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4-HYDROXY-2-QUINOLONES

148*. SYNTHESIS AND ANTI-
TUBERCULAR ACTIVITY OF
1-HYDROXY-3-0X0-6,7-DIHYDRO-
3H,5H-PYRIDO[3,2,1-j]QUINOLINE-
2-CARBOXYLIC ACID N-R-AMIDES

I. V. Ukrainets, A. A. Tkach, and L. A. Grinevich

An  improved method for the preparation of ethyl I1-hydroxy-3-oxo-6,7-dihydro-3H, 5H-
pyrido[3,2, 1-ij]quinoline-2-carboxylate has been proposed and a series of hetarylamides has been
synthesized from it. A comparative analysis has been carried out of the antitubercular activities of the
synthesized compounds with the active structural analogs 4-hydroxy-2-oxo-1,2-dihydroquinoline-3 and
1-hydroxy-3-oxo-5,6-dihydro-3H-pyrrolo[3,2, 1-ij] quinoline-2-carboxamides studied before.

Keywords: hetarylamides, 4-hydroxy-2-oxoquinoline-3-carboxylic acids, amidation, antitubercular
activity, X-ray structural analysis.

The main problem in the treatment of tuberculosis is the rapid development of resistant pathogens of this
dangerous infection to antimicrobial preparations [2, 3]. According to WHO service multiple medicine resistant
tuberculosis is diagnosed today in an average of 7% of patients which can rapidly seriously destabilize to a
world wide epidemiological situation and develop into a global human threat [4]. Besides improving
prophylactic and diagnostic measures there is now an increase in developing three avenues of research, if not for
a removal agenda of the problem of polyresistant strains then at least to lowering their severity. The first of these
includes the development of strict control schemes via a short course of intensive chemotherapy using a
combination of already existing pharmaceutical agents which significantly inhibits the development of stability
towards it [4, 5]. The second route combines genetic investigation of decoding nucleotides in the
Mycobacterium tuberculosis genome in order to discover the genes responsible for the course of cell mutation
and hence suited to the development of antibiotic resistance [6, 7]. In the future such a route will certainly
permit conceptually novel agents and methods of attack of tuberculosis to develop. However, the value of the
third direction based on an empirical selection of a leading structure from a number of synthesized and then
pharmacologically studied compounds has not been exhausted at the present level of development of science.

* For Communication 147 see [1].
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As a particular result of this it is almost impossible to forecast a priori the important parameters for many future
medicines and one substance rather than another can only stand out as the result of a detailed study of a broad
combination of actual properties. This report is a part of such an investigation.

Compounds with high antimicobacterial activity have previously been found by us amongst 1-hydroxy-
3-0x0-5,6-dihydro-3H-pyrrolo[3,2,1-ij]quinoline-2-carboxylic acid heterylamides [8]. On this basis it was of
interest to exchange the trihydropyrrole nucleus annelated to the quinoline ring for a tetrahydropyridine. In
contrast to the completely planar pyrroloquinolone system [9] the pyridoquinolone atom skeleton is unlikely to
have a single planar disposition. Hence such a modification can give extremely useful information as to how the
part of the molecule undergoing structural change interacts with the biological target.
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3a R = pyridin-4-yl, b = R = pyridin-3-yl, ¢ R = pyridin-2-yl, d R = 3-hydroxypyridin-2-yl,
e R = 3-methylpyridin-2-yl, f R = 4-methylpyridin-2-yl, g R = 5-methylpyridin-2-yl,
h R = 6-methylpyridin-2-yl, i R = pyridimin-2-yl, j R = thiazol-2-yl, k R = 4-methylthiazol-2-yl,
1 R = 5-methylthiazol-2-yl, m R = 4-ethoxycarbonylmethylthiazol-2-yl, n R = 4-(1-adamantyl)thiazol-2-yl,
0 R = 4-phenylthiazol-2-yl, p R = 4-(4-chlorophenyl)thiazol-2-yl, q R = 4-(4-bromophenyl)thiazol-2-yl,
r R = 5-methyl-1,3,4-thiadiazol-2-yl, s R = 5-ethyl-1,3,4-thiadiazol-2-yl, t R = 5-propyl-1,3,4-thiadiazol-2-yl,
u R = 5-isopropyl-1,3,4-thiadiazol-2-yl, v R = benzothiazol-2-yl, w R = 6-fluorobenzothiazol-2-yl,
x R = 4-chlorobenzothiazol-2-yl, y R = 6-bromobenzothiazol-2-yl, z R = 6-methylbenzothiazol-2-yl;
5a R =Me-HCl, b R = CH,Ph-HCI, ¢ R = CHPh,-HCL.

