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Quantitative relationships are reported between the global electrophilicity index and the experi-
mental rate coefficients for the reactions of thiolcarbonates and dithiocarbonates with piperidine.
The validated scale of electrophilicity is then used to rationalize the reaction mechanisms of these
systems. This scale also makes it possible to predict both rate coefficients and Hammett substituent
constants for a series of systems that have not been experimentally evaluated to date.

Introduction

Although the kinetics of aminolysis of oxyesters and
oxycarbonates have been extensively studied and their
mechanisms are well-established,1-4 those for the reac-

tions of the thio analogues have received less attention.
From the theoretical point of view, the latter systems
have also been less investigated compared to their
carbonyl analogues.5-7 Most of these reactions can be
described by a nucleophilic attack at the CdX (X ) S,O)
group of the substrates, which are in most cases the
highest electrophilic site. Depending on the nature of the
electrophile/nucleophile pair, two general mechanisms
are possible. In the former, the interaction of the nucleo-
phile with the electrophilic carbon may lead to the
formation of a tetrahedral intermediate, T(, from which
the leaving group detaches. This mechanism is usually
referred to as stepwise.1,2-8,9 Another possibility is the
concerted pathway,8,9 where the nucleophilic attack at

† Departmento de Fı́sica, Universidad de Chile.
‡ Pontificia Universidad Católica de Chile.
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the electrophilic carbon occurs concertedly with the
leaving group departure within a single step.

The kinetics of the reactions of several dithiocarbonates
(1-3, 12, 13, 15, and 17 in Table 1) with secondary
alicyclic amines in water have been experimentally
studied, and the reaction mechanisms have been pro-
posed on the basis of Brønsted-type plots.10 The analysis
revealed the presence of an intermediate T(, consistent
with a stepwise mechanism. For the piperidine reaction,
the rate-determining step is the nucleophilic attack of
the amine.10 On the other hand, the rate coefficients for
the departure of the nucleofuge from the intermediates
T( formed in the reactions with dithiocarbonates 12, 13,
15, and 17 were not significantly different, probably
because of the very similar basicities of the leaving
groups involved.10c The reactions can be described by the
mechanism shown in eq 1, where RR1NH represents a
secondary alicyclic amine.10

Applying the steady-state condition to the zwitterionic
tetrahedral intermediate (T() in eq 1, we obtained eq 2,
where kN is the macroscopic rate coefficient for aminoly-
sis:10

The curvature of the Brønsted plots can be explained
by a change in the rate-limiting step from k2, for amines
of low basicity (where k-1 . k2, i.e., kN ) K1k2, where K1

is the equilibrium constant for the first step) to k1 for
amines of high basicity (k-1 , k2, i.e., kN ) k1).2,11,12

It has been proposed that the reactions of secondary
alicyclic amines with thiolcarbonates 20 and 21 in water
proceed via a concerted mechanism.13a,b This proposal was
based on the fact that linear Brønsted-type plots, with
slopes â ) 0.56 and â ) 0.48, respectively, were found.13a,b

The reactions of these amines with thiolcarbonates 22,
31, 33, 34, and 3513c,d (see Table 1) in water are consistent
with stepwise mechanisms, where breakdown to products
of the intermediate T( is rate-determining.

On the other hand, Lee and co-workers studied the
reactions of some of the above thiolcarbonates with
benzylamines in acetonitrile at 45 °C. The failure of the
reactivity-selectivity principle was interpreted to indi-
cate a concerted mechanism for these reactions.14 The
same conclusion was reached by the same authors for
the reactions of dithiocarbonates with anilines and N,N-
dimethylanilines in acetonitrile at 30 °C.15 The great
instability of the hypothetical tetrahedral intermediate
was attributed to the acetonitrile solvent.14,15

