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A DFT study for the formation of imidazo[1,2-c]pyrimidines
through an intramolecular Michael addition
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Abstract—The formation of imidazo[1,2-c]pyrimidines through a ring closure of 2-(2-sulfonylimino-1,2-dihydro-1-pyrimidinyl) acetamides
has been studied using DFT methods. Analysis of the energy results for the cyclization step shows the demand of almost an acid catalyst,
which increases the electrophilicity of the dihydropyrimidine moiety, in order to make feasible the intramolecular Michael addition. The
substitution on both dihydropyrimidine and amide moieties has also an influence on the cyclization step.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction of pyrimidines 1B,C with 2-bromoacetamides 2b—f afforded
the hexahydroimidazo[1,2-c]pyrimidines 5 (Scheme 1).!
In a previous paper, we reported the synthesis of a series of

imidazo[1,2-a]pyrimidines 4 using 2-tosylaminopyrimi- Several methods have been applied for the synthesis of imi-
dines 1 as starting materials.! The alkylation of 1A with dazo[1,2-c]pyrimidines and the most frequently developed
2-bromoacetamides 2a—f and the alkylation of 1B,C with procedure involves the condensation of 4(6)-aminopyrimi-
2-bromoacetamide 2a afforded the corresponding dihydro- dine derivatives.? To the best of our knowledge, our finding
pyrimidines 3 that were converted into the target products was the first example of a synthesis of imidazo[1,2-c]pyrimi-
4 with trifluoroacetic anhydride. Nevertheless, the reaction dines starting from 2-aminopyrimidines and constitutes
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a novel synthetic method for these compounds. The forma-
tion of the imidazo[1,2-c]pyrimidines 5 is the result of an
intramolecular Michael addition of the carboxamide group
to the o,B-unsaturated imine system. The detection of the
open ring alkylated product 3Be, by !3C NMR, when imida-
zopyrimidine SBe was stirred with catalytic amounts of
p-toluenesulfonic acid, showed that the attack of the carbox-
amide group to the o,fB-unsaturated imine is a reversible
reaction. The structure of the compound 5Ac was deter-
mined by X-ray crystallography.' The trans disposition of
the H, and H,, hydrogens of the imidazopyrimidine SAc con-
firmed that the addition of the amide to the unsaturated imine
is diastereoselective with the nucleophilic attack occurring
preferentially on the opposite face to the aryl group present
on the amide substituent (Scheme 1). The formation of the
hexahydroimidazo[1,2-c]pyrimidines 5 as major products
only in the case of pyrimidines with R; and R, different
from H was initially attributed to steric factors that induce
a favorable conformation for the ring closure. However,
they can be also obtained from unsubstituted sulfonamido-
pyrimidines 2A. In fact, when the alkylated product 3Ac,
obtained from 1A and 2¢, was stored in THF solution at
room temperature for a week in the presence of catalytic
amounts of diisopropylethylamine (DIPEA), the corre-
sponding product 5Ac was obtained (20%).

The nucleophilic attack of a carboxamide group to an a,3-
unsaturated system is not very frequent and there are few
references reported in the literature. The most common
examples are intramolecular nucleophilic additions of a car-
boxamide group to strongly electrophilic iminium species,
derived from the reaction of amino groups with aldehydes
or ketones under acidic conditions® or dichloromethane*
(Scheme 2). An example of an intermolecular addition was
reported for the synthesis of the rolitetracycline.’

In the present paper, we have carried out a theoretical study
for the cyclization reaction of the 2-(2-sulfonylimino-1,2-di-
hydro-1-pyrimidinyl) acetamides 3 with the formation of the
hexahydroimidazo[1,2-c]pyrimidines S, using DFT methods
at the B3LYP/6-31G* level. Two reaction models have been
chosen. The first one corresponds to the cyclization of the
iminium cation 6 (see Scheme 3). The second one corre-
sponds to the formation of hexahydroimidazo[1,2-c]pyrimi-
dines 5 through an intramolecular Michael addition. Finally,
a DFT analysis based on the global reactivity indexes of the
reactants involved in these intramolecular processes will be
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Scheme 2.

performed. Our main interest is to explain the participation
of these dihydropyrimidyl acetamides in intramolecular
Michael additions.