The synthesis and purification of the starting ethyl 1-hydroxy-3-o0x0-6,7-dihydro-3H,5H-pyrido-
[3,2,1-ij]quinoline-2-carboxylate (1) was carried out by treatment of 1,2,3,4-tetrahydroquinoline (2) with an
equimolar ratio of triethoxycarbonylmethane using a known method [10]. Thanks to the additional methylene
unit, the conformational mobility of the reaction centers in the tetrahydroquinoline is undoubtedly greater than
in the indoline. Hence the steric hindrance to acylation, and particularly to subsequent intramolecular
cyclization, must be less. In fact, the pyridoquinoline ester 1 is formed very readily and in high yields while any
anomalies observed in the reaction of triethoxycarbonylmethane with indoline [11] are not seen in this case.
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TABLE 1. Characteristics of the 1-Hydroxy-3-o0x0-6,7-dihydro-3H,5H-
pyrido[3,2,1-ij]quinoline-2-carboxylic Acid N-R-Amides 3-5

Com- Empirical __Found, % _
pond o Calculated, % mp,°C | Yield, %
C H N

3a CisHisN:0; 6737 | 479 13.00 183-185 93
67.28 471 13.08

3b CisHisN:05 6734 | 476 13.12 169-171 94
67.28 471 13.08

3¢ CisHisN; 05 67.25 4.66 13.02 196-198 89
67.28 471 13.08

3d CisHisN;04 64.01 439 12.53 191-193 80
64.00 443 12.46

3e CioHiN;0; 68.15 5.17 12.61 164-166 81
68.05 511 12.53

3f CisHN;O5 68.13 5.18 12.64 215217 92
68.05 511 12,53

3g CioHiN;0; 68.04 | 5.05 12.46 226-228 95
68.05 511 1253

3h CioHiN;0; 6810 | 5.5 12.44 267-269 95
68.05 511

3 CiHNLO; 63.26 | 430 17.29 217-219 82
63.35 433 738

3j CieHiN;058 5877 | 4.09 12. 203-205 90
5870 400 12.84

3k CiH1sN;058 5974 | 448 1222 225-227 88

) 443 1231

3l CiH1sN;058 59.73 439 1236 230-232 89
59.81 4n 1231

3m | CaHiN;OsS 58.1 470 10.07 184-186 85
58,10 463 10.16

3n CasHaN;058 67.58 581 9.03 288-290 91
67.66 5.90 9.10

30 CyHiN;058 65.55 420 10.48 241-243 94
65.49 425 10.41

3p CyHiCIN;058 6040 | 3.77 9.52 267-269 90
60.34 3.68 9.60

3q CyHieBINOsS 54.71 3.26 8.65 286-288 95
5478 334 871

3r CrsHiNO:S 56.16 | 4.04 1630 210-212 84
56.13 412 16.36

3s C 1 HieNsOsS . 4.60 15.79 177-179 82
5729 453 1572

3t CisH N,Os8 5830 | 497 15.03 173-175 86
5836 490 15.12

3u CsHiN4OS 58.45 4.88 15.17 195-197 88
5836 4.90 15.12

3v CaoHisN:058 63.60 | 411 11.09 294-296 95
63.65 401 1113

3w CaoH1FN;O;8 60.82 3.65 10.71 329-331 90
60.75 3.57 10.63

3x CaoHuCINOsS 58.38 336 1027 345-347 89
5832 3.43 10.20

3y CaoH1BIN;O3S 52.55 3.03 9.26 303-305 9%
52.64 3.00 921

3z CoHN;058 64.40 | 429 10.65 296-298 92
64.44 433 10.73

4 CoHaN;058 69.42 4.60 9.05 277-279 90
69.36 453 8.99

5a C15HaN;05-HCI 5934 | 6.00 11.64 261-263 80
5942 6.09 11.55

5b CaaHpsN;05 HCI 6556 | 5.90 9.47 236-238 77
65.52 5.96 9.55

5¢ C1oHaoN;05-HCI 69.76 | 577 8.03 217-219 83
69.83 5.86 8.14
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In the presence of a small amount of DMF (ensuring better mixing of the reagents and preventing local
superheating of the reaction mixture) ester 1 is amidated by primary and secondary amines at 160°C in the
course of several minutes to give the 1-hydroxy-3-o0x0-6,7-dihydro-3H,5H-pyrido[3,2,1-if]quinoline-
2-carboxylic acid N-R-amides 3-5 in good yields (Table 1).

