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Unfortunately, tuberculosis still remains a cause of high mortality in humans and in modern conditions it has become
a global health problem. Continuing the search for new antimycobacterial agents among the amidated derivatives
of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids the corresponding group of 1-benzyl-4-hydroxy-2-oxo-
1,2,5,6,7,8-hexahydroquinoline-3-carboxamides has been synthesized by the reaction of ethyl 1-benzyl-4-hydroxy-
2-ox0-1,2,5,6,7,8-hexahydroquinoline-3-carboxylate and anilines or hetarylamines in DMF at 130°C. The chemical
structure of the compounds obtained has been confirmed by the data of elemental analysis, NMR "H spectroscopy
and mass spectrometry. It has been noted that the TH NMR spectra can reliably confirm the presence of the basic
functional groups by their corresponding chemical shift, the integrated intensity and multiplicity of signals. It has been
shown that under the influence of the electron impact the molecular ions of all the compounds studied undergo the
primary fragmentation in two directions: with breaking the amide bond or the quinolone nucleus — the carbamide moi-
ety bond. According to the data of microbiological tests among 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexahydroquin-
oline-3-carboxamides synthesized the substances that are capable of inhibiting actively the growth of Mycobacterium
tuberculosis H37Rv in low concentration have been identified, and therefore, they are of interest for further research.

CUHTE3 TA NMPOTUTYBEPKYJIbO3HA AKTUBHICTb 1-BEH3UI-4-IN4POKCU-2-OKCO-1,2,5,6,7,8-TEKCA-
rigPOXIHOJIIH-3-KAPEOKCAMIAIB
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Knrovoei croea: amiou,; 4-eidpokcu-2-okco-1,2-0u2i0poxiHoriH-3-kapboH08i Kucriomu,; cuHme3s; mepmoriis; rnpo-
mumy6epKyb03Ha akKmueHiCmb

Ha xarnb, mybepKynb03 00 cb0200HI 3anuuiaemasCsi PUYUHOK 8UCOKOI cMepmHocmi fodel | 8 cy4dacHUX yMogax
nepemesopuscsi Ha 2r106arnbHy npobnemy cucmemu 0XopoHU 300po8’si. [podosXyYU MOWYK HOBUX aHMUMIKO-
bakmepianbHUx 3acobie ceped amidosaHuUx MoxiOHUX 4-2idpoKcu-2-okco-1,2-0u2i0poxiHorniH-3-kapboHO8UX KUC-
niom, peakuiero emun 1-6eH3un-4-2idpokcu-2-okco-1,2,5,6,7,8-2ekcaziopoxiHoniH-3-kapbokcunamy 3 aHiniHamu
qyu eemapunamiHamu 8 M®A npu 130°C byno cuHme3osaHo 2pyry 8i0rnosioHux 1-6eH3ur-4-2i0pokcu-2-0Kco-
1,2,5,6,7,8-2ekcazidOpoxiHoniH-3-kapbokcamidie. XimiuHa bydosa odepxkaHux crionyk byna nidmeepdxeHa Oa-
HUMU enleMeHmMHoeo aHarni3dy, criekmpockonii AIMP '"H ma mac-cnekmpomempii. BiomiyerHo, wo SMP 'H cnekmpu
0o3605159t0mb HadiliHO MidmeepOUMU MPUCYMHICMb YCiX OCHOBHUX (hyHKUIOHaNbHUX epy 3a 8i0nogiOHUMU iM 3a
XiMIYHUM 3CYy80M, iHmMeeapasibHOK IHMEHCUBHICMIO ma MyrbmurisiemHicmio cueHanamu. [okasaHo, wo mid ensu-
80M €/1eKmMPOHHOZ0 ydapy MOMEKynspHI ioOHU 8cix A0cnidxXysaHuUX criornyk niddarombcsi MEPBUHHIU chpaemeHmauii
3a 0goma HarnpsiMKamu: 3 pO3pUBOM aMiOHO20 38’S3KY YU 38’3Ky XiHOMoHose s10po — KapbamioHul ¢gppasmeHm.
3a daHumu mikpobionoaidyHux sunpobosysaHb ceped cuHme3oeaHux 1-beH3us-4-2idpokcu-2-okco-1,2,5,6,7,8-
2eKcaziopoxiHoriH-3-kapbokcamidie 8usiereHi pe4o8UHU, 30amHi 8 HU3bKIll KOHUeHmpauii akmueHo 3ampumysamu
picm Mycobacterium tuberculosis H37Rv i momy npedcmaensoms iHmepec 01151 nodasnbiux 00CTiOXeHb.