A useful classification of these processes may also be
achieved on the basis of electronic structure information
condensed in the form of reactivity indexes. Validated
scales of electrophilicity/nucleophilicity16-21 have proven
to be a useful tool to rationalize the observed reaction
mechanisms in related systems.6 They may be further
used to predict the degree of polar character at the
transition state.22,23 Within this framework, we have
recently proposed a useful empirical rule, based on
theoretical electrophilicity/nucleophilicity indexes, to ra-
tionalize the reaction mechanism for a series of carbon-
ates with neutral and charged reagents of varying
nucleophilicity.6 This rule states that the greater the
electrophilicity/nucleophilicity difference, the greater
concerted character the reaction mechanism will possess.
Conversely, a small electrophilicity/nucleophilicity gap
will in general be associated with a stepwise reaction
mechanism. Other attempts to relate electronic proper-
ties and reactions mechanisms have been reported.20,21
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TABLE 1. Global Electrophilicity (in Electronvolts) of
Dithiocarbonates and Thiolcarbonates, Evaluated Using
Eq 3, at the HF/6-311G (d,p) Level of Theory

dithiocarbonate thiolcarbonate

X ) ω X ) ω

1 2,4,6-triNO2 1.39 20 2,4,6-triNO2 1.40
2 2,4-diNO2 1.15 21 2,4-diNO2 1.08
3 4-NO2 0.92 22 4-NO2 0.85
4 3-NO2 0.84 23 3-NO2 0.76
5 4-CN 0.74 24 4-CN 0.72
6 3-CN 0.68 25 3-CN 0.67
7 4-CO2H 0.68 26 4-CO2H 0.66
8 3-CO2H 0.61 27 4-CF3 0.61
9 4-CF3 0.60 28 3-CO2H 0.60
10 3-CF3 0.55 29 3-CF3 0.56
11 4-Cl 0.52 30 3-CH3 0.38
12 3-Cl 0.50 31 4-Cl 0.35
13 H 0.46 32 3-NH2 0.29
14 3-CH3 0.45 33 H 0.28
15 4-CH3 0.44 34 4-CH3 0.26
16 3-OCH3 0.42 35 4-OCH3 0.23
17 4-OCH3 0.41
18 3-NH2 0.38
19 4-NH2 0.36

kN )
k1k2

k-1 + k2
(2)
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In the present case, however, an additional simplifica-
tion may be introduced, considering the reactions of
several electrophiles with the same reference nucleophile
(piperidine). In such a case, the effect of the nature of
the nucleophile may be neglected, and the prediction of
both rate coefficients and reaction mechanism may be
described on the basis of an absolute scale of electrophi-
licity for the thiocarbonates derivatives. In this work, we
present a theoretical scale of electrophilicity based on the
Parr et al. definition of global electrophilicity24 for a series
of thiocarbonates derivatives. The electrophilicity num-
bers are then used to derive an empirical equation by
comparing the global electrophilicity values with the
experimental rate coefficients for the aminolysis of these
compounds with piperidine. The resulting equation is
then used to predict the rate coefficients for aminolysis
of compounds not kinetically evaluated to date. A useful
additional result is that the electrophilicity index may
also be used to account for substituent effects,25,26 in the
form of a linear relationship between the global electro-
philicity and Hammett substituent constants.27

Model Equations and Computational Details

The quantitative definition of electrophilicity is based on a
second-order model for the change in electronic energy as a
function of the change in the number of electrons, ∆N, at
constant external potential ν(r), namely.24,28,29 On the basis of
this expression, Parr and co-workers24 performed a simple
variational calculation to obtain the global electrophilicity
index ω ) -∆E. The resulting equation is:

which is expressed in terms of the electronic chemical potential
µ and the chemical hardness η. Both quantities are easily
obtained from a finite difference method together with Koop-
man’s theorem, in terms of the one electron energy level of
the frontier molecular orbitals HOMO and LUMO,24 namely,
eqs 4 and 5, respectively. In general, Koopman’s theorem yields
a correct ordering of IPs as compared to the adiabatic ap-
proximation that evaluates this quantity from the total energy
difference between the cation and the neutral species. The
numbers are obviously different, but the ordering within a
family of related compounds is essentially the same.23

With the µ and η values, the electrophilicity index was
evaluated using eq 3. The global electrophilicity is not sensitive
to solvent effects,30 and therefore the gas-phase value suffices
to establish an absolute hierarchy of the electron-accepting
ability of these systems.

