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Study of degree of basicity of 2-amino 4-phenylthiazole and 2-amino-4-oxothiazole
by mineral acids protonation

There was studied protonation of aminothiazoles of mineral acids of different strength in order to research the
basicity of nitrogen atoms of free amino group and nitrogen of thiazole ring. The results obtained showed
high ambidentity of 2-amino-4-phenylthiazole and 2-amino-4-oxothiazole associated with a high degree of
delocalization of both the lone pair of electrons of the amino group and the thiazole ring nitrogen atom which
creates opportunities for chemical modification of the aminoheterocycles with the free amino group and the
ring nitrogen atom. Complexing ability of 2-amino-4-oxothiazole with cobalt (II) chloride caused by high de-
gree of basicity of cyclic nitrogen atom was also studied.

Key words: aminoheterocycles, aminothiazoles, mineral acids, protonation, ambidentity, basicity,
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It is known that interest to heterocyclic.compounds is associated with a wide variety of biologically ac-
tive properties characteristic for representatives of this class. In particular it does not cease the interest to
azaheterocyclic compounds, including derivatives of thiazole, having great importance for the pharmaceuti-
cal industry, biochemistry, technology, clinical and experimental medicine. Thiazole derivatives possess an-
tiviral, antiparasitic, antipyretic, antihemolytic, antihypertensive properties and are widely used in medical
practice [1]. They are also used:in engineering as effective components of the polymeric materials which in-
crease their stability, possess the ability to inhibit the oxidation and corrosion processes, and exhibit
complexing properties.

Among practically important thiazole derivatives mercaptothiazoles used as vulcanization accelerators
in the rubberindustry are well known [2].

Continuing.investigations in the field of search and the synthesis of new interesting in practical terms
thiazole derivatives, it seems interesting for us to continue researching the structural features of this class of
compounds due to the dual reactivity. In this aspect as subjects of research we selected 2-aminothiazole de-
rivatives known to have great importance for the pharmaceutical industry, biochemistry, technology, clinical
and experimental medicine. A feature of these compounds is associated with the presence of the free amino
group and a nitrogen atom of the heterocycle.

Among the best known amine derivatives of thiazole are 2- and 5-aminothiazoles which can exist in
two tautomeric forms but with an evident predominance of the amino form that creates opportunities for their
experimental studies aimed at the synthesis of compounds with practically useful properties.

2-Amino-4-phenylthiazole and 2-amino-4-oxothiazole were chosen as subjects of this study. These
compounds are characterized by a number of structural features associated with the possibility of high delo-
calization of the lone pair of electrons (LPE) of the nitrogen atom of free amino group and the nitrogen atom
of the heterocycle, and obviously allowance must be made for the presence of the exocyclic carbonyl group

4 BecTHuk KaparaHguHckoro yHusepcureTa



Study of degree of basicity ...

in 2-amino-4-oxothiazole which is also capable to participate in the resonance. The presence of the phenyl
substituent in the 4 position of the ring undoubtedly contributes to the distribution of the electron density in
the molecule. The study of the influence of electronic and structural factors on the chemical behavior of the
subjects investigated makes it possible to predict and control the behavior of such structures in the reactions
of chemical modification. In this regard we consider that study of the processes of protonation may shed
light on the behavior of the reaction centers under different conditions, as the usage of mineral acids of dif-
ferent strength may determine the most important nucleophilic center.
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2-Aminothiazole is known to have sufficiently low basicity (pK, 5.39). The chemical structure of
2-amino-4-phenylthiazole suggests the possibility of chemical modification involving the free amino groups
and electrophilic substitution reactions in the thiazole ring in the position 5. Some references confirm the
case of electrophilic substitution in position 5 and ease of nucleophilic substitution at.the position 2 [3-5].
Nevertheless the presence of LPE at the extracycle nitrogen atom enhances the degree of aromaticity of the
thiazole ring due to delocalization. This factor generally reduces the nucleophilic properties of the free amino
group, but an increase in the basicity and nucleophilicity of the nitrogen atom of the ring is observed. All
these factors taken together cause ambident behavior of 2-amino-4-phenylthiazole in reactions with electro-
philic reagents, in particular the possibility of intramolecular proton transfer.
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In this regard the study of the intramolecular proton transfer process using mineral acids of different
strength will clarify determination of degree of the nucleophilicity of the nitrogen atoms and, consequently,
the direction of the reactions with various electrophiles.