CUHTE3 U NMPOTUBOTYBEPKYJIE3HASI AKTUBHOCTb 1-BEH3UI-4-I'iJPOKCU-2-OKCO-1,2,5,6,7,8-F EKCA-
r’MgPOXUHOJINH-3-KAPBOKCAMUOOB
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Knrodeesnie cnosa: amulbi; 4-2udpokcu-2-okco-1,2-0uaudpOoxXuHONUH-3-kapboHO8bIEe KUCITOMbI;, CUHME3; mep-
monu3s; npomusomybepKyne3Hasi akmugHOCMb

K coxaneHuro, mybepkyre3 00 Hacmosieao 8peMeHU 0Cmaemcsi PUYUHOU 8bICOKOU cMepmHocmu odel U 8 co-
8peMeHHbIX yCrio8usIX rnpespamurics 8 2riobaribHyo rpobremy 30pasooxpaHeHusi. [podomkasi MOUCK HOBbIX aHMUMU-
KobakmepuaribHbIX cpedcme cpedu amuduUPO8aHHbIX MPOU3BOOHbLIX 4-2udpPOKcU-2-0Kco-1,2-0UcudpPOXUHOIUH-3-Kap-
6oHo8bIX Kucriom, peakyueti smur 1-6eH3ur-4-2udpokcu-2-okco-1,2,5,6,7,8-eekcazudpoxuHonuH-3-kapbokcunama
¢ aHunuHamu unu 2emapun-amuHamu 8 M®A npu 130°C bbina cuHmesuposaHa epyrina coomseemcmayowux
1-6eH3urn-4-2udpokcu-2-okco-1,2,5,6,7,8-eekcacudpoxuHomnuH-3-kapbokcamudos. Xumudeckoe cmpoeHue rnosny-
YeHHbIX coeduHeHULl 6bir1o MoOmeepx0eHo OaHHbIMU 31IeMEHMHO20 aHasu3a, crnekmpockonuu SIMP 'H u macc-
crnekmpomempuu. OmmeveHo, Yymo SIMP 'H crnekmpbi no3eornsitom HadexxHo nodmeepdums npucymemeue ecex
OCHOBHbIX (hyHKUUOHAaIbHbIX 2pyrii 10 COOMEEeMmCcmeyouUM UM 10 XUMUYECKOMY coguay, UHmeapasibHol UHMEeH-
cusHocmu U MyrbmurnnemH{ocmu cueHanam. lNokazaHo, 4mo nod eo3delicmeueM 3rIeKMPOHHO20 y0apa MOMeKy-
JI5ipHbIEe UOHbI 8CEX U3yYaeMbix COeOUHEeHUU rpemeprnesarom nepeuyHyo ppazmeHmayuro rno 8yMm HarnpaeneHusim:
C pa3pbi8OM aMUBGHOU C8513U UJIU C8sI3U XUHOI0HOB80E S10p0 — KapbaMuOHbIl cppacmeHm. 1o daHHbIM MUKpPObUOIIO-
2Uu4eCcKux ucrnbimaHul cpedu cUHmMe3upo8aHHbIxX 1-6eH3ur-4-audpokcu-2-okco-1,2,5,6,7,8-eekcacudpOoXuHOMUH-
3-kapbokcamudos obHapyxeHbl 8euyecmaa, CriocobHbIe 8 HU3KOU KOHUEeHmpayuu akmueHO UHaubuposame pocm
Mycobacterium tuberculosis H37Rv u noamomy npedcmasnstowjue uHmepec 0ns OanbHellwux uccriedosaHull.
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Despite the considerable progress and success
of modern medicine in the fight against many infec-
tious diseases tuberculosis remains one of the main
causes of the high mortality. Unfortunately, in recent
years this dangerous disease has not only returned,
butis also extremely widespread throughout the world,
becoming a global public health problem. One of the
main causes for this situation was the unique ability
of the causative agent - Mycobacterium tuberculosis
- to very rapid mutations and, as a result, there is
immediate distribution of strains that are resistant
to the existing medicines [1-2]. Treatment of such
patients is very difficult, time consuming, with sub-
stantial financial costs and, moreover, is not always
successful. Therefore, in the present circumstances
the fight against tuberculosis is carried out in several
directions simultaneously. Thus, reliable methods of
diagnosis, which allow determining the true patho-
gen rapidly and accurately, and its sensitivity to drugs
are being developed, and it gives the possibility to
start treatment promptly and optimally [3-6]. Deco-
ding of the genome of Mycobacterium tuberculosis and
searching for the genes responsible for production of
drug resistance are very interesting [7]. The search
of completely new biologically active substances of
various chemical classes that can effectively inhibit
the growth of Mycobacterium tuberculosis at all sta-
ges of development do not lose its relevance [8-11].

