CHEMISTRY OF ISOFLAVONE HETEROCYCLIC ANALOGS.
10,* SYNTHESIS OF PYRIMIDINES BY RECYCLIZATION OF ISOFLAVONES
AND THEIR HETEROCYCLIC ANALOGS
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Isoflavones and their thiazole and pyrazole analogs are recyclized into the corre-
sponding 4-(2-hydroxyphenyl)~-pyrimidine derivatives under the effect of amidines.
Their PMR spectra were studied. The effects related to the formation and strength
of the intramolecular hydrogen bond were examined.

Natural and synthetic derivatives of chromone exhibit varied physiological activity [2]
and are suitable intermediate products for the synthesis of different heterocyclic systems
{3~6]. As a result of the reaction of recyclization of thiazole analogs of isoflavones un-
der the effect of hydrazine hydrate and hydroxylamine, the corresponding derivatives of 3-(2-~
hydroxyphenyl)pyrazole and 3-(2-hydroxyphenyl)isoxazole are obtained [1, 7, 8]. Amidines
have been used as other nucleophilic reagents in the reaction with chromones, which permits
synthesizing 4-(2-hydroxyphenyl)pyrimidine derivatives [9, 10].

The reaction of isoflavones and their heterocyclic analogs with amidines have not been
studied. We investigated the recyclization of isoflavones and their thiazole and pyrazole
analogs with formamidine, acetamidine, and guanidine; this reaction takes place as follows
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The reaction requires prolonged boiling of the corresponding chromone (I—VII) with 2 moles of
amidine and 3 moles of sodium ethylate in absolute ethanol. It is convenient to monitor the
course of the reaction by TLC. In 5~10 min after the reaction of the starting components be-
gins, the reaction mixture is manifested on the chromatogram as two spots, one corresponding
to products IX-XXTIT and the other corresponding to intermediate VIII, which produces a
color reaction with a solution of iron (III) chloride., The reaction mixture is boiled until
the spot for intermediate VIII disappears in the chromatogram.

The prepared derivatives of the pyrimidine series (Table 1) are colorless or light yel-
low high-melting crystalline substances which are very soluble in polar organic solvents.

*For Communication 9, see [1].
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In contrast to the starting compounds, they are also soluble in aqueous alkalis, indicating
the presence of a phenol hydroxyl, and produce a color reaction (yellow coloring) with an al-
cohol solution of titanium{(IV) chloride which can serve as a sign of the presence of an in-
tramolecular hydrogen bond (IMHB) involving the hydrogen atom in the phenol hydroxyl and the
nitrogen atom in the pyrimidine ring in the products of recyclization.

To confirm the structure of the prepared compounds, their PMR spectrum in DMSO-D¢ were
recorded; the results of the measurements are reported in Table 1, A distinctive feature of
compounds IX-XV which contain an amino group is the separate absorption of protons from the
OH and NH; groups due to slow proton exchange. A two-proton slightly broadened singlet of
the amino group in compounds IXa-f, Xa-c, XIb, XIIe, XIIIa, b, d, e, g, XIVd, XVe, and XXIIb
appears in the 6.96-7.67 ppm region and quickly disappears on addition of deuterium oxide,
The signals from the NH:z group in pyrimidines XIIIa, b, d, e, g and XIVd fall into the
weaker field (7.40-7.67 ppm) due to the effect of the CF; substituent. The chemical shift
of the phenol hydroxyl proton is essentially dependent on the nature of the substituents in
the pyrimidine part of the molecules of these compounds. In derivatives XIVb, c, XVIIb,
XVIIib, XIX-b-d, g, XXb, g, and XXIb, which contain no amino group, the proton of the hy-
droxyl group absorbs in the region of 9,50-10.48 ppm. The more basic compounds with an
amino group in position 2 of the pyrimidine ring* (IXb-e, Xa-c, XIb, XIle, XII1Ia, b, d, e, g,
XIvd, XVe) produce a signal from the OH group which is usually shifted to the weaker field
(10.22-12,90 ppm). This confirms the formation of a stable IMHB (compare with [7]) due to
the hydrogen atom of the phenol hydroxyl and the nitrogen atom in position 3 of the pyrimi-
dine ring. This property is more characteristic of compounds with an amino group and is not
only dependent on the nature of the substituents in the immediate vicinity of the groups
forming the hydrogen bond but also those at a greater distance from them. Substitution of
the phenyl substituent in position 5 of the pyrimidine nucleus (compound IXd) by a thiazole
residue (compounds IXb, c¢) thus results in a diamagnetic shift of the signal of the OH group
by 0.5-1 ppm. A similar effect is observed in the series of compounds Xa-c, XITe, and XVe.
Introduction of an alkyl substituent (CpHs, CaH,) in position 5 of the phenol part of the
molecule (compounds Xa-c, XIIe) causes a marked paramagnetic shift of the signal of the OH
group in comparison to compounds with a free position 5 (IXb-e). The effect of the more re-
mote substituents can be followed in pairs of compounds IXd and IXe (introduction of bromine
in the phenyl substituent in position 5), IXb and XIIIb, IXd and XIIId, and IXe and XIIle
(introduction of a CF; group in position 6 of the pyrlmldlne ring).

