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Abstract 
By studying the rearrangement in dioxane/water of a series of (Z)-arylhydrazones of 5-amino-3-
benzoyl-1,2,4-oxadiazole (1a-k) into the relevant (2-aryl-5-phenyl-2H-1,2,3-triazol-4-yl)ureas 
(2a-k) in a wide range of pS+ (an operational scale of proton concentration in the mixed solvent 
used; dioxane/water, 1:1, v:v), the occurrence of three different reaction pathways (specific-acid-
catalyzed, uncatalyzed, and general-base-catalyzed) for the relevant SNi process has been 
recently enlightened. The significantly different substituent effects on the three pathways cause 
some crossovers in the log kA,R versus pS+ plots. Both the pS+ value at which the crossover 
occurs and the width of the uncatalyzed pathway appear in turn substituent-dependent. Thus, 
thanks to the wide and complete range of substituents examined, the data obtained have been 
treated by using free-energy relationships. Interestingly enough, these results also furnish 
valuable information concerning the effects of “small” variations in chemical structures able to 
produce “large” reactivity variations in some way recalling what can occur in biological systems. 
 
Keywords: Monocyclic rearrangements, multi-pathway reactions, base-catalysis, acid-catalysis, 
changeover of mechanism, model for enzymes 
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Introduction 
 
Five-member nitrogen heterocycles represent powerful means for realizing organic syntheses1-4 
and are largely used in medicinal5 and in veterinary chemistry6 as well as in material science.7 
In the framework of our studies on the synthetic applications4a,b,8 and on the mechanisms4a,b,9 of 
the azole-to-azole rearrangements, we have recently provided evidence of the interesting effect 
of a 5-amino substituent in the 1,2,4-oxadiazole ring on the rearrangement of some (Z)-
arylhydrazones of 3-benzoyl-1,2,4-oxadiazole (1a–k).9e,h It is able to open the way to a specific-
acid-catalyzed pathway in the “monocyclic rearrangement of heterocycles” (MRH, as named by 
Boulton and Katritzky).4 Thus, it was observed that 1a–k in dioxane/water (D/W, 1:1, v:v) could 
rearrange into the relevant (2-aryl-5-phenyl-2H-1,2,3-triazol-4-yl)ureas (2a–k) in a wide range of 
proton concentration (pS+ 0.1–12.3; pS+ is an operational pH scale in D/W)10 via three different 
reaction routes (Scheme): specific-acid-catalyzed, uncatalyzed and general-base-catalyzed. 
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 On the right side of the scheme the TS for the general-base-catalyzed (B = hydroxide or, e.g., 
borate ions) and for the uncatalyzed pathways (B = water or dioxane) is depicted. On the left side 
protonation equilibrium and TS are depicted for the specific-acid-catalyzed pathway. 
 In nucleophilic substitutions, the ability of simple systems to show all of the three alternative 
kinds of reactivity observed for 1a–k at different proton concentrations is quite unusual.11 As a 
matter of fact such an occurrence would require the presence of: (a) an acidic center able to react 
with bases to give the base-catalyzed path; (b) a basic center able to react with acids to give the 
acid-catalyzed path; (c) an effective nucleophilic center able to give, as such, the uncatalyzed 
path. 
 Such a concurrence, which is not frequent in simple molecules,12 is on the other hand quite 
normal for complex molecular systems containing several functional groups such as enzymes;12 
as a matter of fact, enzymatic processes take definite advantage of the presence (in the 
surrounding of the active site) of both basic and acidic lateral-chain groups to provide assistance 
e.g. to the proton transfers which accompany the specific enzyme-catalyzed reaction process. 
While enzymes can accomplish such polyfunctional catalysis within narrow pH ranges thanks to 
the possibility of selecting proper acidic and basic groups, sizeable pS+ changes are needed 
herein in order to bring different catalytic mechanisms to evidence. 
 Thus, according to the left side of the Scheme, in 1a–k the presence of the strong electron-
releasing 5-amino group (σ+

