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Abstract: The effects of six ortho-substituents (Me, Et, F, Cl, Br and NO,), showing different electronic and proximity
effects, on the rate of the title reaction have been studied at 313.15 K in dioxane/water at various pS” values (3.8-12.7) and
in benzene at various piperidine concentrations. The kinetic data obtained have been treated by using a Fujita-Nishioka
approach with a dissection of the ortho-substituent effect in ‘ordinary polar effect’, ‘proximity polar effect’ and ‘primary
steric effect’. The different contributions calculated have been discussed in the framework of the various mechanisms
proposed for the studied rearrangement. © 1999 Elsevier Science Ltd. All rights reserved.
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For a long time our research group has been engaged in the study of the synthetic
applications and of the mechanism of ring-ring interconversions'” which we named
mononuclear heterocyclic rearrangements (MHR).*® The results probably most
representative have been obtained by using as substrates meta- and para-substituted
Z-phenylhydrazones of 3-benzoyl-5-phenyl-1,2,4-oxadiazole (1a-m), whose rearrangement
into  2-aryl-4-benzoylamino-5-phenyl-1,2,3-triazoles (2a-m) has been thoroughly
investigated both in dioxane/water (D/W; 1:1, v:v) in the presence of buffers* and in benzene
(PhH) in the presence of several amines.’ In both systems we have observed that the
structure of the transition state is substituent-dependent. Moreover in D/W it is also
pS*-dependent.

In this paper we report the results obtained in a study of the rearrangement of six
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ortho-substituted Z-phenythydrazones (1o-t) into the corresponding triazoles (20-t) in W/D
as well as in PhH to gain information about the influence of an ortho-substituent on the
MHR reactivity also as a function of the used solvent. We have chosen substituents that
show different electronic and steric effects: they range from alkyls (o-p: Me and Et) to
halogens (q-s: F, C] and Br) and nitrogroup (t: NO,). Indeed, owing to the crowded nature of
the transition state of MHR the present substituent could affect the reactivity by proximity
effects. For the sake of comparison we have also determined the reactivity of
Z-p-fluorophenylhydrazone  of  3-benzoyl-5-phenyl-1,2,4-oxadiazele  (In)  whose
rearrangement into the corresponding triazole (2n) has not been examined before.
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Results and Discussion

MHR Reactivities of Z-Arylhydrazones 1o-t in D/W

The apparent first-order rate constants, ks, for the studied rearrangements have been
measured in the presence of buffers in a large range of pS™ (3.8 - 12.7)° at various
temperatures. The ratios of logarithmic kinetic constants at pS* 3.80 and 11.50, calculated at
313.15 K from activation parameters,’ are collected in Table 1. Data for lo, q and t are
plotted versus pS” values in Figure together with data concerning 1f, i.e. the unsubstituted
Z-phenylhydrazone.

From an examination of the plots of Figure and the data of Table 1 the following
comments can be made:

i) the shape of the curves pertaining to ortho-substituted Z-phenylhydrazones closely
parallels that of the unsubstituted 1f, pointing to the occurrence of two different reaction
pathways, for which transition states with a different timing in bond breaking (N,-H) and
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bond forming (N,-N,) have been proposed as a function of the different electronic effects
exerted by the substituents present.’ The first, uncatalyzed and then pS’-independent, occurs
at low pS"; the second, base-catalyzed and then pS'-dependent, occurs at high pS*;’

ii) in the whole range of pS’ examined all the ortho-substituted Z-phenylhydrazones
irrespective of the nature of the present substituent (feebly electron-repelling as alkyls;
moderately or strongly electron-withdrawing, as halogens or nitrogroup, respectvely) are
less reactive than 1f and the corresponding para-isomers, as well. This clearly evidences the
relevance of the proximity effects (both polar and steric in nature) determined by the
ortho-substituent. In fact (see data in Figure and in Table 1) for X = Me, F and NO, in the
uncatalyzed range ky/k,.x ratios of 2.7, 5.9 and 1400 and k,.x/k,.x ratios of 3.9, 3.6 and 95
have been calculated. Similar results have been observed in the base-catalyzed range at pS”
11.50 (kn'ko-x 5.9, 1.7, 17; k,.x/kox 7.5, 3.6, 4500, respectively);

iii) the curves pertaining to 1o and 1q intersect each other; therefore in pS'-independent and
-dependent ranges 1o is less and more reactive than 1q, respectively. This indicates that the
relative weight of ordinary polar effect, proximity polar effect and primary steric effect is
different at different pS” values and then depends on the different reaction mechanism
operating. Moreover the pS” ranges where uncatalyzed and base-catalyzed pathways occur
are substituent-dependent: e.g. at pS” 7 in the case of X = 0-Me and 0-NO; the reactions are
uncatalyzed and base-catalyzed, respectively. ‘

Linear Free Energy (lfe} Treatment of Kinetic Data in D/W

Meta- and para-substituents affect the reactivity in different ways depending on the
pathway (i. e., depending on the pS” range considered); then Hammett correlations gave
different results that can be summarized as below.

