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1 GB2174987 A

SPECIFICATION
Imidazoquinoline derivatives

5 Cross reference to related application
Thisis a continuation-in-part application of Serial No. 726,869, filed April 25, 1985.

Background ofthe invention )
This invention generally pertains to heterocyclic carbon compounds having drug and bio-affecting
10 properties andto their preparation and use. In particular, the invention is concerned with a series of new
1,3-dihydro-2H-imidazo[4,5-b]quinolin-2-one derivatives which are phosphodiesterase inhibitars, blood
platelet antiaggregators and cardiotonic agents.
As a structural class, applicants are aware of relatively few 1,3-dihydro-2H-imidazo[4,5-b]quinolin-2-ones
with the following chemical literature illustrative of the art.

15 Kozak, etal., Bull.Intern. Acad. Polanaise, 1930A, 432-438 {Chem. Abs., 25, 5400} describes the unsubstituted

compound 1,3-dihydro-2H-imidazo[4,5-b}-quinolin-2-one of formula (1).

NN
7 x
20 >O @)

x & ﬁ

Musial, Roczniki Chem., 1951, 25, 46-52 (Chem. Abs., 1953 47, 4885f) synthesized 1,3-derivatives of (1) as
25 illustrated in formula (2).

RZ
N L
x
0 (2)
30 _ .
R

gl = Br, NO,, MH,
35 2 = H, Br

R1 =Br, NOz, NH2
R%=H,Br

40 Fryer, etal.,J. Org.Chem., 1977,42,2212-2219 describes the 3,7,9-tr'isu'bstituted compound of formula (3).

" ¢y
' N
™~
" M=o (3
P
c1 i
Ph
50

Reid, et al., Chem. Ber., 1956, 89, 2684-2687 describes the synthesis of the 1,3-diphenyl derivative offormula
(4).

Ph

55 N\ N
[

Ph

60

No pharmacological utility is taught for the 1,3-dihyd ro-2H-imidazo[4,5-b]quinozolin-2-one structures
disclosed in the aforementioned references which are of a chemical nature.
Various derivatives of the tetrahydroimidazo-{2,1-b]quinolin-2-one (5) heterocycle have been studied for
65 their platelet inhibition and cardiotonic properties. .
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5 . . 3 5
Forexample:
Beverung, Jr., etal., U.S. Patent 3,932,407 disclose a series of compounds useful as blood platelet
10 antiaggregative and/or antihypertensive and/or bronchodilator agents ofthe 10
tetrahydroimidazo[2,1-b]quinazolin-2-one class. Anagrelide (6), a particularly preferred member ofthe
Beverung, Jr., et al. series, has been studied extensively, e.g., J. S. Fleming, etal., New Drugs Annual:
Cardiovascular Drugs, Raven Press, pages 277-294, New York {1983).
15 " H 15
N N
0 (6)
Cl
20 C1 20
Chodnekar, et al., U.S. Patent 4,256,748 describes a series of compounds of the formula(7) as inhibitors of
the aggregation of blood platelets and cardiotonic activity.
25 25
R: B
=
RZ \r 7
30 " [ 30
s 4
R
R3
35 Representative of the Chodneker compounds are RO 14-2625 (R2=CH,, R3=H, R2=6—CHj, R'=7—-Br} andRO 35
13-6438 (R4=CH,, R3=H, R?=6—CH,, R'=H).
Summary of the invention
Inits broadest aspect, this invention is concerned with a new series of
40 1,3-dihydro-2H-imidazo-[4,5-blquinolin-2-ones having valuable pharmocological properties which makes 40
them particularty useful as cardiotonic agents and/or inhibitors of phosphodiesterase and mammalian blood
plateletaggregation. Formuia l and Formula Xl {infra.) illustrate the compounds of the invention and thering
numbering system used herein.
45 45
i,
>£ 0 (1)
N
50 50
In the foregoing formula, R is halogen, lowei alkyl, lower alkoxy; R is hydrogen, halogen, lower alkyl, lower
alkoxy; and Rsis hydrogen, halogen, lower alkyl, lower alkoxy. Another embodiment of the invention relates to
55 pharmaceutically acceptable compositions comprised of a Formulal or Formula XIi (fnfra.) compound 55
combined with at least one pharmaceutically acceptable excipient. Afurther embodimentofthisinvention
relates to a method for inhibiting phosphodiesterase and blood platelet aggregation in a mammal which
comprises administering a therapeuticaily effective amount of acompound of Formula t or Formula Xli (infra.) -
orapharmaceutically acceptable saltth ereofto a mammal in need of such treatment. A still further
60 embodimentofthisinvention relatestoa method for increasing heartinotropic activity which comprises 60
administering a therapeutically effective amountofa compound of Formula | or Formula Xil (infra.}ora
pharmaceutically acceptable salt thereofto a mammal in need of such treatment.
Detailed description ofthe invention
65 Thecompounds ofthe instant invention comprisethose of Formulal 65
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3 GB 2174987 A

R2 = >= o] (I)

wherein
R, is halogen, lower alkyl, iower alkoxy;
10 Raishydrogen, halogen, lower alkyl, lower alkoxy;
Rsis hydrogen, halogen, lower alkyl, lower alkoxy;
ora pharmaceutically acceptable salt thereof.
As used herein, the term “halogen” or “halo” comprehends flourine, iodine, and most preferably bromine
and chlorine; the term "lower alkyl” refers to a branched or unbranched saturated hydrocarbon chain
15 containing from 1to 4 carbon atoms; for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, tert.-butyl, and
thelike. Theterms “alkyl of 1 to 4carbon atoms” and "“lower alkyl” are used interchangeably with specific
terms represented by conventional symbols, i.e., Me = CHg, Et = CyH;, etc.
The term "lower alkoxy" comprehends ethers containing from 1ta 4 carbon atoms as defined for alkyl; such
as methoxy, ethoxy, isopropoxy, tert.-butoxy, and the like.
20 Accordingtothe presentinvention, the compounds characterized by Formula |

R H
=N
S G
25 R = g .

wherein Ry is halogen, lower alkyl, lower alkoxy; R, is hydrogen, halogen, lower alkyl, lower alkoxy; and Reis
30 hydrogen, halogen, lower alkyl, lower alkoxy are obtained by a process comprising
{a} reducing a substituted hydantoin of Formulall

1 NO H
2 N
g

40 a

wherein a and b are hydrogen ortogether are a covalent bond, Ry, Ry, and R are defined as above; and
{b} treating the reduced material with an oxidant such as iodine when required.
Thereduction of Formula Il hydantoin intermediates is carried out by conventional chemical or catalytic

45 methods. Forinstance, the Formutail hydantoins can be chemically reduced by treatment with hydrogen
iodide and red phosphorus according to the method of Kozak, et al., supra. Catalytic hydrogenationis
particularly preferred and accomplished with a transition metal catalyst, preferably palladium-on-carbon, in
an appropriate reaction inert solvent such as dimethylformamide. Reduction is carried out at room
temperature and when hydrogen uptake is essentially complete, the reaction mixture is warmed and filtered or

50 optionally heated to about 100°C. for a 1 to 4 hour period before filtering. in some instances, residual material
obtained by concentrating the filtrate predominantly consists of the desired Formula | product produced by
facile cyclization and aratomization to the fused quinoline ring system. In other instances, the residual material
predominantly consists of the uncyclized Formula liA amino hyantoin (wherein aand b, R;, R, R; are as
defined above) resulting from reduction of the Formula H nitro hydantoin or the 4,5-dihydroquinoline

55 intermediate of Formula liB (wherein R, R and Rz are defined as above). In other instances, the residual
material predominantly consists of a mixture of FormulallA, 1B intermediates together with the desired
Formula [ product. Without being bound by theory, the transformation of a Formula lf nitro-hydantoin tothe
Formula | product is thought to involve reduction of the nitro group and olefenic double bond tothe
corresponding Formuia lIA amine (wherein aand b are hydrogen). Ring cyclization follows oroceurs

60 simuitaneously tothe Formulal product or the 1,3,9,9a-tetrahydroquinoline intermediate of Formula I1B which
is aromatized by dehydrogenation.
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4 GB2174987 A

Ry R, H
R ™,~-N2 0
2 Ry 9
5 R R i ®
3 3 H H
IIA IIB
10

In those cases where the reaction isincomplete, the residual material is treated with an oxidant such asiodine
in an alkanol solvent such as methanol or dimethylformamide and the like at reflux tempereture. Underthese
conditions, cyclization of FormulallA aminesto the Formula | products or the Formula liBtetrahydroquinoline
intermediates with oxidation of the latter to the desired 1,3-dihydro-2H-imidazo[4,5-b]quinolin-2-ones of

15 Formulaliseffected. The FormulailAand IIB compounds are considered partof the instant invention.When
iodineis employed, the Formulal productis isolated in base form by sequentially treating the reaction mixture
with aqueous sodium thiosulfate and alkali metal carbonate such as sodium carbonate. Conversion of the base
form to pharmaceutically acceptable acid addition salts is carried out by conventional means.

The pharmaceutically acceptable acid addition salts ofthe instant invention are those in which the anion

20 does notcontribute significantly tothe toxicity or pharmacological activity ofthe salt and, as such, they arethe
pharmocological equivailents of the bases of formulal and Formula Xli (infra.). They are generally preferred
for medical usage. In some instances, they have physical properties which makes them more desirable for
pharmaceutical formulation purposes such as solubility, lack of hygroscopicity, compressibility with respect
to tablet formation and compatibility with other ingredients with which the substance may be used for

25 pharmaceutical purposes. As stated above, the salts are conventionally prepared, forinstance bytreatinga
Formula | for Formula Xl {infra.) base with the selected acid preferably in solution. They may also be made by
metathesis ortreatmentwith anion exchange resin under conditions in which the anion of one salt ofthe
substance of the Formula! is repiaced by another anion under conditions which allow for separation ofthe
desired species such as by precipitation from solution or extraction into a solvent, or elution from or retention

30 onanionexchange resin. Pharmaceutically acceptable acids for the purposes of salt formation of the
substances of Formula | include hydrochloric, hydrobromic, hydroiodic, citric, acetic, propionic, benzoic,
mandelic, sulfuric, phosphoric, nitric, mucic, isethionic, methanesulfonic, ethanesulfonic, p-toluene sulfonic,
palmitic, heptanoic, and others.

The Formula Ithydantoins wherein a and b are hydrogen employed in the process for preparing theinstant

35 compounds can be prepared according to procedures described by Connors, et al.,J. Chem. Soc., 2994-3007

(1960) illustrated in the following reaction scheme.

Method A
2 0 M NO,
R, +  CH,OHGH(CO,EL) NaCEL R, | OEe
X Sten 1 N \4(
R, Ry CO,Et
NHCOCH
III v 3
- M
HCl 1 2 0021-1
Step 2 R3 -
v
B W
Koo % 2 COH |2 HC1 It
Step 3 Step &4
a=b=H
% i (=
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5 GB 2174987 A

In Method A, the "X symbol in Formula Ill intermediates represents a suitable feaving group such as
mesylate, tosylate, phosphate, sulfate and halogen, preferably chlorine or bromine. Such compounds are
commercially available or can be obtained by methods known to the art. For example, the Formulalll
intermediate 2,3-dimethyl-6-nitrobenzylchloride can be prepared from 2,3-dimethyi-6-nitroaniline by

5 conventional methods according to the following scheme.

mz sz
1) diazotization

e
g, 2 G ok QU tetrahvdrofizan |
Gy T :

15 {

1(‘1(:,_!3

20

NO
25
3

I\DZ 0 2
1) AccH - /@2 S0C1, /Q/\/u
! aNCZ s OH

2) NaCH/MeOH A
Gy

13

III (2,3-dimethvl,

X =Cl)

30

The 2,3-dimethyl-6-nitrobenzyi alcohol precursor to the benzyi chloride (lil) can readily be esterified tofurther

provide Formulalll intermediates such asthe mesylate, tosylate, phosphate, sulfate and the like. Instep 10f
Method A, benzyl-X starting material (ill}, e.g., orthonitro-Rq,R,,Rs-substituted benzyl chioride, is condensed

with diethyl acetamidomalonate in a reaction inert solvent such as ethanol, methanol, n-propanol, acetonitrile,

35 dimethylformamide in the presence of a suitable alkali metal base such as sodium ethoxide, sodium
hydroxide, sodium carbonate and the like, at temperatures ranging from 50 to 150°C. to provide the
diethyl-alpha-acetamido-2-nitrobenzyl-malonate intermediates of Formula [V. The reaction period varies to

some extend depending on solvent, alkali metal salt and temperature selected. In the case of sodium ethoxide

in ethanol, the reaction is carried out at reflux temperature for a period of 1to 24 hours. In step 2, the
40 phenylalanines of FormulaV are obtained by refluxing the benzylmalonate esters {IV) in a strong acid such as
60% hydrochloric acid. In step 3, the phenylalanine (V) is treated with potassium cyanate at about 100°C. and
the mixture acidified to provide the aminocarbonyl phenylalanine Formula Vl intermediates. In step 4, the
Formula Vlintermediates are cyclized to the substituted hydantoins of Formulallwhereina and b are
hydrogen. Cyclization to the hydantoin intermediates is effected under acid conditions, for instance with 50%
45 hydrochloric acid at 100°C. or by refluxing in ethanol with hydrogen chloride.
Formula ll (wherein a and b are hydrogen) hydantoins can also be obtained according to the method
illustrated in the following reaction scheme.

Method B
R
. mz 0 H Rl / m2 0, 1{‘
R, | ¥ 0 > Ry | =0
X X Step 1 T X N
Ry ab e 3 g
11T VIil GOZE:
—.291 - IT (a=b=H)
tep
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6 GB 2174987 A

Method B involves alkylating the sodium salt of ethyl hydantoin-5-carboxylate with a Formula Hl benzyl
intermediate followed by hydrolytic decarboxylation of the alkylated intermediate. in Step 1, the Formulallil
benzyl intermediate is reacted with ethyl sodiohydantoin-5-carboxylate (VI1) in a reaction inertsolvent.
Suitable solvents include alcohols such as methanol, ethanol, propanol, isopropanol and the like as well as
§ othersolvents generally used in alkylating reaction such as acetonitrile, dimethylformamide and the like. In

addition to the soidum salt of the hydantoin ester which is preferred, other strong alkalisalts suchas
potassium and lithium are operable. Conversion ofthe Formula Vill hydantoin-6-carboxylate intermediatesto
the Formula Il hydantoins is effected under conventional hydrolysis and decarboxylation conditions such as
heating the hydantoin of Formula VIl with 50% hydrochioric acid.

10 TheFormulallhydantoins whereina and btogether representa covalent bond can be prepared accordingto
procedures described by Billek, Monatsh, 1961, 92, 352-360 (Chem. Abs,, 1962, 56, 394bj} illustrated in the
following reaction scheme.

Method C
15

N ' B
! 2 0 NaOAc, Ac.0
R, + 2T
Sten 1
20 Ry CHO "

X X

25

H
NO, O
20 2 \\/N

)
y

R

35

XT IT (atb= covalent bond)

Method C involves condensation of a substituted benzaldehyde of Formula 1X hydantoin (X}in the presence of

40 fused sodium acetate in acetic anhydride at elevated temperatures {e.g., 100-160°C.). Hydrolysis of the
N-acetyl intermediate (Xl) obtained inStep 1is conventionally carried out with an alkali metal hydroxide such
as sodium hydroxide to provide the benzylidine hydantoin of Formula llwhereina and btogetherforma
covalentbond.

As stated abovs, the Formula | compounds or pharmaceutically acceptablesalts thereof have

a5 pharmacological properties which makethem particularly useful as phosphodiesterase inhibitars, blood
platelet antiaggregators and/or cardiotonic agents. Regarding the latter, compounds ofthe invention
selectively strengthen myocardial contraction force by which the heartventricles pump blood intothe
periphery. Thus, the instant compounds are useful in the curative or prophylatictreatment of cardiac
conditions such as myocardial failure where an increase in positive inotropic activity is desirable. Preferred
50 compounds increase contractile force without unduly increasing heartrate.