These effects can be explained by studying stereochemical models of the molecules of
these compounds, which suggests that the aromatic nuclei are noncoplanar and the substituent
in position 5 goes out of the plane of the pyrimidine ring to a greater degree. The phenol
ring occupies a more or less fixed position with respect to the pyrimidine ring due to the
formation of IMHB, In compound IXf, the formation of this bond is impossible for steric rea-
sons, and the signal of the phencl hydroxyl proton thus falls into the same region as for
the other compounds which form a weak IMHB or do not form this bond due to the low basicity
of the pyrimidine ring (compounds XVIb, ¢, XVIIb, XVIIIb, XIXb-d, g, XXb, g, XXIb with no
NHz group in position 2). At the same time, methoxy derivative XIb, which is an isomer of
compound IXf, produces a phenol hydroxyl proton signal at 11.58 ppm, indicating the insignif-
icant weakening of the IMHB by the methoxy group in position 3 (compare with IXb).

The change in the mutual position of the aromatic rings can also be judged by the shift
in the signal of the 6~H proton caused by the introduction of different substituents in the
phenol part of the molecule and in the heterocyclic nuclei. There is no paramagnetic shield-
ing of the 6-H phenol proton by the N(s) atom in the pyrimidine ring closest to it in any of
the compounds studied. The signal of. this proton is observed in the region of 6.39-7.29 ppm,
i.e., it is shifted to the strong field (compare with data in [12])., This is due to the
fact that the introduction of a bulky CHs or CF; group in position 6 of the pyrimidine ring
(XIle, XIIIa, b, d, e, g, XIVd, XVe, XVIIb, XXb, g) forces the aryl (heteroaryl) nucleus
into a position almost at a right angle to the plane of the pyrimidine ring. Due to this,
the 6-H proton in the phenol part of the molecule falls into the region of diamagnetic
shielding by the ring currents of the 7 electrons of the aromatic ring near it (phenyl, thia-
zole, pyrazole), and the signal of this proton is shifted to the strong field. In the case
of thiazole derivatives (XIIIa, b, XVIIb, XXb), the effect of the CFs group on the chemical
shift of the 5~H thiazole proton, whose signal undergoes a 0.3-0.4 ppm paramagnetic shift in
comparison to compounds containing no CFs groups (IXa, b, XVIb, XIXb), is marked.

*The introduction of an amino group in position 2 of the pyrimidine ring results in an in-
crease in the pKa by more than two units [11].
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The reaction of pyrimidines Xb and XIXg with acetic anhydride results in the formation
of monoacetyl derivatives XXIIb and XXIIIg. The position of the COCHs; group in their mole~:
cules was established from the PMR spectra in CDCls: the signal of the phenol hydroxyl pro-
ton is absent, and the signal of the NH, group (6.74 ppm) remains in the same region of the
spectrum as in the initial compounds (7.04 ppm).

The initial 3-aryl- and 3-hetero-7-methoxychromones I-VIIa~g, required for the synthe~
sis of pyrimidines IX~XXIIIa~g, like the known 3-(4-thiazolyl)~7-methoxychromones (Ia~c, IIb,
Va, b) [13, 14], 7-methoxyisoflavones (Id, f) [15], 2-trifluoromethyl-7-methoxyisoflavone
(Vvd) [16], 3-(1-phenyl-4-pyrazolyl)-7-methoxychromones (Ig, Vg) [17, 18], 3~(2-methyl~4~thi-
azolyl)~7,8-dimethoxychromone (IIIb) [19], and the new 7-methoxy- and 6~alkyl-7-methoxyiso~
flavones Ie, IVe, Ve, VId, VIIe, and 3~(4-thiszolyl)-6-ethyl-7-methoxychromones IIa, c, were
prepared by cyclization of ketones XXIVa, ¢, d, e, XXVe~-XXVIIle to 3-aryl~ and 3-heterocaryl-
7-hydroxychromones XXIXd, e, and XXXa, ¢, e with their subsequent methylation. Ketones
XXIVa, c, d, e, XXVe, and XXVIe are in turn formed with good yields as a result of condensa-
tion of the derivatives of resorcin with aryl- and heteroarylacetonitriles (see scheme).