2. Computational methods

DFT calculations were carried out using the B3LYP®
exchange-correlation functionals, together with the standard
6-31G* basis set.” The optimizations were carried out using
the Berny analytical gradient optimization method.® The sta-
tionary points were characterized by frequency calculations
in order to verify that the transition structures (TSs) have
one and only one imaginary frequency. Inclusion of thermal
corrections to enthalpies and entropies (computed at 25 °C
and 1 atm) to the energies, increases the activation free ener-
gies for the intermolecular Michael additions in a narrow
range from 0.4 to 1.0 kcal/mol. Thus, energy discussions
will be made on the basis of the relative energies. The intrin-
sic reaction coordinate (IRC)? path was traced in order to
check the energy profiles connecting each TS to the two
associated minima of the proposed mechanism by using the
second-order Gonzalez—Schlegel integration method.'® The
electronic structures of stationary points were analyzed by
the NBO method.!! All calculations were carried out with
the Gaussian 03 suite of programs.!'?

These reactions are carried out in polar solvents, and as
solvent can modify the gas-phase activation energy, their
effects have been studied. The solvent effects have been con-
sidered by B3LYP/6-31G* single point calculations on the
gas-phase stationary points using a relatively simple self-
consistent reaction field (SCRF) method'® based on the
polarizable continuum model (PCM) of the Tomasi’s group. !4
The solvent used in the experimental work is dimethylform-
amide (DMF), ¢=38.25. We have used dimethylsulfoxide
(DMSO), which has also a large dielectric constant, e=46.7.

The global electrophilicity index,' w, which measures the
stabilization energy when the system acquires an additional
electronic charge AN from the environment, has been given
by the following simple expression,'> w=(u*/2n), in terms
of the electronic chemical potential u and the chemical hard-
ness 7. Both quantities may be approached in terms of the
one electron energies of the frontier molecular orbital
HOMO and LUMO, ey and ¢, as u=(eg+ep)/2 and
n= (e —ep), respectively.'®
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3. Results and discussions

3.1. Study of the cyclization reaction of the iminium
cation 6

Firstly, the cyclization reaction of the iminium cation 6 was
studied. This cyclization reaction is a one-step process asso-
ciated with the nucleophilic attack of the amide N3 nitrogen
atom to the iminium C2 carbon atom with formation of the
C2-N3 bond (see Scheme 3). Therefore, the iminium cation
6, the TS associated with the nucleophilic attack, TS1, and
the intermediates 8 and 9 were located and characterized.
The total energies in gas-phase and in DMSO are summa-
rized in Table 1, while a schematic representation for the
reaction profile of this cyclization is given in Figure 1.
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Scheme 3.

Since some paths involve TSs and intermediates with
charges, and solvent effects can stabilize these species, the
energetic discussion will be performed using the energies
obtained in DMSO. The activation energy associated with
the nucleophilic attack of the amide N3 nitrogen atom to
the iminium C2 carbon atom with the formation of the five-
membered heterocycle is 21.4 (25.0) kcal/mol (energies in
parenthesis correspond to the gas-phase calculations).
Formation of the intermediate 8 is endothermic in 13.6
(20.5) kcal/mol. However, a proton transfer process from
the amide N3 nitrogen atom to the amine N1 nitrogen
atom converts the intermediate 8 into 9, which is 24.8
(20.5) kcal/mol more stable (see Fig. 1). This large stabiliza-
tion is related to the more basic character of the amine N1
nitrogen atom than the amide N3 one. Finally, an acid/base
reaction will transform 9 into the final product 7.
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Figure 1. Reaction profile, in DMSO, for the cyclization reaction of the
iminium cation 6.