p-NH2 -1.30),12e enforces the protonation at N(4) of the 1,2,4-
oxadiazole ring and opens the way to a specific-acid-catalyzed path9f in strongly acidic 
conditions. Examining the right side of the Scheme, instead, it appears that the nucleophilic 
character of the sp3-hybridized nitrogen (the Nα atom) of the arylhydrazono moiety allows an 
uncatalyzed path.9a,b,g Finally, the acidic character of the proton (Nα–H) of the arylhydrazono 
moiety makes a general-base-catalyzed pathway9a,c,d viable too. 
 The occurrence of the above paths depends on the peculiar nature of the nucleophilic 
substitution involved: intramolecular (SNi) and able to give a 2H-1,2,3- triazole, i.e. a 5-member 
heterocycle (cyclizations to give 5- and 6-member rings are strongly favored)13 much more 
aromatic than the starting 1,2,4-oxadiazole one.14,15 Intramolecular processes can show very high 
effective molarities13c,16 and can be several orders faster than corresponding non-intramolecular 
processes. In our case it has been observed that the 1,2,4-oxadiazole ring-opening does not occur 
by the action of external nucleophiles also if they are much more effective than the 
arylhydrazono nitrogen.4a,b,9e,13b 
 We have pointed out that the SNi reaction occurs via a concerted bond-forming [Nα–N(2)] 
and bond-breaking [N(2)–O(1)] process and involves ten electrons in a bicyclic (quasi–aromatic) 
transition state.9g Its evolution is favored by the fact that the N(2)–O(1) bond breakage provides, 
as leaving group, the highly resonance-stabilized ureido group eventually linked to C(4) of the 
final, truly aromatic 1,2,3-triazole.  
 The kinetic data obtained by studying the rearrangement of 1a–k [a reactivity logarithmic 
plot of log kA,R for some significant (Z)-arylhydrazones versus pS+ is reported in Figure 1] have 
been examined by means of free-energy relationships (Yukawa-Tsuno or Ingold-Yukawa-Tsuno 
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equations, see Figures 5-7 in Supplementary Information (S.I.), as well as cross-correlations)9i 
obtaining mechanistic information useful for the understanding of the very nature of the 
processes occurring. As a matter of fact the substituent on the hydrazono moiety can exert 
different effects on the three reaction pathways, making each of them effectively contribute to 
the rearrangement in different pS+ ranges.9i E.g. strong electron-withdrawing groups, such as 
nitro or cyano groups, favor the base-catalyzed path and in contrast disfavor the uncatalyzed as 
well as the acid-catalyzed path. Electron-donating substituents, such as methoxy and methyl 
groups, exert opposite effects. 
 The substituent-dependence of the reactivity on the proton concentration gives rise to some 
crossovers in the log kA,R versus pS+ plots (Figure 1) and the switch from one mechanism to the 
other (that we shall indicate as “break-point”) occurs at substituent-dependent pS+ values. This 
makes in turn the width of the uncatalyzed pathway substituent-dependent. 
 

 
 
Figure 1. Plot of log kA,R (kA,R: apparent rate constants for the rearrangement) in D/W at 313.1 K 
for the rearrangement of 1a, 1d, 1e, 1g, 1i, 1j, and 1k into the relevant triazoles versus pS+. 
 
 The wide range of substituents examined in the rearrangement should allow a quantitative 
examination of the substituent effects both on the reaction pathways changeover and on the 
width of the uncatalyzed region. These results encompass a double interest: they can contribute 
to further clarify the mechanism of MRH and at the same time they can behave as “models” and 
provide information on the behavior of complex biological systems, such as enzymes. 
 
 

-7

-6

-5

-4

-3

-2

-1

0

0 2 4 6 8 10 12 14

1a1d
1e1g

1i1j
1k

lo
g 

k A
,R

 

pS+



Issue in Honor of Prof Henk C. van der Plas ARKIVOC 2009 (vi) 15-29  

ISSN 1551-7012 Page 19 ©ARKAT USA, Inc. 