Ab inito HF/6-311G (d,p) calculations were performed using
the Gaussian 98 suite of programs31 to evaluate the electronic
quantities required to calculate the ground-state electrophi-
licity index for the series of thiocarbonates derivatives con-
sidered in the present study.

Results and Discussion

(a) Absolute Scale of Electrophilicity. Table 1
summarizes the global electrophilicity evaluated for a
series of thiolcarbonates and dithiocarbonates. As in the
case of carbonates previously reported,6 the whole series
may be arbitrarily ordered into three groups. A first
series, group I, which we classify as strong electrophiles,
shows electrophilicity numbers ω > 1.0. The second
series, group II, presenting electrophilicity numbers
within the range 0.5 < ω < 1.0, is classified as moderate
electrophiles, and those compounds possessing electro-
philicity values ω < 0.5, group III, are classified as
marginal electrophiles. The theoretical scale was vali-
dated against the rate coefficient values reported by
Castro and co-workers for the reactions of secondary
alicyclic amines with thiolcarbonates and dithiocarbon-
ates.10,13 The comparisons are shown in Figures 1 and 2,
respectively. The first comparison (regression coefficient
R ) 0.990) is carried out for thiolcarbonates 20-22, 31,
33, 34, and 35, for which the kinetic information is
available.13 The second analysis (R ) 0.965) is carried
out for dithiocarbonates 2, 3, 11, 13, 15, and 17, which
have been kinetically evaluated.10 The little difference
in electrophilicity between dithiocarbonate and thiolcar-
bonate series may be traced to the fact that the former
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ω ) µ2

2η
(3)

µ )
εH + εL

2
(4)

η = εL - εH (5)

FIGURE 1. Comparison between the experimental nucleo-
philic rate coefficient, kN, for the reactions of the thiolcarbon-
ates series with piperidine and the electrophilicity index
obtained at the HF/6-311G(d,p) level of theory.
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is expected to be softer than the latter because of the
presence of a second S atom in the structure. Since the
electrophilicity index is inversely proportional to chemical
hardness (see eq 3) and, therefore, directly proportional
to global softness, a soft molecule will be, in general, more
electrophilic than a hard molecule.

It can be observed that, for thiocarbonate 33, which is
a marginal electrophile (ω ) 0.28 eV), substitution at the
para position of the ring by a methyl group results in a
slight electrophilic deactivation in compound 34 (ω ) 0.26
eV). Substitution at the same site by a stronger electron-
releasing group, -OCH3, results in further electrophilic
deactivation in compound 35 (ω ) 0.23 eV). Electrophilic
activation induced by chemical substitution by strong
electron-withdrawing groups such as the -NO2, on the
other hand, increases the electrophilicity number of the
reference compound 33 (ω ) 0.28 eV) to ω ) 0.85, 1.08,
and 1.40 eV in compounds 22, 21, and 20, respectively.
Note that increasing substitution by one, two, and three
-NO2 groups makes an almost additive contribution per
group.

A similar trend is observed for the series of dithiocar-
bonates. For instance, starting with compound 13 as
reference (ω ) 0.46 eV), increasing substitution by one,
two, and three -NO2 groups at the ring enhances the
electrophilicity, ω, to 0.92, 1.15, and 1.39 eV in com-
pounds 3, 2, and 1, respectively. Note again that increas-
ing substitution by one, two, and three -NO2 groups
makes an almost additive contribution of about 0.24 eV
per group. Other electrophilic deactivation patterns
induced by electron-releasing groups, such as methyl and
methoxy, in the aromatic ring can be confirmed in Table
1 for both series of thiocarbonates.