The geometry of TS1 is given in Figure 2. The length of
the C2-N3 forming bond at TS1 is 1.967 A, while at the
intermediates 8 and 9 this length is 1.612 and 1.424 A,
respectively. The extent of bond-formation along a reaction
pathway is provided by the concept of bond order (BO).!”
The BO value of the C2-N3 forming bond at TS1 is 0.44,
while the N1-C2 BO value is 1.37.

3.2. Study of the transformation of the 2-mesylamino-
pyrimidines 10 into imidazo[1,2-c]pyrimidines 15

The transformation of the 2-mesylaminopyrimidines 10 into
imidazo[1,2-c]pyrimidines 15 requires two consecutive re-
actions: (i) the first one is a nucleophilic substitution of the
2-bromoacetamide derivatives 12 by the 2-mesylaminopy-
rimidines 11, which are obtained by deprotonation of 10,
to give the N-substituted dihydropyrimidines 13; (ii) the sec-
ond reaction is a cyclization reaction of the dihydropyrimi-
dines 13 to give the zwitterionic intermediate 14, which by
an acid/base process gives 15 (see Scheme 4). For these

Table 1. B3LYP/6-31G* total energies (in au) in gas-phase and in DMSO for the stationary points involved in the cyclization reactions of the iminium cation 6

and the dihydropyrimidines 13a—c

In gas-phase In DMSO In gas-phase In DMSO

6 —419.754306 —419.841906 18a —1115.950536 —1116.045935
TS1 —419.714505 —419.807827 18b —1346.994052 —1347.089565
8 —419.721655 —419.820269 18¢ —1653.477152 —1653.565623
9 —419.754241 —419.859759 TS5a —1115.899471 —1116.006436
11a —907.019956 —907.117406 TS5b —1346.954958 —1347.055554
11b —907.019956 —907.117406 TS5¢ —1653.441006 —1653.530485
11c —1213.493973 —1213.595640 TS6a —1115.896746 —1116.005921
12a —2780.315365 —2780.328801 TS6b —1346.944796 —1347.045044
12b —3011.366853 —3011.384590 19a —1115.895976 —1116.008533
12¢ —3011.366853 —3011.384590 19b —1346.956359 —1347.059178
TS2a —3687.327589 —3687.428311 19¢ —1653.443485 —1653.536675
TS2b —3918.379001 —3918.480054 20a —1115.899883 —1116.009713
TS2c¢ —4224.861350 —4224.960196 20b —1346.956628 —1347.061592
13a* —3687.377833 —3687.484147 20c —1653.448134 —1653.539694
13p* —3918.426477 —3918.529842 21a —1115.897050 —1116.008856
13¢* —4224.890958 —4225.007929 21b —1346.948691 —1347.055303
16 —1695.979992 —1696.060038

TS4 —1695.944237 —1696.019777

17 —1696.007098 —1696.070158

* Compound 13 plus Br™ total energies.
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TSI

Figure 2. Transition structure, TS1, associated with the cyclization of the
iminium cation 6. The distance is given in A.

reactions, three computational models have been consid-
ered, which are related to the X (H or dioxane) and Y (H
or Ph) substitutions on the pyrimidine and the acetamide
moieties, respectively (Model 1 (X=H, Y=H), Model Il
(X=H, Y=Ph), and Model Il (X=dioxane, Y=Ph)). In
these computational models, the experimental p-toluene-
sulfonyl group has been substituted by the methanesulfonyl
one.

3.2.1. Nucleophilic substitutions on the 2-bromoacet-
amides derivatives 12. The attachment of the acetamide on
the 2-mesylaminopyrimidines 10 is carried out by a nucleo-
philic attack of the latter to the corresponding 2-bromo-
acetamide derivative 12, to afford the dihydropyrimidines
13 (see Scheme 4). The total energies in gas-phase and in
DMSO are summarized in Table 1, while a schematic repre-
sentation for the reaction profiles of these nucleophilic sub-
stitutions is given in Figure 3.

