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A compound having formula (I) or a pharmaceutically acceptable salt thereof, wherein R is hydrogen or hydroxy; R is hy-
drogen, alkyl, arylalkyl, (CH,),OH or (CH,),NR7R8; R5 and R® are each independently hydrogen, halogen, NO,, CN,
CF;, SO,NR7RS, PO;RR10, alkyl, alkenyl, alkynyl, (CH;),CONRTRS, (CH,),CO,R10, NHCOR!!, wherein R7 and R8 are
each independently hydrogen or alkyl or together R7 and R form a ring of from three to seven atoms, R is hydrogen or al-
kyl, R10 is hydrogen or alkyl, R!! is hydrogen or alkyl, and n is an integer of from zero to four; A is a ring of five to seven
atoms fused with the benzo ring at the positions marked a and b, and formed by the following bivalent radicals: a-
NRI2.CHR!3-CHR!4-b, a-CHRI3.CHR!4-NR12.b, a-CHRI3-NR12-CHR4-b, a-CHR!4-CH,-NRI2-CHRI3-b,
a-CHRI3-NRI2-CH,-CHRI4-b, a-CH,-CH,-CHR13-NR!2-b, a-NR12-CHR!3-CH,-CH,-b, a-CH)-CH;,-NR12-CH,-CH,-b,
a-CHQ_-CHz-CHz-NRIZ-CHTb, a-CH2-NR12-CH2-CH2-CH2-b, a-CHz-CHz-CHz-CHz-NRIz-b, a-NRlz-CHz-CHz-
CH,-CH,-b, wherein RI2 is hydrogen, CH,CH,OH, or alkyl, and R13 and R!4 are each independently hydrogen, CN,
CONH,, CH,NH,, CH,0H, alkyl, arylalkyl, alkenyl or CO,R15, wherein R15 is hydrogen or alkyl. The compounds are use-
ful in the treatment of disorders of mammals, responsive to the blockade of glutamic and aspartic acid receptors. Processes
for preparing the compounds and novel intermediate useful in the processes are also included.
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QUINOXALINEDIONE DERIVATIVES AS EAA ANTAGONISTS

CROSS REFERENCE

This application is a continuation-in-part of U.S.
Serial Number 07/960,157, filed October 13, 1992. The
present invention relates to novel ring fused
quinoxaline-2,3-dione derivatives, a method of
treatment therewith, pharmaceutical compositions
comprising the compounds and to a method of preparing
the novel compounds of the invention.

OBJECT OF THE INVENTION

It is an object of the present invention to
provide novel quinoxaline dione compounds which are
useful in the treatment of diseases in mammals,
including a human, and especially in the treatment of
diseases which can be treated by antagonizing an
excitatory amino acid of such mammals.

Another object of the present invention is to
provide a method of treating diseases in mammals,
including a human, responsive to the blockade of

- glutamic and aspartic acid receptors which comprises

administering to a mammal in need thereof a compound of
the invention.

A third object of the present invention is to
provide novel pharmaceutical compositions for the
treatment of diseases in mammals, including a human,
responsive to the blockade of glutamic and aspartic
acid receptors. '
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BACKGROUND OF THE INVENTION

Excessive excitation by neurotransmitters can
cause the degeneration and death of neurons. It is
believed that this degeneration is in part mediated by
the excitotoxic actions of the excitatory amino acids
(EAA) glutamate and aspartate at the N-methyl-
D-aspartate (NMDA), the a-amino-3-hydroxy-5-methyl-
4-isoxazole prbpionic acid (AMPA) receptor, and the
kainate receptor. This excitotoxic action is
responsible for the loss of neurons in cerebrovascular
disorders such as cerebral ischemia or cerebral
infarction resulting from a range of conditions, such
as thromboembolic or hemorrhagic stroke, cerebral
vasospasm, hypoglycemia, cardiac arrest, status
epilepticus, perinatal asphyxia, anoxia such as from
drowning, pulmonary surgery, and cerebral trauma, as
well as lathyrism, Alzheimer’s, and Huntington'’s
diseases.

The compounds of the present invention may also
be useful in the treatment of schizophrenia,
Parkinsonism, epilepsy, anxiety, pain, and drug
addiction. '

SUMMARY OF THE INVENTION

The invention then, inter alia, comprises the
following, alone or in combination:
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A compound having the formula
Rl

N 0
R

or a pharmaceuﬁically acceptable salt thereof
wherein
R is hydrogen or hydroxy;
R! is hydrogen,
alkyl,
arylalkyl,
(CH,) ,OH, or
(CH,) ;NR7RS;
R® and R® are each independently
hydrogen,
halogen,
NO,,
CN,
CF3,
SO,NRRS,
PO;R°RY?,
alkyl,
alkenyl,
alkynyl,
(CH,) ,CONRR®,
(CH,) ,CO,R?,
NHCOR?,
wherein R7 and R® are each independently hydrogen or
alkyl or together R? and R® form a ring of from three
to seven atoms,
R? is hydrogen or alkyl,
R0 is hydrogen or alkyl,
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R1! is hydrogen or alkyl, and
n is an integer of from zero to four;

A is a ring of five to seven atoms fused with the benzo

5 ring at the positions marked a and b, and formed by
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the following bivalent radicals:

a-NR2-CHR!3-CHR!4-D,
a-CHR3-CHR14-NR!2-D,
a-CHR!3-NR!2-CHR14-D,
a-CHR4-CH,-NR}2-CHR?3-b,
a-CHR'3-NR!2-CH,-CHR-D,
a-CH,-CH,-CHR!3-NR12-b,
a-NR2-CHR!3-CH,-CH,-b,
a-CH,-CH,-NR*2-CH,-CH,-b,
a-CH,-CH,-CH,-NR*2-CH,-b,
a-CH,-NR2-CH,-CH,-CH,-b,
a-CH,-CH,-CH,-CH,-NR}2-D,
a-NR'2-CH,-CH,-CH,-CH,-b,
wherein
R12 is hydrogen, CH,CH,OH, or alkyl, and R'? and
R are each independently hydrogen, CN, CONH,,
CH,NH,, CH,OH, alkyl, arylalkyl, alkenyl, or
CO,R'®, wherein R® is hydrogen or alkyl;

and a compound as above having the formula
0]
JYO
HN
NR
R12y |
RS
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R5, and R® have the meanings set forth

and a compound as above having the formula

R6

wherein R, R'?, R5, and R® have the meanings set forth

above;

and a compound as above having the formula

0
HN)k(o
NR
L
R12 R6

wherein R, R'2, R®, and R® have the meanings set forth

above;

and a compound as above having the formula

wherein R,
above;

R12

HNJk(o
R12 _NR
SN
L .
RG

, R, and R® have the meanings set forth
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and a compound as above having the formula

0
r12 HNJk(O
|
N NR
R5
R6

wherein R, R!2, RS, and R® have the meanings set forth
above;
and further a compound as any above wherein R® and Ré
independently are

hydrogen,

halogen,

NO,,

CN,

SO,NR'R®
wherein R’ and R® independently are hydrogen or
C,.3-alkyl which may be straight or branched or cyclic,
and wherein R1? is C;.3-alkyl which may be straight or
branched or cyclic; '
and a compound having the formula

R12
)
N
H
R® N7 Yo
R

wherein R!? is hydrogen, methyl, or ethyl and R® is

NO,, SO,NMe,, SO,=—N O + Or SO;N
./
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and a compound having the formula

12
R Ny
H
NIO
R® N~ Yo
R

wherein R'? is hydrogen, methyl, or ethyl and R® is

NO,, SOzNMGz, SO;—~N O + Or SO;N

and further method of treating disorders of a mammal,

including a human, responsive to the blockade of
glutamic and aspartic acid receptors, which comprises
administering to a patient in need thereof an effective
amount of a compound as any above in unit dosage form;

and a method as above wherein cerebrovascular disorders
are treated;

and further a pharmaceutical composition comprising a
therapeutically effective amount of a compound as any
above together with a pharmaceutically acceptable
carrier.

Examples of pharmaceutically acceptable addition
salts include inorganic and organic acid addition salts
such as the hydrochloride, hydrobromide, phosphate,
sulphate, citrate, lactate, tartrate, maleate,
fumarate, mandelate, oxalate, and the acetate.

Halogen is fluorine, chlorine, bromine, or iodine;
fluorine, chlorine, and bromine are preferred groups.
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Alkyl means a straight chained or branched chain
of from one to six carbon atoms or cyclic alkyl of from
three to seven carbon atoms including, but not limited
to methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, pentyl, hexyl, cyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl.

Alkenyl means a straight chained or branched chain
alkenyl group of two to six carbon atoms or a cyclic
alkenyl group of three to seven carbon atoms, for
example, but not limited to ethylene, 1,2- or
2,3-propylene, 1,2-, 2,3-, or 3,4-butylene,
cyclopentene, or cyclohexene.

Alkynyl means a straight chained or branched chain
alkynyl group of two to six carbon atoms, for example,
but not limited to ethynyl, 2,3-propynyl, 2,3- or
3,4-butynyl.

‘ Aryl means a monocyclic or bicyclic carbocyclic
aromatic ring system, for example, but not limited to
phenyl, 2-naphthyl, or 1l-naphthyl. (

Arylalkyl means aryl as defined above and alkyl as
defined above, for example, but not limited to benzyl,
2-phenylethyl, 3-phenylpropyl; a preferred group is
benzyl.

Also included in the instant invention is a

- process for preparing a compound of formula (see

Scheme I).

The process comprises

(1) reacting a compound of Formula I (Scheme I)
with a brominating agent, for example, bromine in
trifluoroacetic acid, bromine in acetic acid or
mixtures thereof, or reacting a compoﬁnd of Formula I
with a chlorinating agent, for example, sodium
hypochlorite in hydrochloric acid to give a compound of
Formula II '
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" wherein X is bromine or chlorine;

(2) treaﬁing a compound of Formula II above with
fuming nitric acid in a solvent such as trifluoroacetic
acid, acetic acid, or with mixtures thereof to give a
compound of Formula III

NHAc

00

X

O,N

(3) deprotecting a compound of Formula III with
under acidic or basic conditions to provide a compound
of Formula IV

NH,

so} .

(4) hydrogenating a compound of Formula IV in a
solvent to give a compound of Formula V
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(5) reacfing a compound of Formula V with oxalic
acid in a solvent such as aqueous HCl or aqueous
methanesulfonic acid or with diethyl oxylate to give a
compound of Formula VI

HN VI
; and

(6) reacting a compound of Formula VI wherein
X is hydrogen sequentially with chlorosulfonic acid
neat or in a solvent followed by treatment with a
primary or secondary amine to give a compound of

Formula VII
o v
0
%NH
. N

SO,NR7Rg

wherein R, and Rg are as previously defined.
Also included in the invention is a process for
the preparation of formula
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NHCOR

N_R12

which comprises;

(1) reacﬁing 3-nitrophthalic acid with a
1,3-dialkyl urea, neat or in a solvent to provide a
compound of the formula

NO; o
N_R12 .
0

(2) hydrogenating a compound of the above formula
in a solvent to give a compound of the formula

NH; o
N-R1? ;

o

(3) reacting a compound of the above formula
with a hydride reducing agent, for example, lithium
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aluminum hydride or the like in a solvent to give the
compound of the formula

NH,

N-R!? ; and

(4) reacﬁing a compound of the above formula with

10 an acid chloride or acid anhydride, for example, acetyl
chloride, ethyloxalyl chloride, acetic anhydride, or

the like in a solvent to give a compound of the formula

NHCOR
15

N-R12
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BIOLOGICAL ACTIVITY

The compounds of the invention exhibit valuable
biological properties because of their strong

. excitatory amino acid (EAA) antagonizing properties at

the AMPA ((RS)-o-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic acid) binding site.

The compounds of the present invention exhibit
bihding affiniéy for the AMPA receptor as described by
Honoré T, et al, Neuroscience Letters 1985;54:27-32
with ICg, values of <100 gM in this assay. Values for
selected compounds are found in Table I.

To functionally measure AMPA antagonist activity,
the effects of the excitatory amino acid antagonists on
AMPA-induced neuronal degeneration in primary cortical
neuronal cultures were examined using techniques
similar to those outlined by Kch, et al. (J. Neurosci.
1990;10:693-705). When using a 100 gM AMPA challenge,
the claimed compounds generally had IC5o values <30 uM.

Also, compounds of the present invention when
administered IV or IP in the in vivo AMPA seizure test,
as described below, inhibit the clonic seizures inducéd
by AMPA.

AMPA-TInduced Clonic Seizures

AMPA given ICV (intracerebroventricular)
(15 pg/kg) to NMRI mice induces clonic seizures which
should be inhibited by non-NMDA receptor antagonists.

Method

Test compound was given IV 5 minutes (or PO
30 minutes) before a 0.3 pug ICV administration of AMPA
to ten female NMRI mice (weighing 24-26 g) per dose.
The number of mice experiencing clonic seizures within
the next 5 minutes was noted. An ED;, value was



10

WO 94/09000 PCT/US93/09667

-15-

calculated as the dose inhibiting 50% of the mice from
having clonic seizures.

As a preliminary indicator of in vivo CNS
activity, a maximal electroshock assay in CF-1 strain
mice (20-25 g) is performed with corneal electrodes by
conventional methods as described previously (Krall,
et al., Epilepsia 1988;19:409-428). The claimed
compounds generally demonstrated EDg, values of
<50 mg/kg. '
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PHARMACEUTICAL COMPOSITIONS

The compounds of the invention, together with a
conventional adjuvant, carrier, or diluent, may be
placed into the form of pharmaceutical compositions and
unit dosages thereof, and in such form may be employed
as solids, such as tablets or filled capsules, or
liquids such as solutions, suspensions, emulsions,
elixirs, or cabsules filled with the same, all for oral
use, in the form of suppositories for rectal
administration; or in the form of sterile injectable
solutions for parenteral (including subcutaneous) use.
Such pharmaceutical compositions and unit dosage forms
thereof may comprise conventional ingredients in
conventional proportions, with or without additional
active compounds or principles, and such unit dosage
forms may contain any suitable effective amount of the
active ingredient commensurate with the intended daily
dosage range to be employed. Tablets containing 10 mg
of active ingredients or, more broadly, 0.1 to 100 mg
per tablet, are accordingly suitable representative
unit dosage forms.

Solid forms of pharmaceutical compositions for PO
administration and injectable solutions are preferred.

METHOD OF TREATING

The compounds of this invention are extremely
useful in the treatment of central nervous system
disorders related to their biological'activity. The
compounds of this invention may accordingly be
administered to a subject, including a human, in need
of treatment, alleviation, or elimination of an
indication associated with the biological activity of
the compounds. This includes especially excitatory
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amino-acid-dependent psychosis, excitatory amino-acid-
dependent anoxia, excitatory amino-acid-dependent
ischemia, excitatory amino-acid-dependent Parkinsonism,
excitatory amino-acid-dependent convulsions, and
excitatory amino-acid-dependent migraine. Suitable
dosage ranges are 0.1 to 1000 mg daily, 10 to 500 mg
daily, and especially 30 to 100 mg daily, dependent as
usual upon the exact mode of administration, form in
which administéred, the indication toward which the
administration is directed, the subject involved, and
the body weight of the subject involved, and further,
the preference and experience of the physician or
veterinarian in charge.

The following nonlimiting examples illustrate the
present invention.

EXAMPLE 1

NO, NHAc

acetamide

A solution of 5-nitroisoquinoline (200 g,
1.15 mol) in 1000 mL of dimethylformamide was treated
with dimethylsulfate (160 g, 1.27 mol), and the
resulting solution was heated to 90°C until no starting
material remained. The reaction mixture was cooled and
concentrated. The residue was dissol&ed in 1500 mL of
methanol and hydrogenated over PtO, (1.0 g) at 52 psi
for 15.5 hours. The reaction mixture was then
concentrated and the residue dissolved in CHCl; °
(1000 mL) and washed with aqueous 1N NaOH solution
(500 mL). The aqueous phase was extracted with an
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additional 3000 mL of chloroform, and the combined
organic extracts were dried (Na,SO,) and concentrated

to give an oil. The o0il was treated with acetic
anhydride (700 mL) and the resulting solution stirred
at room temperature overnight. The reaction mixture

wasg concentrated and the residue was dissolved in

chloroform and washed with aqueous 1N NaOH solution.

The organic phase was dried (Na,SO,) and concentrated.

The residue was purified by chromatography

(10:2 EtOAc:EtOH). The purified residue was
recrystallized from EtOAc to give the product (60.6 g,
26%) as a white solid, mp = 138-139°C.

EXAMPLE 2
NO, NHAc

N

N N
&
\CH2CH3

N-(2-ethyl-1,2,3,4-tetrahydro-5-isoquinolinvyl)acetamide

A solution of 5-nitroisoquinoline (25 g,
0.144 mol) in 250 mL of EtOH was treated with
iodoethane (26.9 g, 0.172 mol) and the resulting
solution heated at reflux for 24 hours. The reaction

mixture was cooled and the material which formed was

collected and dried. The material obtained was

converted to the title compound by the procedures -
described in Example 1. A white solid was obtained
(4.42 g, 17%).

