3. W. Mathes, W. Sauermilch, and T. Klein, Chem. Ber., 84, 452 (1951).

4. E. Frainnet, R. Bourhis, F. Simouin, and F. Moulines, J. Organomet. Chem., 105, 17
(1976).

5. L. Ya. Leitis, G. V. Glemite, M. V., Shimanskaya, A. A. Avot, and I. I, Ioffe, Izv. Akad.
Nauk Latv. SSR, Ser, Khim., No. 5, 559 (1969).

6. E. Ya. Lukevits, Yu. P. Romadan, S. A, Giller, and M. G. Voronkov, Dokl. Akad. Nauk SSSR,
145, 806 (1962),

STRUCTURAL ANALYSIS OF 2,3,6-TRISUBSTITUTED 1,4-DIHYDRO-4-
OXOQUINOLINES BY MEANS OF *°C AND *°N NMR SPECTROSCOPY

L. I. Kononov, G. A. Veinberg, UDC 547.831.9:543.422.25
E. E. Liepin'sh, and E. Lukevits

2,6-Substituted 1,4-dihydro-4-oxoquinoline-3-carboxylic acid ethyl esters were
synthesized, and the effect of substituents on the migration of a hydrogen atom
from the nitrogen atom to the oxygen atom was studied by '°C and *°NNMR spectros-
copy. The presence of a 4-nitrophenylvinyl or 5-nitro-2-furylvinyl system in
the 2 position of the compounds stabilizes their 4-oxoquinoline form.

Electron-acceptor substituents in the 2 position of 4-pyridones and 4-quinolones, by
increasing the positive charge on the nitrogen atom, promote the migration of a hydrogen
atom to the oxygen atom, and the corresponding 4-hydroxypyridines or 4-hydroxyquinolines are
formed as a result [1]. A similar effect was expected from the introduction into the 2
position of 6-substituted 1,4-dihydro-4-oxoquinoline-3-carboxylic acid ethyl esters III of
4-nitrophenylvinyl and 5-nitro-2-furylvinyl systems, which have a pronounced negative con-
jugation effect.

However, the quinolone structure of IIlc, which was proved by PMR and IR spectroscopy
[11.9 ppm (1H, s, NH) and 1630 cm~' (vc=0)], indicates the opposite (as compared with the
expected) effect of the conjugated system containing a nitro group [2].

In order to make a detailed study of this phenomenon we synthesized IIIa-f by condensa-
tion of 2~methyl-1,4-dihydro-4-oxoquinoline-3-carboxyvlic acid ethyl esters Ib-d with 4-
nitrobenzaldehyde and 5-nitro-2-furfural in acetic anhvdride with subsequent hydrolysis of
the acetyl group of the intermediate 4-acetoxy derivatives Ila-f of quinolines in an acidic
medium.

0 ococH, 0

1 ~, N 1 {'
® _coac, i, R~ % COOC.H R _ L cooc,H
X N eny SN epzene S N “cu=ch-r
} i
1a-d na-f ma-f
I a Rl=H: b RI=0CHs: ¢ Ri=Cl. d R'=Br: II. Il @ R=4-NO,C,l{,, Ri=1i; br=

=4-NO,C,ll;. R'=0CH; ¢ R=4.NO.Cidl. R'=Cl: d R=4.NO.CeH. R'=Br; eR=
= 5-nitro-2-furyl, R'=H: f R= 5-nitro-2-furyl, R'=0OCH;

The ranges of the locations of the 3¢ signals of the quinoline ring of Ia, II, and
I1Ta-f and the model compound 2-methyl-l,4-dihydro-4-oxoquinoline (Table 1) correspond to
the literature data for substances with similar structures. The diverse structures of the
investigated compounds made it possible to refine the assigmment of the chemical shifts of
the C(s) and C(e) atoms, which differ from the data in [37.

The shift of the resonance signals of the C(2), C(.), and C(¢) atoms to weak or strong
field basically corresponds to the character of the inductive effect of the substituents.
Thus the signal of the C(.) atom in Ia and IlIla-f under the influence of the oxo group is

Institute of Organic Synthesis, Academv of Sciences of the Latvian SSR, Riga 226006.
Translated from Khimiva Geterotsiklicheskikh Soedinernii, No. 10, pp. 1381-1384, October,
1988. Original article submitted May 8, 1987; revision submitted September 15, 1987.