Piatelet aggregation is considered part of a complex physiological mechanism for formation ofa thrombus
in the vascular system. Thromboembolic phenomena, i.e., the formation of thrombi, are involvedin
hemostasis and a number of diseased states in mammals including thrombophlebitis, phiebothrombosis,
cerebral thrombosis, coronary thrombosis and retinal vessel th rombosis. Anincreasein propensity for

g5 plateletaggregation, sometimes referredtoas platelet adhesiveness, is observed following parturition,
surgical operations such as coronary artery bypass surgery, organ transplant, angioplasty, prosthetic heart
valve implants to name a few; and in ischaemic heart disease, atherosclerosis, multiple sclerosis, intracranial
tumors, thromboembolism, and hyperlipemia; referto A. Popawski, et al.,J. Atherosclerosis Research, 8,721
{1968). Thus, the compounds of the invention which have antith rombogenic {inhibit blood platelet

60 aggregation) and phosphodiesterase inhibition properties are useful in prevention or treatment of conditions
involving platelét aggregation and thrombosis such as the above. Literature relating to prophylaticand
therapeutic activities of phosphodiesterase inhibiting compounds include the following: S. M. Amer, “Cyclic
Nucleotides as Targets For Drug Design,” Advances in Drug Research,Vol. 12, 1977, Academic Press, London,
pp 1-38; I. Weinryh, et al.,J. Pharm. Sci., pp 1556-1567 {1972): S. M. Amer, et al.,J. Pharm. Sci.,Vol. 84, pp 1-37

65 {1975); and D. N. Harris, et al., Enzyme Inhibitors As Drugs, McMillan & Co., Ed - M. Standler, pp 127-146,
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(1980). The instant compounds are considered to have antimetastatic potential in view of their platelet
inhibition properties.

The pharmacological properties of the instant compounds can be demonstrated by conventional F2in vitro
and /in vivo biological tests such as the following.

In Vitro Inhibition of Platelet Aggregation

The aggregometer method of Born {1}; as modified by Mustard, et a/, (2) was used to assess the in vitro
activity of the various compounds as to inhibition of adenosine diphosphate {ADP) and collagen-induced
platelet aggregation. Platelet rich plasma (PRP) was separated by centrifugation from citrated (3.8 percent)

10 rabbitblood. ADPin final concentration of 0.5 mcg/ml or 0.05 ml of a collagen suspension prepared according
to the method described by Evans, et a/. (3} was usedto induce aggregation. The various compoundstested
were dissolved in dimethylsulfoxide {DMSO) so that 5 mcl added to the platelet rich plasma would yield the
desired testconcentration. Vehicle control trials were done and compared with aggregation induced in platelet
rich plasma containing various concentrations of the test compounds. Dose response curves were obtained

15 and Effective Concentration (EC50) values calculated. In this test, the EC50 values for dipyrimidol, a clinicaily
useful antithrombogenic agent, are 512 mcg/mlvs. ADP and 245 mcg/mlvs. collagen. Results are given in
Table I hereinafter for various Formulai and Xl (/nfra.) compounds.

1. Born, G. V.R.,J. Physiol., London, 162, 67P {1962).
2. Mustard, J. F., Hegardt, B. Rowsell, H. C. and MacMillan, R. L., J. Lab. Clin. Med., 64, 548 (1964).

20 3.Evans,G.,Marian M. C,, Packham, M. A,, Nishizawa, E. E., Mustard, J. F. and Murphy, E. A., J. Exp. Med.,
128,877 (1968).

Inhibition of platelet aggregation following oral administration
Thistestis sometimes referred to in the artas an £x vivo method and was initially described by Fleming, et
25 al. Arch.Int. Pharmacodyn. Ther., 199,164 (1972). Briefly, the assay is essentially carried out as follows.
Aggregometry is performed /in vitro as previously described on platelet rich plasma samples obtained from
rats dosed with either test compounds orthe vehicle. In all cases, activity is determined 2 hours afterthe drugis
administered orally at various doses by gavage as a suspension in 0.9% water plus a few drops of Tween (RTM)
20. Drug activity is expressed as ED50's (that dose required to inhibit the induced aggregation by 50%)
30 calculated from results obtained from groups of 10 animals treated with various doses of testcompoundsin
comparison to separate control groups.
Inthis test, the EDs0 of dipyridamole is greater than 100 mg/kg and anagrelide is 4.9 mg/kg. Results are given
in Table Ihereinafter for various Formula | and Formula X! (infra.) compounds.

35 Inhibition of cyclic AMPphosphodiesterase
This assay is carried out essentially as described by Thompson, et al., Methods in Enzymology, 38,205-212

{1974). Briefly, tritium labeled cyclic adenosine monophosphate (cAMP) is incubated with a
phosphodiesterase (PDE)} enzyme obtained from human platelets which converts a portion of the cAMP to
5'AMP in culture tubes. This reaction isterminated by submerging the tubes in a boiting water bath afterwhich

40 they are placed onice and an aliquot of snake venom is added to eachtube. This, during a second incubation,
convertsthe 5’AMP to adenosine. lon exchange resin is added to bind the remaining cyclic AMP, The tubes are
centrifugedto sediment the resin and a portion of the clear supernatent {(which contains radioactive
adenosine) is counted in a liquid scintillation counter. The cAMP phosphodiesterase inhibition activity of a test
agentis determined by pre-incubating the PDE enzyme preparation with the test agent. Dose response values

45 are obtained and activity ofthe test agent reported as the molar (M) concentration of the test agent inhibiting
50% of the PDE activity (ICsgs). In this test, the ICs value of milrinone, a known inotropicagent,is 2 x 10~7
molar. Results are given in Table | hereinafter for various Formula t and Formula Xil {infra.) compounds.

In vitro inotropic activity
50 Thebasicassayis a modification of that described by Anderson, Drug Development Research, 3,443-457
(1983). Briefly, guinea pigs are sacrificed by cervical dislocation and the heart rapidly exposed. Silk threadties
are placed onthe left atria and these are removed from the animal and mounted in tissue baths where they are
electrically driven. After an initial equilibration period, the atria are treated with propanolol at a concentration
of 1075 Molar {(M). This depresses their native force of contraction but also renders them more sensitive tothe
65 positive inotropic effects of phosphodiesterase inhibitors. The ability of drugsto increase theforce of
contraction of the atria is assessed. Dose response curves of test compounds are obtained and reported asa
percent of the propanolol control value. When desired, the chronotropic response of right atria which beat
spontaneously can also be assessed. Results are given in Table I hereinafter for various Formula | and Formula
{infra.) compounds.
60
Invivo inotropic activity
Thistestis carried outin ferrets asfollows.
Fasted anesthetized ferrets are instrumented to study hemodynamic parameters as well as right ventricular
contractile force using a Walton-Brodie open strain guage arch. Drugs are administered intraduodenally as
65 solutions in DMSO (1 mL or less) and effects on myocardial contractile force and other parametersare

BNSDOCID: <GB___2174987A_|_>

10

15

20

25

30

35

40

45

50

55

65



8 GB 2 174987 A 8
monitored for 60 minutes after dosing. Changes in contractile force in response to drug treatmént are
expressed in terms of percentchange from predose control.
In this test, milrinone produces a 52% increase in RVCF at 3 mg/kg. Results are given in Table Ii hereinafterfor
various Formula | and Formula Xii {infra.} compounds.
5 5
TABLE!
Inhibition of platelet aggregation and cAMP phosphodiesterase
10 10
Platelet inhibition cAMP
nvitro -rabbit PRP Exvivo Phosphodiesterase
ECgo (mcg,//ml} vs. ADP Human platelets
Example® vs.ADP vs. collagen EDsolmgkg) ICs0lM)
15 . - -18
1 0.8 0.2 12.6 3x 1077
2 0.75 0.08 18.9 3x 1077
20 3 0.08 0.03 13.3 3x10°° 20
4 0.18 0.06 12.2 5x 1078
5 0.4 0.125 14.9 5x 1078
25 25
6 0.5 0.1 18.3 3x1078
7 0.1 0.03 3.2 1.5%x107°
30 8 0.6 0.3%6.8 5x 1078 30
9 0.15 0.1 8.4 1%x1077
10 0.1 : 0.1 7.3 4x1078
35 35
11 0.11 0.09 32 2x107®
12 0.04 0.02 5 2% 1078
40 13 0.13 0.08 6x1079 40
14 0.96 0.94 10P 5x107°
22 0.3 0.2 1x1077
45 45
23 0.15 0.1 8.2 8x107°
24 0.25 0.13 2x 1078
50 25 0.4 0.7 >10 3x1077 50
26 10 10 7%x1076
27 7 7 3x107®
55 55
28 4 3 2x107¢
29 7 3 1%x107
60 20-3 0.05 0.03 1%x1077 60
36 0.1 0.04 >10 3x 1078
36 20 12 9x 1176
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9 GB2174987 A 9
a. Refer to examples below for compound identification.
b. 33% inhibition.
TABLE I
5 5
Inotropic activity
Invivo -ferret
10 In vitro %Change RVCF 10
Example® Guineapig atria® 3mg/kg, i d’
1 ++ -*6
15 15
2 + 25 + 39
3 + -+ + 272
20 4 ++ -8x1° 20
5 + 2x2
6 0 -12x2f
25 25
7 ++++ 242
8 0 18 =13
30 9 + 178 30
10 0 2139
11 0 6
35 35
12 ++ 11+4
20-3 15+ 4"
40 a.RefertoExamples below for compound identification. 40
b. Activity -increase in contractile force
0-Notsignificantat 10~ M
+-50% increase at 10™*to 10™M
++-50%increase at 10 5to 10~M
45 +++-50%increaseat10 %to107'M 45
++++ -50% increase below 1077M
¢. Mean = standard error when number (n) more than 1.
d.8+6at10mg/kg
e.2at10 mg/kg
50 f.12x12at10mg/kg 50
g. 14 =8at10mg/kg
h.30 +5at0.3mg/kg
As stated above, one aspect of this invention relates to a therapeutic method for inhibiting
55 phosphodiesterase and blood platelet aggregation in a mammal which comprises administering a 55
therapeutically effective amount of a compound of Formula | or Formuta Xli {infra.} or a pharmaceutically
acceptable saltthereofto a mammal in need of such treatment. Another aspect ofthis invention as stated
above relates to a therapeutic method for increasing heart inotropic activity which comprises administering to
awarm-blooded animal, including man, in need of such treatment a therapeutically effective amount ofa
60 compound of Formula | or Formula Xll {(infra.}, preferably a compound selected from the group consisting of 60
7-fluoro-1,3-dihydro-2H-imidazo[4,5-b]quinaiin-2-one
8-methyl-1,3-dihydro-2H-imidazol[4,5-blquinolin-2-one
1,3-dihydro-7,8-dimethyl-2H-imidazo[4,5-b]quinolin-2-one
. 1,3-dihydro-8-chloro-7-methyl-2H-imidazo[4,5-b]quinolin-2-one
65 8-methyl-1,3,9,9a-tetrahydro-2H-imidazo[4,5-b]quinolin-2-one 65

BNSDOCID: <GB___2174987A_|_>



10 GB 2174987 A

10

The dosage employed in the instant therapeutic methods will vary with the form of administration, the
particular compound chosen, the subjectbeing tested and the effect desired. Suitable effective dosesin
animals range from 0.5-30 mg/kg body weight orally and from 0.05-10 mg/kg body weight parenterally
{(generally characterized as subcutaneous, intramuscular, and intravenous injection). Itis contemplated that

§ the effective unit dose in manwill range from 0.1 to 30 mg. and preferably from 0.5 to 20 mg. administered one
tothree times a day. In accordance with conventional clinical practice, the effective dose can be determined by
administering a Formulal compound atadosage substantially less than the dose of the compound whichis
thought to be effective and then increasing the dosage in smallincrements until the desired effectis achieved.

In carrying out the instant therapeutic methods, the active ingredient of Formula | and Formula Xil (infra.}

10 and pharmaeutically acceptable acid addition salts thereof are preferably administered witha
pharmaceutically acceptable carrier and such compositions constitute part of the instant invention. Suitable
dosage forms for oral use are tablets, dispersible powders, granules, capsules, syrups and elixirs. Exam ples
of parenteral forms are solutions, suspensions, dispersions, emulsions, and the like. The compasitions for
oral use may contain one or more conventional adjuvants, such as sweetening agents, flavoring agents,

15 coloring agents and preserving agents, in orderto provide a composition of suitable pharmaceutical
elegance. Tablets may contain the active ingredientin admixture with conventional pharmaceutical
acceptable excipients including inert diluents such as calcium carbonate, sodium carbonate, lactose andtalc;
granulating and disintegrating agents such as starch and alginic acid; binding agents such as starch, gelatin
and acacia and lubricating agents such as magnesium stearate, stearic acid and talc. The tablets may be

20 uncoated or coated by known technigues to delay disintegration and absorptionin the gastrointestinal tract
and thereby provide a sustained action overa longer period. Similarly, suspension, syrups and elixirsmay
contain the active ingredientin admixture with any of the conventional excipients utilized for the preparation
of such compositions such as suspending agents (e.g., methylcellulose, tragacanth, and sodium alginate),
wetting agents (e.g., lecithin, polyoxyethylene stearate) and preservatives such as ethyi-p-hydroxybenzoate.

26 Capsules may containthe active ingredientalone oradmixed with aninert solid diluentsuch ascalcium
carbonate, calcium phosphate and kaolin. The injectible compositions are formulated as known inthe artand
may contain appropriate dispersing or wetting agents and suspending agents identical or similar to those
mentioned above.

The following examples are given by way of illustration and are notto be construed as limitingthe

30 invention in any way inasmuch as many variations of the invention are possible within the spirit ofthe
invention. All temperatures are degrees centrigrade and melting points taken with a Thomas Hoover capillary
apparatus are uncorrected. Conventional abbreviations are employed in reporting Nuclear Magnetic
Resonance (NMR} spectral data with tetramethylsilane as internal reference and chemical shiftdata valuesin
parts per million.

35
Example 1

8-Chloro-1,3-dihydro-2H-imidazo [4.5-blquinolin-2-one

v H
40 I\\ N
>
X
as l

Cl

5-{{2-Chloro-6-nitrophenyl) methyi]-2,4-imidazolidinedione (2g,7.4 mmol) in dimethylformamide (40 mL)}
was hydrogenated over 10% palladium on charcoal (0.2 g) at 60 psi until hydrogen uptake ceased. The
50 reaction mixture was heated on a steam bath for 2 hours, filtered through a pad of infusorial earthand
concentrated in vacuo to give asolid. Crystallization from methanol gave hydrated
8-chioro-1,3-dihydro-2H-imidazo [4,5-b]quinolin-2-one {(1.20 g, 56%), m.p. >360°C.
Anal. Caled. for CoHsCINg0"0.1H,0: C,52.24; H, 2.82; N, 18.98; Cl, 16.01; H,0,0.81. Found: C,54.18; H, 2.93;
N, 18.93; Cl, 16.76; H20,0.75.
55 NMR(DMSO-dg): 7.44107.65 {2,m); 7.69(1,s); 7.80(1,dd, 3Hz, 6Hz); 11.18(1 bs): 11.70(1,bs).