Analysis for (C,3H,gN,0):

Calc.:
Found:

C, 71.53; H, 8.31; N, 12.83.
C, 71.43; H, 8.31; N, 12.91.
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N
—
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N
“NCH,CH,CHj

acetamide
A solution of 5-nitroisoquinoline (25 g,
0.144 mol) and iodopropane (36.7 g, 0.216 mol) in
500 mL of EtOH was converted to the title compound by
the procedures described in Example 1. The crude title

compound was purified by chromatography (silica gel,
95:5 EtOAc:EtOH). The purified product was recrystal-
lized from iPr,0/THF to give the title compound as a

white solid (3.33 g, 18%), mp = 123°C.

Analysis for (C,4H,oN50):
Calc.: C, 72.38; H, 8.68; N, 12.06.
Found: C, 72.38; H, 8.67; N, 12.14.

The filtrate was concentrated and the residue
suspended in iPr,0 and filtered to give a second crop
of product (3.38 g, 19%).

EXAMPLE 4
NHAC NHAC

linyl)acetamide
A solution of the product from Example 1 (22.6 g,

0.111 mol) in 500 mlL of trifluoroacetic acid was
treated dropwise with a 1 M solution of bromine in
acetic acid (122 mL). The resulting solution was
stirred at room temperature overnight during which time



WO 94/09000

10

15

20

25

-22-

an orange suspension formed. The reaction was
concentrated to an oil which was dissolved by the
addition of EtOAc (200 mL) and saturated aqueous NaHCO,
solution (100 mL). The aqueous phase was separated and
extracted with additional EtOAc. The combined organic
extracts were dried (Na,SO,) and concentrated. The
residue was recrystallized from hot EtOAc to give the
title compound as a white solid, mp = 188-189°C.
Analysis for (ClelsBrNéO):

Calec.: C, 50.90; H, 5.34; N, 9.89.

Found: C, 50.93; N, 5.01; N, 9.78.

EXAMPLE 5
NHAC NHAC

D —

N N
“CH,CH; “NCH,CH;
Br

N- (8-bromo-2-ethyl-1,2,3,4-tetrahydro-5-igsoquinolinyl) -
acetamide <

The product from Example 2 (3.65 g, 16.7 mmol) was
converted to the title compound by the procedure
described in Example 4. A white solid was obtained
(2.64 g, 53%), mp = 168-169°C.
Analysis for (C,3H,,BrN,0):
Calc.: C, 52.54; H, 5.77; N, 9.43.
Found: C, 52.81; H, 5.23; N, 9.09.

PCT/US93/09667
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EXAMPLE 6
NHAC NHAC
@ |
N. N
“CH,CH,CH; “NCH,CH,CH;
Br
N- (8-bromo-1.2 4- rahydro-2-propyl-5-isoquino-

linyl)acetamide

The product from Example 3 (6.33 g, 27.2 mmol) was
converted to the title compound.by the procedure
described in Example 4. A white solid was obtained
(6.17 g, 73%), mp = 144-145°C.
Analysis for (C,,H;¢BrN,0):
Calc.: C, 54.01; H, 6.15; N, 9.00.

Found: C, 54.19; H, 6.06; N, 8.97.

EXAMPLE 7

NHAC NHAC
0,N
L —
N N
“CH, NCH,
Br Br

N- (8-bromo-1,2,3,4-tetrahvdro-2-methyl-6-nitro-

~ 5-isoquinolinyl)acetamide

A solution of the product from Example 4 (19.8 g,
69.9 mmol) in 400 mL of trifluoroacetic acid was
treated dropwise with fuming nitric acid (87 mL). The
resulting solution was stirred at room temperature for
4 hours. The reaction mixture was concentrated and the
residue dissolved by treatment with 3:1 EtOAc:THF and
saturated aqueous NaHCO, solution. The organic phase
was collected and the aqueous phase was extracted with
additional 3:1 EtOAc:THF. The combined organic
extracts were dried (Na,S80,) and concentrated. The
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residue was suspended in a THF/iPr,0 solution and the
solid collected. Recrystallization from hot THF/iPr,0
provided the title compound as a beige solid (18.4 g,
80%), mp = 190-192°C. ’

Analysis for (C,,H,,BrN;0;):

Calc.: C, 43.79; H, 4.59; N, 12.77.

Found: C, 43.98; H, 4.21; N, 12.84.

EXAMPLE 8

NHAC  NHAC
O,N
——
N N
NCH,CH; “NCH,CH;
Br Br

N- (8-bromo-2-ethyl-1,2,3,4-tetrahydro-6-nitro-
5-isogquinolinyl)acetamide

The product from Example 5 (3.50 g, 11.8 mmol) was
converted to the title compound by the procedure
described in Example 7. A white solid was obtained
(2.88 g, 71%), mp = 168°C.

Analysis for (C,;3H,5BrN;0;3):
Calc.: C, 45.63; H, 4.71; N, 12.28.
Found: C, 45.84; H, 6.65; N, 12.06.

EXAMPLE 9

NHAcC NHAc ’
O;N
—_—
N N
CH2CH2CH3 ' \CHZCH2CH3
Br Br

N- (8-bromo-1,2,3,4-tetrahydro-6-nitro-2-prooyl-
5-isoquinolinyl)acetamide

The product from Example 6 (5.50 g, 17.7 mmol) was
converted to the title compound by the procedure




WO 94/09000

10

15

20

25

30

35

PCT/US93/09667

-25-

described in Example 7. A white solid was obtained
(4.41 g, 70%), mp = 166-167°C.

Analysis for (C;,H,gBrN;0,):

Calc.: C, 47.20; H, 5.09; N, 11.80.

Found: C, 47.39; H, 5.00; N, 11.52.

EXAMPLE 10

NHAC NH2
O,N O2N
N N
NCH, ~
Br Br

8-Bromo-1,2,3,4-tetrahvdro-2-methyl-6-nitro-

5-isoquinolinamine
A solution of the product from Example 7 (3.68 g,

11.2 mmol) and 80 mL of 3:2 H,S0,:H,0 was heated at

90°C for 1 hour. The reaction mixture was cooled and
poured onto ice, and the resulting solution was made
basic with concentrated aqueous NH,OH solution. The
solid that formed was collected by suction filtration
and dried under vacuum to give the title compound as a
yellow solid (3.17 g, 99%).

EXAMPLE 11

NHAC NH,

O;N O;N
—

N N
“CH,CH; “NCH,CH,

Br . Br

8-Bromo-2-ethyl-1,2,3,4-tetrahydro-6-nitro-5-isoquino-

linamine
The product from Example 8 (2.50 g, 7.30 mmol) was
converted to the title compound by the procedure
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described in Example 10. A yellow solid was obtained
(2.05 g, 82%).

EXAMPLE 12
NHAC NH,
O,N OzN
—
N N
“CH,CH,CH; “NCH,CH,CH;
Br Br

8-Bromo-1,2,3,4-tetrahvdro-6-nitro-2-propyl-5-isoquino-

linamine

The produét from Example 9 (4.24 g, 11.9 mmol) was
converted to the title compound by the procedure
described in Example 10. A yellow solid was obtained
(3.68 g, 98%).

EXAMPLE 13

O2N HoN
N N
“CH, ~CH,
Br Br

8-Bromo-1,2,3,4-tetrahydro-2-methyl-5, 6-isoquino-
linediamine

A solution of the product from Example 10 (0.78 g,
2.73 mmol) in 100 mL of THF was treated with Raney
nickel (1.0 g) and hydrogenated for 1.5 hours at room

temperature. The reaction mixture was filtered and
concentrated to give the title compound as a tan solid
(0.63 g, 90%).

PCT/US93/09667
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EXAMPLE 14
NH, NH>
O3N . HpN
—_—
CH,CH; CH,CHj
Br Br

diamine

The product from Example 11 (1.00 g, 3.33 mmol)
was converted to the title compound by the procedure
described in Example 13. An oil was obtained (0.88 g,
98%) .

EXAMPLE 15
NH, NH;
0,N H,N
—
N N
NCH,CH,CH; NCH,CH,CH3
Br Br

8-Bromo-1,2,3.4-tetrahydro-2-propyl-5,6-isoquinoline-

diamine

The product from Example 12 (0.98 g, 3.12 mmol)
was converted to the title compound by the procedure
described in Example 13. An oil was obtained (0.77 g,
87%) .

EXAMPLE 16

O,N H,N

CH3 \CH3
Br
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1,2,3,4-Tetrahydro-2-methyl-5,6-isoquinolinediamine
A solution of the product from Example 10 (1.50 g,

5.24 mmol) and 20% P4 on carbon {0.30 g) in 100 mL of
MeOH was hydrogenated at room temperature and pressure
for 24 hours. The reaction mixture was filtered and
the filtrate concentrated. The residue was partitioned
between CHCl; and saturated aqueous NaHCO, solution.
The organic phase was separated and the agueous phase
was extracted with additionmal CHCl; and the combined
organic extracts were dried (Na,SO,), filtered, and
concentrated. The residue was filtered through a plug
of silica gel eluting with 25% EtOH/EtOAc. The eluant
was concentrated to give the title compound as an oil
(0.45 g, 48%).

EXAMPLE 17
NH, NH;
OyN HoN
—_—
N N
NCH,CH; “NCH,CH;

Br

2-Ethyl-1,2,3 4-tetrahydro-5,6-isoquinolinediamine
The product from Example 11 (1.00 g, 3.33 mmol)

was converted to the title compound by the procedure
described in Example 16. An oil was obtained (0.70 g).
This material was used without further purification.

EXAMPLE 18
NH; NH, «HBr
O,N H,N
——
N N
“CH,CH,CH3 “NCH,CH,CH,

Br
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1,2,3,4-Tetrahydro-2-propyl-5,6-isoquinolinediamine
A solution of the product from Example 12 (1.50 g,

4.77 mmol) and 20% Pd on carbon (0.30 g) in 75 mL of
MeOH was hydrogenated at room temperature and pressure
for 24 hours. The reaction mixture was concentrated
and the residue was suspended in iPr,0 and collected by
filtration to give the title compound as a yellow solid
(1.27 g, 93%).

EXAMPLE 19
H3 C\ N H3C\N
H
NH, ___ NIO
Br NH, Br Ny o

6-Bromo-1.4,7,8,9,10-hexahydro-8-methylpyrido[4,3-f]-
quinoxaline-2,3-dione _ (

A solution of the product from'Example 13 (0.62 g,
2.56 mmol) and oxalic acid (0.23 g, 2.56 mmol) in 25 mL
of 3N aqueous HCl solution were heated at reflux for

18 hours. The reaction mixture was cooled to room
temperature and the solid which formed was collected by
filtration and washed with cold water. The solid was
recrystallized from hot water and dried under vacuum
(100°C, P,05) to give the title compound as a tan solid
(0.191 g, 20 %), mp = 315-320°C (dec.).

Analysis for (C;,H,,BrN;0,-HC1-H,0):

Calc.: C, 39.53; H, 4.15; N, 11.53,

Found: C, 39.19; H, 4.09; N, 11.21.
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EXAMPLE 20
CH3CH2\N CH3CH2\N
H
NH, ___ N:I:O
Br NH, Br N~ Yo
H
6-Bromo-8-ethyl-1,4,7 10-hexahydropyrido{4,3-f] -

guinoxaline-2,3-dione

The product from Example 14 (0.88 g, 3.26 mmol)
was converted to the title compound by the procedure
described in Example 19. A white solid was obtained
(0.71 g, 59%), mp = 325-350°C (dec.).
Analysis for (C,;H,,BrN;0,-HC1-0.6H,0):
Calc.: C, 42.03; H, 4.40; N, 11.31; Cl, 9.55.
Found: C, 42.15; H, 4.39; N, 11.21; Cl, 9.57.

EXAMPLE 21
CH, CH,CHy. CH:CHyCHa
N H
NH, — N:I:O
Br NH2 Br II.\% 0

6-Bromo-1,4,7,8,9,10-hexahydro-8-propylpyridof4,3-f]-
quinoxaline-2,3-dione

The product from Example 15 (0.77 g, 2.71 mmol)
was converted to the title compound by the procedure
described in Example 19. A white solid was obtained.
Analysis for (C;4H, BrN,0,°1.35HC1-0.4H,0):
Calc.: C, 42.61; H, 4.64; N, 10.65; Br, 20.25;
Cl, 12.13.
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Found: ‘C, 42.74; H, 4.93; N, 10.42; Br, 19.68;
Cl, 12.05.

EXAMPLE 22
HLC
HyCo 3 \N
¥ N_ o
NH; —_— l =N :I:
: P 4
N (0]
NH; H

quinoxaline-2,3-dione

The product from Example 16 (0.45 g, 2.54 mmol)

.was converted to the title compound by the procedure

described in Example 19. A white solid was obtained
(0.46 g, 68%), mp = 310-335°C.

Analysis for (C,,H,,BrN;0,°0.95HC1-0.10H,0):

Calc.: C, 53.84; H, 5.32; N, 15.70; C1, 12.58.
Found: C, 53.88; H, 5.30; N, 16.04; Cl, 12.4s6.

EXAMPLE 23
CH:CHw CHCHax ]
N 0
NH, — lllii :]::
N 0
NH; H

8-Ethyl-1,4,7,8,9,10-tetrahydropyrido[4,3-f] -
Quinoxaline-2,3-dione ‘

The product from Example 17 (0.70 g, 3.66 mmol)
was converted to the title compound by the procedure
described in Example 19. A white solid was obtained
(0.40 g, 38%), mp = 325-330°C.
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Analysis for (C,3H,gBrN;0,-HC1-0.3H,0):
Calec.: C, 54.38; H, 5.83; N, 14.63.
Found: C, 54.50; H, 5.97; N, 14.72.

EXAMPLE 24
CH;3CH,CH, CH:aCHzCHz\N
N H
NH; N o

1,4,7,8,9,10-Hexahvdro-8-propyvlpyvrideo[4,3-f] -

quinoxaline-2,3-dione
The product from Example 18 (1.24 g, 4.33 mmol)

was converted to the title compound by the procedure
described in Example 19. A white solid was obtained
(0.833 g, 65%), mp = 340-350°C.

Analysis for (C,;4H,,N;0,-HC1-0.1H,0):

Calc.: C, 56.51; H, 6.17; N, 14.12.

Found: - C, 56.62; H, 6.19; N, 14.189.

EXAMPLE 25

Br Br

NO,

5-Bromo-8-nitroisogquinoline
The procedure described by Osborn AR, et al,
J Chem Soc 1956:4191 was used. 5-Bromoisoquinoline

(101 g, 0.485 mol) was dissolved in 300 mL concentrated

H,SO,. KNO; (58.85 g, 0.582 mol) was dissolved in
200 mL of concentrated H,S0, and added dropwise to the

PCT/US93/09667
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isoquinoline/acid solution. After addition, the
reaction was stirred at room temperature for 2 hours.
The reaction mixture was poured onto ice and the acid
quenched carefully with the addition of NH,OH until the
solution was strongly basic. The solids were dissolved
in chloroform and filtered through a silica gel plug
and eluted with chloroform. Evaporation, followed by
trituration of the yellow solid with 5% ethyl acetate
in hexane, gavé the product (114.2 g, 93%).

1H-NMR (200 MHz, CDC13) 6 10.01 (s, 1H), 8.84 (4, 1H,
J=5.9 Hz), 8.2 (4, 1H, J = 8.1 Hz), 8.15 (d, 1H,

J =5.6 Hz), 8.1 (4, 1H, J = 8.2 Hz).

EXAMPLE 26

Br Br

Et
NO; NO,

N

S5-Bromo-2-ethyl-1,2,3,4-tetrahvdro-8-nitroisoquinoline

A solution of 5-bromo-8-nitroisoquinoline (1 g,
3.95 mmol) in 20 mL THF was cooled to 0°C and treated
sequentially with sodium borohydride (0.75 g,
19.83 mmol) followed by the slow addition of acetic
acid (20 mL). The reaction mixture was allowed to warm
to room temperature, and an additional 2 equiv. of
sodium borohydride was added. After quenching with
water and treatment with sodium hydroxide solution to
make basic, the reacticn mixture was extracted with
ethyl acetate. The organic residue was chromatographed
on silica gel (25% ethyl acetate in hexane) to give the
N-ethyl-5-bromo-8-nitrotetrahydroisoquinoline (0.8 g,
70% yield).

PCT/US93/09667
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EXAMPLE 27"
Br Br
—_—
N N
“Et “Et
NO, NH,

5-Bromo-2-ethvl-1,2,3,4-tetrahydro-8-igoquinolinamine

Raney nickel was refluxed in acetone for 2 hours
prior to use to deactivate the metal. The product from
Example 26 (0.1 g, 0.35 mmol) was dissolved in THF
(10 mL), the Raney nickel added, and the reaction
vessel charged with hydrogen gas. After stirring for
1 hour, the Raney nickel was removed by filtration and
the solvent removed by filtration to give N-ethyl-
5-bromo-8-aminotetrahydroisoquinoline (used without
further purification).