Results and Discussion 
 
Examination of the substituent effects on the changeover between reaction pathways. 
Figure 1 clearly shows that, for the rearrangement in D/W of the (Z)-arylhydrazones 1 into the 
relevant triazoles 2, the break-point value, e.g. from the base-catalyzed to the uncatalyzed path, 
is strongly substituent-dependent. This observation has induced us to investigate this point on 
more quantitative grounds. Actually, the break-point is the intersection between the straight lines 
relevant to the base-catalyzed and the uncatalyzed paths and represents the value at which the 
substrate shows the same reactivity in the two paths [the Table 1 collects such break-point 
values, indicated as (pS+)1]. One can observe that, depending on the nature of the substituent, 
these break-points fall in a pS+ range between 4.75 (for 1k) and 8.8 (for 1a). 
 For the sake of comparison, also the break-points concerning the rearrangement of the (Z)-
arylhydrazones of 3-benzoyl-5-phenyl-1,2,4-oxadiazole (3a-k) into the relevant 2-aryl-4-
benzoylamino-5-phenyl-2H-1,2,3–triazoles (4a-k)9d are reported in the Table 1. 
 An analogous situation occurs for the changeover from the uncatalyzed to the acid-catalyzed 
pathway: the relevant break-points [(pS+)2] are collected in Table, evidencing a similar, but a 
significantly narrower range (from pS+ 2.35 for 1k to 2.8 for 1a). 
 In both cases [(pS+)1 and (pS+)2] strongly electron-releasing groups [for example, 4-MeO 
(σ+

p-OMe –0.78),12e as in 1a] and electron-withdrawing groups [for example, 4-NO2 (σ-
p-NO2 

+1.25),12e as in 1k] shift the break-point towards higher and lower pS+’s, respectively. 
 The data above indicate that in the case of (Z)-arylhydrazones containing a strong electron-
releasing group (for example, 1a) the uncatalyzed process is effective in a pS+ range (from 2.8 to 
8.8) much larger than that observed in the case of a (Z)-arylhydrazone containing a strong 
electron-withdrawing group (for example, 1k), for which the uncatalyzed process is effective 
only in a restricted pS+ range (i.e. from 2.35 to 4.75). 
 This behavior fits very well with our previous results on the mechanism of the uncatalyzed 
path in MRH processes:9b,g as a matter of fact, an increase of the nucleophilicity of Nα (caused 
by an electron release from the aryl of the arylhydrazono residue) favors the nucleophilic attack 
and then widens the pS+ range at which the uncatalyzed process can effectively operate. 
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Table 1. Slopes of the straight lines for the catalyzed ranges,a break-points [(pS+)1 and (pS+)2] for 
the changeover of mechanisms,b and widths (∆pS+) of the uncatalyzed pathwayb for the 
rearrangement of 1a–k into 2a–k at various pS+ in D/W (1:1, v:v) and at 313.1 K 

 
Slopes 

(base catalysis)c (pS+)1
c Slopes 

(acid catalysis) 
(pS+)2

 ∆pS+ d 

1a 
0.920 

(0.928) 
8.80 

(8.04) 
–0.820 2.82 5.98 

1b 
0.920 

(0.925) 
8.68 

(7.98) 
–0.831 2.80 5.88 

1c 
0.912 

(0.916) 
8.61 

(7.91) 
–0.869 2.77 5.84 

1d 
0.891 

(0.905) 
8.51 

(7.89) 
–0.900 2.73 5.78 

1e 
0.916 

(0.906) 
7.56 

(6.89) 
–0.911 2.62 4.94 

1f 
0.902 

(0.905) 
7.33 

(6.66) 
–0.927 2.60 4.73 

1g 
0.913 

(0.919) 
7.12 

(6.47) 
–0.931 2.57 4.55 

1h 
0.923 

(0.924) 
7.09 

(6.37) 
–0.939 2.55 4.54 

1i 
0.921 

(0.926) 
5.85 

(5.19) 
–0.966 2.44 3.41 

1j 
0.930 

(0.942) 
5.56 

(4.95) 
–0.968 2.41 3.15 

1k 
0.932 

(0.935) 
4.75 

(4.12) 
–0.970 2.35 2.40 

a Data from ref. 9i, uncertainty ± 0.5%. b Uncertainty ± 1%. c In parentheses, the slopes and the 
break-points for the rearrangements of 3a–k into 4a–k in comparable experimental conditions 
are reported. d ∆pS+ = (pS+)1-(pS+)2. 
 