Example2

7-Fluoro-1,3-ditydro-2H-imidazol4,56-blquinolin-2-one

B
N .
X~k
>
= N7
)3 B
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54(5-Fluoro-2-nitrophenyl)methyl1-2,4-imidazolidinedione (6 g, 23 mmal) in dimethylformamide (120 mL)
was hydrogenated over 10% palladium on charcoal {0.6 g) at 60 psi until hydrogen uptake ceased. The
reaction mixture was heated on a steam bath for 2.5 hours, filtered through a pad of infusorial earthand
concentrated /in vacuo to give a solid which was suspended in boiling methanol (750 mL). After 18 hou rs, the
5 hot mixture was filtered and solvent evaporated to leave a solid which was dissolved in boiling methanol (500 5
mL) and iodine (2.0 g, 7.9 mmol) added in 2 equal portions. After 15 minutes, the solvent was evaporatedand
the residue treated with a solution of sodium thiosulfate (10 g) in water (100 mL) and sodium ca rbonate (5 g)in
water (50 mL). A sandy brown solid {2.80 g) wasfiltered off and dissolved in dimethy! sulfoxide (30 mL).
‘Addition of dichloromethane precipitated 7-(Fluoro-1,3-dihydro-2H-imidazo[4,5-b]quinolin-2-one as a
10 hydrate dichloromethane solvate dimethyl sulfoxide solvate (2.18 g, 45%) m.p. >360°C. 10
Anal. Calcd. for CgHgFN30.0.2H;0 0.05CH,Cl,.0.05C,Hg0S: C, 56.72; H, 3.19; N, 19.55; H,0, 1.68. Found: C,
57.01; H,3.09; N, 19.24; 4H,0, 1.66.
NMR (DMSO-dg): 2.60 {bs, CH3SCH,); 5.74 (s, CH,CH); 27.0-7.95 (4,m): 11.30 {2,bs).

16 Example3 15
8-Methyl-1,3-dihydro-2H-imidazol4,5-blquinolin-2-one

2 H

b X N
20 — 20

P
H
CH

25 3 25

5-[(2-Methyl-6-nitrophenyl)methyl]-2,4-imidazolidinedione (6 g, 20 mmol) ind imethylformamide (200mL)
was hydrogenated over 10% palladium on charcoal (0.5 g) at 60 psi until hydrogen uptake ceased. The
reaction mixture was heated on a steam bath for 2 hours, filtered through a plug of infursorial earth and the
30 solventevaporated. The residual solid was suspended in boiling methanol andiodine (4g, 15 mmol) addedin 30
four equal portions over 10 minutes. The mixture was refluxed 10 minutes, concentrated in vacuo and the
residue treated with a solution of sodium thiosulfate (45 g) in water (150 mL) and a solution of sodium
carbonate (15 g) in water (150 mL). The insoluble solid (4.75 g) was filtered off and dissolved in 10% hydrogen
chloride in methanol. Addition of ether precipitated 8-methyl-1,3-dihyd ro-2H-imidazo[4,5-b]quinolin-2-one
35 asahydrochloride hydrate (3.38 g, 71%), m.p. 350-355°C (dec). 35
Anal. Caled. for C1;HgN30 .HC1.0.35H,0: C, 54.60; H, 4.46; N, 17.37; Cl, 14.61; H0, 2.61. Found: C, 54.30; H,
4.15; N, 17.49; Cl, 14.54; H,0, 0.38.
NMR (DMSO-de): 2.62 (3,s); 7.35(1,d, 8Hz); 7.54 (1,d, 8Hz); 7.80 {1,s); 7.83(1,d, 8Hz); 9.72 {1,bs); 11.70(1,bs).

40 Example4 40

7-Methyl-1,3-dihydro-2H-imidazo[4,5-blquinofin-2-one

H
NN

o
N
H

5-{(5-Methyl-2-nitrophenyl)methyl]-2,4-imidazolidinedione (5§ g, 20mmol} in dimethylformamide (200 mL)
was hydrogenated over 10% palladium on charcoal (0.5 g) at 60 psi until hydrogen uptake ceased. The
reaction mixture was heated on a steam bath for 2 hours, filtered through infusorial earth and concentrated in
§5 vacuo. The residual solid was treated with boiling methano! {300 mL) and iodine (4 g. 15 mmol) addedin 2 55
equal portions over 10 minutes. Reflux was continued for a further 25 minutes before the solventwas
evporated and the residue treated with a solution of sodium thiosulfate (17 g) in water (170 mL) and a solution
of sodium carbonate (10 g) in water {100 mL). A light brown solid was filtered off (4.09 g} and dissolvedin 10%
hydrogen chloride in methanol. Addition of ether precipitated 7-methyl-1 3-dihydro-2H-imidazo
60 [4,5-b]-quinolin-2-one as a hydrochloride hydrate (3.60 g, 74%) m.p. >360°. 60
Anal. Caicd. for C11HgN30.HCI.0.3H,0: C, 54.81; H, 4.43; N, 17.43; Cl, 14.71; H,0, 2.24. Found: C,55.15; H,
4.56; N, 17.16; Cl, 14.03; H;0, 0.69.
NMR (DMSO-dg): 2.45(3,5); 7.44(1,d, 8Hz); 7.75(2,s); 7.90(1,d, 8Hz); 11.00(1,bs); 11.62(1,bs).

45 45
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Example5
7-Chloro-1,3-dihydro-2H-imidazo[4,5-b]quinolin-2-one

CT
10 H

5-[(5-ChIoro-2-nitrophenyl)methyl]-2,4-imidazolidinedione (3g. 11.1 mmol) in dimethylformamide (60 mL)
was hydrogenated over 10% palladiumon charcoal (0.3 g) at 60 psi until hydrogen uptake ceased. The
reaction mixture was heated on a steam bath for 2 hours, filtered through infusorial earth and concentratedto

15 about 10 mL. Addition of dichloromethane furnished hydrated
7-chloro-1,3-dihydro-2H-imidazo[4.5-b]quinolin-2-one (1.22 g, 50%) m.p.>360°C.

Anal. Caled. for C4oHgCIN300.1H,0: C, 54.24; H, 2.82; N, 18.98; Cl, 16.01; H,0,0.81. Found: C, 54.36;H, 2.83;
N, 18.88; Cl, 15.29; H,0, 0.52.

NMR (DMSO-dg): 7.46 (1,dd, 2Hz, 9Hz); 7.69(1,s); 7.79 {1,d,9Hz); 7.98(1,d, 2Hz); 11.10(1,bs); 11.50(1,bs}.

20
Example 6
1,3-Dihydro-6,7-dimeth yl-2H-imidazol4,5-blquinolin-2-one

. H
% (‘HBO/\NINF
7~ Z# N
CH 3 H
30

Asolution of 5-[(4,5-dimethyl-2-nitrophenyl)-methyl]—2,4~imidazolidinedione (3g,11.4mmol}in
dimethylformamide (100 mL} was hydrogenated over 10% palladium on charcoal (0.3 g) until hydrogen
uptake ceased. The reaction mixture was heated on asteam bath for 3 hours beforefiltering through

35 infusorial earth. Evaporation of the solvent afforded an oil which was dissolved in boiling methanol {150 mL)
and treated with iodine (2 g, 7.6 mmoi} in 2 equal portions over 15 minutes. After a further 15 minutes atreflux
the solventwas evaporated and a sofution of sodium carbonate {9 g) and sodium thiosulfate (9 g} inwater
(180 mL) added. A pale yellow solid was filtered off and dissolved in 10% hydrogen chloride in methanol. The
solvent was evaporated and the residue crystallized from methanol to give

40 1 ,3-dihydro-6,7-dimethyl-2H-imidazo-[4,5-b1quinolin-z-one as a hydrochloride hydrate (1.04 g, 47%), m.p.
>360°C.

Anal.Caled. for C2H11N30.HCL.0.15H0: C, 57.10; H, 4.91; N, 16.65; H;0, 1.07. Found: C,57.04; H,5.01; N,
16.57; H20,1.02.

NMR (DMSO-dg): 2.36 (3,s); 2.39(3,s); 7.70(3,s).

45
Example7
1,3-Dihydro-7,8-dimethyl-2H-imidazo[4,5-b] quinolin-2-one

H
50 NN -
e
N
Chg’ : 7 H
55 :

Chy

(a) 1,3-Dihydro-7, 8-dimethyl-2H-imidazol4,5-blquinolin-2-one hydrochloride. -
5-[(2,3-Dimethyl-s-nitropheny!)methyl]-2,4-imidazoIidinedione {2.15 g, 8.2 mmol) in dimethylformamide (30
60 mL)was hydrogenated over 10% palladiumon charcoal (0.2 g} at 55 psi. After 4 hours, 10% palladiumon
charcoal (0.2 g) was added and hydrogenation continued. After 18 hours, the reaction mixture was heated on
asteam bath for 1.5 hours, cooled, filtered through infusorial earth and the solventevaporated. The residual
solid was suspended in boiling methanol (100mL) and treated with iodine (1 g). After 30 minutes thereaction
mixture was concentrated to about 30 mL and a solution of sodium thiosulfate (10 g) and sodium carbonate
65 (10g) inwater (100 mL) added. A brown solid was filtered off, washed with water and methanol and treated
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with 10% hydrogen chloride in methanol. The insoluble brown solid was suspended in boiling methanol and
filtered to give 1,3-dihydro-7,8-dimethyl-2H-imidazo[4,5-b]-2-one as a hydrochloride hydrate (1.0 g.49%) m.p.
>360°C.
Anal. Calcd. for C15H41N30.HCL.0.2H20: C, 56.90; H, 4.93; N, 16.59; H,0, 1.42. Found: C,57.01; H, 4.89; N,
5 16.33; H,0, 1.07. 5
NMR (DMSO-de/CF3sCO,H): 2.41 (3,s); 2.52 (3,5); 7.59 (2,AB quartet, 9Hz); 7.89 (1,s); 11/50(3,bs).

(b) 1,3-Dihydro-7,8-dimethy/-2H-imidazo[4.5-blquinolin-2-one hydrate. -
5-[(2,3-Dimethyl-6-nitrophenyl)methyl]-2,4-imidazolidine (40.18 g, 0.15 mole) in dimethylformamide (500
16 ml)was hydrogenated over 10% palladium on charcoal (6 g} at 60 psi. After 66 hours, the mixture was diluted 10
with dimethylformamide {300 mL)}, warmed to dissolve some precipitated material, treated with charcoal,
filtered through infusorial earth and concentrted. Residual material was suspended in boiling methanol (2
liters) and iodine (38.7 g, 0.15 mole} added portionwise over a period of 30 minutes. Reflux was continuedfor
afurther 10 minutes, the mixture concentrated to approximately 400 mL and a solution of sodium thiosulfate
15 (60g) and sodium carbonate (60 g} in water (600mL} added. The precipitate was collected, washed with water 15
and methanol and then triturated with water (600 mL). The triturated solid was collected, suspended in
boiling methanol (200 mL), cooled and filtered to afford hydrated
1,3-dibydro-7,8-dimethyi-2H-imidazo[4.5-b]quinolin-2-one (29.44 g, 88%), m.p. >310°C.
Anal. Caled. for C12H11N30. 0.2 H20: C, 66.47; H, 5.30; N, 19.38; H.0, 1.66. Found: C, 66.14; H,5.12; N, 19.32;
20 H20, 1.0. 20
NMR (DMSO-dg): 2.41(3,s); 2.49 (3,s); 7.45(2.AB quartet, 9Hz); 7.62 (1,s); 10.90(1,s); 11.30(1,bs).

Example 8
1,3-Dihydro-7-chloro-6-methyl-2H-imidazo[4.5-blquinolin-2-one
25 25

CH H
N (N _
=
30 N 30
Cl H

5-[(5-Chloro-4-methyl-2-nitrophenyijmethyl]-2,4-imidazolidinedione (2 g, 7 mmol) in dimethylformamide
(30 mL) was hydrogenated over 5% platinum on carbon (0.4 g} at 55 psi until hydrogen uptake ceased. The
35 mixture was heated on a steam bath for two hours, concentrated /n vacuo and the residue treated with hot 35
{90°C) dimethyl sulfoxide, Filtration through infusorial earth and evaporation of the solvent afforded a solid
which was washed with ether and suspended in boiling methanol. Filtration gave
1,3-dihydro-7-chloro-6-methyl-2H-imidazo [4,5-b]quinolin-2-one {1.40 g, 84%) m.p. >360°C.
Anal. Caled. for C;1HgCIN;0: C, 56.55; H, 3.45; N, 17.98; C1, 15.17. Found: C, 56.34; H,3.42;N,17.71;Cl,
40 14.83. 40
NMR (DMSO-dg): 2.45(3,s); 7.55 (1,s); 7.72(1,s); 7.98(1,s).

Example 9

1,3-Dihydro-8-methoxy-2H-imidazol4,5-b)guinolin-2-one
45 . 45

N §>=O
50 A~} 50
0
CH 3

§5 This compoundwas prepared analogous to Example 7{b) from 85

5-[(2-methoxy-6-nitrophenyl)methyl]-2,4-imidazolidinedione. The title product is obtained as a hydrate
(91%), m.p. >300°C.
Anal. Calcd. for C4sHeN30,2 0.25 H,0: C, 60.13; H, 4.36; N, 19.13; H,0, 2.05. Found: C, 59.85; H, 4.12; N, 18.78;
H.0, 1.26.
60 NMR(DMSO-dg): 3.97 (3,s); 6.88(1,dd, 4Hz, 5Hz); 7.35-7.50 (2,m); 7.71(1,s); 10.98 (1.bs); 11.45({1,bs). 60

Example 10
1,3-Dihydrd-8-chloro-7-methyl-2H-imidazo[4,5-blquinofin-2-one
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P

N
3 H
Ccl

10 Thiscompound was prepared analogousto Example 2from
5-[(2-chloro-3-methyi-6-nitrophenyl)methyl]—2,4-imidazolidinedione. Thetitle productis obtainedasa
hydrate {65%), m.p. >360°C.

Anal. Caled. for C17HsCIN30.0.2H,0: C, 56.69; H, 3.57; N, 17.71; H0, 1.52.Found: C,54.61; H,3.47; N,17.11;
H20, 1.43.
15 NMR (DMSO0-d6): 2.50(3,s); 7.57 {2,ABquartet, 8Hz); 7.69(1,s); 11.10(1,bs); 11.60(1,bs).

Example 11
7-Chioro- 1,3-dihydro-6‘,8-dimethy/-2H-imidazo[4,5-b]quino/in-2—one

20 N
CH M
3 A o
Cl /
25 .

This compound was prepared analogous to Example 8from

30 5-[(2,4~dimethyl-3-chloro-6-nitro)methyl]—2,4~imidazolidinedione {70%}, m.p. >300°C.
Anal.Caled. for C1oH1oCIN30: C, 58.19; H, 4.07; N, 16.97. Found: C,57.92; H,4.10; N, 17.03.
NMR (CF3CO,H): 2.73 (3,s); 2.93(3,s); 7.84(1,s); 8.90 (1,s).

Example 12
35 7-Methoxy-1,3-dihydro-2H-imidazol4,5-blquinolin-2-one

H
JL =
Z~N
H
Asolution of 5—{(2—nitro-5-methoxypheny!)—methviene]—2,4-imidazolidinedione {4.5g,17mmol)in
45 dimethylformamide (120mL)was hydrogenated over 10% palladium on charcoal {0.45 g) at 60 psi. After42
hours the mixture was filtered through infusorial earth and the solvent evaporatedto |eave a brown solid. A
mixture of this material and methanol {150 mL} was heated to reflux and icdine (3.65 g, 14mmol}introduced
portionwise over 15 minutes. The reaction mixture was refluxed 45 minutes, cooled and concentrated to 20
mL before adding a solution of sodium thiosulfte (10 g) and sodium carbonate {10 g) in water (200mL). The
50 precipitate was filtered off, suspendedin hot (80°C.) water (200 mL} and filtered. Recrystallization from
aqueous dimethylformamide afforded 7-methoxy-1 ,3-dihydro-2H-imidazol[4,5-b]quinolin-2-one {1.61g,
43%), m.p. >360°C.
Anal. Caled. for C1HeN303: C, 61.39; H, 4.22; N, 19.53. Found: C,61.21; H,4.27; N, 19.53.

NMR (DMSO-dg): 3.79 (3,s); 7.10(1.dd, 3Hz,9Hz); 7.28 (1.d, 3Hz); 7.48(1,s); 7.65 (1,d, 9Hz); 10.80(1,bs);
55 11.32(1,bs).

