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Improved Synthesis and Antitumor Evaluation of 5,8-Dideazaisofolic Acid and

Closely Related Analogues!
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A new synthetic route to 5,8-dideazaisofolic acid (IAHQ) is described which precludes the possibility of contamination
due to its 4-amino counterpart 5,8-dideazaisoaminopterin. Substitution of D-glutamic acid in this synthatis scheme
gave D-JIAHQ. The 9-formyl, 9-meéthyl, 5-methyl, and 5,9-dimethyl modifications of IJAHQ were also prepared. These
compounds, together with several structurally related or isomeric analogues, were studied for inhibitory effects upon
the growth of four human gastrointestinal adenocarcinioma cell lines in vitro. In general, the compounds having
a normal folate configuration at positions 8 and 10 are more active than their raversed bridge isomers. The lack
of antitutnor activity of D-IAHQ provides indirect evidence concerning the mechanism of action of IAHQ.

5,8-Didenzaisofolic acid (TAHQ, 1a) was first described
in 1975 as part of an ongoing synthetic program concerned
with quinazoline analogues of folic acid.? Earlier studies
had shown that its isomer 5,8-dideazafolic acid (AHQ),
which has a normal folate confipuration at positions 9 and
10, and the 10-CH; analogue (10-CH;-AHQ) were effective

-inhibitors of thymidylate synthase from several different

sources.3* In vitro, 10-CHz;-AHQ inhibited the growth
of mouse neuroblastoma cells, although not nearly as ef-
fectively as certain structurally related 2,4-diamino-
quinazolines, which were shown to be potent inhibitors of

dihydrofoldte reductase (DHFR).5

Preliminary studies with IAHQ showed that at low doses

-using a single dose regimen on day 1 after tumor inocu-

lation, the compound was ineffactive against 1.1210 leu-
kemin in mice.2 TAHQ was a moderately effective inhibitor
of rat liver DHFR, being some 10-fold less inhibitory than
AHQ.® Subsequently, a large series of quinazoline ana-
lopues of folic acid was evaluated as inhibitors of thymi-
dylate synthase from Lactobacillus casei and from L1210
loukemia cells.” IAHQ was found to be an effective in-
hibitor of the L1210 enzyme; however, AHQ and 10-
CH;-AHQ were significantly more inhibitory toward this
enzyme. More recent studies revealed that IAHQ was an
effective inhibitor of the growth of human colon adeno-
carcinoma cells (HCT-8) in vitro, thus generating interest
in this compound for potential use in the treatment of
methotrexate (MTX) unresponsive tumors.® Significant
activity against colon tumor 38 in mice was also demon-

strated, and when a regimen of 85 mg/kg on days 2 and

10 following tumor inoculation was used, there were 6 of
20 tumor-free animals after 80 days.® MTX was not ef-
fective in this model.? It was lso found that IAHQ
protected newborn hamsters from mortality due to
transplantable human osteosarcoma cells, whereas MTX
had no effect aﬁainst this zenograph at the maximally
tolerated dose.l®

’-Medieal University of South Carolina.

¥ Northwestern University Medical School

8Present address: Eurelra Laboratories, Inc.,, Saczamento, CA
95816.

Chemistry. This paper describes a new unequivocal
syhthe@ic route to 1a, which precludes the possibility of

X Y R 0 COooR
,.)@@‘Lm,_@-w“
Hzn/km ((ll'lezCOOH
1d, X= OH; Y = H; R= CHO

e,X=O0Hi¥=H;R=CH, .
f, X = OH; Y = CH,; R = CH,

la, X=0H; Y=R=H
b, X=NH,;Y=R=H
e, X=0H,Y=CH,iR=H

trace contamination due to its 4-amino eounterpart, 5,8-
dideazaisoaminopterin (1b). The latter compound was
shown to be a reasonably potent inhibitor of DHFR from
rat liver.® Numerous earlier synthetic efforts employed
diethy! esters of glutamate, which were removed in the
final step under hydrolysis conditions using sodium hy-
droxide. During this study, the carboxyl groups of glut-
amic acid were protected by the use of Zert-butyl esters,
which are removed readily at ambient temperature under
mildly acidic conditions, This modification yields final

(1) 'This paper has been presented in pact. See: “Abstracts of
Papers”, 183rd National Mesting of the American Chemieal
Society, Las Vegas, NV, Mar 28-Apr 2, 1982; American Chem-

~ ical Society: Washington, DC, 1982; Abstr MEDI 69,

(2) Hynes, J. B.; Garrett, C, .M. J. Med. Chem. 1975, 18, 632,

(8) Bird; O. D.; Vaitkus, J. W.; Clarke, J. Mol, Pharmacol. 1970,
8, 573.

(1) McCgsm R. W.; Siratnak, F. M. Biochim. Biophys. Acta 1975,
384, 369;

(5) Carlin, S. C.; Rosenberg, R. N.; VandeVenter, L.; Friedkin, M.
Mol, Pharmacol. 1974, 10, 194,

(6) Hynes, J. B.; Eason, D. E; Garrétt, C. M.; Colvin; Jr., P. L;
Shaores, K. E.; Freisheim, J. H. J. Med. Chem. 1977, 20, 588.

{7} Scanlon, K. J.; Moroson, B. A.; Bertino, J. R.; Hynes, J. B. Mol.
Pharmacol. 1979, 16, 261. ]

(8) Fernandes, D. J.; Bertino, J. R.; Hynes, J. B. Caneer Res. 1983,
43, 111, L.

{9) Galdin, A.; Venditti, J. M,; MacDonald, J. S.; Muggia, F, M.;
Henney, J. E.; DaVita, V. T. Eur. J. Cancer 1981, 17, 129,

(10) Tsang, X.-Y., Hynes, J. B.; Fudenberg, H. H. Chemotherapy
1982, 28, 276. .
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Notes

Scheme 1. Improved Syathetic Route to IAHQ and Analogues
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Table . Inhibition of Growth of Human Gastrointestinal Adenocarcinoma Cells in Vitro by Selected Quinazoline
Analagues of Folic Acid
growth Inhibition: IC,,, uM
9-CHO- 10-CHO- 9-CH, 10-CH, 5-CH,- 5,9-(CH,),"

cell IAHQ pDpIAHQ AHQ IAHQ AHQ IAHQ AHQ 1AHQ 1AHQ 1b MTX
HuTu8g0 45 "> 300 0.7 95 46 48 1.9 4.0 3.6 0.15 0.009
HT29 1.7 >300 0.6 100 38 3.2 1.2 1.1 2.7 0.20 0.018
SW480 4.5 > 300 1.1 150 84 6.0 1.6 10 4.8 .0.20 0.015
WIDR 4.2 >300 06 195 41 6.3 1.3 4.0 48 0.20 0.026

products having a higher degree of purity and rules out
the possibility of racemization occurring during the de-
protection step. The steps employed ars outlined in
Scheme 1. The key intermediate, 2,6-diamino-4-
hydroxyquinazoline (4), was prepared in two steps from
the commercially available 5-nitroisatoic anhydride {6-
nitro-2H-3,1-benzoxazine-2,4(1LH)-dione (2)}. Cyclization
with guanidine carbonate, followed by reduction of the
resulting nitroquinazoline using catalytic hydrogenation,
yielded 4. Compound 4 had formerly been derived by the
acid hydrolysis of 2,4,6-triaminoquinazoline.? Di-tert-butyl
L-glutamate was prepared by the acid-catalyzed reaction
of L-glutamic acid with excess isobutylene under low
pressure,!! Subsequent coupling to 4-formylbenzoic acid
using the mized anhydride method gave di-tert-butyl
N-(4-formylbenzoyl)-L-glutamate (§), which was obtained
as a viscous oil. ‘This was employed in succeeding trans-
formations without further purification, since attempts to
obtain § in solid form were unsuccessful. The reductive
condensation of 4 with 5 in the presence of Raney nicke}
gave the di-tert-butyl ester of 1a, 6. After purification
using silica gel chromatography, 6 was deprotected with
anhydrous trifluoroacetic acid, affording 1a in good yield.
Substitution of D-glutamie for the natural isomer in the
aforementioned sequence gave the D isomer, D-JAHQ. The

{11) Kajtar, M,; Hollosi, M, Acta Chim. Acad. Sci. Hung. 1970, 65,
403.
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reductive condensation of 2,6-diamino-4-hydrozy-5-
methylquinazoline (4b) with & yielded the di-tert-butyl
ester of the 5-methyl compound 6b. Treatment with an-
hydrous trifluorcacetic acid then gave §-CH3-1AHQ (1c),
which was found to have a greater degree of purity than
that prepared earlier from diethyl L-glutamate, as deter-
mined by reverse-phase high-performance liquid chrome-
tography.?

" The reaction of 1a with formic acid in the presence of
acetic anhydride gave 3-CHO-IAHQ (1d) in respectable
yield. The introduction of the 9-methyl group was ac-
complished according to the procedure employed for the
methylation of folic acid, yielding 9-CH,-IAHQ (le).!2
Purification of this product required ion-exchange chro-
matography using DEAE-cellulose. The methylation of
1c was effected in an analogous manner, giving. §,8-
(CH;),-TAHQ (1f). Isomeric compounds having a normal
folate configuration at positions 9 and 10 were prepared
as described elsewhere,!® with the exception of 10-CHj-
AHQ. This compound was more readily prepared by direct

{12) Temple, Jr., C,; Bennett, Jr,, L. L.; Rose, J. D.; Elliott, R. D.;
ll\llontgomery. J. A; Mangum, J. H. J. Med. Chem. 1982, 25,
61. .
{13) Hynes, J. B.; Yang, Y. C. S.; McCue, G. H.; Benjamin, M. B.
In “Workshop on Folyl and Antifolyl Polyglutamates”; Bertino,
J. R; Cabner, B. A; Goldman, 1. D,, Eds.; Plenum Press: New
York, 1983; pp 101-114.
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until Hy uptake ceased. After the addition of charconl, the catalyst
was remaved by filtration, and the filtrate was basified to pH 8
--n NH,OH. ‘The precipitate was collected by filtration, washed
:h H,0 and then hexane, and dried in vacuo over P,0;. The
oduct was dissolved in 100 mL of CHC}; and washed with 2
100 mL of 10% NaHSOg, 1 x 100 mL of H;0, 2 X 100 mL of
A% citric acid, and 2 X 100 mL of H,0 and then dried over
MgS0,. The solvent was removed under vacuum, and the product
was washed with hexane and then dried in vacuo over P,O,. The
product was purified by flash chromatograpby over Baker silica
gel (40 pm), column 30 X 175 mm, using a stepwise gradient of
CHCl, to CHCl,/MeOH, &:1: yield 5.5 g (52%); mp 145-147 °C;

T1.C (CHCl;-MeOH, 85:15, Whatman KC,;F RPTLC, MeOH/

H,0. 80:20). Anal. (CxHzN;00.75H,0) C, H, N.

5,8-Dideazaisofolic Acid (1a). A 5.5 g (3.8 mmol) sample of
6a was stirred in 80 mL of CF,COOH for 1 h at ambient tem-
perature. The product was precipitated by the addition of excess
Et,0 and collected by centrifugation. The Et,0-CF;COOH su-
pematant was decanted, and the product was washed 4 times with
Et,0 and then 2 times with H,0. The product was suspended
in H,;0, basified to pH 8.5 with NH,OH, and then acidified to
pH 4.0 with 0.5 N HCl to effect precipitation. The product was
collected by filtration, washed with copious amounts of cold H;O
and then (Me),CO, and finally dried in vacuo at 100 °C to yield
3.5 g (81.5%): mp >195 °C dec; TLC (0.1 M NaHPO,, pH 7.5,
celluloss); HPLC; UV A, (0.1 M NaHPO,, pH 7.0), 235 nm (¢
33.8 % 10°); NMR (CF;COO0D) & 8.4-7.5 (m, 7, aromatic), 5.2-4.85
{m, 3, NCH, + NCH), 2.9-2.3 {m, 4, (CH,):]. Anal. (CjHy,-
N30,-0.6H,0) C, H, N.

p-6,8-Dideszaisofolic Acid (D-IAHQ). Di-tert-butyl N-(4-
formylbenzoyl)-p-glutamate was prepared in a manner identical
with the preparation of its L isomer, 5. The reductive condensation
with 4, followed by deblocking with CFyCOOH, then gave D-JAHQ.
NMR, TLC, HPLC, and mp were identical with 1a. Anal
(CHN,04CF,CO0H0.5H,0) C, H, N,

Di-tert-butyl 6-Methyl-5,8-dideazaisofolate (6b). A mixture
of 9.57 g (24.6 mmol) of 6 and 4.65 g {24.5 mmol) of 2,6-di-
amino-4-hydroxy-6-methylquinazoline (4b)? in 200 mL of 70%
HOAc was hydrogenated in the presence of Raney Ni (~500 mg)
until H; uptake ceased. After addition of charcoal, the catalyst
was removed by filtration, and the filtrato wes basified to pH 8.5
with NH(OH. The precipitate was collected by centrifugation,
washed with 4 X 200 mL of H;0, and then lyophilized. After
drying over P,0;, there was obtained 7.74 g (54%): mp 139-141
:J('J; T’l.ﬁ (DMF-H,0, 1:2, cellulose). Anal. (CyHxNy042.26H,0)

H N

6-Methyl-5,8-didenzaisofolic Acid (1c). A 5.6 g (0.2 mmol)
aample of 6b was treated with 80 mL of CFCOOH for 1 h, and
the product was obtained as described for la. There was obtained
2.45 g (66%): mp 253-264 °C (lit.2 mp 220-225 °C); TLC
(DMF-H,0, 1:2, cellulage); HPLC; UV A, (0.1 M NaHPO,, pH
7.0) 240 nm (¢ 40.0 X 16°); NMR (CF,COOD) 5 8.08-7.42 (m, 6,
aromatic), 5.17~4.80 (m, 3, NCH; + NCH), 2.88-2.30 (m, 7, CCH,
+ (CHy)g). Annl. (CgHz:sN;O¢1.6H0) C, H, N.