r? &

HO OH 1. BFy o(c Hy), Ho o CH,0 OH
2. H o, Mezso4 3 O
——-—————-»-——-——»-’ ——
] R’ €O-CHzY CO-CRY

N i e
N XX a,¢, d,e Xxve XXvie XXVIIE XXVITIE
Y~CH,~CN \c‘hc' -
CH(OC,H,), | Ac,0
TZ Rr?2 '
HO 0. CF . cH ‘ o_ cH
oL l JOLI
R’ \/ Y R' Y
) 0

mxd e ma c,e wevie
‘de .uo \Ie 50
Vld‘e Iella,c
XXIVa,c XXIv4[20], XXIXq,XXXa, ¢ RI=C.H;, R*=H; XXIVe, XXIXe, XXXe Rr =H;

- XXVe, XXVlle Ri=n-CsCy, R*=H; XXV, XXVIHe Ri=n-Cily;, Ri=

The physical constants, analytic, and spectral data for compounds Ie, Ila, c, IVe, Ve,
Vid, Vile, XXIVa-e, XXVe~XXVIIIe, XXIXd, e, and XXXa, c, e are reported in Tables 2 and 3.
The structure of these ketones and chromones was confirmed by the PMR spectra. The hydrogen
atom in the hydroxyl group in position 2, which participates in the formation of an IMHB of
the chelate type, absorbs in the narrow interval of 12.24-12.64 ppm. The hydrogen atom of
the phenol hydroxyl in position 4 forms an intermolecular hydrogen bond with the solvent and
absorbs at 10.59-10.72 ppm. In contrast to the starting ketones, there is no signal of the
phenol hydroxyl in position 2 but instead a singlet of the 2-CH; methyl group or the 2-H pro-
ton of the pyrone nucleus in the PMR spectra of the chromones. As a result of methylation
of chromones XXIXd, e and XXXa, c, e by dimethyl sulfate, 7-methoxychromone Ie, IIa, ¢, Ve,
and VId are formed, and their PMR spectra contains no signal of the 7-OH phenol hydroxyl pro-
ton; it is instead replaced by the three~proton singlet of the methyl group in the 3.8-4,0
ppm region.

r'e. o _H R'0. o_ _H

?&/{E/y@ . o]

| CHyCH i s CH,CH] Z s

) P, ){”‘ \Sr o @N::J\.R
E z

II, XXX aR=H, ¢ R=C¢Hjs; II2¢ R'=CH;; XXXare R'=H

Based on the PMR spectra of the thiazole analogs of isoflavones Ila, c and XXa, ¢, it
is possible to determine in which of the two possible coplanar conformations (E and Z) these
compounds are found. Conformation E is preferred, since the nitrogen and oxygen atoms of
like charge are farthest from each other, and the thiazole 5-H and chromone ring 2-H hydro-
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gen atoms are subject to a strong free interaction with the carbonyl oxygen atom and the thi-
azole nucleus nitrogen atom as a result. This dinteraction causes a marked paramagnetic
shift in the signals of these protons by an average of 1.1-1.3 ppm.

The PMR spectra of the compounds in this series thus permit confirming the structure of
the isoflavones, their heterocyclic analogs, and the products of their recyclization and de-
termining the degree of perturbation of the coplanarity of the aromatic nuclei, the presence
and strength of the IMHB, and the structure of the preferred conformer.

EXPERIMENTAL

The individuality of the prepared compounds and the course of the reactions were con-
trolled by TLC on Silufol UV-254 plates in a benzene—ethanol system, 9:1. The PMR spectra
were made on a ZKR~60 spectrometer (60 MHz) with TMS as the internal standard.

The constants and yields of the compounds are reported in Tables 1-3.

2-Amino~4=(2-hydroxy—4~methoxyphenyl)~5~(2-methyl-4~thiazolyl)pyrimidine (IXb). Here
1.91 g (0.02 mole) of guanidine hydrochloride was added to a solution of 0.92 g (0.04 mole)
of sodium in 50 ml of absolute alcohol and filtered sodium chloride sediment after 5 min.
Then 2,73 g (0.01 mole) of 3-(2-methyl-4-thiazolyl)-7-methoxychromone was added to the fil-
trate [14] and the reaction mixture was boiled for 20 h. The dry residue after vacuum evap-
oration of the alcohol was dissolved in 100 ml of cold water and acidified with dilute hydro-
chloric acid to pH 6. The precipitated product was filtered off and dried. Yield of 2.65 g
(84%). After crystallization from alcohol, 2 g of a product in the form of large yellow
prisms were obtained.