EXAMPLE 28

Br Br

Et Et

acetamide

The product from Example 27 (0.35 mmol) was cooled
in an ice bath, treated with acetic anhydride (10 mL),
and stirred at room temperature under nitrogen
overnight. Excess acetic anhydride was evaporated, the
residue washed with ether, and evaporated. The white
solid was triturated with ether and collected by
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filtration. The solid was washed with a mixture of
ethyl acetate and saturated sodium bicarbonate. The
organic layer was washed with sodium bicarbonate and
sodium chloride solutions, dried over MgSO,, filtered,
and evaporated. The acetamide was obtained as a white
solid (crystallized from ethyl acetate, 0.07 g, 67%

yield).
EXAMPLE 29
Br Br
N _ . 7 | N Meso,-
N N
Z
\Z N /,,_\Me
NO, NO,

5-Bromo-2-methyl-8-nitro-2-isoquinolinium
methanesul fonate

A mixture of 5-bromo-8-nitroisoquinoline (0.99 g,
3.91 mmol) and dimethylsulfate (0.41 mL) in anhydrous
DMF (20 mL) was heated at 80°C for 24 hours. After
removing the DMF in vacuo, the isoquinoline methyl-
ammonium salt was obtained (used without further

purification).

EXAMPLE 30
Br Br
N MeSO4-
—
N » N
2 +‘Me ? \Me
NO, NO

5-Bromo-1,2,3,4-tetrahydro-2-methyl-8-nitroisoquinoline

The product from Example 29 (3.9 mmol) was

- dissolved in acetic acid (10 mL) and sodium borohydride
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(0.15 g, 3.97 mmol) was added. After stirring for

24 hours, the reaction mixture was diluted with a
mixture of ethyl acetate and water, and potassium
carbonate was added portionwise to neutralize the
acetic acid. The agueous layer was extracted with
ethyl acetate (2x), washed with saturated NaCl, dried
over MgsSO,, filtered, and evaporated. The residue was
chromatographed on silica gel (30% ethyl acetate in
hexane) to givé the light sensitive N-methyl-5-bromo-
8-nitrotetrahydroisoquinoline (0.47 g, 45% yield).

EXAMPLE 31
Br Br
N
| —
P NH
NO, NO,

5-Bromo-1,2,3,4-tetrahvdro-8-nitroisocquinoline

A mixture of 5-bromo-8-nitroi§oquinoline (1.0 g,
3.95 mmol) and sodium borohydride (1.02 g, 26.96 mmol)
in anhydrous THF (25 mL) at 0°C was treated dropwise
with formic acid (reaction turns from deep red to
bright yellow). The reaction mixture was warmed to
room temperature and stirred overnight in the dark.
The reaction was quenched with water and basified with
sodium hydroxide solution and then extracted with ethyl
acetate (3xj. The combined organic layers were washed
with saturated NaCl, dried over MgSO,, filtered, and
evaporated. The residue was chromatographed on silica
gel (65% ethyl acetate in hexane) to give the substi-
tuted tetrahydroisoquinoline (0.54 g, 53% yield).

Alternatively, a solution of 5-bromo-8-nitroiso-
quinoline (1.0 g) in glacial acetic acid (30 mL) ‘was
cooled to 0°C and, before freezing, was treated with
sodium cyanoborohydride (1.10 g). The reaction mixture
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was warmed slowly to room temperature under nitrogen.
The reaction mixture was diluted with water and
basified. Organic layer extracts were chromatographed
on silica gel as before.

EXAMPLE 32

O,N . HoN

N N
P
N N/

5.6-Quinolinediamine

A solution of 5-amino-é6-nitroquinoline (25 g,
0.13 mol) in THF (500 mL) and methanol (500 mL) was
treated with Raney nickel (7 g) under a hydrogen
atmosphere (50.4 psi) on a Parr apparatus for
3.4 hours. Standard work-up gave the 5,6-diamino-
quinoline. '

EXAMPLE 33

NH; NH;

HoN H>N

x
Z
N

=z

1,2,3,4-Tetrahydro-5,6-quinolinediamine

A solution of 5,6-quinolinediamine (12.5 g,
0.065 mol) and sulfuric acid (8 mL) in methanol
(250 mL) was treated with platinum oxide (1 g) in a
Parr apparatus under hydrogen for 16 hours. An
additional 1 g portion of platinum oxide was added and
hydrogenation continued for 44 hours additional.



10

15

20

25

30

35

WO 94/09000

-38-

Standard work-up gave the 5,6-diaminotetrahydro-
quinoline.

EXAMPLE 34

NH, Oﬁ)l\
- NH
H,N

x HN N

&

N &
N

1,4-Dihvdropyvrido[3,2-f inoxaline-2,3-dione

A mixture of 5,6-quinolinediamine (11.3 g,
0.071 mol) and oxalic acid hydrate (17.9 g, 0.142 mol)
in 200 mL 2N HC1 was heated at reflux for 2 hours. The
solid (12.3 g, 83% yield) was collected by filtration
and washed consecutively with water and ether.
Analysis for (C,,H,N;0,°2H,0):
Calc.: C, 53.07; H, 4.43; N, 16.88.
Found: C, 52.99; H, 3.27; N, 16.88.

EXAMPLE 35
o 0
(o]
0
§T/“\NH §T/M\NH .
HN
e

Z nf’
N | +
Me

1,2,3,4-Tetrahydro-7-methyl-2,3-dioxopyrido[3,2-£]-
inoxalin-7-ium methanesulfonate

A mixture of the product from Example 34 (5 g,
23 mmol) and dimethylsulfate (3.7 g, 29 mmol) in DMF
(40 mL) was heated at 100°C for 20 hours. Aan

PCT/US93/09667
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additional portion of dimethylsulfate (3.5 g) was
added, and the mixture was heated at 120°C for 3 hours.
After concentration, methanol was added and the solid
collected by filtration to give the methylammonium
derivative (6 g).

EXAMPLE 36
0 0
o)
O§T/ﬂ\NH §T/H\NH
HN
HN —

N

NZ N

|+ '

1,4,7,8,9,10-Hexahvdro-7-methyvlpyridof3,2-f inoxa-

line-2,3-dione

A mixture of the product from Example 35 (6 g,
18 mmol) and platinum oxide (0.5 g) in methanol
(100 mL) was shaken on a Parr apparatus under a
hydrogen atmosphere (52 psi) for 7.2 hours. After
filtration, the solvent was evaporated to give a syrupy
residue. The residue was triturated with water and the
resulting solid collected by filtration and
recrystallized from DMF/water to give the N-methyl
derivative (1.7 g).
Analysis for (C,,H;3N;0,-0.18H,0):
Calc.: C, 61.44; H, 5.74; N, 17.91.
Found: C, 61.44; H, 5.50; N, 17.75.
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EXAMPLE 37
NHAcC NHAcC
CH3;—N —»  CH3=N

Br

N- (7-bromo-2,3-dihvdro-2-methyl-1H-isoindol -

.4-xl)acetamide

A solution of N-(2,3-dihydro-2-methyl-1H-isoindol-
4-yl)acetamide (10 g) and bromine (3.0 g) in
trifluoroacetic acid (150 mL) was stirred at 50°C for
40 hours. The solution was evaporated in vacuo. The
residue was dissolved in water (300 mL), and pH was
adjusted to neutral with saturated Na,CO;. This
treatment afforded a crystalline precipitate of the
product, which was collected by filtration. Yield 9 g,
mp 145-148°C.

In a similar manner was prepared:

N- [7-bromo-2- (1,1-dimethylethyl)-2,3-dihydro-1H-
isoindol-4-yl]lacetamide, mp 140-144°C.

EXAMPLE 38
NHAC NHAC
CH3;=—N ——»  CH3=N

Cl
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N-(7-chloro—2.3-dihvdro-2-methv1-1H-isoindol-
4-yl)acetamide

A mixture of N-(2,3-dihydro-2-methyl-1H-isoindol-
4-yl)acetamide (20 g), hydrochloric acid (37%, 2.5 mL),
and sodium chlorite (15%, 10 mL) in 96% ethanol (20 mL)
was stirred at room temperature for 4 hours. The

solvent was removed by evaporation, whereafter the
residue was treated with saturated Na,CO; in water to
pH = 7. The precipitated product was filtered off and
washed with water and ether. Yield 1.1 g,

mp 147-150°C.

EXAMPLE 39

NHAC NHAC

NO,
CH3=—N — CH;—~N

Cl ’ cl

4-yl)acetamide
To a stirred 10°C warm solution of KNO; (0.5 g)

in sulphuric acid (10 mL) was added portionwise
4-acetamido-7-chloro-2-methyl-2H-1,2-dihydro-
pyrrolo[3,4lbenzene. In total 1 g. After additional
stirring for 30 minutes at 10°C, the reaction mixture
was poured on ice, and the resulting solution was
neutralized with saturated Na,C0;. The precipitated
product was then collected by filtration and washed
with water. Yield 0.8 g, mp 165-166°C.

In a similar manner were prepared:

N- (7-bromo-2,3-dihydro-2-methyl-5-nitro-1H-
isoindol-4-yl)acetamide, mp 161-163°C and

PCT/US93/09667
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N- (7-bromo-2,3-dihydro-2- (1,1-dimethylethyl) -
5-nitro-1H-isoindol-4-yl)acetamide, mp 203-206°C.

EXAMPLE 40
NHAC NH,
NO, NO,
CH3;=N —»  CH3=N
Br : Br

7-Chloro-2,3-dihydro-2-methyl-5-nitro-1H-isoindol-
4-amine

A solution of N-(7-chloro-2,3-dihydro-2-methyl-1H-
isoindol-4-yl)acetamide (1.5 g) in sulphuric acid
(25 mL, 65%) was heated to 90°C for 15 minutes,
whereafter it was cooled to ambient temperature and
neutralized with ammonia. This treatment left the

product as a pale solid, which was isclated by
filtration. Yield 1.1 g, mp 171-173°C.
In a similar manner were prepared:
7-Bromo-2,3-dihydro-2-methyl-5-nitro-1H-isoindol-
4-amine, mp 174-176°C and
7-Bromo-2,3-dihydro-2-(1,1-dimethylethyl) -5-nitro-
1H-isoindol-4-amine, mp 220-221°C.

EXAMPLE 41

NH, NH,

NO, | , NH,
+N - I N

PCT/US93/09667
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4,5-diamine

Hydrogenation of the nitro groups in the compounds
of Example 40 were performed under standard conditions
using RaNi as catalyst and ethanol as solvent.

H, pressure 1 atm.

This afforded:

7-Bromo-2,3-dihydro-2-(1,1-dimethylethyl) -1H-
isdindole-4,5-diamine hydrochloride, mp >300C°;

7-chloro-2,3-dihydro-2-methyl-1H-isoindole-
4,5-diamine, hydrochloride, mp 235-238°C;

7-bromo-2,3-dihydro-2-methyl-1H-isoindole-
4,5-diamine, hydrochloride, mp 90-95°C; and

2,3-dihydro-2-methyl-1H-isoindole-4,5-diamine,
hydrobromide, mp 198-200°C. Palladium on carbon (Pd/C)
was used as catalyst.

EXAMPLE 42
0]
NH, HN)I\(O
CH3; =N —  CH3~N

1,7,8,9-Tetrahydro-8-methyl-2H-pyrrolo[3 4-f“-
quinoxaline-2,3 (4H) -dione

A solution of oxalic acid (1.3 g) and 4,5-diamino-
1,3-dihydro-2-methyl-2H-pyrrolo[3,4]lbenzene, hydro-
bromide (1.5 g) in hydrochloric acid (4N, 20 mL) was

refluxed for 4 hours. The reaction mixture was then
reduced in vacuo to a volume of 10 mL, whereafter it
was cooled on ice. The formed crystalline precipitate
was collected by filtration and washed with water.
Yield 1.25 g.
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In a similar manner were prepared:

6-bromo-1,7,8,9-tetrahydro-8-methy1-
2H-pyrrolo[3,4-flquinoxaline-2,3 (4H) -dione, mp >300°C;

6-chloro-1,7,8,9-tetrahydro-8-methyl-
2H-pyrrolo[3,4-flquinoxaline-2,3 (4H) -dione, mp >300°C;

6-bromo-8-(1,1-dimethylethyl)-1,7,8,9-tetrahydro-
2H-pyrrolo(3,4-flquinoxaline-2, 3 (4H) -dione, mp >300°C;
and

2,3,4,7,8,9-hexahydro-8-methyl-2,3-dioxo-
1H-pyrrolo[3,4-flquinoxaline-6-sulfonamide, mp >300°C.

EXAMPLE 43
NH NHCOCO,Et
NO, NO,
CH3—N — CH3—N
Br Br

Ethyl [(7-bromo-2,3-dihydro-2-methyl-5-nitro- -
1H-isoindol-4-yl)amino] oxoacetate

To a stirred solution of triethylamine (0.83 mL)
and 7-chloro-2,3-dihydro-2-methyl-5-nitro-1H-isoindol-
4-amine (1.1 g) in THF (15 mL) was dropwise added a
solution of ethyloxalylchloride (0.7 mL) in THF (5 mL).
After the addition was completed, the reaction mixture

was brought to reflux for 1 hour, then cooled to room
temperature, whereafter the precipitate was removed by
filtration. The filtrate was evaporated in vacuo. The
residue was treated with 5 mL of ethanol which left the
product as pale crystals. The crystals were collected
by filtration. Yield 1.0 g, mp 153-154°C.

PCT/US93/09667
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EXAMPLE 44
0
o)
NHCOCO,Et HN
NO, NOH
CH3 —N e R CH3- N

Br

6-Bromo-1,7,8 §-tetrah dro-4-hydroxy-8-methvyl -
2H-pyrrolo[3,4-f inoxaline-2,3(4H) -dione

The product of Example 43 was hydrogenated under
standard conditions to give the above listed products.

The following compounds are prepared in a similar
manner:

1,4,7,8,9,10-hexahydro-4-hydroxy-

8-methylpyrido(4,3-flquinoxaline-2,3-dione and

1,4,7,8,9,10-hexahydro-4-hydroxy-
9-methylpyrido[3,4-f]lquinoxaline-2,3-dione.

EXAMPLE 44a
0
NHCOCO,Et HN 0
NO; NOH
CH3—N, — CH;—N

Br Br
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The following compounds are prepared in a similar
manner:

6-Bramo-1,4,7, 8,9, 10-hsxahydro-4-hydraxy- 8-methylpyrido [4, 3-f] quinaal ine-

2,3-dione and
6-Bromo-1,4,7,8,9,10-hexahydro-4-hydroxy-
9-methylpyrido[3,4-f]lquinoxaline-2,3-dione.

1,7.8,9-Tetrahydro-4-hydroxy-8-methyl-
2H-pyrrolo[3,4-f iroxaline-2 4H) -dion

The product of Example 43 was hydrogenated under
standard conditions to give the above listed products.

EXAMPLE 45
0 0
(o)
NH NH
CH3=N —» CH;—N

1,7,8,9-Tetrahydro-8-methyl-6-nitro-2H-pyrrolo[3,4-f] -
gquinoxaline-2,3 (4H) -dione

To a stirred 5°C cold solution of potassium

nitrate (0.2 g) in sulphuric acid (5 mL) was added
1,7,8,9-tetrahydro-8-methyl-2H-pyrrolo(3,4-£f] -
quinoxaline-2,3(4H) -dione (0.4 g). Stirring was
continued for 15 minutes, whereafter the reaction
mixture was poured on ice. The solution was now
neutralized, whereby the product precipitated as a pale
solid which was filtered off, mp >300°C.

PCT/US93/09667
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EXAMPLE 46
0 0
0 o

c HN HN

NH NH

CH3—N —— i CH3—N
Cl0;S
10

15

20

25

30

6- (Chlorosulfonvyl)-1,7.8,9-tetrahydro-8-methyl-
2H-pvrrolof3.4-flguinoxaline-2,3 (4H) -dione
A solution of 1,7,8,9-tetrahydro-8-methyl-

2H-pyrrolo[3,4-flquinoxaline-2, 3 (4H) -dione in

_chlorosulfonic acid was stirred at 120°C for 3 hours,

whereafter it was cooled and poured on ice. This
afforded a crystalline precipitate of the product,
which was filtered off and washed with water,

mp >300°C. ‘

EXAMPLE 47
9 0
HN)k(O HN/I‘\(O
T NH
cu—N_ | P —>»  CH3;—N
Cl0,S (HyC) ;NO,S

2.3.4.7,8,9-Hexahvdro-N,N,8-trimethyl-2,3-dioxo-
1H-pvrrolo(3,4-flquinoxaline-6-sulfonamide

PCT/US93/09667
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The product of Example 46 (0.5 g) was slurred in
tetrahydrofuran (10 mL) at room temperature while
exposed to gaseous dimethylamine.