9-Formy!l-5,8-dldeazaisofolic Acid {1d). A 0.224 g (0.5 mmo})
sample of 1a was dissolved in a solution of 10 mL of HCOOH
(97%), and 8 mL of (Ac);0 was added with atirring at room
temperature. After 1 h, the product was precipitated by the
addition of excess Et;0, followed by chilling in an ice bath for
20 min. The precipitate was collected by filtration and washed
with H;0, then (Me),CO, and finally Et;0. The product was dried
at 100 °C in vacuo, ylelding 0.182 g (68.5%): mp >210 °C dec;
TLC (0.1 M NaHPO,, pH 7.5, cellulose); HPLC; UV A, (0.1 M
NaHPO,, pH 7.0} 230 nm {¢ 44.5 % 10%); NMR (CF,CO0OD) 58.3
{s, 1, CHO), 8.1-7.15 (m, 7, aromatic), 5.50-4.80 (m, 3, NCH, +
ECH), 2.93-2.23 [m, 4, (CH,);). Anal (CH;N;0:-2H,0) C, H,

9-Methy)-5,8-dideazaisofolic Acid {(1e). A 1.0 g(2.2 mmol)
sample of 1a was dissolved in 55 mL of 0.1 N NaOH and then
neutralized to pH 6.4 with 1 N HCL. To this was added 1.0 g (12.7
mmol) of 38% H,CO, followed by 0.20 g (3.18 mmol) of NaB(C-
N)H;. The pH of the reaction mixture was maintained at 6.5 for
45 min by the occasional addition of 1 N HC], and the reaction
was continued for 20 h. The solution was then adjusted to pH
11 with 1 N NaOH, with stirring, and held at that point for
approzimately 10 min to allow HCN gas to escape. The solution

....2200336A_ | >

. (23)

wag acidified to pH 4 with 1 N HCl to precipitate the product,
which was collected by filtration, washed with H,O and then Et,0,
and dried at 100 °C in vacuo: yield 1.01 g (95%); mp >235 °C
dec. Purification was effected by anion-exchange chromatography
using a 2 X 20 cm column containing Cellex D (Bio-Rad). A linear
gradient of 0.02-0.35 M NH,HCO,, pH 8.5, was used to elute the

- product. After lyophilization and neutralization to pH 4, the solid

had mp >235 °C after vacuum drying at 100 °C: TLC (0.1 M
NaHPQ,, pH 7.5, cellulose); HPLC; UV A,,, (0.1 M NaHPO,, pH
7.0) 235 nm (e 38.6 % 10%); NMR (CF;COOD)  8.54~7.48 (m, 7,
aromatic), 5.13-4.83 {m, 3, NCH, + NCH), 3.6 (s, 3, NCH,) 2.9-2.3
[m, 4, (CHz)g]. Anal, (szHgngos-ZﬂEHgO) C. H, N.

5,9-Dimethyl-5,3-dideazaisofolic Acid (1f). A 0.88g (1.83
mmol) sample of 1¢ was methylated and purified according to
the procedures employed for le. Following anion-exchange
chromatography, a 69.6% yield was obtained: mp 223-225 °C;
TLC (0.1 M NaHPO,, pH 7.5, cellulose); HPLC; UV A, (0.1 M
NeHPO,, pH 7.0) 235 nm (¢ 30.2 % 10%); NMR (CF,COOD) &
8,32-7.30 (m, 6, aromatic), 5.25—4.80 (m, 3, NCH, + NCH), 3.65
(s, 3, NCH,), 2.95-2,20 m, 7, CCH,y + (CH;),). Anal. (CygHys-
N;Og1.5H;0) C, H, N.

10-Methyl-5,8-dideazafolic Acid (10-CH;-AHQ). A0.70g
(1.6 mmol) sample of 5,8-dideazafolic acid! was methylated by
the same method described for le: yield 0.59 g (84%); mp >220
°C dec (lit.!* mp 220-225 °C dec); TLC (0.1 M NaHPO,, pH 1.5,
celluloge); HPLC; UV A, (0.1 M NaHPO,, pH 7.0) 230 nm (¢
44,5 x 10%); NMR (CF.COOD) 4 8.356-7.45 (m, 7, aromatic),
5.22C~4.90 {m, 3, NCH, + NCH), 3.62 (s, 3, NCH,), 2.9-2.3 (m,
4' ( Hf)ﬁl'

Biological Evaluation. Determinations of the growth of
tumor cells in the presence of drugs were conducted in CoStar
(Cambridge, MA) 24-well plates. Experiments wers begun by the
addition of 1 mL of media containing 0.7-1 X 10° monodispersed
growing cells to wells in which 0-50 uL of solution of the particular
drug had been placed. Compounds were dissolved just prior to
assay in 0.6 mL of 0.1 M NaOH and then diluted with 4.6 mL
of phosphate buffer (pH 7.0). The cells were incubated at 37 °C
in a humidified 8% CO, atmosphers for 72 to 96 h. The mona-
layers of cells were then removed by trypsinization and counted
in suspension. Cell number was determined on a Coulter counter
and maximally increased 10- to 15-fold over that inoculated® IC,,
wvalues refer to that conesntration of inhibitor necessary to inhibit
cell growth by 50% compared to control cells grown under
identical conditions, except that the inhibitor was omitted.
Standard deviations for all values presented in Table I, based upon
four determinations, were less than 6%. The establishment of
the cell lines emplo#d in this study has heen described previously:
HuTu90,* HT29,2 SW480,” and WIDR.%
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Abstract=The synthesis of a scries of novel 2-aryl substituted 4#-3,1-benzoxazin-4-ones and their evaluation as specific inhibitors.
of the Tissue Factor.(TF)/Factor VHa {FVIla)induced pathway of coagulation is reported. Inhibitory dctivitics (ICsp valués) in the
range 0,17 to > 40N on the activation of Factor X (FX) by the TF/FVIla comiplex were found for compounds having one or two
clectronegative substituentssuch as F, Cl and NO, in the 2-aryl substituent. Different substitutions both electron-attracting and donating
groups were allowed in'the 5, 6, 7 and 8 positions. Several of the compounds showed a selectivity ratio towards FX and thrombin of > 50,
thus being the first small.molecules-described as potential drugs for aral antithrombotic treatment without side effects such as bleeding
which:is observed especially with thrombin inhibitors. The best substituent pattern being the 2-aryl group substituted with; 2-F; 2,6~
F; or 2-FX; 6-Cl; together with electronegative substitution in the 5, 6, 7, or 8'positions. 2-Heteroary! substituents like thienyl and
furanyl were of low activity while some 2-(2-chloro-3-pyridyl) derivatives had. inhibitory activity <10 pM-and a good selectivity.

© 2000 Elsevier Science Ltd. All rights reserved.

Introduction

Blood coagulation is a complex process involving various
blood components or factors that eventually give rise to
a fibrin clot. Activated Factor X (FXa) is required to

‘convert prothrombin to thrombin ‘which:then converts

fibrinogen to fibrin as a final stage in forming a fibrin clot.

There are two pathways that promote the activation of
Factor X (FX). The “intrinsic pathway’ refers to those

.reactions Jeading to thrombin formation through utili-

sation of factors present only in blood. A series of protease-
‘mediated ‘activations generate Factor [Xa which, in
conjunction with Factor VIIIa, cleaves FX into FXa.

In the *éxtrinsic pathway’ Factor VIla (FVIIa) and its
“eofactor, Tissué Factar (TF), exert the same proteolysis.

TF is 2 mémbrane-bound protein'and does not normally
circulate in plasma. Upon vessel disruption, however, it
is exposed and formis'a complex with FVIIa to catalyse
FX or Factor IX activation in the presence of Ca?* and
phospholipid (1). While the relative importance of the
two coagulation pathways in hemostasis is. nnclear,

*Corresporniding auther.
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FVIa and TF appear to be the principal initiators of
‘blood coagulation in vivo.! '

It is often desirable to inhibit the coagulation cascade in
a patient.Anticoagulants such as heparin, coumarin and
its derivatives, indandione derivatives, low-molécular-

weight thrombin or FXa inhibitors, or other agents may
be used: Treatment with heparin and other anticoagulants
may, however, have undesirable side effects, for example,
bleedings. Inhibition at the initial stage of blood coagula-.
tion, i.e. of the FVIIa/TF activity, results in significantly

-less bleeding? In addition, clinically available antic-

oagulants act throughout the body, rather than acting
specifically at the site of injury where the coagulation
cascade is active. Other known anticoagulants comprise
thrombin‘and Factor Xa inhibitors derived from blood-
sucking orgatisms. Antithrombins, hirudin, hirulog and
hirugen are recombinant ‘proteing or peptides derived
from the leach Hirudo medicinalis, whereas the Factor
Xa inhibitor antistatin and the recombinant derivative
tTAP are tick-derived proteins. Inhibitors of platelet
aggregation.such as monoclonal antibodies or syrthetic
peptides, which interfere with the platelet receptor gpIIb/
IIa, are also effective as anticoagulants. These agents are,
however, not svitable for oral administration. Specific
protein inhibitors of the FVIIafTF activity are the.
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physiological inhibitor TFPI (Tissue Factor Pathway
Inhibitor) and the inactivated FVII (FVIlai) which binds
to TF and compete with FVIIa

There is still a need for improved compositions having
anticoagulant activity and which can be administercd
orally or otherwise non-intravenously at relatively low
doses without producing undesirable side effects. We found
that some 2-arylsubstituted 45-3,1-benzoxazin-4-ones
showed specific inhibitory activity on FVIIa-TF in in
vitro assays, and therefore seem to be potential drug
candidates for blood coagulation regulation, suitable for
oral administration and presumably without the above
mentioned side effects. We report herc the synthesis and
SAR of some 2-arylsubstituted 4/-3, 1-benzoxazin-4-ones
in in vitro systems of TF/FVIla-catalyzed activation of
FX, as well as their effects on the amidolytic activity of
FXa and thrombin and the prolongation of clotting
time caused by selected compounds. 44-3,1-Benzoxazin-
4-one-derivatives are known to act as serine protease inhi-
bitors, but very few of the reported compounds contain an
aryl group connected directly to the ring systcm together
with substituents in the S, 6, 7, or 8 positions.3—® None of
the previously described compounds have been reported
to specifically inhibit the TF/FVIIa-induced coagulation

- pathway, but rather to act as thrombin and FXa inhibi-

tors. Similar structures, oftcn containing a 2-amino sub-
stituent instead of the 2-aryl substituent, are reported to
act as inhibitors of HSV-1 protease,'® Clr serine pro-
tease,!! and human cytomegalovirus protease.!? A solid-
phase synthetic approach towards 2-amino substituted
4H-3,1-benzoxazin-4-ones has heen reported. '3

Chemistry

2-Aryl substituted 4H-3,1-benzoxazin-4-oncs were con-
veniently prepared from optionally substituted anthranilic
acids and an aryl carboxylic acid chloride in toluenc or

Ri

o =
b \\/"” ) N ‘©,Rz

Scheme 1. Synthetic_pathway used for the preparation of compounds
2, 5, 17-20, 22, 24 /27 28, 30, 32, 33, 36, 38, 44, 59 and 60. i: Ar(R2)-
COCl, Et3N, Toluchc; ii: Ar(R2)COOH, HOBT, EDAC, DMF,

(o}

>
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DMF using triethylamine or pyridine as base. Howevey

the yields varied considerably (0% to [00%), depending
on the substitution pattern in both the anthranilic acid
and the aryl carboxylic acid or acid chloride. Syntheses
using an aromatic orthe aminocarboxylic acid ester and
an aryl carboxylic acid chloride as starting matenals per-
forming the ring closure with sulphuric acid® gave very
low yields, and the same was found for syntheses using an
anthranilic acid derivative and an arylcarboxylic acid
performing the reaction with HOBT and EDAC, prob-
ably duc to the prescnce of two carboxylic acids which
could be activated by HOBT.* The rcaction is depicted
in Scheme 1.
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In order to conveniently prepare a series of analogues for
the SAR investigation, a solution phase parallel synthesis
procedure was developed (Scheme 2).

