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Syntone Chemistry
Theoretical study on the formation of glycine, alannine and serine
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Three synthons: methylene, nitrene and carbon monoxide form aziridinone in the presence of molecular
nitrogen at low temperatures. This one, in contact with the same three synthons could form the precursors
of the first proteinogenic amino acids. This paper is a theoretical, thermodynamically and reactivity study
concerning the formation of the three previously named amino acids at low temperature conditions. The
key intermediates are identified in the formation of the three amino acids: aziridinone, aziridinonil and
methyl-aziridinonil radicals. The quantitative results, enthalpies of formation, reaction enthalpies and free
energies were taken from quantum mechanical calculations acquired by density functional method (DFT):
B88-LYP.
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In previous papers [1, 2] we have shown that three
syntons: methylene, nitrene and carbon monoxide at low
temperature in molecular nitrogen could form aziridinone,
a key compound in the formation of the first proteinogenic
amino acids and of the first polypeptides. Specifically, from
aziridinone and the three syntons would first obtain the
precursors of all proteinogenic amino acids. In contact with
the primary components of the atmosphere these would
form the proteinogenic amino acids.

The chemical transformations that start with combining
of the three syntons previously named and that end with
the formation of proteinogenic amino acids precursors
should produce only through cascade pattern [3-6]
seemingly without transition states, reactions that involve
a continuous decreasing of reactions systems energies,
which are involved in the transition from initial states to
final states.

The same precursors, by copolymerization followed by
reactions with atmospheric primary components would
form the first proteinogenic polypeptides.

In this paper we present the thermodynamic data and
theoretical study of reactions by which can be obtained
three nonessential proteinogenic amino acids [7]: glycine,
alanine and serine.

Experimental part
General procedure

Molecular systems structures involved in the obtaining
of the three proteinogenic amino acids: glycine, alanine
and serine were generated and optimized by successive
molecular mechanics calculations (MM3) and quantum
mechanics (AM1) and DGauss B88-LYP. In the analysis
developed in this study were considered only
thermodynamic quantities resulting from functional density
calculations B88-LYP with the basic set DZVP. To determine
the reaction pathways in each situation, the calculations
were initiated by starting from a hypothetical state of
transition. Thereafter, the reaction pathways were analyzed
toward the end-products and the starting products. A high

* email: gsurpa@gmail.com,  Phone:  0040 787 703 461

degree of accuracy has been used for all calculations. We
have been used the Cache Work System Library, version
7.5.0.85 [8].
Results and discussions

According to a general Scheme 1, starting from the three
syntons S, in a first stage, aziridinone could be obtained, in
the presence of molecular nitrogen, at low temperatures.
This one, in the presence of the same syntons, would form

the precursors, radically structures, aziridinone AzR
derivatives, also into molecular nitrogen, at low
temperatures.

The mixture of synthons precursors and molecular
nitrogen, in contact with the atmosphere primary
components, AC (H2O, CO2, NH3, CH4 and SH2) are forming
the first proteinogenic amino acids. This time, the
thermodynamic conditions are more drastic, the involved
reactions activation would occur more easily.

Thermodynamics
Specifically, in this theoretical study, we took into

account all potentially intermediates involved in the
formation of three nonessential proteinogenic amino acids:
glycine (5; 1), alanine (8; 0.62) and serine (9; 0.55). In
brackets are indicated in order, the two indices: the
complex structural factor and the participation coefficient,
previously defined in paper [1]. These indices allow the
assessing of possibilities for formation according to this
syntonic model and for participating to polypeptides
bonding formation of each proteinogenic amino acid. We
repeat, it comes to appearance of the first proteinogenic
amino acids and first polypeptides.

Scheme 1. Formation of proteinogenic amino acids
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In this paper we have been studied glycine, alanine and
serine, structurally being the simplest amino acids and
having a considerable share of participation in the formation
of peptide bonds.

Enthalpies of formation of the involved compounds in
the building of previously announced amino acids are
presented in table 1.

Returning to scheme 1, it is worth to note that in the
transition from syntons to amino acids, we have three
reactions denoted by a, b and c. Specifically, it is about the
formation of aziridinone, precursors and amino acids. Only
the reactions of a and b categories must occur after
photochemical reactions model, i.e. by reaction pathways
in which the involved systems energies continuously
decrease in passing from reactants to final products.

In table 2, according to the scheme 1, are presented the
appropriate reaction enthalpies for the formation of
aziridinone, glycine, alanine and serine. In the last column,
5, is insisted on the formation of C-aziridinonil radical, an
essential element for the formation of exocyclic C-methyl-
aziridinonil radical. Previously [1], we have announced our
results on the interaction between methylene and
aziridinone. In the case of the interaction between triplet
methylene and aziridinone it requires activation. It was
found a transition state, superior to initial state as energy. It
remains to assume that only the interaction between singlet
methylene, CH2(S) and aziridinone could generate the
aziridinonil radical. Methylene can polymerize easily. So
we can take it into account by its polymethylene radicals
in formation of aziridinonil radical. Why not their excited

Table 1
ENTHALPIES OF FORMATION OF GLYCINE, ALANINE

AND SERINE
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superior states could be involved? The presence of light in
these reactions is practically mandatory.