 On more quantitative grounds, as only the specific-acid catalyzed, uncatalyzed and general-
base-catalyzed routes are operative in the rearrangement of 1a–k, the simplified kinetic 
expression of eq 1 holds12 

kA,R = ku + KkH[H3O+]/(1 + K[H3O+]) + kOH[OH-] + Σ kB[B]     (1) 
 By inserting in eq 1 the experimental values of the relevant kinetic and thermodynamic 
parameters [e.g., for 1d at 298.1 K:9f,i ku 1.2 10-6 s-1; K (1.23 ± 0.02) L mol-1; kH (1.58 ± 0.01) 
10-4 L mol-1 s-1; kOH (5.67 ± 0.07) L mol-1s-1 and kB (0.021 ± 0.001) L mol-1s-1]9f,i one can observe 
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that at high proton or base (hydroxide ion plus buffer base) concentrations only the specific-acid-
catalyzed or the general-base-catalyzed pathway can be observed, respectively. 
 In contrast, there is a pS+ range, depending on the nature of the substituent, where the 
concentrations of the catalysts (the proton or the present bases) are so small that only the 
uncatalyzed pathway is effective [ku >> KkH[H3O+]/(1 + K[H3O+]) and ku >> (kOH[OH-] + Σ 
kB[B])]: i.e. kA,R = ku. 
 Within the framework just outlined one can therefore put the following questions: 
1) Does a relationship exist between the (pS+)1 or (pS+)2 values17 and the substituent effects? 
Because of the extended set of substituents present in the arylhydrazono moiety (n 11, with σH 
values ranging between –0.28 and +0.78;12e anyway, considering that σ+ and σ– values would be 
used in some calculations, the range could become > 2), for the first time proofs on such a 
correlation could be collected. 
2) In the instance of (pS+)1, is there any significant difference between the behavior of the (Z)-
hydrazones 1a–k and 3a–k? 
3) Moreover, is there a relationship between the width of the uncatalyzed region [i.e. ∆pS+ = 
(pS+)1 – (pS+)2] and the electronic substituent effect? 
Hereinafter, answers to the above questions will be suitably provided. 
1) As far as the (pS+)1 values for 1a–k are concerned, we have searched for a FER, obtaining an 
excellent correlation from the Yukawa-Tsuno treatment18 by using σn substituent constants,19 
finding evidence for a large contribution of through-resonance18 by electron-withdrawing 
substituents (eq 2: n = 11, r = 0.998, i = –0.07 ± 0.04, C.L. > 99.9 %, Figure 2; see also Figure 8 
in the S.I.). 

δ(pS+)1 = [(pS+)1]X – [(pS+)1]H = (–3.52 ± 0.08) [σn + (0.53 ± 0.07) ∆σR-]   (2) 
 The high absolute value of the susceptibility constant of eq. 2 (–3.52) provides evidence of a 
strong electronic effect on the mechanistic changeover; thus, for instance, in the case of electron-
withdrawing substituents (i.e. compounds 1i–k), which slow down the uncatalyzed attack of the 
Nα atom to the oxadiazole ring by decreasing its nucleophilicity, the system is enforced to take 
the best possible advantage of every base approaching the proton on the same N-atom, 
anticipating the switch to the general-base-catalyzed pathway to lower and lower pS+ values (i.e. 
as soon as the concentration of the basic species in the medium can show up its beneficial effects 
overcoming a “penalized” uncatalyzed process). As a rather spectacular result, 1k (X = NO2), 
which is ca. 20 times less reactive than 1a (X = 4-OMe) at pS+ 3.80 (uncatalyzed pathway),9i 
becomes more than two powers of ten as reactive as the latter at pS+ > 8 (Figure 1).9i 
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Figure 2. Plot of δ(pS+)1 {i.e., [(pS+)1]X – [(pS+)1]H} at 313.1 K versus (σH + r– ∆σ–) values 
(Yukawa-Tsuno plot, eq. 3) for the rearrangement of 1a–k into 2a–k in D/W. 
 