When the reaction had come to completion
(monitored by TLC), the solvent was decanted from the
oily precipitate. The precipitate was now treated with
water which left the product as a white solid. The
solid was filtered off and washed with water,
mp 290-293°C.

In a similar manner were prepared the following
sulfonamides:

4-[(2,3,4,7,8,9-hexahydro-8-methyl-2,3-dioxo-
1H-pyrrolo[3,4-flquinoxalin-6-yl)sulfonyl]lmorpholine,
mp >300°C;

1-[(2,3,4,7,8,9-hexahydro-8-methyl-2,3-dioxo-
1H-pyrrolo(3,4-flquinoxalin-6-yl)sulfonyl]lpyrrolidine,
mp >300°C; and

2,3,4,7,8,9-hexahydro-8-methyl-2,3-dioxo-
1H-pyrrolo[3,4-flquinoxaline-6-sulfonamide, mp >300°C.

EXAMPLE 48
NH, NHCOCO,Et
O,N N O,N N
e
& 2
N N

Ethyl 6-nitro-5-quinolinyl)amino] oxoacetate

A solution of 5-amino-6é-nitroquinoline (3 g,
16 mmol) in 50 mL DMF was treated with triethylamine
(3.2 g, 32 mmol) and ethyl oxalylchloride (24 mmol) and
then heated at 50°C for 1 hour. A solid was removed by
filtration, and the filtrate was concentrated in vacuo
and treated with diethyl ether to precipitate a solid.
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A solid was collected by filtration and washed with
ether (3.7 g, 80% yield).

EXAMPLE 49
NHCOCO,Et .
———
&
N @)
N H

1,4,7,8,9,10-Hexahvdropyrido[3,2-f inoxaline-

2,3-dione
The reaction product, Example 48, was dissolved in
100 mL acetic acid, treated with PtO, (0.01 g), and

‘then placed on a Parr apparatus under 51.1 psi hydrogen

gas for 15.5 hours. Additional PtO, (0.15 g) was added
and the apparatus recharged with hydrogen (52.7 psi).
After a total of 47 hours, the catalyst was removed by
filtration and washed with additional hot acetic acid.
The filtrate was evaporated to a syrupy solid and then
heated on a steam bath in methanol/ether. A solid

(1 g, 38%) was collected by filtration and crystallized
from methanol, DMF, and water and then washed with
ether to give a light yellow solid, mp >285°C.

Analysis for C,;;H,,NO,-0.5H,0: |

Calc.: C, 58.40; H, 5.35; N, 18.57.

Found: C, 58.70; H, 5.22; N, 18.63.



WO 94/09000 PCT/US93/09667

10

15

20

25

30

35

-50-
EXAMPLE 50
NO, NHAC
N
—_—
&
N
N H
N-(1.2,3.4-tetrahyvdro-5-quinolinyl)acetamide

A solution of 5-nitroquinoline (50 g, 0.29 mol) in
1 L acetic acid and 30 mL acetic anhydride was treated
with 5% Pd/C (3 g) and shaken on a Parr apparatus under
a H, atmosphere (50.8 psi) for 10.4 hours. The
reaction was then treated with PtO, (1 g) and recharged
with H, (50.8 psi) and shaken an additional 2 hours.

After removing the catalyst by filtration, the filtrate

was evaporated and the residue was separated between
methylene chloride and water. The aqueous layer was
basified with 50% NaOH and washed with methylene
chloride. The combined organic layer was dried over
sodium sulfate, filtered, and evaporated. The
resulting solid was crystallized from ethyl acetate
(23 g, 42%).

EXAMPLE 51

NHAC NHAC

N

A

N-[1,2,3,4-tetrahydro-1-(1-oxobutyl)-5-quinolinyl] -

jast=4

acetamide
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A mixture of the product from Example 50 (10 g,
53 mmol), butyric anhydride (12.5 g, 79 mmol), and
triethylamine (10 g, 0.1 mol) in 50 mL methylene
chloride was heated at reflux for 4 hours. The mixture
was washed with water, and the organic layer was dried
over sodium sulfate, filtered, and evaporated. The
residue was chromatographed on silica gel (40-60% ethyl
acetate in heptane as eluant) to give the product
(9.5 g, 69%).

EXAMPLE 52

NHAC NHAC

O,N
e
N N

N-[1,2,3.4-tetrahydro-6-nitro-1-(1-oxobutyl) -

5-quinolinyllacetamide
A solution of the product from Example 51 (7.3 g,

28 mmol) in 50 mL acetic acid was treated with fuming
nitric acid (10 mL) and stirred at room temperature for
1 hour. The reaction mixture was concentrated by
rotoevaporation and added to a solution of potassium
carbonate in water. After extraction with methylene
chloride, the organic layer was dried over sodium
sulfate, filtered, and evaporated. The residue was
chromatographed on silica gel (40% ethyl acetate in
heptane to 100% ethyl acetate as eluant). Obtained
from the chromatography 4.5 g of the 6-nitro adduct,
2.2 g of mixture of the 6-nitro and 8-nitro products,
and 1 g of the pure 8-nitro adduct.



WO 94/09000 PCT/US93/09667

10

15

20

25

30

35

-52-
EXAMPLE 53
NHAC NH,
O3N O2N
—
N
4E\v/ﬁ\\ :

o

1,2,3,4-Tetrahydro-6-nitro-5-quinolinamine

The product from Example 52 (2.1 g, 6.9 mmol) was
refluxed in 50 mL 2N HCl for 4 hours. The mixture was
cooled and basified with 12.5% NaOH and then extracted
with methylene chloride. Sodium chloride was added to

the aqueous solution and then extracted again. The

combined organic extracts were dried over sodium
sulfate, filtered, and evaporated to an orange solid
(1.29 g, 97%).

EXAMPLE 54
NH, NHCOCO,Et
O,N 0,N
i
N
H Y |
COCO,Et

Ethyl [6-[(ethoxyoxoacetyl)amino]-3,4-dihydro-6-nitro-
@-oxo-1 (2H) -quinolineacetate

A mixture of the product from Example 53 (1.29 g,
6.7 mmol), ethyl oxalylchloride (2.7 g, 20 mmol), and

triethylamine (2.7 g, 27 mmol) in 40 mL THF was stirred
at room temperature for 18 hours. The solvent was
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evaporated and the residue was extracted with methylene
chloride/water. The organic layer was dried over
sodium sulfate, filtered, and evaporated. The residue
was chromatographed on silica gel (50% ethyl acetate in
heptane as eluant) to give a syrup (2.8 g, 85%).

EXAMPLE 55
NHCOCO,Et | .
0N Et0,C. _N N. 0O
- T
° N7 Yo
N H
COCO,Et

Ethyl 1,2,3,4,9,10-hexahydro-o,2,3-trioxopyrido[3,2-£]-

guinoxaline-7(8H) -acetate

A solution of the product from Example 54 (2.9 g)
in 100 mL EtOH was treated with 5% Pd/C (1 g) and
shaken on a Parr apparatus under a H, atmosphere
(50.2 psi) for 40 minutes. After removing the catalyst
by filtration, the filtrate was evaporated and the
residue chromatographed on silica gel (10-50% ethyl
acetate in heptane as eluant). Partially purified
material from the column was triturated in hot
toluene/MeOH. A solid (0.3 g, 14%) was collected by
filtration, mp >285°C.
Analysis for C,gH,gN;30g:
Calc.: C, 56.78; H, 4.77; N, 13.24.
Found: C, 54.23; H, 4.82; N, 13.16.
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EXAMPLE 56
NO, NH;
5 N N
e g
2N 2N

10
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35

5-Isogginolinaﬁine

5-Nitroisoquinoline (100.3 g, 0.576 mol) was
dissolved in MeOH and shaken with Raney nickel (10 g)
on a Parr apparatus under a H, atmosphere (50 psi) for
21 hours. The MeOH was removed in vacuo, the residue
dissolved in chloroform (150 mL), and filtered into
600 mL petroleum ether. The solid was collected by
filtration. This trituration procedure was repeated
several times to give 81.24 g (98%) of the desired

product.
EXAMPLE 57
NH, Br
N N
—
2N 2N

5-Bromoisoquinoline
The procedure described by Osborn AR, et al,

J_Chem Soc 1956:4191 was used. 5-Aminoisoquinoline
(43.6 g, 0.302 mol) was dissolved in 300 mL 48% HBr and
200 mL water and cooled in an ice bath. NaNO,

(21.21 g, 0.307 mol) in 130 mL of water was added
dropwise to the HBr solution and the reaction stirred
for 1 hour. CuBr (52 g, 0.363 mol) in 500 mL of

48% HBr was heated to 85°C, the diazonium solution
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added dropwise from an ice-cooled jacketed-addition
funnel, and the reaction stirred overnight at 50°C.
The reaction mixture was cooled in an ice bath and the
acid neutralized by dropwise addition of concentrated
NH,OH solution. The solid precipitates were filtered
off, washed with concentrated NH,OH until colorless,
and then water. The solid was dissolved in ethyl
acetate, washed with brine (2x), and dried over
magnesium sulféte, filtered, and evaporated. The
reside was chromatographed on silica gel (30% ethyl
acetate in hexane as eluant) to give 53.7 g (86%) of
the product as an off-white solid.

EXAMPLE 58
Br Br
—_—
N N
“Me “Me
NO, NHAC

N- (5-bromo-1,2,3,4-tetrahydro-2-methyl-
8-isogquinolinyl)acetamide

A solution of the product of Example 30 (6 g,
22.1 mmol) was dissolved in 100 mL THF. Raney nickel
washed with acetone (2 x 5 mL) and THF (3 x 5 mL) was
added and the reaction vessel purged with hydrogen.
The reaction was stirred for 3 hours and freshly rinsed
catalyst added. After 90 minutes, the reaction was

complete. The catalyst was removed by filtration,
washed with THF, and the filtrate evaporated. The
residue was dissolved in 100 mL acetic anhydride and
stirred for 72 hours. Excess acetic anhydride was
removed in vacuo and the solid residue washed with
ether. The solid was dissolved in chloroform and
washed with saturated sodium bicarbonate. The organic
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layer was dried over magnesium sulfate, filtered, and
evaporated. The solid was washed with ether and dried
to give 5.03 g (80%) of the desired product,
mp 192-194°C (dec).

In a similar manner, N-5-bromo-2-ethyl-
1,2,3,4-tetrahydro-8-isoquinolinyl)acetamide was

prepared.
EXAMPLE 59
Br Br
e
N{ N
Me O,N Me
NHAC NHAC

‘N-(5-bromo-1,243.4-tetrahvdro-2-methvl-7-nitro-

8-isoguinolinyl)acetamide
The product of Example 58 (4.93 g, 17.4 mmol) was

dissolved in 85 mL trifluoroacetic acid, and then 20 mL
fuming nitric acid was added over 2 hours. After
stirring for 16 hours, the TFA/HONO, was removed
in vacuo, and the residue was washed with chloroform
and saturated sodium bicarbonate solution. The organic
layer was dried over magnesium sulfate, filtered, and
evaporated to give a light brown solid. This was
washed with ether and dried to give 5.16‘g (90%) of the
desired product.

In a similar manner, N-(5-bromo-2-ethyl-
1,2,3,4-tetrahydro-8-isoquinolinyl)acetamide was
prepared. '
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EXAMPLE 60
Br Br
em——
N N
O,N “Me  O,N “Me
NHAC NH3

5-Bromo-1,2 4-tetrahydro-2-methyl-7-nitro-
8-isoquinolinamine

The product from Example 59 (3.01 g, 9.17 mmol)
was added to a cooled solution of sulfuric acid:water
(50 mL:25 mL) and heated to 90°C for 15 minutes. The
reaction was cooled in an ice bath and poured onto ice.

After the reaction mixture was neutralized with
ammonium hydroxide, the solid was collected by
4filtration, washed with water and redissolved in ethyl
acetate/THF, then dried over magnesium sulfate,
filtered, and evaporated to give 2.48 g (95%) product.
Analysis for C,gH,;,BrN;O,-0.35H,0:
Calc.: C, 41.06; H, 4.37; N, 14.36.
Found: C, 41.06; H, 4.16; N, 13.96.

In a similar manner, 5-bromo-2-ethyl-
1,2,3,4-tetrahydro-7-nitro-8-isoquinolinamine was

prepared.
EXAMPLE 61
Br
—e-
N., NJ
O2N Me H,N Me
NH, NH;

1.2.3,4-Tetrahyvdro-2-methyvl-7,8-isoquinolinediamine
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The product from Example 60 (1.0 g, 3.49 mmol) was
suspended in 1C0 mL MeOH and treated with 20% P4/C
(0.2 g). The reaction mixture was purged with H, and
stirred for 4 hours. The catalyst was removed by
filtration and the filtrate was concentrated to give a
brown solid (0.81 g, 90%).

In a similar manner, 2-ethyl-1,2,3,4-tetrahydro-
7,8-isoquinolinediamine hydrobromide was prepared.

EXAMPLE 62

H
— N_ O
N
HoN “Me :E _
A 0

1,4,7.,8 10-Hexahydro-9-methylpyridof3,4-f] -
guinoxaline-2, 6 3-dione

The product from Example 61 (0.7 g, 2.71 mmol) and
oxalic acid dihydrate (0.66 g, 5.24 mmol) in 25 mL
3N HCl1l were heated at reflux for 5 hours. After
cooling to room temperature, the solids were collected
by filtration, washed with cold water, and dried
(0.5 .g). Recrystallized from hot water, washed with
ethyl acetate, and dried in vacuo over P,05 to give
0.36 g (49%), mp >327°C, (>99.8% pure by C-18 reverse
phase HPLC). :
Analysis for C,,H,;N;0,-HC1-0.4H,0:
Calc.: C, 52.46; H, 5.42; N, 15.30; Cl, 12.89.
Found: C, 42.47; H, 5.20; N, 15.16; Cl, 11.0S.

In a similar manner, the 9-ethyl-
1,4,7,8,9,10-hexahydropyrido[3,4-f]lquinoxaline-
2,3-dione was prepared.
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Analysis for C,3H;gN;0,-HCl:

Calc.: C, 55.42; H, 5.72; N, 14.91; Cl1, 12.58.

Found: C, 54.73; H, 5.81; N, 14.84; Cl, 11.95. (>99.9%
pure by C-18 reverse phase HPLC).

In a similar manner, 6-bromo-9-ethyl-
1,4,7,8,9,10-hexahydropyrido[3,4-£f]quinoxaline-
2,3-dione was prepared.

Analysis for ClelzBrN302~HC1:
Calc.: C, 41.58; H, 3.78; N, 12.12.
Found: C, 41.20; H, 3.80; N, 11.97.

In a similar manner, 6-bromo-
1,4,7,8,9,10-hexahydro-9-methylpyrido[3,4-£f]-
quinoxaline-2,3-dione was prepared.

Analysis for C,,H,,BrN;0,-CH;S05H:

calc.: C, 40.01; H, 4.32; N, 10.00; S, 7.63.

Found: C, 39.70; H, 4.26; N, 9.89; S, 7.13.

EXAMPLE 63
Br Br
——
N N
O,N “Me H,N “Me
NH, NH,

5-Bromo-1,2,3,4-tetrahvdro-2-methyl-7,8-isoquinoline-

diamine

A solution of the product from Example 60 (1.02 g,
3.49 mmol) in 50 mL THF was treated with Raney nickel
(prewashed with acetone followed by THF), and the
reaction vessel was purged with H,. After stirring for
2.5 hours, the catalyst was removed by filtration and
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the filtrate evaporated to give a tan oil. The product
was used without further purification.

In a similar manner, 5-bromo-2-ethyl-
1,2,3,4-tetrahydro-8-isoquinolinediamine was prepared.

EXAMPLE 64

NHAC NHAC

NMe NMe

Br §

CO,Et

Ethyl 3-[5-acetylamino)-1,2 4-tetrahvdro-2-methyl -

8-isoquinolinyl] -2 -propenoate

A solution of the product from Example 5 (2.00 g,
7.06 mmol) in 25 mL of acetonitrile and 5 mL of
triethylamine was treated with ethylacrylate (2.0 mL)
and bis(triphenylphosphine)palladium(II) chloride
(0.30 g). The resulting solution was heated at reflux
for 72 hours. The reaction mixture was cooled and
dissolved in chloroform. The organic phase was washed
with saturated aqueous sodium bicarbonate, dried
(Na,SO,), and concentrated. The residue was
crystallized from acetonitrile to give 0.94 g (44%) of
the desired product.

PCT/US93/09667



WO 94/09000

(8,4

10

15

20

25

30

35

PCT/US93/09667
-61-
EXAMPLE 65
NHAC NHAc
e
NMe NMe
A CO,Et

CO,Et

Ethyvl 5- (acetylamino)-1,2,3,4-tetrahvdro-2-methyl-

8-isoquinolinepropanoate
A solution of the product from Example 64 (0.90 g,

2.98 mmol) was dissolved in tetrahydrofuran and
hydrogenated at 52 psi over 5% Pd/C for 16.4 hours.
The reaction mixture was filtered and concentrated to

give 0.65 g (72%) of the desired product.