CH,0

-Example 13
1,3-Dihydro-6,7-dimethaxy-2H-imidazo[4,5-b]quinolin-2—one
CHL0 H
3 ' N W

CH 3

BNSDOCID: <GB___2174987A__|_>

10

15

20

25

30

35

45

S0

55



15 GB 2174987 A 15
This compound was prepared analogous to Example 7{b) from
5-[4,6-dimethoxy-2-nitrophenyl)methyl}-2,4-imidazolidinedione. The title product is obtained as a white
powder (34%), m.p. >320°C.
Anal. Calcd. for C4oH11N303: C, 58.77; H,4.52; N, 17.13. Found: C, 58.38; H, 4.55; N, 17.09.
5 NMR(DMSO-dg): 3.88(6,s); 7.20(1,s); 7.30{1,s); 7.49(1,s}; 10.50t0 11.50 (2,bs). 5
Example 14
7-Bromo-1,3-dihydro-6,8-dimethyl-2H-imidazo[4,56-blquinolin-2-one
10 CH 3 N H 10
; N
}0
N
15 Bz l H 15
CH 3 :
This compound was prepared analogous to Example 5from
20 5-{{2,4-dimethyl-3-bromo-6-nitro)methyl}-2,4-imidazolidinedione (74%), m.p. >300°C. 20
Anal. Caled. for C1oHoBrN;0: C,49.34; H, 3.45; N, 14.38. Found: C, 49.27; H, 3.50; N, 14.42.
NMR (CFsCO,H): 2.76 (3,s); 2.98 (3,5); 7.81 (1,s); 8.90(1,s).
Example 15
26 Additional Formula lcompounds are prepared by reducing the appropriately substituted hydantoin of 25
Formuia ll {obtained according to Methods A or B or C} in a manner analogous to the aboveexampies.
Rl 3 H
L3 N \ N
30 30
R2 0
? Z N
R3 . B
35 Example No. Rq R, Rs 35
15-1 5-CH. H H
15-2 5-CH3;0 H H
40 . 40
15-3 5-Ci H H
15-4 7-n-C4H;0 H H
45 15-5 7-{CH3)3CO H H 45
15-6 7-(CH3).CHO H H
15-7 7-C,HsO H H
50 50
15-8 5-CH3 7-CH3 H
15-9 5-CH, 8-CH; H
55 Example 16 55

Method A - Preparatian of hydantoinintermediates of Formula ll wherein aand b are hydrogen by adaptation

ofthe method of Conners, et a/. supra.

BNSDOCID: <GB__2174987A__| >



i6 GB 2174987 A

16

Z

1 0, ©
0 11’ - - -
I° (11, 5 P‘l’ 7 RZ' 8 R3,
5 R—Z H a=b=H)

10 (a) 5-[(2,3-dimethyl-6-nitrophenyl)methyl}-2,dimidazolidinedione {R;=H,Rz=R3z=CHs}.

Step 1. DiethylZ-{acety/amina}-z-[(2,3-dimethy/-6~nitrophenyl)methyl]propanedioate. -Sodium (3.38g,
0.15 g atom) was dissolved in ethanol (600 mL} and diethy! acetamidomalonate {29.04 g, 0.i3mole) addedin
one portion. The mixture was stirred for 10 minutes and a solution of 2,3-dimethyl-6-nitrobenzyl chloride
15 (26.70g,0.13mol)inethanol (30 mL) added. The mixture was heated under reflux for 4hours, stirred atroom
temperature for 12 hours andthen concentrated in vacuo. The residue was diluted with water and extrracted
with dichloromethane. The combined extracts were dried over sodium su Ifate and the soivent evaporated to
leave a viscous oil which wasfiltered through a plug of silica gel 6" x 1-1/2" using diethyl ether as eluent. The
residue, after removal of the solvent was dissolved in dichloromethane and diluted with hexanetogive
20 diethyl-z-(acetylamino)—2-[(2,3-dimethyl-G-nitrophenyl)methyl]propanedioate (28.90 g, 56%). A second crop
{23 g, 4%) was subsequently collected, m.p. 112-113°C. Spectral datawere in accord with the assigned
structure.
Anal. Calcd. for CgHa4N,07: C,56.84; H,6.36; N, N, 7.36.Found: C,56.79; H,6.32; N, 7.30.

25 Step 2. DL-2,3-dimethyl-6-nitrophen ylalanine hydrochloride. - A mixture of diethyl
2-(acetylamino)-2-[(2,3-dimethyl-6-nitrophenyl )methyl]propanedioate (28.75 g, 75 mmol), concentrated
hydrochloric acid solution {150 mL}) and water (150 mL) was heated under reflux. After 19 hours, the solvent
was evaporated and the solid residue dissolvedin methanol {about 150 mL). Addition of the diethyl ether

{about 800 mL)} precipitated DL-2,3-dimethyl-6-nitrophenylalanine hydrochloride hydrate (16.50 g, 79%), m.p.

30 215-217°C (dec) which exhibited spectral datain accord with the designated structure.
Anal. Calcd. for Cy3H14N204.HC1.0.25 H,0: C, 47.32, H, 5.60; N, 10.03; CI, 12.70; H,0, 1.61. Found: C, 46.98; H,
5.62; N, 10.28; cl, 12.45; H,0, 1.52.

Step 3. DL-N-(Aminocarbonyl)-z,3—dimethy/-b‘-nitrophenylalanine.- Potassium cyanate (17.5g,0.21T mol}was

35 addedto stirred solution of DL-2,3-dimethyl-6-nitro-phenylalanine hydrochloride {15 g, 0.05 mol} in water
(125 mL). The mixture was heated on a steam bath for 30 minutes, cooled and acidified with 2N hydrochloric
acid solution. The precipitate was filtered off, washed with waterand dried inairto give
DL-N-{aminocarbonyl)-2,3-dimethyl-6-nitrophenylalanineasa hydrate {16.0g, 100%), m.p. 223-224°C (dec).
Spectral data were in accord with the assigned structure.

40 Anal.Calcd. for C12H15N30s 0.2 H20: C, 50.60; H, 5.45; N, 14.75; H,0, 1.27. Found: C, 50.45; H,5.31; N,15.15;
H,0; 1.28.

Step 4. 5-[(2,3-Dimeth yl-6‘-nitr0pheny/)methyl]-2,4-imidazolidt‘nediane.-A mixture of
DL-N-{aminocarbonyl}-2,3-dimethyl-6-nitrophenylalanine hydrate {15.5 g, 50 mmol) and 10% hydrogen
4§ chioride in ethanol (200 mL) was heated at reflux for 18 hours. The reaction mixture was diluted with

methanol (100 mL) and filtered to give 5-[2,3-dimethvl-s-nitrophenyl)methy[]-2,4—imidazolidinedione (3.35g).

Concentration of the mother liquors afforded a solid which was suspended in methanol andfiltered to afford
asecond crop (3.76 g). Total yield (7.20 g, 50%). Crystallizing a sample from methanol afforded thetitle
intermediate analytically pure as hydrated material, m.p. 172-174°C, which exhibited spectral datainaccord
50 with the assigned structure.
Anal. Caled. for CyoHq3N204 0.2H,0: C,54.01; H, 5.06; N, 15.75; H20, 1.35. Found: C,53.90; H, 4.93; N, 15.84;
H.0, 1.32.
(b} 5-[(2-Chloro-6-nitrophenyl)methyl]-2,4-imidazolidinedione {R,=Ry=H,Rs=Cl).
A mixture of DL-N-{aminocarbonyl)-2-chloro-6-nitrophenylalanine (6.15 g, 21 mmol} preparedfrom
66 2-chloro-6-nitrobenzyl chloride accordingtosteps 1,2and 3 above, concentrated hydrochloricacid (70 mL)
and water (70 mL) was heated on a steam bath. After 45 minutes, the mixture was cooled, filtered and the solid
washed with water and dried in airto give 5-[(2-chloro-6-nitrophenyl)methyl]-2,4-imidazo|idinedione (4.90g,
85%), which was used without further purification. An analytical sample was prepared by dissolvinga sampie
of the crude material (0.6 g) in boiling ethanol {30 mL} and adding etherto precipitate pure material (0.48g).
60 m.p. 210-212°C (dec). Spectral data werein accord with the assigned structure.
Anal. Calcd. for 1oHsCIN304: C, 44.54; H,2.99; N, 15.58; Ci, 13.15. Found: C,44.57; H, 3.07; N, 15.42; C|,13.08.
(c) 5—[(5-Fluoro-z-nitrophenyl)methyl]-imidazolidinedione {R1=R3=H, Ry =).- Preparedfrom
5-fluoro-2-nitro-benzyl chloride according to the pracedure of Method A, m.p. 186-188°Cfrom methanol.
Anal. Calcd. for C1oHsFN304: C,47.44; H, 3.19; N, 16.80. Found: C,47.14; H,3.20; N, 16.90.
65 (d) 5-[(2-methyl-6-nitropheny[)methyl]-2,4-imidazolidinedione (R = Rz =H, Ra = CHa).- Prepared from
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2-methyl-6-nitrobenzyl chioride according to the procedure of Methad A, m.p. 225-226°C (dec) from ethanol.
Anal. Calcd. for C11H11N304: C,53.01; H, 4.45; N, 16.86. Found: C, 53.14; H,4.56; N, 16.80.
{e) 5-[(5-Methyl-2-nitrophenyl)methy!]-2,4-imidazolidinedione (R, = Rz = H, Rz = CHg).- Preparedfrom
5-methyl-2-nitrobenzyl chloride according to the procedure of Method A, m.p. 222-225°C (dec) from ethanol.
5 Anal.Caled. for Ci1H;1N30,: C,53.01; H, 4.54; N, 16.86. Found: Cd, 52.69; H,4.45; N, 16.78.
{f) 5-[(5-Chloro-2-nitrophenyl)methyl]-2,40imidazolidinedione {R1 =Rz =H, Rz = Cli).- Prepared from
5-chloro-2-nitrobenzyl chloride according to the procedure of Method a, m.p. 184-186°C from aqueousHCI.
Anal. Calcd. for C1gHgCIN3O4: C, 44.54: H, 2.99; N, 15.58; Cl, 13.15. Found: C,44.35; H,3.01; N, 15.25; Cl,
13.66.

10 (g) 5[(4,5-Dimethyl-2-nitrophenyl)methyl]-2,4-imidazolidinedione (Rs = H, Ry =R, = CHs).- Prepared from
4,5-dimethyl-2-nitrobenzyl chloride according to the procedure of Method A, m.p. 248-249°C {de¢} from
ethanol.

Anaf. Calcd. for C1o2H13N304: C,54.75; H,4.98; N, 15.96. Found: C, 54.48; H, 5.11; N, 15.64.

15 Example 17
Method B. Preparation of hydantain intermediates of Formula Hlwherein a and b are hydrogen

H
R]_ NO — N
20 2
}0 IT' (1I; a = b = H)
N
R2 H
R3 )

25

(a) 5-{(5-Chloro-4-methyl-2-nitrophenylimethy!]-2,4-imidazolidinedione { R1=CH3, R, =CI, Rz =H).
Step 1. Ethyl 4-[(5-chloro-4-methyl-2-nitrophenyl)methyl]-2, §-dioxoimidazolidine-4-carboxylate.- Ethy!
30 2,5-dioxoimidazolidine-4-carboxylate, sodium salt{15.50 g, 80 mmol) obtained according to Garner, et al., .
Org. Chem., 20, 2003-2005 {1964) was added to a solution of 5-chloro-2-nitro benzyl chloride (17.57 g, 80
mmol}in ethanol (250 mL) and the mixture refluxed under an atmosphere of argon for 16 hours. The solvent
was evaporated, the residue diluted with water and extracted with dichloromethane. The combined extracts
were dried over sodium sulfate and concentrated /i vacuo to afford a solid which was dissolved in
35 dichloromethane. Addition of hexane precipitated ethyl
4—[(5-chIoro~4-methyl—2-nitrophenyl)methyl-2,5-dioxoimidazolidine—4-carboxylate (12.35 g, 43%), m.p.
176-178°C which exhibited spectral data in accord with assigned structure.

Anal. Calcd. for C14H14CIN3Os: C, 47.27; H, 3.97; N, 11.81; Cl, 9.97. Found: C, 46.95; H, 3.90; N, 11.79; Cl,

10.38.
40

Step 2. 5-[(5-Chloro-4-methyl-2-nitrophenyl)methyl]-2,4-imidazolidinedione.- a mixture of ethyl
4-[(5-chloro-4-methyi-2-nitrophenyl)methyl 96-2,5-dioxoimidazolidine 4-carboxylate (11.85 g, 33 mmol)
concentrated hydrochloric acid {175 mL) and water {175 mL) was heated under refluxfor 2 hours. After
cocling, the precipitate was filtered off, washed with water and dried /n vacuo at 78°C to afford

45 5-[(5-chloro-4-methyl-2-nitrophenyl)methyl]}-2,4-imidazalidinedione (8.76 9,95%}, m.p. 211-214°C which
displayed spectral data in accord with assigned structure.

Anal. Caled, for C 13H10CIN30,4: C, 46.58; H, 3.55; N, 14.81: Cl, 12.50. Found: C,46.68; H,3.47; N, 14.88;ClI,
12.72.

{b) 5-[{2-Methoxy-6-nitrophenyl)methyi]-2,4-imidazolidinedione (R1=R2=H, Rz=CH30).- Prepared from

50 2-methoxy-6-nitrobenzyl bromide according to the procedure of Method B, m.p. 193-194°C.,

Anal. Calcd. for C41H11N30s: C,49.82; H,4.18; N, 15.84. Found: C, 49.78; H, 4.15; N, 15.91.

(c} 5-[(6-Chloro-5-methyl-2-nitrophenyl)methyl}-2,4-imidazolidinedione {Ry=H,Ry=CH3z,Rz= -Cl}.-
Prepared from 2-chloro-3-methyl-6-nitrobenzyl bromide according to the procedure of Method B, m.p.
203-205°C.

55 Anal. Caled. C41H1oCIN3O4: C, 46.58; H, 3.55; N, 14.81. Found: C, 46.31; H, 3.53; N, 14.80.

{d) 5-{(2,4-Dimethyi-3-chloro-6-nitro)methyl]-2,4-imidazolidinedione {R1=R3=CHj3, R,=Cl).- Prepared from
2,4-dimethyl-3-chloro-6-nitrobenzyl bromide according to the procedure of Method B, m.p. 200-201.5°C.

(e} 5-{(4,5-Dimethoxy-2-nitrophenyl)methyl]-2,4-imidazolidinedione {R1=R2=CH0, Rz=H).- Prepared from
4,5-dimethoxy-2-nitrobenzyl bromide according to the procedure of Method B, m.p. 207-208°C.

60 Anal. Calcd. for C1oH13N30g: C, 48.82; H, 4.44; N, 14.23. Found: C, 48.72; H, 4.40; N, 14.31.

{f) 5-{{2,4-Dimethyl-4-bromo-6-nitro)methyl]-2,4-imidazolidinedione (R, =Ra=CHj3, R,=Br).- Prepared from

2,4-dimethyl-3-chloro-8-nitrobenzyl chloride according to the procedure of Method B, m.p.199-201°C.
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Example 18
Method C.- Preparation of hydantoin intermediate of Formula Il wherein a and btogetherform acovaient
bond by adaptation of the method of Billek, supra.

(11, 6—31, 7-R,, 8-R,

16 a+b = covalent bond)

15 (a) 5-[(2-Nitro-S-methoxyphenyi)methylene]—2,4-imidazolidinedione {R; = Rz = H, R, = CH30).- Amixture of
5-methoxy-2-nitrobenzaldehyde (10.0g, 55 mmol}, imidazolidine-2,4-dione (5.52 g, 55 mmol), fused sodium
acetate {4.53 g, 55 mmol) and acetic anhydride (75 mL} was heated under reflux for 1 hour. The mixturewas
cooled and water (30 mL) added producing an exothermic reaction. The mixture was additionally diluted with
water (270 mL) added portionwise over 15 minutes and then extracted with dichloromethane (2 X 100mL).