0009-3122/88/2410-1145812.50 @ 1989 Plenum Publishing Corporation 1145



*ETOPD UT UOTINTOS € Wod) papioral sem wnijoads il

o3¢

*[z] ut ®iep 8yl Woij SIFIYS TEITWAYD D

N O
gog [6rsn {ran Red| wuy 5ot fzua wegt|oogi{roatloror] eesvileenil  — ool N ™ HOTIDO0DY Jin
. . o . . - N U ) . . > PHOAIDOOD) 3l
SR FTHE (Y $EG w00 [reatletai sigifrcel| el logn] eezr)gan [ - H w1100
_ g
ol PAA RN IRk el K09 16'G91 981 FCLELFSEN 2ot gl | 9'GLH 61 1'GH - D o "HOHIDOOD] PHI
~ I8ty fetal 6'09 [0°99] [0z Ivalieael [6'8al |2 1g1] |estfgstrjear) - H100] BN C o [FHDEIID00D] il
GGy |92k [erat £°09 14'991 [&9a1 vezt(Goatieast (Lol eesifepil (6t (916) v on (g wem Bt noan) i
B A3 R09 J09Y1 J6al OSSHIZEET IOV foRIT] GEL1EGIT|LPH] 6'S%T— 1 N "HDPHD00D| ¥ HI
— | - - - = ]-- = =] = | - lezesi] - | — leiotes- i ,...z..e\/r ,\...v,.:__,,._ S I H0000 LN
w,
e 0'Ri 309 1£'991 [L'val U'GSHIOTES'CTl {6 L1i | g'eLl|g'vin|6'skt] 1612~ H :_u_ ::m:wocw v
1 4
o D I -1 — |- - f{—-t1t—1- - — = | @9rg— f1 i) 1 -
5.0 AN.U :.;U
((EAPN IICRVNY IETEON @iy g (TAIN IRCIVN INTI ENTIPA IRTIPNS VTS TEVISO punod
dun suouinb iy uf sWIMNSYNS -wiod
(0SWa~°P) wdd ‘9 “saaTieatasg aurTournboxo-H-01pAYTd-#°f 103 eBaIdadS§ YWN N., PUB D__ 943 uTr S3IITYS Tedtwsyd T II4VL

1146



TABLE 2. Effect of the Substituent Attached to the C(e)
Atom on the Chemical Shifts in the '°C NMR Spectra of 1,4-
Dihydro-4-oxoquinolines

Com- Increments, ppm
pound k!
Co. C... C.y. C.., C. C,-, c l <, | <

Iia |H 00 — — — — — _ - _
111b |OCH; —08] =10 =06 =139 | 323 —122 —191 =341 13
Itc [Ci —0.6 21 =1 2.6 4.9 0.2 =049 —-12¢1 Hi
11id |Br —-05) 03} =13 27 1 =73 2.7 21 =10 13
e {H 00 — — — — — — — | =
11f {0CH, =09 —10] =06} ~140 323 —12.2 1.1 =53 13

TABLE 5. Effect of the Substituent Attached to

the ng) Atom on the Chemical Shifts in the '°C
1

and N NMR Spectra of 1,4-Dihydro-4-oxoquino-

lines
Increments, ppm
Com-
pound r\"lll C(:: Cx;\ Cwl\ C(DJ Cu'n Cu‘: C(S! Cvsu :(10:
Ia 0] — | — | —=—=—1—1- — — | —
IHa —100] —421 05104 0710507} 001} 03]32
lite — | =55 10040710608y 01 03]02

shifted 19-21 ppm to weak field as compared with the chemical shift of the C(.) atom bonded
to the acetoxy group in Ila; this is yet another confirmation of the quinoline structure of
the analyzed compounds.

The increments of the chemical shifts for the quinolines that differ with respect to
the nature of the substituent in the 6 and 2 positions, i.e., 4-quinolones IIIa-f, calculated
on the basis of the data in Table 1 (see Tables 2 and 3) constitute evidence only for the
slight effect of the halogen atoms and the methoxy group on the increase in the electron

density on the C(.) atom and the opposite effect of the 4-nitrophenylvinyl and 5-nitro-2-
furyl vinyl systems.

The shift of the '°N chemical shifts in the spectra of IIla to stronger field when the
methyl group is replaced by a 4-nitrophenylvinyl system (Table 1), which constitutes evidence
for an increase in the electron density on the nitrogen atom and, consequently, strengthening
of the'NH bond, is easily observed.

