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4-Hydroxy-/4-oxo tautomerism in the series of 3-substituted 2-methyl-quinolin-4(1H)-ones has been studied
by *C NMR-spectroscopy and quantum-chemical methods in various approximations (restricted Hartree-Fock
method, DFT and MP2) for the isolated molecules and for solutions using empirical correction of effects for sol-
vents (PCM COSMO procedure). Substituents that are different in their nature have no significant influence on
the value of the chemical shift of carbon in position C4 of the quinolone cycle. The only exception is the carbon
shielding associated with the bromine atom in the molecule of 3-bromo-2-methyl-1,4-dihydroquinoline-4-one.
Significant deshielding detected in all cases in *C NMR-spectra of the carbon nuclei in position 4 of the ring is
in favour of the existence of all derivatives studied as 4-oxo forms in DMSO-d, solution. The experimental and
calculated values for the chemical shift of carbon in position C4 of 4-oxo and 4-hydroxy isomers differ consider-
ably and can be used as a criterion for assigning quinolin-4 (1H)-ones to a particular tautomeric form.

EKCIMEPUMEHTAJIbHI TA TEOPETUYHI JOCIII)KEHHS TAYTOMEPII CEPEL 3-3AMILLEHNX 2-METAJIXIHOJTIH-
4(1H)-OHIB

B.0.3y6koe, O.b.PoxeHko, H.I.Pywak, I.C.IpuyeHko

Knroyoei crnoea: xiHoniH-4(1H)-oHu; maymomepis; *C SIMP criekmpockonis; KeaHmMo8o-XiMidHi po3paxyHKU

3a doromozoro SIMP *C criekmpockonii | KeaHMOo8o-XiMiYHUMU MemodaMu 8 Pi3HUX HabuUXeHHsIX (0bmexeHul
memo0 Xapmpi-®oka, DFT i MP2) 0ns i30rb08aHuX MOMEKYs i PO3HUHIE 3 BUKOPUCMAaHHAM eMipuYHOI KopeKyir
echbekmie po3quHHuUKig (npouedypa PCM COSMO) docnidxeHa 4-2i0pokcu oKkco-maymomepisi 8 psdy rnoxioHux
3-3amiweHux 2-memurnxiHoniH-4(1H)-oHie. Pi3Hi 3a ceoiM xapakmepom 3aMiCHUKU HE YUHSIMb iCMOMmHOoe20 eriu-
8y Ha 3Ha4YeHHs XiMIYHO20 3cysy 8yaneyto 8 nonoxeHHi C4 XiHOMOHOB020 UuKy. BUHAMOK cmaHosums nuwe
eKpaHyB8aHHs 8yarieyto, Mnos’s3aHo2o 3 amomMom 6pomy 8 monekysi 3-6pomo-2-memuri-1,4-0u2i0poxiHoriH-4-0Hy.
3HayHe de3ekpaHysaHHs1 susieieHe y 8cix sunadkax y criekmpax SIMP °C 0nsi ssi0ep 8yaneuto 8 4-My rosioKeHHi
Kinbysi 8Ka3ye Ha KOpuCmb iCHy8aHHs 8Cix 00CniOXeHUX NoxiOHUX y po34uHi 8 DMSO-d, y suansdi 4-okco-gpopm.
EkcrnepumeHmarnbsHi ma po3paxyHKosi 3Ha4eHHS XiMiYHO20 3cy8y Orisi 8yaneyto 8 rnosoxeHHi C4 0nsi 4-okco- i
4-2i0poKcu-izomepie NoMimHO 8i0pi3HIIOMbCS | MOXYymb Bymu euKkopucmaHi 8 Skocmi Kpumepito 05is1 8iOHECEH-
Hs1 XiHoniH-4 (1H)-oHie do mieil yu iHwoi maymomepHOi ghopmu.