(b) Relationship between the Electrophilicity
Index and Rate Coefficients. The result of the com-
parison between the electrophilicity index and the nu-
cleophilic rate coefficient kN for the reactions of the
thiolcarbonates series with piperidine is displayed in
Figure 1. The resulting empirical equation is:

From this equation, the rate coefficient for the nucleo-
philic attack kN may be predicted from the knowledge of

the global electrophilicity index. These values are com-
piled in Table 2. In the absence of experimental values
for compounds marked with (*) in Table 2, the reliability
of the predictions made from eq 6 may be reinforced by
using the empirical rules about substituent effects at the
aromatic ring of the leaving group in these systems,26

based on Hammett substituent constants. In the analysis
that follows, the substitution pattern at the ring of the
leaving group and the values of kN for each compound
are given in parentheses. For the series of thiolcarbonates
depicted in Table 2, it may be seen that compound 22
(p-NO2, kN ) 3.40 s-1 M-1) is upper bounded by compound
21 (2,4-diNO2, kN ) 14.8 s-1 M-1) and lower bounded by
compound 23 (m-NO2, kN ) 2.20 s-1 M-1). This result is
in agreement with the substituent effect expected for the
strong electron-withdrawing -NO2 group, which is known
to have its greatest effectiveness at the para position.27

Note further that compounds 24 (p-CN, kN ) 1.85 s-1

M-1) and 25 (m-CN, kN ) 1.46 s-1 M-1) are both predicted
to display nucleophilic rate constants smaller than those
for the -NO2 group at the meta and para positions of
the phenyl ring, respectively. Compounds 26 (p-CO2H,
kN ) 1.39 s-1 M-1), 28 (m-CO2H, kN ) 1.05 s-1 M-1), 27
(p-CF3, kN ) 1.10 s-1 M-1), and 29 (m-CF3, kN ) 0.87 s-1

M-1), on the other hand, are predicted to display nucleo-
philic rate constants even smaller than those displayed
by the -NO2 and -CN groups at these positions. Other
derivatives containing electron-releasing groups such as
30 (m-CH3, kN ) 0.37 s-1 M-1) and 32 (m-NH2, kN ) 0.24

FIGURE 2. Comparison between the experimental nucleo-
philic rate coefficient for amine attack, k1, for the reaction of
the dithiocarbonates series with piperidine and the electro-
philicity index obtained at the HF/6-311G(d,p) level of theory.

log kN ) -1.17 + 1.96ω (R ) 0.990) (6)

TABLE 2. Predicted and Experimental Rate
Coefficients for the Aminolysis of Thiolcarbonates with
Piperidine, and Predicted and Experimental Hammett
Substituent Constantsa

