INVESTIGATION OF HETEROCYCLIC QUINONES
XXV.* TAUTOMERIC AND COVALENT HYDRATION IN THE
QUINAZOLINEQUINONE SERIES

L. I. Kosheleva, Yu. 8. Tsizin, UDC 547.856:541.623
and N. B. Karpova

The tautomeric forms of 2-phenyl-4-hydroxy-8-piperidinogquinazoline-5,6-quinone were
determined quantitatively by means of UV spectroscopy. It is shown that quinazolinequi-
nones are not capable of covalent hydration.

Information regarding the electronic spectra of quinazoline-5,6-quinones and quinazoline-5,8-quinones
is absent in the literature.

H

0O o0 o O 0 W
i i i i |
0Oy L NH N NS 0 XN
== | PN
N NAR NS NéLR N/ C,Hy
N(CHy), N(CH,), !Q(Cﬂﬂs
8 L - b H, v
1 R=CgHy: 1t R=N(CH,); Il R'=H; IV R'=0CH,;

It is well known that 4-quinolones and 4-quinazolones exist in the oxo form [2]. However, some 4~
quinolone-5,6-quinones [3] and 4-quinazolone-~5,6~quinones [4] are found primarily in the hydroxy form
stabilized by an intramolecular hydrogen bond. A comparison of compounds I and II shows that the strength
of the hydrogen bond depends substantially on the substituent attached to C, (compare the effect of substitu-
ents attached to C, on the carbonyl frequency in the spectra of gquinoline-5,6-quinones [5]). Quinone II exists
exclusively in hydroxy from IIb in both the solid state and in solutions owing to transmission of the meso-
meric effect of the piperidine residue attached to C, through the pyrimidine ring; this leads to an increase
in the basicity of the C;=0 oxygen atom and reinforcement of the chelate hydrogen bond. In contrast to II,
the IR spectrum of quinone I in the solid state at 1600-1800 cm™! contains three maxima; this constitutes
evidence in favor of the oxo form [2, 4]. The group of bands at 3000 cm™ cannot be unambiguously assigned
to associated YOH °F YNH bands, but deuteration of I confirms the quinazolone structure of the compound in
the solid state, inasmuch as the band at 1552 cm™!, which is related to 8y undergoes a low-freguency
shift, and ND bands appear at 2176 and 2282 cm™. The IR spectrum of a chloroform solution of I contains
only two carbonyl bands; this can be explained by predominance of the hydroxy form. The addition of etha-
nol leads to destruction of the intramolecular hydrogen bond and to a shift in the equilibrium to favor the
oxo form, the presence of which is attested to by the appearance of a third »c= band at 1712 cm™t,

The UV spectra of Ml and IV have four principal absorption maxima (Table 1). Judging from the in-
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TABLE 1. Absorption Maxima in the Spectra of Quinazoline-5,6-

quinones
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* The concentration was increased by a factor of 10 in the meas-
urement of the spectra.

tensity and position in various solvents, bands 1-3 are due to 7 — 7 * transitions [2, 6]. The introduction
of an electron-donor substituent at C, is accompanied by the appearance of an additional absorption band
(band 4) [6].

The presence of carbonyl groups in quinazoline-5,6~quinones makes it possible to observe satisfac-
torily distinguishable singlet n,, — 7* transitions due to the unshared electron pair of the oxygen atom
(band 5).

The electronic spectrum of II differs from the spectra of III and IV. A strong intramolecular hydro-
gen bond leads to the formation of a quasi-aromatic ring, as a result of which a strong bathochromic shift
of the principal T — 7 * bands is observed. Moreover, band 3 completely masks the other low-intensity
transitions. ‘

The UV absorption spectra of solutions of I in chloroform, dioxane, and cyclohexane— chloroform
(9:1) are similar to the spectrum of model compound IV; this is due to the existence of the quinazoline-
guinone in the hydroxy form. However, only two bands that characterize the allowed 7 — 7 * transition are
present in the spectrum of an ethanol solution of I. Their position and intensity provide evidence for changes
in the system of conjugated bonds through the pyrimidine ring and confirm the previously drawn conclusion
regarding the existence of I in the oxo form. An isopiestic point at 296 nm is observed for the specira of I
in chloroform—ethanol mixtures. It was shown by a known method [7] that, depending on the percentage
of ethanol in chloroform, the amount of hydroxy form Ib present in a 3 - 1075 M solution at 24° is as follows:
0(96),5 (92),10 (81),20 (68),40 (48), 60 (29),and 80 (6) [volume percent of ethanol (percent of the hydroxy form),
average of two parallel measurements]. The results obtained correlate well withrespecttothe IR spectra.

