m.p. 215-218°C

b) 5.11-Dibydro-11-cthyl-S-methyl-2-mifluoromethanesulfonyloxy-6H-dipyrido(3,2-6:2",3"- '
¢]{1,4]diazepin-6-one |

To a soludon of 5 11-D1hydro-11-ethyl— -hydroxy-5-methyl-6H-dipyrido(3,2- b 2’3
e][1,4]diazepin-6-one (0.2 g) in methylene chloride (4 ml) under nitrogen was added
diisopropylethylamine (0.2 rnl) followed by mﬂuoromcthancsulfomc anhydride (02 ml). The
resuling mixture was surrcd for one hour, and then diluted with mcthqunc chlondc (20 ml),
and washed with water. The organic phase was dried (anhydrous magnesium sulfate),
concentrated, and purified on 2 silica gel column (ethyl accrz.tc/he.-:xanc, 1:3) to give fairly

pure product, suitable for use in the next reacton.

¢) 5,11-Dihydro-11-ethyl-5-methyt-2-(N-pyrrolidino)-6H-dipyrido(3,2-b:2’ 3-e](l 4]d13-2¢pm'
6-one '
5,11-Dihydro-1 1-cthyl—S-mc:hyl—Z-u:ifluororncdxancsulfonyloxy-GH—d.ipyrido[S 2-b:2°,3°-

" e](1,4]diazepin-6-one (0.25 g) was dissolved in pyrrolidine (1 mi) agd refluxed 30 min. The

cooled soludon was diluted with ethyl acetate, washed with water, and the organic phase was
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et-hyl acetate, washed, dried, and concentrated. Col urm chromat ogr aphy over
siJica gel (ethyl -52-
acet at e/ hexane, 1:1) gave 0.5g of the title conpound.

- . -68 -

dried (anhydrous magnesium sulfate) and concenmated. The resuldng oily residue. was
crysallized from cthyl acetate/hexane to provide 0.11 g of 5,1 l-dihydro-lll-cthyl-S-mcthyl-Z-

N-(pyrrolidine)-GH-dipyrido(3,2-b:2",3"<](1,4]diazepin-6-one, m.p. 185-138°C.

EXAMPLE 16

5.11-Dihvdro-1 1-ethvi-2-methoxv-4-methvi-6H-dipvridof3.2-b:2",3"-e][ 1 .4]diazepin-6-one

a) 2-Methoxy-4-methyl-S-nizropyridine

Sodium methoxide (26.1 g) was added 1o a soludon of 2-chloro4-methyl-S-nizropyridine
(19.0 g) in methanol (100 ml) and the resulting mixmure was refluxed for 12 hours. Upon
cooling, the mixmre was poured over water (1 L), and the product was exwracted with ethyl
acetate and washed with water. The organic phase was dried (anhydrous magnesium sulfate)
and concenmrated, and the rcfidne dissolved in hot ether and filtered. Crystallization from

ether provided 10.2 g of the title compound, suitable for use in the next reacton.

b) _5—Aminc-2-mcd10xy—4—mcmylpyﬁdinc

A mixm:'c of stannous chloride dihydrate (41 g) and concenated hyd@cMoﬁc acid (46 ml)
was adde slowly to a solution of 2-methoxy-4-methyl-5-nitropyridine (5.1 g) @it acetic acid
(40 ml), mainaaining the temperaturs below 35°C. The resuldng mixrure was sdrred at room
temperature for 2 hpurs. and then allowed to stand overnight in the refrigerator. The solid
was collected and both solid and supernatant were scparately basified with a 20%lsodium
ﬁydrbxidc soludon. The prodt;ct was extracted with chloroform, combined, dried tanhyd.rous

magnesium sulfate) and conceamrated to give 3.9 g of the dde compound as a solid, suitable
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f) :
5,41-Di hydro- 11-et hyl -2-net hyl -4-trifl uoronet hyl -6H di pyrido-[3,2-b-2",3 -¢
]1[1, 4] di azepin- 6-one A solution of 0.5 g of

N-(2-chloro-6-nmethyl -4-trifluoromethyl-3-pyridinyl)-2-ethylam no- 3-

py+ i di necarboxam de in 3 nml of pyridineg g\as added to 0.2g of a 50%

di spersion of sodium hydride in oil. T?'ue m xture was heated to 150C and

t hen cool ed and concentrated in vacuo. Witer was added to the residue and
the product was extracted with ethyl acetate, dried (nagnesiumsulfate),
filtered, and concentrated. The product was purified by colum

for use in the next reaction.

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

Bromine (4.8 g) was added in oné ponjon to 2 mixture of 5-amino-2~mcthoxy—4—-‘
methylpyridine (3.9 g) in acedc acid (ZS ml) and scdium acstate (4.0 g). The fesulting.
mixture v)a.s sdrred for 20 min. and then added to a solution of sodium hydroxide (15 g) in
water (200 ml). The product was extracted with chloroform, dried (anhydrous magnesium
sulfate), concentrated, and purified on a silica gel column (methylene chloride/ethyl acetate;

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

d) N-(2-Bromo-6-methoxy-4-methyl-3-pyridinyl)-2-chloro-3-pyridinecarboxamide
2-Chloronicotinoyl chloride (3.5 .g) was added t a solution of 3-@&2-br6mo—€-methoxy4—
methylpyridine (4.5 g) in medhylene chloride, and the resulting mixture was stirred overnight
at room temperature, and ﬁnﬁwd with diisopropyl ether. The precipitated solid was fltered

togive 6.0 g of the ttle compound, suitable for use in the next reacdon.

¢) N-(Z-Bmmo-G-mcdloxY—i-mcdxyi-3—pyﬁdiixyl)-z-c:hylamino—3~pyﬁd.inccarboxs.:nidc.

A mixwure of N—(Z-bromo-ﬁ-mc:hoxy-4—mcthyl—3-pyridinyl)—2—chloro-3-pyﬁdi.neca.rboxamidc
(2.1 g), dioxane (10 ml), and 'ctf{ylaminc (0.5 g) was heated to 140°C in. a sealed cbe for 5
hours. The cooled mixture was ciilutcd with ethyl a:cc:atc. washed with water, and the organic
pﬁasc was dried (anhydrous magnesium sulfare) and conécnuar,cd. The product was purified

on a silica gel column (methylene chloride/ethyl acetate, 99:1) and crystallized by tricuradon
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chr omat ogr aphy over silica gel (nethylene chloride, then nethylene

chl oride/ methanol). After concentrating in vacuo, the residue was
crystallized fromhexane to give 0.09g of the title conmpound, mp.
150-151[err] C Exampl e 11 _

5.:11- Di hydro-ll-ethyl-4-nethy|-6k+dipyphﬂp[S.Z-b:Z',3'-e][1,4]diazepin-6-on
e a) 2-Chloro-4-nethyl-3-nitropyridine ™ A m xture of 25g of

2- hydr oxy-4-nmet hyl -3-nitropyridine, 12.5g of phosphorous pentachl oride,

with diisopropyl ether to give 0.95 g of the due compound.

£) 5.11-Dihydro-11-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 t0 a soludon o't-' N-(2-
bromo-5-methoxy-4-methyl-3-pyridinyl)-2-cthylaming-3-pyridinecarboxamide (0.54 g) in

_ éyridinc (4 ml), and the resuldng mixmure was refluxed for 1.5 hours. The cooled mixture
was diluted with ethyl acetate, washed with water, and the organic phase was dried
(anhydrous miagnesium sulfate) and .concenmed. The residue was washed with diisopropyl
ether and hot ethyl accta.tc; and then crystalli-:d from ethanol to provide 0.2 g of 5,11-
dihydro-11-cthyl-2-methoxy-4-methyl-6H-dipyrido(3,2-b:2",3"-¢][ 1,4]diazepin-6-one, m.p. 249-

251°C.

EXAMPLES 17-73.

. e

Using procedures aﬁalogous to those described above, the compounds of Examplgs 17-73,

which are described below in Table II, were made.

-
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and 62 m of phosphorous oxychloride was refl.uxed for 2 hrs. After cooling,
poured onto crushed ice and stirred until a precipitate
formed. The product was extracted w th nmethylene chloride, dried (sodium
sul fate) and concentrated to a brown oil, which was

the m xture was

hexane. Concentration in vacuo provide

m p. 45-47C.

TABLEIT .

Compounds in this table are of the formula

washed with hot

¢116.2g of the the title conpound,

wherein R'-R® are as defined below and Z is an oxygen atom unless noted to be a sulfur

awom.

Ex.

17
18
19
20
21
22 -
23
24
25
26
27

methyl

e < - - HE+ I H

methyl
methyl

R Other

ethyl 3-chloro, 2-nitro
cyclobutyl 4-methyl )
cyclopropyl 2,4-dimethyl
cyclopropyl 4-ethyl
ethyl 2-chloro, 4-methyl
cyclopropyl 2-chloro, 4-methyl
ethyl '
t-butyl
ethyl 8-azido
isopropyl
cyclopropyl
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215-216
214-215
>300°
228-230
"224-228
'310-320
211-212
192-194
265-266
204-206
240-250
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b) 3- Am no- 2- chl or o- 4- net hyl pyri di ne
2-chl or o- 4- met hyl

t he

28
29

30
31
32
33
34

35

" .36
37

38

39

4Q
41
42
43

44
435

46
47
48
49

50

resulting mxture stirred at
of 160 g of stannic
hydrochl oric acid was then added in on
stirred overni ght at

methyl
methyl

methyl

methyl
meEhyl
methyl

methoxy-
methyl

methyl

methyl

methyl

methyl

methyl
methyl

roomt enper at ure.

cyclopropyl

cyclopropyl~

methyl
(R)-2-butyl
ethyl
{S)-2-butyl

cyclopentyl

ethyl

~ethyl

ethyl
cyclopentyl
methoxy-
methyl
ethyl

cyclobutyl
cyclobutyl
cyclopropyi
ethyl

cyclopropyl
ethyl

ethyl
cyclopropyl
ethyl
ethyl

cyclopropyl

16.29 of

ggportipn

4-mekhyl

15 m n.

-3-nitropyridine was added to 470 ml of acetic acid and
roomtenperature for
chloride dihydrate in 200 m of concentrated

A sol ution

and the resulting m xture
his m xture was then

2.3-dimethyl_

2-(pyrrolidin-

l-Yl) ’

4-methyl

2-(3-pyrrolin

l-yl)

7,9~-dimethyl

4-methyl.

2-chloro,

4-tri-

fluoromethyl

4-chloro

2-(tetrahydro-
pyridin-l-yl)

4-methoxy

2-({p~-methoxy~
benzylmethyl-

amino)

2-allylamino

4~hydroxymethyl
" 3,8-dinitro _
2,8-dinitro, 3-

chloro

4-methyl,
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138-139

172-174
143-145
173-175,
225-228
224-2486

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
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diluted to 1 liter wwth water and 10N sodi um hydroxi de was added sl owy

wi.th cooling until the white precipitate of tin hydrochloride dissol ved.
The product was extracted with nethylene chloride, dried (sodiumsulfate)
and concentrated to give 12.8g of a yellow oil, which solidified on

st.andi ng, -of al nost pure 3-am no-2-chl oyp: 4- et hyl pyri di ne suitable for
use in the next reaction. c) :

2- Chl or o- N-(2- chl oro- 4-net hyl - 3- pyri di nyl) - 3- pyri di necarboxam de Using a
procedur e anal ogous to that descrlbed i n Exanpl e la, the carboxam de.was
pr epar ed

51 H cyclopropyl 4-methyl, (Z=S) ! 189-194
52 methyl cyano S 274-277
53 methyl  cyclohexyl | 145-146
54 H cyclohexyl - 199-201
ss H ethyl 7,9-dimethyl, 8-  1§0-162
_ chloro
56 methyl  c¢yclopropyl 163-166
57 methyl methylsulfonyl : 239-241
58 methyl ethyl -2-amino, 3-chloro 160-182
59 allyl cyclopreopyl 4-methyl ' 146-149
60 methyl ethyl 3,8~-diamino 240~-250
é1 vinyloxy- cyclopropyl 4-methyl 140-143
carbonyl
62 methoxy cycleopropyl 4-methyl 169-171
63 acetyl. cyclopropyl 4-methyl 176-179
64  methyl  ethyl 2-(p-methoxy- 133-135
' benzylamino) ' )
65 methyl ethyl : 2-(morpholin-l-yl) 158-160
66 methyl ethyl - .~ 2-(piperidin-l-yl) 164-166
67 H cyclopropyl 4~-cyano 243-245
68 dimethyl- cyclopropyl 88-89
' aminoethyl _ ' _
69 methyl ethyl 2-dimethylamino _ 118-120
70 methyl .ethyl : "2-ethylamino 154-157
71 methyl ethyl 8-nitro 1 148-149
72 H ethyl 2-dimethylamino, 209-211
4-methyl
73 H " ethyl 2-(pyrrolidin-1- 215-218
yl), 3-choro, 4-
methyl
NA = not available
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from 12. 8g of 3-am no-2-chl oro-4-nethyl pyridine, 15.8g of

2-chl oroni cotinoyl chloride, 7-1g of pyridine, 30m of cyclohexane and 60
m of di oxane. After renoval of the solvent, the product was dissolved in
met hyl ene chl oride, washed with water and dried (sodiumsulfate). After
rerfoval of the solvent, the residue was washed with ethyl acetate to give -
1.2g of the title conpound, mp. 193-194C. d) '
N-(2- Chl oro- 4- et hyl - 3- pyri di nyl ) - 2- ethyham no- 3- pyri di necar boxam de

Et hyl am ne (12. 7g) was added to a suspension of 21. Og of the

2-chl oro- N-(2-chl or o- 4- net hyl -

hemihvdrate ' <.

a) 2-Ethylamino-3-nicopyridine

A stred mixnre of 2-chloro-3-niropyridine (3.60 g, 0.054 mol), ethylamine (5:37 g, 0.12
mol) and xyleae (10 mi) was hwed.a: IOO"C in a scaled mbe for three hours. - After cooling,
the solven:wa.srcmovedmvacuo a.ndwaterwasaddedm the residue. The product was
extracted with methylene chloride, dried (sedium sulfa.te), and concenmarted in vacuo to give

10.0 g of the dde compound as a yellow oil, suitable for use in the aext reacdon.

9/038-4-C6
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3-pyridinyl)-3-pyridinecarboxan de in 150m of xylene in a steel bonb. The
m.xture was -54- then heated in an oil bath to
165[err]C for 6 hrs. and then stirred overnight at roomtenperature.

: -75-

b) 3-Amino-2-cthylaminopyridine
Using a procedure analogous to that described in Example 11b, 6.5 g of the dde compound

was prepared from 9.1 g of 2<thylamino-3-niwopyridine.

¢) 2-Chloro-N-(2-ethylamino-3-pyridinyl)-5-niro-3-pyridinecarboxamide

A-soludon of 2.21 g of 2-chloro-S-nizonicodnoyl chloride (obtained by nimadng 2-
hydroxynicodnic acid, followed by conversion to 2-chloro-5-nicronicotinic acid, which was
then treated” with thionyl chloride) in 10 ml of tcu'ahydrofumh was slowly added over 15 -
minutes o a cooled, strred mixmre of 1.34 g of 3-Amino-2-ethylaminopyridine, 1.29 g of
diisopropylethylamine, and 40 ml of texahydrofuran. The resuldng mzxmrc was allowed to
stir overnight at room temperanure, and then conccnuﬁt'cd in vacuo. The dde compound (2.30
g m.p. 185-186’C) which precxpxta.tcd out when the residue was teated with mc:hylcnc

chlond.c was suitable for use in the next reacton.

.d) 5.11—Dihydm-11-c£hyl-8-nim—6H-dipyﬁdo[3.2—b:2',3'-c][l,d-]c_!_ia.chin—é—onc |
A solution of 1.80 g of 2-chloro-N-(2-ethylamino-3-pyridiayl)-5-nitro-3-pyridinecarboxamide
in 25 mhof xylene was rcﬂu;ccd for four ﬁoms. After .concc;m'acing in vacuo, the residue was
purified on a silical gel columﬁ cludng with 56% cthyl a.ccrarc}hcxanc to give 0.93 g of the

dde compound.

¢) 5,l1-Dihydro-11-ethyl-5-methyl-8-nixro-6H-dipyrido(3,2-b:2",3"-¢]( L ,4]diachin—6-onc

The dtle compound (0.72 g, m.p. 143-149°C) was prepared from 0.93 g of 5,11-dihydro-11-
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The sol vent was renoved in vacuo and water added to the residue. The
preduct was extracted with ether, dried (sodiumsulfate) and concentrated

to give an oil. This was dissolved in ethyl acetate followed by hexane at-
which time a precipitate forned. The solid was filtered and dried to give
16759 of the title conmpound, mp. 122-1zd[err]C e)

5, 11-Di hydro- 11- et hyl - 4- net hyl - 6H-di pyrido[ 3, 2-b:2',3" -¢e][1, 4] di azepi n-6-0n
e A 50% suspension of sodium hydride (7.99g) was added to a sol ution of

16. 0g of N-(2-chl oro-

4- et hyl - 3- pyri di nyl ) - 2- et hyl am no- 3- pyri di necar boxani de obt ai ned above I n
200 m  of

cLhyl-S-qiu'c-SH-dipyﬁdo[lZ-b:2',3'-c][l.4]diachin-6-onc in a2 manner analogous to that

described in Example 8d:

D 8-Amino-5,11-dihydro-11-cthyl-S-mediyl-6H-dipyrido(3.2-b:2",3' <] 1,4]diazepin-6-one
‘hemi-hydrate | | ' '
Following a procedure analogous 1o that described in Example 11b, 0.23 g of 5,11-dihydro-
1l-cmyl-S-mcthyl-S-niu'o-GH-dipyﬁdoB.Z-b:Z‘.3'-e1[1.4]diachih-6—one reduced to give, after
rccrys:a[liza‘u'on from 1,2-dichlorcethane/hexane, 0.060 g of the ttle compound as a yellow-

brown powder, m.p. 193-194°C.

Example 5

6-Cvano:mxn6—5 i1

A mixmare of 5,11-dihydro-1 1-cthyl-é—m::hancsulfonyloxy-z.4—dima:hy1—6H-dipyrido[3,2-'
b:2’,3"-¢](1,4]diazepine (0.25g, 0.63 mmol), cyamamide (0.034g, 0.8 mmol), 5 ml of 1,4-

. dioxane, and potassiur;: carbonate (0.11g, 0.8 mmol) was stirred at room temperature for 10
days. The mixture was then concenmated in vacuo, and. the was residue partddoned berween
cthyl acerate and water. The organic phass was dried, filtered and concentrated in vacuo.
The residue was chromatographed over silica with 10% ethyl accmtc/mcmylcnc chloride to.

provide 0.025 g of the tde compound, m.p. 230-233°C.
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di et hyl f ormam de and stirred for 30 mn. The m xture was then refluxed for
2_hrs., cooled and carefully treated with crushed ice. The sol vent was
renoved in vacuo and water was added to the residue. The product was
extracted with ether, dried (sodiumsulfate) and concentrated. The residue
was boiled with ethyl acetate/cyclohexane (1:1) and filtered to give 4.1¢g
of al nost pure product. 2.0g of this product was further purified by
recrystallization fromdichloroethane to give 1.0g of pure
5, 11-di hydro-11- et hyl - 4- et hyl - 6H di pyri do[ 3, 2-
b-2',3" -e][1, 4] di azepi n-6-one, mp. 212-214[err]C.

Example 76

S.ll-Dithro-ll_-cthvl-é-mcr.hoxvimino-Z-A-dimcthvl-'éH-diDVﬁdoB.2- :2°.3"-¢][1 4ldiazenine

a) 5.11-Dihydro-1 l-cr.hyl-6-mcmancsuLfonyloxy-IZA-dimcthyl-GH-dipyrido[Z’a.Z-b:Z'.3'-c][1,4]-
diazepine |

Trifluoromethanesulfonic anhydride (0.24 ml, 14 mmol) was added to 2 soludon of 0314 g
(1.2 mmol) 5,11-dihydro-11-ethyl-2,4-dimethyl-64-dipyrido(3,2-6:2",3'-¢]( 1 ,4]diazepin-6-one
in 15 m! of methylene chloride conraining 0.25 ml (14 mmol) of diisopropylethylamine, and
the resulting «mixture was refluxed under argon for threc hours. Ethyl acetace (-200. mL) was
then added and the solution was washed three tmes with water and four dmes with brine.
After drying (magnesium sulfate), the solution was concsnzated in vacuo and the residue
dried under high vacuum for 2 hr. The residue was dissolved in 20 ml of mcrhxlcr'ic chloride,
and 0.23 g (14 mol) of temacthylammonium cyanide was added. After stirring the resuldng
soludon overnight at room tcfi;;cmm, the reacdon mixmure was conccn.u'atcd. in. va.cud. The
residuc was dissolved in 100 ml of ethyl acetate, and the solution was washed with water and
brine. The dried (magnesium sulfate) _sbluxion was conécn::a:cd m vacuo and thcl residue was
chromatographed over silica with 5% ethyl acetate/hexane. The resuldng solid was .
crystallized from heprane t provide 0.033 g of the tidle compound as red crystals, m.p. 154

155°C.

b) 5,11-Dihydro-1l-cthyl-6-methoxyimino-2,4-dimethyl-6H-dipyrido(3,2-b:27.3"-
c](1,4]diazepine

A soludion of 5.11-dihydro-1 [ -cthyl-6-methanesulfonyloxy-2,4-dimethyl-6H-dipyrido(3.2-
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Exanpl e 12 :

11- Cycl opropyl -5, 11- di hydr o-4- net hyl - 6H-di pyrido[ 3,2-b:2',3" -¢e][1, 4] di azepi
n-6-one Using a procedure anal ogous to that enployed in Exanple 11, but
usi ng cycl opropyl am ne instead of ethylamne, yielded the title conpound,
m.p. 247-249 [err]C. -78 - -

b:Z',S'-c][l.4]diaz§anc (0.3g, 0.75 mmol), methoxylamine hydrochloride (0.15g, 1.8 mmol)
and d.iisdpropjlct.hylaminc (0.3g, 2 mmol) in methylene chloride was strred at lroom
tcmpcra:urc.for 4 days. The organic phasc-was washed with water, dricd, and filtered. The
soluton was concesnaated in vicixo and ihc residue was chroma:og:raﬁ:hcd over silica with

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

Example 77 -

3 11=Di =6H=11=
014141 {n—§=tHi

A mixture of 5.0 g (18.77 mmol) of 5,1l-Dihydro-6H-ll-cyclo-
propyl-4-methyl-dipyrido [3,2-b:2',3'-e][1,4]diazepin-6—6ne and
3.8 g (9.40 mmol) of p-methoxyphenylthienophosphine sulphide
dimer (Lawesson's reagent) was refluied in 100'ml of toluene
for 2.5 hrs. The solution was cooled to room temperature and
was allowed to stand overnight. The toluene was removed by
downward distillation and chromatography of the residue over
flasp silica ge; (Methylene chloride/ethyl acetate - 6:1) gave
a yellow oil which solidified on standing. Recrystallization
from ethyl ether/petroleum ether gave a bright yellow solid

twhich' was dried 12 hrs. in high vacuum at 80°C, 1.7 g (32.0%,
wp = 189-194°C. '

Anal. | c 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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Exanmpl e 13 ' : '

11--Cycl opropyl - 5, 11- di hydr o- 5- hydr oxy- 4- net hyl - 6Hdi pyrido[3.2-b:2',3" -€e][1
. 4] di azepin-6- one To a mxture of 0.5g of 11-cyclopropyl-5,1

1-di hydro-4-nethyl -6Hdi pyrido[3,2-b:2",3 - e][1,4]diazepin-6-one (Exanple
12 in 25 m of tetrahydrofuran was add 0.12g of 50% sodium hydride in
mneral oil. The reaction mixture was stiTred at roomtenperature for one

EXAMPLE A

Caosules or Tablets

A-l . A2

Ingredients | Quandoy Ingredients Quangev
Compound of Ex.12 250 mg Cofnpound of Ex.12 50 mg
Starch o 160 mg | Dicalcium Phosphate 160 mg
Microcrys. Ccuulclvsc 90 mg B Microcrys. Cellulose %0 mg
Na Surch Glycolae 10 mg Stearic acid . 5 mg
Magnesium Stearate 2 mg Scedium Starch Glycolate 10 mg
Fumed colloi&a.l silica 1 mg Fumed colloidal siﬁca 1 mg

The compound of Example'2 is blended into 2 powdcr:mxm:c with the premixed excipieat
“materials as ideniified above with the excepdon of the lubricant. The [ubricaat is thea

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

EXAMPLEB

Parenteral Soludons

. Ingredients Quandrtv
Compound of Ex;mpnc1z 500mg
Tarwric acid ' 1.5g
Beazyl Alcohol : 0.1% b); weight
Warer for injecdon . q.s. to 100ml

- This is wia replacement :
' 8 ’
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heur and then cooled to O[err]C, at which tine 0.9g of

oxodi per oxymol ybdenun(pyri di ne)- hexanet hyl phosphoramn de (MOPH) was added
in one portion. The reaction m xture was then allowed to warmto room
tenperature and was allowed to stir overnight. The m xture was quenched
wikth water and the solvents renoved ingiacua. The residue was extracted
with warmethyl acetate, concentrated 1n vacuo and purified on a silica
gel colum (eluent ethyl acetate) to.give 0.05 g of pure

11- cycl opropyl -5, 11- di hydr o- 5- hydr oxy- 4- net hyl - 6H

di pyrido[3,2-b:2".3" -e][1, 4] di azepi n-6-one, mp. 239-241[err]C. The yield
was 9.5% of theory.