 On more quantitative grounds, the ρ value of eq. 2 mirrors the reactivity crossover 
encompassing almost exactly the sensitivity to the electronic effects both of the base-catalyzed 
reactivity {ρ = 2.30, favoured by electron-withdrawing substituents; see eq. 2 in ref. 9i: log 
(kA,R)X/(kA,R)H = 2.30 [σH + 0.64 (σ– – σH)]} and of the uncatalyzed one [ρ = – 1.24, disfavoured 
by electron-withdrawing substituents; see eq 4 in ref. 9i: log (kA,R)X/(kA,R)H = –1.24 (σn + 0.10 
∆σR+ + 0.24 ∆σR-)]: thus, – 3.52 ≅ (– 1.24 – 2.30), within the limits of the experimental error.20 
Being at the borderline between the base-catalyzed and the uncatalyzed pathway, the (pS+)1 
values should be conceivably dominated essentially by electronic factors of the same nature as 
those influencing the reactivity on the two sides, i.e. at lower or higher pS+ values. As a matter of 
fact, an excellent cross-correlation between δ(pS+)1 and log (kA,R)X/(kA,R)H at pS+ 3.80 is observed 
whose large positive slope (s = 2.99, Figure 9 in the S.I.) indicates that the factors which favor 
the uncatalyzed pathway [i. e. electron repulsion towards Nα to increase its nucleophilicity: 
higher (kA,R)u] determine, as expected, “later” break-points [higher (pS+)1, i.e. a wider range of 
prevalence of the uncatalyzed process itself]. On the other hand, a similar δ(pS+)1 versus log 
(kA,R)X/(kA,R)H correlation at pS+ 11.50 gives a likewise significant, although only somewhat less 
satisfactory, result; the negative susceptivity constant (s = –1.64 ± 0.08, Figure 10 in the S.I.) 
indicates, in this case, that any electronic factors favouring the base-catalyzed pathway [i.e. 
electron withdrawal from Nα to facilitate the general-base-catalyzed pathway: higher (kA,R)bc] 
determine “earlier” break-points [lower (pS+)1, i.e. a narrower range of prevalence of the 
uncatalyzed process] restating from a different point of view the abovementioned proclivity of 
the system to switch to the base-catalyzed path as soon as possible. The significant positive 
deviation of 1a (X = 4-OMe) from the latter correlation reflects the enhanced nucleophilicity of 
Nα due to the electron release from the aryl substituent, which shows up notwithstanding the 
overwhelming electron density provided by the interaction of the Nα–H proton with every base 



Issue in Honor of Prof Henk C. van der Plas ARKIVOC 2009 (vi) 15-29  

ISSN 1551-7012 Page 23 ©ARKAT USA, Inc. 

present in the reaction medium. Such a factor justifies the lack of a crossover between the 
reactivities of 1a and of the parent 1d (X = H): as a matter of fact, the latter proves less reactive 
both in the uncatalyzed and in the base-catalyzed region. 
 As far as the (pS+)2 values for 1a–k are concerned, we have observed an excellent Ingold-
Yukawa-Tsuno correlation, treating data as suggested by Wepster19,21-22 (eq. 3: n = 11, r = 
0.9984, i = 0.00 ± 0.00, C.L. > 99.9 %, Figure 3; see also Figure 11 of S.I.). 
δ(pS+)2 = [(pS+)2]X – [(pS+)2]H = (–0.43 ± 0.01) [σn + (0.17 ± 0.05) ∆σR+ + (0.25 ± 0.05) ∆σR-] (3) 
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Figure 3. Plot of δ(pS+)2 {i.e., [(pS+)2]X – [(pS+)2]H} at 313.1 K versus (σn + r+∆σR
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–) 

values (overall Ingold-Yukawa-Tsuno plot, eq 3) for the rearrangement of 1a–k into 2a–k in 
D/W. 
 