Appropriately substituted 2-aminobenzoic acids were
dissolved in toluene, triethy! amine was added and *he
mixture shaken for 10 min at room temperature. S. .e-
quently, substituted benzoic acid chloride was added
and the mixture shaken overnight at room temperature.
Ethyl acetate and HCI (0.1N) were added followed by
shaking, The organic layer was separated, saturated
NaHCO; added, and the mixture shaken for 2min. The
organic layer was separated and filtered through 4 silica-gel
column (Scp-Pack plus), the column washed with di-
chloromethane and the collected organic phases evapo-
rated. The identity and purity were checked by LC-MS,
>90% of the experiments gave >75% vyield as esti-
mated from the ELS measurcment.

Results

The compounds werc evaluated for inhibitory activity on
the TF/FVIla-induccd activation of FX using a two-step
amidolytic assay. Compounds showing good inhibitory
activity in that assay were further tested for activity on
FXa and thrombin in order to sort out structures v -
the best sclectivity. Sclected compounds were furti.r
tested for their ability to prolong clotting time in a
standard in vitro clotting assay. Selected data for 2-aryl
substituted 4/-3,1-benzoxazin-4-ones are depicted in
Table 1. '

The data revealed a broad variety of selectivity, ranging
from compounds having a similar inhibitory eflect on

Cl

Ri
B toluene,ELN X
0 shakte overnight EtAc HC! {0.1N)
shake 10 min, RT -
,‘,—H R2 RT shake 30 min, RT
H
R1 o
organic phase separated ergaric phase sepd,
sald, NaHCO, , shake Zmin Sep-Pack purification, -
2 CHC wash N R2

Scheme 2. Solution phase paraile] synthesis approach for the preparation of compounds 3, 4, 6-9, 12-16, 21. 23, 26, 29, 31. 39, 40, 42, 43. 46~ 50 and 61.
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Table 1, ICsp values (uM) for the inhibition of TF/FVIla-catalyzed
activation of FX and the inhibition of FXa and thrombin amidolytic

activity
m\ o
s KR 0
I > N
Compound RI R2 FX FXa Thrombin
no. activation [Cqp ICsq
ICso pM  uM nM
1 H 2-F 4.7 138 56
2 6-Me 2-F 3.6 >200 145
3 6-CI'3 2-F kN 37 34
4 6-OMe 2-F 30 >200 40
5 5-Cl.8-Cl I-F 1.2 180 >200
6 5-COOMe 2-F 36 138 56
7 6-F,7-F 2-F 2.2 - ->200- - >200
8 5-NO2 2-F 17 26 17
9 6-F7-F 2-F3-F 18 > 200 105
10 6-Br.S-Br 2-F a5 >200 >200
1 7-C1 2-F 30 >200 199
12 6-Me 2-F3F 32 > 3200 > 200
), 13 6NO2  2F3F 40 NT  NT
14 5-CF3 2-F >40 NT NT
15 8-CF3 2-F >40 NT NT
16 5-COOEt 2-F >40 NT NT
17 5-Cl 2-F,6-F 0.17 49 >200
18 5-NO2 2.F6-F 0.35 6.3 >200
19 5-Ci,8-Cl 2-F,6-F 0.36 6.3 > 200
20 6-Me 2-F,6-F 0.60 22 8
21 6-CF3 2.F6-F 0.63 16 98
22 7-NO2  2-F.6-F 0.82 112 > 200
23 5-F 2.F,6-F 0.90 6 NT
24 6-NO2 2-F,6-F 1.0 19 =200
25 7-CF3  2-F,6-F 14 174 134
26 6-OMe 2-F6-F 15 154 30
____\‘2_7_ 6-NHAe 2-F6-F l.6 35 > 200
.28 6-NH2 2-F.6-F 32 154 149
29 5-COOMe ~ 2-F,6-F 4.1 112 156
30 5-Me 2-F,6-F 4.3 89 > 200
31 8-CF3 2-F.6-F 4.5 80 =200
32 7-NH2 2-F6-F 22 > 200 > 200
33 5-NH2 2-F6-F 30 >200 > 2010
4 6-Me 2.F,6-Cl 1.9 10 NT
35 5-F 2-F,6-CI 1.2 6.0 NT
36 6-Me 2-C1,3-Cl 12 110 36
37 6-1 2-Cl 2.2 15 NT
’ 38 6-Me 2-C1,6-Cl1 23 63 >40
o 39 s.NO2  2-NO2 032 <L6 97
40 5-NO2  2-OMe 39 58 19
41 H 2-OMe,5-Cl 6.8 30 NT
42 5-NO2 2-OCOMe 13 26 > 200
43 6-NO2 2-0COMe 10 49 > 200
44 6-Me 2-0OCF3 12 >200 NT
45 6-Cl 2-Br 1.5 6 NT
46 2-Me 2-OCOMe 33 >200 =200

BNSDCCID: <XP_

all three enzymes to compounds active only in the FX
activation assay. Compounds with a detcctable inhibitory
cffect on FXa will also appear to eflect FX activation and
FVIIa/TF-initiated clot formation, without necessarily
inhibiting FVIIa directly. Thus true ICsp-values for the
FVIIa inhibition as measured by the FX activation
assay are obtained only for compounds which do not
inhibit Fxa.

The best compounds regarding inhibitory activity and
selectivity were 5, 22 and 25 with 5,8-dichloro, 7-nitro,

. 2215355A _ | >
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and 7-trifluoromethyl substitution in the benzoxazine
ring, respectively, and 2-fluoro or 2,6-difluoro substitution
in the 2-phenyl substituent. These compounds also pro-
longed the TF-induced clotting time, the ratios being
1.32, 1.31, and 1.51 times the control clotting time. The
best inhibitors of the TF/FVIla-induced activation of
FX were substituted with electronegative substituents
like Cl, NO,, CF3, Fin the 5, 6, or 7 positions in the ben-
zoxazine ring together with a 2,6-difluoro substitution in
the 2-phenyl group. However, these compounds also
possessed good inhibitory effects on the FXa amidolytic
activity resulting in a specificity factor below 50, while
their activities at the active site of thrombin were low.
Also a G-methyl substituent {compound 20) inhibited
the FX activation at sub-uM concentrations, however,
the inhibitory cfiect on thrombin was also good (8 uM).
Compounds carrying-NH,,-OMe¢ or-COOMc in the
benzoxazine ring (compounds 4, 26, 28, 32 and 33) gave
a 3-fold to 10-fold higher ICsp in the FX activation
assay than found for the electronegative substituents,
while the ICs, for ¥Xa and thrombin was often found
to be > 200 uM (i.e. no effect).

Selected data for the inhibitory cffect of 2-heteroaryl
substituted 4H-3,1-benzoxazin-4-ones is presented in
Table 2.

The compounds having a heteroaromatic substituent in
position 2 by and large showed a 10-fold higher 1Cjso
value than found with a substituted phenyl group in
position 2. This probably reflects the diffcrence in elec-
tronegativity for the two substituent groups.

Compound 47, however, had a good profile in agreement
with the 6,7-halogen disubstituted 2-phenyl compounds 7,
9 and 10.

The compounds giving the best prolongation in the clot-
ting time (17, 18, 26, 28 and 47) were substituted in the 2-
position with a 2,6-difluorophenyl group (or a 2-chloro-3-
pyridyl for compound 47), while the substitution on the
benzoxazin ring was Cl, NO,, Me, NH; and F (Tablc 3).

Discussion

The expected mechanism' of action for the serine pro-
tease inhibition by benzoxazinone-type of compounds is
deactivation by means of reaction of the benzoxazinone
lactone with the active site serinc, probably under the
formation of a drug-enzyme cster followed by its hydro-
lysis.”!* This mechanism was supported by data obtained
for activity in a TF/FV!I assay and in a FVII amidolytic
assay in which we found that the benzoxazinones gave
inhibition of the same order of magnitude as found in
the FX activation assay (not shown).

The corresponding open anthranilic acid amide deriva-
tives (the ‘open form’ of the benzoxazinone ring) were
found without inhibitory effects. These compounds could
be prepared from the corresponding benzoxazinones by
hydrolysis with NuOH in methanol followed by careful
acidification with an equimolar amount of HCI at room
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-Table 2, ICsp vaiues (M) for the inhibition of TF/FVIla-catalyzed activation of FX, FXa and thrombin

—— Ry = = Qe -
(¢}
Ao
Compound no. Rl R3 FX-uctivation FX amidolytic Thrombin
[ng M leo p.M [Cso p,M

47 6-F\7-F 2-Cl-3-pyridyl 50 > 3200 =200
48 5-Me 2-Cl-3-pyridyl 7. >200 30
49 5-NO2 2-Cl-3-pyridyl 14 98 9.7
50 6-NO2 2-Cl-3-pyridy} 21 140 >200

51 6-Br6-OMec 4-pyridyl 27 >200 NT

52 7-OMe 3-C1,5-CF3-2-pyridyl 33 >200 NT

s3 6-Br 3-C1,5-CF3-2-pyridyl 33 >200 NT

54 7-Cl6-OMe 5-NO2-2-furanyl 16 > 200 NT

55 7-Ome 2-furanyl 25 >200 > 200

56 6-Br 2-furanyl 34 >200 NT

87 - 6-Me 5-NO2-2-furany! >40 NT NT

58 H 2-thienyl 27 > 200 NT

59 6-Me 2-thienyl 35 >200 >200

60 6-Me 3-Br-2-thienyl 40 NT T

61 6-F,7-F 2-thienyl >40) Nt . P

L,.

temperature. Prolonged standing or higher temperatures
gave a mixture of the ‘open form’ and the benzox-
azinone. The ‘open form’ was also accessible from the
reaction of anthranilic acid and arylcarboxylic acid
chloride in pyridine at —30°C. However, also this
method gave mixtures of the ‘open’ and ring-closed
forms (data not shown). Taking this expected mechanism
into account, it seems reasonable to expect that electro-
negative substituents on the 2-aryl group as well as on
the 5, 6, 7, or 8 positions of the benzoxazinone ring will
make the ring carbonyl more recactive towards the serinc
OH-group of the enzyme.

Compounds without substitution in the 2 or 6-positions
in the 2-ary! substituent did not inhibit the TF/FVIIa-
catalyzed FX activation at concentrations below 40 pM
(data not shown).

Introduction of an ester functionality at the 5-position
(compounds 6, 16 and 29) or at the 2-position in the 2-
phenyl substituent (compounds 42, 43 and 46) was per-
formed in order to clarify if this group might, in some
way, compete with the ester formation between the serinc-
OH and the benzoxazinone ring, either by steric hindrance
of the drug-cnzyme reaction or by participating in the
ester formation with the enzyme. These compounds, how-
ever, pave results of the same magnitude and selectivity as
found for both clectronegative and electron-donating
substituents at the same position. Consequently, no proof
in favour of that hypothesis was obtained.

“

Compounds substituted with 2-thienyl, 2-furanyl or 2-,
3- or 4-pyridyl in the 2-position of the benzoxazine ring
(compounds 47-61) showed the same pattern as found
for the 2-phenyl substituted compounds. ICsp values of
< 10 uM were observed ounly for 47 and 48 carrying an
electronegative ortho-substituent in the 2-substituent
together with 6,7-difluoro or 5-Mc substitution. Com-
-pound 49 had a surprisingly good effect on thrombin
(9.7uM), ie. equipotent for thrombin and FVIIafTF,

BNSDOCID: <XP. 2219355A__I.>

Table 3. Effects on TF/FVlia-induced clotting. The ratio of the
clotting times with (330 uM) and without test compound is given

Compound no. Clotting ratio

t 145
2 1.47
3 1.59
5 1.32
7 1.60
17 >3

18 2.58
19 1.68
20 >3
22 131
25 1.51
28 >3
33 1.06
33 1.88
40 1.25
42 114,
43 1.2
47 232~
49 1.52
50 1.16
55 1.35
39 1.76

while the ICsg for inhibition of FXa was 10-fold higher.
This is in contrast to the findings for compounds 18, 39
and 40 for which the inhibitory effects were best in the
TF/FVIla-catalyzed FX activation assay.

