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ABSTRACT. The models of the mechanisms of synthesis of unsubstituted pyrimidine and purine by quantum-
chemical method of DFT (Density Functional Theory) are constructed. The conclusion is made that the offered
models can promote careful and purposeful synthesis of these heterocyclic derivatives, including nucleotide bases.
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Careful and purposeful synthesis of pyrimidine and
purine is directly connected with the modeling of mecha-
nisms of these reactions. Modeling of chemical reaction
mechanisms can be conceptualized as a detailed descrip-
tion of separate stages by means of structural, energetic
and electronic characteristics of reagents, allowing to shed
light on the reaction centers and high reactivity bonds.
Purposeful excitation and sounding of such bonds is pos-
sible by femtosecond laser impulses [1], whose frequency
equals the frequency of valent and deformative fluctua-
tions of these bonds. To construct models of the mecha-
nism of careful and purposeful synthesis of pyrimidine
and purine with the use of the quantum-chemical
nonempirical method — density functional theory (DFT)
[2] structural, energetic and electronic characteristics of
initial compounds, intermediates of synthesis have been
calculated. Calculations were carried out using the pro-
gram “’Priroda” [3] in reaction coordinate mode with PBE
[4] approximation and its update mPBE [5] and BLYP [6]
functional.

To model the mechanism of synthesis of unsubsti-
tuted pyrimidine the synthesis scheme of 2,4-dioxy-6-
methylpyrimidine, developed by A.Katritsky [7], has been

used. The model of the mechanism of pyrimidine synthe-
sis has been constructed on a basis of calculation of sepa-
rate stages of charge on carbon and nitrogen atoms (q_,
q,) and of activation (AE’) and reaction energy (AE)
(scheme 1). According to this scheme, at the first stage as
aresult of interaction of aldehyde of malone (1) with urea
(2) through transition state (3) an enolic product (4) is
formed. The energy diagram of this stage, or dependence
of the full energy (E) on reaction coordinate (R ) is pre-
sented in Fig.1. From this figure it is clear that the energy
of activation ofthe first stage AE*=119.0, and the energy
of reaction AE = -57.9 kJ/mol, which specifies the
exothermal character of this stage.

At the second stage a quasicyclic product can be
formed (5) from enolic product (4) by separation of water
there. The energy of activation of this stage AE*= 34.5,
and the energy of reaction AE = -74.3 kJ/mol. The low
barrier and exothermicity of the process specifies the pos-
sibility of real existence of an intermediary. As a result of
closing of a cycle and separation of molecular hydrogen
the intermediate product — 2,4-dioxypyrimidine is formed.
The activation energy of this stage AE*= 114.7, and the
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Scheme 1. The mechanism of pyrimidine synthesis

energy of reaction AE =-74.8 kJ/mol. Thus, the third stage
as well as the former two first constitute the exothermal
process.

Synthesis of unsubstituted pyrimidine (14) from 2,4-
dioxypyrimidine (6) can proceed as a result of (7) — (8)
and (9) — (10) lactam-lactim tautomeric transformation, in
the way of the cycle-dimeric mechanism. Mechanisms of
proton transfer in pyrimidine derivatives are well studied
by quantum-chemical methods [8-10]. The activation En-
ergy of (7) — (8) transformation AE*=113.9, and energy
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Fig. 1. Dependence of total energy (E) of transformation
(1) + (2) > (4) on the coordinate of reaction (R

1.5

o)

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 2, 2011

0
i OWH N)\N/H

O N )(])\ ’ H/N\(N H)\H\\O_HH,N\(N ) N\(N

of reaction AE = 81.3 kJ/mole, and for (9) — (10) transfor-
mation AE*=80.0, and AE =16.5 kJ/mol. This endothermic
process is characteristic of tautomeric transformations.
As aresult of interaction of dienolic product (10) with
molecular hydrogen (11) water is separated and the enolic
product (12) is formed. Energy of activation of (11) — (12)
process AE*=44.6, and energy of reaction AE =-117.5kJ/
mole. For its part, the enolic product (12) also by interac-
tion with molecular hydrogen (13) and then by separation
of water, forms a definite product of synthesis —unsubsti-
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Fig. 2. Dependence of total energy (E) of transformation

(15) = (16) on the coordinate of reaction (R).
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Scheme 2. The mechanism of purine synthesis

tuted pyrimidine (14). Energy of activation of (13) — (14)
process AE*= 142 .4, and energy of reaction AE=-162.7
kJ/mol. Thus, the process of synthesis of pyrimidine cy-
cle comes to an end with energy separation in a consider-
able quantity.

Synthesis of unsubstituted purine is carried out on
the basis of pyrimidine or imidazole [11]. The first type of
processes synthesis was given by Traube [12], way back
in 1900; under the impact of formic acid he carried out
cyclization of triamino substituted purine which then
transformed into guanine [12].