20 Combined extracts were dried over sodium sulfate and concentrated to afford the acylated
5—[(2—nitro-5-methoxyphenyl)methyiene}2,4-imidazolidinedione as an oil which is used as follows without
further purification. The oil was dissolved in methanol (150 mi) and 4N sodium hydroxide solution (150 mL)
added. The reaction mixture was stirred for 1 hour, acidified to pH=2 with 2N HCl and atan precipitatefiltered
off, washed with waterand dried in air.

25 This material suspended in methanol and filtered gave
5-[(2—nitro-5-methoxyphenyl)methylene)-z,d-imidazolidinedione (8.0 g, 55%)}, m.p. 294-295°C (dec.) which
exhibited spectral data in accord with the assigned structure.

Anal. Caled. for C11HsN3Os: C, 50.20; H, 3.45; N, 15.96. Found: C, 49.84; H,3.51; N, 15.64.

30 Example 19
Preparation of formula fIA compounds wherein a and b are hydrogen

General procedure- Asolution of aFormulall nitro-hydantoin (8 mmol) in dimethylformamide (60 ml}is

35 hydrogenated over 10% palladium-on-charcoal {0.4 g) at 60 p.s.i. After hydrogen uptake ceased, the mixture is
filtered through infusorial earth and the solvent evaporated under reduced pressure. Residual material
consists of the Formula I1A amino-hydantoin which can be used to provide Formula 1IB compounds without
further purification. If desired, residual material can be further purified by conventional methods such as
trituration or crystallization from an appropriate solvent.

40 Thecompoundstabulated below canbe prepared according to this procedure fromthe corresponding
Formula ll nitro-hydantoin.

TABLEIl
N i
' >‘O TIA (a=b=F)

N
H

Example R, R> Ra

55 19-1 H H 6-Cl
19-2 H 5-F H
19-3 H H 6-CHz

60
Triturated from diethyl ether, 90% yield, m.p. 308-310°C (dec). NMR spectra indicates partial

dimethylformamide solvate.
Anal.Calcd. for C11 H13N302. 0.2 C3H7NO: C,59.568; N, 18.75.
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19-4 H 5-CH; H
19-5 H 5-Cli H

5 19-6 4-CHjz 5-CHj H 5

19-7 H 5-CH3 6-CHj3
19-8 4-CH3 5-Cl H

10 10
18-9 H H 6-CH30
19-10 H 5-CH3 6-Cl

15 19-11 4-CHgz 5-Ci 6-CHa 15
19-12 H 5-CH;O0 H
19-13 H-CH30 B-CH;0 H

20 20
19-14 4-CHz 5-Br 6-CH3
Example 20

25 Preparation of 1,3,9,9a-Tetrahydro-2H-imidazo [4,5-blquinolin-2-one Intermediates of Formula iIB 25
General procedure.- A mixture of a Formula [IA amino-hydantoin wherein aand bare hydrogen (16 mmol}and
p-toluenesulfonic acid monohydrate (0.25 g) in methanol {180 mL) s heated to reflux under an inert
atmosphere (e.g. argon) for a period of 1.25 hours. Removal ofthe solvent under reduced pressure affordsthe

30 FormulaliBtetrahydroquinoline. Purification is carried out by conventional methods such as crystallizationor 30
trituration of the residual material from solvents such as methanol, ether, and the like. Ifdesired, acid addition
salts of the FormulalIB tetrahydroquinoline can be prepared by acidifying the residual materialinan
appropriate solvent.
The compounds tabulated below can be prepared according to this procedure from the corresponding

36 FormulallA aminohydantoinswherein a andb are hydrogen. 35
TABLE IV

40 f 40

>= 0 (IIB)
N
H

45 45
Example R, R, Rs
20-1 H H 8-Ci

50 50
20-2 H 7-F H
20-3 H H 8-CHs

55 Acidification of the residual material with methanolic hydragen chioride and precipitation with diethylether 55
provided a 62%yield of hydrated 8-methyl-1,3,8,8a-tetrahydro-2H-imidazo [4,5-bJquinolin-2-one
hydrochloride, m.p. 220-225°C (dec).
Anal. Caled. for C41H41N30.HCI. 0.55 H,0: C, 53.36; H, 5.33; N, 16.97; H,0, 4.00. Found: C,53.03; H,5.44; N,
16.74; H,0, 3.49. NMR (DMSO-ds): 2.29 (3,s); 2.78(1,t,J = 15 Hz), 3.30(1,dd, J = 15 Hz,J'=8Hz); 4.92(1,dd,J =

60 15Hz,J"=8Hz); 7.15t0 7.60(3,m); 9.20{1,bs}; 9.80(2,bs). 60
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20-4 H 7-CH; H
20-5 H 7-Cl H
§ 20-6 6-CHj3 7-CHs H 5

20-7 H 7-CHj 8-CHg
20-8 6-CH3 7-Cl H

10 10
20-9 H H 8-CH30
20-10 H 7-CHs 8-Cl

15 20-11 6-CHsz 7-Ci 8-CH; 15
20-12 H 7-CH30 H
20-13 6-CH30 7-CH30 H

20 20
20-14 6-CH3 7-Br 89-CH,
Example21

25 Preparation of 1,3-Dihydro-2H-imidazo{4,5-blquinolin-2-ones of Formula lfrom 25

1,3,9,9a-tetrahydro-2H-imidazo[4,5-blquinolin-2-one Intermediates of Formuia lIB
General procedure.-lodine (0.63 g, 2.5 mmol}is added portionwise over 30 seconds to asuspension ofa
Formula IIB 1,3,9,9a-tetrahydro-2H-imidazo[4,5-b]quinolin-2-on {2.5 mmol) in refluxing methanol (20 mL}. The
mixture is heated under reflux for 15 minutes, cooled, concentrated to approximately (5 mL) and treated witha
30 solution ofsodium thiosulfate {1 g) and sedium carbonate (1 g} in wter {20 mL) with vigorous stirring. The 30
insoluble product is collected, washed with water and dried. Other conventional purification methodscanbe
employed such as concentrating the reaction mixture under reduced pressure and triturating the residual
material with an appropriate solvent such as water, lower alkanols, etc.
If desired, acid addition salts of the Formula | products can be prepared by acidifying the residual materialin
35 anappropriate solvent. For instance, treating 8-methyl-1 ,3,9,9a-tetrahydro-2H-imidazo[4,5-b]quinolin-2-one 35
with iodine as above and dissolving the insoluble product in a 10% methanolic hydrogen chloride solution
followed by addition of diethyl provided a 72% yield of 8-methyl-1 3-dihydro-2H-imidazo[4,5-b]quinolin-2-one
hydrochloride, m.p. 360-363°C.
Anal. Caled. for C14HgN30.HCI: C, 56.06; H, 4.28; N, 17.83. Found: C, 55.95; H, 4.24; N, 17.65.
40 NMR (DMSi-dg): 2.63(3,s); 7.33(1,d,J = 8Hz); 7.50{1,t, J = Hz); 7.76 (1,s); 7.82(1.2),J = 8Hz); 11.60(1,s); 40
11.90(2,bs).

Further detailed description of the invention
Formuia Xli below redefines scope of the invention to include compounds of formula | and additional
45 compounds similar thereto. In particular, Formula Xllembodies compounds whereinthe “imidazo-2-one 45
heterocycle” fragment of Formulalis substituted with lower alkyl (preferably methyl) atthe 1-positionin
addition to hydrogen. Further, the R, substitutent has been expanded to include trifluoromethyl. Thusthe
presentinvention comprehends a compound of Formula Xl

50 50
R
0 XI1
R, (XI1)
55 55
wherein .
R 1is halogen, lower alkyl, lower alkoxy, trifluoromsthyl;
60 Rais hydrogen, halogen, fower alkyl, lower alkoxy; 60

Rsis hydrogen, halogen, lower alkyl, lower alkoxy;
R.is hydrogen, lower alkyl or a pharmaceutically acceptable salt thereof.
Itis to be understood that previously mentioned references to Formuial are to be read herein as including
Formula X}l compounds.
65 Apreferred group of compounds are those of Formula Xil wherein R4, Rzand Rz are attached atthe 6,7,and8 65

BNSDOCID: <GB___2174987A__| >



23 GB2174987 A . 21

position, respectively, and a most preferred group are those wherein R;, Rzand R; are similarly attached andR,
is hydrogen.

The compound of Formula Xll are obtained according to the process set forth for Formula Icompounds.
Thus, the compounds characterized by Formula X|

5
R 5
N
N
R, = D
10 N 10
R3 Rz.

wherein R, is halogen, lower alkyl, lower alkoxy, trifluoromethyl; R, is hydrogen, halogen, lower alkyl, lower
16 alkoxy; Rsishydrogen, halogen, loweralky!, lower alkoxy; and R, is hydrogen, loweralkyl, are obtained by a 15
process comprising
(a) reducing a substituted hydantoin of Formula Xil|

R

H
20 N 20
>= 0 (XIII)
N
1]
R
25 4 25

whereinaand b are hydrogen ortogether are a covalentbond, Ry, Ry, Rz and Ry are defined as above; and
{b} treating the reduced material with an oxidant such as iodine when required.

30 Theforegoing processis analogous to the previously described process for reducing a Formula li hydantoin  3p
andtreating reduced material with an oxidant such as iodine when required. Accordingly, reduction of
Formula XlIthydantoin intermediates is carried out by conventional chemical or catalytic methods. For
instance, the Formula XlIt hydantoins can be chemically reduce by treatment with hydrogen iodide and red
phosphorus according to the method of Kozak, et a/., supra. Catalytic hydrogenation is particularly preferred

35 and accomplished with a transition metal catalyst, preferably palladium-on-carbon, in an appropriatereaction 35
inert soivent such as dimethylformamide. Reduction is carried cut at room temperature and when hydrogen
uptake is essentially complete, the reaction mixture is warmed and fiitered or optionally heated to about 100°.
fora 1to 4 hour period before filtering. In some instances, residual material obtained by concentrating the
filtrate predominantly consists of the desired Formula Xl product produced by facile cyclization and

40 aratomization to the fused quinoline ring system. In other instances, the residual material predominantly 40
consists of the uncyclized Formula XIlIA amino hydantoin (whereina and b, Ry, Ry, Rs, Rsare as defined above)
resulting from reduction of the Formula XIil nitro hydantoin or the 4,5-dihydroquinoline intermediate of
Formula XIIB (wherein R, R, R3, and R4 are defined as above). In other instances, the residual material
predominantly consists of a mixture of Formula XIlIA, X1iIB intermediates together with the desired Formula

45 Xl product. Without being bound by theory, the transformation of a Formula XlII nitro-hydantointothe 45
Formula XH product is though to involve reduction of the nitro group and olefenic double bond tothe
corresponding Formuta XIlIA amine (wherein a and b are hydrogen). Ring cyclization follows oroccurs
simultaneouslyto the Formula X}l product or the 1,3,9,9a-tetrahydroquinoline intermediate of Formula XIlIB
which is aromatized by dehydrogenation.

H

> NE, O\ N

R — >:°

55 R, L R 55

XIIIA XIIiB

60 In tiose cases where the reaction is incomplete, the residual material is treated with an oxidant such asiodine 60
in an alkanol solvent such as methanol or dimethylformamide and the like at refiux temperature, Underthese
conditions, cyclization of Formula XIi1A amines to the Formula XlI products or the Formula XIIB
tetrahydroquinoline intermediates with oxidation of the latter to the desired 1,3-dihydro-2H-imidazo
[4,5-b]quinolin-20-ones of Formula Xll is effected. The Formula XHIA and XIIB compounds are considered part

65 oftheinstantinvention. Wheniodine is employed, the Formula X!l product is isolated in base form by 65
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sequentially treating the reaction mixture with aqueous sodium thiosulfate and alkali metal carbonate such as
sodium carbonate. Conversion of the base form to pharmaceutically acceptable acid addition saltsis carried
out by conventional means.
An alternate process for preparing Formula XH compounds comprises
5 (a)alkylating athi compound of Formula XIV

10

15 wherienRy, Ry, Rz and Rs are as defined above with RsX wherein Rs is lower alkyl and X represents aleaving
group such as mesylate, tosylate, phosphate, sulfate and halogen, preferably chlorine or bromine to provide
an alkylated thio compound of Formula XV

R
N
1 LN

-\ _
R, >-—-S Rg xv)
N
R v
R

20

3
25 4

(b} and then hydrolyzing the Formula XV compound, preferably under acid conditions, to the Formula Xll
compound.
With reference to preparation of Formula Xl hydantoins wherein a and b representa covalentbond, the
30 procedure described by Billek, supra., can be used. Additionally, Formula XIH hydantoins can be obtained by
reaction of a hydantoin-5-phosphonate of Formula XVl wherein R4is hydrogen or lower alkyl witha
2-nitrobenzaldehyde of Formula IX' (wherein Ry, Rz and Rz are as defined for Formula X} illustrated inthe
following reaction scheme.

35 MethodD
0 H

R NO N
>T-O _, X1

N
I + 0
3 x (Et0) ,p —L—N (a+b-covalent
. )2 R bond)

3 CHO Ry

45 (IX") (XVI)

The reaction is conveniently carried out at room temperature by adding the phosphonate {XVl)to amolar
equivalent of sodium dissolved in an alkanol solvent such as ethanol followed by addition of the benzaldehyde
50 (X’ wherein R, Ry, Rz are as defined for XIH). A relatively short period oftime is required to complete the
reaction (e.g. 0.5to 2 hours} and the hydantoin (Xill whereina + b= covalentbond)isisolated by
concentrating the reaction mixture and washing the residue with water. The hydantoin derivatives (Xl
wherein a + b = covalaent bond) thus obtained frequently consist of a mixture of geometrical isomerswherein
the predominate isomer has the vinyl proton (where present) resonating at lower field in the NMR spectrum. In
55 the instant process for preparing Formula Xil compounds from hydantoins {Xill wherein a + b = covalent
bond), itis immaterial as to which isomeris used since the double bondis reduced.
With reference to preparation of Formula XIV 1,3-dihydro-2H-imidazo664,5-b]Jquinolin-2-thianes, the
following series of reactions are used.
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Method £
0
% o-c -
5 R NHCO . 5
Z {‘4
O I T:)= — |
HO tep 1
R
10 3 R, 10
(XVII)
QVIII) )
15 : 15
NH
20 anisole/c53oozn ! 2 g 20
- XTI
Step 2 R2R3 (j: >=s prveeran el
CH N
i R 25
4
(XX}

In step 1 of Method E, the aldehyde (XVli wherein R,, R; and R; are as defined for XIV)is condensed with the

30 Rg-2-thiohydantoin (XVIll wherein R, is hydrogen or lower alkyl) is aqueous ethanol and morpholine or 30
piperidine at steam bath temperature. In Step 2, the amino function of (X1X} is deprotected by dissolving the
material in neat trifluoro acetic acid in the presence of anisole to give the aniline intemediate (XX}. Cyclization
of (XIX) was effected by exposure ot pyridinium tosylate in diphenyl ether at 180°C. to furnish thione (XIV).

Avariation of Method E involves substituting an appropriate hydantoin for the R4-thiohydantoin in Step 1

35 and condensing with phosphonate {(XVl). Subsequenthydrolysis (Step 2) and cyclization {step 3) affords the 35
instant compounds of Formula Xii. For instance, the following series of reactions provides
1,3-dihydro-7,8-dimethyl-2H-imidazo[4,5-b]quinolin-2-one.

o 0
e O-C
0N— N NS
+ 0 - s >=°
3w (Et0),P  H 3 H
CH
3
H
N }
——y »o
Sten 3 s, N
CH3 B
Gy
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Example 22

7-Bromo-1,3-dihydro-2H-imidazol4,5-blquinolin-2-one

B
5 N K 5
sess
A~ X
Br B
10 10

Step 1. N-2[(2,4-Dioxo-5-imidazolidin ylimethyllphenyllacetamide hydrate.-
N[2{(2,4-Dioxoimid azolidin-5-ylidene)methyl|JphenylJacetamide obtained by condensing
2-acetamidobenzaldehyde with phosphate (XV1} (47 g, 0.19 mole} in dimethylformamide (400 mL)was
15 hydrogenated at50 p.s.i. over 10% palladium on charcoal (3 g}. After 7 hours, the mixture was filteredthrough 15
kieselguhr, the solvent evaporated and the residue triturated with water. (100 mL). After standing overnightat
5°C, the solid was collected by filtration, washed with cold water and dried /n vacuo at 80°C to give
N-[2-[(2,4-dioxo-b-imidazo lidinyl)methyllphenyllacetamide (47.15 g, 100%) whichwas used in Step 2 without
further purification. A hydrated analytical sample purified by crystalllization from aqueous ethanol had m.p.
20 200-202°C. 20
Anal. Calcd. for C12H13N303.0.09H,0: C, 57.92; N, 5.34; N, 16.89; H,0, 0.65. Found: C, 57.59; H,5.38; N, 16.91;
H,0,0.63.