2-Pyridyl and 4-pyridyl substituents were found to be of
low activity in the activation assay, in the former case
probably because the ring nitrogen occupied an ortho
position and no electron-attracting groups were positioned
in an ‘ortho’ position, and in the Jatter because no ortho
electronegative substituent was present. For the thienyl
and furanyl substituted compounds, only compound
60 had an electronegative substituent in the ortho
position, however, in this case a bromo substituent was
no good compared to compound 45 (ICsq values in the
FX activation assay being 40 and 1.5 pM, respectively).
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Table 4. Analytical data for compounds prepared by solution phase parallel synthesis

No.” —— 77~ Compound e

Analytical details®

3 2-(2-Fluoro-phenyl)-6-trifinoromethyt-4- H-3,1-benzoxazin-4-one
4 2-(2-Fluoro-phenyl)-6-methoxy-4-H-3,1-benzoxazin-4-one

6 2.(2-Fluoro-phenyl)- 4-H-3,1-benzosazin-4-oxo-5-carboxylic acid methyt ester
7 6,7-Difluoro-2-(2-flucro-phenyl)- 4-H-3,1 -benzoxazin-4-one

8 2-{2,3-Difluoro-phenyl)-5-nitro-4-H-3,1-benzoxazin-4-one

9 2-(2,3-Difluoro-phenyl)-6, 7-difluoro-4-H-3,1-benzoxazin-4-one

mfz*: 310 RT: 1548, ELS: 1%
myz: 272 RT: 14.10, ELS: 8%
mfz: 300 RT: 12.97, ELS: 00%
mfz: 278 RT: 14.78, ELS: 97%
mfz: 305 RT: 13.70, ELS: 95%
mfz: 296 RT: 14.91, ELS: 98%

12 2.(2,3-Difluoro-phenyl)-5-methyl-4-H-3,1-benzoxazin-4-one mjz: 274 RT: 15.1, ELS: §2%
13 2-(2,3-Diflucro-phenyl)-6-nitro-4-H-3,1-benzoxazin-4-one mfz. 305 RT: 14.26, ELS: 80%
14 2-(2-Fluoro-phenyl)-S-trifiuoromethyl-4-H-3,}-benzoxazin-4-one mfz: 310 RT: 15.47, ELS:; 81%
15 2-(2-Fluoro-phenyl)-S-trifluoromethyl-4- H-3,1-benzoxuzin-4-one mfz: 310 RT: 15.15, ELS: 49%
16 2-(2-Fluoro-phenyl)-4-oxo-4-H-3,1-benzoxazin- S-carhoxylic acid ethyl ester myz: 314 RT: 13.73, ELS: 95%
21 2-(2,6-Diflucro-phenyl)-6-triflucromethyl-4-H-3,1-benzoxazin-4-one mfz: 328 RT: 15.26, ELS: 82%
25 2-(2.6-Difluoro-phenyl)-7-trifluoromethy}-4-H-3,1-benzoxazin-4-one mfz: 328 RT: 15.51, ELS: 91%
26 2-(2,6-Difluoro-phenyl)-6-methoxy-4-H-3,1-benzoxazin-4-one mj=: 290 RT: 13.8/11.45, ELS: 80%
29 2-(2,6-Difluoro-phenyl)-4-oxo-4-H-3,1-benzoxazin-5-carhoxylic acid methyl ester m{z: 318 RT: 12.82, ELS: 67%
3 2-(2,6-Difluoro-phenyl)-8-trifiuoromethyl-4-H-3,1-benzoxazin-4-one mfz 328 RT: 14.73, ELS: 94%
39 . e - $-Nitro-2-(2-nitro-phenyl)- 4-H-3,1-benzoxazin-4-one - -« mfz: 314 RT: 13.11, ELS: 81%
40 2-(2-Methoxy-phenyt)-3-nitro-4-H-3,1-benzoxazin-4-one mfz: 299 RT: 12.81, ELS: 61%
42 Acetic acid 2-(5-nitro-4-oxa-4-H-3,1-benzoxazin-2-yl)-phenyl ester m/z: 327 RT: 12,88, ELS: 84%
43 Acetic acid 2<(6-nitro-4-ox0-4-H-3,1-benzoxazin- 2-yl)-phenyl ester mfz: 327 RT: 13.37, ELS: 54%
46 Acetic acid 2-(5-methyi-4-oxo-4-H-3,1-benzoxazin-2-yh)-phenyl ester mfz: 296 RT: 14.11. ELS: 54%
47 2-(2-Chloro-pyridin-3-yl)-6,7-difluoro-4-1-3,1-benzoxazin-4-one mjz: 295 RT: 12.75, ELS: 96%
48 2-(2-Chloro-pyridin-3-yt)-5-methyl-4-H-3,1 -benzoxazin-4-one mfz: 273 RT: 12.61, ELS: 100%
U 49 2-(2-Chloro-pyridin-3-yl)-5-nitro-4-H-3,1-benzoxazin-4-one mfz: 304 RT: 11.64, ELS: §2%
50 2-(2-Chloro-pyridin-3-yl)-6-nitro-4-H-3,1-henzoxazin-4-one mjz: 304 RT: 11,94, ELS: 88%
61 6,7-Difluoro-2-thiophen-2-yl-4-H-3,1-benzoxazin-4-one mfz: 266 RT: 14.68, ELS: 98%

wpfz: The molecular ion (M + 1) from the LC-MS investigation; RT: Retention time (min); ELS: The purity estimated from the clectrospray (positive

fon) measurement.

Conclusion

The synthetic approach described easily yielded a series
of 2-aryl substituted 4H-3,1-benzoxazin-4-ones in fair to
good yields by standard synthetic methods and through
a solution-phase paraliel fashion. The 2-aryl substituted
4F-3,1-bcnzoxazin-4-ones  described comprise scveral
compounds with excellent activity and selectivity thus
being the first small molecules described having that
profile. Good inhibition requires the presence of at least
one clectron-attracting substituent in the ortho position
of the 2-aryl or heteroaryl substituent, the best structures
also bearing one or two ¢lcctronegative substituents in
- the 5, 6, 7 or 8 positions. The best compounds as
— regards both inhibitory activity of the TF/FVIla-cata-
lyzed FX activation and best selectivity (5, 22 and 25)
were all found within this pattern. Simple heterocycles
like thienyl, furanyl and 2- and 4-pyridyl as the 2-sub-
stituents gave compounds of Iow activity while 2-(3-
pyridyl) substituents were found to be of similar activity

as the phenyl substituents (47).

Experimental

" General procedures. Melting points (uncorrected) were
measured on a Biichi 535. NMR spectra were recorded
on a Bruker AVANCE DPX 200 Mhz or 300 MHz
instrument operating at room temperature. Mass spectra
were obtained on a Finnigan Mat TSQ 70 apparatus using
a direct mlet system. The HPLC-MS analyses were per-
formed on a PE Sciex API 100 LC/MS System using a
WatersTM 3mmx 150 mm, 3.5, C-18 Symmetry column
and positive ion spray with a flow rate at 20 uL/min. The
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column was cluted with a linear gradient of 5-90% A, 85~
0% B and 10% C for 15min at a flow rate of 1 mL/min
(solvent A =acetonitrile, solvent B=water and solvent,
C=0.1% trifluoroacetic acid in water). Microanalyscs
were performed by Novo Nordisk Analytical Department.

FX activation assay

The compounds were dissolved in DMSO and mixed
with FVIla (produced in-house) in S50mM Hepes, pH
7.4, containing 0.} M NaCl, SmM CaCl,, and | mg/mL
bovine serum albumin (1 + 5). 30 uL of this mixturc was
then mixed with 45 uL. TF (American Diagnostica, relipi-
dated in PC/PS vesicles) and 25uL of FX (Enzyme
Rescarch Laboratories), all in a Ca®* -containing buffer.
This gave final concentrations of 100pM FVIIa, 5SpM
TF, 175nM FX, and various concentrations of the
compounds. After a 5 min incubation, the FVIIa/TF-
catalyzed activation of FX was terminated by an addition
of a 50 pL bufler containing enough EDTA to give an
excess over the Ca2* ions present. 50 uL of a 2-mM solu-
tion of 8-2765 (Chromogenix, 2mM in water) was then
added and thc FXa formed was allowed to hydrolyze the
substrate for 10min during which the absorbance at
405nM was continuously monitored in a SPEC-
TRAmax™ 340 plate reader. The slope of the absorbance
curve was compared to that of a control where only
DMSO was added to FVIIa/TF/FX.

Thrombin activity assay

170 uL. thrombin (Boehringer Mannheim, 3.5n0M) in
the buffer described above, 10uL test compound in
DMSO (or DMSO alone in the control) and 20pL
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methylation of AHQ rsther than using the multistep se-
quence employed earlier,}¥

Biological Evaluation. Each of the target compounds,
together with three isomeric analogues, having a normal
folic acid configuration were evaluated for inhibitory ac-
tivity upon the growth of four human gastrointestinal cell
lines in vitro, and the results are presented in Table L The
4-aminofolate analogues MTX and 1b were included in
order to compare relative antitumor potencies. It will be
seen that each cell line was quite sensitive to MTX and
that compound 1b was approzimately one order of mag-
nitude less inhibitory. This correlates with the relative
abilities of these two compounds to inhibit mammalian
DHFR.® It is interesting that IAHQ, as well as its 5-CH,,
9-CH,, and 6,2-(CHj),, derivatives, has approximately the
same modest level of inhibitory activity toward these four
cell lines. The 9-CHO derivative was considerably less
active, while D-IAHQ was at least 100-fold less inhibitory
than its L isomer. The di-¢ert-butyl ester 6a was inactive
within solubility limits. Both AHQ and its 10-CHj de-
rivative were more cytotozic than JAHQ. Since each of
these was a better inhibitor of DHFR,® as well as of thy-
midylate synthase,” no conclusion can be drawn to explain
this enhanced activity. As was the case for the formy!
derivative of IAHQ, 10-CHO-AHQ was dramatically less
inhibitory than AHQ. Since the latter compound was
shown to be a good inhibitor of both DHFR® and thymi-
dylate synthase,’ it is suggested that the formyl modifi.
cations are not effectively transported into these cell lines.

Discussion

Recent studies with IAHQ have indicated that its cy-
totoxicity may be related to intracellular conversion to
poly(y-glutamyl) metabolites, which are significantly more
inhibitory toward thymidylate synthase.® This inhibition
was augmented by higher concentrations of 2-deoxyuridine
monophosphate, which aceumulate as the result of inhib-
ition of thymidylate synthase.® The formation of v-L-
glutamate metabolites would also be expected to result in
enhanced retention of JAHQ within tumor cells, as has
been observed for MTX in cultured human cells.’® The
inactivity of D-IAHQ may be attributable to the fact that
it is not a subatrate for folylpolyglutamate synthetase, as
was the case for D-folic acid.’® On the other hand, D-IAHQ
may not be as effectively transported into these cells as
IAHQ. Earlier studies with structurally related 2,4-di-
aminoquinazolines showed that a D-glutamic acid deriva-
tive had a much slower rate of influx into L1210 leukemia
cells than its L isomer.!” The wide divergence in activity
between the two sterecisomers provides indirect evidence
that racemization does not occur during the deblocking
procedure, Additional studies using MTX-insensitive tu-
mor cells both in vitro and in vivo will be required to
determine whether JAHQ or one of its analogues will be
of value in treating human neoplastic diseases.

Experimental Section

Melting points were determined on a Mel-temp apparatus and
are uncorrected. Elemental analyses were performed by Galbraith

(14) Acharya, S. P.: Hynes, J. B, J Heterocyel, Chem. 1975, 12,
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(15) Rosenbiatt, D. S.; Whitehead, V. M.; Vuchich, M. J.: Pottier,
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Chem. 1980, 255, 5776.
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1979, 16, 541.

(19) Priest, D. G.; Hynes, J. B.; Jones, C. W.; Ashton, W. T. J.
Pharm. Sci. 1974, 63, 1158,
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Notes

Laborateries, Knoxville, TN. All analytical samples were dried
under vacuum at 100°C unless stated otherwise and gave com-
bustion values for C, H, and N within £0.4% of the theoretical
values. Allintermediates were free of significant impurities on
TLC using silica gel media (Gelman SAF or Baker 1B2-F). Target
compounds (free glutamates) were analyzed by HPLC on a
Micromeritics Model 7000B liquid chromatograph containing a
Partisil PSX 10/25 ODS-2 column (4.6 X 25 cm) and a UV (254
nm) detector. The workup procedures described below were
developed in such a manner that the final products were free of
significant impurities using linear gradient elution (0-20% v/v)
of MeCN in H;O at pH 4.0 and a flow rate of 2 mL/min. Samples
for HPLC were dissolved in Me,SO just prior to injection. The
UV spectra were determined with a Cary 219 spectrophotometer.
The 'H NMR spectra were determined with a Varian T-60
spectrometer operating at 60 MHz or a Varian EM 390 spee-
trometer operating at 80 MHz. Values for chemieal shifts are
presented in parts per million downfield from Me,Si as the internal
standard. The relative peak areas are given to the nearest whole
number, and chemical shifts in the case of multiplets are measured
from the approximate center. Di-tert-butyl L-glutamate was
prepared according to the literature methed but was maintained
in oil form rather than being converted into a salt derivative.!!
The free ester was found to be stable when stored at 4 °C: TLC
(CHClz-MeOH-HOAC, 85:10:5). 5-Nitroisatoic anhydride was
obtained from Sherwin Williams Chemicals and was recrystallized
from EtOH-H,0, 95:5, prior tu use,

2-Amino-4-hydrozy-6-nitroquinazoline (3). A mixturs of
16 g (0.077 mmol) of 2 and 13.9 g {0.077 mol) of guanidine carbonate
in 260 mL of DMF was heated at reflux with stirring for 48 h.
The solution was added to §00-mL of H,0 to give a solid, which
was separated by filtration and washed with (Me),CO and hexane
to give 3: yield 12.8 g (75%); TLC (DMF-EtOAc, 1:2). For
analysis, a sample was recrystallized from Me,NAc-H,0 to yield
a yellow powder: mp >350 °C dec; TLC (DMF-H,0, 1:2); HPLC;
NMR (CF,COO0D}) é 9.25 (d, 1, Hg, J;; = 2 Hz), 8.33 (dd, 1, H,,
J']'g =9 HZ, Ja'-, =92 Hz), 8.03 (d, 1, Ha' J7‘a =9 HZ). Anal,
(CaHsN,0g0.1CHNO-0.8H;0) C, H; N: caled, 25.05; found, 24.58.
‘The presance of approximately 10% of Me;NAc was confirmed
by NMR,

2,6-Diamino-4-hydroxyquinazoline (4). This compound was
prepared by the literature method for the preparation of 2,4,6-
triaminoquinazoline.!® A 8.71 g (42.3 mmol) sample of crude 3
dirsolved in 2060 mL of DMF containing 2.6 mL (46.5 mmol) of
glacial HOAc and 1 g of 10% Pd/C was hydrogenated at low
pressure until H, uptake censed. After filtration, the solution was
poured into 1.4 L of EtOAc, and the resulting solid was collected
by filtration and washed with H,0 and (Me),CO. After drying
in vacuo at 100 °C there was obtained 4.0 g (54%) of tan erystalline
zi:glgl: m1)> 330-335 °C dec (lit.*® mp >300 °C dec); TLC (DMF-

2V, 1:2).