“The excipient materials are mixed with the water and thereafter the compqund of Example 2
is added. Mixing is condnued undl the soludon is clear. The pH of this soluton is adjusted
to 3.0 and is then filtered into the appropriate vials or ampoules and sterilized by

autoclaving.

EXAMPLE C : ~ .~

Nasal Soludons

Inzre;ﬁcnts | Quandrv.
Compound of Example2 - _ 100mg

Ciric acid - 1.92¢
Benzalkonium chlorde 0.025%_ by weight
EDTA I - 0.1 % by weight
Polyvinylalcohol 7 10% by weight
Water g.s. to 100ml

The excipieat materials are mixed with the water and thereafter the cornpoui:xd of Example12
ts added and mixing is condnued undl the soludon.is clear. The pH of this soluton is

adjusted to 4.0 and is then filtered into the appropriate vials or ampoules.
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EXAMPLE 14 :

5,11- D hvdro-11-et hyl - 2- net hoxy- 5- net hyl - 6H-di pyrido[3,2-b:2'.3" -€e][1,4]dia
zepi n-6-one a) 3-Am no- 2- brono- 6- net hoxypyridine Sodi um acetate (1.6 g)_
was added t o ' ' am no- 2- met hoxypyridine (2.5 g) in acetic
acid (15 m)”mﬂﬂ"mmuumumg sol utiopgpromne (3.0 g) was-added dropw se,
and the mxttrefwds $tifrel for 20 nmin., and then added to a sol ution of
sodi um hydroxide (10 g) in water (100 rﬂ). The product was extracted with

ethyl acetate (50 m). dried (anhydrous magnesium sulfate), and
concentr at @f ¢Rjy-acuo. The product was purified over a silica gel

l. A compound of the formula [

wherein,
Z is oxygen, sulfur, =NCN, or 2 group of the formula =NOR? wherein R’ is alkyl of 1 t0 3

-carbon atoms:

R' is hydrogen, alkyl of 1 t0 § carbon atoms, ﬂuomalkyl of 1 to 6 carbon atoms a.nd lw3
fluorine aroms, cyclcalkyl of 3 to 6 carbon atoms, alkenyl or alkynyl of 2 10 6 carbon atoms,
2-halo-2-propen-1-yl, mono- or di-halovinyl, aryt or arylmethyl (vihcn:in the aryl moiety is

‘ phenyl, thieayl or furanyl, which is either unsubsumtcd or subsdcuted by methyl. methoxy or
halogen), a-lkanoyl of 2 © 4 carbon atoms, aminoethyl, moac- or d:.-a.lkylammocmyl wherein
cach alkyl moiety contains 1 to 2 carbon atoms, alkyloxyalkyl or aliylthioalicyl of 2 to 4
carbon atoms, alkyloxycarbonyl wherein the alkyl moiety contains 1 to 4 carbon atoms,
alkenyloxy- or alkynyloxycarbonyl wherein each alkeny! or alkynyl moiety contains 2 to 4

carbon atoms, hydroxy, alkyloxy of 1 w 4 carbon atoms, amino, mone- or di-alkylamino
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colum (ethyl acetate/hexane, 1:4) to give 2.7 g of the title corrpound
suitable for use in the next reaction.

: - m- RN O B AR

wherein cach alkyl moiety coatins | w0 4 carbon atoms, aminocarbonylmethyl, oc cvanoalkyl

wherein the alkyl moiery conains 1 t0 4 carbon atoms;

_R’ is hydrogen (with the proviso that R' is not. hydrogen), alkyl of 1 t§ 6 carbon atoﬁxs.
fluoroalkyl of 1 to 6 carbon atoms and 1 w0 3 fluorine atoms, cycloalkyl of 3 to 6 carbon
atoms, axetanyl, thictanyl, temrahydrofuranyt or wexrahydrothienyl, alkeayl or alkynyl of 2 w0 6
carbon atoms, alkyloxyalkyl or alkylthicalkyl of 2 © 5 carbon atoms, alkanoyl of 2 to 5
carbon atoms, cyano, hydroxyalkyl of 2 to 6 carban atoms, aryl or a:yhnc:hyl (wherein the
aryl mou:xy‘ is phenyl, thienyl or furanyl which is cither unsubstituted or subsduted by aJ.kyl
or alkyloxy of 1 to 3 carbon atoms, hydroxyl or halogen), or alkyloxycarbon_ylmctf_xyl

whersin the alkyl moiecy contains 1 to 5 ¢arbon atoms;-and,

: and. _' xs akylof 1 106 carboa atoms, cycloalkyl of 3 to 6 carbon atoms,
a.!kcnyl. or alkynyl of 2 to 6 carbon atoms, :nhalomc:hyl hydmxyalkyl of .1 o 6 carbon
‘atoms, aJkyloxyalkyl or ?lkyl:hioa]kyl of 2 to 5 carbon atoms, alkyloxycarbonylalkyl whcx.'cin.
the alkyl moieties each conmin 1 to 2 carbon atoms, hydroxyl, alkyloxy or aliylthioof L to 5
carbon atoms, hydroxyalkyloxy of 2 to 4 carbon atomis, Moyloxy of 2 to 4 carbon att.:»ms.
.alkylsulfinyl or alkylisulfonyl of .1 to 4 carbon atoms, alkanoyl of 2 0 6 carbon“atoms.
alkyloxycarbonyl wherein the a.kaI moiety contains 1 to 3 carbon atoms, mono- or di-
a.lkyla.minocarbony-l wherein each alkyl moicty contains 1 to 3 carbon atoms, aminoalkyl of L

to 4 carbon atoms, mono- or di-alkylaminoalkyl wherein each alkyl moiety conins 1 0 3

carbon atoms, aryl or arylmethyl (wherein the aryl moicty is phenyl, thieayl or furanyl, which
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b) N-(2-Brono-6-nethoxy-3-pyridinyl)-2-chloro-3-pyridinecarboxam de To a
solution of 3-am no-2-brono-6-nethoxypyridine (2.7 g) in ncthylene chloride
(270 M) and pyridine (1 m) was added 2-chloronicotinoyl chloride (2.2
g), and the resulting mxture was stirred 20 mn. The m xture was then
diiluted with methyl ene chloride (100 mg, washed wth water (100 ni),

dried (anhydrous nmagnesium sul fate), and concent lid

resi due was saturated with hexane, fil tered, andmllmmwmu nnlﬂ“l g of
product suitable for use in the next reaction. * ¢ L ® s =+

is cither unsubsduted or subsdruted by alkyl or alkyloxy of | to 3 carbon acoms, hydroxyl or
halogen), a group of the formula -NR'R", halogen, cyano, niwo, azido or carboxyl, with the

other two subsdtuents being hydrogen, mechyl or chloco; or,

two of R, R* and R’ are independendy alkyl or hydroxyalkyl of 1 t 2 carbon atoms,
eihalomethyl, alkyloxy or alkylthio of 1 to 2 carbon atoms, halogen or 2 group of the formula

-NR'R"Y, with the remaining substruent being hydrogen or methyl; or,
R3, R* and R’ are each hydrogen;

ane of R R” and R* s alkyl of 1 to 4 carbor atoms, alkeayl or alkynyl of 2 o 4 carbon
aféms{ m‘halomémyl,'hydmxyalkyl of 1 to 4 carbon awoms, alkyloxyalkyl or alkyithioalkyl of
2104 carbon atoms, alkyloxy;grbouylaikyl ‘wherein the alkyl moiedes each: coneain 1 o0 2
carbon atoms, hydroxyl, alkyloxy or alkylthio of | to 4 carbon atoms, hydroxyalkyloxy of 2
t0 4 ¢arbon atoms, alkanoyloxy of 2 to 4 carbon atoms, alkylsulfinyl or alkylsulfonyl of 1
4 carbon atoms, alkanoyl of 2 o 6 carbon atoms, alkoxycarbonyl \yﬁcrcin the alkyl moiety
contains 1 to 3 carbon atoms, aminoalkyl of 1 to 4 carbon atoms, mono- or di- |
alkylaminoaikyl wherein each alkyl moiety conains | to 2 carbon atoms, 2 group of the
formula -NR"R"Y, halogen, cyano, nitro, azido or carboxyl, with the other two subs:ﬁtucns

being hydrogen; or,

two of Ré, R and R® arc independendy alkyl of 1 to'2 carbon atoms, ihalomethyl, alkyloxy
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C) : '
N: ( 2- Br ono- 6- net hoxy- 3- pyri di nyl ) - 2-chl oro- N- et hyl - 3- pyr.i di necar boxam de
Sodi um hydride (0.3 g of a 50% di spersion in nmneral oil) was added to

di met hyl sul foxide (10 m) and warned to 50C. After cooling the mxture to

room tenperature, N-(2-brono-6- " -84 -
nmet hoxy- 3- pyri di nyl)-2-chl or o- 3= ' am de (2.0 g) was added and
the resulting solution was stlrrﬁmfor 10 mn. Methyl iodide (0.4 m) was

t hen added and the m xture was mug,ml ’ﬂl The reaction m xture
was quenched by the addtion of umret hyl acetate (100 m)

was then added. The organi c phase was washbd i tth wat er (4 x 100

or alkylchio of | to 2 carbon aioms, halogen or a group of the formula -NRURY, with the -

remaining subsdwent being hydrogzn: or,
Ré, R? and R’ are cach hydrogen; and,

R, RY, Riz and R are cach independently hydrogen, alkyl of 1 to 4 carbon atoms,
alkenylmethyl or alkynylmethyl of 2 to 4 carbon ator'ns,.axyl or arylmethyl (wherein the aryl
molety is pheayl, thieayl or furanyl, which is cither unsubsduted or subsdtuted by mcthyI;
methoxy or‘halogcn), mono- or dihydroxyalky!:pc:hyl of 2 w 4 carbon atoms, alkyoxyof 1 ©0
" 3 carbon atoms, hydroxy, alkyloxyethyl or alkylthioethyl of 3 to 4 carbon atoms,
aminoa.lkylz:ncdiyl of 2 to 4 carbon atoms; mone- or diaﬂqlanﬁnoa!kyknc&yl whersin each

alkyl moiety Contains 1.or 2 carbon atoms, o a.I.kanojI of 1 to 4 carbon atoms; or,

R' and R, and R and RY, wgether with the nitr.ogcn atoms berween them, respectvely and
independendy form zzcddin-l-y.l or a 5, 6 or 7-membered ting which is cither sanurated or
unsaturated, wﬁich optonally contains up to onc additdonal heteroatom which may be selected
. from O, S or N, or whica opdénally contains in place of 2 carbon atom a group of the
formula =NR" wherein R’ is hydrogea or.a,L':yl oc 1 10 2 casbon acoms, and which ring is
opdonally and independently subsdruted with hydroxymc:h)fl. aminomezhyl, 1 w4 m:nﬁyl

groups and 1 to 2 _hyc_lroxy groups;

subject to the proviso that when —_—
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nt), dried (anhydrous nagnesium sul fate), concentrated, and purified on a
silica gel colum (nethylene chloride followed by nethyl ene

chl ori de/ et hanol, 98:2) to give 1.9 g of the title conpound, suitable for
use in the mext Feaction. - -57- '

| [T ——

b) r? is hydrogen, alkyl of 1 te S carbon atoms,

alkenyl or alkinyl of 2 to S 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 L to 3 carbon atoms, hydroxyl or
halogen), or alkoxycarbonylmethyl wherein the alkyl
moiety contains 1 to 5 carbon atoms,

ey i) r3, r%, R3, RS, R7 and R

hydrogen or

8 are each

ii) one of R3, R4, RS, Rs, R7 and R8 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

- 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'z'carbon atoms, halogen, cyano,
nitro, azido, or carboxyl, and the remaining
five of B3, %, R, RS, R’ and Rr®
are each hy@rogen, or

i) R3, R4 and Rs are each independently
hydrogen or alkyl of 1 to 3 carbon atoms,
provided at least one is hydrogen, or one of
3, r* ana &% is butyl with the remaining - —

e
[ dd

R, R
two being hydrogen and
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d) . : _ '

N; (2- Brono- 6- net hoxy- 3- pyridi nyl)-2-ethyl am no- N-net hyl - 3- pyri di necar boxam
de Ethylamne (0.7 g) was added to a sol ution of

N- ( 2- br ono- 6- net hoxy- 3- pyri di nyl)-2-chloro- N-nethyl-3-pyridi necar boxam de

(1.9 g) in xylene (5 m), and the resugg.ng m xture was sea.Ledin\ad\
pressure bottle and heated at 150C for -4 hours. The solution was dilute

with ethyl acetate, washed with water, dried (anhydrous mag l,m"

sul fate), concentrated, and pur| fied on a silica gel col urmr,m '","”""””m
acet at e/ hexane, 1:4) to give 1.5 g of the title conpound, sui'talleLfor use

I n the next reaction. '

6 7 : .

R, R and Ra are each independently hydrogen

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

one of RG, R’ and R® 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-1l-yl, érylmethyl (wherein the aryl moiety
is phenyl, thienyl or furanyl, which is either
unsubstituted or substituted by methyl, methoxy or
halogeg), 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

-

i) Rl is methyl, R2 is ethyl and either
R7 is azido, amino or nitro and R3 to R6 and
R® are hydrogen, or '
_ R3 is ethylamino or diethylamino and R4 to
~ Rs are hydrogen, or ;
Rs and-R8 are methyl and R3 to Rs and R7

are hydrogen, or

'R3 and r* are methyl and Rs to RB are

hydrogen, or

This is the replacement
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e) :

5,11- Di hydro- 11- et hyl - 2- net hoxy- 5- net hyl - 6Hdi pyrido[ 3, 2-b: 2", 3" -€e][1, 4] dia
zepi n-6-one Sodi um hydride (0.9 g of a 50% di spersion in mneral oil) was
added to a solution of N-(2-
b£OnD-6-nEthoxy-3-pyridinyl)-2-ethy|aq%qq-N—nEThyl-?-pyridinegarboxanide
(1.4 g in xylene (20 mM) and the m xture refluxed for 2 hours. After
cooling, the mixture was quenched wth mthimumnlﬁmmnulr et hyl
acetate, and washed with water. The organic anhydr ous
magnesi um sul fate), concentrated, and purified orf a'sifich gel colum
(ethyl acetate/ hexane, 1:4) to give fairly pure product, which was then

recrystallized
R> is methyl and 83, R, 8%, R’ and R®

are hydrogen, or

ii) Rl is methyl, Rz is ethyl, t-butyl, s-butyl or

isopropyl and R3 to Ra are hydrogen, or

iii) Rl and R2 are methoxymethyl, Rs is methyl
and 83, ®? ana RS, R

hydrogen, or

and Ra are

1

2 8

iv) R™ is hydrogen, R“ is ethyl and R3 to R

are hydrogen:

-

and compounds of Formula I wherein Z is sulfur and either

a) R? is ethyl, R> and R® are both methyl and RY,

R4 and R6 to R8 are hydrogen, or b) Rl

is methyl,
RZ is ethyl, R3 is methoxy and R4 to Ra are '

hydrogen

or a pharmaceutically acceptable acid addition salt
thereof.
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twice fromethyl acetate/ hexane to give 0.52 g of pure 5,1

1-di hydro-11- et hyl - 2- net hoxy-5-

met hyl - 6Hdi pyrido[3,2-b:2',3" -¢e][1, 4] di azepi n-6-one, mp. 116-118[err]C.
EXAMPLE 15 _ ‘
5.11-Di hydro- IT-et hyl - 5- et hyl - 2- ( N- py.rggal i di no) - 6H-di pyri do[ 3. 2-b: 2", 3' - €]

%11411] ([j): ﬁ;zlgﬂ)nlin“‘mm“mpwﬂ“*lk met hyl - 6Hdi pyrido[3,2-b:2",3 -¢e][1,4]dia

zepi n- 6- one

- 2. A compound of formula [, as set forth in claim 1, wherein,

Z is oxygen, sulfur or a group of the formula =NOR® whercin R’ is alkyl of 1 t0 2 carbon

atomss:

R" is hydrogen, alkyl of | to 4 carbon atoms, fluoroalkyl of 1 to 4 carbon atoms, cyclopropyt,
alkenylmethy! or alkynylmethyl of 3 to 4 carbon atoms, 2-halo-2-propen-1-yl, alkanoyl of 2 to
3 carbon atoms, alkyloxyalkyl or alkylthicalkyl of 2 o 3 carbon atoms, .or cyanoalkyl wherein

the alkyl moisty contains 1 10 3 carboa atoms;

'R is hydrogen (with the proviso that R! is not hydrogen), aliyl of L o 5 carbon azoms,
fluoroalkyl of 1 to 5 carboa g_rom&'ésrcloalkyl of 3 to 5 carbon atoms, oxetanyl, .ct.zictanyl. :
alkenylmethyl or alkynylmedhyl of 3 1o 5 carbon atoms, alkyloxya.lk}l or a:l.kylthioalkyl_ of 2
to 4 carbon aroms, alkanoyl of 2 o 4 carbon atoms, hydroxyalkyl of 2 to 5 carbon atoms, aryl
or arylmethyl (wherein the aryl moiety is phcnyl. thieayl or furanyl, ﬁhich is either
unsubsumtcd or substtuted by alkyl or alkyloxy of 1 to 3 carbon atoms, hydroxyl or

haloccn) o alkyloxycarbonylmethyl wherein the alk:yl rncncty contzins 1 to 4 carbon atoms;

one of R’, R* and R’ is alkyl of 1 t0 4 carbon atoms, alkenyl or alkynyl of 2 to 4 carbon
atoms, tihalomethyl, hydroxyalkyl of 1 to 4 carbon awms, alkyloxyalkyl or alkylthicalkyl of

2 to0 4 carbon atoms, alkyloxycarbonylaliyl wherein the alkyl moicdes each contain 1 to 2

Replaced . _
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REPLACEMENT SHEET - 58-
~Hydrobrom c acid (48% 2 nl) was added to a soI utlon of’

"5, 11-di hydr o- 11- et hyl - 2- net hoxy- '

5- et hyWZ' '-e][1, 4] di azepi n-6-one (0.3 g) in acetic

acid (2 It|ng m xtucgowas rapidly heated to reflux for 5
mn. The r“ mlm was quenched w th 10% sodi um hydroxide (10 m)
and the was extracted with ethyl acetate, dried

carbon atoms, hydroxyl, alkyloxy or alkylchio of Lo 3 carbon atoms, hydroxyalkyloxy of 2
to 3 carbon atoms, alkanoyloxy of 2 to 3 carbon atoms, alkylsulfinyl or alkylsulfonyl of 1 to
3 czu;bon atoms, alkanoyl of 2 to 4 carbon atoms, alkyloxycarbonyl wherein the alkyl moiety
coneins 1 to 2 carbon atoms, aminoalkyl of 1 o 3 carbon atoms, monc- or di-
alkylaminoalkyl wherein cach alkyl moiety ﬁontains 1 to 2 carbon atoms, amino, mono- or di;
alkylamino wherein each alkyl moiecy conins 1 to 4 carbon atoms, 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-]-yl, imidazolidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yi, (4-
methyl)piperazin-1-yl, piperazin- I._-.yl. N.N—bi_s(l—hydmxycthyl)amino, N, N-bis(2-
mcgtmxyc:hyl)amino, or halogen, with the other two subsdments being hydrogen, methyl or

chloré; or,

two of R?, R* and RS are ind'c;‘eudcndy alkyl of 1 t0 2 carbon atoms, alkyloxy or a.llcyithio of
w2 ca.rbc.:n atoms, amine, mono- or di-alkylamino wherein each alkyl moiety contaias 1
3 carbor;la.toms. azetidin-1-y1, p.yrml-l;-yl. pyrrolin-1-yl, pyrrolidin-1-yl, pyrazol-1-yl,
pyrazolin-1-yl, pyrazolidin-1-yl, imidazol-1-yl, imidazolin-1-yl, in;.idazolidin-l-yl,.
tcmhydxgpyridin-l-yl, piperidin-1-yl, morpholin-1-yL, (4-methyl)piperazin-1-yl, piperazin-1-yl,
N.N-bis(2-hydroxyethyl)amino, N,N-bis(2-methoxyethylamine, or halogen, with the

remaining substtuent being hydrogen, mc:h_vll or chloro; or,

R, R* and R’ are cach hydrogen;

This Sheet Has Been Replaced
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(anhydrous magnesi um sul fate) and concentrated to give a solid which was
reerystallized from ethyl acetate to give 0.08 g of product, mp
215-218[err] C. b)

5,11- D hydro-11-ethyl -5-nmethyl -2-trifl uor omet hanesul f onyl oxy

, 11-Di h | : H- di pyrido[
252D ol e one Te sl on oL Jlflumnifumummgn

e][1, 4] di azepin-6-one (0.2 g) in methylene chloride (4 m) under” ni‘tr8
was added diisopropylethylamne (0.2 m) followed by
trifluoromethanesul fonic anhydride (0.2 nl). The

one of R®, R” and R* is alicyl of 1 to 2 carbon atoms. vinyl, wifluoromethyl, hydroxyalkyl of |
fo 2 carbon atoms, hydroxyl, alkyloxy or alkylthio of 1 to 2 carbon a.toms.. hydroxyalkyloxy

- of 210 3 carbon atoms, alkanoyloxy of Z.to 3 carbon atoms, a.mi.né. mono- or di-alkylamino
wherein each alkyl moicty coatains 1 to 2 carboa atoms, azeddin-1-yl, pﬁol—l-yL pyrrolin-1-
_yl. Pﬁ'folidin- L-yl, pyrazol-1-yl, pyrazolin-1-yl, pyrazolidin-1-yl, i.rn_idazol-l-yl, imidazo[in-l-
yl, imidazolidin-1-yl, terahydropyridin-1-yl, piperidin-1-yl, morpholin-1-yl, (4- '
'mcthyl)pipcran’n—l-yL piperazin-1-yi, N.N-bis(Z-h&droxyc&yl)aminm N,N-bis(2-

..mcmaxycfhyl)m_ﬁno. or halogen, with 'thc_ other two subsdtments being hydmgf:n; or,
R% R’ and R' are c:&ch hydrogen:

ora phannacéuﬁcally acceptable acid addition salt thersof.