All of the N-R-amides 3-5 are colorless, crystalline materials with sharp melting points and, with the
exception of the hydrochlorides 5a-c, are virtually insoluble in water. The overall 'H NMR spectra of the N-R-
amides 3-5 are extremely similar to the spectra of the corresponding 1-hydroxy-3-o0xo0-5,6-dihydro-3H-
pyrrolo[3,2,1-if]quinoline-2-carboxylic acids [8]. The only significant difference is the two proton quintet at
high field (~ 2.0 ppm) due to the protons of the 6-methylene group in the pyridoquinolone ring (Table 2).

In the case of the 4-(1-adamantyl)thiazolyl-2-amide 3n an X-ray structural analytical study (see Fig. 1
and Tables 3 and 4) has confirmed the proposal above that the change from pyrroloquinolones to
pyridoquinolone has to cause a conformational restructuring of the molecule.

0(2) 0(3) '

Fig. 1. The structure of the amide 3n molecule with atom numeration.

It was found that two molecules (A and B) exist in the independent part of the unit cell differing in some
geometric parameters. As in the case of the 1-hydroxy-3-oxo-5,6-dihydro-3H-pyrrolo[3,2,1-ij]quinoline-
2-carboxylic acid amides [9], the quinolone fragment and atoms Oy, Cqi0y, Cii23, Oy, Ciizy, Oy, Neay, and Ceiay
lie in a single plane in both conformers to within 0.03 A. This is likely due to the presence of the two
intramolecular hydrogen bonds: O-Hpoy Oy (H+O 1.72 in A and 1.53 A in B, O-H-O 160° in A and 150°
in B) and Ny-Hony*Ogy (H+-O 1.89 in A and 1.91 A in B, N-H--O 140° in A and B). The formation of the
intramolecular hydrogen bonds also leads to lengthening of the bonds O(;)~C9) to 1.245(4) in A and 1.254(5) in
B and Og)~Cyi3) to 1.238(5) in A and 1.259(5) in B when compared to their mean value of 1.210 A [12]. A
shortened intramolecular contact Hs,y O, of 2.42 A is found in the A molecule (sum of van der Waal radii
2.46 A [13]). At the same time the "additional" C ;) atom deviates as expected from the mean square place
passing through the remaining ring atoms by 0.51 in molecule A and by -0.56 A in B.

As a result of annelation with the quinolone ring the tetrahydropyridine ring takes on a chair type
conformation (folding parameters [14]: S = 0.58, 6 = 39.6°, y = 7.3° for A and § = 0.68, 6 = 36.1°, yv = 1.9° for
B). A shortened intramolecular contact Hyjgpy Oy of 2.35 in A and 2.36 A in B (2.46 A) arises. The five
membered thiazole heterocycle is somewhat noncoplanar with the planar fragment (torsional angle C(30—No—
Ca4-S(1) -11.0(6) in A and 11.0(6)° in B and this is likely due to a repulsion between the carbonyl group oxygen
atom and the sulfur atom [shortened intramolecular contact SO 2.77 A in A and B (3.13 A)]. The
adamantane substituent is placed in such a way that the C;3—~Ci7 bond is virtually coplanar with the plane of
the thiazole ring (torsional angle C(13~C177~C(15-C¢) -11.1(6) in A and 10.0(6)° in B).
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TABLE 3. Bond Lengths (/) in the Amide Structure 3n