SKCNMEPUMEHTAJIbHbIE U TEOPETUYECKUE UCCJIEQOBAHUSI TAYTOMEPUU CPEAQN 3-3AMELLEH-
HbIX 2-METWUJIXUMHOJINH-4(1H)-OHOB

B.A.3y6kose, A.b.PoxeHko, H.U.Pywak, U.C.IpuyeHko

Knroueenlie croea: xuHonuH-4(1H)-oHb1; maymomepusi; SIMP °C criekmpocKornusi; KBaHmMOo80-XUMUYECKUE pacyems|
C nomouwbro SIMP °C criekmpocKonuu U K8aHMOBO-XUMUYECKUMU MemodamMu 8 pasiudHbIX npubnuxeHusix (oepa-
Hu4yeHHbIlU Mmemod Xapmpu-®oka, DFT u MP2) dnsi usonupogaHHbIX MOMEKY/ U pacmeopos C UCrob308aHUEM
aMrupuyvyeckol Koppekuuu aghghekmoes pacmeopumernel (npouyedypa PCM COSMQO) uccrnedosaHa 4-eudpokcu
4-okco-maymomepusi 8 psily rPoU3800OHbIX 3-3aMeLeHHbIX 2-MemurnxuHonuH-4(1H)-oHos. Pasnuy4Hbie no ceo-
eMy xapakmepy 3aMecmumeru He 0Ka3bl8arm CyueCm8eHHO20 8/IUSIHUS Ha 3Ha4YeHuUe XUMUYEeCcKoao cosuaa
yenepoda 8 ronoxeHuu C4 XUHOTOHOB020 UUKa. VICKoYeHUe cocmaesrsiem nulib 3KpaHuposaHue yenepooa,
ces13aHHO20 ¢ amoMoMm 6poma 8 mornekyne 3-6pomo-2-memuri-1,4-0ucudpoxuHonuH-4-oHa. S3HadumesnbHoe
0e3akpaHuposaHue, obHapyxeHHOe 80 8cex crydasx 8 cnekmpax SMP °C dns a0ep yenepoda 8 4-oM ronoxe-
HUU Kofbya, 2080pUM 8 10/1b3y CyUecmeos8aHUsi 8Cex UCC1edo8aHHbIX NMPOuU38o0HbIX 8 pacmeope 8 DMSO-d,
8 gude 4-okco-chopmM. kcriepuMeHmarbHble U pacdemHble 3Ha4yeHUs1 XuMu4yeckoeo coguza 0n1s yanepoda 8
rnonoxeHuu C4 dnsi 4-okco- u 4-2udpOoKcU-U30MePO8 3aMemHO omiu4Yaromes U Mo2ym 6bimb UCONb308aHb!
8 Kkayecmee Kpumepus 07151 OMHeCeHUs XUHonuH-4(1H)-oHoe k mod unu uHot maymomepHoU ¢hopmMe.

Quinoline-4-ones are a well known class of he-
terocyclic compounds, which have been intensively
studied for several decades. First of all, the interest
of researchers to various derivatives of quinoline-
4-ones is based by diverse biological activity of these
compounds, its study led to creation of new groups
of highly effective drugs [1-4]. The structural fea-

tures of quinoline-4-ones related to the possibility
of the existence of prototropic tautomerism in the
heterocycle are also interesting. Currently, in most
publications, quinolin-4-ones are represented in the
4-oxo-form of tautomers 1.

There are a number of works, in which tauto-
merism was purposively studied for the particular
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Fig. 1. Tautomeric forms of quinolin-4-ones.

series of quinoline-4-ones by NMR spectroscopy and
X-ray analysis [5-7]. According to the data given in
them the signal of C-4 carbon in the 4-oxo form 1 in
the 33C NMR-spectrum should have a chemical shift
of more than 170 ppm. However, at the same time in
literature some authors refer the C-4 carbon signal
to 4-hydroxy or 4-oxo tautomeric form of quinolo-
nes, which may be illustrated by the structures of
compounds 3 [8] and 4 [9] (Fig. 1).

The attempt to identify uniquely criterion for deter-
mining tautomeric forms of quinolin-4-ones in solu-
tions was made using the method of NMR *3C spec-
troscopy in combination with the quantum chemical
calculations for a series of 3-substituted-2-methyl-
quinoline-4(1H)-ones presented in Fig. 2. The 3C
NMR-spectra of 4(1H)-quinolin-4-one 5a was taken
from the Spectral Database for Organic Compounds
(SDBS); the spectrum of 2-methyl-1H-quinolin-4-one
5b was from the Sigma-Aldrich database.

O O
COOMe o o H COOMe MeONa
—_— _—
@ + M @ /o |
NH, ” H
7 8 5k

Quinolin-4-ones 5c-g, k-m were synthesized by
the methods previously proposed [10, 11]. 3-Acetyl-
2-methyl-1H-qginolin-4-one 5k was prepared by the
reaction of methyl anthranilate 6 with acetylacetone 7
followed by the intramolecular cyclization of enami-
ne 8 (Scheme 1).