In this regard 1-R-4-hydroxy-2-oxo-1,2,5,6,7,8-
hexahydroquinoline-3-carboxamides are of undoubted
interest. Among them the highly active anti-tuber-
culosis agents were previously found. At the same
time it is repeatedly indicated that the biological ac-
tivity of these compounds is largely determined by
the nature of the substituent at the cyclic nitrogen
atom of the quinoline nucleus [12-14]. Anilides and
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hetarylamides of 1-furfuryl-4-hydroxy-2-oxo-1,2,5,6,
7,8-hexahydroquinoline-3-carboxylic acids were in-
dicated as promising objects [15]. Continuing research
in this area the replacement of the furan cycle in the
structure of the 1-N-substituent with the phenyl nuc-
leus close to it by its structure and properties is in-
teresting. The methodology of bioisosteric replace-
ments widely and successfully used in modern me-
dicinal chemistry has become the theoretical under-
pinning for this modification, i.e. replacing one of the
fragments of the molecule with another one having
similar physical and chemical characteristics and in-
ducing a similar biological effect [16-18].

The synthesis of the target objects of research -
1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexahydroquino-
line-3-carboxamides (1a-k) was carried out by the
reaction of ethyl ester (2) and the corresponding pri-
mary amines in thermolysis conditions (Scheme 1).
Only those anilines and hetarylamines that had al-
ready proven themselves as an excellent base for highly
active anti-tuberculosis agents were involved in the
synthesis. In turn, ester (2) was prepared from com-
mercially available 2-oxocyclohexanecarboxylic acid
ethyl ester (3) easily forming enamine with benzyl-
amine (4). The subsequent acylation by ethyl malo-
nyl chloride gives diester (5), which intramolecular
condensation leads first to sodium salt (6) and fur-
ther to the initial ester (2).