EXAMPLE 66

NHAC NHAC
O,N
—_—
NMe NMe
CO,Et COzEt

Ethyl 5- (acetylamino-1,2,3,4-tetrahydro-2-methyl-
7-nitro-8-isoquinolinepropanoate

A solution of the product from Example 65 (0.50 g,
1.65 mmol) in 5 mL of trifluoroacetic acid was treated

with 0.5 mL of fuming nitric acid dropwise. The
resulting solution was stirred at room temperature for
18 hours. The reaction mixture was concentrated and
the residue dissolved using chloroform/saturated
aqueous NaHCO; solution. The organic phase was
separated, and the aqueous phase was extracted with
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additional chloroform. The combined organic extracts
were dried (Na,SO,) and concentrated. The residue was
purified by chromatography (SiO,, 20:1:1
CHC1l,:EtOH:Et;N) to give 0.52 g (90%) of the desired
product.

EXAMPLE 67
NﬁAc NH;
O,N O,N
NMe NMe

CO,Et COxH

_5-Amino-1,2,3,4-tetrahzdro-2-methxl-7-nitro-

8-isoquinolinepropanoic acid
The product from Example 66 is converted to the

desired product by the method described in Example 66.

EXAMPLE 68

O,;N HoN
——
NMe NMe

CO,H CO,H

5,6-Diamino-i,2,3,4-tetrahxdro-2-methyl-
8-isoquinolinepropanocic acid

The product from Example 67 is converted to the
desired compound by the method described in Example 67.
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EXAMPLE 69
0
0
NH, ﬁ)LN-H
HyN HN
—
NMe NMe
COzH CO,H

1,2,3,4.7.8 10-octahydro-8-methyl-2,3-dioxo-
ridof[4,3-f inoxaline-6-propanoic acid

The product from Example 68 is converted to the
desired compound by the method described in Example 62.

EXAMPLE 70

NHAC NHAc

NMe NMe

Br COMe

Methyl [8-(2-methyl-5-acetamido-1,2,3,4-tetrahydroiso-

quinolinyl)]lcarboxylic acid
A solution of the product from Example 5 (0.76 g,

2.70 mmol) in 50 mL of acetonitrile, 0.75 mL MeOH, and
1.3 mL of triethylamine was treated with

bis (triphenylphosphine)palladium(II) chloride (0.30 g).
The resulting solution was placed in a high pressure
reactor, charged to 800 psi with carbon monoxide, and
heated at 120°C for 8 days. The reaction mixture was
cooled and dissolved in chloroform. The organic phase
was washed with saturated aqueous sodium bicarbonate,
dried (Na,SO,), and concentrated. The residue was
purified by chromatography (SiO,, 10:1:1
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CHC1;:EtOH:Et3N) to give 0.26 g (37%) of the desired
product.

EXAMPLE 71
NO; NO, o
CO,H
CO,H
0
Ethyl S5- tylamino) -1,2 4-tetrahydro-2-methyl-

7-nitro-8-isoquinolinepropanoate

A 3 L 3-neck flask was charged with 3-nitro-
phthalic acid (502 g, 2.38 mol) and 1,3-dimethyl urea
(230 g, 2.62 mol). This was heated slowly to 170°C
then allowed to cool. One liter ethanol was added to
the reaction product before it solidified. The product
which crystallized was filtered, washed with ethanol

and ether, and air dried to a yelloﬁ powder, 420.7 g.
A second crop was 50.4 g for a yield of 96%.
EXAMPLE 72

NO; o NH; o

NMe — NMe

4-Amino-2-methyl-1H-isoindole-1,3 (2H) -dione

A pressure reactor was charged with 2-methyl-
4-nitro-1H-isoindole-1,3(2H) -dione (59.0 g, 0.286 mol),
1 L acetic acid, and 2 g 5% Pd4/C. Thg reactor was

pressurized to 48 psi hydrogen, and the exothermic
reaction was complete in 2 hours. The catalyst was
removed with hot filtration, and the filtrate combined
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with the contents of another reactor which contained
53.2 g of 3-nitrophthalimide under the same conditions.
The acetic acid was removed at the rotovap, then the
salt was cracked by adding 2 M ammonium hydroxide. The
slurry was stirred 30 minutes; then filtered; washed
with water, ethanol, and ether; and dried at the pump
to give 91.4 g, 95% of the product.

EXAMPLE 73

NH, o NHAC

NMe ——» NMe

2,3-Dihvdro-2-methyvl -1H-igoindol -4-amine

A 5-L flask was set up with an overhead stirrer,
temperature probe, and 500-mL addition funnel. The
flask was charged with lithium aluminum hydride (100 g)
and anhydrous tetrahydrofuran (1.5 L). The resulting
suspension was treated with 4-amino-2-methyl-
1H-isoindole-1,3 (2H) -dione (100 g, 0.56 mol) at a rate
such that the reaction did not become too vigorous.
The resulting suspension was heated at reflux for
18 hours. The reaction vessel was cooled, placed in an
ice bath, and cautiously quenched with 100 mL water,
100 mL 1N NaOH, and 300 mL water. The resulting |
suspension was treated with chloroform (1.5 L) and the
pH of the suspension adjusted to 12 with 50% aqueous
sodium hydroxide solution. The resulting suspension
was treated with acetic anhydride (300 mL) while
maintaining the pH at approximately 12. The reaction
mixture was treated with sodium sulfate (800 g) and
potassium carbonate (200 g), and the reaction mixture
was filtered. The filter cake was washed with
additional chloroform, and the combined filtrates were

PCT/US93/09667
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concentrated. The residue was crystallized from ethyl
acetate to give 71 g (66%) of the desired product,
mp 157°C.

EXAMPLE 74

Et « HC1 ?t

I
N N
. H N
N 0] E 0
:I: :I:

N 0]

N O,N N~ 7o
9-Ethyl-1,4,7,8,9,10-hexahvdro-6-nitro-pyrido[3,4-
flquinoxaline-2,3-dione

A solution of 9-ethyl-1,4,7,8,9,10-hexahydro-
pyrido(3,4-f]lquinoxaline-2,3-dione (0.61 g, 2.16 mmol)
in 20 mL of concentrated sulfuric acid was treated with
a solution of potassium nitrate (0.25 g, 2.47 mmol) in

2 mL concentrated sulfuric acid. After stirring for
3 hours at room temperature, the reaction mixture was

poured onto ice and cooled in an isopropyl alcohol/dry
ice bath. Ammonium hydroxide was added to adjust the
PH to 8.9, and the yellow solid was collected by
filtration (0.59 g, 94% yield).
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EXAMPLE 75

Et ¢ MeSO3;H

%II—~%(I

9-Ethyl-1.4,7.8,9,10-hexahydro-6-nitro-pyrido-
3.4-f inoxaline-2,3-dione methanesulfonate

The product from Example 74 was suspended in
300 mL dimethylformamide and 1 mL of 3 N
methanesulfonic acid added. The suspension was warmed
to 100°C. The colour changed from orange to yellow and
all of the solid dissolved. Solvent was evaporated in
vacuo, the yellow residue washed with acetone and then
dried under vacuum over P,0; to give the title compound
(0.73 g, 92% yield) mp = 302-304°C.
Analysis for C,3H;,N;0,4°1.07 CH3SO3H-0.25 Hy0:
Calc: C, 42.54; H, 4.76; N, 14.11; S, 8.60.
Found: C, 42.54; H, 4.72; N, 14.27; S, 8.60.

EXAMPLE 76

%e e HC1
N

Br I—»%I):

6-Bromo-1.4,7.8,9,10-hexahydro-9-methyl-pyrido-
3,4-Ff inoxaline-2,3-dione_methansulfonate

6-Bromo-1,4,7,8,9,10-hexahydro-9-methylpyrido-
[3,4-f] -quinoxaline-2,3-dione hydrochloride (3.16 g,
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9.12 mmol) was dissolved in 1.8 L boiling water and
treated with sodium bicarbonate (0.8 g, 9.2 mmol). The
mixture was cooled and placed in a 5°C freezer. The
precipitate was collected, washed with acetone and
ether and dried to give the title compound (2.17 g, 77%
yield).

EXAMPLE 77

¥e
N
H
N. 0O B o
I I
Br N 0
H Ny o

1,4,7.8 10-Hexahydro-9-methyl-pyrido-

3,4-f inoxaline-2,3-dione monohydrochloride
The product from Example 76 (1.25 g) and 20% Pd/C

(0.5 g) in 100 mL dimethylformamide was shaken on a
Parr apparatus under 52 psi H, (g) for 15.5 hours.
After filtration of the catalyst, the solvent was
removed and the residue washed with ether and
ether/acetone. The tan solid was dissolved in a
minimum of water and neutralized with 5 drops of
ammonium hydroxide which induce slow precipitation.
The solid was again collected and washed with
water/acetone to give of the title compound (0.65 g,
70% yield).
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EXAMPLE 78

%e %e
N N
H H
N 0] N 0
I I
N (o) OoN N 0]
H H

1,4,7.8 10-Hexahydro-9-methyl -6-nitro-pyrido-
4-f inoxaline-2_.3-dione methansulfonat

A solution of the product from Example 77
(0.64 g, 2.77 mmol) in 20 mL concentrated sulfuric acid
was treated with potassium nitrate (0.29 g, 2.87 mmol)
in 2 mL concentrated sulfuric acid. After stirring
overnight at room temperature the reaction mixture was
poured onto ice, cooled in a dry ice bath, and then
basified with ammonium hydroxide to pH 8.9. The
orange/yellow solid was collected by filtration and
washed consecutively with water, acetone and ether and
dried to give the title compound (0.78 g, 100% yield).

EXAMPLE 79

Me

%e
N .
H
N 0 ﬁ 0
:I: :I:
O-N N 0
2 o H,N ﬁ 0

6-Amino-1,4,7.8 10-hexahvdro-9-methvl -pyrido-

[3,4-flquinoxaline-2,3-dione
A solution of the product from Example 78 (0.77 g,

2.79 mmol) in 100 mL acetic acid was treated with 5%
Pd/C (0.1 g) and shaken on a Parr apparatus at 52 psi

PCT/US93/09667
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for 9.5 hours. After removing the catalyst by
filtration, the solvent was removed and the residue
recrystallized from water to give the mono acetic acid
salt (0.14 g). The filtrate was basified to pH 9 with
ammenium hydroxide to precipitate the free base, which
was further washed with water and then ether to give
the title compound as a brown solid (0.46 g).

EXAMPLE 80

Me
i
H
N_ O it
I I
H,N N7 0
2 N N

N-(1,2,3,4,7.8 10-Octahydro-9-methyl-2,3-dioxo-
rid 4-f inoxalin-6-v1 cetamid

0

AcCHN 0

A mixture of the product from Example 79 (0.27 g,
1.1 mmol) in 25 mL acetic acid and 10 mL acetic
anhydride was stirred at room temperature for 18 hours.

After removing the solvent, the residue was washed with

ether, dissolved in water and then basified with
saturated sodium bicarbonate. The flask was cooled in
the freezer for 2 hours and the precipitate collected
by filtration, washed consecutively with water and
ether, and dried over P,0g5 in vacuo to give the title
compound (0.2 g). .

PCT/US93/09667
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EXAMPLE 81
7 /lH
COQOEt
S | NH, A N~1rf
3 (0]

Oxo[ (8- inolin l)aminolacetic acid ethyl ester

A mixture of 8-aminoquinoline (14.4 g, 0.1 mol),
ethyloxalyl chloride (16.4 g, 0.12 mol) and
triethylamine (15 g, 0.15 mol) in 150 mL chloroform was
stirred at room temperature for 18 hours. The mixture
was washed with water and extracted with methylene
chloride. The combined organic layers were washed with
saturated NaCl solution, dried over sodium sulfate,
filtered and evaporated. The residue was then
crystallized from toluene/heptane to give the title
compound (20.6 g, 86% yield).

Analysis for C,;H;,N,03:
Calc: C, 63.93; H, 4.95; N, 11.47.
Found: C, 63.20; H, 5.12; N, 11.35."

EXAMPLE 82

| COOEt

H N
i . -
0]

Z
Y

5-Bromo-8-quinolinyl)amino] oxo-acetic acid ethyl

ester
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A solution of the product from Example 81 (20 g,
82 mmol) in 200 mL acetic acid was treated with a
solution of bromine (15.7 g, 0.198 mol) in 50 mL of
acetic acid and stirred at room temperature for 1 hour.
The solid was collected by filtration and washed with
ether to give the title compound (23.5 g, 89% yield).

EXAMPLE 83

ethyl ester
A solution of the product from Example 82

(23.5 g, 58 mmol) in 30 mL fuming nitric acid and

150 mL trifluoroacetic acid was heated at 80°C for

18 hours. The solvent was removed and the residue was
treated with water to give a solid. The solid was
collected by filtration and washed with ether and dried
to give the title compound (9.5 g, 45% yield).
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EXAMPLE 84
7 NH u
H

S I NTCOOEt X .o
O I
Br NO, IﬁT 0

1,4,7,8,9,10-Hexahvdro-pyrido[2,3-f inoxaline-

2,.3-dione

A solution of the product from Example 83 (1 g,
2.7 mmol) in 250 mL acetic acid was treated with 20%
Pd/C (0.1 g) and shaken on a Parr apparatus under 52
psi hydrogen gas for 21 hours. After removal of the
catalyst, the solvent was evaporated but gave
negligible material. The catalyst/celite was washed
two times with 1 N HCl, and the aqueous solution was
basified with sodium bicarbonate. The precipitate was
collected by filtration, dried and then recrystallized
from methanol/dimethylformamide to give the title
compound (0.26 g, 44% yield) mp >300°C.
Analysis for C,,H,,N;0,-1.5H,0:
Calc: C, 54.09; H, 5.78; N, 17.20.
Found: C, 54.20; H, 5.82; N, 17.17.
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EXAMPLE 85
I N l N OYCOOEt
‘ NH, NH
—-
NO, NO,

6-Nitro-5-quinolinvl)amino] oxo-acetic acid ethvl

ester

A solution of 5-amino-6-nitroguinoline (3 g,
16 mmol) in 50 mL dimethylformamide was treated with
triethylamine (3.2 g, 32 mmol) and ethyloxalyl chloride
(3.2 g, 24 mmol) and heated at 50°C for 1 hour. After
removing the triethylamine hydrochloride by filtration,
the filtrate was concentrated and diethyl ether added.
The title compound (3.7 g, 80% yield) was collected by
filtration.

t

EXAMPLE 86

N OYCOOEt - N OYCOOEt
| NH HN NH
— %
NO, NO,

1,2-Dihydro-6-nitro-5-quinolinyl)amino] oxo-aceti
acid ethyl ester
A solution of the product from Example 85 (5 g,
17.5 mmol) in 80 mL acetic acid was treated with sodium

cyanoborohydride (2.2 g, 35 mmol) portionwise under an
argon atmosphere and stirred for 4 hours. Water
(100 mL) was added to the reaction mixture, and the
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resulting solid was collected by filtration and dried
(3.9 g, 78% yield).

EXAMPLE 87

N OYCOOEt Og_-COOEt
HN NH HN NH

NO
10 2 NO,

1,2,3,4-Tetrahydro-6-nitro-5-quinolinyl)amino] oxo-

acetic acid ethyl ester
15 A solution of the product form Example 86 (4.8 g,

16.5 mmol) in 250 mL tetrahydrofuran was treated with
triphenylphosphine (5 g) and rhodium trichloride
(0.83 g) and shaken in a Parr apparatus under a
hydrogen atmosphere (54 psi) for 40 minutes. The

20 solvent was evaporated and the residue was purified by
silica gel chromatography (4:1 to 1:1 heptane:ethyl
acetate as eluant) to give the title compound as a red

solid (4.22 g, 87% yield).
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EXAMPLE 88
OYCOOEt Og_-COOEL
HN NH HN N _A~_-CHs
—_—
N02 NOZ

Butyl(1,2.3,4-tetrahydro-6-nitro-5-quinolinyl) -
aminoloxo-acetic acid ethyl ester

A mixture of the product form Example 87 (0.87 g,
3 mmol), bromobutane (0.49 g, 3.6 mmol) and cesium
carbonate (1.17 g, 3.6 mmol) in 10 mL acetonitrile was
stirred at room temperature for 4 hours. An additional
equivalent of bromobutane and cesium carbonate was
added and the reaction heated at 50°C for 5 hours.
Solids were removed by filtration and the filtrate
concentrated. The residue was purified by silica gel
chromatography (4:1 to 3:2 heptane:ethyl acetate as
eluant) to give the title compound as a yellow syrup
(0.63 g, 61% yield).