3. A compound of fomul; L as sec forth in claim 1, whgrcin.
Z is oxygen or sulfur;

R'is hﬁ'rogcn. 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;

R is hydrogen, methyl, alkyloxy or alkylthio of 1 to 3 carbon awoms, chloro, amino, mono- ot

thig ig
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resulting mxture was stirred for one hour, and then diluted with nmethylene
chloride (20 M), and washed with water. The organic phase was dried
(anhydrous nmagnesi um sul fate), concentrated, and purified on a silica gel
colum (ethyl acetate/hexane, 1:3) to give fairly pure product, suitable
f.or use in the next reaction. c) .

5, 11- Di hydro- 11- et hyl - 5- net hyl - 2- (N—pyrrorl dimo)-6F di pyrido[ 3, 2-b:2', 3" -¢]

[511?] ([j): ﬁ)z/gfion_ll gt ﬁ&e 5-met hyl -2-trifluor orH““HrHHH““M“I“'“L/ 6H- di pyi do[ 3, 2

b2, 3"

di-alicylamino wherzin cach alkyl moicty _coma.ins l to 3 carbon atoms, allylamino, azeddin-1-
yl, pyrrol-1-yl, pyrrolin-1-yl, pywolidin-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-yi, pipcra;in—l-yl._ NN -bis(z-hydroxycchyl)aminq;
R* is hydrogen, methyl ot chléro;
R’ is hydrogen, methyl, ethyl, chioro, or rifluoromethyl;
R® and R?® are hydrogen; and,
R’ is hydrogen or amino;
or a pharmaccutcally acc:ptz.blé acid addidon salc 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;

This Sheet Has Been Replaced - This is the replacement sheet
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e}[1, 4] di azepi n-6-one (0.25 g) was dissolved in pyrrolidine (1 m) and
‘refluxed 30 min. The cooled solution was diluted with ethyl acetate,

washed with water, and the or gani ¢ phase was -59- dried
(anhydrous magnesium sul fate) and concentrated. The resulting oily residue
was -92-

A

R’ is hydrogen, methyl, chloro, methoxy, ethoxy, aming, mono- or di-alkylamino wherein
cach alkeyl moiety conains | o 2 carbon atoms, allylamino, allylmethylamino, pyrrolin-1-yl,

pyrrolidin- 1-yl, terahydropyridin-1-yl, piperidin-1-yl or morpholin-1-yl;
R® is hydrogen;

R’ is hydrogen, methyl, ethyl, chloro, or rifluoromethyl;

-

R® and R? are hydrogen; and
R is hydrogen or amino;
ora pharmaceudcally acccpiﬁblc sale thereof.

5. A compound selected from the group consisﬁng of: .
5,11-dihydro-11-cthyl-4-methyl-6H-dipyrido[3,2-b:2",3" ][ 1,4]diazepin-6-one or -‘&ﬁoné;
11-cycloqopyl-5 11-dihydro4-methyl-6H-dipyrido(3,2-b:2",3"-¢](1 4]d.mchm-6—onc or
-duonc' .

5,11-dihydro-1 1-c:h§1—2,¢dimcthyl—6H-dipyrido[3.2-b:2',3 *-¢](1,4]diazepin-6-one or -thione;
11-cyclopropyl-5,1 Mihydm-z.ts—dimcmyl-sn-dipy:idoa,z-ba'.3'-c1[1.41diazépm.s-onc or -
thione; | '
2-chlore-5,11-dihydro-1 1e£hyi-4-mcmy1-6H-d1pyﬁdo(3;z-b:z',3’-:][1.41diaz=pin-e-onc or -

-
eet Has Been Replaced
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crystallized from ethyl acetate/hexane to provide 0.11 g of

- 5,11-di hydro-11- et hyl - 5- et hyl -

N (pyrrolidino)-6Hdipyrido[3, 2- b 2',3 -e][1,4]diazepi n-6-one, mp.
185-188[err] C___ EXAMPLE-16—

5.11- D hydro-11-eth I- - 4 et hy9y 6H di pyrido[3,2-b:2".3"-e][1, 4] dia
.Zepi n- 6- one (”“ ﬁg -5-nitropyridi ne Sodi um net hoxi de (26.1
g) was added t

chloro 4-met hyl -5-nitropyridine (19.0 Q)
i n met hanol (100 m) and the resulting m xture was refluxed for 12 hours.
Upon

thuone;

2-chloro-1 1-cyclopropyl-5,1 l-dihydro-4—:ilcmyl-6H-dipyrido[3 2-b:2°3° -cll[ 1,4]diazepin-6-one
or -thione;

5,11-dihydro-1 1-ct.hyl—Z-mcdtoxy-4—mcd1yl—6H-dipyrid0[3.2-b:2',3;-c][1,4]d.izchin—6—onc or -
thione; -

I 1-cyc10propjl—5 ,11-dihydro-2-methoxy-4-methyl-6H-dipyrida(3,2-b:2° ,3"-¢]{1,4]diazepin-6-
onc:. or -thione;

8-amino-35,1 l‘-dJ.hydm- 1 1—cthyl-Z-mc:hoxy—4-me:hyi-6H—dipy:ido[3 2-b:2°,3"-¢](1,4]diazepin-5-
one or -i‘.hionc;

8-amino-1 lcyclbprqpyl-i ,11-dihydro-2-methoxy-4-methyl-6H-dipyrido(3,2-6:2°,3"-
e][1,4]diazepin-6-one or -thione;

' 5,1L-ﬁhydm-;.1-c:hy1-z-mcmoxy-sim;zhyl-&{-dipyﬁdoﬁ.2-b:z'3',c1{1.4idiaz=pi;1-s-onc or -
1 l-cycloprépyl—s .1 1-dihydro—2—mc:hoxy-5—mcthyl—6H—dipyriﬁo[3 ,2-b:2" 3"-c](1,4]diazepin-6-
one or -th:ionc;

5.1 1dihydro-11-ethyl4 methyl-2-(N-pyrroliding)-6H-digyrido(3,2-5:2" 3"-¢](L dldiazepin-6-
one or -thionc;
~ . ) : -
11-cyclopropyl-5,11-dihydro4-methyl-2-(N-pyrrolidine)-6H-dipyrido(3,2-b:2",3°-
e](1,4]diaz=pin-6-one or -thione;
5 ,11-dihydro-1 l-cr;hyl-s- methyl-2-(N-pyrrolidine)-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-dipyride(3,2-b:2".3'-
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cooling, the mxture was poured over water (1.L), and the product was
extracted with ethyl acetate and washed with water. The organi c phase was
dri ed (anhydrous magnesi um sul fate) and concentrated, and the residue
di.ssolved in hot ether and filtered. Crystallization from ether pr.ovi ded
10.2 g of the title compound, suitable_§pr use in the next Teactiom:

5- Am no- 2- net hoxy- 4-net hyl pyridine A m xture of stannous
di hydrate (41 g) and concentrated hydrochloric acid (40. mﬂ!‘mﬁ ﬂamHm””“,
slowy to a solution of 2- mathoxy 4- et hyl -5-ni tropyri di ne

acetic acid '

- e]{1.4]diazepin-G-one or -thione;
5.11-dihydro-1 1cmyu-mcmyn-z-m.n-&imcmylmmo)-sﬂ-dipyridoﬂ,z-b:2',3 .
c](1,4]diazepin-&-one or -thioae;
11-cyclopropyl-S.1 l-dihydro-4—mcthy[—2—(N.N-dimcdxyla.rnino)-EH—dipyricio[3.Z-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°-
c]-[1,4]'diachin-6-onc or -thione; |
8-amino-11-cyclopropyl-5,11-dihydro-4-methyl-2-(N.N-dimethylamina)-6H-dipyridof3.2- .
b:2',3’-c][1:4]diaz=pin-6-onc or -thione;

and pharmacsutcally acceptable salts thereof,

6. 11-Cyclopropyi-3,11-dihydro-4-methyl-6H-dipyrido(3 ,2-b:2’.3f-c][1,4]&iaz::pﬁ-6—oac or

-thione, or a pharmaceudcally accepiable acid addidon salt thersof. -

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 addidoa salt thereofl

8. 1 l-Cyabpmpyl-S .1 1-dihydro4-methyl-2-N,N-dimethylamino)-6H-dipyrido(3,2-b:2",3"-

e](1.4]diazepin-6-oae or -thione, or 2 pharmacsutically acceptable acid addidon salt thereof.

9. 5,11-Dihydro-11-cthyl-2-methoxy-4-methyl-6H-dipyrida(3,2-b:2",3'-¢](1,4]diazepin-6-onc

or -thione, or 2 pharinaccudcally.acccprzblc acid addidon salt thercof.
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(40 M), maintaining the tenperature below 35[err]C. The resulting m xture
was stirred at room tenperature for 2 hours,—and—then allowed to stand

overnight in the refrigerator. The solid was solid and
supernat ant were separately basified with a 209 mﬂt@:imgﬂ m“[;e sol uti on.
The product was extracted with chlorof.gsm conbi re anhydrous

‘magnesi um sul fate) and concentrated to give 3.9 g of the title conpound as

a solid, suitable

10. 11-Cyclopropyl-5,11-dihydro-2-methaxy~-methyl-6:-dipyrido(3,2-b:2' 3°-

c][i,4]d§a_z=pin—6—onc or -thione, or a pharmaccudcally accsptable acid addidon salt themof.

11. A methoed for prevendag or aeadag HIV-1 infecdon which comprises administering, to 2
.hurnan being exposed @ or infect=d by HIV-1, 2 prozjhy[acﬁcally or dxcmpcuﬁ.caliy cffecive
amount of a2 comp-ound of fofmu!a. Lassctforthin claims 1,2, 3,4,5,6,7,8,%0r 10,0r 2
pharmaceudcally - )

acceptable acid addidon salt thereof

12. A pharmacsufical compositon suitable ‘for prevendng or meatng HIV-1 infecdon which
compr'is.:s a prophylacticaily or :hcrancuﬁaﬂy c:‘z‘x&v~ amounc of a2 compound of formula I,
as set forth in claims 1, 2, 3, 4,5, 6,7, 8,9 or 10,c0ra pnarmac.unally ‘accspuable acid

addidon salt thercof, and a pharmaceurically acceprabls carier.

13. A process for preparing a compound as defined in any of
claims 1 to 10, said .process comprising at least one of the
Eollow:.n} 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 IIa ' '
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-60- for use in the next reaction. c) - '
3 Am no- 2- br onp- 6- met hoxy-4- net hyl pyridine Bromne (4.8 Q) vvas added in
ohe portlon_Lo_a-—m—)et—trr'e’o‘f“S’am no- 2- met hoxy-4- ‘nmethyl pyridine (3.9 g) in

alcetlc aci d ““\“n'\“i“m “ﬂ‘)“j‘“\m acet ate-g(GA: 0 g). The resulting

a7
O
N _
/; R

Hal HN (IT):
na'

. (wherein R{,'R3 to R® are as hereinbefore defined, r2
is as defined for R2 with the exception of hydrogen, and Hal
represents a fluorine, chlorine, bromine or iodine atom);

(B) - (for producing compounds of Formula I wherein Rz is

hydrogen and Z is oxygen) hydrolytlcally c‘eav1ng an arylmethyl
group from a compound of Formula III .

. t - -
) ps 77 0 =
R '
l Py
A N

(LII)

(wherein Rl. R3 to R8 are as hereinbefore defined and Ar
represents an aryl group);

. 1.
(C) (for preparing compounds of Formula I wherein R™ 1S
other than hydrogen and Z is oxygen) '

This is the raplacement sh
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ntxture was stirred for 20 mn. and then added to a solution of sodium
JDydroxide (15 g) in water (200 nl). The product was extracted with
chloroform dried (anhydrous magnesi um sulfate), concentrated, and

purlfled on a%—J—r—ea—gerl——cUI'UTTﬁ’("rret hyl ene chloride/ethyl acetate, 19:1 ->

4:1) to give 4 corrpou.ngﬂ suitable for use in the next
reacti on. !ﬂ“!“ ‘ ‘v!

N- ( 2- Br ono- 6- rre pyridinyl)-2- chI or o- 3- pyri di necar boxam de
2- Chl oroni cot i noyI chl oride (3. 5 g) was added to a sol ution of

3- am no- 2- br ono- 6- net hoxy-4- nethyl pyridine (4.5 g) in nethylene chl ori de,
and the resulting m xture was stirred overni ght

converting a compound of Formula I wherein Rl is hydrogen and
~Z is oxygen into a corresponding S-alkali or alkaline earth

metal compound and subsequently reacting said alkali or

alkaline earth metal compound with a compound of Formula V

X (V)

(wherein R}’ is as hereinbefore defined for R' 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 compound”of 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 -
bicarboﬁate:

(D) (£or preparing a compound of Formula I wherein Z is
oxygen)

converting a compound of Formula I wherein r? is hydrogen
into a corresponding metal salt of Formula VIa or, where R
represents hydrogen, VIb
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at ‘roomtenperature, and triturated with diisopropyl ether. The
ps«ecipitated solid was filtered to give 6.0 g of the title conpound,

"suitable for use in the next reaction. e) \\_\ﬁ‘\~\“\‘“7n~——
N- ( 2- Br onp- 6- et hoxy- 4- met hyl - 3- pyri di nyl ) - 2- et hyl ami no- 3- p necar boxa
de A mxture of -98 .- !l] lluul!

N- ( 2- br ono- 6- met hoxy4- et hyl - 3- pyri di nyl )-2-chloro-3-pyridin II I
(2.1 g), dioxane (10 m), and ethylamne (0.5 g) was heated to 14 eWr]@

a sealed tube for 5 hours. The cooled m xture was diluted with ethyl

acetate, washed with water, and the orgam c phase was dried (anhydrous
magnesi um sul fate) and concentrat edR! Tﬁe product was purified

a3\ =N
Rd - 7
‘ Py
g3 N 8 (VIa)
) .
. f—d RS :‘_’jo Ha ]
A l\ / 7]
_ /
N
r® N N 8 . (VIDb)
_ &) BES -

(wherein M represents an alkali metal, such as }ithium, sodium,
‘potassium, rubidium or cesium, or M represents the group
MgHal+, wherein Hal is chloriné, bromine or iodine) and
subsequentl} alkylating with a compound of Formula VII |

rR2x (VII)

(wherein X is as hereinbefore defined and R% is as defined
for Rz)

Sheet Has Been Replaced

T I

This is the replacément sheet *

Date: - 6 SEP ‘9%



on a silica gel colum (nethylene chloride/etthyl acetate, 99:1) and
crystallized by trituration -61- wth

i i sopropyl ether to give 0.95 g of the title conpound.

[N

N O .

(E) (to prepare a compound of Formula I; wherein Z is
sulphur)

reacting a compound of Formula I, wherein 2 is oxygen with a
sulphur;ting agent,

(F) (to prepare a compound of formula I wherein Rl is
hydrogen, Rz to RB 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 Rl is
hydrogen and R2 to R8 are as hereinbefore defined and Z is
a group Of the formula =nor?) "

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.

This Sheet Has Been Replaced

(T
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Date: - 6 Sgp 1996
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5, 11-Di hydr o- 11- et hyl - 2- et hoxy- 4- net hyl - 6H—d| pyr|d0[3 2-b: 2' 3'-e][1,4]dia

_ »zepi n-6-one Sodi um hydrlde (0. 14 ¢ of a. 50%d|sper5|on in mneral oil) was
added te—a—seotuton—of—N(2

abrono- 6- 3 pyr| di nyl ).-1gget hyl am no- 3- pyri di necar boxam de
“10.54 g) Lﬁﬂm and the resulting m xture was refluxed for 15 -
hour s. ﬂm vvas diluted with ethyl acetate, washed wth
wat er, and the organi c phase was dried (anhydrous magnesi um sul fate) and
concentrat ed. The residue was washed with diisopropyl ether and hot ethyl
acetate, and then crystallized fromethanol to provide 0.2 g of 5, 11-
di hydr o- 1}4et hy| 220akRe)af £reeehing GHaliasparduf 82l begnEpsigion, !F}'lélF&zepl n-
6-one, m pcad@rises 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 or

excipient.

1s. A compound of Formula I as set forth in any one of
claims 1 to 10 or a pharmaceutically acceptable acid additiom
salt thereof for use in the treatment or preventzon 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.

This is the replacement sheetl
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251C. EXAMPLES 17-73 Using procedures anal ogous to those described

above, the conpounds of Exanples 17- 73, which are described below in Table
'L, were made.

ABSTRACT

5,11-DIHYDRO-6H-DIPYRIDO(3,2-b:2’,3’-¢][1,4]- DIAZEPINES AND
THEIR USE IN THE PREVENTION OR TREATMENT OF HIV INFECTION

Disclosed are novel 5,11-dihydro-6H~dipyrido(3,2-b; 2' 3°-](1.4]diazepines. - These are uscfu.l

in the preveadoa or treatment of HIV infecton.

This Sheet Has Been Replaced
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This is the replacemef: sheet
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the formula [

~

Py TeU3f
TABLE |1 Compounds in this table are o

PREPLACEMENT SHEET

Substitute sheet - 14 August 1998
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11 SEP 1398

DIPYRIDODIAZEPINES

The invention relates to novel.5,11~dihydro—6H—
dipyrido[3,2-b:2',3'-e][1,4]diazepines and the use of
these compounds to combat HIV infection.

. The human disease, Acquired Immune Deficiency Syndrome

(AIDS), is considered to be caused by the Human

Immunodeficiency Virus (HIV), particularly the strain
known as HIV-l.

Like other viruses, HIV-1 cannot replicate without
utilizing the biosynthetic apparatus of the host cell it
infects. The virus cauSéS'the biosynthetic apparatus to
produce the proteins needed for viral progency. The
viral proteins are coded for by the genetic material
contained within the infecting virus particle, or
virion. " In a retrovirus, such as HIV, the stable
genetic material normally carried by the virus is RNA,
compared toc the host cell's DNA genome. The viral RNA
must be converted into DNA and integrated into the host
cell's gehome,.so that the host cell may produce the
required wviral proteins.

The conversion of the RNA to DNA is accomplished by the
enzyme reverse transcriptase (RT), which is present
within the infecting virion with the RNA. Reverse
transcriptase has three identified enzymatic functions -
it acts as an RNA-dependent DNA polymerase, as a

]-e

ribonuclease, and as a DNA-dependent DNA polymerase. As .

an RNA-dependent DNA polymerase, RT produces a single-
stranded DNA copy of the viral RNA. Next, as a
ribonuclease, RT releases the newly-formed DNA produced
from the original viral RNA and then destroys the
original RNA. Finally, acting as a DNA-dependent DNA
polymerase, RT makes a'second, complementary DNA strand,



vj}jerei n Rerr] FﬁERWEME&'TﬁHE@i ned bel ow and Z is an oxygen at om unl ess
noted to be a gul[rar atom = ¢ R err] R err] O her
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using the first DNA strand as a template. The two DNA
strands form a double-stranded DNA molecule, which is
integrated into the host cell's genome by another enzyme
called an integrase. ' -

The genetic information of the host cell is stably
maintgined as double-stranded DNA. In normal protein
synthesis, a selected section of the DNA genone is first
transcribed into single stranded messenger RNA which is
subsequently translated to produce the encoded proteins.
There is no reverse transcription involved in the normal
metabolism of the host cell and an enzyme displaying a
reverse transcriptase activity is not present.

Hence compounds which inhibit the enzymatic functions of
HIV reverse transcriptase (especially HIV-1l reverse
transcriptase) will inhibit replication of HIV in
infected. cells without affecting the host cell. Such
compounds are useful in the prevention or treatment of
HIV infection in human subjects.