Di-tert-butyl N-(4-Formylbenzoyl)-L-glutamate (5). A
solution of 20.3 g (0.135 mol) of 4-formylbenzole acid and 13.6
g (0.135 mol) of 4-methylmarpholine in 200 mL of DMF was cooled
to—15 °C, and the mixed anhydride was formed by the addition
of 18.37 g (0.135 mo)) of isobutyl chloroformate. After 2 min, a
precooled (-15 °C) solution of 35.0 g (0.135 mo)) of di-tert-butyl
glutamate and 13.65 g (0.135 mol) of 4-methylmorpholine in 100
mL of DMF was added at one time. The mixture was stirred at
~16 °C for 46 min and then allowed to warm to room temperature
and atirred for 18 . The solvent was removed at reduced pressure,
and the residue was dissolved in 150 mL of EtOAc. This solution
was washed with 3 X 50 mL of 5% NaHCO;, 3 X 50 mL of 1 N
H,S0,, and 3 X 50 mL of saturated NaCl. After the solution was
dried over Na,SO,, the solvent was removed under vacuum, and
the resulting oil was dried under vacuum until a constant weight
of 45.7 g (81 %) was obtained: TLC (EtOAc-MeOH, 98:2). Pu-
rification by silica gel column chromatography using CHCl, gs
the eluent yiélded a pure fraction (TLC), which became con-
taminated, presumably due to oxidation during the solvent.re-
moval step, and failed to crystallize: NMR (CHCl,) & 10.1 (s, 1,
CHO), 7.92 (s, 4, aromatic), 4.67 (m, 1, NCH), 2.6-1.8 [m, 4,
(CH,),], 1.52 [s, 9, OC(CHJ)3}, 1.43 [s, 8, OC(CH,),).

Di.tert-butyl 5,8-Dideazaisofolate (6a). A mixture of 8.0
g (19.0 mmol) of 5 and 3.75 g (19.1 mmol) of 4 in 160 mL of 70%
HOAc was hydrogenated in the presence of Raney Ni (~500 mg)
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$-2238 (Chromogenix, 10mM in water) were mixed.
The hydrolysis of $-2238 was monitored as_described
for the FX activalion assay.

¥Xa activity assay

170 uL. FXa (Enzyme Research Laboratories, 1.2nM in
buffer) in the buffer desribed above, 10 pL test compound
and 20pul S-2765 (Chromogenix, 10mM in watcr) were
mixed. The hydrolysis of S-2765 was monitored as
described for the FX activation assay.

FVIIa/TF-initiated clotting assay

The test compounds, 20mM in DMSO, were diluted in
citrated normal human plasma just before the analysis
(1+19) and placed in the sample carousel of an ACL
300 Research coagulometer. 55 uL sample (compound
in plasma) was mixed with 55pL of thromboplastin
(Innovin, Dadg; diluted [:500 after dissolution) and incu-
bated for 5 min. The clotting reaction was started by add-
ing 55pL of a 25 mM CaCl, solution, yiclding a final
compound concentration of 0.33 mM. The ratio between
the clotting time in the presence and absence of test com-
pounds was used to quantify the anticoagulant effect.

The following compounds were commercially available
from Maybridge (compounds 1, 10, 11, 23, 34, 35, 37,
51, 52, 53, 54, 57 and 58), CSC (compounds 41, 55 and
56), and SPECS (compound 453).

2-(2-Fluoro-phenyl)-6-methyl-4-H-3,1-benzoxazin-4-one
(2). 2-Fluorobenzoic acid (3.3mmol, 0.52g) was mixed
with HOBT (3.3mmol, 0.44g) and EDAC (6.6 mmol,
1.26 g) in CH,Cl, (5mL). The mixture was stitred for 1 h
and subsequently 2-amino-5-methylbenzoic acid (3.3
mmol, 0.5 g) in DMF (5 mL) was addcd dropwise (10 min).
After stirring for 3h, HCI (4N, 10mL) was added and the
mixture extracted with CH,Ch (3% 10mL). The collected
organic phases were extracted with HCI (4N, 10mL) and
then twice with water (10 mL). The organic phases were
dricd (MgSQ,), filtered and evaporated to dryness. The
crude product was purified on silica-gel using CH1Cl, as
cluent. Yield of 2 (30%); LC-MS 256 (M+1); RT
14.61 min; ELS-purity 100%; mp 144°C. Calculated for
CsH1oFNOa: C, 70.58%; H, 3.95%; N, 5.49%. Found: C,
70.41%; H, 3.98%; N, 5.39%. '"H NMR (CDCls, ppmn)
8.08 (1H, d t), 7.98 (1H, d), 7.82-7.57 (3H, m), 7.57-7.32
(2H, m), 2.45(3H, s).

5,8-Dichloro-2-(2-fluoro-phenyl)-4 H-3,1-benzoxazin-4-
one (5). 2-Amino-3,6-dichlorobenzoic acid (0.5g) and
triethyl:itoluene (1:1) (20mL) were mixed. 2-Fluor-
obenzoyl chloride (0.77g) was added dropwise under
cooling and stirring. The mixture was subsequently heated
to room temperature and stirred until the disappearance
of the starting material was observed on TLC (silica-gel)
using heptane:cthyl acetate (4:1) as eluent. After cooling
on ice, the precipitate was filtered off and the filtrate
evaporated to dryness. The residue was partitioned
between methylene chloride and potassium carbonate
(2N}, the organic layers separated, dried over magnesium
sulfate and evaporated to dryness. The raw product was

2216355A__1_>

purified by column chromatography on silica-gel usir,
heptane:ethyl acetate (4:1) as eluent, Yield 0.31 g (42%)

mp 140°C; MS 311/309 (M™) (CI isotope pattcrn).
Calculated for C,3H¢Cl,FNOa: C, 54.22%; H, 1.95%:;
N, 4.52%. Found: C, 53.53%; H, 1.91%; N, 4.38%. 'H
NMR (CDCly, ppm) 8.20 (1H, double 1); 7.78 (1H, d);
7.65~7.52 (1H, m); 7.48 (1H, d); 7.35-7.15 (2H, m).

5-Chloro-2-(2,6-difluoro-phenyl)-4-H-3,1-benzoxazin-4-
one (17). 6-Chloroanthranilic acid (0.566 g), 2,6-difluor-
obenzoyl chloride (0.93mL) and triethyl amine:tolucne
(1/1) (18 mL) were reacted by heating to 50 °C for 2 days.
Extraction between ethyl acetate (100mL) and HCI (2N,
100mL), followed by separation of the organic layer,
drying over MgSQO,, and finally filtering and evaporation
gave a crude product that was dissolved in warm THF
(20mL) and precipitated with hexane. The resulting
mixture was further purified on a silica-gel column using
dichloromethane as eluent. The isolated fraction was
dissolved in warm THF (20mL) and precipitated -jth
hexane, yielding 17 (0.65 g, 70%); mp. 176°C; MS mfe. - 3/
295 (M™). Calculated for C14H¢Cl,FNO,: C, 57.62%; H,
2.06%; N, 4.77%. Found: C, 57.35%; H, 2.06%; N,
4.60%. '"H NMR (DMSO, ppm) 7.93 (1H, t); 7.82-7.65
(3H, m); 7.38 (1H, d); 7.32 (1H, d).

2-(2,6-Difluoro-phenyl)-5-nitro-4--3,1-benzoxazin-d-one
(18). 6-Nitroanthranilic acid (0.6 g), 2,6-difluorobenzoy!
chloride (0.93mL) and triethy! amine:toluene (1:1)
(18 mL) were reacted by heating to S0°C for 2 days.
Extraction betwcen ethyl acetate (100 mL) and HCI (2N,
100mL), followed by separation of the organic layer,
drying over MgSOy, and finally filtering and evaporation
gave a crude product that was dissolved in warm THF
(20mL) and precipitated with hexane. The resulting
mixture was further purified on a silica-ge!l column using
dichloromethane as eluent. The isolated fraction was
dissolved in warm THF (20 mL) and precipitated with
hexane, yielding 18 (0.475g, 40%); mp 172°C; MS m/e
304 (M™); LC-MS m/e 305 (M + 1); ELS-purity 100%.
C1aHgF2N2Ou: C, 56.25%; H, 2.02%; N, 7.03%. For "
C, 55.27%; H, 199%; N, 8.96%. 'H NMR (DMbsu,
ppm) 8.22-8.05 (2H, m); 7.97 (1H, dd); 7.85-7.68 (1H, m)
7.36 QH, t).

5,8-Dichloro-2-(2,6-difluoro-phenyl)- 4-H-3,1-benzoxazin-
4-one (19). 2-Amino-3,6-dichlorobenzoic acid (0.125g),
2,6-difluorobenzoyl chloride (0.168mL) and triethyl
amine:tolucne (1:1) (I,5mL) were reacted by heating
to 50°C for 2h. HCL (0.2N, | mL) was added and the
organic laycr separated and rinsed by pressing through
a silica-gel column (Sep Pack). Evaporation resulted in
the isolation of 19 (0.20g, 10%); mp 190°C; MS m/e
328 (M™); LC-MS 329 (M +1); RT 14.85; ELS-purity
99,1%. C]4H5)C12F2N022 C, 5].25%; H, 154%, N,
4.27%. Found: C, 51.69%; H, 1.95%; N, 4.02%. 'H
NMR (DMSO, ppm) 8.08 (1H, d); 7.88-7.68 (2H, m);
7.35 (2H, t).

2-(2,6-Difluoro-phenyl)-6-methyl-4 H-3,1-benzoxazin-d-one
(20). 2-Amino-5-methylbenzoic acid (0.5g) and triethyl
amine (10mL) were mixed in dry toluene (20mL). 2,6-
Diftuorobenzoyl chloride (1.28 g) was added dropwise
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under cooling and stirring. The mixture was subse-
quently heated to room tempcrature for 2 days. After
cooling on ice, the precipitate was filtered off and the
filtrate evaporated to dryness. The residue was par-
titioned between methylene chloride and potassium
carbonate (2N), the organic layers separated, dried over
magnesium sulfate and cvaporated to dryness. The raw
product was purified by column chromatography on
silica-gel using heptane/ethyl acctate as eluent. Yield of
20 (0.85g, 95%); mp 156°C; LC-MS 274 (M +1); RT
14.22 min; ELS-purity 100%. C;sHgF2NOa: C, 65.69%;
H, 3.30%; N, 5.15%. Found: C, 66.18%,; H, 3.33%; N,
5.06%. 'TH NMR (DMSO, ppm) 8.03 (1H, d); 7.90-7.60
(3H, m); 7.35 (2H, t); 2.50 (3H, s).

2-(2,6-Difluoro~phenyl)-7-nitro-4-H-3,1-benzoxazin-4-one
(22). 4-Nitroanthranilic acid (0.6 g), 2,6-difluorobenzoyl
chloride (0.93mL) and triethyl amine:toluene (1:1)
(183mL) were reacted by heating to 50°C for 2 days.
Extraction between ethyl acetate (100mL) and HCI (2N,
100 mL), followed by separation of the organic layer,
drying over MgSOy, and finally filtering and evaporation
gave a crude product which was dissolved in warm THF
(20 mL) and precipitated with hexane twice to get the pure
product 22 (0.42 g, 41%); mp 187°C; MS 304 (M™). Cyy
HiF2N-O4: C, 55.28%; H, 1.99%; N, 9.21%. Found: C,
54.85%: H, 2.07%: N, 9.39%. 'H NMR (DMSO, ppm)
8.38 (3H, s, broad); 7.88-7.68 (1H, m); 7.35( 2H, t).