Bond LA Bond 1A
SaaCaa) 1.706(5) Saa—Cea) 1.727(5)
Naa-Caa) 1.370(4) NiayCoan) 1.391(4)
Naa—Caoa 1.462(5) Neay-Casa) 1.367(5)
NeayCiaa 1.392(5) Niay-Coaa 1.285(5)
Niay-Casa) 1.386(5) OqaCoa) 1.246(4)
Opa—Caa) 1.327(5) OpaCsa) 1.238(5)
Caar—Ceen 1.393(5) Caar—Cea 1.396(5)
C2aCaa) 1.372(6) CarCoa 1.492(6)
CiarCaa 1.402(7) CuarCesa 1.346(6)
CisarCeon 1.410(5) Cioar-Cea 1.437(5)
Com—Cea) 1.403(5) Cisa-Coon) 1.458(5)
CsarCasa 1.487(6) Coa-Caia 1.482(7)
Caia-Caza) 1.514(7) CasarCoa) 1.381(6)
CasaCara) 1.512(5) Ca7a-Casa) 1.510(6)
Ca7a-Caa) 1.536(6) Ca7a-Ce2a) 1.556(5)
CasarCoon) 1.517(6) Coa-Ceaoa) 1.520(7)
CoaCasa) 1.543(7) C20a-Cea1a) 1.525(6)
CeiarCesa) 1.513(6) Coia-C2a) 1.535(6)
C3aCsa) 1.527(6) CaaCsa) 1.532(6)
Ciasar—Casa) 1.521(7) Sae—Caen) 1.710(4)
S(IB)*C(MB) 1726(4) N(]B)*C(QB) 1369(6)
Nas—Cas 1.423(5) Nis—Cion) 1.491(5)
Nes—Csp) 1.319(5) Negy—Cian) 1.389(5)
Nesy—Cian) 1.298(5) Nesy—Ciss) 1.397(5)
O(s—Cop) 1.254(5) O8—Cp) 1.323(5)
Opr—Csp) 1.260(5) Cas—Ceen) 1.400(6)
Cap—Cen) 1.428(6) Ce—Caa) 1.398(6)
Cs—Ci2n) 1.476(6) Cip—Cun) 1.364(6)
Cun—Cesn) 1.370(6) Cs—Cion) 1.408(6)
Csn—Cem) 1.416(6) C7-Csn) 1.376(5)
Cse—Coon) 1.435(6) Css—Csp) 1.465(6)
Caos—Cain) 1.466(7) Cai—Czp) 1.455(7)
Case—Cen) 1.347(6) Case—Cap) 1.492(6)
CarsyCezn) 1.525(5) Cars—Cpan) 1.542(6)
Camsy—Cass) 1.558(5) Case—Cos) 1.525(6)
Cos—Con) 1.517(6) Co—Cen) 1.522(7)
Ceo—Ceas) 1.519(6) Cai~Cesp) 1.540(6)
Cie~Czp) 1.543(5) C3-Ceasn) 1.496(6)
C48—Casp) 1.568(6) Cs—Cen) 1.515(8)

All of the synthesized amides 3-5 underwent microbiological screening towards Mycobacterium
tuberculosis H37Rv ATCC 27294 using a radiometric method [15, 16]. It was found that some of the substances
tested at a concentration of 6.25 pg/ml in vitro showed high antitubercular activity and inhibited the tuberculosis
micobacterium growth by 99-100% (Table 5).

A comparative analysis of the antimicobacterial properties of amides 3-5 and their structural analogs (the
corresponding 1-hydroxy-3-oxo-5,6-dihydro-3H-pyrrolo[3,2,1-ij]quinoline-2- and 1-R-4-hydroxy-2-oxo-1,2-
dihydroquinoline-3-carboxylic acid hetarylamides with the smallest N; alkyl substituents in the quinolone ring
showed the same dependence of observed antimicrobial activity on the heterocycle chemical structure in the
amide fragment of the molecule. Hence the pyridyl-4-amides are always more active than their 3-analogs and
these, in turn, markedly exceed in strength the antitubercular effect of the 2-isomers. Amongst the 3-hydroxy
series and some monomethyl-substituted pyridyl-2-amides the transition to the pyridoquinoline-
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TABLE 4. Valence Angles (®) in the Amide Structure 3n