Viewed from one aspect, the invention provides compounds
of Formula I

(1)

- (wherein

Z is oxygen, sulphur, =NCN or a group of the formula
=NOR’ wherein R’ is c,; alkyl; '



17 met hyl t ro,2-nitro 215-216 18 H
cycl obut yl 4-rn€ﬁe#ACHmENT §HE€*214-215 19 H cycl opr opyl
2 4- di et hyl >30Q 20 H cycl gpropyl  4-ethyl
228-230 21 H 11 &EK/1998 2- chi orgPhs%tﬂﬁheeﬁzﬂ-@Q@gﬂﬁt 1998
cycl opropyl 2-dhljoro, 4-nethyl 1310-320 23 H et hyl
211-212 24 nethHyl t-butyl 192-194 25 nethyl
ggzyEOG , 8- dzi do _265- 266 26 H i sopropyl

- 7 H_1 . prapyl ' 4Q-, th
cycl opropyl 4Brre3(?1yll"yd]?¥(%8' 81'6.231}1]-{3215 géuozrr'gta F}W 1 of éy%%?c%%hdw d
138-139 atoms and fdettoy|3 Fuarine atoms, (G, CHAGRIKYL, &34 '

172-174 alkenyl or alkynyl, 2-halo-2-propen—l-yl, mono- or di-

halovinyl, aryl or arylmethyl (wherein the aryl moiety
is phenyl, thienyl or furanyl, optionally substituted by
methyl, methoxy or halogen), C,_, alkanoyl, aminoethyl,
mono= woxr di-(C,, alkyl)aminoethyl, alkoxyalkyl or
alkylthioalkyl of 2 to 4 carbon atoms, (C,, alkoxy)
carbonyl, C,, alkenyloxy- or C,, alkynyloxycarbonyl,
hydroxy, C,, alkoxy, amino, mono- or di-(c,., alkyl)amino,
aminocarbonylmethyl, or cyano (C,, alkyl);

R? is C,.s alkyl, fluoroalkyl of 1 to 6 carbon atoms and 1
to 3 fluorine atoms, C; , cycloalkyl, oxetanyl,

thietanyl, tetrahydrofuranyl, tetrahydrothienyl, C,,
alkenyl or alkynyl, alkoxyalkyl or alkylthiocalkyl of 2
to 5 carbon atoms, C, ¢ alkanoyl, cyano, C,, hydroxyalkyl,
aryl or arylmethyl (wherein the aryl moiety is phenyl,
thienyl or furanyl, optionally substituted by C,; alkyl
or alkoxy, hydroxyl or halogen), or (C,;
alkoxy)carbonylmethyl, or, where R' is other than
hydrogen, hydrogen;

one of R*, R* and R’ is ¢, alkyl, C;, cycloalkyl, C,,
alkenyl or alkynyl, trihalomethyl, C,;, hydroxyalkyl,
alkoxyalkyl or alkylthioalkyl of 2 to 5 carbon atoms,
(C,., alkoxy)carbonyl (C,, alkyl), hydroxyl, C,; alkoxy or
alkylthio, C, , hydroxyalkoxy, C,, alkanoyloxy, C,,
alkylsulfinyl or alkylsulfonyl, C,, alkanoyl, (C,;
alkoxy) carbonyl, mono- or di-(c.,_3 alkyl)aminocarbonyl,
C,., amino alkyl, mono- or di-(C,; alkyl)amino (C,_3
alkyl), aryl or arylmethyl (wherein the aryl moiety is
phenyl, thienyl or furanyl optibnally substituted by C,;
- alkyl or alkoxy, hydroxyl or halogen), a group of the
formula -NR'"R'', halogen, cyano, nitro, azido or
carboxyl, and the other two of R}, R* and R’ are each
independently hydrogen, methyl or chloro, or



31 nethyl e} IRBPLACEMENT SHEE 143-145 32 H

(S)-2-butyl

-$3- 33 H . y 225-228 34 = net hyl
et hyl . 2-1 pyr r‘ofiy%?!ﬁﬁm Y Substitute sheet - 14 August 199&1 Y
1-yl), 4-nmethyl B5 mettyt

2-(3-pyrrolin- 153- 156

two of R’, R* and R’ are independently C,, alkyl or
hydroxyalkyl, trihalomethyl, C,, alkoxy or alkylthio,
halogen or a group of the formula -NR'’R'', and the
remaining one of R’, R* and R’ is hydrogen or methyl, or

R3, R* and R’ are each hydrogen;

one of R®, R’ and R® is ¢, , alkyl, C,, alkenyl or alkynyl,
trihalomethyl, C,, hydroxyalkyl, alkoxyalkyl or
alkylthiocalkyl of 2 to 4 carbon atoms, (C;, alkoxy)
carbonyl (C,, alkyl), hydroxyl, C,, alkoxy or alkylthio,
C,., hydroxyalkoxy, C,, ‘alkanoyloxy, C,_, alkysulfinyl or
alkyls'ulfonyl, C,., alkanoyl, (C,; alkoxy) carbonyl, C,,
aminoalkyl, mono- or di-(C,, alkyl) amino (C,, alkyl), a
group of the formula -NR'R'™, halogen, cyano, nitro,
azido or carboxyl, and the other two of R®, R’ and R® are
each hydrogen, or

two of R®, R’ and R® are independently C,, alkyl,
trihalomethyl, ¢,, alkoxy or alkylthio, halogen or a
group of the formula -NR'R'®>, and the remaining one of
R®, R’ and R® is hydrogen, or

Ré, R’ and R® are each hydrogen; and

R'%, RY, R® and RP® are each independently hydrogen, C,_,
alkyl, alkenylmethyl or alkynylmethyl of 2 to 4 carbon
atoms, aryl or arylmethyl (wherein the aryl moiety is
phenyl, thienyl or furanyl optionally substituted by
methyl, methoxy or halogen), mono- or
dihydroxyalkylmethyl of 2 to 4 carbon atoms, C,; alkoxy,
hydroxy, alkoxyethyl or alkylthioethyl of 3 to 4 carbon
atoms, aminoalkylmethyl of 1 to 4 carbon atoms, mono— Or
di (C,., alkyl) amino (C,, alkyl) methyl, or C,, alkanoyl,
and -

substituent pairs R and R', and R% and R, in each



1-yl) 36 H REPLM‘«EMENT SHEET | 7, 9- di net hyl 245-247 37  methyl
cycl opentyl 38 fhoxXy- Tret-hexy- 4- met hyl . . 135-137

nmet hyl met hy| $9 { 1FBEP199 ¢t hyl 2-chloro, 4-tri - 158- 160
f 1 uor onet hyl 40 H c§/c oput yl Substitute sheet - 14 Adgusr 3998
met hyl cycl oput yl 144-146 42 H

cycl opropyl 4-cloloro NA 43 neéhyl et hyl

2- (tetrahydro- 138-120 -2 pyridin-1-yl) 44

2- ( p- met hoxy-

H cycl oprg %A%%éxé@ LOPY the 1ntervé§§n&8¥u%§'oge§§e%{é 7yma‘§} hyl

an no)

-independently form an azetidin-1-yl or a 5, 6 or

membered saturated or unsaturated ring optionally
containing one additional ring hetercatom selected from
O, S or N which if N optionally carries a substituent
group of the R'" wherein R™ is hydrogen or C,, alkyl,
which xing is optionally and independently substituted
with ﬁydroxymethyl, aminomethyl, 1 to 4 methyl groups
and 1 to 2 hydroxy groups:;

with the proviso that when
2 is oxygen or sulphur,

R? is hydrogen, C, alkyl, C,; alkenyl or alkynyl,
alkoxyalkyl or alkylthioalkyl of 2 to 4 carbon atoms, C,.
; alkanoyl, C, s hydroxyalkyl or (C,; alkoxy)
carbonylmethyl, aryl methYl or phenyl optionally
substituted by C,; alkyl or alkoxy, hydroxyl or halogen

and either (i) R3, R%, R’, R%, R’ and R® are each
hydrogen, or

(ii) one of R%, R%, B%, RS, R’ and R® is C,, alkyl, C,,
hydroxyalkyl, (C,;, alkoxy) carbonyl (C,, alkyl),
hydroxyl, C,, alkoxy or alkylthio, alkanoyloxy of up to

4 carbon atoms, alkanoyl of up to 4 carbon atoms, amino,
aminoalkyl of up to 4 carbon atoms, amino, aminoalkyl of
up to 4 carbon atoms, mono- or di- (C,, alkyl) amino (C,,
alkyl), (C,; alkoxy) carbonyl, mono- or di-(C,., alkyl)
amino, halogen, cyano, nitro, azido, or carboxyl, and
the remaining five of R?>, R%, R’, R®, R’ and R® are each
hydrogen, or

(iii) one of R, R* and R® is hydrogen and of the
remaining two of R}, R* and R’ either both are

independently hydrogen or C,.; alkyl or one is hydrogen



46 et hyl et hyl REPLACEMENT %HI?ET 'Wno 167-170 47 H '

cycl opropyl 4-hydroxyngt h 2 16 148 nmet hyl et hyl

3:8-dinitro 16"[T§ AQSEPnéS&yI et hyl 2,8-dinitro, 3-
215- 216 chl oro %dostltu{te sheet - 14cAugust H98

4- et hyl , 7- hydr oxy 22%-227 51 H cycl opropyl 4-nethyl, (Z=S)

189- 194 52 nmet hyl cyano -6 - 274-277 53

met hyl cycl ohexyl 145- 146 54 H

cycl ohexyl and the other is boby201as8 ong of R®, R camg|R® is

7, 9-di methyl, 8- hyq18§eh64na of the remaining two of ré, ®N 2ha ﬁﬁelﬁﬁéﬁw
cycl opropyl 163-166 57 met hyl nmet_hyl sul f on j}/
239-241 58 ¥h aree#ﬁ?fependentlyzhxﬁ»rﬁ’eeslaﬂ Sne 21490- AR Ae 15 |y
cycl opr opyl 4 nl@iraybgen and the d#fiel49s butyl,

then R! is other than

L

hydrogen, C,, alkyl optionally substituted by fluorine,

C3;.s alkenyl or alkynyl, 2-halo-2-propen-l-yl, arylmethyl
(wherein the aryl moiety is phenyl, thienyl or furanyl
optionally substituted by methyl, methoxy or halogen),
C,, alkanoyl, and C,, alkoxyalkyl or alkylthioalkyl:;

and compounds of formula I where

(i) - R! is methyl, R? is ethyl and (A) R’ is azido, amino
or nitro and B3, R*, R°, R® and R® are hydrogen, or
_(B).R® is ethylamino or diethylamino and R*, R°, R,
R’ and R® are hydrogen, or (C) R® and R® are methyl
and R®>, R*, R’ and R’ are hydrogen, or (D) R*® and R*
are methyl and R°, R%, R’ and R® are hydrogen, or (E)
R’ is methyl and R?, R%, R%, R’ and R® are hydrogen,
or

(ii) R' is methyl, R? is ethyl, t-butyl, s-butyl or
isopropyl and R®, R% R’%, R, R’ and R® are hydrogen,

or

(iii)R' and R? are methoxymethyl, R’ is methyl and R, R%,
R%, R’ and R® are hydrogen,

or
(iv) R' is hydrogen, R? is ethyl and R® to R® are

hydrogen,
and Z is oxygen;



60 nethyl
cycl opropyl
J6a .

169-171 63

et hjyIREPLACEMENE SHEETAL no 240-250 61 Vi nyl oxy-
4-nEth : Eﬁ TZ2D- 143 REPLACEMENT SHEET
car bon 6 nSERASYR ycl opr op
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and compounds of formula I where either_a) R? is
ethyl, R® and R’ are both methyl and R', R, R®, R’
and R® are hydrogen, or b) R' is methyl, R? is
ethyl, R° is methoxy and R, R’, R®, R’ and R® are
hydrogen, and Z is. sulphur)

and acid addition salts thereof, especially
physiologically acceptable acid addition salts with
organic or inorganic acids.

Preferred compounds according to the invention include
those of formula I '

wherein,

Z is oxygen, sulfur or a group of the formula =NOR’
wherein R’ is c,, alkyl,

R ié hydrogen, C,, alkyl, C,, fluoroalkyl, cyclopropyl,
alkenylmethyl or alkynylmethyl of 3 to 4 carbon atoms,
2-halo-2-propen-1l-yl, C,; alkanoyl, alkoxyalkyl or
alkylthioalkyl of 2 to 3 carbon atoms, or cyano (Chs'
alkyl),

R? is ¢, alkyl, C,; fluoroalkyl, C;, cycloalkyl,
oxetanyl, thietanyl, alkenylmethyl or alkynylmethyl of 3
to 5 carbon atoms, alkoxyalkyl or alkylthiocalkyl of 2 to
4 carbon atoms, C,, alkanoyl, C,; hydroxyalkyl, aryl or
arylmethyl (wherein the aryl moiety is phenyl, thienyl
or furanyl optionally substituted by C,; alkyl or
alkoxy, hydroxyl or halogen), or (C,, alkoxy)
carbonylmethyl, or,lwhere R' is other than hydrogen,
hydrogen, one of R®, R* and R’ is ¢, , alkyl, C,, alkenyl
or alkynyl, trihalomethyl, C,, hydroxyalkyl,
alkyloxyalkyl or alkylthiocalkyl of 2 to 4 carbon atoms,
(C,., alkoxy) carbonyl (C,, alkyl), hydroxyl, C, ; alkoxy
or alkylthio, C,; hydroxyalkoxy, C,; alkanoyloxy, (C,;



64 et hyl

yl), 3-chl oro, 4-

et hylF 0 noxy- 133-135
benzyl am no) 65 nethﬁEPLACENE§H§gHE§f 2- (nmor phol i n-1- yI) 158-160 66
- et hyl et hyl 2-(prperrdrp-1-yl) 164-166 67
cycl opropyl 4-cyanq | 11 SEP 199843- 445 68 SubﬁmtﬁﬁheetCyH Spaysy 1998
88- 89 am noet hyl 169 net hyl gt hyl 2-di met hyl am no
118-120 70 nmet hyl et hyl 4- et hyl am no - 154-157 71
met hyl et hyl 8-nitro ‘ - 848-149 72 H et hyl
2-di net hyl am no, 209- 211 - 4- nethyl 73 H
et hyl 2- @kylEulfinyl or Z¥kylsulfonyl, C,, alkanoyl, (C,,

alkoxy) carbonyl, C,; amlnoalﬁyihyhono- or di- (C,.,
alkyl) amino (C,, alkyl), amino, mono - or di-(c,., alkyl
amino, azetidin-1-yl, pyrrol-l-yl, pyrrolin-l-yl,
pyrrolidin-1-yl, pyrazol-l-yl, pyrazolin-1-yl,
pyrazolidin-l1-yl, imidazol-1l-yl, imidazolin-1-y1l,
imidazelidin-1-yl, tetrahydropyridin-1-yl, piperidin-1-
yl, mérpholin—l-Yl, (4-methyl)piperazin-1-yl, piperazin-
1-yl, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-
methoxyethyl)amino, or halogen, and the remaining two of
R’, R* and R’ are 1ndependent1y hydrogen, methyl or
chloro, or

two of R®, R* and R® are independently C,, alkyl, C,,
alkoxy or alkylthio, amino, mono- or di-(C,; alkyl)
amino, azetidin-1-yl, pyrrol-l-yl, pyrrolin-1l-yl,
pyrrolidin-1-yl, pyrazol-l-yl, pyrazolin-l-yl,
pyrazolidin-l-yl, imidazol-1l-y1l, imidazolin-1-y1l,
imidazolidin-1-yl, tetrahydropyridin-l-yl, piperidin-1-
yl, morpholin-l-yl, (4-methyl)piperazin-1-yl, piperazin-
1-yl, N,N-bis(2-hydroxyethyl) amino, N,N-bis(2-
methoxyethyl)amino, or halogen, and the remaining one of
R}, R* and R® is hydrogen, methyl or chloro, or

R?>, R*® and R’ are each hydrogen,

one of R®, R’ and R® is C,, alkyl, vinyl, trifluoromethyl,
C,., hydroxyalkyl, hydroxyl, C,, alkoxy or alkylthio, C,5
hydroxyalkoxy, C,; alkanoyloxy, amino, mono- or di-(C,,
alkyl) amino, azetidin-1-yl, pyrrol-l-yl, pyrrolin-l-yl,
pyrrolidin-1-yl, pyrazol-l-yl, pyrazolin-l-yl,
pyrazolidin-1-yl, imidazol-l-yl, imidazolin-1l-yl,
imidazolidin-1-yl, tetrahydropyridin-l-yl, piperidin-1-

- yl, morpholin-l-yl, (4-methyl)piperazin-1-yl, piperazin-

1-yl, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-
methoxyethyl)amino, or halogen, and the remaining two of
Ré, R’ and R® are hydrogen, or
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and R° are each hydrogen,

and the salts thereof.

Particularly preferred compounds according to the
invention include those of formula I

2w

wherein,

Z is oxygen or sulfur,

R' is hydrogen, C,; alkyl, or allyl,

2 is C,; alkyl, or Cy, cycloalkyl,

R’ is hydrogen, methyl, C,; alkoxy or alkylthio, chloro,
amino, mono~ or di-(C,; alkyl)amino, allylamino,
azetidin-1l-yl, pyrrol-l-yl, pyrrolin-l-yl, pyrrolidin-1-
yl, pyrazol-l-yl, pyrazolin-l-yl, pyrazolidin-l-yl,
imidazol-1-yl, imidazolin-1-yl, imidazolidin-l-y1l,
tetrahydropyridin-l-yl, piperidin-l-yl, morpholin—l-:
yl, (4-methyl)piperazin-l1-yl, piperazin-l-yl, N,N-bis (2~
hydroxyethyl)amino,

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,
- and the salts thereof.

More particularly preferred compounds according to the

invention include those of formula I
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wherein,

Z is oxygen or sulphur,

R' is hydrogen, C,; alkyl, or allyl,
R2 is.C,; alkyl, or C;, c§c§1oa1ky1,

R® is hydrogen, methyl, chloro, methoxy, ethoxy, amino,
mono- or di-(C,,alkyl)amino, allylamino,

al lylmethylamino , pyrrolin-1-yl, pyrrolidin-1l-y1,
tetrahydropyridin-l-yl, piperidin-l1-yl or morpholin-l-
Y1,

R* is hydrogen,

R’ is hydrogen, methyl, ethyl, chloro, or
trifluoremethyl,

R® and R® are hydrogen, and

R’ is hydrogen or amino,

and the salts thereof.

Preferred compounds according to the invention include:

5,11-dihydro-1l-ethyl-4-methyl-6H-dipyrido(3,2-b:2"',3"'-
e](1l,4)diazepin-6-one;
11-cyclopropyl-5,11-dihydro-4-methyl-6H-dipyrido[(3,2-~
b:2',3'-e][1,4]diazepin-6-one or -thione;
5,11-dihydro-11-ethyl-2,4-dimethyl-6H-dipyrido[3,2-
b:2',3'-e][1,4)diazepin-6-thione;

- 11-cyclopropyl-5,11-dihydro-2,4-dimethyl-6H-
dipyrido[3,2—b:2',3'-e][i,4]diazepin-6-one or —-thione;
2-chloro-5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido[3,2-
b:2',3'-e]{1,4]diazepin~-6~one or -thione;
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Usi ng a procedure arjaREBIAGEMENT: BHEEHdscri bed i n Exanpl e 11b, 6.5g of the
title conpound was (r 3 of 2-ethyl am no-3-nitropyridine.

c¥ 2-Chloro-N(2-ethyllam o gdijn\yl ) - 5-ni tro- 3- pyridi necarboxan de A
sol ution of 2.21 g df rT‘CEI osrgg?y-ggi t|r dni cot i nlstitutephert { dAtAugest 1998
nitrating 2-hydroxyni cottmrcacrd, Tolll oned by conversion to
2-chloro-5-nitronicdtinic acid, which s then treated with thionyl
chloride) in 10 m o ranyadr or uran was dllow y added over 15 minutes to a
cool ed, stirred m xture of 1.34 g of 3- Am no-2-ethylam nopyridine, 1.29 g
of diisopropyl @tshlkenorellaeyckopnepyi-5eltadjbiydrordmmethyl~6H-

dipyrido[3,2-b:2',3'-e]{1,4])diazepin-6-one or -thione;
5,11-dihydro-1l1-ethyl-2-methoxy—-4-methyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one or -thione;
ll-cyclopropyl-5,11-dihydro-2-methoxy-4-methyl-6H-
dipyrido(3,2-b:2',3'-e][1,4]diazepin-6~-one or =-thione;
8—amin9-5,11-dihydr6-11-ethy1-2-methoxy-4-methyl-6H—
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one or -thione;
8-amino-ll-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-l1l-ethyl-2-methoxy-5~methyl-6H-
dipyrido([3,2-b:2!',3'-e][1,4]diazepin-6-thione;
ll-cyclopropyl-5,11~dihydro-2-methoxy-5-methyl-6H-
dipyrido(3,2-b:2',3'-e][1l,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-l11-ethyl-5-methyl-2—~(N-pyrrolidino)-6H-.
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6~one or -thione;
11-cyclopfopy1-5,ll-dihydro-s-methyl-z-(N—pyrrolidino)—
6H-dipyrido(3,2-b:2',3'-e][1,4]diazepin-6-one or -
thione;
5,11-dihydro-11-ethyl-4-methyl-2- (N-dimethylamino) -6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin—6-one'or -thione;
1l-cyclopropyl-5,11-dihydro-4-methyl-2-(N-N-
dimethylamino)-6H-dipyrido[3,2-b:2',3'-e][1,4]diazepin-
6—-one or -thione; _
8-amino~5,11-dihydro~l1-ethyl-4-methyl-2~(N,N-
dimethylamino)-6H~dipyrido[3,2-b:2',3'-e][1,4]diazepin-
6-one or -thione;

- 8-amino-ll-cyclopropyl-5,1l1l~dihydro-4-methyl~-2-(N,N-
dimethylamino)-6H-dipyrido[3,2-b:2',3'-e][1,4]}diazepin—-
6-one or -thione; '
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yl -8-nitro-6H di pyri do[ 3, 2-

b:2', 3" -e][1, 4] di az

epin-6-one A _soll

ion of 12 80 g of

2-chl oro- N-(2-et hyl am no-3- pyr.idinyl)-5-nitro-3-pyridi necar boxani de in 25
n of xyl ene wa®nbefihkr¥e? thRFedburs. After concentrating in vacuo, the
residue was purified on a silical gel colum eluting with 50% et hyl

acetat &/ hexane ti%eqlélgmgdt?r?’dsq é)écépgiﬁtlgtég €REP :Ct)xunr}ghtion can be prepared

by known methods or modifications thereof.