The 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexahyd-
roquinoline-3-carboxamides (1a-k) obtained are co-
lourless crystalline substances with the narrow range
of melting points, when heating they are readily soluble
in DMF and DMSO, sparingly soluble in alcohol, and
practically insoluble in water (Table 1). Their struc-
ture was confirmed by elemental analysis, 'H NMR
spectra and mass spectra.

o
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NHCOCH,COOEt

CIOCCH,COOEt
—_—
: 5
J EtONa, EtOH
ONa O
OEt HCI, H,0 Ol\)f]\oa
—_——
N (e}

1aR=3-F-CiH,; bR =4-F-CH,; ¢ R = 3-CI-C,H,; d R = 2,4-(Cl),-C4H,; e R = 3-Br-C;H,; f R = 3-Py;
g R = 1,3-thiazole-2-yl; h R = 4-(adamantane-1-yl)-1,3-thiazole-2-yl; i R = bebnzothiazole-2-yl;
j R = 6-bromobebnzothiazole-2-yl; k R = 5-methyl-1,3,4-thiadiazole-2-yl

Scheme 1
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Table 1
Characteristics of amides (1a-k)
1a C,.H,,FN,0, o3 28 22| 13133 88 13
1b C,.H,,FN.O, % s % 147-149 94 63
1c C,,H,,CIN,0, % % % 126-128 90 28
1d CooHaoCLN0, g2 pacas 042 | 135137 | 85 7
le C,.H, BN,0, S L o2 | 150152 92 8
1f C,H,N,0, % % % 144-146 91 90
19 CyoH1N;0,5 % % } ?:gg 141-143 87 94
1h C,,HL,N,0,5 ks = 298 | 165167 95 10
Ti CouHoN,0. gose paics o5t | 159161 90 66
1] C,.H,,BrN,0,S 22 o 512 | 168170 93 39
1k C,H,N,0,5 % % % 143-145 86 97

* — The growth inhibition (%) of Mycobacterium tuberculosis H37Rv ATCC 27294 in the concentration of 6.25 pg/ml.

All main functional groups of amides (1a-k) con-
taining protons in 'H NMR spectra are identified without
complications (Table 2). For example, the protons of
4-0OH groups are evident as singlets with integrated
intensity of 1H in the typically weak field range (15.63-
14.11 ppm) as should be expected for enolic hydroxyls.
Singlets of protons of amide groups are regularly slightly
shifted upfield: 13.94-12.54 ppm. Further there is the
“aromatic” area, in which protons of the phenyl nu-
cleus of the 1-N-benzyl substituent resonate, and aro-
matic protons of anilide and hetarylamide fragments.
The methylene bridge separating the cyclic nitrogen
atom and the phenyl nucleus is evident as a singlet
with the intensity of 2H in a relatively strong field:
5.42-5.38 ppm. Methylene units of the hexahydro-
quinoline bicycle have the form of narrow multiplets
in the strongest field of the spectrum, wherein if the
chemical shifts 8-CH, and 5-CH,-groups are signifi-
cantly different, the resonant frequency of 6-CH, and
7-CH,-groups are so close that they are almost im-
possible to be distinguished (Table 2).

An important and useful information on the struc-
ture of 1-benzyl-4-hydroxy-2-oxo0-1,2,5,6,7,8-hexa-
hydroquinoline-3-carboxamides (1a-K) is provided
by their mass spectra (Table 2). So, all the compounds
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synthesized under the influence of electron impact
form peaks of molecular ions of low intensity and
multiplicity corresponding to the isotopic composi-
tion [19]. The primary fragmentation of molecular
ion occurs in two directions with approximately equal
probability. The first of them is C(3)-CONHHet(Ar)
bond breaking or the pathway A (Scheme 2), the re-
sult is formation of fragment ions of isocyanate 7 and
benzylquinoline 8. The second direction is destruc-
tion of the molecular radical cation by the carbamide
bond (pathway B), it is the cause of appearance of
highly intense peaks of the released amines (2-ami-
nobenzothiazole 9 in case of amide 1i) in the spectra
and, although it is less intense, but it is common for
all compounds of the fragment ion of ketene 10 with
m/z 281. It is interesting that the loss of the 1-N-ben-
zyl substituent occurs only during the secondary frag-
mentation, and it is not observed in any of the examp-
les studied in the primary decomposition of the mo-
lecular ion.