Step 2. N-[4-Bromo-[{2,4-dioxa-5-imidazolidinyl)-meth yllphenyflacetamide.- Bromine (23.26 g, 0.146 mole}

25 inaceticacid (10 mL)wasadded dropwiseto astirred solution of 25
N-[2-[(2,4-dioxo-5—imidazolidinyl)methyl]phenyl]acetamide {34.24 g, 0.139 mole) and sodium acetate (12.54 g,
0.153 mole) in acetic acid (300 mL} maintained at 65°C. The mixture was stirred at 65°C for 18 hours during
which time a heavy precipitate developed. The mixture was cooled, diluted with water {1L) and sodium sulfite
solution {added until bromine color disappears) and fi ltered to afford awhite solid (about 17 g). Thefiltration

30 was concentrated in vacuo to afforda white solid which was triturated with water (100 mL) andfilteredtogive 30
an additional 17 g of material. The combined soids were washed with diethyl ether and dried in vacuo at 50°C to
give N—[4-bromo-2-[2,4-dioxo-5-imidazolidinyl)methyl]phenyl]acetamide (30.78 g, 94%) which was used in
Step 3without fusther purification. An analytical sample prepared by crystallization from ethanol hadm.p.
216-220°C. :

35 Anal.Calcd. for C1oH12BriNzOz: C, 44.19; H,3.71; N, 12.88. Found: C,44.30; H,3.79; N, 12.84. 35

Step 3. 5-[(2-Amino-5-bromophenyl}methy/]-z,4—imidazolidinedione.— A mixture of

N-[4-bromo-2—[(2,4-dioxo-5-imidazolidinyl)methyl]phenyl]acetamide {30.78 g, 94 mmol), ethanol {375 mL)
and 10% hydrochloric acid solution (190 mL) was refluxed for 2.5 hours. The mixture was cooled to 5°C andthe

40 solid {18.58 g) filtered off. The filtrate was concentrated in vacuo, neutralized with sodium bicarbonate 40
solution, the precipitate filtered off and combined with ethanol (15 mL) and 10% hydrochloric acid solution (10
mL). After refluxing for 1.5 hours, the mixture was cooled and filtered to give an additional 1.95 g of material
which was combined with the previously isolated material togive
5-[(2-amino-5—bromophenyl)methvi]—z,d»imidzolidinedione (20.539, 77%), m.p. >°C.

45 Anal. Calcd. for CioH1gBrNg—;: C,42.28; H,3.65; N, 14.79.Found: C,42.10; H,3.57; N, 14.70. 45

Step 4. 7-Bromo- 1,3-dihydro-2H-imidazo[4,5-blquinolin-2-one. lodine (8.93 g, 0.35 mmole) was added in
one portionto asolution of 5-[(2-amino-5-bromophenyl)methyl]-2,4-imidazolidinedione {10.00 g, 35 mmo!9)
in dimethylformamide (150 mL) maintained at reflux. After 5 minutes, the mixture was cooledtoroom
§0 temperature, diluted with water (300 mL) and sodium sulfite solution added until coloriess. Sodiumcarbonate 50
(10%) solution was then added to pH=9and the solid was filtered off, wahsed with water and ethanol and dried
in vacuo at 78°C overnight to give 7-bromo-1 ,3-dihydro-2H-imidazo[4,5-b]quinolin-2-one (8.45 g, 90%), m.p.
310°C.
Anal. Caled. for C1oHeBrNz0: C, 45.49; H, 2.30; N, 15.92. Found: C,45.69; H,2.42; N, 15.85.
55 NMR(DMSO0-dé): delta7.61{1H, dd, J569Hz, J'=2Hz, aromatic /4*),7.62 (1H,s); 7.71 (1H,d,J=9Hz),8.15{1H, 55
d, J=2Hz).
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Example23
1,3-Dihydro-7-(1-methylethoxy)-2H-imidazol4,5-blquinolin-2-one
5 5
10 10
Thiscompound (previously disclosed as Example 15-6) was prepared analogous to Example 12 from
15 5-[[6-(1-methylethoxy)-2-nitro]methylene]-2,4-imidazolidinedione (39%), m.p. 320°C. 15
Anal. Caicd. for C13H43N30,: C,64.19; H, 5.39; N, 17.27. Found: C, 64.31; H, 5.40; N, 17.11.
NMR (DMSO-dg): delta 1.34 (6H, d, J=5.5Hz, /CHa
C\ )
20 CHs 20
4.68(1H, m, OCH), 7.16 {1H, d, J=9Hz, aromatic ortho to -0-), 7.35 (1H, s}, 7.69 (1H, s, aromatic 4 ortho to NCO),
7.76 (1H,d, J=9Hz, aromatic A ortho to-o-), 11.04 (1H, bs, NH), 11.45 (1H, bs, NH).
28 Example24 25
1,3-Dihydro-6,7,8-trimethoxy-2H-imidazo[4,5-blquinolin-2-one
30 30
35 35
This compound is prepared analogous to Example 12 from
40 5-{[5-(1-methylethoxy)-2-nitro]methylene]-2,4-imidazolidinedione {39%), m.p. >320°C. 40
Anal. Calcd. for C13H,3N304: C,56.73; H,4.76; N, 15.27. Found: C, 56.90; H, 4.73; N, 15.20.
NMR (DMSO-dg): delta 3.83 (3H, s, OCH3), 3.90 (3H, s, OCHs), 3.95 (3H, s, OCH;), 7.08 (1H, s, aromatic H ortho
to OCHa). 7.61 {1H, s, aromatic # ortho to NCO), 10.89 (1H, 5, NA} 11.42 (1H, s, NH).
a5 Example25 45
1,3-Dihydro-6-(trifluoromethyl)-2H-imidazol4,5-blquinolin-2-ones
H
CF N .
50 7 Xy ¥ 50
— 0
H
85 (a) 2-(Methylthio)-6-ftrifluoromethyl)-1H-imidazol[4,5-blquinolin.- A suspension of 55
1,3-dihydro-8-{trifluoromethyl}-2H-imidazo[4,5-b]quinolin-2-thione {0.63 g, 2 mmol) in methano! {5 mL) was
treated with 50% aqueous sodium hydroxide (0.18 g) to afford a solution which was cooled in an ice bath.
Methyliodide (0.3 g, 0.13 mL, 2.1 mmol) was added and the mixture stirred for 80 minutes before being filtered.
The solid was washed with methano! and dried in airto give
60 2-(methylthio)-6-(trifluoromethyl}-1H-imidazo[4,5-b]quinoline (0.34 g, 61%), m.p. >270°C. 60
Anal. Calcd. for C1oHgF3Ns: C,50.88; H, 2.85; N, 14.83. Found: C, 50.50; H, 2.83; N, 15.01.
NMR (DMSO-dg}: delta 2.81(3H, s, S-CH3), 7.70 (1H, dd, J=8.5Hz, J'=2Hz, aromatic 4 ortho to CF3), 8.29 (2H,
m, aromatic ), 8.46 (1H, s, aromatic 4 ortho to N-C-SMe) and 13.30 {1H, bs, NA.
(b) 7,3-Dihydro-6-(trifluaromethyl)-2H-imidazol 4,5-blquinolin-2-one.- A mixture of
65 2-(methylthio)-6-(trifluoromethyl)-1H-imidazo[4,5-b]quinoline (1.77 g, 6 mmol), acetic acid {25 mL) and 3N 65
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hydrochloric acid solution {25 mL) was heated on a steam bath for 4 hours. The solution was diluted with hot
water {250 mL), cooled and filtered. The filtrate was concentratedto afford a second crop. Solids were
combined with acetic acid (25 mL) and 3N hydrochloric acid solution (26 mL} and the mixture heatedona
steam bath overnight. The mixture was diluted with hot water (250 mL), cooled, the solid collected and driedin
§ Vvacuotoaccord 1,3-dihydro-6-{trifluoromethyl)-2H-imidazo[4,5-b]quinolin-2-one (1.38 g, 83%), m.p. >250°C.
Anall.Calcd, for C11HgF3NsO: C,52.18; H, 2.39; N, 16.60. Found: C,52.04; H,2.43; N, 16.64.

Example 26

10 1,3-Dihydro-1,8-dimethyl-2H-imidazo[4,5-blquinolin-2-one

N

RN
15 -

2

CHy

20
This compound obtained as a partially hydrated hydrochloride salt was prepared analogous to Example 7b

from 1-methyl-5-[(2-methyl-6-nitrophenyl)methylene]-2,4-imidazolidinedione {49%vyield}, m.p. 340-341°C
(dec.).
Anal. Caled. for C1oH,1N50.HCL.0.1H0: C, 57.31; H, 4.89; N, 16.71.Found: C,57.11; H,4.75; N, 16.57.
25 NMR (DMSO-dg): deita 2.66 (3H, s, aromatic CHs),3.41(3H,s,N-CH3),7.29(1H, d, J=THz, aromatic Horthofo
CHs), 7.45 (1H,t,J=7Hz, aromatic A/ metato CH,),7.71{1H, d, J=7Hz, aromatic H para to C43), 7.87 {1H,s,
aromatic A orthoto NH.CO).

Example27

30
1,3-Dihydro-1, 7-dimethyl-2H-imidazo[4,5-blquinolin-2-one

N H

AN
35 >: 0
2%
CH3 CB

40
This compound is prepared analogousto Example 7bfrom
1—methyl-5-[(5-methyl-2-nitrophenyl)methylene]-2,4-imidazolidinedione, (46%yvyield), m.p. >320°C,
Anal. Caled. for C12H1N30.0.04H,0: C,67.36; H, 5.22; N, 19.63.Found: C, 67.04; H, 5.21; N, 19,64.
NMR (DMSO-ds): delta 2.46 (3H, s, aromatic CH3), 3.35 (3H, s, N-CH,),7.35(1H, d, J=7Hz, aromatic Horthoto
45 CHa),7.62 (1H, s, aromatic H), 7.65 (1H, s, aromatic /), 7.70 (1H,d,J =7Hz, aromatic H meta to CHa).

Example 28

1,3-Dihydro-7-Methoxy-1-meth yI-2H-imidazol4,5-blquinolin-2-one

% 1
N
N
fo
/
% o '
3 CH,

This compound obtained as a partial hydrate was prepared analogousto Example 7bfrom
5-[(5-methoxy-2-nitro-phenyl}methylene}-1-m ethyl-2,4-imidazolidinedione, {54% yield), m.p. >310°C.
60 Anal.Calcd. for CioHi1N3020.02H,0: C, 62.77; H, 4.85; N, 18.30, H,O, 0.157. Found: C, 62.43; H,4.85; N,
18.14,H,0, 0.094.
NMR (DMSO-dg): delta3.34 (3H, s, NCHa), 3.86 (3H, s, OCHs), 7.18(1H, d, J=9Hz, aromaticHF1orthoto
OCHs),7.30(1H, s, aromatic Hortho to OCHs), 7.66 (1H, s, aromatic A, s, ortho to NHCO),7.71(1H, d,J=8Hz,
aromatic # metato OCHsz).
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Example29

1,3-Dihydro-1,7,8-trimethyl-2H-imidazo[4,5-b]quinolin-2-one

This compound was prepared analogous to Example 7b from
16 5-((2,3-dimethyl-6-nitrophenyl)methylene]-2,4-imidazolidinedione, (73% yield), m.p. >300°C. {crystallized
from dimethylacetamide).
Anal. Calcd. for C13H13N30: C, 68.70; H, 5.77; N, 18.49. Found: C, 68.36; H,5.78: N, 18.46. -
NMR (DMSO-de): delta 2.42 (3H, s, CHz), 2.55 (3H, s, CHf1d23), 3.39 (3H, s, N-CHz), 7.34 (1H, d, J=8.5Hz,
aromatic H orthoto CHj), 7.57 (1H, d, J=8.5Hz, aromatic # meta to CH3), 7.86 (1H, 5, aromatic H artho to NCO),
20 11.62(1H, s, NH).

Example 30
Method D.-Preparation of hydantoin intermediate of Formula Xl wherein a and b together form a covalent

25 bond by reaction of substituted 2-nitrobenzaldehydes of Formula IX’ {IX; 4-R4, 5-R,, 6-Rs) with a
hydantoin-5-phosphonate.

XIIT' (XIII; 6-Rl, 7-?.2, 8-’5’.3,

" .
o} N |
I >=0 a + b = covalent bond)
= N
R

4

30

35
X (XIit; 6-R,, 7-R5, 8-Ra, a + b = covalentbond)

(a) 5-{(2,3-Dimethyl-6-nitrophenyl)methylenel-2,3-imidazolidinedione (Ry=R4s=H, R,=R3=CHs). - Sodium
40 (0.41 g,0.018 g atom) was dissolved in ethanol {40 mL) and diethy! 2,4-dioxoimidazolidine-5-phosphonate
{4.21 g, 18 mmol) added. After & minutes, 2,3-dimethyl-6-nitrobenzaldehyde (2.66 g, 15 mmol) was added in
one portion and the mixture stirred at room temperature for 90 minutes. The mixture was diluted with water,
filtered and the solid washed with water and air dried gave
5-[(2,3-dimethyl-6-nitrophenyl)methylene]-2,4-imidazolidinedione as a single geometrical isomer (3.35 g,
45 86%). Analytical sample prepared by crystallization from methanol had m.p. 293-295°.C.

Anal. Calcd. for Cy2H31N304: C, 55.17; H,4.24; N, 16,08, Found: C, 54.97; H, 4.27; N, 16.08.

NMR (DMSO-d6): delta 2.20 {3H, s, CH3), 2.37 (3H, s, CH3), 6.62 {1H, s, vinyl H), 7.38{1H, d, J=8Hz, aromatic
H).

After standing overnight, a second crop consisting of a 1.1 mixture of geometrical isomers was collected

50 fromthe aqueouslayer {0.5 g, 12%). m.p. 267-270°C (dec.).

NMR (DMSO-dg): delta 2.20 {6H, s), 2.33(3H, s), 2.37 (3H, s), 6.45 (TH, s, vinyl H transto C=0), 6.62 (1H, s,vinyl
Hcisto C=0),7.31(1H, d, J=8Hz), 7.38 (1H, d, J=8Hz), 7.73 (1H, d, J=8Hz), 7.81 {1H, d, J=8Hz).

(b) 5-[(2-Methyi-6-nitrophenyl)methylenel-2,4-imidazolidinedione (Ry=R,;=R4=H; R3=CH).- Reaction of
2-methyl-6-nitrobenzaldehyde with disthyl 2,4-dioxoimidazolidine-5-phosphate according to the procedure of

55 Method D provided the title compound as a single geometrical isomer, m.p. 238-239°C (dec.) in 81%yield.

Anal. Caled. for C14HgN304: C, 53.45; H, 3.67; N, 17.00. Found: C,53.44; H, 3.66; N, 16.92.

{c) 51(2,3-Dimethyl-6-nitrophenyl]methylene]- 1-methyi-2,4-imidazolidinedione {(Ry=H; Ry=Rs=R,=CHa).-
Reaction of 2,3-dimethyl-6nitrobenzaldehyde with diethyl-1-methyl-2,4-dioxoimidazolidine-5-phosphonate
according to the procedure of Method D provided the title compound (partial hydrate) as a mixture of

60 geometricalisomers, m.p. 195-198°Cin 88% vield.