compound kN
exptl (s-1 M-1) kN

pred σp σm

33 0.24 0.23 0.00 0.00
-0.05* -0.05*

31 0.46 0.32 0.23
0.11*

34 0.17 0.21 -0.17
-0.11*

35 0.17 0.18 -0.27
-0.20*

22 2.10 3.40 0.78
0.78*

21 14.0 14.8 - -
0.96* 0.96*

20 27.0 27.7 - -
1.15* 1.15*

23 2.20* 0.71
0.69*

24 1.85* 0.66
0.65*

25 1.46* 0.56
0.60*

26 1.39* 0.45
0.59*

28 1.05* 0.37
0.52*

27 1.10* 0.54
0.53*

29 0.87* 0.43
0.46*

30 0.37* -0.07
0.17*

32 0.24* -0.16
-0.03*

a Predicted values marked with (*) were obtained from a
reduced regression analysis for compounds 22, 31, and 33-35 in
Figure 5. The regression equation is: log kN ) -1.21 + 2.05 ω; R
) 0.985.
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s-1 M-1) are predicted to have rate coefficients greater
than the reference compound 33 (kN ) 0.23 s-1 M-1) and
compounds 31 (p-Cl, kN ) 0.32 s-1 M-1), 34 (p-CH3, kN )
0.21 s-1 M-1), and 35 (p-OCH3, kN ) 0.18 s-1 M-1), but
smaller that those predicted for the -NO2 and -CN
substituted derivatives. This analysis may be further
confirmed by the use of the available experimental
Hammett substituent constants included in the last two
columns of Table 2. The values of σP for each compound
are given in parentheses. For instance, starting with the
reference compound 33 (σP ) 0.0) substitution with a
-CH3 group at the para position of the leaving group
results in a slight decrease of the rate coefficient in
compound 34 (σP ) -0.17; see both the experimental and
predicted values in Table 2). Substitution with a -OCH3

group at the same position results in further decrease of
the rate coefficient in compound 35 (σP ) -0.27). Note
that substitution by chlorine at the para position of the
ring of the leaving group results in an enhancement in
the rate coefficient in compound 31 (σP ) 0.23).

For the nitro derivatives, the relationship between kN

and σP is conserved, at least for compounds 22 (σP ) 0.78)
and 23 (σm ) 0.71) for which experimental σ values are
available (see Table 2). Note further that compounds 24
(σP ) 0.66) and 25 (σm ) 0.56) are both predicted to
display nucleophilic coefficients smaller than those shown
by the -NO2 group at the meta and para positions of the
phenyl ring, respectively. Compounds 26 (σP ) 0.45) and
28 (σm ) 0.37), on the other hand, are predicted to display
nucleophilic rate constants even smaller than those
shown by the -NO2 and -CN groups at these positions.
The σ values for the remaining derivatives containing
electron-releasing groups such as 30 (σm ) -0.07) and
32 (σm ) -0.16) are consistently predicted to have rate
coefficients greater than the reference compounds. It is
also noteworthy that Hammett substituent constants also
correlate with the electrophilicity index in a logarithmic
scale. The correlation is shown in Figure 3. The resulting
empirical equation using compounds 22-25, 27, 29, 31,
and 33-35 is:

From this correlation, the values of the Hammett
substituent constant for compounds 21 and 20 may be
predicted. For instance, the value σ ) 0.96 obtained for
compound 21 (2,4-diNO2) is consistent with the larger
rate coefficient value (kN ) 14.8 s-1 M-1) compared to
that of compounds 22 (kN ) 3.4 s-1 M-1, predicted σP )
0.78, and experimental σP ) 0.78) and 23 (kN ) 2.2 s-1

M-1, predicted σm ) 0.69, and experimental σm ) 0.71).
Note that compound 20 (2,4,6-triNO2), which displays the
largest experimental value of the rate coefficient, is
consistently predicted to have the greatest value of
Hammett substituent constant (σ ) 1.15, see Table 2).

Table 3 shows the values of k1 for the reactions of
dithiocarbonates with piperidine and the theoretical
electrophilicity index ω. The comparison between these
parameters for the reactions of the series of dithiocar-
bonates is shown in Figure 2. The resulting empirical
equation is:

The predicted k1 values obtained from eq 8 are com-
piled in Table 3. A similar analysis to that performed for
the thiolcarbonates series shows that the rate coefficients

FIGURE 3. Comparison between the experimental Hammett
substituent constants and the electrophilicity index in a
logarithmic scale for the reaction of thiolcarbonates series with
piperidine.