The anti-tuberculosis activity of 1-benzyl-4-hyd-
roxy-2-oxo-1,2,5,6,7,8-hexahydroquinoline-3-carb-
oxamides (1a-k) was studied by the radiometric me-
thod [20, 21]. A comparative analysis of the experi-
mental data (Table 1) obtained with the results of



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 3 (51)

ISSN 2308-8303

'"H NMR and mass spectra of amides (1a-k)

Table 2

° 'H NMR spectra, Chemical shifts, 8, ppm (J, Hz)

3 Hexahydroquinoline nucleus . . Mass spectra,

2 | 4-OH | NH |1N-CH, Proton signals of other functional IMT* (I, %)

S 8-CH 5-CH, | 6,7-(CH,) rerr %0

o | (TH,s) | (1H,s) | (2H,s) 2 2 2)2 groups

V] (2H, m) | (2H, m) (4H, m)

la | 15.58 | 12.61 5.40 2.66 241 1.65 7.63-6.96 (9H, m, Ph + H arom.) 392 (14)

1b | 15.63 | 12.65 5.38 2.67 242 1.64 7.69-7.11 (9H, m, Ph + H arom.) 392(17)

1c | 15.57 | 12.54 5.41 2.66 2.40 1.67 7.82-7.10 (9H, m, Ph + H arom.) 408/410 (12/3)

1d | 1522 | 1298 | 539 | 271 | 241 169  [8.33-7.32 (8H, m, Ph + H arom.) 442(/9‘}‘6‘;‘1/ )446

le | 15.34 | 12.79 5.40 2.68 240 1.68 7.52-7.12 (9H, m, Ph + H arom.) 452/454 (13/12)
8.80(1H,s,2-H Py); 8.35(1H, d, /=44,

1f | 15.41 12.77 5.39 2.69 2.40 1.70 6-H Py); 8.10 (1H, d, J = 8.0, 4-H Py); 375 (18)
7.43-7.12 (6H, m, 5-H Py + Ph)

1g | 1452 | 13.63 5.38 2.70 2.41 1.69 7.41-7.05 (7H, m, Ph + 4,5-H Th) 381 (15)
7.33-7,12 (5H, m, Ph); 6.88 (1H, s, 5-H

1h | 14.46 | 13.68 5.40 2.70 2.40 1.64 Th); 2.00 (3H, s, y-H Ad); 1.84 (6H, s, 515 (4)
5-H Ad); 1.76 (8H, s, B-H Ad)

Ti 1417 | 13.92 542 2.66 2.39 1.65 7.91-7.10 (9H, m, Ph + H arom.) 431 (10)

1j | 1400 | 13.89 | 541 2.67 2.40 166 | S20U0H s, 7HE 770711 ZH M, 569,501 (11/12)
Ph + Harom.)

1k | 1411 | 13.94 5.40 2.66 2.41 1.67 7.40-7.12 (5H, m, Ph); 2.72 (3H, s, Me) 396 (19)

1-N-furfuryl-substituted derivatives with the simi-
lar structure shown in similar conditions was per-
formed [15]. It has been found that in the vast ma-
jority of cases the replacement of the furan ring with
the benzene ring is accompanied by a significant in-
crease in antimycobacterial properties and, therefore,
is a good variant of a chemical modification.

The most active compounds of this series - pyri-
dine-3-ylamide 1f, 1,3-thiazole-2-ylamide 1g and 5-me-
thyl-1,3,4-thiadiazole-2-ylamide 3k - in the concen-
tration of 6.25 pg/mL can inhibit the growth of Myco-
bacterium tuberculosis H37Rv ATCC 27294 by more
than 90%, and thus, they are transferred to the next
stage of the microbiological testing as promising an-
timycobacterial agents.