Angle o, deg Angle o,deg.
| 2 3 4
Caaar-Saar——Caea) 89.3(2) CaarNaa—Coa) 123.4(3)
CaaNaay—Coa 120.2(3) CoarNaa—Coa) 116.4(3)
CasarNeayCoaa 122.8(4) ChanrNeay—Casa) 110.5(3)
Noay-Coua—Ceen 120.7(3) Noa-Caa-Cen 122.9(3)
CarCaar—Cea) 116.4(3) CiarCea—Caa) 120.2(4)
C(}A)*C(ZA)ACUQA) 1 193(4) C(]A)*C(zAﬁC(nA) 1205(4)
CarCpar—Cua) 122.1(4) CisarCua—Caa) 119.1(4)
CuarCiar—Ceea) 118.9(4) CaarCear—Cesa) 123.1(4)
CaarCear—Cea) 118.6(3) CisarCear—Cea) 118.3(4)
O@a-Ci7a-Cisa) 120.8(4) O@a-Cia——Cea) 118.4(4)
Ciay-Caar—Ciea) 120.8(4) Ca-Ciar—Con) 119.1(4)
Caa-Ciar—Cisza) 119.1(4) Coa-Cia—Casa) 121.8(4)
O1a—CaNia) 118.4(3) O1a—Coa—Csa) 124.2(3)
N(]A)*C(gA)AC(gA) 1 174(3) N(]A)*C(mA)*C(HA) 1 150(4)
C(l(]ArC(UA)AC(]zA) 1147(4) C(ZA)*C(IZA)‘C(IIA) 1112(4)
Neay-CazarCea) 115.3(4) Nia—CaaarNea) 119.04)
Nea-Casar-Saa 116.4(3) Nea-Caaa-Saa 124.6(3)
Cea-CasayNaa) 114.7(4) Caea-Casa—Cara) 126.8(4)
Nia—Casa—Cara) 118.2(4) Casa—Casa—Saa) 109.1(4)
Casa—Cara—Casa) 112.1(4) Csar—Cara—Ciasn) 108.5(4)
CasarCaray—Coua) 111.4(3) CasarCarayCaza) 106.9(4)
C(ISA)7C(17A)4C(22A) 1085(3) C(24A)7C( 17A)7C(22A) 1 093(3)
C(17A)7C(13A)4C(19A) 1 124(4) C(ISA)7C(19A)7C(20A) 1 106(4)
CasaCasar—Cesa) 106.7(4) Ca0a-Caoa—Casa) 110.3(5)
C9a—C0aCe2ia) 108.8(4) C3aCaia—Ca0a) 108.2(4)
C23aCiay—Caa) 110.4(4) C0a-CiaC2a) 109.7(4)
C21a-C22aCira) 110.3(3) CaiaC3a—Cesa) 110.9(4)
C26a-C2say—Caaa) 108.1(4) CsarCeosarCosa) 111.2(4)
CisarCeasay-Coa) 109.9(4) Casr-Sas—Caasp) 87.3(2)
CoorNae—Cai) 122.1(4) CosNaus~Con) 115.6(4)
CasyNas—Caos) 122.1(4) Cs~Nes—Cas) 128.1(4)
CaaNg—Ciss) 111.0(4) Ce—~Cas—Nas) 118.5(4)
Cisnr-Can-Con 123.9(4) Nus-Cas-Cos) 117.6(4)
Cie~Cer—Cap) 115.9(4) Ciry~Cery—Coizp) 123.1(4)
Can-Con-Cozm) 121.0(4) Cun-Con-Con) 122.0(4)
Cipy~CunCesp) 120.4(4) Cip~Cisn—Cesp) 122.6(4)
Caupy~Cienr—Cesp) 115.2(4) Cup~Cien—Com) 119.6(4)
Cesp—Cion~Cm) 125.1(4) Oce—Cip—Cisp) 124.9(4)
Ocey~C~Ceep) 114.5(4) Cisey~Cim—Csn) 120.6(4)
Cipy~Ciam—Coomy 120.3(4) Cory~Cem—Cusp) 116.7(4)
Coory~Ciam—Caizpy 123.0(4) Oup~Cor~Nas) 120.2(4)
Oas~Cen—Cisn) 121.2(4) Nap~Coos~Cesp) 118.6(4)
Cai~CrosyNas) 111.0(4) Caz2mCaiy~Caom) 114.7(5)
CaisrCazs—Cep) 112.5(4) Ogp—Casp—Nes) 118.6(4)
Ocpy~Casm—Casp) 122.6(4) Nep~Cazp—Cesp) 118.8(4)
Nep~Caap—Nes) 120.9(4) Nep—Caap—Sas) 115.8(3)
Nes—Cap—Sas) 123.3(3) Caes~Case~Nes) 112.1(4)
Caes—Cas—Cam) 128.0(4) No—Cass—Cam) 119.93)
Case—Casn—Sas) 113.5(3) Case~Car—Cezn) 108.6(3)
Casp—Camy~Ceasp) 110.0(3) C28~C7e-Casp) 107.9(3)
CasCamy~Cass 112.1(3) Ce2my~Caey~Casp) 109.4(3)
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TABLE 4 (continued)