Anal. Calcd. for C13H13N304.0.1. H,0: C, 56.36; H, 4.81; N, 15.17, H,0, 0.65. Found: C, 56.38; H, 4.87; N, 14.54,
H,0,0.16.

(d) 5-{(5-Methoxy-2-nitrophenyl)methylenel-1-methyl-2,4-imidazolidinedione (Ry=Ra=H; Ry=0OCHj;
R4s=CHg).- Reaction of 3-methoxy-6-nitrobenzaldehyde with diethy!

65 1-methyi-2,4-dioxoimidazolidine-5-phosphonate according to the procedure of Method D provided theftitle
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compound as a mixture of geometrical isomers, m.p. 257-260 60C. in93%vield.
Anal. Caled. for C1oH1:N3Os: C, 51.99; H, 4.00; N, 15.16. Found: C,51.87; H, 4.01; N, 14.90.
le) 1-MEthyl-5-{(5-methyl-2-nitrophenyl}-methylene)-2,4-imidazolidinedione (R1=Rs=H; R,=R4=CHjg).-
Reaction of 2-methyl-6-nitrobenzaldehyde with diethyl 1-methyl-2,4-dioxoimidazolidine-5-phasphonate
§ according to procedure of Method D provided the title compound (partial hydrate) as a mixture of geometrical 5
isomers, m.p. 261-262°Cin 66% yield.
Anal. Caled. for C1,H11N304. 0.1H,0: C,54.97; H,4.29; N, 15.97; H,0, 0.68. Found:C,54.73; H,4.30; N, 15.62;
H.0, 0.24.
(f} 5- 964, 5,6- Trimethoxy-2-nitrophenyl}methylenel-2,4-imidazolidinedione {Ry=R2=R3=0CH3; R4=H).-
10 Reaction of2,3,4-trimethoxy-6-nitrobenzaldehyde with diethyl 2,4-dioxo-imidazolidine-56-phosphonate 10
according to procedure D provides thetitle compound asa single geometrical isomer, m.p. 206-208°C. in81%
yield.
Anal. Calcd. for CsHsNz07: € 48.30; H, 4.05; N, 13.00. Found. C, 48.38; H, 4.02; N, 13.00.
(@) 7-Methyl-5-{{2-meth yi-6-nitrophenyl)-methylenel-2,4-imidazolidinedione Ri=R;=H; R3=R;s=CHg).-

15 Reaction of 2-methyl-6-nitrobenzaldehyde with diethyl 1-methyl-2,4-dioxoimidazolidine-6-phogphonate 15
according to procedure D provides the title compound as a mixture of geometrical isomers, m.p. 194-197°C.in
80%yvield.

Anal. Caled. for C1oH11N304: C,55.18; H,4.25; N, 16.09. Found: C,54.94; H,4.24; N, 15.82.
20 Example3171 20

Method E - Preparation imidazo[4,5-b]quinolin-2-thiones of Formula XV

25 25
(X1IV)
30 7 30
(a) 1,3-Dihyro-6-{trifluoromethy!)-2H-imidazo-[4,5-b]quinolin-2-thione fXIV, R, = 6-CF3, R;=R3=R4=H).-
Step 1.
35 7, I-Dimethyl-[2-[{5-axo-thioxo~4—imidazolidinylidene}methyl]-5-(trifluoromethyljphenyl]-carbamate.- A 35
mixture of 1,1-dimethylethy[2-formyl-5-{trifluoromethyl]phenyljcarbamate (20 g, 60 mmol}and
2-thiohydantoin {8.02 g, 60 mmol, ethanol (60 mL), water (60 mL)and morpholine (6 mL)was heatedona
steam bath. _
After 90 minutes, the mixture was cooled, allowed to stand overnight and the precipitate filtered off and dried
40 invacuoto afford 40

1,1-dimethyli[2-[6-ox0-2-thioxo-4-im idazolidinylidene)methyl]-5-(trifluoromethylIphenyl]carbamate {20.654,
77%), m.p.216°C (dec.). :
Anal.Calcd. for CigHq6FaN205S: C, 49.60; H, 4.16; N, 10.85; S,8.27. Found: C, 49.56; H, 4.10; N, 10.92; S,7.96.

45 (Step2. 5[[2-Amina-4-{trifluormethy/)phenyI]-methylene-2-thioxo-4—imidazolidinone.— Trifluoroaceticacid 4%
(90 mL}was added to a mixture of
1,1 -dimethylethyl[2-[{5—oxo-2-thioxo-4-imidazolidinylidene)methyl]-5—(troﬂuoromethyl]phenylcarbamate (18
g, 46 mmol) and anisole {36 g, 0.3 mole). When solution occurred, the solventwas evaporated andthe residue
crystallized from a mixture of ethanol (65 mL) and chloroform (135 mL) togive

50 5—]]2-amino-4—(triﬂuoromethyl)phenyl]methylene-2-thioxo-4-imidazolidinone {9.85g, 73%), m.p. 240°C. 50

Anal. Caled. for C11H1gFsNsOS: C,45.99; H, 2.81; N, 14.63. Found: C, 46.00;H,2.81; N, 14.54.

Step 3. 1,3-Dihydro-6-ftrifluorometh ylj-2H-imidazo[4,5-blquinolin-2-thione.- Amixture of
5—[[2-amino-4-(triﬂuoromethyl)phenyl]methylene]-2-thioxo-4-imidazolidinone (3.63 g, 12 mmol), pyridinium
tosylate (1.8 g), and diphenyi ether (5.4 g) was heated at 180°C under an atmosphere of argon. After 18 minutes,

55 the mixture was cooled, chloroform (60 mL) added and the mixture refluxed. After 30 minutes the solid was 55
filtered off and dissolved in a mixture of water (80 mL) and 10%sodium hydroxide solution (5 mL)with
warming. Addition of acetic acid afforded a heavy precipitate which was filtered off, washed with waterand
dried in vacuo to give 1,3-dihyd ro-6-{trifluoromethyl)-2H-imidazo[4,5-b]quinolin-2-thione (1,79 g, 52%), m.p.
>320°C.

60 Anal.Calcd. for CyiHeFsNsS: C,48.07; H, 2.25; N 15.61. Found: C, 48.92; H,2.23; N, 15.58. 60

(b) 1,3-Dihydro-7,8—dimethyl-ZH-imidazo[4,5—b]quinolin-2-thione {X1V,R;=Rs=H, R;=7—CHs, R3==8—CHj).-
Prepared according to Method E by substituting 2-amino-5,6-diemthylbenzaldehydefor
9-amino-4-trifluorobenzaldehyde as described above in preparation of Example 31{a).
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Example 32
2,3-Dimethy/-6-nitrobenzaldehyde

5 Step 1.2,3-Dimethyl-6-nitrobenzylamine.- A solution of borane-tetrahydrofuran complex(94.6 g, 1.1 mole) in 5

tetrahydrofuran (1100 mL}was added dropwise to a stirred solution of 2,3-dimethyl-6-nitrobenzonitrile (36 g,
0.55 mole) in dry tetrahydrofuran (650 mL) maintained under an atmosphere of argon. After stirring overnight,
10% hydrochlaric acid solution {1300 mL) was added dropwise and the mixture heated to reflux, After 30
minutes, the tetrahydrofuran was distilled off, the residue filtered to remove insoluble material and the filtrate

10 made basic with concentrated ammenium hydroxide solution {350 mL). The mixture was extracted with 10
diethyl ether (2 X 500 mL}, the combined extracts washed with water (2 X 400 mL), dried over potassium
carbonate and concentrated to afford 2,3-dimethyi-6-nitrobenzyl amine (93.85 g, 95%) as an oil used without
further purification as follows.

15  Step2.2,3-Dimethyl-6-nitrobenzenemethanol.- 15
Sodium nitrite (36.5 g, 0.53 mole}in water (125 mL} was added dropwise to a stirred mixture of
2,3-dimethyl-6-nitrobenzylamine (63.5 g, 0.35 mole), acetic acid (165 mL) and water (165 mL) cooled inanice
bath, After completing the addition, the mixture was stirred for 10 minutes, warmed to room temperature and
stirred to a further 10 minutes before being diluted with water (1000 mL). The mixture was extracted with

20 dichloromethane (3 x 500 mL), the combined extracts dried over magnesium sulfate and concentrated to 20
afford an oil which was dissolved in methanol (400 mL). 1N Sodium hydroxide solution (400 mL) was added
dropwise over 20 minutes. The methanol was removed under reduced pressure, and the residue diluted with
water (1200 mL) and extracted with dichloromethane (3 X 700 mL). The combined extracts were dried over
magnesium sulfate and the solvent evaporated to afford 2,3-dimethyl-6-nitrobenzyl alcohol {59.3 g, 93%) as

25 brown solid used in Step 3 below without further purification. An analytical sample was prepared by 25
crystallization from hexane/diethyl ether, m.p. 48-51°C.

Anal. Caled. for CgH14NO3: C, 59.66; H,6.12; N, 7.73. Faund: C,59.72; H, 6.14; N, 7.67.

Step 3. 2,3-Dimethyl-6-nitrobenzaldehyde.- A solution of 2,3-dimethyl-6-nitrobenzenemethanol (34.88 g, 0.192
30 mole)in dichloromethane {150 mL)was added to a stirred mixture of pyridinium chlorochromate (62.2g,0.288 30
mole}in dichloromethane (250 mL). The mixture was stirred vigorously for 4 hours, diluted with diethyl ether
(5600 mL)and the organic layer decanted. The residue was washed with diethyt ether (500 mL) and the
combined organic solution filtered through a plug of silica gel (6" x 1-1/2’). Evaporation of the solvent
afforded 2,3-dimethyl-6-nitrobenzaldehyde {32.08 g, 93%). An analytical sample was prepared by crystallizing
35 fromdiisopropyl ether and had m.p. 66-68°C. 35
Anal. Calcd. for CgHgNOj3: C, 60.33; H, 5.06; N, 7.82. Found: C,60.19; H,6.27; N, 8.27.

Example 33

40 5-[(6-Amino-2,3-dimethyl)phenyl)-methyf]-2,4-imidazolidinedione . 40
5-[{22,3-Dimethyl-6-nitrophenyl)methylene]-2,4-imidazolidinedione (2.40 g, 9.2 mmol) in
dimethylformamide (40 mL) was hydrogenated over 10% palladium on charcoal (0.24 g) at 60 p.s.i.in aParr
hydrogenation apparatus. After 18 hours, the mixture was filtered through infusorial earth and the solvent
evaporated /i vacuo at 40°C to give the previously disclosed {Example 19-7)
45 5-((6-amino-2,3-dimethylphenyl)methy!]-2,4-imidazolidinedione as a partial hydrate {2.04 g, 100%), as khaki 45
solid, m.p. >360°C.
Anal. Calcd. for C15H15sN302.0.3H,0: C, 60.76; H, 6.60; N, 17.35; H,0, 2.82. Found: C, 60.39; H, 6.59; N, 17.61;
H:0, 2.26.

50 Example 34 50
1-Methy!-5-[(2-amino-6-methylphenylimethyil-2,4-imidazolidinedione
Prepared from 1-methyl-5-[{2-methyl-6-nitrophenyl)methylene]-2,4-imidazolidinedione according to the
procedure of Example 19.

586 Example 35 55
7.8-Dimethyl-1,3,9,9a-tetrahydro-2H-imidazo-4,5-blquinolin-2-one

H

N\ N
>

~n
H

CH
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Amixture of 5-[(6-amino—2,3-dimethy|phenyl)—methyl]~2,4-imidazolidinedione {2.62g, 10mmoil),
p-toluenesulfonic acid (0.25 g} and methanol {50 mL) was refluxed under an atmosphere of argon for 1 hour.
The mixture was cooled and a grey solid filtered off and dissolved in 10% hydrogen chloride in methanol with
warming. Addition of ether afforded the previously disclosed ‘

5 7.8-dimethyl-1 ,3,9,9a-tetrahydro-2H-imidazo[4,5-b]quinolin-2-one (Example 20-7) asthe hydrochloride (1.68
g,87%), m.p. >230°C.

Anal. Calcd. for CoH13N3O.HCI: C,57.26; H,5.61; N, 16.70. Found: C,56.92; H, 5.48; N, 16.44.

NMR (DMSO-dg): delta2.20 (3H, s, CHa), 2.27 {3H, s, CHs), 2.80 (1H, t, J=14Hz, benzylicH), 3.34(1H, dd,
J=14Hz, J'=8Hz, benzylic H),4.84 (1H, dd, J=14Hz, J'=8Hz, CH.CO), 7.18(TH, d,J=9Hz, aromaticH), 7.31(1H,

10 d,J=8Hz, aromatic /) and9.22 (2H, s, NH).

Example 36

1,3.9,9a-Tetrahydro-1,8-dimethyl-2H-imidazo[4,5-blquinolin-2-one
15 -
N

& 0

/
20

CH
3
CH
3 ,

25 Preparedfrom 1-methyl-s-[(z-amino-6-methylphenyl)methyl]-2,4-imidazolidine according tq the procedure

of Example 20, m.p. 340-345°C {dec.).
Anal. Caled. for C12H13N3O.HCI: C,57.27; H, 5.61; N, 16.70. Found: C,57.47; H,5.55; N, 16.64.

Example 37
30
1,3-Dihydro-7,8-dim ethyl-2H-imidazol4,5-blquinolin-2-one

35 0

40 3

5-[(2,3-Dimethyl-s-nitrophenyl)methylene]—2,4-imidazolidinedione (19.95g, 76 mmol)in
dimethylformamide (350 mL) was hydrogenated over 10% palladium on charcoal {3g) at60p.s.i.inaParr
hydrogenation apparatus. After hydrogen uptake ceased, the mixture was filtered through kieselgehrandthe
45 solventevaporated to leave a solid which was suspended in refluxing methanol (1 L). lodine (18.49, 76 mmol)
was added portionwise over 5 minutes and the mixture refl uxed for 15 minutes before being concentratedin
vacuo to about 100 mL. Asolution of sodium thiosulfate (21 g) and sodium carbonate {11g) inwater (300 mt)
was added with vigorous stirring to afford a beige precipitate which was collected, washed with water and
dried in air to give 15.7 g. This was combined with crude material from experiments performed an40gand
50 4.16 g of starting material, suspended in hot {80°C) water, filtered, suspended in refluxing methanol and
filtered. Crystallization from dimethylacetamide afforded
1,3-dihydro-7,8-dimethyl-2H-imidazo[4,56-b]quinolin-2-one (53.4 g, 65%), m.p.>300°C.
Anal. Caled. for CioH41N30: C, 67.59; H, 5.20; N, 19.71. Found: C,67.28; H,5.20; N, 19.51.
NMR (DMSO-dg): delta 2.41 {3H, s, CHa), 2.48 (3H, 5, CH3), 7.31 (1H, d,J=8Hz, aromatic H},7.55(1H, d, J=8Hz,
55 aromatic /) and 7.61 {1H, s, aromatic H).

Example 38
5—[(5-Ethaxy-2-nitraphenyl)methylene]-2,4~imidazolidinedione
60 Reaction of 2-nitro-5-ethoxybenzaldehyde with imidazolidine-2-dione according to the procedure of Method

C (Example 18) provided thetitle compound as asingle geometrical isomer, m.p. 243-245°C. in 51%yield.
Anal.Caled. for CyoH11N305: C, 51.99; H,4.00; N, 15.16. Found: C, 51 .78; H,4.05; N,14.91.
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Example 39

5-[5-(1-Methylethoxy)-2-nitro}-meth ylenel-2,4-imidazelidinedione
Reaction of 2-nitro-5-(1 -methylethoxy)-2-benzaldehyde according to the procedure of Method C (Example
5 18) provided thetitle compoundasa single geometrical isomer, m.p. 223-230°C. in 69% yield. 5
Anal. Caled. for C13H43N30s: C, 53.61; H, 4.50; N, 14.43. Found: C,53.55; H, 4.43; N, 14.25.