Experimental Part

The 'H NMR spectra were recorded on a Varian
Mercury-400 spectrometer (400 MHz) in DMSO-d,
solution, the internal standard was TMS. Mass spec-
tra were recorded of a Varian 1200L instrument in
full scan mode in the range of 35-700 m/z, with EI
ionization (70 eV) and direct sample introduction.
Elemental analysis was carried out on a EuroVector
EA-3000 microanalyzer. Melting points were deter-
mined in capillaries on a SMP10 Stuart digital melt-
ing point analyzer. The commercial 2-oxocyclohexa-
necarboxylic acid ethyl ester, benzylamine and ethoxy-
malonyl chloride of Fluka company were used in the
synthesis.

Ethyl 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-he-
xahydroquinoline-3-carboxylate (2). Stir vigorously
the mixture of 17.02 g (0.1 Mol) 2-oxocyclohexane-
carboxylic acid ethyl ester (3) and 12.00 mL (0.11 Mol)
of benzylamine at room temperature for 1 h. Heat the
reaction mixture to 50°C, and continue to stir for 5 h,
then remove the excess of benzylamine in vacuum.
Dissolve the residue 200 mL of CH,CL,. Distill off about
50 ml of the solvent, while removing azeotropically
the water formed during the reaction of cyclohexa-
none 3 with benzylamine. To the solution of the en-
amine 4 obtained in CH,C, add at first 14 mL (0.1 Mol)
of triethylamine and then while stirring and cooling
15.05 g (0.1 Mol) of ethoxymalonyl chloride. In 5-6 h
add 300 mL of cold water to the reaction mixture and
mix thoroughly. Separate the organic layer, dry over
anhydrous CaCl,. At the end distill the solvent under
reduced pressure. To the residue (amido ester 5) add
the solution of sodium ethoxide [4.6 g (0.2 Mol) of
sodium metal and 150 mL of absolute ethanol], heat
to boiling and allow to stand for 3 h at room tem-
perature. Add 500 mL of cold water, acidify with HCI
to pH4. Filter the precipitate of ester 2 formed, wash
with cold water and dry. Yield - 26.5 g (81%). M.p.
- 87-89°C (EtOH). 'H NMR spectrum, §, ppm, (J, Hz):
13.32 (1H, s, OH); 7.33 (2H, t,/ = 7.8, 3,5-H Ph); 7.24
(1H,t,J=7.6,4-H Ph); 7.10 (2H, d,/ = 8.1, 2,6-H Ph);
5.26 (2H, s, N-CH,); 4.32 (2H, q,/ = 7.0, OCH,CH,);
2.62 (2H, m, 8-CH,); 2.43 (2H, m, 5-CH,); 1.62 (4H,
m, 6,7-CH,); 1.30 (3H, t, /= 7.0, OCH,CH,). Found, %:
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8 11

m/z 255 (16%)

Scheme 2

C 69.80; H 6.53; N 4.21. C,,H,,NO,. Calculated, %: C
69.71; H 6.47; N 4.28.

1-Benzyl-4-hydroxy-2-o0xo0-1,2,5,6,7,8-hexahyd-
roquinoline-3-carboxamides (1a-k). The general
procedure. Stir the mixture of 3.27 g (0.01 Mol) of
ethyl ester 2, the corresponding aniline or hetaryl-
amine (0.01 Mol) and 2 ml of DMF and allow to
stand on a metal bath at 130°C for 5 min. Cool the
reaction mixture, add 10 ml of ethanol and triturate
thoroughly. Filter the amide 1a-k precipitated, wash
with alcohol, dry, and recrystallize from the mixture
DMF and EtOH.
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Conclusions

1. The preparative method for obtaining the sub-
stances has been proposed, and the synthesis of a new
series of 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexa-
hydroquinoline-3-carboxamides has been carried out.
Their structure has been confirmed by elemental ana-
lysis, 'H NMR spectra and mass spectra.

2. According to the data of the microbiological te-
sting some substances exhibiting a high anti-tuber-
culosis activity in low concentrations have been iden-
tified and recommended for in vivo studies in the
range of the compounds studied.
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