There are quite controversial opinions in the literature relative to the basicity of free amino group in the
aminothiazole. So it is known that the lone pair of electrons of the nitrogen atom can easily enter into conju-
gation with thiazole ring which ultimately reduces the basicity of the amino group.

On the one hand the presence of LPE at the nitrogen atom of the thiazole ring can increase its
nucleophilicity and hence reactivity in regard to different electrophiles, and on the other hand increases the
basicity and nucleophilicity of the free amino group.

All of these factors together create conditions for ambident behavior of molecules of substituted
2-aminothiazoles in reactions with electrophilic reagents.

Thus research of direction of electrophiles attack, in particular the ability to form salts with one equiva-
lent of a mineral acid, is highly informative regarding to basicity of exocyclic nitrogen atom of the amino
group and the nitrogen atom of the thiazole ring.

Usage of mineral acids with different degrees of acidity can solve the problem to some extent. For this
purpose concentrated hydrochloric acid (pK, 7.0), nitric (pK, 1.64) and sulfuric acids (pK, 3.0) were used.

Study of protonation reactions of aminothiazole derivatives by mineral acids of different strength and
structure of salts synthesized determines the strength of basicity and nucleophilicity of the free amino group
and the ring nitrogen atom. Obviously during the research at least basicity and nucleophilicity of the free
amino groups are changed symbatically.

The reaction of 2-amino-4-phenylthiazole (I) with hydrochloric acid was carried out in ethanol under
heating for 2 hours, then upon cooling there was observed precipitating yellow crystals of thiazole hydro-
chloride (I), which a melting point exceeds significantly the melting point of the starting material and is
220 °C. Control of the reaction was monitored by TLC.
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Investigation of (Ia) salt structure by IR and NMR spectroscopy indicates the presence of the bound
amino group giving the evidence of the significant broadening of absorption bands in the 3300-3400 cm .

We used nitric acid as stronger acid, and the reaction is also carried out in ethanol under heating. Nitrate
salt of blue color was separated upon reaction (m.p. 168 °C). (Ib) Salt structure was also confirmed by IR
and NMR spectroscopy proving protonation at the nitrogen atom of free amino group.
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N
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To complete the study of protonating ability of sulfuric acid with respect to 2-amino-4-phenylthiazole
was investigated. The reaction was carried out under similar conditions, as'a result of which was salt of dark
brown color obviously due to strong oxidation and carbonization of substance through'the activated aromatic
system was obtained. According data of spectral studies salt structure corresponds to the hydrosulfate of the
aminothiazole (Ic) according to the following scheme:

Ph
N
Z> CoHsOH Zf\
)\NHz + H,SO, — ™= 3)\NH2' H,SO,

(Ic)

The results obtained testify to the high basicity of the free amino group which with forms the corre-
sponding ammonium salts with one equivalent of strong mineral acids. The structure of salts obtained was
proved by spectral methods.

As another subject of the study weselected 2<amino-4-oxothiazole which structure is distinguished by
the presence of the exocyclic carbonyl group capable of additional polarization and delocalization due to the
ring nitrogen atom and amino group. The presence of the C=0 group can significantly affect the redistribu-
tion of the electronic density of the aminothiazole ring, because the polarization of the delocalized system in
the direction of an oxygen atom can significantly decrease the basicity and thus nucleophilicity of the free
amino group.

The starting 2-amino-4-oxothiazole was prepared according to a well-known procedure by interacting
ethyl ester of monochloroacetic acid with thiourea in 95 % ethanol. After dissolving in 1.2 1 hot boiled water
crude hydrochloride obtained was treated with an aqueous solution of sodium acetate. Yield of the target
product, m.p. 255-258.°C, was 79-82 %. The structure of compound obtained was confirmed by 'H NMR,
C NMR spectra.