TABLE 3. Predicted and Experimental Rate
Coefficients for Amine Attack for the Aminolysis of
Dithiocarbonates with Piperidine, and Predicted and
Experimental Hammett Substituent Constantsa

compound k1
exptl (s-1 M-1) k1

pred σp σm

13 1.10 1.34 0 0
-0.06** -0.06**

11 1.70 1.55 0.23
0.23**

15 1.30 1.28 -0.17
-0.17**

17 1.40 1.19 -0.27
-0.34**

3 3.00 4.04 0.78
0.78*

2 8.50 7.01 - -
0.93* 0.93*

1 5.12 12.46 - -
1.06* 1.06*

4 3.34* 0.71
0.72*

5 2.63* 0.66
0.64*

6 2.28* 0.56
0.59*

7 2.28* 0.45
0.59*

8 1.92* 0.37
0.51*

9 1.88* 0.54
0.50*

10 1.67* 0.43
0.44*

12 1.48* 0.37
0.14**

14 1.31* -0.07
-0.12**

16 1.22* 0.12
-0.28**

19 1.06* -0.66
-0.65**

18 1.11* -0.16
-0.52**

a Predicted values marked with (*) and (**) were obtained from
eqs 9 and 10, respectively.

log k1 ) -0.35 + 1.04ω (R ) 0.965) (8)

σ ) 0.90 + 0.75 ln ω (R ) 0.985) (7)
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for compounds 3 (p-NO2, k1 ) 4.04 s-1 M-1, predicted σP

) 0.78, and experimental σP ) 0.78) and 4 (m-NO2, k1 )
3.34 s-1 M-1, predicted σm ) 0.72, and experimental σm

) 0.71) are consistent with the substituent effect expected
for the strong electron-withdrawing -NO2 group.

Hammett substituent constants for this series were
compared with the electrophilicity index in logarithmic
scale (see Figure 4). The comparison shows this time two
linear relationships for the nucleofuge: one for strong
electron-withdrawing substituents and another for elec-
tron-releasing substituents. For strong electron-with-
drawing substituents (compounds 3-6), the following
equation holds:

From this equation, σ values for compounds 1 (2,4,6-
triNO2 derivative) and 2 (2,4-diNO2 derivative) may be
predicted (see Table 3).

A second straight line was obtained for the leaving
groups substituted with electron-releasing groups using
compounds 11, 13-15, 17, and 19. The regression equa-
tion in this case is:

The presence of two linear relationships may be traced
to the fact that in the aminolysis of these compounds,
the rate-determining step is the attack of the amine. In
this case, compounds presenting electron-withdrawing
groups will significantly activate the carbocation site, and
they will consistently show greater values of electrophi-
licity σ parameter and rate constant than those com-
pounds substituted with electron-releasing groups. Note
further that the predicted σ values for multiple substitu-
tion in compounds 21 and 20 (0.96 and 1.15, respectively)
of the series of dithiocarbonates and compounds 2 and 1
(0.93 and 1.06) of the series of thiolcarbonates are
approximately the same, thereby proving the stability
and consistency of the theoretical σ index.

Nature of the Reaction Mechanisms. It has been
previously shown that the experimental and theoretical
scales of electrophilicity/nucleophilicity are useful to

discuss reaction feasibility,16 inter- and intramolecular
reactivity,17 and reaction mechanisms.6 The nucleophi-
licity number ω- has been represented using the critical
points of the molecular electrostatic potential.6,32 For the
aminolysis of carbonates, we recently reported an empiri-
cal rule stating that the larger the electrophilicity/
nucleophilicity difference, the greater the concerted
character of the reaction mechanism. Conversely, a small
electrophilicity/nucleophilicity gap will, in general, be
associated with a stepwise reaction mechanism. This
model uses the nucleophilicity/electrophilicity difference
index ∆NE ) |$- - ω|6 as a criterion to predict the degree
of ionic character of the electrophile/nucleophile interac-
tion. The parameter $- is the average nucleophilicity
evaluated for a set of nucleophiles reacting with a series
of electrophiles.6 In the present case, however, this
analysis is simpler, since a unique nucleophile (piperi-
dine) is employed, so that the ∆NE sequence is the same
as that for electrophilicity (i.e., ∆NE ) ω, to within a
constant term).