EXAMPLE 89
OYCOOEt ,/\/
N N HN 0
C————
NO, io°

1-Butvl-1,4.7,8,9,10-hexahvdropyrido[3,2-flauinoxaline-
2,3-dione

A solution of the product from Example 88 (0.63 g)
in 75 mL of acetic acid was treated with 5% P4/C
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(0.2 g) and shaken on a Parr apparatus under a hydrogen
atmosphere (52 psi) for 12 hours. The catalyst was
removed by filtration and the filtrate evaporated. The
residue was washed with ether to give the title
compound (0.35 g, 71% yield).

EXAMPLE 90
HN 0 AcN O
I — D
N 0

7-Acetvl-1-butyl-1,4,7,8,9,10-hexahvdro-pyrido-

3,2-f inoxaline-2,3-dione

The product from Example 89 (0.14 g, 0.5 mmol) was
solubilized in a minimal amount of dimethylformamide
and then treated with 2 mL dichloromethane, acetic
anhydride (0.15 g) and triethylamine (0.15 g). After
the mixture stirred at room temperature for 18 h, it
was poured onto dichloromethane/water. The aqueous
layer was washed with dichloromethane and the combined
organic layers over sodium sulfate, filtered and
evaporated to give a dark syrup. The syrup was
purified by silica gel chromatography (ethyl acetate as
eluant) to give the title compound (30 mg, 19% yield).
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EXAMPLE 91
HN o) Me\s,N 0
77N
N 0
Ny H
1-Butyl-1,4,7 10-hexahvdro-7-methanesulfonyl -

ridof3,2-f inoxaline-2,3-dione
The product from Example 89 (0.12 g, 0.45 mmol)
was solubilized in a minimal amount of dimethyl-

formamide and then treated with 2 mL dichloromethane,
methanesulfonyl chloride (0.17 g) and triethylamine
(0.15 g). After stirring at room temperature for 4 h,
the mixture was washed with water, dried over sodium
sulfate, filtered and evaporated. The residue was
purified by silica gel chromatography (4:1
heptane:ethyl acetate as eluant) to give the title
compound (30 mg, 17% yield).

EXAMPLE 92
oYcoom: OYCOOE'C
———- .
NO, NO,

Oxo henyimethvl) (1,2,3,4-tetrahvdro-6-nitro-
5-quinolinyl)aminolacetic acid ethyl ester

A mixture of the product from Example 87 (0.58 g,
2 mmol), benzylbromide (0.41 g, 2.4 mmol) and cesium
carbonate (0.78 g, 2.4 mmol) in 10 mL of acetonitrile
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was stirred at room temperature for 2 hours. The
triethylamine hydrobromide was removed by filtration
and the filtrate evaporated. The residue was purified
by silica gel chromatography (2:1 heptane:ethyl acetate
as eluant) to give the title compound as a yellow solid
(0.7 g, 91% yield).

EXAMPLE 93

O§T,C00Et
:I:
N" Yo
H

NO,

1,4,7,8,9,10-Hexahvdro- (1-phenylmethyl) -pyrido-
[3,2-flquinoxaline-2,3-dione
A solution of the product from Example 92 (0.67 g,

1.7 mmol) in 20 mL tetrahydrofuran was treated with
Raney nickel (0.1 g) and stirred under a hydrogen
atmosphere (1 atm) for 48 hours. The Raney nickel was
removed with a magnet and washed with methanol. The
remaining solid was collected by filtration, washed
with methanol and then dissolved in 2 N HCl1l and
filtered. The filtrate was neutralized with saturated
sodium bicarbonate and the precipitate collected by
filtration and dried to give the title compound

(0.30 g, 57% yield) mp >300°C.

Analysis for C,gH,¢N;0,°0.6 H,0:

Calc: C, 67.95; H, 5.77; N, 13.21.

Found: C, 67.68; H, 5.57; N, 13.11.



10

15

20

25

30

35

WO 94/09000

-80-

EXAMPLE 94

OYCOOEt OYCOOE‘:

HN
HN NH Me

N02 NOZ

Methyl (1,2 4-tetrahydro-6-nitro-5-quinrolinyl) -
amino]loxo-acetic acid ethyl ester

A mixture of the product from Example 87 (0.87 g,
3 mmol), methyl iodide (0.51 g, 3.6 mmol) and cesium
carbonate (1.17 g, 3.6 mmol) in 15 mL of acetonitrile
was stirred at room temperature for 2 hours. The
inorganic salts were removed by filtration and the
filtrate evaporated. The residue was dissolved in
methylene chloride, filtered and evaporated. The
product was then used without further purification
(0.86 g, 93% yield).

EXAMPLE 95

0 COOEt
Y Ilde
HN I~ HN (0]
Me a I
N (0]
NO, o

1,4,7,8,9,10-Hexahydro-1-methyl-pyrido-
[3,2-f]-quinoxaline-2,3-dione

A solution of the product from Example 94 (1.1g)
in 100 mL of acetic acid was treated with 20% P4d/C
(0.3 g) and shaken on a Parr apparatus under a hydrogen
atmosphere (50 psi) for 15.5 hours. After removing the

PCT/US93/09667
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catalyst by filtration through a celite pad, the
filtrate was evaporated and the yellow solide was
washed with diethyl ether and dried to give the title
compound (0.55 g, 69% yield) mp >285°C.

. Analysis for C,,H,3N30,°).1 Hy0:

Calc: C, 61.83; H, 5.71; N, 18.03.
Found: C, 61.44; H, 5.71; N, 18.01.
EXAMPLE 96

OYCOOEt OYCOOEt
HN ) HN
N %IM
—_—
NO, Br NO,
8-Bromo-1,2,3,4-tetrahydro-6-nitro-5-quinolinyl) -

aminoloxo-acetic acid ethyl ester
A mixture of the product from Example 87 (0.15 g,

0.5 mmol) and N-bromosuccinimide .(0.23 g, 1 mmol) in

2 mL dimethylformamide was stirred at room temperature
for 18 hours. The solution was poured onto methylene
chloride/water and separated and the water layer back
extracted with methylene chloride. The combined
organic layers were washed with water, dried over
sodium sulfate, filtered and evaporated. The residue
was purified by silica gel chromatography (4:1 to 1:1
heptane:ethyl acetate as eluant) to give the title
compound (0.15 g, 81% yield).

PCT/US93/09667
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EXAMPLE 97
oYcoom:
, , H
HN
5 \'H HN N (0]
—_—
Br NO, Br N YO
H
10 6-Bromo-1,4,7.8 10-hexahvdro-pyrido[3,2-f ino-

15

20

25

30

35

xaline-2,3-dione

Raney nickel was washed with acetone (2 x) and
then with tetrahydrofuran (2 x). A solution of the
product from Example 96 (0.3 g, 0.8 mmol) in 30 mL
tetrahydrofuran was added to the Raney nickel and was
stirred at room temperature under a hydrogen atmosphere
(1 atm) for 2 hours. The solution was decanted and
filtered. The Raney nickel was washed with methanol
and filtered and the combine filtrates were evaporated
to give a yellow solid (0.1 g, 42% yield). HPLC
analysis showed that 7% of the product was the
debrominated quinoxalinedione.

EXAMPLE 98

Mé\ Me

' H
N .0 O
:I: :I:
N 0 OoN N 0]
H H

1,4,7,8,9,10-Hexahydro-8-methyl-6-nitro-pyrido-
4,3-f inoxaline-2,3-dione methansulfonate
A solution of the product from Example 22
(1.07 g,4.7 mmol) was dissolved in 20 ml sulfuric acid.

Z
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Potassium nitrate (0.51 g, 5.0 mmol) was added in one
portion, and the solution stirred for 1 hour. The
solution was poured onto ice and made basic with
ammonium hydroxide. The yellow solid which formed was
filtered and washed with water and ether. The solid was
purified by crystallization from water. The solid was
suspended in water/DMF and 0.5 g methane sulphonic acid
was added. The solution was concentrated, and the
solid suspended in acetone, filtered and dried under
vacuum (100°C) to give the title compound (0.60 g, 35%
yield), mp = 292-294°C.

Analysis for (C;3H;5N30,°1.07 CH,SO3;H-0.9 H,0):

Calc: C, 41.04; H, 4.39; N, 14.65; Cl, 8.97.

Found: C, 41.02; H, 4.12; N, 14.25; Cl, 8.72.

EXAMPLE 99

Me Me_
H ,
N:I:é :jIzcl
—_—
Br %\{I 0 Br 7 Cl

6-Bromo-2,3-dichloro-7.8 10-tetrahydro-8-methyl -
rido[4,3-f inoxalin

A solution of the product from Example 19 (5.00 g,
14.4 mmol) was suspended in 200 mL thionyl chloride and
dimethyl formamide (10.0 mL) was added. The resulting
suspension was heated at reflux for 48 hours. The
reaction mixture was cooled and concentrated. The
residue was broken up in ether and collected by
filtration to give the title compound as a yellow solid
(5.44 g, 98% yield).
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EXAMPLE 100
Me Me

OMe

NSt N

Z .
Br Ccl Br OMe

-Bromo-7 10-tetrahvdro-2,3-dimeth -8-methyl-

ridof4,3-f inoxalin
Sodium (2.85 g, 124 mmol) was dissolved in 200 mL
of MeOH. The resulting solution was treated with the

product from Example 99 (4.44 g, 11.6 mmol) and the
resulting solution was stirred at room temperature for
18 hours. The reaction mixture was concentrated to
approximately 1/2 volume and diluted with CHC1,

(200 mL) and water (200 mL). The organic phase was
collected and the aqueous phase was extracted with
additional CHCl;. The combined organic extracts were
dried and concentrated. The residue was dissolved in
hot acetonitrile, treated with activated charcoal and
filtered. The solid which formed on cooling was
collected and dried under vacuum to give the title
compound as a white solid (2.12 g, 54% yield),

mp = 162°C.

Analysis for C,,H,BrN,0,:

Calc: C, 49.72; H, 4.77; N, 12.42.

Found: C, 49.54; H, 4.73; N, 12.38.
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EXAMPLE 101
Me\ Me ~ ]
N. OCH,Ph
M\ Ccl X 2
. P
Br Cl Br OCH,Ph

6-Bromo-7,8,9,10-tetrahydro-8-methyl -
2,3-bis (phenylmetho -pyrido[4,3-f inoxaline

Sodium hydride (15.0 g, 375 mmcl) was suspended in
500 mL of tetrahydrofuran and treated dropwise with
benzyl alcohol (50 mL). When no further hydrogen
evolution was observed the product frdm Example 99
(14.97 g, 39.0 mmol) was added in portions and the
resulting solution stirred at room temperature for
48 hours. The reaction mixture was concentrated to
approximately 100 mL volume and treated with CH,Cl,
(250 mL) and water (250 mL). The 6rganic phase was
collected and the aqueous phase was extracted with
additional CH,Cl, (4x 200 mL). The combined organic
extracts were dried and concentrated. The residue was
placed under vacuum to remove the excess benzyl
alcohol. The residue was purified by chromatography
(Si0,, 1:1 ethyl acetate, CHCl;) to give a yellow
solid. The solid was dissolved in hot acetonitrile,
treated wtih charcoal and filtered. The solid which
formed on cooling was collected by suction filtration
and dried under vacuum to give the title compound as a
yellow solid (7.16 g, 37% yield), mp = 147°C.
Analysis for C, H,,BrN;0,:
Calc: C, 63.68; H, 4.93; N, 8.57.
Found: C, 63.65; H, 4.92; N, 8.60.
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EXAMPLE 102
Me
~ N Me\N
N oM
\I e N \IOMe
—_—
& Z
Br N OMe Me N OMe

7.8,9,10-tetrahyvdro-2,3-dimethoxy-6,8-dimethyl -

pyridol4,3-flquinoxaline
A solution of the product from Example 100

(0.50 g, 1.48 mmol) in 20 mL of tetrahydrofuran was
cooled to -78°C and treated dropwise with sec-BuLi
(1.7 mL, 1.17 M in cyclohexane). The resulting green-
black solution was stirred at -78°C for 30 minutes.
The reaction mixture was treated with MeI (123 pL,
2.00 mmol) and the resulting solution stirred at -78°C
for 30 minutes. The reaction mixture was warmed to
room temperature and quenched with saturated aqueous
NH,Cl solution (2.0 mL). The reaction mixture was
extracted with CHCl; (4x 20 mL) and the combined
organic extracts were dried and concentrated. The

‘residue was broken up in heptane and collected by

suction filtration to give the title compound as a
orange solid (0.196 g, 48% yield).
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EXAMPLE 103
Me
\N Me\N
H
5 N\ OMe N 0
L — X
Me N OMe Me N o)
H
10 1,4,.7 10-Hexahydro-6,8-dimethyl -pyrido-

4,3-flquinoxaline-2,3-dione hydrochlorid
A solution of the product from Example 102
(0.172 g, 0.63 mmol) in 4 mL of aqueous 3N HCl solution
was heated at reflux for 2 hours. The hot solution was

15 treated with charcoal and filtered. The filtrate was
cooled to 5°C and the solid which formed was collected
by filtration and dried at 90°C under vacuum to give
the title compound as a white solid (83 mg, 43%
yield), mp = 323-330°C.

20 Analysis for (C;3H;gN30,°-HC1-1.25 H,0):

Calc: C, 51.32; H, 6.13; N, 13.81; Cl, 11.65.

Found: C, 51.41; H, 5.88; N, 13.58; Cl, 11.62.

EXAMPLE 104
25
Me_ Me

Ny~ OCH2Ph Ny~ CCH2Ph
L ™ X

Br OCH,Ph MeO,C OCH,Ph

30
7.8 10-Tetrahydro-8-methyl-2,3-bis (phenylmetho -

rridof4 . 3-£ inoxaline carboxylic acid methyl ester

35 A suspension of the product from Example 100

(2.40 g, 5.19 mmol) was placed in a pressure reactor
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and acetonitrile (75 mL), methanol (5.0 g),
triethylamine (1.5 g), and bis(triphenylphosphine) -
palladium dichloride (0.5 g) was added. The reactor
was sealed and charged to 820 psi with carbon monoxide
and heated to 100°C for 63 hours. The reaction vessel
was cooled to room temperature and the contents
dissolved in CHCl, and washed with saturated aqueous
NaHCO; solution. The organic phase was separated and
the aqueous phése washed with additional CHCl;. The
combined organic extracts were dried and concentrated.
The residue was suspended in acetonitrile and collected
by filtration. The solid was dried under vacuum

to give the title compound as a yellow solid (1.17 g,
48% yield) mp = 167-168°C.

EXAMPLE 105

Me Me

OCH,Ph

N
Ny OCH2Ph N
Z - Z
Br OCH,Ph Et,0,P OCH,Ph

7,8,9,10-Tetrahydro-8-methyl-2,3-bis (phenvlimetho -
pyridof4,3-flgquinoxalin-6-yl phosphonic acid diethvl

ester

A solution of the product from Example 100
(1.83 g, 3.73 mmol) was dissolved in dry toluene and
treated with diethylphosphite (0.72 mL, 5.59 mmol),
triethylamine (1.56 mL, 11.2 mmol) an<d tetrakis
(triphenylphosphine)palladium (0) (0.44 g, 0.37 mmol).
The resulting solution was heated to reflux under a
nitrogen atmosphere for 48 hours. The reaction mixture
was concentrated and the residue was dissolved in CHC1,
and washed with saturated aqueous NaHCO; solution.
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The organic phase was dried, filtered and concentrated.
The residue was purified by chromatography

(8i0,, gradient elution EtOAc then 5:1 EtOAc/EtOH).

The material obtained was dissolved in hot iPr,0,
filtered and concentrated. The residue was then broken
up in a mall amount of iPr,0 and the solid collected by
filtration and dried under vacuum to give the title
compound as a yellow solid (0.74 g, 36% yield),

mp = 104°C. The filtrates were concentrated to give an
additional 0.77 g of the title compound.