2-(2,6-Difluoro-phenyl)-6-nitro-4-H-3,1-benzoxazin-4-one
(24). 5-Nitroanthranilic acid (0.6g) was dissolved in
triethyl amine:toluene (1:1) (18 mL) and stirred for
10 min. 2,6-Difluorobenzoyl chloride (1.3 g) was slowly
added under stirring resulting in the formation of a pre-
cipitate. The reaction was performed in an Na-atmo-
sphere. After stirring at room temperature for 24 h, the
mixture was extracted with saturated NaHCO; and ethyl
acetate (20 mL), and the organic layer was separated and
evaporated. The crude product was rinsed by precipita-
tion from hot dioxane, the resulting mass transferred to
a silica-gel cloumn and eluted with dichloromethane,
the isolated fraction was dissolved in hot toluene (2 mL)
and precipitated with hexane, resulting in 24 (0.13 g, 13%);
mp 188°C; MS 304 (M ™). C,4HgF2N2O4: C, 55.28%; H,
1.99%; N, 9.21%. Found: C, 52.41%; H, 191%; N,
8.55%. '"H NMR (DMSO, ppm) 8.81 (1H, dd); 8.70 (1H,
dd); 795 (1H, d); 7.86-7.68 (1H, m); 7.35 (2H, t).

6-Acetamido-~(2,6-difiucro-phenyl)-4-H-3,1-benzoxazin-4-
one (27). 5-Acetamidoanthranilic acid (0.64g) and 2,6~
difluorobenzoyl chloride (1.3 g) were reacted in triethyl
amine:toluene (1:1) (20mL) by heating to 50°C for ] h.
Ethylacetate (S0 mL) and HCl-solution (I mL 4Nin 50mL
water) were added resulting in the formation of a pre-
cipitate. The mixture was filtered and the residue dissolved
in THF followed by evaporation to dryness, subscquent
dissolution in hot dioxanc foowed by precipitation with
hexane resulted in colourless crystals of 27 (0.98 g, 95%);
mp 246°C; MS mife 316 (M™*); LC-MS 317 (M +1); RT
10.32; ELS-purity 100%. C,¢H,oF2N203: C, 60.76%; H,
3.19%: N, 8.86%. Found: C, 60.31%; H, 3.19%; N,
8.44%. 'H NMR (DMSO, ppm) 8.53 (1H, dd); 8.04 (1H,
dd); 7.72 (2H, dd); 7.35 (2H, t).
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6-Amino-2-(2,6-difluoro-phenyl)-4-H-3,1-henzoxazin-4-
one (28). 6-Nitro-2-(2,6-difluoro-phenyl)-4-H-3,1-ben-
zoxazin-4-one 24 (50mg) was dissolved in acetic acid
(5mL) under N,, PtO, (2.5mg) was added and the mix-
ture was hydrogenated with Ha. Reaction time 2h. The
reaction mixture was filtered through Hyfo® which was
rinsed afterwards with ethyl acetate. The combined
organic phases were evaporated to dryness and subse-
quently trcated three times with toluene followed by eva-
poration. The resulting mixture was dissolved in THF and
precipitated with hexane resulting in 28 (12 mg, 20%); LC-
MS 275 (M+1); RT 10.28 min; ELS-purity 96%. 'H
NMR (MeOH, ppm) 7.70-7.50 (1H, m); 7.45 (1H, d}; 7.36
(1H, d); 7.26-7.08 (3H, m).

2-(2,6-Difiuoro-phenyl)-5-methyl-4- H-3,1-benzoxazin-4-
one (30). 2-Amino-6-methylbenzoic acid (0.498 g), 2,6-
difluorobenzoyl chloride (0.93mL) and triethyl amine:
tolucne (1:1) (20 mL) werc reacted by heating to 50°C
for 2h. Extraction between ethyl acctate (100mL) and
HCl (2N, 100mL), followed by separation of the
organic layer, drying over MgSO,, and finally filtering
and cvaporalion gave a crude product which was
re-dissolved in toluene (10mL) and precipitated with
hexane (5mL) resulting in 30 (0.45 g, 50%); mp 156°C;
MS 273 (M *); LC-MS 274 (M + 1); RT 14.34 min; ELS-
purity 100%. C,sHyF;NOa: C, 65.94%; H, 3.32%; N,
$.13%. Found: C, 65.24%; H, 3.27%; N, 4.85%. 'H
NMR (DMSO, ppm) 7.90-7.67 (2H, m); 7.55 (2H, t);
7.35(2H, t).

7-Aniino-2-(2,6-difluoro-phenyl)-4- H-3,1-benzoxazin-4-
one (32). 7-Nitro-2-(2,6-difluoro-phenyl)-4-H-3,1-ben-
zoxazin-4-one 22 (0.10 g) was dissolved in acetic acid
(10 mL) under N,, PtO, (5mg) was added and the
mixture was hydrogenated with H. gas. Reaction
time day. The reaction mixture was filtered through
Hyflo®, which was rinsed afterwards with ethyl acetate.
The combined organic phases were evaporated to
dryness and subsequently treated threce times with
toluene followed by evaporation. The resuiting mixture
was purificd on a silica-gel column using dichloro-
mcthane as eluent, One fraction was collected and
identified as 32 (15mg, 20%); mp 196°C; MS 274 (M *+).
Ci4HgFaN2Oa2: C, 61.32%,; H, 2.94%; N, 10.22%.
Found: C, 61.44%; H, 3.45%; N, 8.91%. 'H NMR
(DMSO, ppm) 7.82 (1H, d); 7.70-7.58 (1H, m); 7.35
8;-[1, ctl))’ 6.85 (1H, dd); 6.75 (2H, s, broad, NH); 6.68

5-Amino-2-(2,6-difluoro-phenyl)-4- H-3,1-benzoxazin-4-
one (33). 5-Nitro-2-(2,6-difluoro-phenyl)-4-H-3,!-ben-
zoXazin-4-one 18 (0.4g) was dissolved in acetic acid
(BQmL) under N,, PtO, (20mg) was added and the
mixture was hydrogenated with H,. Reaction time 1
day. The reaction mixture was filtered through Hyflo®,
which was rinsed afterwards with ethyl acetate. The
combined organic phascs werc cvaporated to dryness
and subscquently treated 3 times with toluene followed
by evaporation. The resulting mixture was dissolved
in THF and precipitated with hexanc giving a crude
product that was purified on‘a silica-gel column using
dichloromethane as eluent. One fraction was collected
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(51mg), identified as 33; LC-MS 275 (M+1);-RT

_ 12.45min; ELS-purity 100%; mp 197°C. C;4HgFaN>02: .
C, 61.32%; H, 2.94%; N, 10.22%. Found: C, 61.55%;

H, 3.04%:; N, 9.73%. 'H NMR (CDCIi3, ppm) 7.55-
7.38 (2H, m); 7.05 (2H, t); 6.90 (1H, d); 6.70 (IH. d);
6.08 (2H, s, broad, NH).

2-(2,3-Dichloro-phenyl)-6-methyl-4- H-3,1-benzoxazin-4-
one (36). 2-Amino-5-methylbenzoic acid (0.5g) and dry
pyridine (20 mL) were mixed with 2,3-dichlorobenzoy!
chloride (1.52g) in dry tolucne (20mL) at room tem-
perature., Subscquently, the mixture was heated to 80°C
for 1 h. The mixture was evaporated to dryness, and the
residue was partitioned between methylene chloride and
potassium carbonate (2N), the organic Iayers separated,
dried over magnesium sulfate and evaporated to dry-
ness. The raw product was recrystallised from toluene
yielding 36 (1.0g, 99%); mp 166 °C. C;sHsC;NO;: C,
58.85%; H, 2.96%; N, 4.58%. Found: C, 58.88%; H,
2.96%; N, 4.45%. 'H NMR (CDCI3, ppm) 7.55-7.38
(2H, m); 7.05 (2H, t); 6.90 (IH, d); 6.70 (1H, d); 6.08
(2H, s, broad, NH).

2-(2,6-Dichiloro-phenyl)-6-methyl-4-H-3,1-benzoxazin-4-
one (38). 2-Amino-5-methylbenzoic acid (0.5g) and
triethyl amine (10mL) were mixed in dry toluene
(20mL). 2,6-Dichlorobenzoy! chloride (1.52g) was
added dropwise under cooling and stirring. The mixture
was subsequently heated to room temperature for 24 h,
then heated to 80°C for 1h. After cooling on ice, the
precipitate was filtered off and the filtrate evaporated to
dryness. The residue was partitioned between methylene
chloride and potassium carbonate (2N), the organic
layers separated, dried over magnesium sulfate and
evaporated to dryness. The raw product was purified by
column chromatography on silica-gel using heptane/
ethyl acetate as eluent giving 38 (0.12g, 11%); mp
175°C; MS 305, 307 (M) (Cl isotope pattern); LC-MS
306, 308 (M+1); RT 15.75min; ELS-purity 98%.
C,;sHoCLNO,: C, 58.85%; H, 2.96%; N, 4.58%. Found:
C, 57.96%; H, 2.90%; N, 4.09%. 'H NMR (CDCl,,
ppm) 8.10 (1H, s, broad), 7.72-7.58 (2H, m); 7.48-7.31
(3H, m); 2.54 (3H, s).

6-Methyl-2-(2-trifluoromethoxy-phenyi)-4H-3,1-benzoxa-
zin-4-one (44). 2-Amino-5-methylbenzoic acid (0.5g)
and triethyl amine (I0mL) were mixed in dry tolmene
(20mL). 2-Trifluoromethoxybenzoy! chloride (1.64g)
was added dropwise under cooling and stirring. The
mixture was subsequently heated to room temperature
for 2 days. After cooling on ice, the precipitate was
filtered off and the filtrate evaporated to dryness. The
residuc was partitioned between methylene chloride
and potassium carbonate (2N), the organic layers
separated, dried over magnesium sulfate and evaporated
to dryness. The raw product was purified by column
chromatography on silica-gel
acctate as eluent giving 44 (1.0 g, 98%); mp 70-80°C;
MS 321 (M™). C;H,oF3NO;s: C, 59.82%; H, 3.14%;
N, 4.36%. Found: C, 61.12%; H, 3.53%; N, 4.18%.
'H NMR (CDCl;, ppm) 8.10 (IH, dd); 8.04 (1H,
d. broad); 7.70~7.52 (3H, m); 7.49-7.36 (2H, m); 2.50
(3H, s).

_2219365A ] >

using heptane/ethyl

P, Jukobsen et al. | Bioorg. Med. Chem. 8 (2000) 2095-2103

6-Methyl-2-thiophen-2-yI-4 F-3,1-benzoxazin-4-one (54
_2-Amino-5-mcthylbenzoic acid (1.5 g) and triethy
amine:toluene (1:1) (80mL) were mixed with 2-thie-
nylcarbonyl chloride (3.18g). The mixture was stirred
at room temperature for Sh and the precipitate was
filtercd off and the filtrate evaporated to dryness. The
residue was partitioned between methylene chloride and
potassium carbonate (2N), the orgunic layers separated,
dried over magnesium sulfate and evaporated to dry-
ness. The raw product was purified by dissolution in
dioxan followed by precipitation with hexane resulting
in 59 (2.0g, 85%); mp 156°C; MS 243 (M*); LC-MS
244 (M+1); RT 1.61 min; ELS-purity 100%.
Ci3HgNOSS: C, 64.18%; H, 3.73%; N, 5.76%. Found:
C, 64.20%; H, 3.72%; N, 5.56%. 'H NMR (DMSO,
ppm) 7.95 (1H, dd); 7.86 (2H, s, broad); 7.70 (1H, dd);
7.50 (IH, dd); 7.27 (IH, t); 2.42 (3H, s). 3C NMR
(DMSO, ppm) 159.24, 153.28, 145.02, 139.08, 138.73,
134.65, 134.11, 132,21, 129.58, 128.53, 127.12, 117.12,
21.54. e
,P:
2-(3-Bromothiophen-2-yl)-6-methyl-4 H-3,1 -benzoxazin-
4-one (60). 2-Amino-5-methylbenzoic acid (0.5g) and
triethyl amine (10mL) werc mixed in dry toluene
(I0mL). 3-Bromo-2-thicnylcarbonyl chloride (0.72¢g)
was added dropwise under cooling and stirring, the
mixture was further stirred at room temperature for
2 days and subsequently the mixture was kept at 4°C
for 30 days. The precipitate was filtered off and the
filtrate evaporated to dryness. The residue was par-
titioned between methylene chloride and potassium
carbonate (2N), the organic layers separated, dried over
magnesium sulfate and evaporated to dryness. The raw
product was purificd by column chromatography on
silica-gel using toluene as eluent. Yield of 60 (0.45g,
48%); mp 159°C; MS 321, 323 (M*) (Br-isotope pat-
tern). NMR (CDCh, ppm) 7.99 (1H, dd); 7.66-7.50
(2H, m); 7.49 (1H, d); 7.12 (1H, d); 2.47 (3H, s). 3C
NMR (CDCl,;, ppm) 159.13, 152.37, 144.93, 139.31,
138.28, 134.15, 131.18, 128.88, 128.74, 127.36, 116.91,
115.14, 21.75. .
The following compounds were prepared using solution
ghlasc parallel synthesis following the general description
elow:

The appropriately substituted 2-aminobenzoic acid
(30 mg) was dissolved in toluene (300 uL), triethyl amine
(300 uL) was added and the mixture shaken for 10 min
at room temperature. Appropriately substituted benzoic
acid chloride (2.2 equivalent) was added and the mix-
ture shaken overnight at room temperature. Ethyl ace-
tate (I mL) and HCl (0.IN, 1 mL) were added followed
by shaking for 30 min. The organic layer was separated
and saturated, NaHCO; (0.5mL) added followed by
shaking for 2 min. The organic layer was separated and
filtered through a silica-gel column (Sep-Pack plus), the
column was washed with dichioromethane (3mL) and
the collected organic phases evaporated. The identity
and purity was checked by LC-MS using a PE Sciex
API 100 LC/MS system using Waters 3mmx |50 mm
3.5 u C-18 symmetry column and positive ion-spray
with a flow rate at 20uL/min (Table 4).
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Reaction ID 28438
Copynght 1988-2001 BeilsteinInstitut zur Foerderung der Chemischen Wissenschaften. All rights reserved.
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Reactant BRN

Product BRN

No. of Reaction Details
Reaction Classification
Reagent

Temperature
Other Conditions

Note 1
Ref. 1

Reaction 2 of 9
Reaction ID

Reactant BRN

Product BRN

No. of Reaction Details
Reaction Classification
Reagent

Temperature

Note 1
Ref. 1

Reaction 3 of 9
Reaction ID

Reactant BRN

Product BRN

No. of Reaction Details
Reaction Classification
Temperature

Pressure

Note 1
Ref. 1

Reaction 4 of 9
Reaction ID

Reactant BRN

Product BRN

No. of Reaction Details
Reaction Classification
Reagent

Note 1
Ref. 1

119031 2-amino-nicotinic acid

181275 2-amino-5-nitro-nicotinic acid

1

Preparation

concentrated aqueous HNO3

H2S04

60 C

Erwaermen des Reaktionsprodukts mit Aethanol

Handbook
795353 Journal; Carboni; GCITA9; Gazz.Chim.ltal.; 83; 1953;
637, 640; GCITA9; Gazz.Chim.ltal.; 85; 1955; 1201, 1202.

260329

181272 2-nitroamino-nicotinic acid
181275 2-amino-5-nitro-nicotinic acid
4

Preparation

concentrated aqueous HNO3

40C

®
Handbook
705353; Journal; Carboni; GCITA9; Gazz.Chim.ltal.; 83; 1953,
637, 640; GCITA9; Gazz.Chim.ltal.; 85; 1955; 1201, 1202.

260336

181275 2-amino-5-nitro-nicotinic acid
120353 5-nitro-pyridin-2-ylamine

1

Preparation

300-305C

2Torr

Handbook ,‘ |
1091785; Journal; Bojarska-Dahlig; ROCHAC; Rocz.Chem.; |
30; 1956; 493, 497; Chem.Abstr.; 1957, 14726. . |

260337

181275 2-amino-5-nitro-nicotinic acid
181276 2-hydroxy-5-nitro-nicotinic acid
2

Preparation

aqueous NaNO2

aqueous H2S04

Handbook
705353, Journal; Carboni; GCITA9; Gazz.Chim.ltal.; 83; 1953,
637, 640; GCITA9; Gazz.Chim.ltal.; 85; 1955; 1201, 1202.
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Reaction 5 of 9
Reaction {D

Reactant BRN

No. of Reaction Details
Reaction Classification

Ref. 1
Ref. 2

Reaction 6 of 9
Reaction ID

Product BRN

No. of Reaction Details
Reaction Classification

Ref. 1

Ref. 2

Reaction 7 of 9
Reagction ID
Reactant BRN

Product BRN
No. of Reaction Details
Reaction Classification
Temperature

Note 1
Ref. 1

Ref. 2

Reaction 8 of 9
Reaction ID
Reactant BRN

Product BRN
No. of Reaction Details
Reaction Classification
Temperature

Note 1
Ref. 1

Reaction 9 of 9
Reaction 1D

$37278C

181275 2-amino-5-nitro-nicotinic acid
1
Chemical behaviour (half reaction)

2851379, Joumnal; Collins; JCSOAY; J.Chem.Soc.; 1963;
1337,1338.

25£3594; Journal, La Manna et al.; BCFAAL; Boll.Chim.Farm.;
112; 1973; 22,23.

5463013

181275 2-amino-5-nitro-nicotinic acid
1

Preparation (half reaction)

2531379; Journal; Collins; JCSOA9; J.Chem.Soc.; 1963;
1337,1338.

2583594; Journal: La Manna et al.; BCFAAI; Boll.Chim.Farm_;
112; 1973; 22,23.

5469014

2037554 sulfuric acid

181272 2-nitroamino-nicotinic acid
181275 2-amino-5-nitro-nicotinic acid
1

Chemical behaviour

100C

Handbook

705353 Joumnal; Carboni; GCITA9; Gazz.Chim.ltal.; 83; 1953;
637, 640; GCITA9; Gazz.Chim.ltal.; 85; 1955; 1201, 1202.
1091785; Journal; Bojarska-Dahlig; ROCHAC; Rocz.Chem.;
30; 1956; 493, 497; Chem.Abstr.; 1957; 14726.

5469015

3587310 Nitric acid

181272 2-nitfroamino-nicotinic acid
181275 2-amino-5-nitro-nicotinic acid
1

Chemical behaviour

40C

Handbook

705353; Journal; Carboni; GCITAS; Gazz.Chim.ltal.; 83; 1953;
637, 640; GCITA9; Gazz.Chim.ltal,; 85; 1955; 1201, 1202.

5468016

Copyright 1988-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. All rights reserved.
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Reactant

Reactant BRN

Product BRN

No. of Reaction Details
Reaction Classification

Note 1
Ref. 1

Crossfile Reference

Name
Crossfile Source
External Access ID

HNO3+H2804

119031 2-amino-nicotinic acid
184275 2-amino-5-nitro-nicotinic acid
1

Chemical behaviour

Handbook ,
196§535%: Journal; Philips; CHBEAM; Chem.Ber.; 27; 1894;
840; JLACBF; Justus Liebigs Ann. Chem.; 288; 1895; 259.

3-Pyridinecarboxylic acid, 2-amino-5-nitro-
CRC Handbook of Chemistry and Physics
22840

Related Structure 1 of 2

Ref. 1

2592605; Journal; Carboni; Da Seftimo; RSRAAQ; Ric.Sci.
Parte 2 Sez.A.; 8; 1965; 6,1531,1532; Chem.Abstr.; 65;
7137e; 1966.

Related Structure 2 of 2

Related Structure

Note 1
Ref, 1

Derivative 1 of 3

Note 1

Ref. 1

Derivative 2 of 3

Note 1
Ref. 1

Derivative 3 of 3

Note 1

Ref. 1

Die frueher (s. H 22 542) mit Vorbehalt unter dieser
Konstitution beschriebene Verbindung ist wahrscheinlich als 2-
Nitroamino-nicotinsoeure (S. 7227) zu formulieren.

Handbook
1091785; Journal; Bojarska-Dahlig; ROCHAC; Rocz.Chem.;
30: 1956; 493, 497; Chem.Abstr.; 1957; 14726.

Sulfat; C6H5N304*H2S04: F.: 185grad (Zers.); B.: 5-Nitro-2-
amino-nicotinsaeure-ethylester, sd. 50percentig. H2S04 (30
min)

2531379; Journal: Collins; JCSOAS; J.Chem.Soc.; 1963;
1337,1338.

K-Salz: gelb; wenig loesl. in sd. A.
2531379; Journal; Collins; JCSOA9; J.Chem.Soc.; 1963,
1337,1338.

Sulfat: CBH5N304*H2S04: F.: 185grad (Zers.), aus W.; C.:
kurzes Kochen m. Cyclohexanon (Decarboxylierung) -> 5-
Nitro-2-amino-pyridin

253137¢; Journal; Collins; JCSOA9; J.Chem.Soc.; 1963;
1337,1338.

Copyright 1988-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. All rights reserved.
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Crystal Property Description

Ref. 1

2334572, Journal; Collins; JCSOA9; J.Chem.Soc.; 1963;

133 1 38

Meltlnq Point 1-6 of 6

VALUE (MP) Solvent( SOL) Note Ref.

Cc

318 1

318 2-3

318 1 4

318 - 319 5

318 - 319 nitrobenzene 23 6

240 7

Note 1 Handbook

Note 2 Decomp.

Note 3 Handbook

Ref. 1 5620170; Journal; Sepiol, Jadwiga; Tomasik, Piotr; ACHUDC;

\.« . Acta Chim.Hung.; EN; 121; 4; 1986; 333-338.

Ref. 2 2592605; Journal; Carboni; Da Settimo; RSRAAQ; Ric.Sci.
Parte 2 Sez.A.; 8; 1965; 6,1531,1532; Chem.Abstr.; 65;
7137e; 1966.

Ref. 3 2592904; Journal; Carboni; Da Settimo; RSRAAQ; Ric.Sci.
Parte 2 Sez A.; 8; 1965; 6,1531; Chem.Abstr.; 65; 7137¢;
1966.

Ref. 4 705353; Journal; Carboni; GCITA9; Gazz.Chim.ltal.; 83; 1953;
637, 640; GCITA9; Gazz.Chim.|tal.; 85; 1955; 1201, 1202.

Ref. 5 2583594; Journal; La Manna et al.; BCFAAI; Boll.Chim.Farm.;
112; 1973; 22,23.

Ref. 6 1091785; Journal; Bojarska-Dahlig; ROCHAC; Rocz.Chem.;
30; 1956; 493, 497; Chem.Abstr.; 1957; 14726.

Ref. 7 2531379; Journal; Collins; JCSOA9 J.Chem. Soc 1963;

Ultraviolet Spectra
Description

Absorption Maxima
Ext./Abs. Coefficient

Ref. 1

‘Solubility (MCS)
Ref. 1

1337,1338.

Absorption maxima
285 nm
65 I*mol-1*cm-1

5620170, Journal; Sepiol, Jadwiga; Tomasik, Piotr; ACHUDC,;
Acta Chim.Hung.; EN; 121; 4; 1986; 333-338.

2531379; Journal; Collins; JCSOA9; J.Chem.Soc.; 1963;
1337,1338.

Copyright 1988-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. All rights reserved.
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Further Information

Ref. 1

Reference 1 of 8

Reference 2 of 8

Reference 3 of 8

Reference 4 of 8

Reference 5 of 8

Reference 6 of 8

Reference 7 of 8

Reference 8 of 8

3y
i

3
2&59578 Journal; Collins; JCSOA; J.Chem.Soc.; 1963; /L>\
1337,1338. '

705353, Journal, Carboni; GCITAS; Gazz.Chim.ltal.; 83; 1953;
637, 640; GCITA9; Gazz.Chim.ltal.; 85; 1955; 1201, 1202.

103§5357; Journal; Philips; CHBEAM; Chem.Ber.; 27; 1894,
840; JLACBF; Justus Liebigs Ann. Chem.; 288; 1895, 258.

1091785; Journal; Bojarska-Dahlig, ROCHAC; Rocz.Chem.;
30; 1956; 493, 497; Chem.Abstr.; 1957; 14726.

2531379; Journai; Collins; JCSOAS; J.Chem.Soc.; 1963,
1337,1338.

2583594; Journal; La Manna et al.; BCFAAI; Boll.Chim,Farm.;
112; 1973; 22,23.

2592605, Journal; Carboni; Da Settimo; RSRAAQ; Ric.Sci.
Parte 2 Sez.A.; B; 1965 6,1531,1532; Chem.Abstr.; 65;
7137e; 1966.

2592904; Journal; Carboni; Da Settimo; RSRAAQ; Ric.Sci.
Parte 2 Sez.A.; 8; 1965; 6,1531; Chem.Abstr.; 65; 7137e;
1966.

5620170; Journal; Sepiol, Jadwiga; Tomasik, Piotr; ACHUDC;
Acta Chim.Hung.; EN; 121; 4; 1986; 333-338.
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Substance
Beilstein Registry Number
Beilstein Preferred RN
CAS Registry Number
Chemical Name
Autoname

Molecular Formuia
Molecular Weight
Lawson Number
Compound Type
Constitution ID
Tautomer ID

Beilstein Reference
Entry Date

Update Date

Field Availability List 1-3 of 3

XP-002299337

o eose 7]
vz 2

2736699

50891-49-1

50891-49-1
2-amino-5-[bis-(2-chloro-ethyl)-amino}-benzoic acid
2-amino-5-[bis-(2-chioro-ethyl)-amino]-benzoic acid
C11H14CI2N202 '

277.15

16039, 2826

isocyclic

2481440

2627529

5-14

1989/07/11

1992/04/28

Code Field Name

RX Reaction
WP Melting Point

CNR Reference

Reaction

Reaction ID

Product BRN

No. of Reaction Details
Reaction Classification

Ref. 1

7745412

2736699 2-amino-5-{bis-(2-chloro-ethyl)-amino]-benzoic acid
1

Preparation (half reaction)

S~

Akad.Darb.Ser.B; 4, 1973; 55,58; Chem.Abstr.; 80; 36800b:;
1974.