Thus viewed from a further aspect the invention provides
a process for preparing a compound of formula I or' salt
thereéf, said process comprising at least one of the
- following steps:

(a) (to prepare compounds of formula I wherein 2
is oxygen and R? is other than hydrogen)

cyclizing a carboxylic acid amide of formula II or
ITa

R3
(II)
R* R RS R’
il
. N:< >-:N
NH Hal
| (IXa)
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(wherein R!', R}, R*, R%, RS, R’ and R® are as
hereinbefore defined, R?' is as hereinbefore defined
for R® with the exception of hydrogen and Hal
represents fluorine, chlorine, bromine or iodine);

(b) (to prepare compounds if Formula I wherein 2

. »is oxygen and R? is hydrogen) hydrolytically

cleaving an arylmethyl group from a compound of
formula III

(wherein R', R®’, R*, R%, R%, R’ and R® are as
hereinbefore defined and Ar is an aryl group, for
example, a phenyl or 4-methoxyphenyl group):;

(¢) (to prepare compounds of Formula I wherein 2
is oxygen and R! is other than hydrogen) reacting a
5,11-dihydro-6H-dipyrido[3,2-b:2',3'~
e][1,4]diazepin~-6-one of the formula IV

(IV)

(wherein R?, R®, R*, R®, R®, R’ and R® are as



. { REPLACEMENT SHEET [
- 66 - f) 8-Amno-5,11}

dj A"“ 33 ULIIy - b- net hy|-6H-
di pyrido[3,2-b:2',3 -e][1}4 a\iﬁp bng hem' hydrate Foll owi ng a
pr ocedur e anal ogous to [ hat 1dt t}%goaa Fxanpl e 11b, 0. 23g of
5,11-dihydro-11-ethy|-8 N =Gt Subsﬂuuesheet 14 August 1998
di pyrido[3,2-b:2",3 -¢e]}1 4]d|azep|n 6- on¢- retlueed to give, after

recrystalllzatlon f rom ¥-2—drcioroeritanc/ hexane, 0.060 g of the title

conpound as a yel | ow Hex@inkafane dafined3orother correspongdipge STglkali
6- Cyanoi m no- 5- 11- di hysi xlidaisiiney leadsthr Gl WonPdund thereof with a

compound of the formula V

R''Xx (V)

© wew,
(wherein R" is as hereinbefore defined for R' with
the exception of hydrogen and X is the radical of a
reactive ester, a halogen atom, a group OSOZOR", a
methanesulfonyloxy or ethanesulfonyloxy group or an
aromatic sulfonyloxy . group) ;

(d) (to prepare compounds of formula I wherein 2
is oxygen) converting a compound of formula I
wherein Z is oxygen and R? and optionally also R!
are hydrogen - into a metal salt compound of
~formula VIa or VIb

(VIa)

(VIb)




di pyri do[ 3. 2-b: 2",
5,1

3'-e][1.4] di azepi ne A m xture of

, 11-di hydro-11-F onyloxy-
2, 4- di et hyl - 6H é@ﬂhﬁggﬁghg%ﬂﬁgﬁ, 4] di azepine (0.25 0 63 )

cyamam de (0.034;,
(0.11g, 0.8 mmol

was t hen concent | at

0.8 mol), of 1 §Hhﬁ’éwt§rﬁh‘eﬁ r ki L@&ﬂ

vad ttSEPdﬂg&t r omte ature for 10 days. The mxture

ed in vacuo, pn§l the was residue partititioned between

ethyl acetate anfl water. The organgc phase was dried, filtered and
concentrated in yacuo. The resjiduelwas chromatographed over silica with 10%

et hyl acetate/nethylene chloride to provide 0.025 g of the title conpound,

m p. 230-233[err]C

5, 11- di hydr o- 11- ethﬁﬁhﬁrﬁgghg&§eﬁFﬁ§9?§?(ﬂQHﬂ%F71%n$etal’ such as

lithium, sodium, potassium, rubidium or cesium, or
M represents the group MgHal+, whereln Hal is a

. .chlorine, bromine or iodine atom) and subsequently

alkylating with a compound of formula VII
R2X (VII)

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

hereinbefore defined):;

(e) (to prepare a compound of Formula I, wherein Z
_is sulfur) reacting a compound of Formula I wherein
Z is oxygen, with a sulfurating agent, such as for
example.2,4-bis(4-methoxypheny1)-1,3-dithia-2,4-

diphosphetane-2,4-disulfide;
bis(tricyclohexyltin)sulfide; bis(tri-n-
butyitin)sulfide: bis(tri-phenyltin)sulfide;
bis(trimethylsilyl)sulfide or phosphorous
pentasulfide;

(£) (to prepare a compound of formula I, wherein R'
is hydrogen, and R?, B3, R*, R’, R®, R’ and R® are as
hereinbefore defined and Z is a group of formula
=NCN), reacting a compounding of formula XI

(XI)




di pyrido[3.2-b: 2", 3" -e}[ E%A&E%EQ&%%EET)

5, 11-Di hydro- 11- et hyl - -rnthangéplf gy ojNy- 2, 4-

di met hyl - 6H-di pyri do[ 3 24b: bt éﬁg , 4] i azepi ne Trifluoraonet hanesul fonic
anhydride (0.24 n, 14|minl) was addedltq a Substitua sbeep -hAugust 1875 )
5, 11- di hydro-11-ethyl {2, 4-di net hyl - 6H dijpyri do[ 3, 2-b: 2", 3' -

e] [ 1, 4] di azepi n- 6-one itn. 15 ol .of. nethyl dnggchl ori de containing 0.25 m (14
nmol ) of diisopropyl ethylam ne, and the resulting m xture was refl uxed
under argon for threqaHergin B,hRrP, arEt #¢ R2PORMIgnaver® alren aadded and the

sol ution was maShEdﬂé¥é¥igé oé% é iHEHf”waQ é?gﬁamide;

(g) (to preparé compounds of formula I, wherein R!
is hydrogen and R?, R, R*, R’, R®, R’ and R® are as
hereinbefore defined and 'Z is a group of formula
=NOR’) reacting a compound of formula XI (wherein
R?, R, R*, ®°, R®, R and R® are as hereinbefore
defined) with an alkoxylamine (O-
alkylhydroxylamine) or a salt thereof (for example,
methoxylamine hydrochloride) ;

and,

(h) Converting a compound of formula I into an
acid addition salt thereof or an acid addition salt
of a compound of formula I into the free base.

In process step (a) compounds of formula IIa are
preferably used to prepare compounds of formula I
wherein R, R’ or R®, especially R’, are electron
withdrawing groups, such as nitro.

The cyclization of step (a) is conveniently carried out
by the conversion of compounds of formula II or IIa into
their alkaline metal salts and subsequent condensation
at temperatures between 0°C and the boiling point of the
reaction mixture. If, in the starting compounds of
formula II or IIa, R' is different from hydrogen,
metallation .requires at least 1 mole of the metallating
agent. If, on the other hand, R! is hydrogen, at least 2
moles of this agent must be used. For metallation,
lithium, sodium and potassium hydrides or lithium

- alkyls, such as n-butyl lithium, are preferably used.
The cyclization reaction is usually carried out in inert
solvents, e.g. in tetrahydrofuran, 1,4-dioxane,
glycoldimethyl ether, diethylene—glycoldimetﬁyl ether,



S 67 - times wit n _ fng (magnesi um sul fate), the solution
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The residue was dilsspl ved in 20 m nmet hyl ene chl oride, and 0.23g (14

nmol ) of tetraethyl azFDmHurﬁE&/mde s addedSubstitute sheet i- it murswm& ng
sol ution overni ght roomtenperdtuye, the reaction m xture was
concentrated in vacuo. The residue s dissglved in 100 m of ethyl
acetate, and the splut]

with water and brine. The dried

(magnesi um sul fate) 9l d¥}é@fﬁfﬁ£¥ﬁy¥ré%ﬁék'nd!ﬁgﬂﬁylformamlde,

benzene or anisole. Cyclization may also be effected by

heating carboxylic acid amides of formula II or IIa in
dipolar aprotic solvents, preferably in sulfolane or
dimethylsulfone. Catalytic quantities of strong acids,
e.g. sulfuric acid, hydrochloric acid, hydrobromic acid,
phosphoric acid, polyphosphoric acid, methanesulfonic
acid or p-toluenesulfonic acid, have proved to be of
use. The reaction temperature used is usually between
110 and 220°C.

Hydrolysis in step (b) is conveniently effected by
moderate to strong acids or Lewis-acids at temperatures
between -20 and +150°C. Such acids can be, for example,
sulfuric acids, methanesulfonic acid, trifluoroacetic
acid, trifluoromethanesulfonic acid, phosphoric or
polyphosphorib acid. When using phosphoric 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 aluminium 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 skilled in the art that step
(b) is not preferred in those cases wherein any of R! and
R’ to R® are readily hydrolyzable substituents, for
example, wherein R' is alkanoyl or any of R’ to R® are
alkanoylamino or alkoxycarbonyl. In cases wherein R' is
alkanoyl or any of R® to R® are alkoxycarbonyl, for

- example, it is preferable to utilize step (a) described
above. When R!' is hydrogen two equivalents of base
should be used. 1In cases wherein any of R® to R® are

alkanoylamino, for example, it is preferable to carry
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yield the desired product.

In reaction step (a) the compound of formula IV may be
converted into its corresponding alkali metal salt in a
first-step and subsequently reacted with the éompound of
formula V; alternatively the alkylation of a compound of
formula IV may be performed by reaction with the
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 bicarbonate.

The conversion of a compound of formula IV into the
corresponding alkali metal or alkaline earth metal
compound may be effected by reacting a compound of
formula IV with an alkali metal or alkaline earth metal
hydroxide, suéh as lithium hydroxide, barium hydroxide,
sodium hydroxide or potassium hydroxide, with an alkali
metal alcéholate, 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 such 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 metallating agents, whereas, if
an alkali or alkaline earth metal hydroxide is used, an
- agqueous mixture with an organic solvent, such as
methanol or tetrahydrdfuran, may also be employed. For
conversion of the alkali or alkaline earth metal-
substituted 5,11-dihydro-6H-dipyrido([3,2-b:2',3"'~
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e][1,4)diazepin-6-one thus obtained into a compound of
formula I the solution or suspension of the alkali or
alkaline earth metal compound is reacted directly, i.e.
without isclation, with a compound of formula V at -20°C
or at elevated temperatures, up to the boiling point of
the solvent or reaction medium, whichever is lower. The
substitution takes place almost exclusively at the
nitrogen atom in the 5-position of the dihydro-
dipyridodiazepinone, even if R? in the starting 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.

It will be obvious to those skilled in the art that, for
the process of step (c¢), the presence of nucleophilic
substituents in the final product may require the use of
an intermediate of formula I having substitutents which
are, other than the 1ll-position nitrogen, not
nucleophilic but which can be derivatized to yield the
required group. For example, amino or monocalkylamino
substitutents at any of R® to R® are preferably obtained
by alkylating or acylating an intermediate of formula I
having a nitro group at any of R’ to R®, and subsequently
reducing the nitro group, and alkylating, if
appropriate, to yield the final product.

In process step (d), the conversion of a compound of
formula I into the corresponding alkali metal compound
of formulae VIa or VIb may for example be effected by
reaction with a lithium alkyl (e.g. n-butyl lithium, or
t-butyl lithium) optionally in the presence of
tetramethylethylenediamine, a lithium dialkylamide,
(e.g. lithium diisopropylamide, lithium

- dicyclohexylamide and 11th1um isopropyl-
cyclohexylamide), a lithium aryl (e.g. phenyl 11th1um),
an alkali metal hydroxide (e.g. lithium, sodium or
potassium hydroxide), an alkali metal hydride (e.g.
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sodium or potassium hydride), an alkali metal amide
(e.g. sodium or potassium amides) or a Grignard reagent -
(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 VIa,
whereas two equivalents of base are required for the
ﬁorma;ion 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 for 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 sclvents 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 alcohdls such as ethanol, 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 conveniently reacted
directly, i.e. without isolation of the reaction
product, with a compound of formula VII at temperatures
of between -20°C and the boiling point of the reaction
mixture, preferably at ambient temperature.

It will be obvious to those skilled in the art that in
the performance of process step (d) the presence of
nucleophilic substitutents in the compounds of formula I
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may require the use of an intermediate of formula I
having substitutents which are, other than the 11-
position nitrogen, not nucleophilic but which can be
derivatized to yield the required group. For example,
amino or monoalkylamino. substituents at any of R to R®
are preferably obtained by alkylating or acylating an
intermediate of formula I having a nitro group at any of
R’ to R®, and subsequently reducing the nitro group, and
alkylating, if appropriate, to yield the final product.

The carboxylic acid amides of formula II used as
starting materials may be obtained, for example, by

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

> — o VIII
N ( )

Hal Cl

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

H,N-R*' (IX)

wherein R®' is as hereinbefore defined. The reaction can
also be carried out in the presence of inorganic or

. organic auxiliary bases, such as triethylamine, 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
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Y S"'%@lvents at tempefgﬂﬂies 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 formula IX, open chain or cyclic

" ethers, such as tetrahydrofuran, 1,4-dioxane,

glycoldimethyl ether, diethyleneglycoldimethyl ether;
aromatic hydrocarbons, 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 IIa 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

R* R7 RS R’
o o}
s__// \ 7\ 8
R N R (X)
N —N
Hal Cl

by reaction with alkylating agents of formula V ih the

- presence of proton acceptors, for example of amines,

such as triethylamine, diazabicycloundecene, 4-
(dimethylamino)pyridine, or alkali or alkaline earth
metal hydroxides, such as sodium hydroxide, potassium



The compound of Exanpte—tZ2=1T5—h [Into a powder mixture with the

prem xed exci pi ent rnﬂﬁﬁﬂh&pgﬁiatﬁﬁﬂﬁﬁé above with the exception of the
stearic acid or magnesifuntstearate | ybgi cant. The lubricant is then bI%?ded
in and the resulting{bljenti SEBA8RB esdd i nt Substitute sheet - 14 August 199

- 69 - :

- 23 =

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 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 for process steps (a)
to (d) are known from the literature or may be purchaed
or may be obtained by procedures known from the
literature.

The reaction of step (e) is conveniently carried out in
an inert. organic solvent such as carbon disulfide,
benzene or toluene, at ambient temperature or higher,
preferably at an elevated temperature up to the boiling
point of the reaction mixture, and preferably under
‘anhydrous conditions. When using the above mentioned
tin or siiyl sulfides, it is preferable to carry out the

. sulfurization reaction 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 where 2 is oxygen and
any of R® to 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 l1ll-position nitrogen. In those



tabl et's or-filled i o] FarT—ceamsul es. Exanple B Par ent er al
BEBLAGEME

Sol uti ons | ngrje NT SHEET Quantity Active conpound
500 ngy Tartaricjadrd - 1.5 g . Benzyl Al coho
0. 1% by wei ght qer’l ffloSEPni9gRt ijorls ubsttute sheedo 1t August 1998

_ _ - 24 -
|

cases wherein the substituents at any of R® to R® can be
derived from nitro, for example, alkanoylamino, the
sulfurization reaction can be performed on the
corresponding nitro derivative, followed by an
appropriate (known) reduction and finally acylation to
yield the desired product.

The reaction of step (f) is conveniently carried out in
the presence 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. The reaction of step (g) is
conveniently carried out under conditions analogous to
those described for reaction step (f).

The étarting compounds of formula XI can be obtained by
reacting a compound of formula I, wherein R' is hydrogen,
R? to R® are as defined above and 2 is oxygen, with
trifluoromethanesulfonic anhydride. The reaction is
preferablj carried out in an inert solvent using one to
two equivalents of trifluoromethanesulfonic anhydride
and in the presence of one to two equivalents of a base.
The base may be, for example, a tertiary amine such as
triethylamine or diisopropylethylamine, and the inert
solvent used may include, for example, methylene
chloride, chloroform, diethylether, tetrahydrofuran, 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 ambient temperature.

The alkoxylamine starting materials may be purchased or
are known from the literature or may be obtained by
procedures known from the literature.
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Compounds of formula I may, if desired, be converted
into their non toxic, pharmaceutically 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
encompasses such salts. Examples of inorganic and
organic acids which may form nontoxic, pharmaceutically
acceptable acid addition salts with a compound of the
formula I include 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.

Those skilled in the art will realize that it will at
times be more convenient to make certain compounds of
formula I by derivatization of other compounds of
formula I, rather than by making them directly, using
one of the above~described reaction steps. 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 be 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.

Viewed from a further aspect the invention provides a

- pharmaceutical composition comprising a compound of
Formula I or a physiologically acceptable acid addition
salt thereof together with at least one pharmaceutically
acceptable carrier or excipient.
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: administered in single or divided doses by oral,
parenteral or topical routes. A suitable oral dosage
for a compound of Formula I or a salt thereof would be
in the range of about 0.5 to 1000 mg per day. 1In
parenteral formulations, a suitable dosage unit may
contain from 0.1 to 250 mg of said compounds, whereas
for tépical administration, formulations containing 0.01
to 1% active ingfedient are preferred. It should be
understood, however, that the dosage administration from
patient to patient will vary and the dosage for any
particular patient will depend upon the clinician's
judgement, who will use the size and condition of the
patient as criteria for fixing a proper dosage as well
as the patient's response to the drug.

When the compounds of the present invention are to be
administered by the oral 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 inorganic
carrier material suitable for oral administration.
Examples of such carrier materials include 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
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preservatives, stabilizers, emulsifiers, flavour-
improvers, wetting agents, buffers, salts for altering
the osmotic pressure and the like. Solid carrier
material which can be used include, for example, starch,
lactose, mannitol, methyl cellulose, microcrystalline
cellulose, talc, silica, dibasic calcium phosphate, and
high.mplecular weight polymers (such as polyethylene
glycoi). |

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
0il 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 bisulphite, sodium metabisulphite and
ascorbic acid), high molecular weight polymers (such as
liquid poiyethylene oxides) for viscosity regulation and
polyethylene derivatives 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 viscosity-increasing 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
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chloride, thimerosal, chlorocbutanol or phenylethyl
alcohol.

Additionally, the compounds according to the invention
can be administered by.suppository.

The: above described compounds of Formula I possess
inhibitory activity against HIV reverse transcriptase.
When administered in suitable dosage forms, they are
useful in the prevention or treatment of AIDS, ARC and
related disorders associated with HIV infection.

Viewed from a yet further aspect, the present invention
provides the use of a compound of Formula I or a
physioclogically acceptable acid addition salt thereof
for the manufacture of a therapeutic agent for
combatting HIV infection.

Viewed. from a still further aspect, the present
invention provides a method of treatment of the human
body, to combat HIV infection, said method comprising
administering to said body a compound of Formula I or a
physiologically acceptable acid addition salt thereof.

As stated before, the compounds provided by the
invention inhibit the enzymatic activity of HIV RT.
Based'upon testing of these compounds, as described
below, it is known that they inhibit the RNA-dependent
DNA polymerase activity of HIV RT. Based upon other
testing, not described herein, it is believed that they
also inhibit the DNA-dependent DNA polymerase activity
of HIV RT.

Utilizing the Reverse Transcriptase (RT) Assay described
below, compounds can be tested for their ability to
inhibit the RNA-dependent DNA polymerase activity of HIV
RT. Certain specific compounds described in the
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results of this testing appears in Table I, below.

REVERSE TRANSCRIPTASE (RT) ASSAY
Assay. fheory:

Among the enzymes for which Human Immunodeficiency Virus
(HIV-1) encodes is a reverse transcriptase (see Benn et
al. Science 230:949 (1985)), so-named because it
transcribes a single-stranded DNA copy from an RNA
template. This activity can be quantitatively measured.
in a cell-free enzyme assay which has been previously
described (see Farmerie et al. Science 236:305 (1987)),
and is based upon the observation that reverse
transcriptase is able to use a synthetic template [poly
r(C) primed with oligo d(G)] to transcribe a radio-
labelled, acid-precipitable DNA strand utilizing 3H-dGTP
as a substrate. |

Materials:

a) Preparation of the enzyme

Reverse transcriptase enzyme from the LAV strain of
Human Immuno-deficiency Virus (HIV-1l) (see Benn et al.
supra) is isolated from the bacterial strain JM109 (See
Yanisch~-Perron et al. Gene 33: 103 (1985)) expressing
the DNA clone pBRTprtl+ (see Farmerie et al. supra)
which is under the control of the lac promotor in the
expression vector pIBI21 (International Biotechnologies
Inc., New Haven, Connecticut 06535, USA). An overnight
culture grown in 2XYT medium (37°C, 225 rpm) (see
Maniatis et al. eds "Molecular Cloning: A laboratory
manual” Cold Spring Harbor Laboratory 1982) supplemented
with 100 pumg/ml ampicillin for positive selection is

inoculated at a 1:40 dilution into M9 medium
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supplemented with 10pug/ml thiamine, 0.5% casamino acids

and 50 pg/ml ampicillin (see Maniatis et al. supra).
The culture is incubated (37°C, 225 rpm) until it
reaches an OD°¥ of 0.3-0.4. At that time the repressor
inhibitor IPTG (isopropyl B-D-thiogalactopyranoside) is
added to 0.5mM and incubated for 2 additional hours.
Bacteria are pelletted, resuspended in a 50mM Tris,
0.6mM EDTA, 0.375M NaCl buffer and digested by the
addition of lysozyme (1mg/ml) for 30 minutes on ice.
The cells are lysed by the addition to 0.2% NP-40 and
brought to 1M NacCl.

After removal of the insoluble debris by centrifugation,
the protein is precipitated by the addition of 3 volumes
of saturated aqueous ammonium sulphate. The enzyme is
pelleted, resuspended in RT buffer (50mM Tris pH 7.5,
1mM EDTA, 5mM DTT, 0.1% NP-40, 0.1M NaCl and 50%
'glycgrol), and stored at -70°C for further use.

b) Composition of 2X concentrated stock reaction

mixture

Stock Reagent 2X Mix Concentration
1M Tris pH 7.4 100mM

1M Dithiothreitol 40mM

1M NacCl 120mM

1% Nonidet P-40 0.1%

1M MgCl, | 4mM

[poly r(C)/oligo d(G)](5:1) 2ug/ml
SH-AGTP (81uM) 0.6uM

Assay Procedure:

The 2X concentrated stock reaction mixture is aliquoted
and stored at -20°C. The mixture is stable and thawed

for use in each assay. This enzyme assay has been
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been previously described (see Spira et al. J. Clinical
Microbiology 25:97 (1987)). 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 (10ul/well; 3 wells/compound) .
The HIV RT enzyme is thawed, diluted in 50mM Tris pH 7.4
so that 15upl1 of diluted enzyme contains 0.001 Unit (one
Unit is that amount of enzyme needed to transform 1
micromole of substrate per minute at 25°C), and 15ul are
dispensed per well. 20pl 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 a control for the
level of background polymerization which is subtracted
from all other results. 25ul of the 2X reaction mixture
are added to all wells and the assay is allowed to
incubate. at ambient temperature for 60 minutes. The
assay is terminated by precipitating the DNA in each
well with 5041 of 10% trichloroacetic acid (TcA) in 10%
w/v sodium pyrophosphate 1% w/v. The microtiter plate
is incubated for 15 minutes at 4°C and the precipitate
is fixed onto No. 30 glass fiber paper (Schleicher &
Schuell) using a Skatron semi-automatic harvester. The
filters are then washed with additional 5% TCA
containing 1% sodium pyrophosphate, rinsed with 70%
aqueous ethanol, dried,and transferred to scintillation
vials (see Spira et al. supra). Each vial receives 2
mls of scintillation cocktail and is counted in a
Beckman beta counter.

- Calculations for percent inhibition are as follows:
% inhibition =

CPM Mean Test Value - CPM Mean Control Value X100
CPM Mean Control Vvalue
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replication in a living system, compounds according to

the invention were also tested in the human T-cell

Culture Assay described below.

The results of this

testing appears in Table 1.

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.

formation of syncytia.

After incubation the culture is checked for the

The absence or reduction of the

number of syncytia is used as a measure of the test
compound's ability to inhibit HIV replication.

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 100ul
in RPMI 1640 (+ 10% fetal bovine serum) culture medium

in 96 well flat bottom plates.
test compound, dissolved in DMSO is included.

A selected amount of
After 24

hours, an excess of virus comprising 50-100 TCIDs,'s
(TCID;, is the dose that results in infection in 50% of
test cultures) of the HTLV-IIIB strain of HIV-1l (see
Shaw et al. Science 226:1165 (1984)) are innoculated

into each culture.

_ Control cultures receive the test
compound or the wvirus only.

Four days after the viral

challenge, the cultures are visually examined for the
frequency and distribution of virus-induced giant cell

. syncytia.

The percent inhibition by the test compound

is determined by comparison with control values.

Confirmation of the presence or absence of virus

replication is accomplished by harvesting the cell free
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the induction of syncytia formation in secondary human

T-cell cultures after 3 days.

Regarding this assay, reference may also be had to
Somasundaran et al. Science 242: 1554 (1998).

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 Thymus-
derived DNA alpha-polymerase. None of the compounds so
tested was observed to possess any inhibitory activity
against these enzymes. These results indicate that the
enzyme inhibitory activity of the compounds provided by
the invention is directed rather specifically against
HIV RT.