Analysis for C;yH;4N305P:

Calc: C, 65.80; H, 6.26; N, 7.27.
Found: C, 65.38; H, 6.33; N, 7.62.
EXAMPLE 106
- Me( Me
N, OCH,Ph ﬁ
[ 2 0
P
MeO,C OCH, Ph MeO,C E 0

1,2,3,4,8,9,10-0Octahydro-8-methyvl-2,3-dioxo-
ridof4,3-f inoxaline-6-carboxylic acid methyl ester

A solution of the product from Example 104
(0.10 g, 0.21 mmol) in 75 mL acetic acid was
hydrogenated at 52 psi over 20% P4/C (0.1 g). The
reaction mixture was filtered and concentrated. The
residue was broken up in ether and collected by
filtration to give the title compound as a white solid
(42 mg, 69% yield), mp = 290-300°C (dec.).
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EXAMPLE 107
Me Me
N. _OCH,Ph i -
X 2 N (0]
B —
y
Me0,C OCH,Ph HO,C N Yo
H
1,2,3,4,8 10- ahyvdro-8-methyl-2,3-dioxo-pyrido-
4,3-f inoxaline-6-carboxyli id hydrochloride

A suspension of the product from Example 104
(0.20 g, 0.73 mmol) in 5 mL of aqueous 3N HCl solution
was heated at reflux for 24 hours. The reaction
mixture was cooled and the solid collected by
filtration. The solid obtained was crystallized from
hot water and collected. The solid was dissolved in
aqueous 1N NaOH (1.0 mL) and stirred for 24 hours at
room temperature. The reaction was treated with 0.5 mL
aqueous 3N HCl and the solid which formed was collected
by fiitration, washed with cold water and dried under
vacuum to give the title compound as a white solid
(51 mg) mp >325°C.
Analysis for C,3H;3N;0,-HCl:
Calc: C, 50.09; H, 4.53; N, 13.48.
Found: C, 49.50; H, 4.72; N, 13.31.
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EX2AMPLE 108
Me Me(
CH,Ph N 0
N. OCH
5 ng: | :I:
B
.
Et,03P OCH,Ph H,03P 1}\{ 0
10 1,2,.3,4,7,8,9,10-Octahydro-8-methyl-2,3-dioxo-

15

20

25

30

35

ridof[4,3-f inoxalin-6-yl1 phosphonic acid

A solution of the product form Example 105
(0.70 g, 1.28 mmol) in 30 mL of aqueous 6N HCl was
heated at reflux for 24 hours. The reaction mixture
was cooled to room temperature and washed with ether.

The aqueous phase was heated to 50°C and treated with

charcoal, filtered and concentrated. The residue was
crystallized from hot water. The solid which formed
was collected by filtration and dried under vacuum
to give the title compound as a tan solid (56 mg)

mp >325°C,

EXAMPLE 109

Me_ Me
N._ _OCH,Ph
B
——————
N/I
Et,04P OCH,Ph Et,0,P

1,2,3,4,7,8,9,10-Octahydro-8-methyl-2,3-dioxo-
pyrido[4,3-flquinoxalin-6-yl phoshonic acid diethyl

2

ester _
A solution of the compound from Example 105
(0.34 g, 0.65 mmol) was dissolved in 60 mL of acetic

2r_<?bi
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acid and hydrogenated at 52 psi over 20% Pd/C. The
reaction mixture was filtered and concentrated. The
residue was dissolved in EtOH (3 mL) and concentrated.
This procedure was repeated several times. The residue

. was then dissolved in EtOH and triturated with ethyl

acetate. The solid which formed was collected by
suction filtration and dried under vacuum to give the
title compound as a yellow solid (0.20 g, 83% yield)
mp = 310-330°C (dec).

EXAMPLE 110
NO, NHAC

NAc

\

N-(2-acetyl-1,2,3,4-tetrah dro-s-iéo inolinyl) -
acetamide

A solution of 5-nitroisoquinoline (44.8 g,
0.257 mol) in 600 mL of acetic acid and 50 mL acetic
anhydride was hydrogenated at 62 psi over PtO, (0.5 g).
The reaction mixture was filtered and concentrated.
The residue was purified by chromatography (SiO,, 10:1
EtOAc/EtOH) to give the title compound as a white solid
(11.25 g, 19% yield). An analytical was obtained by
crystallization from THF/iPr,0, mp = 154-156°C.
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EXAMPLE 111

NHAC NHAC

NAC NAC

Br

N-(2-acetyl-8-bromo-1,2,3,4-tetrahydro-5-isoquino-
linyl)acetamide

A solution of the product from Example 110
(6.67 g, 28.7 mmol) in triflouroacetic acid (200 mL)
was treated with 30 mL of a 1M solution of bromine in
acetic acid and the resulting solution was stirred at

room temperature for 24 hours. The reaction mixture
was concentrated and the residue was partitioned
between CHCl,; and saturated aqueous NaHCO,. The
organic phase was collected, dried over K,CO,, filtered
and concentrated. The residue was flushed through a
plug of silica gel eluting with 4.5:4.5:1 EtOAc/EtOH/
NH,OH and concentrated to give the give the title
compound as a pale pink solid (3.00 g, 34% yield). An
analytical was obtained by crystallization from
THF/iPr,0, mp = 192-193°C.

Analysis for C;;H,gBrN,0,:

Calc: C, 50.18; H, 4.86; N, 9.00.

Found: C, 50.29; H, 4.99; N, 8.83.
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EXAMPLE 112
NHAC NHAC
O,N
NAC -_— NAC
Br Br

N- (2-acetyl-8-bromo-1,2,3,4-tetrahydro-6-nitro-
5-isoquinolinyl)acetamide
A solution of the product from Example 111

(1.00 g, 3.21 mmol) in 20 mL of triflourocacetic acid
was treated with 4 mL of fuming nitric acid dropwise
with stirring. The resulting solution was stirred at
room temperature for 24 hours. The reaction mixture
was concentrated and the residue was dissolved in CHCl,
and washed with saturated aqueous NaHCO; solution. The
organic phase was dried and concentrated to give the
title compound as a tan solid (0.774g, 68% yield). An
analytical was obtained by crystallization from ethyl
acetate, mp = 171°C.

Analysis for C;,;H,,BrN;0,:

Calc: C, 43.83; H, 3.96; N, 11.79.

Found: C, 43.96; H, 3.96; N, 11.91.



WO 94/09000 PCT/US93/09667

10

15

20

25

-95.-
EXAMPLE 113
NHAC NH;
0,N OzN
NAC NH
Br Br

8-Bromo-1,2,3,4-tetrahydro-6-nitro-5-isoguinolinamine
A solution of the product from Example 112 is
heated in aqueous 3N HCl until no starting material

remains. The reaction mixture is concentrated to give
the title compound.

EXAMPLE 114

O,N ' H,N

Br Br

8-Bromo-1.2,3,4-tetrahydro-5,6-isoquinolindiamine
The product from Example 113 is converted to the

title compound by the procedure described in
Example 13.
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EXAMPLE 115

O2N H,N

Br

1,2,3,4-Tetrahydro-5,6-isoquinolindiamine
The product from Example 113 is converted to the

title compound by the procedure described in

Example 16.
EXAMPLE 116
NH; HN H
HoN ' N__O
S ————
. )¢
_ Br N 0
Br H

6-Bromo-1.4,7,8 10-hexahvdropyvridof4,3-f inoxaline-

2,3-dione
The product from Example 114 is converted to the

title compound by the procedure described in
Example 19.
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EXAMPLE 117
NH, HN H
r——————————
NH
N )
H

1,4,7,8 10-Hexahydropyrido[4,3-f inoxaline-
2,3-dione
The product from Example 115 is converted to the

title compound by the procedure described in
Example 18S.

EXAMPLE 118

Me

N OBn

\ D ——
;I:
N OBn

1,2,3,4,7,8,9,10-Octahyvdro-8-methyl-2,3-dioxo-

pyridof4,3-flgquinoxalin-6-carboxamide
The product from Example 104 is dissolved in-

Zm
(@)

L,

Me0,C H,NOC N

toluene and treated dropwise with a solution of

trimethylaluminum and ammonium hydrochloride in

toluene. The product obtained is hydrolyzed in 3N HCl

solution to give the title compound.

In a similar manner are prepared:
1,2,3,4,7,8,9,10-Octahydro-N,N, 8-trimethyl-

2,3-dioxopyrido[4,3-flquinoxalin-6-carboxamide;
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1-[(1,2,3,4,7,8,9,10-Octahydro-8-methyl-
2,3-dioxopyridol4,3-flquinoxalin-6-yl carbonyl
pyrrolidine;

1,2,3,4,7,8,9,10-Octahydro-9-methyl-2,3-dioxo-
pyrido[3,4-£flquinoxalin-6-carboxamide;

1,2,3,4,7,8,9,10-Octahydro-N,N,9-trimethyl-
2,3-dioxopyrido[3,4-flquinoxalin-6-carboxamide; and

- 1-[(1,2,3,4,7,8,9,10-Octahydro-9-methyl-

2,3-dioxopyrid6[3,4-f]quinoxalin-s-yl carbonyl
pyrrolidine.

EXAMPLE 119

Me

N
o | N0
I*EE:EI
HoN g Y . NC | E 0

1.2 4,7.,8 10-Octahydro-9-methyl-2, 3-dioxo-
rido[3 ,4-f inoxaline-6-carbonitrile

The product from Example 79 is treated with sodium
nitrite in 37% HCl solution at 0°C. The reaction
mixture is poured into a solution of CuCN and the title
compound is isolated by filtration.

In a similar manner is prepared:
1,2,3,4,7,8,9,10-Octahydro-8-methyl-2,3-dioxo-
pyrido[4,3-f]lquinoxaline-6-carbonitrile.
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CLAIMS

A compound having the formula

or a pharmaceutically acceptable salt thereof
wherein
R is hydrogen or hydroxy;
R! is hydrogen,
alkyl,
arylalkyl,
(CH,),0H, or
(CH,) ,NR7R®;
R® and R® are each independently
hydrogen,
halogen,
NO,,
CN,
CF,
SO,NR'RS,
PO,R?R1?,
alkyl,
alkenyl,
alkynyl,
(CH,) ,CONR'R®,
(CH,) ,CO,R?,
NHCOR!?, .
wherein R7 and R® are each independently hydrogen
or alkyl or together R’ and R® form a ring of from
three to seven atoms,
R? is hydrogen or alkyl,
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R0 is hydrogen or alkyl,

R is hydrogen or alkyl, and

n is an integer of from zero to four;

A is a ring of five to seven atoms fused with the

benzo ring at the positions marked a and b, and
formed by the following bivalent radicals:

wherein

R12

a-NR2-CHR'®-CHR!4-b,
'a-CHR3-CHR4-NR!2-D,
a-CHR3-NR'?-CHR14-b,
a-CHR-CH,-NR}2-CHR!3-D,
a-CHR3-NR2-CH,-CHR4-D,
a-CH,-CH,-CHR!3-NR12-D,
a-NR'2-CHR3-CH,-CH,-b,
a-CH,-CH,-NR}2-CH,-CH,-b,
a-CH,-CH,-CH,-NR!2-CH,-b,
a-CH,-NR2-CH,-CH,-CH,-b,
a-CH,-CH,-CH,-CH,-NR'?-b,
a-NR'2-CH,-CH,-CH,-CH,-b,

is hydrogen, CH,CH,OH, or alkyl, and R%3

and R are each independently hydrogen, CN,
CONH,, CH,NH,, CH,OH, alkyl, arylalkyl,
alkenyl, or CO,R'®, wherein RS is hydrogen or
alkyl;

A compound of Claim 1 having the formula

RM“=N -

0O
Ay
HN
-
|
RS
R6
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wherein R, R'?, R®, and R® have the meanings set
forth in Claim 1.

3. A compound of Claim 1 having the formula
o)
HN)L(o
5
NR
gizoN g
RS
10
wherein R, R?2, R5, and R® have the meanings set
forth in Claim 1.
4. A compound of Claim 1 having the formula
o)
J*Yo
HN
5 NR
N R
Ilzlz R®
10

wherein R, R!2, R®, and R® have the meanings set
forth in Claim 1.
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5. A compound of Claim 1 having the formula

10
wherein R, R'?, R®, and R® have the meanings set
forth in Claim 1.

6. A compound of Claim 1 having the formula

10 .
wherein R, R'2, R3, and R® have the meanings set
forth in Claim 1.

7. A compound of Claim 1 wherein R® and RS
independently are hydrogen, halogen, SO,NR’R®
wherein R7 and R® independently are hydrogen or
C;.3-alkyl which may be straight or branched or

5 cyclic, NO,, or CN and wherein R'? is C,_j-alkyl
which may be straight or branched or cyclic.

8. A compound of Claim 2 wherein RS and RS
independently are hydrogen, halogen, SO,NR’R®
wherein R? and R® independently are hydrogen or
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C,.3-alkyl which may be straight or branched or

R12

cyclic, NO,, or CN and wherein is C,_3-alkyl

which may be straight or branched or cyclic.

A compound of Claim 3 wherein R® and R®
independently are hydrogen, halogen, SO,NR’R®
wherein R’ and R® independently are hydrogen or
C;.3-alkyl which may be straight or branched or
cyclic, NO,, or CN and wherein R'2? is C,_,-alkyl
which may be straight or branched or cyclic.

A compound of Claim 4 wherein R® and RS
independently are hydrogen, halogen, SOZNR7R8
wherein R7 and R® independently are hydrogen or
C,.3-alkyl which may be straight or branched or
cyclic, NO,, or CN and wherein R!? is C;_j-alkyl
which may be straight or branched or cyclic.

A compound of Claim 4 wherein R> and R®

independently are hydrogen, hélogen, SOZNR"R8

wherein R7 and R® independently are hydrogen or
C,.3-alkyl which may be straight or branched or
cyclic, NO,, or CN and wherein R!?

which may be straight or branched or cyclic.

A compound of Claim 6 wherein R® and R®
independently are hydrogen, halogen, SOZNR7R3
wherein R? and R® independently are hydrogen or
C,.3-alkyl which may be straight or branched or
cyclic, NO,, or CN and wherein R'? is C,_j-alkyl
which may be straight or branched or cyclic.
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13. A compound according to Claim 1 of formula

r12
|
N
5 H
NIO
R® N o
R
10
wherein R1? is hydrogen, methyl, or ethyl and R®
is NO,;, SO;NMe,;, SO,—N O + Or SO3;N
\—/
14. A compound according to Claim 1 of formula
rl12
N
N
5 H
N (0]
R® N: :o
R
10
wherein R'2 is hydrogen, methyl, or ethyl and RS
\ is NO,, SO,NMe,, SO;—N 0 + ©r SO2N
15

15. A method of treating disorders of a mammal,
including a human, responsive to the blockade of
glutamic and aspartic acid receptors, which
comprises administering to a patient in need
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thereof an effective amount of a compound of
Claim 1 in unit dosage form.

A method of Claim 15 wherein cerebrovascular
disorders are treated.

A pharmaceutical composition comprising a thera-
peutically effective amount of a compound of
Claim 1 tbgether with a pharmaceutically
acceptable carrier.

A method of treating Parkinsonism in a mammal
suffering therefrom which comprises administering
a composition according to Claim 15.

A compound according to Claim 1 selected from:
8-ethyl-1,4,7,8,9,10-hexahydropyrido[4,3-£] -
quinoxaline-2,3-dione, monohydrochloride;
1,4,7,8,9,10-hexahydro-8-propylpyrido(4,3-£f]-
quinoxaline-2,3-dione, monohydrochloride;
1,4,7,8,9,10-hexahydro-7-methylpyrido[3,2-£]-
quinoxaline-2,3-dione;
6-bromo-1,4,7,8,9,10-hexahydro-8-methyl-
pyrido[4,3-flquinoxaline-2,3-dione, monohydro-
chloride;
6-bromo-1,4,7,8,9,10-hexahydro-8-propyl-
pyrido[4,3-f]lquinoxaline-2,3-dione, monohydro-
chloride;
1,4,7,8,9,10-hexahydro-8-methylpyrido[4,3-£f]-
quinoxaline-2,3-dione, monohydrochloride; and
6-bromo-8-ethyl-1,4,7,8,9,10-hexahydro-
pyrido[4,3-f]quinoxaliné-2,3-dione, monohydro-
chloride.



10

15

20

WO 94/09000

20.