The activation energies for the nucleophilic attacks of 11 to
12 are 11.2 (4.9) kcal/mol for Model I, 13.8 (4.9) kcal/mol
for Model II, and 12.6 (—0.3) kcal/mol for Model III (see
Fig. 3). These low values make the substitution reaction on
the o position of the carboxamide group very favorable.
Note that, in gas-phase, TS2c¢ is located below reagents;
however, the inclusion of diffuse functions by single point
calculation at the B3LYP/6-31+G* level makes its barrier
slightly positive (0.49 kcal/mol). These reactions are exo-
thermic in —17 to —24 (—19 to —27) kcal/mol. Therefore,
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Figure 3. Reaction profiles, in DMSO, for the nucleophilic substitutions on
the 2-bromoacetamides derivatives 12a—c.

formation of the dihydropyrimidines 13 are kinetically and
thermodynamically favored process. Inclusion of thermal
corrections to enthalpies and entropies to the gas-phase ener-
gies, increases the activation free energies for the nucleo-
philic substitutions in a range from 13.7 to 15.3 kcal/mol, as
a consequence of the bimolecular nature of these processes.

The geometries of the TSs are given in Figure 4. The lengths
of the N2-C5 forming and C5-Br breaking bonds at the TSs
are 1.954 and 2.626 A at TS2a, 1.973 and 2.806 A at TS2b,
and 2.102 and 2.658 A at TS2c, respectively. The N2-C5-Br
angle at these TSs are 172.0° at TS2a, 169.0° at TS2b, and
166.5° at TS2¢. For these SN2 reactions there is a deviation
of the linear rearrangement with the increase of the substitu-
tion on both reagents. The BO values of the N2—C5 forming
and C5-Br breaking bonds at the TSs are 0.45 and 0.38 at
TS2a, 0.46 and 0.25 at TS2b, and 0.35 and 0.35 at TS2c,
respectively. While TS2a and TS2b, correspond to asyn-
chronous processes where the C5-Br breaking bond is

Br N-&_CH
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Scheme 4.
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Figure 4. Transition structures, TS2a—c, associated with the nucleophilic substitutions on the 2-bromoacetamides derivatives 12a—c. The distances are given in A.

more advanced than the N2—-C5 forming bond, TS2¢ corre-
sponds to a synchronous process.

3.3. Study of the cyclization reaction of the dihydro-
pyrimidines 13

The cyclization reaction of the dihydropyrimidines 13 to
give the imidazo[l,2-c]pyrimidines 15 involves an intra-
molecular Michael addition of the amide N7 nitrogen atom
to the C1 conjugate position of 13. All attempts to locate
the TSs and adducts associated with this intramolecular
Michael addition at the three models were unsuccessful.
Only HF/6-31G* calculations in DMSO allowed to find a
TS for the reaction Model I, TS3a, but it presented a very
high activation energy, 41.9 kcal/mol. Further optimizations
of this structure at the B3LYP/6-31G* level yielded the dihy-
dropyrimidine 13a. These unfavorable energy results, which
prevent the cyclization process on 13, can be related to the
low electrophilic character of the dihydropyrimidine ring
and the low nucleophilic character of the amide residue
(see later), as well as to the large energy associated with
the formation of the zwitterionic structure 14.