A special attention in the experiment was paid
to quinoline-4-ones having carbonyl-containing groups
in position 3. Such compounds can form an intramo-
lecular hydrogen bond (IMHB), which presence can
play a key role in the molecular stabilization in the
form of 4-oxo or 4-hydroxy isomer.

In our study there were three types of quinolone-
4-ones with the carbonyl group in position C-3: acid
5m, aldehyde 5g and acetylquinoline 5k. According
to the calculations carried out by the method of mole-
cular mechanics with automatic optimization geo-
metry in the case of acid 5m both isomers are equal-
ly likely to form an intramolecular hydrogen bond
with approximately the same length of 1.6 A (Fig. 3).

Formation of IMHB for 2-methyl-4-oxo-1,4-dihyd-
roquinoline-3-carbaldehyde 5gis more likely in the case
of 4-hydroxy isomer 5’g than in the quinolone struc-
ture since its calculated length is less by 0.7 A. And in
the case of 3-acetyl-2-methyl-1H-4-quinolin-4-one
5k IMHB is only possible for the 4-hydroxy form of
5’K, and it is almost impossible in 4-oxo form of 5k.
Therefore, we expected to see any changes in the
values of the chemical shifts in the 3C NMR-spectra
at least in one case in this series of quinolones.

Undoubtedly, for clear interpretation of the ex-
perimental data of NMR spectroscopy it is necessary
to carry out a comparative analysis of the C-4 chemi-
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5a R=H; 5¢ Ri=CHjs;
5b R=CH; 5d R4=CH,-CH=CH,
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5eg

5e Ry=H;
5f R2=8'CH3
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Fig. 2. The structures of quinolin-4-ones involved in studies of tautomerism using '*C NMR-spectroscopy.
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Fig. 3. The lengths of the hydrogen bonds in the tautomeric forms of compounds 5m, 5g, 5k calculated by the algorithm of the gradient
descent in a MMFF94 force field.
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Scheme 2

cal shift values of the compounds studied with the
values of the well-known structures of 4-hydroxy
and 4-oxoquinolines. As model compounds 2,8-di-
methyl-4-(2-oxo-2-piperidin-1-yl-ethoxy)quinoline
5n (Scheme 1) and 2-(2,6-dimethyl-4-oxo-quinoline-
1-yl)acetic acid 50 were obtained (Scheme 2).

The synthesis of 4-alkoxyquinoline 5n was car-
ried out by alkylation of 2,8-dimethyl-quinolin-
4(1H)-one 9 with 2-chloro-1-(piperidin-1-yl)ethan-
1-one 10 in DMSO in the presence of K,CO, accord-
ing to the known method [12]. To obtain ethyl ester
of 2-(2,6-dimethyl-4-oxo-quinoline-1-yl) acetic acid
50 the condensation between ethyl 3-ethoxycro-
tonate 12 and ethyl N-(p-methylphenyl)glycine 13
with the subsequent high temperature cyclization of
the intermediate was performed (Scheme 3).

For analytical criterion that would allow us to
claim the existence of the compounds under research in
4-hydroxy or 4-oxo- tautomeric forms the chemical

(0] (@] HC(OEt)3 OEt O
M AN
OEt H* OEt
11 12

Scheme 3

shift of the carbon atom in position C-4 was selected.
In the 3C NMR-spectra of the model compounds this
signal is significantly different, it appears for 2,8-di-
methyl-4-(2-oxo0-2-piperidin-1-yl-ethoxy)quinoline
5n at 160.65 ppm, and for ethyl 2-(2,6-dimethyl-
4-oxo-quinoline-1-yl) acetic acid 50 at 177.87 ppm,
respectively.

According to the results of NMR-spectroscopy
the spectra of all compounds studied contain the
carbon nucleus signal C-4 at 175-177 ppm (Tab. 1).
The spectrum of 3-bromo derivative 5i, in which this
signal is at 170.96 ppm, is out of the general picture.
Such chemical shift to the strong field is obviously
associated with the specific effect of the bromine
atom in position 3. Another set of signals of the 4-hyd-
roxy form was not observed in any spectra. This fact
indicates the complete absence or rather small num-
ber of tautomeric 4-hydroxyquinolines that is not
registered. When heating the solutions of the com-

O
+
NH N
Oﬁ) 13 OY 50
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Table 1

Chemical shifts of *C NMR (ppm) for the quinolone ring atoms of compounds 5a-m in DMSO-d,