] 2 3 4
Cas~Cae—Cass) 108.7(4) Caos—Casp—Cars) 108.8(4)
Ca08~C1o8~Ceasp) 108.4(4) Ca08~Ca1o8~Cuisp) 108.5(4)
Cee~Caon—Caisp) 112.9(4) Caopy~Cio~Cean) 110.5(4)
Cos—Cis—Cesp) 110.7(4) CoB—CpiB—Czs) 108.3(4)
C3e—Cis—C28) 107.8(4) Ca78~C28~Cain) 110.9(3)
Cis—Csp—Caip 109.3(4) Cap—C4p—Cesp) 109.5(3)
C238~C2s8—Ci26B) 110.5(4) C38~C2s58—Ca4p) 109.2(4)
C68~C2s8—Ci24B) 109.9(5) Cse—Cs—Cii9s) 109.1(4)

2-carboxylic acid derivative 3d-g unexpectedly led to a slight overall increase in activity. The effect of a methyl
group in position 6 of the pyridyl-2-amide residue was to fully deactivate the molecule in all cases
independently of the structure of the quinolone part. Amidation of the hydroxyquinoline carboxylic acids by
2-aminopyrimidine was also unhelpful since the specific activity of the compounds obtained in this way never
exceeded 20-25%. On the other hand, the thiazol-2-yl amides showed much higher and stable results. It was
found that substituents in position 4 or 5 of the thiazole generally increased the activity but they should not be
sterically bulky. Introduction of a second nitrogen atom into the five-membered ring (the 1,3,4-thiadiazolyl-
2-amides) proved even more favourable to antitubercular activity and almost always retained the ability to block
the growth of the tubercular micobacteria by 90-100% at low minimum inhibitory concentration (MIC). On the
other hand the structure of the quinolone fragment proved to have a more marked influence on the activity of the
benzothiazole derivatives. If the complete absence of antimicobacterial properties of a 4-(6-methyl-
benzothiazol-2-yl)anilide (4) was quite predictable the comparatively low activity of the benzothiazol-2-yl
amide 3v and also its halo (3w-y) and methyl (3z) analogs proved somewhat unexpected.

TABLE 5. Antitubercular Activity of Compounds 3-5

Com- fthlnhib\ixi}(in £ M. * ugmi| COm fthlnhib;ign £ M. *, ug/ml
of the growth of M. of the growth of M.
pound tube}%culosis, % MIC, ugm pound tube}%culosis, % MICT, vglm
3a 100 6.25 3p 73 —
3b 57 — 3q 63 —
3¢ 14 — 3r 100 3.13
3d 17 — 3s 100 0.78
3e 58 — 3t 100 1.56
3f 13 — 3u 100 3.13
3g 15 — 3v 9 —
3h 0 — 3w 39 —
3i 20 — 3x 25 —
3j 99 6.25 3y 100 6.25
3k 100 3.13 3z 20 —
31 100 3.13 4 0 —
3m 100 6.25 5a 0 —
3n 18 — 5b 0 —
30 32 — 5¢ 0 —

* According to the criteria adopted in the TAACF (Tuberculosis
Antimicrobial Acquisition and Coordinating Facility), the actual MIC only
being determined for compounds showing activity not less than 90% in the
first stage.
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In summarising our investigation it should be noted that annelation of the quinolone ring with the
tetrahydropyridine ring generally did not cardinally affect the antitubercular properties. In this case we can
conclude that the N;-alkyl substituents in the 1-R-4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
hetarylamides (in common with the trihydropyrrole or tetrahydropyridine fragments in the corresponding 1-hydroxy-
3-0x0-5,6-dihydro-3H-pyrrolo[3,2,1-j/]quinoline-2- and 1-hydroxy-3-0x0-6,7-dihydro-3H,5H-pyrido[3,2,1-i]quino-
line 2-carboxylic acid derivatives) did not play a direct role in the binding to the biological target. Most likely,
in some degree, it affects the ability to interact with receptors via one of the key functional groups (the carbonyl
at position 2 of the quinolone ring). The second such center is evidently the NH grouping in the amide fragment.
Confirmation of this comes from the repeated observation of full loss of activity in the secondary amides of
type 5.