Then, the cyclization step with formation of the imidazo[1,2-
c]pyrimidines 15 must take place through an acid/base catal-
ysis. The acid/base catalysis has two favorable roles. While
the acid catalysis increases the electrophilicity of the dihydro-
pyrimidine moiety of 13, favoring the Michael addition, the
basic catalysis increases the nucleophilicity of the amide
group. To study the effects of the acid/base catalysts in these
cyclizations, two molecular models were considered. The
first one corresponds to a basic catalysis achieved by the in-
clusion of a trimethylamine molecule, as a reduced model of
DIPEA, hydrogen-bonded to an amide hydrogen atom. How-
ever, at DFT level it was not possible to find the TS associated
with this base catalyzed cyclization; the energy for this
process was estimated in ca. 50 kcal/mol. In addition, all at-
tempts to find the corresponding product were unsuccessful
because the ring cleavage to give the dihydropyrimidine 13
takes place without an appreciable barrier. These facts caused
to discard the base catalyzed process. The second one is an
acid/base catalysis where a trimethylammonium cation was
also hydrogen-bonded to the pyrimidine N4 nitrogen atom.

For the acid/base catalyzed cyclization reaction of the Model
II, both TS4, associated with the intramolecular addition by
the re-face of the planar C1 carbon and the corresponding
product 17 were located and characterized (see Scheme 5).

The total energies in gas-phase and in DMSO are summa-
rized in Table 1, while a schematic representation for the re-
action profile of the acid/base catalyzed reaction is given in
Figure 5.
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Scheme 5.

The activation energy associated with the acid/base cata-
lyzed intramolecular Michael addition of 16 via TS4 is
25.3 (22.4) kcal/mol. This energy result suggests that the
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Figure 5. Reaction profile, in DMSO, for the acid/base catalyzed cyclization
reaction of the dihydropyrimidine 13b.
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acid catalysis has a relevant role on the cyclization reaction
of the dihydropyrimidines 13, being essential the electro-
philic activation of the pyrimidine ring. This value is
ca. 4 kcal/mol larger than that obtained for the cyclization
of iminium cation 6, via TS1.

The geometry of TS4 is given in Figure 6. The lengths of the
C1-N7 forming bond at the TS of the acid/base catalyzed
process is 1.864 A. At this TS, the length of the amide
N7-H breaking and the N4-H forming bonds are 1.098
and 1.632 A, respectively. The BO value of the C1-N7 form-
ing bond at this TS is 0.52, while the BO values for the amide
N7-H breaking and the N4-H forming bonds are 0.60 and
0.18, respectively. In this catalyzed process N7-H breaking
bond process is more advanced than the N4-H forming bond
one.

Finally, in view of the necessity of an electrophilic activation
of the dihydropyrimidine moiety to make possible the cycli-
zation process, a simple acid catalyst model in which the N4
nitrogen of the dihydropyrimidines 13 was protonated, was
considered (see Scheme 6). This reduced model allowed to
perform a comparative study of the effects of the substitution
on the cyclization step, as well as to study the diastereoselec-
tivity found at the cyclizations of 5Ac. Thus, one TSs, TS5,
and two intermediates, 19 and 20, for each reaction model
were studied and characterized. The total energies in gas-
phase and in DMSO are given in Table 1, while a schematic
representation for the reaction profiles of the acid catalyzed
reactions is given in Figure 7.

Figure 6. Transition structure, TS4, associated with the acid/base catoalyzed
cyclization of the dihydropyrimidine 13b. The distance is given in A.
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Figure 7. Reaction profiles, in DMSO, for the acid catalyzed cyclization
reactions of the dihydropyrimidines 13a and b.

The activation energies associated with the three cyclization
models are 24.8 (32.0) kcal/mol for TS5a, 21.3 (24.5) kcal/
mol for TSSb, and 22.0 (22.7) kcal/mol for TS5c¢. These
values are closer to that obtained for the cyclization of the
iminium cation 6 via TS1. These energy results indicate
the requirement of a strong electrophilic activation of these
dihydropyrimidines to make feasible the corresponding
Michael addition. The presence of the phenyl substituent
on the a position of the amide group decreases the activation
energy of TS5b by 3.5 (7.5) kcal/mol relative to TS5a. Note
that the effect of the phenyl substitution is larger in gas-
phase. These acid catalyzed cyclization reactions are
strongly endothermic, between 18 and 24 kcal/mol. How-
ever, the proton transfer process from the amide N7 nitrogen
in 19 to the amine N2 one in 20 does these catalyzed pro-
cesses exothermic in —16 to —23 kcal/mol (see Fig. 7).