Copyright 1988-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. All rights reserved.
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO ' )
DIVISION DE NUEVAS CREACIONES

202012
Bogota, D.C.: 01 septiembre de 2009

Apoderado: Emilio Ferrero

ASUNTO Radicacion 06-018278
Tramite 002
Evento 001
Actuacion 430
Oficio

Folios .. 4 4580

Patente de Invencién ®
Via PCT (fase nacional) ® Cap.| ® Cap. it []
No. Sol. Internacional PCT/HU2004/000080

Fecha de Presentacion Internal. 23-jul-2004

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

Documentos estudiados

Descripcién: Folios: 52 a 108 Como se radico inicialmente.
Reivindicaciones: Folios 109 a 123 Como se radico inicialmente.
Folios 179 a 189 Modificadas.
Folios 196 a 206 Modificadas nuevamente.
Folios 219 a 230 Modificadas nuevamente.
Prioridad: Folio: 1, HU P0302440, 31/jul/2003

HU P0401467, 21/jul/2004
HU P0401468, 21/jul/2004

Objeto de la invencion

Titulo de la solicitud: DERIVADOS AMINOQUINOLINA Y SU USO COMO
LIGANDOS A; DE ADENOSINA

Definir el objeto de la invencion son los compuestos que caen bajo el alcance de la
féormula: |




R
CR'R?),
X
H30\ N
/N //O
PP
6
N/ NH R
Reivindicaciones 1-5: Compuestos de Ila féormulas | vy

Reivindicacién 5: Procedimientos de sintesis para obtener los compuestos.
Reivindicacién 6 y 7: Composiciones qgue los contienen

Debe especificarse en qué clasificacion se catalogd la invencion, segtn la
Clasificacion Internacional de Patentes : C07D215/54, C07C229/60, A61K31/47,

A61P11/00, 9/00

Determinacion del Estado de la Técnica

La fecha que se ha tenido en cuenta para determinar el estado de la técnica
teniendo en cuenta sera la de la fecha de presentacion de la solicitud de la cual se

reclama prioridad, 31/jul/2003

Teniendo en cuenta la fecha indicada se realiz6 la busqueda en el estado de la
técnica en las bases de datos a que esta oficina tiene acceso, encontrandose los

siguientes documentos mas relevantes:

Fecha de

0 .
N Documento Titulo publicacién®

Aminoquinoline and aminopirydine
D1 | WO02096879 derivatives and their use as 02-dic-2002
adenosine As ligands

Substituted 3-cyanoquinolinones as

D2 | WO0018761 protein tyrosinekynases inhibitors

06-abr-2000

Analisis de patentabilidad (segun requisito) (articulo 14 D486 de la C.AN.)

La solicitud en estudio reclama derivados 3-cianoquinolinonas de formulas (1) y (11”)




3
R3
»
(TR Ry
X
M N
N 40
HaC N
6
N/ NH R

-D1 [WO 02096879] describe derivados 3-cianoquinolina dtiles como ligandos del
receptor de adenosina As .

R®  stands for hydrogen atom or a cyamo group,

R? and R® stand for hydrogen atom or form together an 1,3-butadienyl group, optionally
substituted by a methylenedioxy group or one or more straight or branched Ci4
alkyl group, straight or branched Ci4 alkoxy group, hydroxy group or halogen
atom;

The present invention relates to adenosine Aj; receptor ligands of the general

formula (T), within those preferably antagonists, as well as their salts, solvates and isomers,

\ and the pharmaceutical compositions containing them, to the use of the compounds of the
general formula (I), as well as their salts, solvates and isomers, to the preparation of the

compounds of the general formula (T) and their salts, solvates and isomers, furthermore to

the new intermediates of the general formulae (1) (1) ‘ﬁnd {IV) and to the preparation

thereof. +

N-(4-benzylamino-3-cyanoquinolin-2-yl)thiophene-2-carboxamide;

N-(4-[2-thien lin-2-yi)}thiophene-3-carboxamide;
4—methoxy-N-a Dﬁgylmethﬁmno -3-»3:@;:@&%]1%— 2-yl)benzamide;

3,4-methylenedioxy-N-(4-[2-thienylmethylamino]-3-cyancquinolin-2-yl)-benzamide;
N-{4-[2-furylmethylamino]-3-cyanoquinolin-2-yl)furan-2-carboxamide;

N-(4-[2-furylmethylamino]-3-cyanoquinolin-2-yl)ihiophene-3-carboxamide,
Vease toda la solicitud especialmente folios 6,tabla |, tabla II, tabla Il y esquemas de reaccion, que
demuestran que la materia reclamada en la presente solicitud no es nueva.

Nivel inventivo (articulo18 D486 de la C.A.N.)




D2 [WO 0018761] ensefia derivados de 3-cianoquinolinas
This invention provides a compound of formula 1:

/(CHZ)n'x
Ry Z
Gy 2y C=N
P
Gs N
Rq
1

wherein:
X is a bicyclic aryl or bicyclic heteroaryl ring system of 8 to 12 atoms where the
bicyclic heteroaryl ring contains 1 to 4 heterostoms selected from N, O, and S

with the proviso that the bicyclic heteroaryl ring does not contain 0-O, §-8,
G1, G2, R, and R4 are each, independently, hydrogen.

phenyl, thiophenoxy, benzyl, amino, hydroxyamino, alkoxyamino of 1-4
carbon atoms, alkylamino of 1-6 carbon atoms, dialkylamine of 2 to 12
carbon atoms, N-alkylcarbamoyl, NN-dialkylcarbamoyl, N-alkyl-N-
Vease todo D2 especialmente folios 7-15, esquemas de reaccion donde se observa que la materia

W

reclamada en la solicirud en estudio presenta una diferencia en el sustituyente en la posicion 2. En
D2 no aparece ese sustituyente amido, pero para una persona normalmente versada en la materia
es posible hacer esa sufitucién ya que los compuestos de la solicitud no muestran un avance
técnico real respecto a D2. No se muestra un salto cualitativo, o una regla técnica diferente, por lo
tanto la solicitud en estudio se considera que no tiene nivel inventivo.

Conclusion:

"

#

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

Una solicitud que tiene afectada la novedad obviamente no posee nivel inventivo.

° 0 Reivindicaciones .
N Documento N afectadas Requisito que afecta
Novedad y nivel
: D1 WO 02096879 1-8 inventivo.
D2 WO 0018761 1-8 Nivel inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la presente comunicaciéon. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.
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A favourable group of the compounds of the general formula (IA) is

formed by the compounds wherein

R' stends for hydrogen atom, or methyl group;

R? stands for hydrogen atom, or methyl group;

R® stands for phenyl- or thienyl- or furyl group;

R®, RY, RY, and R'? mean independently hydrogen atom or straight or branched C;.4 alkyl
group, or siraight or branched Cy4 alkoxy group, or hydroxy group or halogen atom,
or

R’  and R" stand for hydrogen atom and R'° and R"! form together a methylenedioxy
group;

R stands for hydrogen atom, or cyano group;

R’ stands for 4-methoxyphenyl-, 3-methylpheny)-, 3-methoxyphenyl-, 3-thienyl-, or 3-

furyl-group,

X stands for -NH-group or for oxygen atom and

n stands for 1 —

uand their salts, solvates, optically active isomers and the salts, solvates thereof.

Especially favourable are the following compounds complying with the above
3-methyl-N-(4-benzylamino-3-cyanoquinolin-2-yl)benzamide;
4-methoxy-N-(4-benzylamino-3-cyanoquinolin-2-yl)benzamide;
3-methoxy-N-(4-benzylamino-3-cyancquinolin-2-yl)benzamide;
3,4-methylenedioxy-N-(4-benzylamino-3-cyanoquinolin-2-yl)benzamide;

N-(4-benzylamino-3-cyanoquinolin-2-yl)thiophene-2-carboxamide;
N-(4-[2-thienylmethylamino]-3-cyanoquinolin-2-yl)thiophene-3-carboxamide;
4-methoxy-N-(4-[2-thienylmethylamino}-3-cyanoquinolin-2-yl)benzamide;
3,4-methylenedioxy-N-{(4-[2-thienylmethylamino]-3-cyanoquinolin-2-yl)-benzamide;
N-(4-[2-furylmethylamino]-3-cyanoquinolin-2-yl)furan-2-carboxamide;
N-(4-[2-furylmethylamino]-3-cyanoquinolin-2-yl)fhiophene-3-carboxamide,
and their salts, solvates, optically active isomers and the salts, solvates thereof.

According to another of its aspects, the present invention also relates to
pharmaceutical compositions containing as active principles the compounds of the general
formula () or their isomers, salts and solvates, which are preferably oral compositions, but
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Structure and physical characteristics of intermediates of general formula (If) prepared by

the method described in Example 1. are shown in Table HI.
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, alkoxymethyl of 2-7 carbon atoms, alkanoyloxy-
ms, alkoxy of 1-6 carbon atoms, alkylthio of 1-6
fluoromethyl, cyano, nitro, carboxy, carboalkoxy of
salkyl of 2-7 carbon atoms, phenoxy, phenyl,
:nzyl, amino, alkylamino of 1-6 carbon atoms,
12 carbon atoms, phenylamino, benzylamino,
‘bon atoms, alkenoylamino of 3-8 carbon atoms,
rbon atoms, carboxyalkyl of 2-7 carbon atoms,
wbon atoms, aminoalkyl of 1-5 carbon atoms, N-
tbon atoms, N,N-dialkylaminoalkyl of 3-10 carbon
y of 2-9 carbon atoms, N,N-dialkylaminoalkoxy of
1o, and benzoylamino;

carboalky] of 2-7 carbon atoms;
ependently, hydrogen, halogen, alkyl of 1-6 carbon
on atoms, alkynyl of 2-6 carbon atoms, alkenyloxy
kynyloxy of 2-6 carbon atoms, hydroxymethyl,
of 1-6 carbon atoms, alkenoyloxy of 3-8 carbon
3 carbon atoms, alkanoyloxymethyl of 2-7 carbon
of 4-9 carbon atoms, alkynoyloxymethy! of 4-9
yl of 2-7 carbon atoms, alkoxy of 1-6 carbon atoms,
 atoms, alkylsnlphinyl of 1-6 carbon atoms,
on atoms, alkylsulfonamido of 1-6 carbon atoms,
1 carbon atoms, alkynylsulfonamido of 2-6 carbon
methyl, trifluoromethoxy, cyano, nitro, carboxy,
1 atoms, carboalkyl of 2-7 carbon atoms, phenoxy,
1zyl, amino, hydroxyamino, alkoxyamino of 1-4
» of 1-6 carbon atoms, dialkylamino of 2 to 12
lcarbamoyl, N,N-dialkylcarbamoyl, N-alkyl-N-
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alkenylamino of 4 to 12 carbon atoms, N,N-dialkenylamino of 6-12 carbon
atoms, phenylamino, benzylamino,

(C(Ral2)p
HT(C(RB)Z)p—N\ N=(C(Rg)a)k-Y- . RgRg-CH-M—(C(Rg)2)Y-

/
(C(Ra)2)p

Ry-(C(Re)2)g-Y- . Rr-{C{Re))p-M—(C(Ra)oli-Y- or Het{C{Rg)z)eW-(C(Reloli-Y-:

or Rl and R4 are as defined above and G] or G2 or both are Ry;—NH— ;
or if any of the substiments R}, G2, G3, or R4 are located on contiguous
carbon atoms then they may be taken together as the divalent radical
-0-C(RG),-0-
Y is a divalent radical selected from the group consisting of
(CHy), —O0— ,and ga— .

R7is -NRgRg, -ORg, -J, -N(Rg)3 *, or -NRg(ORg) ;

M is >NRg, -O-, >N-(C(Rg)2)pNRgRg, or >N-(C(Rg)2)p-ORg;

W is >NRg, -O- or is a bond;

Het is is selected from the group consisting' of morpholine, thiomorpholine,
thiomorpholine S-oxide, thiomorpholine S,S-dioxide, piperidine, pymrolidine,
aziridine, pyridine, imidazole, 1,2,3-triazole, 1,2,4-triazole, thiazole,
thiazolidine, tetrazole, piperazine, furan, thiophene, tetrahydrothiophene,

{OCH,CHZ0)r

N/

tetrahydrofuran, dioxane, 1,3-dioxolane, tetrahydropyran, and H H

wherein Het is optionally mono- or di-substituted on carbon or nitrogen with
Rg, optionally mono- or di-su_bsu‘tuted on carbon with hydroxy, -N(Rg)p, or