EXPERIMENTAL

Commercial 1,2,3,4-tetrahydroquinoline and triethoxycarbonylmethane were obtained from the Fluka
company. 'H NMR spectra for the synthesized compounds were recorded on a Bruker WM-360 instrument (360
MHz) using DMSO-d¢ and with TMS as internal standard.

Ethyl 1-hydroxy-3-o0x0-6,7-dihydro-3H,5H-pyrido[3,2,1-ij]quinoline-2-carboxylate (1). 1,2,3.4-
Tetrahydroquinoline (2) (12.5 ml, 0.1 mol) was added dropwise with stirring to triethoxycarbonylmethane
(21.1 ml, 0.1 mol) heated to 215°C such that the reaction mixture temperature did not change outside the range
+5°C from the initial value. The ethanol evolved in the process could be liberated via a fractionating column
without increasing the starting reagents. After the addition of all of the 1,2,3,4-tetrahydroquinoline the reaction
mixture was held for 10-15 min at the same temperature and then cooled to about 100°C. Aqueous Na,CO;
solution (10%, 300 ml) was added and heated to 70-80°C. The obtained solution of the 1-O-sodium salt of ester
1 was purified with carbon and filtered. After cooling, the filtrate was acidified with dilute (1:1) HCI to pH
4.5-5. The precipitated ester 1 was filtered off, washed with water, and dried. Yield 26.23 g (96%). Colorless
needles with mp 102-104°C (hexane). According to data in [17] yellow needles with mp 101°C. '"H NMR
spectrum, J, ppm (J, Hz): 13.10 (1H, s, OH); 7.88 (1H, d, /= 8.0, H-10); 7.49 (1H, d, /= 7.3, H-8); 7.18 (1H, d,
J=1.5, H-9); 433 (2H, q, J = 7.0, OCH,); 3.99 (2H, t, J = 5.6, NCH,); 2.94 (2H, t, J = 6.1, 7-CH,); 2.00 (2H,
quin, J = 6.0, 6-CH,); 1.32 (3H, t, J= 7.0, OCH,CH,).

1-Hydroxy-3-0x0-6,7-dihydro-3H,SH-pyrido[3,2,1-ijj|quinoline-2-carboxylic Acid N-R-amides 3a-z,
4 (General Method). A mixture of ester 1 (2.73 g, 0.01 mol), the corresponding primary amine (0.01 mol), and
DMF (1 ml) was stirred and held at 160°C for 3-5 min. The starting reagents initially dissolved and then began
to crystallize out to the final amide after vigorous evolution of ethanol. Ethanol (10-15 ml) was added to the
uncooled reaction mixture (beware of sudden effervescence) and the product was thoroughly triturated. The
precipitated hetarylamide 3 or anilide 4 was filtered off, washed with alcohol, dried, and crystallized from DMF.

1-Hydroxy-3-0x0-6,7-dihydro-3H,SH-pyrido[3,2,1-ijj]quinoline-2-carboxylic Acid 4-R-piperazin-
1-ylamide Hydrochlorides Sa-c. The 4-R-piperazin-1-ylamide bases (0.01 mol) obtained by in the preceding
experiment were suspended in ethanol (10 ml) and a solution of gaseous HCI in ethanol was added to pH 3 (the
precipitate dissolved) after which it was left for several hours in an ice chest. The separated 4-R-piperazin-
1-ylamide hydrochloride crystals 5a-c were filtered off, washed with ether, and dried.