The geometries of TSs are given in Figure 8. The length of
the C1-N7 forming bond at the TSs is 1.757 A at TS5a,
1.826 A at TS5b, and 1.939 A at TS5b. There is an increase
of the length with the decrease of the gas-phase relative
energy of the TS. At TS5b the C1-N7 length is closer to
that for TS1. At the intermediates 19 and 20 the C1-N7
length ois 1.618 and 1.444 A at the Modelcl, 1.593 and
1.445 A at the Model 11, and 1.539 and 1.443 A at the Model
IIl. The C1-N7 lengths at the protonated amides 19 are
larger than at protonated amines 20, in clear agreement
with the strong endothermic character of the intermediates
19. The BO values of the C1-N7 forming bond at the TSs

o
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Scheme 6.
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TS6a TS5b

TS5¢

Figure 8. Transition structures, TS5a—c, associated with the acid catalyzed cyclizations of the dihydropyrimidines 13a and b. The distances are given in A.

are 0.61 at TS5a, 0.55 at TSSb, and 0.45 at TS5¢. With the
phenyl and dioxane substitutions, the TS for the cyclization
becomes more earlier. This is in agreement with the lesser
endothermic character of the corresponding protonated
amide intermediate 19.'8

3.3.1. Study of the diastereoselectivity of the cyclization
of the dihydropyrimidine 13c. The X-ray crystallographic
analysis of a single crystal of SAc confirmed unequivocally
the structure and also the stereochemistry of the cyclization.
The trans disposition of the hydrogen atoms attached to C1
and C5 indicates that the Michael addition is diastereoselec-
tive with the nucleophilic attack of the amide nitrogen occur-
ring preferentially over the re-face of the planar C1 carbon
(see Scheme 6). In order to explain the diastereoselectivity
of this reaction, the TSs associated with the cyclization of
18a and 18b over the si-face of the planar C1 carbon were
studied (see Scheme 7). The total energies in gas-phase
and in DMSO are summarized in Table 1.

H
4 o
/NQFN\§/CH3 TS6 YN‘§’CH3
2 H i H
N7 o si face attack
W Y= HZ”
O NH, vZhh
18a,b 21a,b

Scheme 7.

The activation energies associated with TS6a and TS6b are
25.1 (33.8) and 27.9 (30.9) kcal/mol. In DMSO, these TSs
are 0.3 and 6.6 kcal/mol higher in energy than TS5a and
TS5b, respectively (see Fig. 7). Thus, while in the absence
of the phenyl group both diastereoisomeric TSs have similar
energies, in the presence of the phenyl group on C5, the ring
closure caused by the attack over the si-face is 6.6 kcal/mol
higher in energy than the attack over the re-face, in clear
agreement with the complete diastereoselectivity observed
in the cyclization of the dihydropyrimidine 1Ac. The low
difference found at TS6a can be associated with the unlike
conformations adopted by the cyclic five-membered TS5a
and TS6a.

The geometries of the two diastereoisomeric TSs are given
in Figure 9. The length of the C1-N7 forming bond at these
TSs are 1.748 (TS6a) and 1.810 (TS6b) A. These values are
slightly shorter than that at the two diastereoisomeric TSs

TSéa TS6b

Figure 9. Transition structures, TS6a and b, associated with the diastereo-
isomeric paths of the acid catalyzed cyclizations of the dihydropyrimidines
13a and b. The distances are given in A.