The reaction proceeds according to the following scheme:

o]
CO,Et H,oN NH 4 E‘N
> g.NaOAc, t
< ! S \/%N HCI - S»\NH2

Cl HoN
o (I

%x% B

Protonation of the 2-amino-4-oxothiazole by hydrochloric acid was carried out in acetonitrile while
heating for several hours at the reflux temperature, following cooling of reaction mixture leads to precipita-
tion of the desired salt (I1a).
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The reaction proceeds according to the following scheme:

0 0
2—& N HCI
CH,CN \
s ONH, + HCl ——— S)\NHZ
('a)

The results of spectral studies confirm the occurrence of protonation at the nitrogen atom of the thiazole
cycle since IR-spectrum contains two absorption bands of free amino groups in the 3300 cm™. The resulting
salt is a crystalline yellow solid, m.p. 200 °C.

Undoubtedly the basicity of the free amino group is significantly reduced due to a significantresonance
with the LPE of cyclic nitrogen atom, which in its turn is delocalized with 7 — electrons of the C = O bond.

Thus the resonance with the participation of an electron pair of the free amino group has the greatest in-
fluence on the distribution of the electron density in the thiazole ring which is obviously due to.its enhanced
donor capacity.

To confirm these assumptions we used nitric acid as a stronger acid. The reaction was also carried out
in acetonitrile under heating. After heating for 2 hours nitrate salt of blue color (Ilb)<was separated

(m.p. 153 °C).
O o}
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NH2 + HNO3 - = S NH2

(Il'b)

To complete the study we investigated the protonating ability of sulfuric acid with respect to 2-amino-
4-oxothiazole. The reaction is carried out under the same ‘conditions, thus compound obtained was colored in
dark brown. Obviously coloring recess as in the case’of aminothiazole (I) is caused by the strong oxidation
and degradation due to activation of the thiazole ring as a result of coupling of free amino group with a con-
jugated system C=N—C=0.

We believe that the structure of the resulting salt (II¢) corresponds to the following scheme:

0] 0]
N N * H2804
P CH3CN )N

S NH2 + H2804 - > NH2

(Il ¢)

The findings of the research carried out show sufficient basicity of the cyclic nitrogen atom of 2-amino-
4-hydroxythiazole due to conjugation of electrons of the amino group with a cyclic nitrogen atom, which in
its turn is conjugated with the strongly polarized carbonyl group.

The structure of 2-amino-4 oxothiazole synthesized assumes its complexing ability which we showed at
investigating its reaction'with cobalt chloride with gentle heating for 24 hours in acetonitrile upto reflux.

H,N S

Y
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s TNH, Ny o

2 BN

S

NH,

(V)

The high degree of basicity of the cyclic nitrogen atom is eloquently confirmed by its ability to coordinate
with the vacant d-orbitals of cobalt (II) chloride. Thus as a result of studies of complexing ability of 2-amino-4-
oxothiazole chloride with cobalt (1), stable complex (IV) of blue colour was obtained, m.p. 260 °C.
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The structure of the complex obtained was confirmed by X-ray diffraction, according to which the
complexation of 2-amino-4-oxothiazole with cobalt (II) chloride proceeds on a cyclic nitrogen rather than the
free amino group (see Fig.).
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Figure. X-ray analysis of the complex of 2-amino-4-oxothiazole with cobalt (II) chloride

Moreover according to the computer bioprognostication data the complex obtained potentially possess-
es pharmacological activity such as antiparasitic, antiasthmatic, antiallergic, psychotropic, antiepileptic, and
no doubt can be widely used in medical practice:

As a result of the study of protonation reaction of 2-amino-4-oxothiazole by mineral acids of different
strength of acidity, it was found that the basicity of the nitrogen atom of the ring is much higher than basicity
of the free amino group. X-ray diffraction proved the possibility of chelation of 2-amino-4-oxothiazole with
cobalt (II) chloride, and the structure of the complex obtained was established indicating the higher basicity
of the cyclic nitrogen atom of 2-amino-4-oxothiazole.