Compound Q a3 c4 c4' (@) cé c7 c8 cs’

5a 139.43 108.66 177.04 125.71 123.08 124.91 131.60 118.22 139.99
5b 149.46 108.26 176.57 124.40 124.66 122.51 131.24 117.61 140.02
5c 145.59 114.13 175.90 123.15 125.07 122.00 130.57 117.32 139.19
5d 146.42 116.03 175.04 123.25 124.92 12211 130.70 117.23 139.03
5e 149.17 115.52 175.71 123.96 125.34 122.33 130.80 117.47 139.36
5f 150.11 115.61 175.75 123.97 125.80 122.29 131.93 123.26 138.14
59 149.76 110.50 175.46 124.72 105.28 155.75 121.65 119.88 134.41
5h 149.02 115.77 175.42 123.69 125.02 122.43 130.98 117.31 139.08
5i 148.61 105.88 170.96 122.69 123.61 125.22 131.83 117.80 138.54
5g 156.15 114.05 177.59 126.17 124.93 124.89 132.98 118.52 139.02
5k 151.54 117.92 175.25 123.94 125.39 125.08 132.27 120.10 138.71
51 147.21 114.08 175.70 122.64 124.76 123.20 131.25 117.51 139.15
5m 145.62 117.29 175.47 122.41 124.88 123.29 131.03 117.45 139.10

O OH the basis of analysis of the total energies of struc-

Y Y tures 5 and 5’. For additional confirmation of the

‘ _— ~ correctness of our conclusions the chemical shifts of

_ 13C NMR were calculated by the GIAO method [14]

H X N X and using different approximations. The calculation

5a-c,g,i 5'a-c,g,i results of shielding constants of 3C nuclei in diffe-

Scheme 4 rent approximations (Tab. 3) are consistent with the

pounds studied up to approximately 100°C the na-
ture of spectra does not change, and it indicates sta-
bility of 4-oxo tautomers.

To interpret experimental results, including the
shift of the carbon C-4 signal for 3-bromo-2-me-
thyl-1H-quinoline-4-one 5i we performed ab initio
quantum chemical calculations for compounds 5a-c,
g, 1in various approximations (Scheme 4).

Calculations conducted show that the relative ener-
gy is highly dependent on the method used. In the
approximation of DFT (RI-BP86) for isolated mole-
cules the relative stability of oxo-form 5 in all cases
(except one) is significantly higher than that obtained
for hydroxy tautomers 5’ (Tab. 2). The only excep-
tion is compound 5’g, which is much more stable
than isomer 5g within the approximation used in
the gas phase. Considering the effects of DMSO sol-
vent and using the COSMO empirical procedure [13]
the oxo-form is more preferred in all cases (however,
A E value is the least in the case of 5g). When using
a more rigorous approximation MP2 for an isolated
molecule structures 5’b, 5’i and 5’g are characteri-
sed by a lower energy than the corresponding iso-
meric forms 5. Moreover, in this case consideration
of the solvent effects makes isomers 5 more favour-
able. Thus, the assumption concerning 4-oxo isomers
in DMSO solution based on the data for *C NMR-
spectra is confirmed by the conclusions drawn on

56

conclusions that the compounds studied exist in so-
lution predominantly in the oxo form.

Consideration of the solvent effects is very im-
portant in order to achieve the quantitative agree-
ment between the calculated values 6C with the
experimental values. In the series of 3-substituted-
2-methyl-quinolin-4 (1H)-ones considered the satis-
factory agreement with the experiment is achieved
already in the DFT approximation (B3LYP) when
using the COSMO procedure. At the same time, the
effect of transition to a more strict MP2 approxima-
tion is less significant. The experimental values of
13C NMR chemical shifts are in good agreement with
the calculated values 36C for oxo-forms 5. The only
exception is the carbon shielding associated with a
bromine atom. However, this is consistent with the
literature data, in which the similar effect for bromo
heterocycles is observed.

Summarizing the results of *C NMR-spectrosco-
py and quantum chemical calculations it should be
noted that the chemical shift value for carbon C4
calculated for the compounds in the form of 5 or 5’
differ significantly, and therefore, can be used as a
criterion for assigning quinolin-4(1H) ones to 4-oxo
or 4-hydroxy-forms.