At pS* 3.80 (i.e, in the uncatalyzed range) electron-repelling and -withdrawing
substituents increase and decrease, respectively, the reactivity: thus a good multiparameter
correlation [Ingold-Yukawa-Tsuno,'®"" i. e, with (small) contributions of both r* (0.11) and
¥ (0.26) parameters] has been obtained with a negative slope (p -1.29).*'> The low
susceptibility constant has been related to a balance between the opposite electronic effects
(on the nucleophilicity of N, and on the acidity of the proton of N,-H bond) exerted by the
substituent in the proposed Sy;-like transition state (3).“b
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Table 1. Parameters Used in Statistical Correlations for the Rearrangements 152 in

D/W and in PhH
in D/'W in PhH Subst.
Constants
pS’ 3.80 pS* 11.50

X | loglhx/kn)® Geued log(hx/kn)* Geus | log(R)x/(K)u®  log(k)x/(K)’ oeid | ES F*
p-OMe| 0.195"  -0.168 0255  -0.78 0.282' -0.003'  -0.268
p-Me 0.155*  -0.124 0102  -0.31* 0.176' -0.134"  -0.170
p-Et 0135  -0.141  0.090  -0.30" 0.153 -0.150'  -0.150
m-Me 0.053"  -0.069 0.023' 0.065' -0.152)  -0.069
m-Et 0065  -0070  0.02% 0.093/ 0119 0.07
H 0.000*  0.000  0.000' 0.000' 0.000'  0.000
p-Cl -0.339" 0269  0.646°  0.265 0.432' 0.227
p-Br -0.390" 0282 0689 0273 0474 0232
m-Cl -0.498" 0373 0.830° 0.725' 0.373
m-Br -0.526" 0391  0.907 0.771 0.391
m-NO;| -0.945"  0.710  1.582° 1329 071
p-CN | -1.015" 0775 1854 0858 1213 066
pNO; | -1173* 0895  2.426'  1.048 1571 0.778
p-F 0220 0151 0320 0.133 0.162  0.062

0-Me 0439 -0.124 0774 031 0549 0170 |-1.24 -0.04

o-Et -049Y  -0.141 -0.828  -0.30" -0.55¢  -0.150 |-1.31 -0.05

o-F 0772 0151 -0234  0.133 0.397  0.062 |-046 043

0-Cl -125¢ 0269 -0.728 0265 -0.37¥ 0227 |-097 0.41

0-Br -1.4527 0282 0995 0273 -0.589 0232 [-1.16 0.44

o-NO; | -3.15¥  0.895 -1.231Y  1.048 -0.65¥Y  0.778 |-2.52 0.67

“From ka values calculated at 313.15 K by the activation parameters. ky 1.24 x 10 s7 at pS” 3.80 and 2.52
x 107 57 at pS” 11.50. ? ocq. for the rearrangements at pS* 3.80: Geaie = 6" + 0.11A0%" + 0.26A0R . © Geac for
the rearrangements at pS™ 11.50: oy = oy + 0.60Ac". 9 Kinetic constants for bimoleculat pathway (ky, see
equation 3). ¢ Kinetic constants for termolecular pathway (i, see equation 3). / Values from Ref. 20.
2Values from Ref. 18. # Values from Ref 4b and references therein. ‘ Values from Ref 4e and references
therezin.lj This work. ¥ Values of 6*. ! Values from Ref. 5d; (ki)y 3.21 x 10 1 mol™ s7%; (ky)u 7.65 x 1075 12
mol™s™.

In contrast, at pS” > 8.50 (i.e., in the base-catalyzed range) two Ife relationships have been
observed, with the unsubstituted 1f showing the lowest reactivity, and the electron-repelling
and -withdrawing substituents both increasing the reactivity. This non-linear
concave-upward Ife relationship clearly indicates a changeover of the mechanism with
changing substituent.**"?

As a matter of fact an electron-withdrawing substituent strongly increases the reactivity
indicating that the abstraction of hydrogen atom of the Z-arylhydrazone plays a relevant role
[e.g., at pS* 11.50 a good Yukawa-Tsuno correlation (p 2.22) has been observed with a
significant " (0.60) contribution]; in contrast an electronic-repelling substituent, that reduces
the acidity of the hydrogen atom, feebly increases the reactivity (p* -0.33). These
observations agree with structures of the transition state (T.S., see 4) which vary as a
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function of the substituent present: thus the loosening of the N,-H bond can be more
advanced than the nucleophilic attack of N, on N, bearing electron-withdrawing substituents
on account of the low nucleophilicity of N, and of the significant acidity of hydrogen atom
of the arylhydrazone. Opposite effects are exerted by electron-repelling substituents.
Therefore in the two cases the relative timing of N,-N, formation and N,-H breaking in the
T.S.s is a function of the substituent electronic effects.*
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Figure. Plot of log k4 for the rearrangement (1f, o, q, t) — (2f, 0, q, t) in D/W at 313.15 K versus pS~

The whole of results obtained with meta- and para-substituted phenythydrazones 1a-n
allows the following discussion of the results collected with ortho-substituted
Z-phenylhydrazones 1o-t to be made.