In order to assess approximately the cytotoxicity of the
compounds provided by the invention, several such '
compounds.were tested in the MTT Cellular Cytotoxicity
Assay described below. The results of this testing are
reported in Tablé I below. Compounds having a |
relatively high EC,, are preferred.

MTIT ASSAY FOR CELLULAR CYTOTOXICITY

Assay Theory:

The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl
tetrazolium bromide] assay is based on cleavage of
tetrazolium bromide by metabolically active cells,
resulting in a highly quantitative blue colour. This
assay has been previously described (see Mosmann, J.
Immunol. Methods, 65: 55 (1983)) but has been optimized
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for the purposes of the testing reported herein.

Assay Method:
The H9 cell line (see.Jacobs, J. Natl. Cancer Inst.
34:231 (1965)), an established human lymphoma suspension
cell line grown in RPMI 1640 supplemented with 10% fetal
bovine serum is used as the target cell line in the
assay:' Cells (100upl) are plated in microtest plate
wells at a concentration of 10° cells per ml in the
presence of varying concentrations of inhibitor. The
cells are incubated at 37°C in a humidified CO,
incubator. Five days later, 20pl of MIT (5mg/ml in RPMI
1640, sonicated, 0.2 micrometer filtered, and stored at
4°C) is added to each well. After 4 hours additional
incubation at 37°C, 60ul of Triton-X is added to each
well and throughly mixed to aid the solubilization of
the crystals. Absolute ethanol (5pl) is added, the
wells are incubated for 30 minutes at 60°C and
immediately read on the plate reader (Dynatech) at a
wavelength of 570nm.

Data from this assay are used to generate a
nonlinear regression analysis which yields an value for
ECso- .
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The following non-limiting examples are provided to
illustrate further the present invention and to enable
others skilled in the art to understand it more
completely. Percentages, parts and ratios are by weight
unless otherwise stated.

one
a) 2-Chloro-N-(2-chloro-3-pyridinyl)-3-
pyridinecarboxanide.

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
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each hydrogen, or
in 200 mil dioxane was added at such a rate as to keep the vigorous reaction under conool.

Thereafter, the reaction mixture was allowed to cool to room temperature and the resulting

crysalline 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 soludon was treated with charcoal, suction filtered, and the fltrate was acidified
by addition of 50% aqueous acetic acid. The resulting precipitate was collected by filtradon
and thoroughly washed with water. After being dried overnight in a stream of nifrogen at
room tempezanure the almost coloriess product had a m.p. of 156—15?% and was sufficientdy

pure for further reactons. The yield was 376.0 g (84% of theory).

b) N-(2-Chloro-3-pyridinyl)-2-[[(4-methoxyphenyl)methylJamino]-3-pytidinecarboxamide
13.4 g (0.05 mol) of the product obtained in step a) were dissolved in 20 ml of xylene, and
the resulting solution .w'as admixed with 13.8 g (0.1 mol) of p-methoxybenzylamine.
Thereafter, the mixture was refluxed for two hours. The reaction mixmre was then
evaporated in vacuo, and the residue was purified by column chromatography on silica gel
(0.2-0.5 mm) using dichloromethane/ethyl acetate 10/1 (v/v) as an eluent Conccn&'atio_r.t
afforded colorless crystals, melting at 122-124°C (after recrystallization from acetonimile).

The yield was 17.2 g (93% of theory).
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dioxane, and the resuldng soludon was admixed with 6.7 g (0.14 mol) of a. 50% dispersion of
sodium h};&ﬁdc in mineral oil. Thereafter, the mixwure - while protected against the extemal
ammosphere by a low flow of niTogen - was refluxsd unsdl no stardng material could be
detected by TLC. The surplus of sodium hydride was decomposed by caudous addidon of 10
ml of a mixnure of methanol and temrahydrofuran (50/50 v/v). The reacdon mixmure was
neutralized by addidon of acedc acid and then was evaporated in vacuo. The residue was
purified by column chromatography on silica gel (0.2-0.5 mm) using succsssively
dichlorcmethane/ethyl acstate 10/1 (v/v) and dichlcromethane/ethyl ac=mate 1/1 (v/v) as
cluents. The crystalline product obtained by evapcration of suitable fracdons was
recrystallized from.ac::oni&ﬂc and 2-propancl. The product had a m.p. of 213-215°C and
was idendfied as 5,1 I-di‘nydm-lI-[(4—-mcr.hoxyphenyl)-mc:hyl]-é'l-!—dipyrido[3,2—b:2’,3"

e]f1,4]diazepin-6-one. The yield was 10.3 g (68% of theory).

d 5, 11—D1hydm-6H-dmyndo[3,2—b.2’ 3’ -c][l ,4]diazepin-G-one

10.0 g (03 mol) of the produc: obtained in step c) were dzssolved in 50 ml of wifluoroacsdc
acid, whereby the mixmure became slighdy warm. Thereafter, the reaction mixmure was sdrred
at 60°C for 1 bour. No starting material could be detected by TLC at that tme. The mixmre
was then evaporated in vacuo. The residue thus obtained was thoroughly strred with 0.5%
aqueous ammonia and thea was filtered by sucton. The raw product was recrystallized from

150 m] of dimethyl sulfoxide to provide colorless crystals of m.p. > 340°C. The yield was
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a) 2-C_h!oro-N—(‘.’.—chIoro-3-pyridinyl)—N-mct.hyI-3-pyridincca:boxamidc

A four-necked round-bottomed flask, equipped with a mechanical sdrrer, a dropping funnel, :
thermometes and an cfﬁci.ent 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 sedium
hydroxide, 1500 ml of toluene and 8.0 g (0.0352 mol) of benzylaziethylammonium chldridc.
Stirring was begun and a soluton of 134 ml (1785 g, 1.415 mol) of dimethyl sulphate in 1 |
of toluene was added dropwise over a period of about 3 hours, whereby the temperamurs rose
to 50-60°C. Afier the addidon of dimethyl sulfate -was complets, sdmring at 60°C was
condnued for a further 2 fxours. The reacdon mixmre was cooled o room temperamre and 1
1 of water was added. The layers were separated, and the aqucoﬁs phase was exiracted thres
tmes with 3C0-ml portions of toluene. The organic layers wers combined and washed
succsssively with 300 ml of water, 300 ml of 1% aqueous acstic acid and 3C0 ml of watex.
The combined organic extracts were dried over sodium sulfate, and the solvent was mxpovcd
by disdlladon under reduced pressure. The residue was purified by column chromatography
on silica gel (02-0.5 mm) using as eluents successively toluene and ethyl
‘acetate/cyclohexane/terahydrofuran 1/9/10 (v/v/v). The product obtained by evaporadon of
suitable fractions was recrystallized from acetonitrile/tert-buryl methyl ether 1/1 (v/v). It was
highly soluble in dichloromethane, had a m.p. of 98-101°C. and was ideatified to be 2-chloro
N-(?.-chloro-3-pyrid.inyl)—N—mcthyl-3-pyridinccarboxnmidc. The yield was 232.5 g (82.5% of

theory).



Z 74 -

Rlerr] are hydfo

t.- but yl ,

or I Sop
Rerr] and Riefr] aF & SkBriggen or

okl i d ) ) , d
K ],CIEE"EW?@%‘&E‘Eii;Q[(I?Q{tra]rr]Ri[gr%thsl[?rrR][errR][eir;]e?Eyh

opyl and err err], err], err
Y R SJubs’lc?{ute s]heels[- 14 ]Aug%[st 1&98

s- but ¥yl

-40-

4.8 g (75% of theory). The product was idendfied as 5,11-dihydro-6H-dipyrido(3,2-b:2",3'-

e](1,4]diazepin-6-one.

a) N-(2-Chloro-3-pyridinyl)-2-(propylamino)-3-pyridinecarboxarmide

26.8 g (0.1 mol) of 2—chloro-N-(2-chIoro-'3-pyridinyl)—3-pyridinecérboxamidc were dissolved
in 200 ml of dioxane, and the resulting sgluu'on was admixed with 21.4 g (0.362 mol) of
propylamine. Thereafier, the mixture was shaken in a stainless stesl ﬁrcssurc vessel a.t 150°C
for 6 hours. The reacdon mixture was then évapora.tcd in vacuo, and the residue was purified
by column chromatography on silica gel, successively using dichloromethane/ethyl acstate
IO/.I (v/v) and dichloromethane/cyclohexane/ethyl acstate 1/2/1 (v/v/v) as cluents. The
product obtained by évaporaton was a highly viscous resin that had a satisfactory quality for

the following reaction..

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

Using a procedure analogous to that described m Example 1c), 5,1 I-dihj;dro-l 1-propyl-6H-
dipyrido{3,2-b:2°,3"-¢e]}{1,4]diazepin-6-one, m.p. 184-186°C (recrystallized from acetonimile),
was prepared from the product obtained in the above step a) and sodium hydride. The yield

was 74% of theory.
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Using a proécdurc analogous to that described in Example 2a, N-2-(chloro-3-pyridiny!)-N-
methyl-2-(propylamino)-3-piperidinecarboxamide was prepared from the product obtained in

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

- ©) 5,1I-Dihydro-S-mcmyi-l1-propyl—&H-dipyﬁdq[B,Z-b:Z’,3’-c][1,4]diachin-6—onc
Using a procedure analogoﬁs to that described in Example 1c, except employing
tetrahydrofuran instead of dioxane as a solvent and applying only equimolar quantities of
sodium hydride, 5,11-dihydro-5-methyl-11-propyl-6H-dipyrido-[3,2-b:2’,3"-¢][1,4]diazepin-6-
one, a ﬁighly viscous oil, was prepared from the product obtained in the above step. The yield

was 75% of theory.

Example 4

6.4 g (0.03 mol) of 5 ,11-dihydro-6H-dipyrido(3,2-b:2",3’¢][1 4]d1azspm—6—one were dxssolved
in 100 ml of absolute dJmethyIformanndc and the resulting sohmon was adrmxcd thh 3 4z
(0.071 mol) of a 50% dispersion of sodium hydride in mineral oil. While protected against
the external ammosphere by a flow of nirogen, the mixture was stirred a't_ 50-70°C for 1 hour.
After the evolution of hydrogen had ceased, the mixmre was cooled to 30°C and 109 g (0.07
mol) of ethyl iodide were added dropwise within 15 minutes. For completon of the
exothermic reacdon, the mixture was heated at 80-90°C for a further hour. The solvent was

removed by distlladon under reduced pressure. The residue was admixed with water and the
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suspension thus obtained was exhaustively extracted with dichloromethane. The product
obtained after usual work-up was recrystallized from 150 ml of isooctane. The product had 2
m.p. of-102-103°C and was identified as 5,11-dicthy!-5,11-dihydro- 6H-dipyrido(3,2-b:2,3"-

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

Example 5

a) N-(2-Chloro-3-pyridinyl-2-[(phenylmethyl)amino}-3-pyridinecarboxamide

Using a proc:dl_:rc analogous to that dcsm’ﬁcd in Example 1b, except employing dicthylene-
glycoldimethy] cther 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-
dimethyl ether), was prepared from 2-;:hloro-N-(2—chloro-3-pyridiny1)3-pyﬁ&inécarboxamidc

and benzylamine. The yield was 72% of theory.

b) 5,11-Dihydro-1 f(phcnyhncthyl)—GH—dipyridoB,Z—b:2’,3’-c][i,4jdiaz=pin—6—onc

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

of theory.
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¢) S.11-Dihydro-5-¢cthyl-11-(phenylmethyl)-6H-dipyrido-[3.2-b:2",3 '-e][l.4]diaz§pin—6—onc
Using a procedure annlogo;:s to that described in Example 3a, 5,11-dihydro-5-cthyl-11-
(phcnylfnc:hy!)-GH—dipyridoB.Z-b:Z’.3‘-&][l.d]d.impin-é—onc, m.p. 209-211°C (recrystullized
from toluene/acstonigile 1/1 v/v), diéhioromcthane/ﬁxethanol 99/1 v/v), was prepared from the

preduct obtained in step b) and diethyl sulfate. The yleld was 82% of theory.

d) 5,1 1-Dﬂxydro—i—cmyl—&l-dipyﬁdo[S,?.-.b:Z’,S'-c]_[l,4}m;:in-6-onc

Using a procsdurs analogous to that described in Example ld:, excspt employing a pressure
vessel instzad of an open one and heating the mixmure 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 (reczystallized from

iscoctanc/ethyl acsmate 1/1 vfv), was prepared from the product obtained in step (c). The yield

was 57% of theory.

a) N—(Z-Chloro—S-pyﬁdinyl)-N—mcrhy1-2{(phcnylme:hyl)anﬁno]—3—pyridinec_arboxamidc
Using a procedure analogous to that described in Example 1b, N-(2-chloro-3-pyridinyl)-N-
methyl-2-{(phenylmethylamino}-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
87% of theory.
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from acetonimile), was preparsd from the product obtined in siep (2). The yield was 80% of

theory.

c) 5.1 1-Dihydm-5-mc:hy1—6H—dipyﬁdO[3,2-b:.'.3'-e][1.4ldiaz=pin-6-on§
A mixmure consisting of 75.5 g (0.239 mol) 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 bours. While sdill
hot, the reacdon mixnure was stirred into crushed ice.  Thersafter, the mixmre was made

~ slighdy alkaline by additon of aqueous ammonia and was thea exhaustively exmaced with
dichloromethane. The combined organic layers were dried over sodium sulfate and
evaporated in vacuo. The residue was chromatographed on silica gel using dichloromethane/
cthyl acsrate 1/1 (v/v) as an eluent. The product obtained by cvaporadon of suitable fracdons
was recrystallized from acstonimile, yielding 21.6 g (40% of theory) of colorless crystals
having a m.p. of 236-237°C.

Example 7

3.8 g (0.0126 mol) of the product obtained in Example Sb were dissolved in 20 ml of
mifluoroacetic acid whereby the mixmure became slighdy warm. Thereafter, the reacdon

mixmre was refluxed for 8 hours. No starting material could be detected by TLC at that
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material was suspended in 20 ml of acetonitrile, refluxed for 15 minutes and sucdon filtered
while hot. The filter cake was recrystallized from hot dimethyl sulfoxide yielding 1.2 g (45%

of theory) of colorless crystals 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.

Examvple 8

a) 2-Chloro-N-(2-chloro-3-pyridinyl)-3-pyridinecarboxamide

Using a prosdure analogous to that described in Example 1a, 2-chloro-N-(2-chloro-3-
pyridinyl)-3-pyridinecarboxamide was prepared. 'fhc purified product was_ obtained by
cooling the reaction mixture to room temperarure and decanting :.hc supernatant from .thc
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-Chloro-3-pyridinyl)-2-{[(4-methoxyphenylmethylJamino}-3-pyridinecarboxamide
Using a procedure analogous to that described in Example 1b, N-(2-chloro-3-pyridinyl)-2-([(4-

methexyphenyhmethyljamino}-3-pyridinecarboxamide was prepared. The purified product
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was obtained by removing the solvent in vacuo, adding water to the residue, and extracting

the product with mcthy.lcnc chloride. This solution was dried (:mhydmus sodium sulfate) and
the solvent removed to give a brown 011 which was treated with 10 m! of ether. The product
which crystallized was filtered and washed sequentally with ether and hexane to give 78.0 g

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

c) 5.1 1-Dihydro-1 1-[(4-mcﬂxoxyphenyl)methyl]-SH-dipyﬁdo[3,2-b:2’,3 *-e][1,4]diazspin-6-one
1.44 g of a 50% dispersion of sodium hydride in mineral oil was added w 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. After the evolution of hydrogen stopped, the

. mixmure was heated (110°C) for 16 hours and then refluxed for eight hours. Afier the mixmure

had cooled, the _cxécss sodium hydride was decomposed by the slow addidon of ics. The
mixmre was further diluted with watcr,. and the product was extracted with ether and
concentrated. The crystallized residue was filtered and washed wxrh ether to give 1.60 g of
5,11-dihydro-1 1-[(4—§nethoxyphcnyl)rhethyl]-SH—dipyrido[?:,Z-b:z',3’-e][1,4]dimpin-6'-_onc

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

d) 5,11-Dihydro-11-{(4-methoxyphenyl)methyl]-5-methyl-6H-dipyrido [3.2-b:2’,3"-¢][1.4]-
diachin—G—onc

10.0 g (0.030 mol) of 5,11’-dihydro-11-[(4-nicthoxyphcnyl)mct.hyl]-6H-dipyrido—[3,2-b:2’.3’-
e](1,4]diazepin-6-one was added to a flask contining 2.16 g of a 50% dispersion of sodium

hydride in mineral oil and 100 ml of dimethylformamide. The resultng mixture was stdrred
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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 product was
extracted with ether, dried (anhydrous sodium sulfate), and concentrated to give 10.3 g (59%
of theory) of 5,11-dihydro-11-{(4-methoxy-phenyl)-methyl}-5-methyl-6H-dipyrido-{3,2-b:2",3’-

e][1,4]diazepin-6-one as a light yellow oil suitable for use in the next reaction.

e) S 11-D1hydm—5-methy1-6H—d1pyndo[3,2-b 2’,3%-¢][1 4]dlachm-6-onc

50 ml of mifluoroacstic 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"-¢][1,4]-diazepin-6-one, and the
mixmre was.-sxirred for one hour at room temperamure. The acid was removed in vacuo and
the residue was stirred for one hour with 0.5% azﬁmonia. 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-
el[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 sodium hydride in mineral oil was added to a solution of 5.75
g (0.025 mol) of 5,1 1-dihydro-S-mcihyl—GH—dipyrido[3,2—!):2’,3"-c][1,4]diachin—6—onc in 100
ml of dimethylformamide. When the evoludon of hydrogen ceased, the mixture was heated
10 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 stir 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 exmacted with ether, dried (anhydrous sodium
sulfate); and evaporated to yield 4.5 g (70% of theory) of 5,11-dihydro-11-cthyl-5-methyl-6H-

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

Example 9

3.11

A mixmre of 2.66g (0.01 mol) of 5,11-dihydro-11-ethyi-5-methyl-6H-dipyrido-{3,2-b:2°5"-
e][1,4]diazepin-6-one and 2.10g (0.005 mol) of Lawesson’s reageat (2,4-bis(4-
mcthoxﬁ’phcnyl)-1.3-dithia-2,4—diphosphcmnc-2,4—disulﬁd=) in 50ml of toluene was refluxed
for 2 1/2 h. The solvent was then removed in vaecuo and water was added to the residue.
T'Inc productwas exmacted with ethyl acetate, dried (anhydrous sodium sulfate), and
concsntrated in vacuo. Purificadon was effected on a silica gel column using methylene
chloride as the first eluent, followed by ethyl acc'tanc/hcx:mc (1:4). Removal of the solvent in
vacuo gave 2.20g (7?.% of theory) of 5,11-dihydro-11-ethyl-5-methyl-6H-dipyrido[3,2-6:2" 3"
e]{1,4]diazepin-6-thione as a yellow powder, which was recrystallized from 10% hexane/cthyl

acetate 1o provide 1.1 g of the dtle compound as yellow needles, m.p. 157-158°C.

Examvle 10

5.11-Dihvdro-11-ethvl-2-methvi<d-triflucromethvi-6H-diovrido-{3.2 *.ell1.4]1diaz=nin-6-

a) 3:Cyano-2-hydroxy-6-methyl-4-(oifluoromethyl)pyridine
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A solution of 14.0g of cyanoacetamide in 80 m! of ethanol was warmed to 50°C, and then
14g of piperidine and 25g of trifluoroacetylacetone were added. The resuldng mixture was
stirred at 70° for 30 min. and then allowed to sdr overnight at room temperature. The
mixture was concentrated in vacro and then diluted with 100 ml of water. Co.nccmntcd .
hydrochloric acid (15 ml) was cautiously added with stirring and after 15 min. the precipitate

was filtered and dried in vacuo overnight to give 27.8 g of the desired cyanopytidine.

b) 3—Aminocarbdny1—2—ch19ro—6—mcdxylA—(triﬂuommcthyl)pyridinc

A mixmre of 35 ml of phosphorous oxychloride and 9.8g of the cyanopyridine obtained above
was mﬁuxcd for 5 hrs. The cooled mixture was quenched by cautiously adding to 400 ml of
ice water. The product was exmacted vﬁ:h méthylcnc chloride, washed with saturated sodium
bicarbonate, and dried (magnesium sulfate). After ﬁltcnfing and concentrating in vacuo, the
crude chloro compound was dissolved in 50 ml of coixc:nmd sulfuric.acid and heated to
140°C for 20 min. The cooled mixture was carcfully poured over 600 ml of ice and Thc
precipitate fiItcred, washed with ics water, and dried to give 7.6g of the desired amide. The
filtrate was extracted with 200 mi of ethyl acetate, dried (magnesium sulfate), filtered and

concentrated to give an additional 1.7g of product.

¢) 3-Aminc-2-chloro-6-methyl-4-(mifluoromethyl)pyridine
To a soludon of 6.6g of sodium hydroxide in 60 ml of water at 5°C was added 9.3g of
bromine. When a clear soludon was obtained, 9.2g of 3-aminocarbonyl-2-chloro-6-methyl-4-

(riflioromethyl)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 extacted with ethyl acetate,

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

d) 2-Chloro-N-(2-chloro-6-methyl-4-wifluoromethyl-3-pyridinyl)-3-pyridinecarboxamide

To a cooled (-78°C) soludon of 2.1g of the 3-@@2£M0r0—&methyl4(ﬁiﬂu0r&
methyl)pyridine in 10 ml of THF was added dropwise over 3 min. 7 ml of lithium
diisopropylamine (LDA, 1.5 M in cyclohexane). The mixmre was strred 5 min., and 0.9g of
2-chloronicotdnoyl chloride in 3 ml of THF was added over 1 min. After 5 min. an additional
3 ml of LDA soluzion was added followed by an addirional 0.5 g of the acid chloride in 1 ml
of THF. The resulting mixpure was sirred 10 min. and thea quenched with 100 ml of watez.
After partdoning with 30 ml of ethyl acstate, the organic phase was extracted with water and
the combined aqueous phases extracted with me:h}lcnc chloride, dried (magnesimn'sulffatc),
filtered and evaporated to give tﬁe crude product. This was washed with a small amd'lmt of

ethyl acstate and dried to give 1.3g of the dile compound.

¢) N-(2-Chloro-6-methyl-4-tiflucromethyl-3-pyridinyl)-2-ethylamino-3-pyridinecarboxamide .
Ethylamine (0.4g) was added t0 a suspcnsioﬁ of 1.3g of 2-chloro-N-(2-chloro-6-methyl-4-
rifluoromethyl-3-pyridinyl)-3-pyridinecarboxamide in 5 ml of xylene; and the resulting
mixture heated in a pressure tube for 30 min. at 160°C. The cooled mixture was diluted with |

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

f) 5.1 I-bihydro-l 1-ethyl-2-methyl-4-miflucromethyl-6H-dipyrido-[3,2-b:2°,3’-¢][1,4]diazepin-
6-one |

A soludon of 0.5 g of N-(2-ch10ro-6-mc‘t.hyl-4—u-iﬂuoromcﬁxyl—S-pyﬁdinyl)-Z—erhylamiﬁo-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 pmiﬁcd 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 dtle

- compound, m.p. 150-151°C.