25

30

35

PCT/US93/09667

-106-

A compound according to Claim 1 named
6-bromo-1,7,8,9-tetrahydro-8-methyl-
2H-pyrrolo[3,4-flquinoxaline-2,3 (4H) -dione;
6-chloro-1,7,8,9-tetrahydro-8-methyl-
2H-pyrrolo[3,4-flquinoxaline-2,3 (4H) -dione;
6-bromo-8- (1,1-dimethylethyl) -
1,7,8,9-tetrahydro-2H-pyrrolo[3,4-flquinoxaline-
2,3 (4H) -dione;
2,3,4,7,8,9-hexahydro-8-methy1-2,3-dioxo-1H-
pyrrolo[3,4-flquinoxaline-6-sulfonamide;
6-bromo-1,7,8,9-tetrahydro-4-hydroxy-
8-methyl-2H-pyrrolo([3,4-£flquinoxaline-2,3 (4H) -
dione;
1,7,8,9-tetrahydro-4-hydroxy-8-methyl-
2H-pyrrolo[3,4-flquinoxaline-2, 3 (4H) -dione;
1,7,8,9-tetrahydro-8-methyl-6-nitro-2H-
pyrrolo(3,4-flquinoxaline-2,3 (4H) -dione;
2,3,4,7,8,9-hexahydro-N,N, 8-trimethyl-
2,3-dioxo-1H-pyrrolo[3,4-£flquinoxaline-
6-sulfonamide;
4-[(2,3,4,7,8,9-hexahydro-8-methyl-2,3-dioxo-
1H-pyrrolo[3,4-flquinoxalin-6-yl)sulfonyl] -
morpholine;
1-[(2,3,4,7,8,9-hexahydro-8-methyl-2,3-dioxo-
1H-pyrrolo[3,4-flquinoxalin-6-yl)sulfonyl] -
pyrrolidine;
1,4,7,8,9,10-hexahydropyrido(3,2-£] -
quinoxaline-2,3-dione;
1,4,7,8,9,10-hexahydro-7-methyl-
pyrido[3,2-flquinoxaline-2,3-dione;
Ethyl 1,2,3,4,9,10-hexahydro-a,2,3-trioxo-
pyrido[3,2-f]lquinoxaline-7(8H) -acetate;
1,4,7,8,9,10-hexahydro-9-methylpyrido[3,4-£]-
quinoxaline-2,3-dione;
9-ethyl-1,4,7,8,9,10-hexahydropyrido[3,4-£f] -
quinoxaline-2,3-dione;



WO 94/09000

40

45

50

55

60

65

70

PCT/US93/09667

-107-

6-bromo-9-ethyl-1,4,7,8,9,10-hexahydro-
pyrido[3,4-flquinoxaline-2,3-dione;
6-bromo-1,4,7,8,9,10-hexahydro-9-methyl-
pyrido[3,4-flquinoxaline-2,3-dione;
1,2,3,4,7,8,9,10-octahydro-8-methyl -
2,3-dioxopyrido[4,3-flquinoxaline-6-propanoic
acid;
1,2,3,4,7,8,9,10-octahydro-N,N, 8-trimethyl-
2,3-dioxobyrido[4,3-f]quinoxaline-6-sulfonamide;
1-1(1,2,3,4,7,8,9,10-ocathydro-8-methyl-
2,3-dioxopyrido[4,3-flquinoxalin-6-yl)sulfonyl] -
pyrrolidine;
1,2,3,4,7,8,9,10-octahydro-8-methyl-
2,3-dioxopyrido[4,3-flquinoxaline-6-sulfonamide;
8-ethyl-1,2,3,4,7,8,9,10-octahydro-
N,N-dimethyl-2,3-dioxopyrido(4,3-f]lquinoxaline-
6-sulfonamide;
1-[(8-ethyl-1,2,3,4,7,8,9,10-ocathydro-
2,3-dioxopyrido[4,3-flquinoxalin-6-yl)sulfonyl] -
pyrrolidine;
1,2,3,4,7,8,9,10-octahydro-N,N,9-trimethyl-
2,3-dioxopyrido[3,4-flquinoxaline-6-sulfonamide;
1-[(1,2,3,4,7,8,9,10-ocathydro-9-methyl-
2,3-dioxopyrido[3,4-£f]lquinoxalin-6-yl)sulfonyl] -

.pyrrolidine;

1,2,3,4,7,8,9,10-octahydro-9-methyl-
2,3-dioxopyrido[3,4-£f]lquinoxaline-6-sulfonamide;

9-ethyl-1,2,3,4,7,8,9,10-octahydro-
N,N-dimethyl-2,3-dioxopyrido(3,4-flquinoxaline-
6-sulfonamide;

9-Ethyl-1,4,7,8,9,10-hexahydro-6-nitro-
pyrido[3,4-flquinoxaline-2,3-dione;

9-Ethyl-1,4,7,8,9,10-hexahydro-6-nitro-
pryido[3,4-flquinoxaline-2,3-dione
methanesulfonate;
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6-Bromo-1,4,7,8,9,10-hexahydro-9-methyl-
pyrido[3,4-f]lquinoxaline-2,3-dione
methansulfonate;
1,4,7,8,9,10-Hexahydro-9-methyl-pyrido-
[3,4-f]lquinoxaline-2,3-dione monohydrochloride;
1,4,7,8,9,10-Hexahydro-9-methyl-6-nitro-
pyrido[3,4-flquinoxaline-2,3-dione
methansulfonate;
6-Amino-1,4,7,8,9,10-hexahydro-9-methyl-
pyrido[3,4-f]lquinoxaline-2,3-dione;
N-(1,2,3,4,7,8,9,10-Octahydro-9-methyl-
2,3-dioxopyrido[3,4-flquinoxalin-6-yl) acetamide;
1,4,7,8,9,10-Hexahydro-pyrido-
[2,3-f]lquinoxaline-2,3-dione;
1-Butyl-1,4,7,8,9,10-hexahydropyrido-
[3,2-f]lquinoxaline-2,3-dione;
7-Acetyl-1l-butyl-1,4,7,8,9,10-hexahydro-
pyrido[3,2-f]lquinoxaline-2,3-dione;
1-Butyl-1,4,7,8,9,10-hexahydro-7-methane-
sulfonyl-pyrido[3,2-flquinoxaline-2,3-dione;
1,4,7,8,9,10-Hexahydro- (1phenylmethyl) -
pyrido[3,2-f]lquinoxaline-2,3-dione;
1,2,4,7,8,9,10-Hexahydro-1-methyl-pyrido-
[3,2-f]lquinoxaline-2,3-dione;
6-Bromo-1,4,7,8,9,10-hexahydro-
pyrido[3,2-f]quinoxaline-2,3-dione;
1,4,7,8,9,10-Hexahydro-8-methyl-6-nitro-
pyrido[4,3-f]lquinoxaline-2,3-dione
methansulfonate;
1,4,7,8,9,10-Hexahydro-6,8-dimethyl-
pyrido[4,3-flquinoxaline-2,3-dione hydrochloride;
1,2,3,4,8,9,10-Octahydro-8-methyl-2,3-dioxo-
pyrido[4,3-flquinoxaline-6-carboxylic acid methyl
ester;
1,2,3,4,8,9,10-Octahydro-8-methyl-2,3-dioxo-
pyrido[4,3-flquinoxaline-6-carboxylic acid;
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7,8,9,10-Tetrahydro-8-methyl-2,3-bis (phenyl-
methoxy)pyrido[4,3-flquinoxalin-6-yl phosphonic
110 acid;
1,2,3,4,7,8,9,10-Octahydro-8-methyl-
2,3-dioxopyrido[4,3-flquinoxalin-6-yl phosphonic
acid;
i,2,3,4,7,8,9,10-Octahydro-8-methyl-
115 2,3-dioxopyrido[4,3-flquinoxalin-6-yl phosphonic
 acid diethyl ester;
6-Bromo-1,4,7,8,9,10-Hexahydropyrido-
[4,3-f]quinoxaline-2,3-dione;
1,4,7,8,9,10-Hexahydropyrido-
120 [4,3-f]quinoxaline-2,3-dione;
1,2,3,4,7,8,9,10-Octahydro-8-methyl-
2,3-dioxopyrido[4,3-flquinoxalin-é6-carboxamide;
1,2,3,4,7,8,9,10-Octahydro-N,N, 8-trimethyl-
2,3-dioxopyrido[4,3-flquinoxalin-6-carboxamide;
125 1-((1,2,3,4,7,8,9,10-Octahydro-8-methyl -
2,3-dioxopyrido[4,3-flquinoxalin-6-yl carbonyl
pyrrolidine;
1,2,3,4,7,8,9,10-Octahydro-9-methyl-
2,3-dioxopyrido[3,4-f]quinoxalin-6-carboxamidé;
130 1,2,3,4,7,8,9,10-Octahydro-N,N,9-trimethyl-
2,3-dioxopyrido[3,4-flquinoxalin-é6-carboxamide;
1-[(1,2,3,4,7,8,9,10-Octahydro-9-methyl-
2,3-dioxopyrido([3,4-flquinoxalin-6-yl carbonyl
pyrrolidine;
135 1,2,3,4,7,8,9,10-Octahydro-9-methyl-
2,3-dioxopyrido[3,4-flquinoxaline-6-carbonitrile;
1,2,3,4,7,8,9,10-Octahydro-8-methyl-
2,3-dioxopyrido[4,3-f]quinoxaliné-6-carbonitrile;
6-Bromo-1,4,7,8,9,10-hexahydro-4-hydroxy-
140 8-methylpyrido[4,3-flquinoxaline-2,3-dione;
6-Bromo-1,4,7,8,9,10-hexahydro-4-hydroxy-
9-methylpyrido[3,4-f]lquinoxaline-2,3-dione;
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1,4,7,8,9,10-hexahydro-4-hydroxy-8-methyl-
pyrido[4,3-flquinoxaline-2,3-dione; and
145 1,4,7,8,9,10-hexahydro-4-hydroxy-9-methyl-
pyrido[3,4-f]Jquinoxaline-2,3-dione.

21. A compound selected from
N- (8-bromo-1,2,3,4-tetrahydro-2-methyl-
6-nitro-5-isoquinolinyl)acetamide;
N-(8;bromo-2-ethy1-1,2,3,4-tetrahydro-
5 6-nitro-5-isoquinolinyl)acetamide;
N- (8-bromo-1,2,3,4-tetrahydro-6-nitro-
2-propyl-5-isoquinolinyl)acetamide;
8-Bromo-1,2,3,4-tetrahydro-2-methyl-6-nitro-
5-isoquinolinamine;
10 8-Bromo-2-ethyl-1,2,3,4-tetrahydro-6-nitro-
5-isoquinolinamine;
8-Bromo-1,2,3,4-tetrahydro-6-nitro-2-propyl-
5-isoquinolinamine;
8-Bromo-1,2,3,4-tetrahydro-2-methyl-
15 5,6-isoquinolinediamine;
8-Bromo-2-ethyl-1,2,3,4-tetrahydro-
5,6-isoquinolinediamine;
8-Bromo-1,2,3,4-tetrahydro-2-propyl-
5,6-isoquinolinediamine;
20 1,2,3,4-Tetrahydro-2-methyl-5,6-isoquinoline-
diamine;
2-Ethyl-1,2,3,4-tetrahydro-5, 6-isoquinoline-
diamine;
1,2,3,4-Tetrahydro-2-propyl-5, 6-isoquinoline-
25 diamine;
5-Bromo-1,2,3,4-tetrahydro-2-methyl-
8-nitroisoquinoline;
5-Bromo-1,2,3,4-tetrahydro-2-methyl-
8-nitroisoquinoline;
30 5-Bromo-1,2,3,4-tetrahydro-
8-nitroisoquinoline;
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N- (7-bromo-2,3-dihydro-2-methyl-1H-isoindol-
4-yl)acetamide;

N- [7-bromo-2- (1,1-dimethylethyl) -2,3-dihydro-
1H-isoindol-4-yl]acetamide;

N- (7-chloro-2,3-dihydro-2-methyl-1H-isoindol-
4-yl)acetamide;

N- (7-chloro-2,3-dihydro-2-methyl-5-nitro-
1H-isoindol-4-yl)acetamide;

N-(7;bromo-2,3-dihydro-2-methyl-5-nitro-
1H-isoindol-4-yl)acetamide;

N- (7-bromo-2,3-dihydro-2-(1,1-dimethylethyl) -
5-nitro-1H-isoindol-4-yl)acetamide;

7-Chloro-2,3-dihydro-2-methyl-5-nitro-
1H-isoindol-4-amine;

7-Bromo-2,3-dihydro-2-methyl-5-nitro-
1H-isoindol-4-amine;

7-Bromo-2,3-dihydro-2-(1,1-dimethylethyl) -
5-nitro-1H-isoindol-4-amine;

7-Bromo-2,3-dihydro-2-(1,1-dimethylethyl) -
1H-isoindole-4,5-diamine;

7-chloro-2,3-dihydro-2-methyl-1H-isoindole-
4,5-diamine;

7-bromo-2,3-dihydro-2-methyl-1H-isoindole-
4,5-diamine;

2,3-dihydro-2-methyl-1H-isoindole-
4,5-diamine;

Ethyl [(7-bromo-2,3-dihydro-2-methyl-5-nitro-
1H-isoindol-4-yl)amino] oxoacetate;

Ethyl 5- (acetylamino)-1,2,3,4-tetrahydro-
2-methyl-8-isoquinolinepropanoate;

N- (5-bromo-2-ethyl-1,2,3,4-tetrahydro-
8-isoquinolinyl)acetamide;

5-Bromo-1,2,3,4-tetrahydro-2-methyl-7-nitro-
8-isoquinolinamine;

5-bromo-2-ethyl-1,2,3,4-tetrahydro-7-nitro-
8-isoquinolinamine;



WO 94/09000 PCT/US93/09667

-112-

1,2,3,4-Tetrahydro-2-methyl-7,8-isoquinoline-

diamine;
70 2-ethyl-1,2,3,4-tetrahydro-7,8-isoquinoline-
diamine;
' 5-Bromo-1,2,3,4-tetrahydro-2-methyl-
7,8-isoquinolinediamine;
Ethyl 3-[5-acetylamino)-1,2,3,4-tetrahydro-
75 2-methyl-8-isoquinolinyl] -2-propenocate;

Ethyi 5- (acetylamino) -1,2,3,4-tetrahydro-
2-methyl-8-isoquinolinepropanoate;

Ethyl 5- (acetylamino-1,2,3,4-tetrahydro-
2-methyl-7-nitro-8-isoquinolinepropanoate;

80 5-Amino-1,2,3,4-tetrahydro-2-methyl-7-nitro-
8-isoquinolinepropanoic acid;
5,6-Diamino-1,2,3,4-tetrahydro-2-methyl-
8-isoquinolinepropanoic acid;

[ (5-Bromo-7-nitro-8-quinolinyl)amino] oxo-

85 acetic acid ethyl ester;

[(1,2-Dihydro-6-nitro-5-quinolinyl)amino] oxo-
acetic acid ethyl ester;

[(1,2,3,4-Tetrahydro-6-nitro-5-quinolinyl) -
amino] oxo-acetic acid ethyl ester;

90 [Butyl(1,2,3,4-tetrahydro-6-nitro-5-quino-
linyl)amino] oxo-acetic acid ethyl ester;

Oxo[ (phenylmethyl) (1,2, 3,4-tetrahydro-
6-nitro-5-quinolinyl)amino]acetic acid ethyl
ester;

95 [(8-Bromo-1,2,3,4-tetrahydro-6-nitro-
5-quinolinyl)amino) oxo-acetic acid ethyl ester;
6-Bromo-2,3-dichloro-7,8,9,10-tetrahydro-
8-methyl-pyrido[4,3-f]quinoxaline;
6-Bromo-7,8,9,10-tetrahydro-2,3-dimethoxy-
100 8-methyl-pyrido[4,3-flquinoxaline;
6-Bromo-7,8,9,10-tetrahydro-8-methyl-
2,3-bis (phenylmethoxy) -pyrido[4,3-f]quinoxaline;
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7,8,9,10-tetrahydro-2,3-dimethoxy-
6,8-dimethyl-pyrido[4,3-f]lquinoxaline;

105 1,4,7,8,9,10-Hexahydro-6,8-dimethyl-
pyrido[4,3-flquinoxaline-2,3-dione hydrochloride;

7,8,9,10-Tetrahydro-8-methyl-2,3-bis(phenyl-
methoxy) -pyrido[4,3-flquinoxline carboxylic acid
methyl ester;

110 7,8,9,10-Tetrahydro-8-methyl-2,3-bis (phenyl-
methoxy)pyrido[4,3-f]quinoxalin-6-yl phosphonic
acid diethyl ester;

N- (2-acetyl-8-bromo-1,2,3,4-tetrahydro-
6-nitro-5-isoquinolinyl)acetamide;

115 8-Bromo-1,2,3,4-tetrahydro-6-nitro-
5-isoquinolinamine;

8-Bromo-1,2,3,4-tetrahydro-5,6-isoquino-
lindiamine; and
1,2,3,4-Tetrahydro-5,6-isoquinolindiamine.

22. A process for preparing a compound according to
Claim 1 which comprises:
(1) reacting a compound of formula

5 NHAC
10 with a halogenating agent to produce a compound of
formula
NHAC
15
X

wherein X is bromine or chlorine;
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- (2) treating the compound from Step (1) with
fuming nitric acid in a solvent to produce a
compound of formula

NHAC

RO

X

wherein X is bromine or chlorine;

(3) deprotecting the compound from Step (2)
with under acidic or basic conditions to produce a
compound of formula

RO

X

(4) hydrogenating the compound from Step (3)
in a solvent to give a compound of formula

RO

X

wherein X may be hydrogen, bromine, or chlorine;
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_ (5) reacting the compound from Step (4) with
oxalic acid in a solvent to produce a compound of
formula

(6) reacting the compound from Step (5)
sequentially with chlorosulfonic acid, neat or in
a solvent followed by treatment with a primary or
secondary amine to produce a compound of formula

SOsNR7Rg
wherein A, R,, and Ry are as defined in Claim 1.

A process for preparing a compound of formula

NHCOR
N—-R12

R12

wherein R is alkyl and is as previously

defined, which comprises;
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(1) reacting 3-nitrophthalic acid with
1,3-dialkyl urea to produce a compound of the

NO; o
0

(2) hydrogenating a compound from Step (1)

formula

above in a solvent to produce a compound of

formula

NH;

(3) reacting a compound from Step (2) above
with a hydride reducing agent in a solvent to
produce a compound of the formula

NH,

(4) reacting a compound from Step (3) above
with an acid chloride or acid anhydride in a
solvent to produce a compound of formula

NHZOR
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