Quinazolines are hydrated at the C,~N; bond in acidic media, and this causes a hypsochromic shift of
the long-wave maximum in the UV spectrum [8]. The introduction of electron-acceptor substituents into
the 5-8 positions leads to an increase in the degree of hydration [9].
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TABLE 2. UV Spectra of 6-Hydroxyquinazolines (V,VI) and Qui-
nazoline-5,8-quinones (VII-X)

Sub-~ Band 1 Band 2 |  Band3
Solvent |

stance aom | dge [ A mm | e | A, nm | 1ge
v | HO 233 | 438 260 362 | 340 3,38
0,05 N HCI = = 217 412 | B2 265
vl | 1o 28 459 290 417 | 348 3,81
0.05 N HCI 236 499 250 218 | 200 493
Vil |0 242 433 | 338 4,42
0.05 ¥ HCI : 24p 435 | an 433
€05 ¥ NaOH 243 €331 338 441
Svin | H0 244 420 | a2 441
0.05 N HCI 246 420 | 298 4,30
| 6,05~ NaOH 244 404 | a12 436
X | HO 954 414 | 298 1499
0.05 A" HCI 254 410 | 298 432
X | HO 268 493 | 310 4,19
5,05 ¥ HCI — - 292 435

A comparison of the UV spectra of 6-hydroxyquinazolines V
and VI and quinazolinequinones VI-X in neutral and acidic media
(Table 2 and Fig. 1) shows that 6-hydroxyquinazoline (V) [10) and
Z-phenyl-6-hydroxyquinazoline (VI), which are unhydrated in neu-~
tral solution, add water during protonation. In contrast to them,
quinazolinequinones VII-IX do not display the changes in the UV
spectra that are characteristic for covalent hydration on passing
from neutral to acid solutions.

The UV spectra of VII and VIII in neutral and alkaline media

- Bl do not differ, and they consequently cannot be hydrated in the form
0 300 390 2. hm of neutral molecules. The hypsochromic shift of the long-wave
Fig. 1. UV spectra of 2-phenyl-6- maximum in acidic media of V, VII, and VIII of 14 nm js apparently
hydroxyquinazoline in water (1) and explained by the tantomeric conversions XI = XII, inasmuch as this
in 0.05 N HCI 2) and of 2-phenyl- equilibrium depends on the pH of the medium. The UV spectrum of
8-hydroxyquinazoline~5,8-quinone IX, which is incapable of tautomeric transformations, does not
in water (3) and in 0,05 N HCI (4). change on passing from neutral to acid solutions,
i i
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The fact that the spectra of VII and VIII in neutral solution do not differ from the spectra of IX and X
also constitutes evidence in favor of the existence of the XI == XII equilibrium. Compound X was used as
the standard, inasmuch as it is known that it is not hydrated at the C,=N, bond.

Thus quinazolinequinones VII-IX are incapable of covalent hydration. This probably depends on steric

and polar effects leading to migration of the electrophilic center of quinazoline-5,6-quinones from C, to’
Cy f1].

The authors thank Dr. Armarego of the Australian National University in Canberra for his valuable
comments during discussion of problems associated with covalent hydration.

EXPERIMENTAL

The investigated substances were previously synthesized in [4]. The IR spectra of mineral-oil sus-
pensjons and solutions in chloroform and in a 10% solution of chloroform in ethanol (sample concentration
0.1 mole/liter, cuvette thickness 0.6 mm) were recorded with a UR-20 spectrometer. Compounds I and II
were deuterated by means of D,0 for 7 days with periodic removal of the heavy water in vacuo and addition
of new portions, The UV spectra were measured with a Specord UV-vis spectrophotometer.
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Measurement of the Percentages of the Hydroxy Form of I. The solution concentration was 3 - 1075 M,
The measurements were made at 311 nm (the absorption maximum of the hydroxy form). On the basis of the
IR spectral data, it was assumed that the extinction of the substance in ethanol corresponds only to the oxo
form and that the extinction in chloroform corresponds only to the hydroxy form; the formula for the calcu-
lation therefore was in the form

(e—eg ) 100

% of the hydroxy form = =g

where £ is the extinction of the substance in chloroform-—ethanol, €, is the extinction of the substance in
ethanol, and €y, is the extinction of the substance in chloroform.

The percentage of the hydroxy form in chloroform was determined from the extinction of model com-
pound IV at the absorption maximum 311 nm). The ratio of the extinction of IV and I in chloroform and in
chloroform—cyclohexane (1:9) was 1.46 at this wavelength. The extinction for 100% of the hydroxy form
was calculated from these data. ’

The covalent hydration of 6-hydroxyquinazolines and quinazoline-5,8-quinones was detected from the
change in the UV spectra of samples in alcohol —water (1: 1) and in alcohol—0.1 N hydrochloric acid (1:1)
because of the inadequate solubilities of the substances in water (3 - 1075 M). Preliminary experiments
showed that the spectra of 6-hydroxyquinazoline in water and in 50% alcohol are practically the same. The
UV spectra of VII and VIII in alcohol—0.1 N sodium hydroxide (1:1) were recorded; under these conditions,
IX and X were saponified.
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