In the proposed model of the mechanism of synthe-
sis of unsubstituted purine the first stage is amination by
ammonia of the 6" position pyrimidine (scheme 2). In this
position the charge on the atom of carbon q. = +0.142,
and on the atom of nitrogen of ammonia q, = -0.400, which
specifies the nucleophilic substitution, therefore it forms
6-aminopyrimidine (16) and molecular hydrogen is sepa-
rated. The energy diagram of the first stage of purine syn-
thesis, or dependence of the full energy on reaction coor-
dinate (R ) is presented in Fig. 2. From this figure it is
visible that energy of activation AE*=113.1, and energy
of reaction AE = 35.0 kJ/mol. On the atom of the 5" posi-
tion the carbon atom of 6-aminopyrimidine we have nega-
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tive charge q. = -0.295. Accordingly for amination of'this
position with a kind of the electrophilic agent it is se-
lected up formaldoxime, with a positive charge on nitro-
gen atom q,=+0.020. In the 5" position of 6-amino-
pyrimidine by transitive state (17), as a result of
electrophilic substitution and separation of water 5-
formimin-6-aminopyrimidine (18) is formed (scheme 2).
Energy of activation of the second (17) — (18) stage AE?
=118.0, and energy of reaction AE =-170.2 kJ/mol. Last
third stage is closing of the cycle of imidazole in 5-
formimin-6-aminopyrimidine (18) by transitive state (19).
As a result molecular hydrogen is separated and
unsubstituted purine (20) is formed. Energy of activation
of transformation (19) — (20) AE*=141.2, and energy of
reaction AE = 78.2 kJ/mol. Unlike pyrimidine synthesis
the last stage of purine synthesis is an endothermic proc-
ess with energy absorption in a small amount.

Thus, having used the proposed models the partici-
pation in the synthesis of purine and pyrimidine bonds
has been revealed. It has high reactivity in accordance
with frequency of fluctuation, which makes possible their
purposeful excitation and sounding with femtosecond
laser impulses, or breakage of these bonds and formation
of new bonds.



72 Jumber Kereselidze, Marine Kvaraia, Zurab Pachulia, Tamar Zarkua

80%0 dﬂﬁ() jOHOJ

30(4)030Q050'ls.> N 3':]605015 ]soﬁms‘bo]s 335050%336015
‘5305@'36—5030?]60 3(*);33(;30636.)

xX- 5314)31539'2083*, d. 33.)14)000**, %. 13.35'39'20.)**, ). %bﬁ)ﬂ‘ab“

* 0. xogoboggogiols Ly k. m&oqmlmls Zsobgmgﬁ’mgm 2750(7(7(*’7150(6(7(60
bl Zsmbyé’ols Zsol‘gmgﬁ’mgm 2750‘7(7(*’7150(6(7(60, mdog)olso

Nelilh bogmos 335093000 ol 3. Lodlembosl dogé
R3JPO 3°RJ J3 J

ODEOHSQ&)("B:] dabs&‘a&)— 5030‘360 0608330601‘]&0 Haom;go'ls 1}08 63603015 (23‘86500(’)6.)‘2018 0)8(")60015 303(')8358600)

063&8&00 306080Q0501§0 QO 3':]605015 1}050)3%01} 83:]050%83301} 6305&‘36—:]080'860 HNQDQDBO. 3.)330)33»2]Q0.)

QOBJBEO, 6(")3 'aaamm)&)%abago BNQDQUBO BaOaQaBO aoamasabag 0:]5.)15 306030Q0501§0 QO 3'8605015 (80:]0%0
Qn) 30%05303060)‘3;20 15050)8%015 635506003;23301500)30]5.

REFERENCES

1. A. Douhal, S.K. Kim, A.H. Zewail (1995), Nature, 378: 260-263.

. WKohn, L.J. Sham (1965), Phys. Rev., A 14: 1133-1138.

. D.N. Laikov, Yu.A. Ustynyuk (2005), Russ. Chem. Bull. Int. Ed., 54: 820-826.

. J.P. Perdew, K. Burke, M. Ernzerhof (1996), Phys. Rev. Lett., 77: 3865-3868.

. C. Adamo, V. Barone (2002), J. Chem. Phys., 116: 5933-5940.

. C. Lee, W. Yang, R.G. Parr (1988), Phys. Rev., B 38: 785-789.

. A.R. Katritzky, T.I. Yousaf (1986), Can. J. Chem., 64: 2087-2093.

. M.Kh. Mamarakhmanov, M.A. Ashirmatov, Kh.M. Shakhidoyatov (2001), Int. J. Chem. Heteroc. Comp., 8: 1371-1383.
9. J.A. Kereselidze, T.Sh. Zarkua, T.J. Kikalishvili, et al. (2002), Russ. Chem. Rev., 71: 993-1003.
10. E.J. Churgulia, J.A. Kereselidze (2005), Int. J. Chem. Heteroc. Comp., 4: 564-568.

11. E.Lunt (1985), In: General Organic Chemistry, 8. Nitrogen containing heterocycles. M., 588.
12. W. Traube (1900), Berichte, 33: 1371-1383.

0NN kW

Received November, 2010

Bull. Georg. Natl. Acad. Sci., vol. 5, no. 2, 2011