Experimental Part

Melting points were determined by the open ca-
pillary method, and they were not corrected. 'H NMR
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spectra were recorded on Varian VXR-300 (300 MHz),
and Bruker Avance-400 (400 MHz) devices in DMSO-d,
solution, the internal standard was TMS. *C NMR-
spectra were recorded on a Bruker Avance-400
(100 MHz) device in DMSO-D, solution, the internal
standard was TMS. The methods of synthesis and
characteristics of compounds 5c-g, k-n were given
in the studies [10-12].

3 Acetyl-2-methyl-1H-quinolin-4-one 5Kk. Boil
0.02 Mol of methylanthranilate, 0.02 Mol of acetyl-
acetone and 0.1 g of n-toluenesulfonic acid in 100 ml
of benzene in a Din-Stark apparatus for 6 h to com-
plete separation of water. Distill benzene under va-
cuum, then to the residue add sodium methylate so-
lution prepared from 0.02 mol of metallic sodium
and 200 ml of absolute methanol. Boil the reaction
mixture for 30 min. Cool the flask contents and di-
lute with 200 ml of water. Filter the precipitate ob-
tained and crystallize from ethanol. Yield - 65%.

'H NMR (400 MHz, DMSO-d,) 6§ 11.90 (s, 1H),
8.10(dd,/=8.1,1.5Hz 1H), 7.66 (ddt,/=8.4,6.9,1.1
Hz, 1H), 7.52 (dd, J = 8.3, 0.9 Hz, 1H), 7.34 (ddt, J =
8.0, 6.9, 0.9 Hz, 1H), 2.49 (s, 2H), 2.42 (s, 2H).

2-(2,6-Dimethyl-4-oxoquinolin-1-yl)acetic
acid 50. Add 12.7 ml (0.1 Mol) of ethyl acetoacetate
to 18.3 ml (0.11 Mol) of triethyl orthoformate with
0.1 ml of the concentrated sulphuric acid, stir the
reaction mixture and allow to stand overnight. Dilute
the reaction mixture with 100 ml of water and neu-
tralize with K,CO, solution. Extract the ether layer
separated with chloroform, dry over anhydrous CaCl,,
filter, and distill chloroform. To the resulting ethyl-
trans-3-ethoxycrotonate add 19.33 g (0.1 Mol) of N-
(p-methylphenyl)glycine ethyl ester and 100 ml of
o-xylene. Heat the mixture to boiling with parallel
distillation of ethanol released during the reaction.

References

Remove o-xylene under vacuum. To the residue add
100 g of polyphosphoric acid, and heat the mixture
at the temperature of 140°C with vigorous stirring
for 2 h. After cooling dilute the reaction mixture with
water and neutralize to pH = 7. Filter the precipi-
tate formed, dry and crystallize from ethanol. M. p.
-130-132°C. Yield - 31%.

'H NMR (300 MHz, DMSO-d,) 6 7.95 (s, 1H), 7.51
(dd,J=8.8,2.0 Hz, 1H), 7.46 (d, ] = 8.8 Hz, 1H), 6.06
(s, 1H), 5.16 (s, 2H), 4.19 (q, ] = 7.0 Hz, 2H), 2.40 (s,
3H), 2.38 (s, 3H), 1.22 (t,/ = 7.1 Hz, 3H).

Conclusions

To assess the possibility of tautomeric transfor-
mations among 3-substituted-2-methylquinoline-
4(1H)-ones some compounds with substituents that
are different in their nature in position 3 of the qui-
nolone cycle and model compounds - 2,8-dimethyl-
4-(2-oxo-2-piperidin-1-yl-ethoxy)-quinoline and 2-
(2,6-dimethyl-4-oxo-quinoline-1-yl)acetic acid have
been synthesized. By using 3C NMR-spectroscopy
4-hydroxy-/4-oxo-tautomerism has been studied in
the series of derivatives of 3-substituted-2-methyl-
quinoline-4(1H)-ones.

Significant deshielding observed in all cases in
13C NMR-spectra of the carbon nuclei in position 4
of the ring indicates the existence of all derivatives
studied as 4-oxo forms in DMSO-d, solution.

The data of quantum-chemical calculations in vari-
ous approximations (restricted Hartree-Fock method,
DFT and MP2) are in good agreement with the expe-
rimental results of *C NMR. The chemical shift values
for C4 carbon in the 4-oxo form (175-177 ppm) and
4-hydroxy form (160 ppm) significantly differ, and
therefore, they can be used as a criterion for assigning
quinolin-4 (1H)-ones to a particular tautomeric form.
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