 As graphically evident from Figure 3, the slope of eq 3 indicates only a meager dependence 
of the (pS+)2 break-point on the nature of X: an outcome properly rationalized on the grounds of 
the distance between the hydrazono aryl moiety and the site of acidic catalysis, localized on the 
N(4) atom of the oxadiazole ring.9i In this case, the negative sign mirrors a widening of the field 
of prevalence of the uncatalyzed pathway in the case of electron-withdrawing substituents, 
whose effect likely determines a somewhat decreased electron density on N(4) and thus a later 
appearance of the acid-catalyzed route while shifting towards lower pS+ values. 
 Furthermore, as expected the Ingold-Yukawa-Tsuno treatment of the (pS+)2 data enlightens a 
tight analogy with the electronic factors that govern the reactivity on the two sides of the break-
point itself, i.e. in the uncatalyzed and in the acid-catalyzed range. Consequently excellent 
correlations between δ(pS+)2 and log (kA,R)X/(kA,R)H measured at pS+ 3.80 and at pS+ 1.00 have 
been observed, characterized by very similar susceptibility constants (s = 0.35 and 0.30, 
respectively; Figures 12 and 13 in the S.I.); this outcome confirms the comparability of the 
substituent effect in the uncatalyzed and acid-catalyzed regions as supported by the excellent 
cross-correlation calculated (s = 1.16, r = 0.999).9i 
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 According to the reasoning developed above for the (pS+)1 values, the susceptibility constant 
of eq. 3 should account for the differential sensitivity to the susbstituent effects between the 
uncatalyzed (ρ = –1.24; see above) and the acid-catalyzed reactivity [ρ = –1.43, disfavoring 
electron-withdrawing substituents: see eq. 10 in ref. 9i: log (kA,R)X/(kA,R)H = –1.43 (σn + 0.08 
∆σR+ + 0.29 ∆σR-)]. Actually, the difference between the two susceptibility constants [–1.43 –  
(–1.24)] yields a value (–0.19) which only roughly approximates the experimental finding herein 
(–0.43); such an outcome can be well justified on the grounds of the low absolute value of the 
susceptibility constant itself or, from a different point of view, on the grounds of the very similar 
effects played by X on the reaction pathways on the two sides of the (pS+)2 break-point. 
 Finally δ(pS+)1 and δ(pS+)2 values cross correlate very nicely; the high and positive slope (s = 
8.44 ± 0.44, n = 11, i = -14.7 ± 1.14, r = 0.988, C.L. > 99.9 %) indicates that both δ(pS+)1 
and δ(pS+)2 are governed by the similar substituent effect, which is much larger on the first than 
on the second one, as before qualitatively pointed out. 
2) The (pS+)1 values for 3a–k (Table, in parentheses) show a numerical trend strictly comparable 
to that observed for 1a–k: accordingly, an excellent cross-correlation can be obtained between 
the two series of values; the practically unitary slope (s = 1.02, Figure 14 in the S.I.) once more 
evidences the expected strongly similar behavior in the rearrangement of 1a–k and 3a–k in both 
the base-catalyzed and uncatalyzed regions, but for small differences in the absolute 
reactivities.9d,i 

3) As already outlined, looking at the ∆pS+ values (i.e. the width of the uncatalyzed region) for 
the rearrangement of 1a–k (Table) one can observe a substituent-dependent fluctuation between 
6.0 [for (Z)-hydrazones containing strongly electron-donating substituents, able to increase the 
nucleophilicity of Nα] and 2.4 [for (Z)-hydrazones containing strongly electron-withdrawing 
substituents, which lower the nucleophilicity of Nα]. Searching for a FER we obtained an 
excellent Yukawa-Tsuno relationship, again evidencing a significant contribution of through-
resonance19,22 from electron-withdrawing substituents (eq 4: n = 11, r = 0.997, i = –0.08 ± 0.04, 
C.L. > 99.9 %, Figure 4; see also Figure 15 in S.I.). 

δ(∆pS+) = (∆pS+)X – (∆pS+)H = (–3.11 ± 0.08) [σn + (0.53 ± 0.07) ∆σR-]   (4) 
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Figure 4. Plot of δ(∆pS+) [i.e., (∆pS+)X – (∆pS+)H] at 313.1 K versus (σH + r–∆σ–) values 
(Yukawa-Tsuno plot, eq 4) for the rearrangement of 1a–k into 2a–k in D/W. 
 