Examole 11

5.11-Dihvdro-11-ethvl-4-methvi-6H-dipvrido{3.2-b:2" 3°-¢1[1,4]diazevin-6-one

a) 2-Chloro-4-methyl-3-nitropyridine

A mixnre of 25g of 2-hydroxy-4-methyl-3-nitropyridine, 12.5g of phosphorous pentachloride,
and 62 ml of phosphorous oxychloride was refluxed for 2 hrs. After cooling, the rmxtum was
poured onto crushed ice and stirred until a precipitate formed. The product was-exmacted
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 die compound,

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

16.2g of 2—¢hloro-4-mcﬂ1yl—3—niu'opyridinc was added to 470 ml of acetic 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 conccntmte& hydrochloric acid was then added in one portion
and the msﬁhg mixmre sﬁrred overnight at room temperature. This mixmre was then
diluted to 1 liter Iwith water and 10N sodium hydroxide was added slowly with cpoling unil
the white precipitate of ﬁr_l hydrochloride 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.

¢) 2-Chloro-N-(2-chloro-4-methyl-3-pyridinyl)-3-pyridinecarboxamide

Using a procedure analogous to that described in Example 1a, the carboxamide was prepared
from 12.8¢g of 3-amino-2-chloro4-methyl pyridine, 15.8g of 2-chloronicotinoyl chlori_dc, 7.1g
of pyridine, 30ml of cyclohexane aﬁd 60 ml of dioxane. After removal of the solvent, the
product was dissolved in methylene chloride, washed with water and dried (sodfum sulfate).
After removél of the solvent, the residue was washed with ethyl acetate to give 1.2g of the

title compound, m.p. 193-194°C.

d) N-(2-Chloro-4-methyl-3-pyridinyl)-2-ethylamino-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 hc:;ted in an oil bath to 165°C for 6 hrs. and then stirred 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-11-ethyl-4-methyl-6H-dipyrido[3,2-b2’,3"-¢][1,4]diazepin-6-one

A 50% suspension of sodium hydﬁdc (7.92) was added to a solution of 16.0g of N-(2-chloro-
4-methyl-3-pyridinyl)-2-cthylamino-3-pyridinecarboxamide obwined above in 200 ml of
dimcthy.lformamidc and stirred for 30 min. The mixmre was then refluxed for 2 hrs., cooled
and carefully treated with crushed ics. Thc solvent was rcméved in vacuo and water wﬁs
added to the residue. The product was extracted with ether, dried (sodium sulfate) and
concentrated. The residue was boiled with ethyl acstate/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-1 1-ethyl-4-methyl-6H-dipyrido[3.2-
b:2’;3’-e][1,4]diachin-6-onc, m.p. 212-214°C.

Example 12

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

instead of ethylamine, yielded the dde compound, m.p. 247-249 °C.
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To a mixmure of 0.5g of 11-cyclopropyl-5,11-dihydro4-methyl-6H-dipyrido(3,2-b:2°,3’-

e]{1.4]diazepin-6-one (Example 12) in 25 ml of temahydrofuran was added 0.12g of 50%
sodium hydride in mineral oil. The reaction mixture was stirred at room tempcraturé for one
hour and then cooled to 0°C, at which time 0.9g of oxodiperoxymolybdenum(pyridine)-
hexamethylphosphoramide (MoOPH) was added in one pordon. “The reaction mixmure 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 vacuo. The residue was extracted with
warm ethyl acetate, concentrated in vacuo and purified on a silica gel column (eluent ethyl
acetate) to give 0.05 g of pure 11-cyclopropyl-5,11-dihydro-5-hydroxy-4-methyl-6H-

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

a) 3-A¥nino-2-bromo—6—methoxypyridinc

Sodium acétate (_1.6 g) was added to a.solution of 5-amino-2-methoxypyridine (2.5 g) in
acetic acid (15 ml). To.the resulting soludon bromine (3.0 g) was added dropwise, and the
mixture was stirred for 20 min., and then added to a solution of sodium hydroxide (10 g) in
water (100 ml). 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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To a solution of 3-a.ﬁ1ino-2—bromo-6-mcthoxypyﬁdinc (2.7 g) in methylene ;hloridc {20 mi)
and pyridine (1 ml) was added 2-chioronicodnoyl chloride (2.2 g), and the resulting mixture
was strred 20 min. | The mixmré was then diluted with methylene chloride (100 ml), washed
with water (100 ml), dried (anhydrous magnesium sulfate), and concentrated. The semisolid

residue was sammrated with hexane, filtered, and dried to give 4.1 g of product suitable for use

in the next reacdon.

c) N-(2-Bromo-6-methoxy-3-pyridinyi)-2-chloro-N-methyl-3-pyridinecarboxamide

Sodium hydride (03 g of a 50% dispersion in mineral cil) was added to dimethylsulfoxide
(10 ml) and warmed to 50°C. After cooling the mixturs to room .tcmpmtm'c. N—(Z-brpmo-é-
methoxy-3-pyridinyl)-2-chloro-3-pyridinecarboxamide (2.0 g) was added and the resulting
solution was strred for 10 min. Methyl iodide (0.4 mi) was then added and the mixmre was
stirred for 30 min. The reaction mixmre 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 magncsiuxi-x sulfate), concentrated, and purified on 2 sﬂica. gel column
.(mc:hylcnc chloride followed by mcthylcﬁc chloride/ethanol, 98:2) to give 1.9 g of the dtle

compound, suitable for use in the next reacdon.
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dlpyr|d0[32b2' 3'-e][1,4]diazepin-6-one or - thio
N—mcthyl-3-pyndmccarboxam1dc (1.9 g) in xylene (5 ml), and t.hc n:sulung mixture was

sealed in a pressure borttle and heated at 150°C for 4 hours. The solution was diluted with
cthyl 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 dtle compound,

suirable for use in the next reaction.

¢) $,11-Dihydro-11-ethyl-2-methoxy-5-methyl-6H-dipyrido[3,2-b:2°,3’-¢][1,4]diazzpin-6-one
Sodium hydride (0.9 g of a; 50% dispersion in mineral oil) was added to a solution of N-(2-
bromo-6-methoxy-3-pyridinyl)-2-ethylamino-N-methyl-3-pyridinecarboxamide (1.4 g) in
xylene (20 mi) ;nd the mixture refluxed for 2 hours. . After cooling, the mixture was
quenched with methanol, diluted with ethyl acetate, and’ wg_shcd with water. The organic
phase was dried (anhydrous magnesium sulfate), cdnccntrated, and purified on a silica gel
column (ethyl acetate/hexane, 1:4) to give fairly pure prbduct, which was then rccrysmllmed
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 '-c][1,4]diazepiﬁ-6-one, m.p. 116-118°C.

EXAMPLE 15

a) 5,11-Dihydro-1!-ethyl-2-hydroxy-S-methyl-6H-dipyrido(3,2-b:2°.3"-¢]( 1.4]diazepin-6-one
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Hydrobromic acid (48%,' 2 ml) was added to a soludon of 5.11-dihydro-11-ethyl-2-methoxy-
5-methyl-6H-dipyrido(3,2-b:2’,3"-¢](1,4]diazepin-6-one (0.3 g) in acetic acid (2 ml), and the
resulting mixrure was rapidly heated to reflux for 5 min. The reaction mixmre was quenched
with 10% sodium hydroxide (10 ml) and the product was exmacted with ethyl accmté, dried
(anhydrous magnesium sulfate) and concentrated to give a solid which was recrystallized from

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

b) S5,11-Dihydro-11-ethyl-5-methyl-2-triflucromethanesulfonyloxy-6H-dipyrido(3,2-b:2",3'-

e][1,4]diazepin-6-one

To a solution of 5,11-Dihydro-11-ethyl-2-hydroxy-5-methyl-6H-dipyrido(3,2-b:2°,3"-

-¢][1,4]diazepin-6-one (0.2 g) in methylene chloride (4 ml) under nitrogen was added

diisopropylethylamine (0.2 mi) followed by triflucromethanesulfonic anhydride (0.2 ml). The

resulting mixture was stirred for one hour, and then diluted with methylene chloride (20 mi),

and washed with water. The organic phase was dried (anhydrous magnesium sulfate),

concentrated, and purified on a silica gel column (ethyl acetare/hexane, 1:3) to give féirly

pure pi-oducr, suitable for use in the next reaction.

¢) 5.11-Dihydro-11-ethyl-5-methyl-2-(N-pyrrolidino)-6H-dipyrido{3,2-b:2",3"€](1,4]diazepin-
6-one
5,11-Dihydro-11-ethyl-5-methyl-2-trifluoromethanesulfonyloxy-GH-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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crystallized from ethyl acetate/hexane to provide 0.11 g of 5,11-dihydro-11-ethyl-5-methyl-2-
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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-ethvi-

a) 2-Methoxy-4-methyl-5-nitropyridine

Sodium methoxide (26.1 g) was added to a solution of 2-chloro-4-methyl-S-nitropyridine
(15.0 2) in methanol (100 ml) and the resulting mixture was refluxed for 12 hours. _Ubon
cooling; the mixmre was poured 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 residue dissolved in hot ether and filtered. Crystallization from

ether provided 10.2 g of the title compound, suitable for use in the next reaction.

b) 5-Amino-2-methoxy-4-methylpyridine

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

magnesium sulfate) and concentrated to give 3.9 g of the die compound as a solid, suitable
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¢) 3-Amino-2-bromo-6-methoxy-4-methylpyridine

Bromine (4.8 g) was added in one portion to a mixmre of 5-amino-2-methoxy-4-
methylpyridine (3.9 g) in acetic acid (ﬁ ml) and sodium acstate (4.0 g). The resulting
mixture was stirred for 20 min. and then added to a solution of sodium hydroxide (15 _é) in
water (200 ml). The product was extracted ﬁ& chloroform, dried (anhydrous magnesium
sulfate), concentrated, and purified on a silica gel column (methylene chloride/ethyl acente,

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

d) N-(2-Bromo-6-methoxy-4-methyl-3-pyridinyl)-2-chloro-3-pyridinecarboxamide
2-Chioronicotinoyl chleride (3.5 g) was added to 2 solution of 3-amino-2-broma-6-methoxy-4-
methylpyridine (4.5 g) in methylene chloride, and the resulting mixture was stirred overnight
at room temperature, and witrated with diisopropy.l ether. The precipitated solid was filtered

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

€) N-(2-Bromo-§-methoxy-4-methyl-3-pyridinyl)-2-ethylamino-3-pyridinecarboxamide

A mixture of N-(2-bromo-6-methoxy-4-methyl-3-pyridinyl)-2-chloro-3-pyridinecarboxamide
(2.1 g), dioxane (10 ml), and ethylamine (0.5 g) was heated to 140°C in a sealed tbe for 5
hours. The cooled mixmre was diluted with ethyl acetate, washed with water, and the organic
phase was dried (anhydrous magnesium sulfate) and concenmrated. The product was purified

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

£ 5,11-Dihydro-1 1-ethyl-2-methoxy-4-methyl-6H-dipyride(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-cthylamino-3-pyridinecarboxamide (0.54 g) in
pyridine (4 ml), and the resulting mixmurs was refluxed for 1.5 hours. The cooled mixmre
was diluted with ethyl acstate, washed with water, and the organic phase was dried
(anhydrous magnesium sulfate) and concsatrated. The residue was washed with diisopropyl
ether and Ho: ethyl acetate, and then crystallized from ethanol to provide 0.2 g of §5,11-

difydro-11-ethyl-2-methoxy-4-methyl-6H5-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 I, wers made. | |
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Ex.

17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32

R1

methyl

oo o oo o

methyl
methyl

methyl
methyl

methyl

R? other m.p.
ethyl 3-chloro,2-nitro 215-216
cyclobutyl 4-methyl 214-215
cyclopropyl 2,4-dimethyl >300
cyclopropyl 4-ethyl 228-230
ethyl 2-chloro,4-methyl 224-228
cyclopropyl 2-chloro,4-methyl 310-320
ethyl 211-212
t-butyl 192-194
ethyl 8-azido 265-266
isopropyl 204-206
cyclopropyl . 240-250
cyclopropyl 4-methyl 244-245
cyclopropyl- 138-139
methyl

(R) -2-butyl 172-174
ethyl 2,3-dimethyl 143-145
(S) -2-butyl 173-175



¢yclizing a carboxyl
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i
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are as defined

- 33
34

35

36
37

38 =

39

41
42
43

44
45

46
47
48
49

50
51
52
53

54.

55

56
57
* 58
59
60
61

iEE%QE-%NTd_'éHEETfor mula Il or l[la [err]
Rérr]], Rerr], Rerr], Rerr] and Rerr]
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H cycloperntyl - 225-228

methyl ethyl -2=(pyrrolidin- 244-246
1-yl), 4-methyl

methyl ethyl 2-(3-pyrrolin- 153-156
1-yl)

H ethyl " - 7,9-dimethyl 245-247

methyl cyclopentyl

~methoxy- methoxy- 4-methyl 135-137

methyl methyl

H ethyl 2-chloro,4-tri- 158-160
fluoromethyl

H cyclobutyl 241-243

methyl cyclobutyl 144-146

H cyclopropyl 4-chloro NA

methyl ethyl 2-(tetrahydro- 138-140

' pyridin-1-yl)
H cyclopropyl 4-methoxy 185-187
methyl ethyl 2-(p-methoxy- 83-85
: benzylmethyl-

amino)

methyl ethyl 2-allylamin6 167~-170

H cyclopropyl 4-hydroxymethyl 243-246

methyl ethyl 3,8-dinitro 167-169

methyl ethyl 2,8-dinitro, 3~ 215-216
chloro

H cyclopropyl 4-methyl,7-hydroxy 225-227

H cyclopropyl 4-methyl, (Z=S) 189-194

methyl cyano 274277

methyl cyclohexyl 145~146

H cyclohexyl 199-201

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
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inclaiml, Rerr] ig 3 MENT SHEETein11 for Rlerr] with the exception
of hydrogen and Hal nfegregqgn f rifng, chlorine, brom ne or iodine);
PASER! ot

(b) (to prepare conp@urds ajl (wherein Z is oxygen and Rlerr] is
hydr ogen) hydrol ytical afyl met ﬁybsgtlﬂapﬁhqeémwqu&!in{!a%

formula Il [err] - 64 -
carbonyl
62 methoxy cyclopropyl 4-methyl 169-171
63 acetyl cyclopropyl 4-methyl 176-179
64 methyl ethyl ' 2~ (p—methoxy- 133-135
. benzylamino)
65 methyl ethyl 2~ (morpholin-1-yl) 158-160
66 . ,methyl ethyl 2—-(piperidin-1-yl) 164-166
67 H cyclopropyl 4-cyano 243-245
68 dimethyl- cyclopropyl 88-89
aminocethyl |
. 69 methyl ethyl - 2-dimethylamino 118-120
70 methyl ethyl 2-ethylamino 154-157
71 methyl ethyl 8-nitro 148-149
72 H ethyl 2-dimethylamino, 209-211
4-methyl |
C- 73 H ethyl - 2-(pyrrolidin-1i- 215-218
yl) ,3-chloro, 4~
methyl

NA = not available

Example 74 : -
8-Amino-5,11-dihydro-11-ethyl-5-methyl-6H~dipyrido[3,2-
b:2',3'-e](1,4]diazepin—-6-one hemihydrate

a) 2-Ethylamino-3-nitropyridine
A stirred mixture of 2-chloro-3-nitropyridine (8.60 g,
0.054 mol), ethylamine (5.37 g, 0.12 mol), and Xylene
(10 ml) was heated at 100°C in a sealed tube for three
hours. After cooling, the solvent was removed in vacuo,
and water was added to the residue. The product was
extracted with methylene chloride, dried (sodium
sulfate), and concentrated in vacuo to give 10.0g of the
- title compound as a yellow oil, suitable for use in the
next reaction.

b) 3-Amino-2-ethylaminopyridine
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Using a procedure analogous to that described in Example
11b, 6.5g of the title compound was prepared from 9.1 g
of 2-ethylamino-3-nitropyridine.

¢c) 2-Chloro-N-(2-ethylamino-3-pyridinyl)-5-nitro-3-.
pyridinecarboxamide

A solution of 2.21 g of 2-chloro-5-nitronicotinoyl
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 tetrahydrofuran was slowly added over 15
minutes to a cooled, stirred mixture of 1.34 g of 3-
Amino-2-ethylaminopyridine, 1.29 g of
diisopropylethylamine, and 40 ml of tetrahydrofuran.
The resulting mixture was allowed to stir overnight at
room temperature, and theh concentrated in vacuo. The
title compound (2.30 g, m.p. 185-186°C), which was
precipitated out when the residue was treated with
methylene chloride, was suitable for use in the next
reaction.

d) 5,11-Dihydro-l1l-ethyl-8-nitro-6H-dipyrido(3,2-
b:2',3'—ej[1,4]diazepin-6-one

A solution of 1.80 g of 2-chloro-N-(2-ethylamino-3-
pyridinyl)~5-nitro-3-pyridinecarboxamide in 25 ml of
xylene was refluxed for four hours. After concentrating
in vacuo, the residue was purified on a silical gel
column eluting with 50% ethyl acetate/hexane to give
0.93 g of the title compound.

e) 5,11-Dihydro-ll-ethyl-S-methyl-8-nitro-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one

The title compound (0.72 g, m.p. 148-149°C) was prepared
from 0.93g of 5,11-dihydro-l1l-ethyl-8-nitro-6H-
dipyrido({3,2-b:2',3'-e][1,4]diazepin-6~one in a manner
analogous to that described in Example 8d.
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f) 8-Amino-5,11-dihydro-ll-ethyl~5-methyl-6H~
dipyride[3,2-b:2',3'-e][1,4]diazepin-6-cne hemi-hydrate
Following a procedure analogous to that described in
Example 11b, 0.23g of 5,11-dihydro-l1l-ethyl-8-nitro-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one reduced to
give, after recrystallization from 1,2-

. dichlqroethane/hexane, 0.060 g of the title compound as
a yeliow-brown powder, m.p. 193-194°C.

Example 75 .
. 6-Cyanoimino-5-11-dihydro-1i-ethyl—-2,4-dimethyl-6H-
dipyrido[3,2-b:2"',3'-e][1,4]diazepine
A mixture of 5,11-dihydro-l1l-ethyl-6-methanesulfonyloxy-
2,4~-dimethyl-6H-dipyrido[3,2-b:2',3'~e][1,4]diazepine
(0.25g,0.63 mmol), cyamamide (0.034g, 0.8 mmol)}, 5 ml of
- 1,4-dioxane, and potassium carbonate (0.11g, 0.8 mmol)
was stirred at room temperature for 10 days. The
mixture was then concentrated in vacuo, and the was
resiﬁue partititioned between ethyl acetate and water.
The organic phase was driéd, filtered and concentrated
in vacuo. The residue was chromatographed over silica
with 10% ethyl acetate/methylene chloride to provide .
0.025 g of the title compound, m.p. 230-233°C.

Example 76
5.,11~-dihydro-11-ethyl-6-methoxyimino-2,64-dimethyl—-6H-
dipyrido[3,2-b:2',3'-e][1,.4]1diazepine
a) 5,11-Dihydro-l1ll-ethyl-6-methanesulfonyloxy-2,4-
dimethyl-6H-dipyrido[3,2-b:2"',3'-e][1,4]diazepine
Trifluoromethanesulfonic anhydride (0.24 ml, 14 mmol)
was added to a solution of 0.314g (1.2 mmol) 5,11-
dihydro-l1l-ethyl-2,4-dimethyl-6H-dipyrido[3,2-b:2',3'~-
e][1l,4]diazepin~-6-one 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
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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 ml of methylene chloride, and 0.23g (14 mol) of
tetraethylammonium cyanide was added. After stirring
the resulting solution overnight at room temperature,
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 heptane to provide 0.033 g of the

title compound as red crystals, m.p. 154-155°C.

b) 5,11-Dihydro-~l1l-ethyl-6-methoxyimino-2,4-dimethyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepine

A solution of 5,11-Dihydro-ll-ethyl-6-

methanesul fonyloxy-2,4-dimethyl-6H-dipyrido(3,2-~b:2"',3"'~
e][1,4]diazepine (0.3g, 0.75 mmol), methoxylamine
hydrochloride (0.15g, 1.8 mmol) and -
diisopropylethylamine (0.3g, 2 mmol) in methylene
chloride was stirred at room temperature for 4 days.

The organic phaée was washed with water, dried, and
filtered. The solution was concentrated into vacuo and
the residue was chromatographed over silica with 203
ethyl acetate/hexane to give 0.07 g of the title
compound, m.p. 164-166°C.

Example 77
5,11-dihydro-6H-11-cyclopropyl-4-methyl-dipyrido(3,2=
b:2',3'-e][1.4]diazepin-6-thione

A mixture of 5.0 g (18.77 mmol) of 5,11-dihydro-6H-11-
cyclopropyl-4-methyl-dipyrido(3,2-b:2"',3'-e]
{l1,4]diazepin-6-one and 3.8g (9.40 mmol) of p-
methoxyphenylthienophospine sulphide dimer (Lawesson's
reagent) was refluxed in 100 ml of toluene for 2.5
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hours. The solution was cooled to ambient temperature
and was allowed to stand overnight. The toluene was
removed by downward distillation and chromatography of
the residue over flash silica gel (Methylene
chloride/ethyl acetate. - 6:1 v/v) gave a yellow oil
which solidified on standing. Recrystallization from
ethyl ether/petroleum ether gave a bright yellow solid
which was dried 12 hours in high vacuum at 80°C, 1l.7g
(32.0%), mp = 189-194°C.

Analysis (o] H N s
Calculated 63.81 . 5.00 19.84 11.35
Found 63.75 5.10 19.88 11.24

Example 3

Capsules or Tablets

COmPSSition Al | Composition A2

Ingredients Quantity Ingredients Quantity
Active cOﬁpound 50 mg Active compound 50mg
Starch 160 mg Dicalcium Phosphate 160mg
Microcrystalline Microcrystalline

Cellulose 90 mg Cellulose 90 mg
Sodium Starch Stearic acid 5 mg
Gluctate 10 mg Sodium Starch |
Magnesium Stearate 2 mg Glycolate ' 10 mg
Fumed colloidal Fumed colloidal

silica 1 ng silica 1 mg

The compound of Example 12 is blended into a powder
mixture with the premixed excipient materials identified.
above with the exception of the stearic acid or
magnesium stearate lubricant. The lubricant is then
blended in and the resulting blend is compressed into
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tablets or filled into hard gelatin capsules.

Example B

Parenteral Solutions

Ingredients _ Quantity
NN
Active compound 500 mg
Tartaric acid | 1.5 g
Benzyl Alcochol 0.1% by weight
- Water for injections g.s. to 100 ml

The excipient materials are mixed with the water and the
active compound of Example 12 is then added. Mixing is
continued until the solution is clear. The pH of this
solution is adjusted to 3.0 and it is then filtered into
the appropriate vials or ampoules and sterilized by
autoclaving.