Thus the inclusion in the 2 position of quinolines IIla-f of systems with a negative
conjugation effect promotes redistribution of the electron density, which stabilizes their
4-oxoquinoline form.

EXPERIMENTAL

The IR spectra of suspensions of the compounds in Nujol were obtained with a Perkin-
Elmer 580B spectrometer. The 'H NMR spectra of solutions in d-DMSO were measured with a
Bruker WH-90 spectrometer (90 MHz) with tetramethylsilane (TMS) as the internal standard,
the '°C NMR spectra of solutions in d¢-DMSO were recorded with a Bruker WH-360 spectrometer
(90.5 MHz) with TMS as the internal standard, and the 1N NMR spectra of solutions in de-
DMSO or CDCl, were obtained with a Bruker WH-360 spectrometer (36.5 MHz) with nitromethane
as the external standard. The elementary analysis of the compounds was carried out with a
model 1106 Carlo Erba apparatus.

Compounds Ia-d, Ila-d, and IIIa were synthesized by the method in [2], IIle, f was
synthesized by the method in [4], and the 2-methyl-1,4-dihydro-4-oxoquinoline was the re-
agent provided by the Aldrich Chemical Co.

2-[2-(4-Nitrophenyl)vinvl]-6-methoxy-1,4-dihydro-4~oxoquinoline-3-carboxylic Acid Ethyl
Ester (111b). A suspension of 1.2 g (2.7/5 mmole) of ethyl 2-[2-(4-nitrophenyl)vinyl]-4-
acetoxv-6-methoxyquinoline-3-carboxylate (IIb) was refluxed for 20 min in 20 ml of concen-
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trated HCl, after which the mixture was cooled, and the precipitate was removed bv filtra-
tion, washed with water until the wash water was neutral, and dissolved in hot DMF. The
solution was filtered, and the filtered solution was added with stirring to a threefold
volume of water, The precipitated crystals were removed by filtration to give 0.85 g (78%)
of IIIb with mp 282°C (dec.). IR spectrum: 3180, 3220 (NH); 1720, 1700 (COOC.Hs); 1630
(quinolone C=0): 1515, 1340 em~' (NO.). 'H NMR spectrum: 1.27 (3H, t, CH,CHs). 3.84 (3H.

s, CHs0), 4.29 (2H, q, CH.CHs). 7.20-8.31 (9H, m, CeHsN, CH=CH, C¢H.), 11.75 ppm (1lH, s, NH).
FOund: C 63.2; H 4.5; N 6.7%. C21H13N205- Calculated: C 64.0; H 4.6; N 7.1%.

Ethyl 2-[2-(4-Nitrophenyl)vinyl]-6-bromo-l,4-dihvdro-4-oxoquinoline-3-carboxvlate (IIId).
This compound was obtained in 837% yield by the method presented for IIIb and had mp 290°C
(dec.). IR spectrum: 3120, 3220 (NH); 1720 (COOC.Hs); 1630 (quinolone C=0); 1515, 1345 cm™!
(NO,). 'H NMR spectrum: 1.27 (3H, t, CH,CHs). 4.31 (2H, g, CH2CHi), 7.36-8.31 (9H, m,
CsHsN, CH=CH, C¢H.), 11.91 ppm (H, s, NH). Found: C 54.5; H 3.5; N 6.4%. CaoH,.BrN20s.
Calculated: C 54.2; H 3.4; N 6.37%.

Ethyl 2-[2-(4-Nitrophenyl)vinyl]-6-chloro-1,4-dihydro-4-oxoquinoline-3~-carboxvlate
(I11c). This compound was obtained in 87% yield by the method presented for IIIb and had
mp 290°C (dec.). IR spectrum: 3180, 3220 (NH); 1720 (COOC.Hs); 1630 (quinolone C=0); 1515,
1345 ecm~' (NOz). 'H MMR spectrum: 1.27 (3H, t, CH,CHs), 4.31 (2H, q, CH:.CHs), 7.38-8.31
(9H, m, C9H3N, CH=CH, Cng), 11.91 Ppm (H, S, NH). Found: C 60.0; H 3.8; N 6.8%. C20H15—
ClN,0s. Calculated: C 60.2; H 3.8; N 7.0%.
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