X-ray Crystallographic Study. Crystals of amide 3n are triclinic (DMF), at 20°C: a = 7.293(1),
b=11.298(1), c = 26.995(3) A, o = 91.20(1)°, B = 91.74(1)°, y = 90.06(1)°, V = 2222.8(4) A®, M, = 462.57,
Z =4, space group P1, dee = 1.382 g/em’, p(MoKo) = 0.181 mm™, F(000) = 980. The unit cell parameters and
intensities of 18142 reflections (7800 independent, R;, = 0.057) were measured on an Xcalibur-3 diffractometer
(MoKa radiation, CCD detector, graphite monochromator, -scanning to 20,,,x = 50°).
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The structure was solved by a direct method using the SHELXTL program package [18]. The positions
of the hydrogen atoms were revealed from electron density difference synthesis and refined using the "riding"
model with Ui, = nU,q for a non-hydrogen atom bound to the given hydrogen (n = 1.5 for the hydroxyl group
and n = 1.2 for all remaining hydrogen atoms). The structure was refined in F* full matrix least squares analysis
in the anisotropic approximation for non-hydrogen atoms to wR, = 0.215 for 7609 reflections (R; = 0.082 for
3121 reflections with F > 4c (F), S = 1.080). The full crystallographic information has been placed in the
Cambridge structural data base (reference No. CCDC631476). The interatomic distances and valence angles are
given in Tables 3 and 4.

The authors thank the National Institute for Allergic Infectious Diseases (USA) for carrying out the
study within the TAACF program of the antitubercular properties of the compounds synthesized by us (contract
No. 01-A1-45246).

REFERENCES

1. I. V. Ukrainets, N. L. Bereznyakova, and A. V. Turov, Khim. Geterotsikl. Soedin., 1039 (2008). [Chem.
Heterocycl. Comp., 44, 833 (2008)].
2. N. Frimodt-Moller, A. M. Hammerum, L. Bagger-Skjot, J. H. Hessler, C. T. Brandt, R. L. Skov, and
D. L. Monnet, Ugeskr. Laeger, 168, 3039 (2006).

3. R. Johnson, E. M. Streicher, G. E. Louw, R. M. Warren, P. D. van Helden, and T. C. Victor, Curr.

Issues, Mol. Biol., 8, 97 (2006).

S. K. Sharma and A. Mohan, Chest, 130, 261 (2006).

A. D. Harries and C. Dye, Ann. Trop. Med. Parasitol., 100, 415 (2006).

A. 1. de la Iglesia and H. R. Morbidoni, Rev. Argent. Microbiol., 38, 97 (2006).

A.J. Steyn, J. Chan, and V. Mehra, Curr. Opin. Infect. Dis., 12,415 (1999).

I. V. Ukrainets, E. V. Mospanova, and L. V. Sidorenko, Khim. Geterotsikl. Soedin., 1023 (2007). [Chem.

Heterocycl. Comp., 43, 863 (2007)].

9. I. V. Ukrainets, N. L. Bereznyakova, and E. V. Mospanova, Khim. Geterotsikl. Soedin., 1015 (2007).
[Chem. Heterocycl. Comp., 43, 863 (2007)].

10. I. V. Ukrainets, L. V. Sidorenko, O. V. Gorokhova, E. V. Mospanova, and O. V. Shishkin, Khim.
Geterotsikl. Soedin., 718 (2006). [Chem. Heterocycl. Comp., 43, 856 (2007)].

11. I. V. Ukrainets, O. V. Gorokhova, L. V. Sidorenko, and N. L. Bereznyakova, Khim. Geterotsikl. Soedin.,
1191 (2006). [Chem. Heterocycl. Comp., 42, 1032 (2006)].

12. H.-B. Burgi and J. D. Dunitz, Struct. Correl., Vol. 2, VCH, Weinheim (1994), p. 741.

13. Yu. V. Zefirov, Kristallografiya, 42, 936 (1997).

14.  N.S. Zefirov, V. A. Palyulin, and E. E. Dashevskaya, J. Phys. Org. Chem., 3, 147 (1990).

15. L. B. Heifets, in: L. B Heifets (editor), Drug Susceptibility in the Chemotherapy of Mycobacterial
Infections, CRC Press, Boca Raton (1991), p. 89.

16. C. B. Inderleid and K. A. Nash in V. Lorian (editor), Antibiotics in Laboratory Medicine, Williams and
Wilkins, Baltimore (1996), p. 127.

17. A. Kutyrev and T. Kappe, J. Heterocyclic Chem., 34, 969 (1997).

18. G. M. Sheldrick, SHELXTL PLUS. PC Version. A System of Computer Programs for the Determination
of Crystal Structure from X-ray Diffraction Data, Rev. 5.1 (1998).

© Nk

966



	Chemistry of Heterocyclic Compounds, Vol. 44, No. 8, 2008
	I. V. Ukrainets, A. A. Tkach, and L. A. Grinevich



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