Thus the results obtained show a high ambidentity of 2-amino-4-phenylthiazole and 2-amino-4-
oxothiazole caused by the high degree of delocalization of both the lone pair of electrons of the amino group
and the one of the ring nitrogen atom which creates great opportunities for chemical modification of such
aminoheterocycles with participation of the free amino group and the ring nitrogen atom.
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JL.K.Conkeesa, E.B.Munaesa, E.K.Taitimu6exoBa, A.A.JKoptaposa,
I'.'T.Xacenosa, P.M.Kakymnos, JI.M.Cyrpanuna, A.K.CankeeBa

MuHepajaabl KbIIIKbLULIAPMEH MPOTOHAAY APKbLIbI 2-aMUHO-4-(eHWITHA30/IAbIH
JKOHe 2-aMHUHO0-4-0KCOTHA30JIBIH HETi3ALTIK JeHreiliH 3epTTey

boc amuH TOOBIHBIH a30T aTOMbI JKOHE THA30J CAKHHACBIHBIH a30T aTOMBIHBIH HETi3IUNrIH 3eprrey
MaKCaThIMCH aMHHOTHA30JIAAP/BIH KYIII Op TYPJi MHHEPAJIbl KBIIIKBLIIAPMEH MPOTOHIAHYBI 3€PTTEI.
AIbIHFaH MOJIMETTEp aMHH TOOBIHBIH OOJIiHICIIEreH JIEKTPOH JKYOBIHBIH JKOHE THA30JI CAKHHACBHIHIAFbI 30T
ATOMBIHBIH JIeJIOKaIN3aLHsIaHy JICHIeHiHiH KOFapbUIBIFBIMEH OaililaHbICKaH, 2-aMHHO-4-()eHUITHA30IIbIH
JKOHE 2-aMHUHO-4-OKCOTHA30JIBIH JKOFaphl aMOUNICHTTITIH KOpCeTTi. byl oCchIHIal TreTeponuKiIepIiH .60c
aMHUH TOOBIHBIH YXKOHE CaKWHAJaFbl a30T ATOMBIHBIH KATBICYBIMEH XMMHUSUIBIK TYPJIEHYJEPiH JKYpPri3yre keH
MyMKiHzgikTep Gepeni. COHBIMEH KaTap LHMKIAET a30T aTOMBIHBIH JKOFapbl HEri3[imiriMeH OailaHbICTHI
2-amuHO0-4-0kcoTHa30abIH K00anbsT (1) xopuaiMeH koMIuieKke Ty3y Kabineri 3epTreni.

JLK.CanbkeeBa, E.B.Munaesa, E.K.Taitmu6exoBa, A.A.2)Koptaposa,
I'.'T.XacenoBa, P.M.Kakynos, J.M.Cyrpanuna, A.K.Canbkeesa

HccnenoBanue creneHd OCHOBHOCTH 2-aMUHO 4-(peHniiTHA30/1a U 2-aMUHO-
4-0KkcO0THA30/1a IyTEM NPOTOHNPOBAHUS MUHEPAJIbHBIMU KHCI0TAMU

N3y4eHo NPOTOHMPOBAHNE AMUHOTHA30JI0B MUHEPAIBHBIMU KHCIIOTAMH PAa3INYHOM CHIIBI C LIEJIbIO UCCIIE0-
BaHHs OCHOBHOCTH aTOMOB a30Ta CBOOO/IHOM aMMHOTPYNIIBI M a30Ta THa30JIbHOTO IuKia. [loinydeHHsle pe-
3yJIBTATHl MOKA3aJIM BBICOKYIO aMOMJICHTHOCTb 2-aMHHO-4-(h)eHmITHA307a M 2-aMHHO-4-0KCOTHA30i1a, CBS-
3aHHYIO C BBICOKOH CTETIEHBIO JENOKAIN3AIUY HEIIOIeJICHHOH Maphl 3JeKTPOHOB KaK aMHUHOTPYMIIE, TaK U
aToMa a30Ta THA30JILHOTO KOJIBIIA, YTO CO3/AeT MIMPOKHE BO3MOXKHOCTH XUMHYECKOH MOAN(HKAMN MOT00-
HBIX aMUHOTETEPOLHUKIIOB C YIaCTHEM CBOOOJHOM aMUHOLPYIIIBI H aTOMa a30Ta KoJbla. Taxxke ObUIa n3yde-
Ha KOMILIEKCOoOpasymomias cocoOHOCTh 2-aMHUHO-4-0KCOTHa30Ja ¢ xyopuaoM kobansta (II), 0OycnoBnen-
Hasi BBICOKOH CTENEHbI0 OCHOBHOCTH LIMKJINYECKOr0 ATOMa a30Ta.
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