TS5a and TS5b. Analysis of the geometry of TS6b indicates
that the methanesulfonyl group is located over the plain of
the phenyl group. The distance between both groups is
of 3.8 A. Therefore, the unfavorable interactions that appear
between both groups at TS6b, which are absent at TSSb, are
responsible for the diastereoselectivity found at the cycliza-
tion of 1Ac. Finally, the BO values of the C1-N7 forming
bond at these TSs are 0.63 (TS6a) and 0.56 (TS6b).

3.4. Analysis of the electrophilicity of the Michael
acceptors

A recent study carried out on electrophilically activated C—C
double bonds has shown that the analysis of the electrophi-
licity index, w, is a powerful tool to analyze the participation
of the C—C double bond in nucleophilic addition reactions
such as the Michael addition.'® Thus, the electrophilicity
of some compounds related to these intramolecular cycliza-
tions has been analyzed. In Table 2, the global reactivity
indexes are given.

The o,B-unsaturated imine 24 has an electrophilicity value w
of 1.10 eV (see Table 2). It is classified as a moderate elec-
trophile within the electrophilicity scale.?® The dihydro-
pyrimidine 13a has electrophilicity value of 2.26eV.
Although it is classified as a strong electrophile, its relatively
low value indicates that it will participate as Michael accep-
tor only toward strong nucleophiles. Note that the amide is
a very poor nucleophile.

Protonation of the nitrogen atom of the imine 24 strongly
increases notably the electrophilicity of iminium cation 22,
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Table 2. Global indexes of some Michael-type acceptors

u (aw) 7 (au) w (eV)
18a —0.3364 0.1414 10.89
22 ~0.3383 0.1810 8.60
6 ~0.3318 0.1804 8.30
23 ~0.3070 0.1919 6.68
13a ~0.1622 0.1586 2.26
24 ~0.1281 0.2024 1.10
/Me G),Me o)
Me ~N Me =N E)H
>J >=F H N NH,
Me Me CMe,
24 22 23

»w=8.60 eV. This value is closer to that for the cyclic imi-
nium cation 6, 8.30 eV, for which the activation energy for
the cyclization has been estimated in 21.4 kcal/mol. Note
that methyl substitution on the terminal methylene of 6
decreases the electrophilicity of 23 to 6.68 eV, as a conse-
quence of the electron-releasing character of the methyl
groups.

Finally, protonation of the N4 nitrogen atom of the dihydro-
pyrimidine 13a increases the electrophilicity of 18a to
10.89 eV, being the stronger electrophile of the series given
in Table 2. This strong electrophilic activation of the pyrim-
idine ring accounts for the acid catalysis demanded for the
cyclization of these dihydropyrimidines.

4. Conclusions

The transformation of 2-(2-sulfonylimino-1,2-dihydro-1-
pyrimidinyl) acetamides into imidazo[l,2-c]pyrimidines
through a ring closure reaction has been studied using
DFT calculations at the B3LYP/6-31G* level. Calculations
carried out on the neutral species indicate that the cyclization
step has very high activation energy as a consequence of the
low electrophilic character of the dihydropyrimidine moiety
and the very low nucleophilic character of the appended
amide. In addition, the solitary base catalysis is not sufficient
to allow the cyclization process, being necessary an acid.
This acid catalysis allows the intramolecular Michael addi-
tion by a strong electrophilic activation of the o,-unsatu-
rated imine system present on the dihydropyrimidine ring.
In addition, the substitution on both dihydropyrimidine
and amide moieties has also an influence on the activation
energy associated with the cyclization process. Thus, the
presence of the phenyl group on the amide, reduces the acti-
vation energies as well makes the cyclization to be diastereo-
selective.

Analysis of the electrophilicity index at some reagents in-
volved in these cyclizations allows an understanding of the
role of the acid catalyst. We can conclude that, although
the carboxamide group can act as nucleophile and the
a,B-unsaturated imine residue of the dihydropyrimidine
ring can act as electrophile, a strong electrophilic activa-
tion of the dihydropyrimidine ring is necessary in order
to make possible the corresponding intramolecular Michael
addition.
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