Compounds IXa, c-e, Xa-c, XIb, XIIe, XIIla, b, d, e, g, XIV, and XVe were prepared in a
similar manner. In the preparation of pyrimidines XVIb, ¢, XVIIb, and XVIIIb, acetamidine
was used instead of guanidine, and formamidine was used in the preparation of compounds XIXb,
c, g, XXb, g, XXIb, XXIIb, and XXIIlg.

2,4=-Dihydroxy-5R~deoxybenzoins (XXIVd, e, XXVe, XXVIe). A fast current of dry hydrogen
chloride was passed through a mixture of 0.l mole of the corresponding phenylacetonitrile
and 4-alkylresorcinol (0.1l mole) in 80 ml of boron trichloride etherate while stirring over
8~10 h, and the mixture was left at room temperature overnight. The reaction mixture was
then placed in 300 ml of hot water and held at 90°C and pH 1 for 0.5-1 h, The sediment was
filtered from the boiling solution and carefully washed with water to a neutral reaction.

a=(4~Thiazolyl)~2,4~dihyroxy-5-ethylacetophenone (XXIVa) and a~(2~phenyl-4-thiazolyl)-
2,4~dihydroxy-5-ethylacetophenone (XX1Vc) were preparedaccording to [19], and 2-hydroxy-4-
methoxy~5-propyl—4'-bromodeoxybenzoin (¥XVIIe) and 2-hydroxy-4-methoxy~5-hexyl-4'-bromodeoxy-~
benzoin (XXVIIle) were prepared according to [17].

7-Hydroxychromones XXXa, c, e. A mixture of 20 moles of the corresponding ketone XXIVa,
¢, e, 20 m1 of ethyl o-formate, 20 ml of pyridine, and 40 drops of piperidine was heated for
4-10 h at 120-130°C., The reaction mixture was diluted with 300 ml cf water, and the precipi-~
tated sediment was filtered off and washed with water. It was crystallized from alcohol.

2-Methyl-6~propyl-7-methoxy~4'-bromoisoflavone (IVe), 2-methyl-6-~hexyl-7-methoxy-4"'-
bromoisoflavone (Vile), 2-trifluoromethyl-6-ethyl-/-hydroxyisoflavone (XX1Xd), and 2-triflu-
oromethyl-7~hydroxy—4'-bromoisoflavone (XX1Xe) were preparedaccording to [18], and /-methoxy~
“4"=bromoisoflavone (Ie), 3~(4-thiazolyl)~-6-ethyl-7-methoxychromone (IIa), 3-(2-phenyl-~4-~thia~
zolyl)=~6-ethyl-7~methoxychromone (IIc), and 2-trifluoromethyl-7-methoxy=-4'-bromoisoflavone
(Ve) and 2-trifluoromethyl-6-ethylisoflavone (VId) were prepared according to [14].
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DUAL REACTIVITY OF 1,2-DISUBSTITUTED DIHYDRO-N-HETEROAROMATIC SYSTEMS.
9.% ALKALINE HYDROLYSIS AND AROMATIZATION OF N-ACTYL PARTIALLY
HYDROGENATED DERIVATIVES OF PYRAZINE AND QUINOXALINE

Kh. Ya. Lopatinskaya, N. A. Klyuev, UDC 547.861.3'863.1.04:543,422
and A. K. Sheinkman

The aromatization with splitting of the N-actyl groups of 2,3-disubstituted N-acyl-
and N,N'-diacyl-1,2-dihydro-, and 1,2,3,4~-tetrahydropyrazines and quinoxalines un-
der the effect of alcohol alkali was studied. A new reaction of recyclization of
1,4-diacyl-1,2,3,4~tetrahydroquinoxaline was discovered.

Aromatization of N-substituted 1,2-dihydrobenzopyridines is essentially dependent on
the nature of the substituent on the ring nitrogen atom: the greater the electron-acceptor
properties it has, the more difficult the reaction is [2}, N-acyl derivatives of dihydro-N-
heteroaromatic compounds are most difficult to aromatize [2], especially the mono- and di-

acyl derivatives of dihydro- and tetrahydro-l,4-diazines [1]. It could be hypothesized that
con T USRI e
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Ind=3-indolyl I—Il & R=CH;, b R=C¢H; ¢ R=CeH—Cln,
d R=C5H4—N02'fl, e R=C5H4—CH3-O; Va R1=CH3; b R1=C2H5
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