Example 40
7,3-D/'hydro-7-ethoxy-2H~imidazo[4,5—b]quino/in-2—one
10 - 10
N X N
0
~ o SN
15 CoHLO N 15

This compound {previousty disclosed as Example 15-7) was prepared analogousto Example 12 from
5-[{5-ethoxy-2-nitrophenyl)methylene]-2,4-imidazolidinedione {43%), m.p. >320°C.
20 Anal. Calcd.forCi,Hq9N30,: C, 62.88; H, 4.84; N, 18.33. Found: C.62.68; H,4.92; N, 18.16. 20
NMR (DMSO-d): delta 1.36 (3H, t, J=7Hz, OCH,CHa), 4.04 (2H, a, OCH,CHg),8.97 (1H, dd, J=9Hz, J'=2.6Hz,
aromatic #/ ortho to OEt), 7.08 (1H, d, J=2.6Hz, aromatic Hortho to OEt), 7.26 (1H, s, aromatic Hartho to NCO).
7.64(1H,d, J=9Hz, aromatic # metato OEt).

26 Example 47 25
1. 1-Dimethylethyl-[2-formyl-5-(trifluoromethyl)phenylicarbamate

(a)7, 1-Dimethylethyl-[5-trifluoromethyl)-phenyflcarbonate.- A mixture of 3-aminobenzotrifluaride (16 g, 0.1

30 mole)and di-tert-butyldicarbonate (32 g, 0.15 mole) and tetrahydrofuran (THF) (26 mL) was stirred at room 30
temperature for 90 minutes and then heat at reflux for 90 minutes. The mixture was diluted with water (10mL),
allowed to stand overnight and concentrated in vacuo. The residue was dissolved in hexane (100 mL) at reflux,
treated with activated carbon, filtered and cooled to 0°C for 16 hours. Filtration afforded
1,1-dimethylethyl-[5-(trifluoromethyl)phenyl]carbonate (75-80% yield on several runs), m.p. 75-76°C.

35 Anal. Caicd. for Cy,H14F3NO,: C,56.17; H, 5.40; N, 5.36. Found: C,55.13; H,5.45; N,5.33. 35

{(b) 1, 7-Dimethy/ethyl—[2-formy/—5-(trif/uoromethyl)pheny/]carbamate.— s-Butyllithium 15 mL of a 1.45M
solution in THF (22 mmole) was added drapwise to a stirred solution of
1.1-dimethylethyl-{5-trifluoromethyl)phenyl]carbonate (2.61 g, 10 mmole) in dry THF (40 mL) maintained at
40 —40°C under an atmosphere of argon. After 40 minutes, N,N-dimethyiformamide (1.15 mL, 15 mmole) was 40
added and the mixture stirred at —40°C for 10 minutes before being diluted with diethyl ether (30 mL). The
mixture was washed with 10% acetic acid solution (30 mL) and saturated sodium chloride solution (30 mL),
dried over magnesium sulfate and concentrated in vacuo. The residue was chromatographed on a column of
silica using a mixture of hexane and ethyl acetate (95:5) as eluent to afford
45 1,1-dimethylethyl-[2-formyt-5-(trifluoromethyl )phenyllcarbamate, yield 70-84%. 45
Anal. Caled. for C13H14F3sNO;: C, 53.98; H, 4.87; N, 4.84. Found: C,53.67; H,4.87; N,4.85

Example 42

50 Diethy! 1-Methyl-2,4-dioxoimidazolidine-5-phosphonate 50
Amixture of 1-methylimidazolidine-2,4-dione (202.5 g, 1.8 M) and glacial aceticacid (1L) was heated to 90°C
in an oit bath. An addition funnel was charged with bromine (311.6g, 100 mL), 1.95 M) and a small amountof
bromine introduced into the reaction mixture. Afterd issipation of the orange color, the remainder ofthe
bromine was added dropwise at such a rate that instant decolorization occu rred. After completing the
56 addition, the mixture was stirred at 90°C for 60 minutes, cooled to room temperature and stirred overnight. The 55
acetic acid was decanted from a white precipitate, concentrated F2in vacuo and the residue combined with the
precipitate and suspended in diethyl ether (approximately 2L). Triethyl phosphite (295 9,320 mL,1.8 M)was
added portionwise with stirring. An exothermic reaction ensued which was controlled with tap water cooling
ofthe reaction vessel. A solution resulted which, on continued stirring, yielded a white precipitate. After
60 standing for 60 minutes the mixture was poured into diethyl ether (4L) and allowed to stand overnight. 60
Filtration afforded diethyl-2-methyl-2,4-dioxcimidazolidine-5-phosphonate {331.7 g,75%), m.p. 95-96°C. An
analytical sample crystallized from MeOH/Et,0 had m.p. 95-96°C.
Anal. Caled. for CgH1sN,O5P: C, 38.41; H, 6.04: N, 11.20. Found: 38.22 +H,6.07; N, 11.04.
The following 5-phosphonate hydantoin intermediates can be prepared analogously by substituting the
65 appropriate imidazolidine-2,4-dione for 1-methylimidazolidine-2,4-dione in the above procedure: 65
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diethy! 2,4-dioxoimidazolidine-5-phosphonate, m.p. 161-163°C crystallized from ethanol,
diethyl ‘l-ethyl-2,4-dioxoimidazolidine-5-phosphonate,
diethyl 1-propyl-2,4-dioxoimidazxolidine-s-phosphonate,
diethyl 1-isopropyl-2,4-dioxoimidazolidine-s-phosphonate,
5 die’thyl1-butyl-2,4-dioxoimidazolidine-s-phosphonate, 5
diethyl 1-iso-buty|-2,4-dioxoimidazoIidine-s-phosphonate,
diethyl 1-tert-butyl-2,4-dioxoimidazolidine-5~phosphonate.

CLAIMS
10 10
1.1 Acompound of theformula
R H
15 XN
N
R Z !
3 R
20 4 20

wherein
R, is halogen, lower alkyl, lower alkoxy, trifluoromethyl;
R, is hydrogen, halogen, lower alkyl, lower alkoxy;
Rais hydrogen, halogen, lower aikyl, lower alkoxy;
25 Rgishydrogen, lower alkyl , 25
or a pharmaceutically acceptable saltthereof.
2. Thecompound ofclaim 1 ofthe formula

H

N
>:0

N

B

35 'R3 35

R

30 I~ N 30

Rj y

R, is halogen, lower alkyl, tower alkoxy, trifluoromethyl;
R, is hydrogen, halogen, lower alkyl, lower alkoxy;
40 Rsishydrogen, halogen, lower alkyl, lower alkoxy; 40
or a pharmaceutically acceptable salt thereof.
3. Thecompoundofclaimlora pharmaceuticaily acceptablesalt thereofwhichis
8-chloro-1 ,3-dihydro-2H—imidazo[4,5-b]quinolin-z-one.
4. Thecompoundofclaimiora pharmaceutically acceptable saltthereof whichis
4% 7-fluoro-1 ,3-dihydro-2H-imidazo[4,5-b]quinolin-z-one. 45
5. Thecompoundofclaimiora pharmaceutically acceptablesaltthereof whichis
8-methyl-1,3-dihydro-2H-i midazo[4,5-blguinolin-2-one.
6. Thecompoundofclaimora pharmaceutically acceptable saltthereofwhichis
7-methyl-1 ,3-dihydro-2H-imidazo[4,5-b]quinolin-z-one.
50 7. Thecompoundofclaimlora pharmaceutically acceptable saltthereof which is 50
7-chloro-1,3-dihydro-2H-imidazo ,5-blquinalin-2-one. .
8. Thecompoundofclaimlora pharmaceutically acceptablesaltthereof whichis
1,3-dihydro-6,7-di methyl-2H-imidazo[4,5-b]quinolin-2-one.
9. Thecompoundofclaimlora pharmaceutically acceptable saltthereof whichis
55 1,3-dihydro-7,8-dime.thyl-2H-imidazo[4,5-b]quinoiin-2~one. 55
10. Thecompoundofclaimtora pharmaceutically acceptable saltthereof whichis
1,3-dihydro-7-chioro-ﬁ-methyl-ZH-imidazo[4,5-b]quinolin-2-one.
11. Thecompoundofclaimiora pharmaceutically acceptable saltthereof whichis
1,3-dihydro-8-methoxy-2H-imidazo[4,5-b]quinolin-z-one.
60 12. Thecompoundofclaimlora pharmaceutically acceptable saltthereofwhichis 60
1,3-dihydro-8—chloro-7-methyl-2H-imidazo[4,5—b]quinolin—2—one.
13. Thecompoundofclaimiora pharmaceutically acceptable saltthereofwhichis
7-ch|oro—1,3-dihydro-6,8-dimethyl-2H—imidazo[4,5-b]quinolin-2-one
14. Thecompoundofclaimiora pharmaceutically acceptable salt thereofwhichis
65 7-methoxy-1 ,3-dihydro-2H-imidazo[4,5-b]quinolin-z-one. 65
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15. Thecompound ofclaim 1whichis 1,3-dihydro-8,7-dimethoxy-2H-imidazof4,5-blquinolin-2-one.
16. Thecompound ofclaim 1 whichis
7-bromo-1,3-dihydro-6,8-dimethyl-2H-imidazo[4,5-b]quinolin-2-one.
17. Thecompound of claim 1 which is 7-bromo-1,3-d ihydro-2H-imidazo[4,5-b]quinolin-2-one.
5 18. Thecompound of claim 1whichis 1,3-dihydro-7-(1 -methylethoxy)-2H-imidazo[4,5-b]quinolin-2-one. 5
19.  Thecompound of claim 1whichis 1,3-dihyd ro-6,7,8-trimethoxy-2H-imidazo[4,5-b]quinolin-2-one.
20. Thecompound of claim Twhichis 1,3-dihydro-6-{trifluoromethyl)-2H-imidazo[4,5-b]quinolin-2-one.
21. Thecompound ofclaim 1whichis 1,3-dihydro-1,8-dimethyl-2H-imidazo[4,5-b]quinolin-2-one.
22. Thecompound ofclaim 1whichis 1,3-dihydro-1 +7-dimethyl-2H-imidazo[4,5-b]quinolin-2-one.
10 23. Thecompound of claim 1whichis 10
1,3-dihydro-7-methoxy-1-methyl-2H-imidazo 964,5-b]quinolin-2-one.
24. Thecompound of claim 1whichis 1,3-dihydro-1 +7,8-trimethyl-2H-imidazof4,5-blquinolin-2-one.
25. Thecompound ofclaim 1whichis 1,3-dihydro-7-ethoxy-2H-imidazo[4,5-b]quinolin-2-one.
26. Acompound oftheformula
15 15
R (XI118)
20 20
wherein
25 Riishalogen, lower alkyl, lower alkoxy, trifluoromethvyi; 25
Rais hydrogen, halogen, lower alkyl, lower alkoxy;
Rz is hydrogen, halogen, lower alkyl, lower alkoxy;
Rsishydrogen, lower alky!.
27. The compound of claim 26 which is 8-methyl-1,3,9,9a-tetrahydro-2H-imidazo[4,5-b]quinolin-2-one.
30 28. Thecompound ofclaim 26 which is 7,8-dimethyl-1,3,9,93~tetrahydro-2H-imidazo[4,5-b]quinolin-2-one. 30
29, The compound of claim 26 which is 1,3,9.9a-tetrahydro-1 8-dimethyl-2H-imidazo[4,5-b]quinolin-2-one.
30. Acompound oftheformula
35 35
40 40
wherein
R, is halogen, lower alkyt, lower alkoxy, triflucromethyl;
Rz is hydrogen, halogen, lower alkyl, lower atkoxy;
Rsis hydrogen, halogen, lower alkyl, lower alkoxy:;
45 Rsishydrogen, lower alkyl 45
orapharmaceutically acceptable saltthereof.
31, Amethod forinhibiting phosphodiesterase and blood platelet aggregation ina mammal which
comprises administering a therapeutically effective amount of a compound of claim 1 ora pharmaceutically
acceptabie salt thereof,
80 32. Amethod forincreasing heartinotropic activity which comprises administering to awarm blooded 50
animai, in need of such treatment a therapeutically effective amount of a compound ofclaim 1ora
pharmaceutically acceptable salt thereof.
33. The pharmaceutical composition comprising a therapeutically effective amount of a compound of
claim 1 ora pharmaceutically acceptable acid addition salt thereof and a pharmaceutical carrier.
65 34. Aprocessforpreparing acompound of Formula XI 55
R N %
) R
XTI
o R P =0 (x11) 60
R
2 L
wherein R, is halogen, lower alkyl, lower alkoxy, trifluoromethyl; R, is hydrogen, halogen, lower alkyl, lower
65 alkoxy; Ry is hydrogen, halogen, lower alkyl, lower alkoxy; and R4 is hydrogen, loweralkyl; ora 65
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pharmaceutically acceptable salt thereof;comprising
{a) reducing a substituted hydantoin of Formula XHI

R H
i NO, Oy i
>=o (XIIT)
R, .
R b R
10 3 4
a .

wherein a and b are hydrogen ortogetherare a covalentbond, Ry, Ro, Rs and R4 are defined above; and
{b)treating the reduced material with an oxidant when required; or
15 (c)dehydrogenatinga compound of Formula XIIiB 15

20 20

25 wherein Ry, Ry, RzandRqareas defined above; or 25
(d) alkylating athio compound of Formula XV

H
30 Rl " ¥ 30
R >-_- S (XIV)
R ]
3 R, .

35 35
wherein Ry, R2, Rz and Ry are as defined above with RsX wherein Rsis lower alkyl and X represents a leaving

group such as mesylate, tosylate, phosphate, sulfate and halogen, to provide an alkylated thio compound of

" Formula XV
40 Rl " ~ N 40
R \>__ S-Rg (xv)
Pt
e R, . 45

4

wherein Ry, Rz, Rs, R4 and Rsare as defined above; andthen
{e) converting the Formula XV compound tothe Formula Xl compound; orwhen desired
50 (ficonvertinga compound of Formula Xlitoa pharmaceutically acceptable salt. 50
35. The process of claim 1 which comprises reducing a Formula Xlll hydantoin to provide a compound of
Formula XilA

B
NH, Ox~N
2 :
55 55
% \}TF (x1T1A) -
R T v R

60 a 60

wherein a and b are hydrogen and Ry, Rz, Rg, Rgare as defined for Formula XIH, andthen
cyclizing the Formula XIliA compoundtoa compound of Formula XiliB
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10

15

20

25

wherein R, Ry, Rz and R, are as defined.

36. Acompound as claimed in claim 1 wherein R is halogen, lower alkyl or lower alkoxy, and R,is
hydrogen;
or a pharmaceutically acceptable salt thergof.

37. Aprocessfor preparing acompound (or salt) as claimed in claim 36, substantially as described in that
foregoing Examples section which comprises Examples 1to 21.

38. Aprocessforpreparing acompound (orsalt) as claimed in claim 1, substantially as described in that
foregoing Examples section which comprises Examples 220 42.

39. Acompound (orsalt) as claimed in claim 1, prepared by a process as claimed in claim 34, 35,37 or 38.

40. Apharmaceutical composition comprising acompound (or salt) as claimed in any of claims 1 to 30, or
claim 36 or 39, and a pharmaceutically acceptable carrier.

41.  Acompound (orsalt}) as claimed in any of claims 1to 30, or claim 36 or 39, or pharmaceutical
composition as claimed in claim 33 or 40, for use in a method of inhibiting phosphodiesterase and blood
platelet aggregation in a mammal, or for use in a method of increasing heart inotropic activity in awarm
blooded animal.

42, Useofacompound (orsalt} as claimed in any of claims 1t0 30, or claim 36 or 39, in the preparation ofa
medicament for treatment of conditions wherein administration of a cardiotonie agent and/or inhibitor of
phosphodiesterase and blood platelet aggregation is indicated.

Printed in the UK for HMSO, D8818935, 10/86, 7102.
Published by The Patent Office, 26 Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.
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