Example C

Nasal Solutions

Ingredients Quantity

Active Compound 100 mg

Citric acid 1.92 g
Benzalkonium chloride 0.025% by weight
EDTA 0.1% by weight
Polyvinylalcohol 10% by weight
Water g.s. to 100 ml

The excipient materials are mixed with water and the
active compound of Example 12 is then added. Mixing is
continued until the solutién is clear. The pH of this
solution is adjusted to 4.0 and it is then filtered into
the appropriate vials or ampoules.
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ot@d-of formula I, wherein R err]
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1. A compound of the formula I

(wherein

Z is oxygen, sulphur, =NCN or a group of the formula
=NOR’ wherein R’ is C;; alkyl:

R' is hydrogen, C,.s alkyl, fluoroalkyl of 1 to 6 carbon
atoms and 1 to 3 fluorine atoms, C;, cycloalkyl, C,,
alkenyl or alkynyl, 2-halo-2-propen-1l-yl, mono- or di-
halovinyl, aryl or arylmethyl (wherein the aryl moieﬁy
is phenyl, thienyl or furanyl, optionally substituted by
methyl, methoxy or halogen), C,, alkanoyl, aminoethyl,
.mono—- or di-(C,, alkyl)aminoethyl, alkoxyalkyl or
alkylthioalkyl of 2 to 4 carbon atoms, (C,, alkoxy)
carbonyl, C,, alkenyloxy- or C,, alkynyloxycarbonyl,
hydroxy, C,., alkoxy, amino, mono- or di-(C,, alkyl)amino,
- aminocarbonylmethyl, or cyano (C,, alkyl);

R? is Cy., 2lkyl, fluoroalkyl of 1 to 6 carbon atoms and 1
to 3 fluorine atoms, C;, cycloalkyl, oxetanyl,
thietanyl, tetrahydrofuranyl, tetrahydrothienyl, C,

" alkenyl or alkynyl, alkoxyalkyl or alkylthiocalkyl of 2
to 5 carbon atoms, C,; alkanoyl, cyano, C,, hydroxyalkyl,
aryl or arylmethyl (wherein the aryl moiety is phenyl,
thienyl or furanyl, optionally substituted by C, ; alkyl

e

|0 -
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or al halogen), or (C,g
alkoxy)carbonylmethyl, or, where R! is other than

hydrogen, hydrogen;

one of R’, R* and R® is ¢, alkyl, Cs, cycloalkyl, C,,
alkenyl or alkynyl, trihalomethyl, C, , hydroxyalkyl,
alkoxyalkyl or alkylthioalkyl of 2 to 5 carbon atoms,
(C;., alkoxy)carbonyl (C1--z alkyl), hydroxyl, C,; alkoxy or
alkylthio, C,, hydroxyaikoxy, C,., alkanoyloxy, C,_,
alkylsulfinyl or alkylsulfonyl, C,, alkanoyl, (C,z
alkoxy) carbonyl, mono- or di-(C,; alkyl)aminocarbonyl,
- C;;, amino alkyl, mono- or di-(C,; alkyl)amino (C,;
alkyl), aryl or arylmethyl (wherein the aryl moiety is
phenyl, thienyl or furanyl optionally substituted by C,,
alkyl or alkoxy, hydroxyl or halogen), a group of the
formula -NR'R'", halogen, cyano, nitro, azido or
carboxyl, and the other two of R®, R* and R’ are each
independently hydrogen, methyl or chloro, or

two of R’, R* and R’ are independently C,, alkyl or
hydroxyalkyl, trihalomethyl, C,, alkoxy or alkylthio,
halogen or a group of the formula ~-NR'R!'!', and the
remaining one of R?®, R* and R’ is hydrogen or methyl, or

R’>, R* and R’ are each hydrogen;

one of R®, R” and R® is ¢, , alkyl, C,, alkenyl or alkynyl,
trihalomethyl, C,, hydroxyalkyl, alkoxyalkyl or
_alkylthioalkyl of 2 to 4 carbon atoms, (C,, alkoxy)
carbonyl (C,, alkyl), hydroxyl, C,., alkoxy or alkylthio,
Cz_ﬁ hydroxyalkoxy, C, , alkanoyloxy, C,, alkysulfinyl or
alkylsulfonyl, C,, alkanoyl, (Cy.3 alkoxy) carbonyl, C,,
aminoalkyl, mono- or di-(C,, alkyl) amino (C,, alkyl), a
group of the formula -NR'R'’, halogen, cyano, nitro,
azido or carboxyl, and the other two of R®, R’ and R® are
each hydrogen, or '

two of R®, R’ and R® are independently C,, alkyl,

*+ ¢ L M S *
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group of the formula -NR'2R', and the remaining one of

Ré, R’ and R® is hydrogen, or
Ré, R’ and R® are each hydrogen; and

R'®, R", R and R¥ are each independently hydrogen, C,,
alkyl, alkenylmethyl or alkynylmethyl of 2 to 4 carbon
atoms, aryl or arylmethyl (wherein the aryl moiety is
phenyl, thienyl or furanyl optionally substituted by
methyl, methoxy or halogen), mono- or

- dihydroxyalkylmethyl of 2 to 4 carbon atoms, C,; alkoxy,
hydroxy, alkoxyethyl or alkylthioethyl of 3 to 4 carbon
atoms, aminoalkylmethyl of 1 to 4 carbon atoms, mono- or
di (C,, alkyl) amino (C,, alkyl) methyl, or C,, alkanoyl,
and

substituent pairs R"™ and R'', and R'™ and R, in each
case together with the intervening niﬁrogen atoms, may
independently form an azetidin-l1-yl or a 5, 6 or 7-
membered saturated or unsaturated ring optionally
containing one additional ring heterocatom selected from
O, S or N which if N optionally carries a substituent
group of the R'Y wherein R™ is hydrogen or C,, alkyl,
which ring is optionally and independently substituted
~with hydroxymethyl, aminomethyl, 1 to 4 methyl groups
and 1 to 2 hydroxy groups;

with the proviso that when
Z is oxygen or sulphur,

R® is hydrogen, C,;alkyl, C,; alkenyl or alkynyl,
alkoxyalkyl or alkylthiocalkyl of 2 to 4 carbon atoms, C,.
* , alkanoyl, C, hydroxyalkyl or (C;s alkoxy)
carbonylmethyl, aryl methyl or phenyl optionally
substituted by C,; alkyl or alkoxy, hydroxyl or halogen
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and eifher (1) B, R, R, R®, R’ and R® are each

hydrogen, or

(ii) one of R}, R%, R%, R®, R’ and R® is ¢, alkyl, ¢,
hydroxyalkyl, (C,., alkoxy) carbonyl (C,, alkyl),
hydroxyl, C,, alkoxy or-alkylthio, alkanoyloxy of up to
4 carbon atoms, alkanoyl of up to-4 carbon atoms, amino,
aminoalkyl of up to 4 carbon atoms, amino, aminoalkyl of
up to 4 carbon atoms, mono- or di- (C1_'2 alkyl) amino (C,.,
alkyl), (C,; alkoxy) carbonyl, mono- or di-(C,, alkyl)
amino, halogen, cyano, nitro, azido, or carboxyl, and

- the remaining five of R}, R*, R’, R, R’ and R® are each
hydrogen, or

(iii) one of R?®, R* and R’ is hydrogen and of the
remaining two of R’, R* and R’ either both are
independently hydrogen or C,;; alkyl or one is hydrogen
and the other is butyl, and one of R®, R’ and R® is
hydrogen and of the remaining two of R®, R’ and R® either
both are independently hydrogen or C,; alkyl or one is
hydrogen and the other is butyl,

then R! is other than

hydrogen, C, s alkyl optionally substituted by fluorine,

G35 alkenyl or alkynyl, 2-halo-2-propen-l-yl, arylmethyl
(wherein the aryl moiety is phenyl, thienyl or furanyl
optionally substituted by methyl, methoxy or halogen),
C,.;, alkanoyl, and C,, alkoxyalkyl or alkylthioalkyl;

and compounds of formula I where

(i) R' is methyl, R? is ethyl and (A) R’ is azido, amino
or nitro and R’>, R*, R’, R® and R® are hydrogen, or

. (B) R® is ethylamino or diethylamino and R*, R®, RS,
7 and R® are hydrogen, or (C) R® and R® are methyl

and R}, R*, R’ and R’ are hydrogen, or (D) R® and R*

are methyl and R’, R®, R’ and R® are hydrogen, or (E)

* [ L M s *
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acceptable acid additijon salt thereof. }-16/4 A-compound of Fornula | or

salt thereof substantdally as herein disclosed in any one of the Exanples.
R’ 1s methyl and R’, R*, R®°, R’ and R® are hydrogen,

or

(ii) R' is methyl, R? is ethyl, t-butyl, s-butyl or
isopropyl and R®, R*, R?’, R®, R’ and R® are hydrogen,

or

(iii) R! and R? are methoxymethyl, R’ is methyl and R,
R*, R®, R’ and R® are hydrogen,

(iv) R' is hydrogen, R? is ethyl and R® to R® are
hydrogen,
and Z is oxygen:;
and compounds of formula I where either a) R? is
ethyl, R’ and R’ are both methyl and R', R*, RS, R’

. and R® are hydrogen, or b) R! is methyl, R? is

ethyl, R® is methoxy and R*, R°, RS, R’ and R® are
hydrogen, and Z is sulphur),

and acid addition salts thereof.

2. A compound as claimed in claim 1 being a compound of
_formula I

wherein,

Z is oxygen, sulfur or a group of the formula =NOR®
wherein R’ is c,, alkyl,

R! is hydrogen, C,, alkyl, C,;.;, fluoroalkyl, cyclopropyl,
alkenylmethyl or alkynylmethyl of 3 to 4 carbon atoms,
2-halo-2-propen-1l-yl, C, ;3 alkanoyl, alkoxyalkyl or
alkylthioalkyl of 2 to 3 carbon atoms, or cyano (Cy3
alkyl),

NI
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R? is C,.s alkyl, C, fluoroalkyl, Css cycldalkyl,
oxetanyl, thietanyl, alkenylmethyl or alkynylmethyl of 3
to 5 carbon atoms, alkoxyalkyl or alkylthioalkyl of 2 to
4 carbon atoms, C,, alkanoyl, C,; hydroxyalkyl, aryl or
arylmethyl (wherein the aryl moiety is phenyl, thienyl
or furanyl optionally substituted by C,; alkyl or
alkoxy, hydroxyl or halogen), or (C,, alkoxy)
carbonylmethyl, or, where R' is other than hydrogen,
hydrogen, one of R®, R* and R®* is ¢, alkyl, C,, alkenyl
or alkynyl, trihalomethyl, C,, hydroxyalkyl,
alkyloxyalkyl or alkylthiocalkyl of 2 to 4 carbon atoms,
(C,., alkoxy) carbonyl (C,, alkyl), hydroxyl, C,; alkoxy
or alkylthio, C,; hydroxyalkoxy, C,; alkanoyloxy, (Ci;
alkylsulfinyl or alkylsulfonyl, C,, alkanoyl, (C,,
alkoxy) carbonyl, C,; aminoalkyl, mono- or di- (C,.,
alkyl) amino '(C1,2 alkyl), alhino, mono - or di-(C,, alkyl
amino, azetidin-1l-y1, pYrrol-l-yl; pyrrolin-1-yl,
pyrrolidin-1-yl, pyrazol-l-yl, pyrazolin-l-yl,
pyrazolidin-l1-yl, imidazol-l-yl, imidazolin-1l-yl,
imidazolidin-1-yl, tetrahydropyridin-l-yl, piperidin-l-
yl, morpholin-1-yl, (4-methyl)piperazin-l-yl, piperazin-
1-yl, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-
methoxyethyl)amino, or halogen, and the remaining two of
R}, R* and R° are independently hydrogen, methyl or
chloro, or

two of R®, R* and R’ are independently C,, alkyl, C,,
alkoxy or alkylthio, amino, mono- or d4i-(C,; alkyl)
‘amino, azetidin-l-yl, pyrrol-l-yl, pyrrolin-l-yl,
pyrrolidin-l-yl, pyrazol-l-yl, pyrazolin-l-yl,
pyrazolidin-l-yl, imidazol-l-yl, imidazolin-l-yl,
imidazolidin-1-yl, tetrahydropyridin-l-yl, piperidin-1-
yl, morpholin-l-Yl, (4-methyl)piperazin-1-yl, piperazin-
1-yl, N,N-bis(2-hydroxyethyl) amino, N,N-bis(2-

* methoxyethyl)amino, or halogen, and the remaining one of
R’, R® and R’ is hydrogen, methyl or chloro, or

R}, R* and R’ are each hydrogen,
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one og‘Rﬁ?13-and—RLimr1£Q alkyl, vinyl, trifluoromethyl,
C,., hydroxyalkyl, hydroxyl, C,, alkoxy or alkylthio, C,;
hydroxyalkoxy, C,; alkanoyloxy, amino, mono- or di-(C,,

~alkyl) amino, azetidin-1-yl, pyrrol-l-yl, pyrrolin-1l-yl,
pyrrolidin-l1-yl, pyrazol-l-yl, pyrazolin-l-yl,
pyrazolidin-l-yl, imidazol-l-yl, imidazolin-1l-yl,
imidazolidin-1-yl, tetrahydropyridin-l-yl, piperidin-l--
yl, morpholin-l-yl, (4~methyl)piperazin-l-yl, piperazin-
1-yl, N,N-bis(2-hydroxyethyl)amino, N,N-bis(2-
methoxyethyl)amino, or halogen, and the remaining two of
Ré, R’ and R® are hydrogen, or

R®, R’ and R® are each hydrogen,
or a salt thereof.

3. A compound as claimed in either of claims 1 and 2
being a compound of formula I

wherein,

Z is oxygen or sulfur,

R' is hydrogen, C,; alkyl, or allyl,
'R? is C,; alkyl, or C;, cycloalkyl,

R® is hydrogen, methyl, C,; alkoxy or alkylthio, chloro,
amino, mono- or di-(C,; alkyl)amino, allylamino,
azetidin-1-yl, pyrrol-l-yl, pyrrolin-l-yl, pyrrolidin-1-
yl, pyrazol-l-yl, pyrazolin-l-yl, pyrazolidin-l-yl,
imidazol-1l-yl, imidazolin-l-yl, imidazolidin-1-yl1,
tetrahydropyridin-l1-yl, piperidin-l-yl, morpholin-1l-
yl, (4-methyl)piperazin-l1-yl, piperazin-l-yl, N,N-bis(2-:
* hydroxyethyl)amino,

R* is hydrogen, methyl or chloro,
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R’ is hydrogen, methyl, ethyl, chloro, or
trifluoromethyl,

Ré and R® are hydrogen, and
R’ is hydrogen or amino;
or a salt thereof.

4. A compound as claimed in any one of claims 1 to 3
being a compound of formula I

wherein,

Z is oxygen or sulphur,

R' is hydrogen, C,; alkyl, or allyl,

R? is C,; alkyl, or C;, cycloalkyl,

R® is hydrogen, methyl, chloro, methoxy, ethoxy, amino,
mono- or di-(C,,alkyl)amino, allylamino,
allylmethylamino, pyrrolin-l-yl, pyrrolidin-li-yl,
tetrahydropyridin-l-yl, piperidin-l-yl or morpholin-1l-
y1,

R* is hydrogen,

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

R® and R® are hydrogen, and
R’ is hydrogen or amino,

or a salt thereof.

* C L M s, *
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5. A compound as claimed in claim 1 selected from:

5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido([3,2-b:2*,3"'-
el[l,4]diazepin-6~-one;
ll-cyclopropyl-5-11-dihydro-4-methyl-6H-dipyrido{3,2-
b:2',3'-e][1,4]diazepin-6-one or -thione;
5,11-dihydro-1ll-ethyl-2,4~-dimethyl-6H~dipyrido(3, 2~
b:2!',3"-e][1,4]diazepin-6~thione;
ll~-cyclopropyl-5-11-dihydro-2, 4-dimethyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one or -thione;
2 chloro-5,11-dihydro-11-ethyl-4-methyl-6H-dipyrido[3,2-
b:2',3'-e][1,4)diazepine-6-one or-thione;
2-chloro-1l1l-cyclopropyl-5,11-dihydro-4-methyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one or -thione;
5,11-dihydro-11-ethyl-2-methoxy-4-methyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin—6-one or - thione;
ll-cyclopropyl-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-SH-
dipyrido[3,2~b:2',3'-e][1,4]diazepin-6-one or -thione;
8-amino-1l-cyclopropyl-5,11-dihydro~2-methoxy-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin—-6-one or ~thione;
5,11-dihydro-1l1~ethyl-2-methoxy-5-methyl-6H- |
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-thione;
ll-cyclopropyl-5,11-dihydro-2-methoxy-5~-methyl-6H-
.dipyrido([3,2-b:2',3'-e][1,4]diazepin-6~one or thione;
5,ll-dihydro-ll-ethy1-4-methyl-z-(N-pyrrolidino)-6H-
dipyrido(3,2-b:2',3'~e][1,4]diazepin-6-one or ~thione;
1l-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'-e][1,4]diazepin-6-cne or -thione;
ll-cyclopropyl-5,11-dihydro-5-methyl-2-(N-pyrrolidino) -
" 6H-dipyrido[3,2-b:2',3'-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;

* [ L M S *
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11-cyclopropyl-5,11-dihydro-4-methyl-2-(N,N-
dimethylamino)-6H-dipyrido([3,2-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;

g8-amino-5, 11-cyclopropyl-5,11-dihydro-4-methyl-2-(N,N-
dimethylamino)-6H-dipyrido[3,2~b:2',3'~e][1,4]diazepin~
6-one or -thione;

and the pharmaceutically acceptable salts thereof.

6. A compound as claimed in claim 1 being
ll-cycloprepyl-5,11-dihydro-4-methyl~-6H-dipyrido(3,2-
b:2',3'-e][1,4])diazepin~-6-cne or -thione, or a
pharmaceutically acceptable acid addition salt thereof.

7. A compound as claimed in claim 1 being '
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,
or a phafmaceutically acceptable acid addition salt
thereof.

8. A compound as claimed in claim 1 being
ll-cyclopropyl-5,11-dihydro-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 thereof.

9. A compound as claimed in claim 1 being
5,11-dihydro-il-ethyl-2-methoxy-4-methyl-6H-
dipyrido([3,2-b:2',3'-e][1,4]diazepin~6-one or -thione,
or a pharmaceutically acceptable acid addition salt
thereof.

10. A compound as claimed in claim 1 being
] 1ll-cyclopropyl-5,11-dihydro-2-methoxy—-4-methyl-6H-
dipyrido[3,2-b:2',3'-e][1,4]diazepin-6-one or -thione,
or a pharmaceutiéally acceptable acid addition salt

thereof.
*. c L M S *
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11. A compound as claimed in any one of claims 1 to 10
being a physiologically acceptable acid addition salt of
a compound of Formula I (as defined in claim 1).

12. A pharmaceutical composition comprising a compound
of Formula I or a physiologically acceptable acid additi
on salt thereof as claimed in any of claims 1 to 11
together with at least one pharmaceutically acceptable
carrier or excipient.

13. A process for preparing a compound as defined in
any of claims 1 to 11, said process comprising at least

one of the following steps:

(a) (to prepare compounds of formula I wherein 2
is oxygen and R? is other than hydrogen)

cyclizing a carboxylic acid amide of formula II or

*  C L M S *
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(wherein R', R}, R*, R®°, R, R’ and R® are as defined
in claim 1, R? is as defined in claim 1 for R? with
the exception of hydrogen and Hal represents
fluorine, chlorine, bromine or iodine);

(b) (to prepare compounds if Formula I wherein Z
is oxygen and R? is hydrogen) hydrolytically
cleaving an arylmethyl group from a compound of

formula III

. (wherein R', R}, R, R’, R®, R’ and R® are as defined

in claim 1 and Ar is an aryl group.)

(c) (to prepare compounds of Formula I wherein 2z
is oxygen and R' is other than hydrogen) reacting a

5,11-dihydro-6H-dipyrido(3,2-b:2',3'~
e][1,4]diazepin-6-one of the formula IV

(IV)

(wherein R?, R3, R*, R°, R®, R’ and R® are as defined

* [ L M S *
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in TIaFtWI) or the corresponding 5-alkali or

alkaline earth metal compound thereof with a
compound of the formula V

R'X : (V)

(wherein R!' is as defined in claim 1 for R! with
the exception of hydrogen and X is the radical of a
reactive ester, a halogen atom, a group OSOZOR", a
methanesulfonyloxy or ethanesulfonyloxy group or an
aromatic sulfonyloxy group):

(d) (to prepare compounds of formula I wherein Z
is oxygen) converting a compound of formula I
wherein 2 is oxygen and R?® and optionally also R!
are hydi:ogen - into a metal salt compound of
formula VIa or VIb

O O N
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(wherein M reﬁfégéﬁts an alkali metal, or the group
MgHal+, wherein Hal is a chlorine, bromine or
iodine atom) and subsequently alkylating with a
compound of formula VII

R%X (VII)

(wherein R? is as defined in claim 1 and X is as

hereinbefore defined);

(e) (to prepare a compound of Formula I, wherein Z
is sulfur) reacting a compound of Formula I wherein
Z is oxygen, with a sulfurating agent.

(f) (to prepare a compound of formula I, wherein R!
is hydrogen, and R?, R®, R*, R°, R%, R’ and R® are as

. defined in claim 1 and Z is a group of formula
=NCN), reacting a compounding of formula XI

(XI)

(wherein R?, R?, R*, R°, R®, R’ and R® are as defined

in claim 1) with cyanamide;

(9) (to prepare compounds of formula I, wherein R!
is hydrogen and R?, R}, R%, R’, R, R’ and R® are as
defined in claim 1 and Z is a group of formula

: =NOR’) reacting a compound of formula XI (wherein
R?, R®, R, R’, R® R’ and R® are as defined in claim
1) with an alkoxylamine (O-alkylhydroxylamine) or a
salt thereof (for example, methoxylamine

AR



| REPLACEMENT SHEET

11 SEP 1998

Substitute sheet - 14 August 1998

hydrochloride) ;
and,

(h) cOnverting a compound of formula I into an
acid addition salt thereof or an acid addition salt
of a compound of formula I into the free base.

14. Use of a compound of Formula I or a physiologically
acceptable acid addition salt thereof as claimed in any
of claims 1 to 11 for the manufacture of a therapeutic

- agent for combatting HIV infection.

15. A method of treatment of the human body, to combat
HIV infection, said method comprising administering to
said body a compound of Formula I as claimed in any of
claims 1 to 10 or a physiologically acceptable acid
addition salt thereof.

16. A compound of Formula I or salt thereof
substantially as herein disclosed in any one of the
Examples.

LI
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ABSTRACT

Dipyridodiazepines

5,11-Dihydro-6H-dipyrido([3,2-b;2',3'-e][1,4]diazepines
use..fu'k]\_. in the preventi'on or treatment of HIV infection
are disclosed.