A simple calculation of reaction enthalpy can eliminate
those transformations that do not fit in the continuous
decreasing model of reaction system energy. Of course
these would be endothermic reactions.

As we are interested in choosing those transformations
which would lead to the formation of the three
proteinogenic amino acids, in table 2 is normal to find
almost all reactions as exothermic ones.

Aldimine, ketene, isocyanate acid, glycine are detected
interstellar compounds [9-18]. Very interesting is that
aziridinone was detected by mass spectrometry as a
breakdown product of some oligopeptides [19]. Why not a

Table 2
REACTION ENTHALPIES. FORMATION OF AZIRIDINONE, GLYCINE, ALANINE AND SERINE

formation of proteinogenic acids and of polypeptides from
aziridinone?

A careful analysis of transformations presented in table
2 leads us to several observations. Among the primary
components of the atmosphere, only water participates to
the formation of glycine, alanine and serine. Among the
reactions involved in the formation of aziridinone, the one
between aldimine and carbon monoxide is endothermic
and therefore it is unlikely at very low temperatures. The
reactions between ketene with nitrene and between
isocyanic acid with methylene remain in competition. In
the next section, the favored reaction between these two
ones will be chosen. Most likely, the glycine is obtained by
aziridinone hydrolysis.
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The appearance of methyl aziridinonil radical is essential
in the obtaining of alanine and serine. This one forms
alanine with the mobile hydrogen from water or from
elsewhere. Serine is obtained from methyl aziridinonil
radical with the hydroxide from water too.

It should be noted that hydrogen cannot be evaluated as
a distinct chemical entity as in reaction 3.2 of table 2. It
has been started from a transition compound between
hydrogen and methylaziridinonil radical as initial state. In
other words, the reaction enthalpy value for this case has
to be taken with sufficient reserves.

Reaction pathways
We remind that for the formation of all amino acids

intermediaries and precursors we have to choose only
those reaction pathways in which the transition from the
starting compounds to the reaction products to have a
decreasing of reactional energy systems values.

That’s why were chosen the reactions which respond
to this requirement and of course, which lead to obtaining
of the three proteinogenic amino acids: glycine, alanine
and serine. These reactions are presented in Table 3. In the
second column of table 3, are specified the reactions from
table 2. A careful analysis of the data from table 3 allows
us to make some remarks.

Most likely, aziridinone is obtained from ketene and
nitrene, according to reaction 1.5 (tables 2 and 3), taking
in account the free energies values for the reactions 1.5
and 1.6. This means that aldimine and isocyanic acid are
excluded. Perhaps it is time to remember that the three
syntons can form a large number of compounds, which
can in their turn, further diversify the composition of
mixtures. In our study we refer only to those compounds
and those reactions that lead to the three analyzed amino
acids.

Concerning the aziridinonil radical formation, most likely
it would arise from the action of methylene singlet on the
aziridinone. That is not the only, others reactions are possible
(5.2 and 5.5).

The formation of C-methylaziridinonil radical formation
from methylene and aziridinonil radical is clearly possible
(reaction 3.1, table 3). This latest radical, in contact with
water offers easily serine (reaction 4.1).

As we told previously, the hydrogen atom is unable as a
free chemical entity. Formally, we used the hydroxyl radical
as partner of reaction in formation of serine.

In figure 1 are shown sequentially the general shape of
the reaction pathways curves and a concrete example, for
reaction 3.1.

Table 3
ENTHALPIES AND FREE ENERGIES IN THE
FORMATION OF AZIRIDINONE, GLYCINE,

ALANINE AND SERINE

Fig. 1. General allure of all reaction pathways from table 3 (a);
Formation of methyl-aziridinonil radical, reaction 3.1 (b)

a

b

Conclusions
Several conclusions can be highlighted:
- Formation of the three proteinogenic amino acids:

glycine, alanine and serine can occur through aziridinone.
-Aziridinone, the most likely can be obtained starting

from the three syntons: methylene, nitrene and carbon
monoxide, first by forming of ketene, which then will react
with nitrene.

- Glycine is obtained by hydrolysis of aziridinone or
aziridinonil radical.

-Alanine and serine have a common precursor, carbon
exocyclic radical of methylaziridinone.

-Concerning the precursor hydrolysis, we believe that
the precursor radicals would react with water more quickly
than lactamic derivatives.

-We could suggest the performing of some experiments
starting from the three syntons. Methylene can be
generated from diazomethane. Nitrene may be obtained
from sodium azide. Carbon monoxide is easily accessible.

-Syntons can be captured in liquid nitrogen. Nitrogen
stabilizes these syntons and can be considered a quasi-
inert reaction media.

-Operation and experimental assembly on obtaining of
amino acids and polypeptides have been announced in a
previous paper [1].
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