 Moreover good cross-correlations versus the data concerning both the reactivity at pS+ 11.50 
(that is in the base-catalyzed region: s = –1.45, see Figure 16 in the S.I.), at pS+ 3.80 (that is for 
the uncatalyzed pathway: s = 2.64, see Figure 17 in the S.I.), and at pS+ 1.00 (that is in the acid-
catalyzed region: s = 2.29, see Figure 18 in the S.I.), have been observed. Once more the sign of 
the slope is positive in the cross-correlations versus the reactivity in the uncatalyzed and acid-
catalyzed regions, negative in the cross-correlation versus the reactivity in the base-catalyzed 
region, as expected considering the signs of the relevant FER in the three regions.9i 
 Interestingly enough in this case the calculated susceptibility constant appears dependent on 
the substituent effect on all of the three reaction pathways. As a matter of fact, taking into 
account the relevant uncertainties and the modest contribution of extra-conjugative effects, the 
slope calculated (eq 4: –3.11 ± 0.08) results to be the algebraic difference between those of eqs 2 
(–3.52 ± 0.08) and 3 (–0.43 ± 0.01), that is, ρ(∆pS+) ≅ ρ(pS+)1 – ρ(pS+)2. This result well agrees with 
the considerations developed under point 1. 
 
 
Conclusions 
 
By using previous kinetic results on the MRH of a series of (Z)-arylhydrazones of 5-amino-3-
benzoyl-1,2,4-oxadiazole (1a–k) into the relevant (2-aryl-5-phenyl-2H-1,2,3-triazol-4-yl)ureas 
(2a–k) at different pS+ values in D/W at 313.1 K,9i the break-points for the changeover between 
mechanisms and the pS+ widths of existence of the uncatalyzed process have been calculated. 
From their correlation (FER’s) to the electronic effects of the substituent, the considerations 
hereinafter can be drawn, allowing a deeper understanding of the SNi process involved. 
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1) The changeover from the base-catalyzed to the uncatalyzed path [(pS+)1] as well as from the 
uncatalyzed to the acid-catalyzed path [(pS+)2] are substituent-dependent and for the first time it 
has been possible to provide evidence of the occurrence of FER’s between the values of the 
relevant break-points and the electronic effect of the substituents. 
2) As a direct consequence of the above observations for the first time it has been ascertained 
that the width of the uncatalyzed region (∆pS+) is in turn substituent-dependent; moreover, an 
interesting relationship with ρ(pS+)1 and ρ(pS+)2 values [ρ(∆pS+) = ρ(pS+)1 – ρ(pS+)2] has been brought 
to evidence. 
3) Interestingly enough one can observe that at a selected pS+ value 1a–k can show behaviors 
completely different among themselves as far as the absolute reactivity and/or the reaction 
pathway involved are concerned: a comparison between the reactivity of 1k and 1a (Fig. 1) is 
particularly significant at this regard. 
 Much more interestingly, the results herein can offer information of general applicability, as 
both catalysis and understanding of catalytic processes play a central role in the fields of 
chemical and biological sciences. In particular our findings could be useful in order to gain 
insight into the mechanism of complex biological processes such as the enzymatic ones. 
 As a matter of fact, small structural variations in the substrate can cause dramatic changes of 
the enzymatic activity in biological systems: our system can thus be regarded as a model of how 
such variations can exalt or depress (or even suppress) a particular reaction path, being provided 
of suitable reaction centers (a basic site, an acidic site, and a nucleophilic one) which can be 
“activated” in different environmental conditions. 
 
 
Experimental Section 
 
Calculations. The FER calculations have been carried out firstly attempting a simple 
Hammett12b approach, then considering only the 3-substituted (Z)-phenylhydrazones and finally 
applying the appropriate Yukawa-Tsuno18 or Ingold-Yukawa-Tsuno18-19,21 treatment to all of the 
substrates. 
 
 
Supplementary Information Available 
 
FER plots concerning log kA,R (at pS+ = 11.5, 3.8, and 1.0), δ(pS+)1, δ(pS+)2, and δ∆pS+. This 
material is available free of charge via the Internet at http://www.arkat-usa.org. 
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