Figure 5 shows the dividing line between the compound
with ω < 1 and ω > 1, based on the ∆NE ≈ ω index for
the thiolcarbonates. These compounds have been kineti-
cally shown to react with piperidine via concerted (20 and
21) or stepwise (22, 31, 33-35) mechanisms. It can be
seen that those electrophiles that react via a stepwise
route display ω values smaller than 1.0 eV. Compounds
reacting via a concerted route consistently show ω values
greater than 1.0 eV. On the other hand, the dithiocar-
bonate derivatives shown in Figure 2 react via stepwise
mechanism (compounds 1-3, 11, 13, 15, and 17). Note
that compounds 1 and 2 show ω values greater than 1.0
eV, and therefore they are predicted to react via a
concerted mechanism, thereby indicating that the inter-
mediate (Ar ) 2,4-dinitrophenyl or 2,4,6-trinitrophenyl)
is not readily formed.13a,b

A possible explanation for this result is the greater
electronegativity of the oxygen as compared to that of
the sulfur atom, which favors the formation of the double

(32) (a) Sen, K. D.; Politzer, P. J. Chem. Phys. 1989, 90, 4370. (b)
Sen, K. D.; Seminario, J. M.; Politzer, P. J. Chem. Phys. 1989, 90, 4373.

FIGURE 4. Comparison between the experimental Hammett
substituent constants and the electrophilicity index in a
logarithmic scale for the reactions of the dithiocarbonates
series with piperidine. (*) predicted values.

σ ) 0.84 + 0.66 ln ω (R ) 0.989) (9)

σ ) 1.80 + 2.40 ln ω (R ) 0.994) (10)

FIGURE 5. The dividing line between compounds with ω <
1 and ω > 1 is defined for ∆NE ≈ ω index for the thiolcar-
bonates series.
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bond with the electrophilic carbon, thereby facilitating
the departure of the nucleofuge13b,33 (-SAr unity in Chart
1). The replacement of O- in I by S- in II stabilizes the
intermediate by size effects due to its higher polarizabil-
ity that better accommodates the negative charge. There-
fore, compounds 20 and 21 whose aminolysis proceed
through intermediates of type I will react via an enforced
concerted mechanism.8,13 Compounds 1 and 2, on the
other hand, which yield a stable intermediate of type II,
will react via a stepwise mechanism. These results reveal
the influence of the leaving group basicity, the electro-
negativity, and polarizability of the CO and CS groups
on the stability of the intermediate, T(,13 and the reaction
mechanism.

The stability of the intermediate T( can be interpreted
in Figure 5 as a change of slope in the Brønsted plot,
thereby confirming the change of mechanism in the
thiolcarbonates series. The zone of higher electrophilicity
values is in agreement with a concerted mechanism,13a,b

and the zone of lower electrophilicity values is consistent
with a stepwise mechanism.13c,d

Concluding Remarks

The reactivity of thiocarbonates with piperidine has
been examined for a wide series of molecules. The
electrophilicity of the thio derivatives may be conve-
niently described in terms of the electronic reactivity
index proposed by Parr et al.24 The global electrophilicity
index assesses well the substituent effects induced by
different functional groups on a given thiocarbonate
frame. Activation/deactivation patterns induced by elec-
tron-withdrawing and electron-releasing groups at the
aromatic ring in both series of thiocarbonates are con-
sistently ordered with respect to Hammett substituent
constants. The electrophilicity scale may also be used to
rationalize reaction mechanisms in these systems: while
high electrophilic thiocarbonates will in general undergo
aminolysis via a concerted route, those marginally elec-
trophilic thiocarbonates will react with piperidine via a
stepwise route. Some deviations to this empirical rule
may be explained on the basis of the stability of the
tetrahedral intermediates, which depends on the leaving
group basicity and the electronegativity and polarizability
of the CO and CS groups.
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