Generally speaking the effects exerted by an ortho-substituent on the reactivity can be
discussed using several approaches, between which the most fruitful are those proposed by
Taft,'* Charton,'” Forthing and Nam,'® Chapman and Shorter,'” Fujita and Nishioka.'® In our
experience this last treatment is the most useful,’” because it allows one to treat data
concerning the total effect of an ortho-substituent as the sum of three contributions: the
‘ordinary polar effect' (considered equal to that of the para-substituent and well expressed by
Hammett or similar substituent constant),'"° the 'proximity polar effect' (represented by the
Swain-Lupton F constant)'®*' and the 'primary steric effect' (symbolized by the Taft E,
constant),'*'? as indicated by equation 1, where p, 8 and f are susceptibility constants and i is

the intercept of the regression function with the ordinate.

log k/ky = pc, + 8E, + fF, + i (1)
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Interestingly this treatment allows to combine kinetic data for ortho-substituted (10-t)
with those for meta- and para-substituted (1a-n) Z-phenylhydrazones in equation 2

log komp/ktt = POomp + SE+ fF, + i 2

By applying equations 1 and 2 to the MHR studied at pS* 3.80 and 11.50 the results
reported in Table 2 are obtained: the levels of significance of correlations are better than
99.95% and all the terms in equations 1 and 2 are justified at better than 99.95% as
examined by F tests.

A close correspondence between the susceptibility constants calculated for meta- and
para-substituted Z-phenylhydrazones and for the whole of ortho-, meta- and
para-substituted Z-phenylhydrazones has been observed: e.g., at pS” 3.80 p,,, =—1.29 £ 0.01
and ponm, = —1.30 £ 0.02, and at pS" 11.50 for electron-withdrawing substituents
Pmp=222% 0.05 and p,m, = 223 * 0.04 and for electron-repelling substituents
P mp=-0.33+0.01 and p*, ., = -0.33 £ 0.01, respectively. These results indicate that kinetic
data for ortho-, meta- and para-derivatives can be confidently treated by means of a unique
multiparameter 1fe relationship, because the introduction of data concerning
ortho-substituents does not affect the susceptibility constants of 1fe relationships calculated
for meta- and para-substituted Z-phenylhydrazones.

Let us now comment on the susceptibility constants calculated for the multiparameter 1fe
correlations.

At pS” 3.80 a large contribution of ‘proximity polar effect’ that significantly affects the
reactivity has been observed: therefore ortho electron-withdrawing and -repelling
substituents cause a decrease and an increase of the reactivity both for ordinary (p -1.4) and
proximity polar (f -0.7) effects and this agrees with the effects exerted by meta- and
para-substituents (p -1.3). Moreover, ‘primary steric effect’ of ortho-substituents influences
the reactivity as expected: the higher the volume-filling factor of the substituent the higher
the induced decrease of the reactivity (8 0.55).

At pS" 11.50 two different lfe have been observed: one for electron-withdrawing and one
for electron-repelling substituents (see above). Among the six ortho-substituents considered,
four (F, Cl, Br and NQO,) have positive Hammett substituent constants (i.e. are
electron-withdrawing substituents) and two (Me and Et) have negative Hammett substituent
constants (i.e. are electron-repelling). Owing to the low number of points (four for the first
and only two for the second relationship) it must be pointed out that these correlations are
statistically less significant than those obtained at pS” 3.80.

With electron-withdrawing substituents a small contribution of ‘proximity polar effect’ (f
0.3-0.4; p 2.2-2.3) that hardly affects the reactivity and a large contribution of ‘primary
steric effect’ (§ 1.5) that strongly decreases the reactivity have been found.
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Only two ortho electron-repelling substituents with similar E; and F values have been
examined, thus the value of ‘proximity polar effect’ (£0.2 + 0.7) has no statistical meaning
while that of ‘steric effect’ (6 0.70 £ 0.03) is only qualitatively indicative of a relevant
effect. Thus, a recalculation of the relationship by excluding the ‘proximity polar
contribution’ has been carried out, giving excellent results (n 8, R 0.9999) with the same p
and & susceptibility constants. On the basis of the &, .u/k,..x ratios (7.4) calculated the global
proximity effects can be considered significant.

A comparison of thermodynamic parameters of ortho- and para-substituted
Z-phenylhydrazones is restricted to halogens (fluorine, chlorine and bromine) and the
nitrogroup. A similar trend has been observed: the lower reactivities of ortho- with respect to
para-isomers in the uncatalysed and in the catalyzed ranges are entropy and enthalpy
dependent, respectively. The comparison for alkyls is not significant on account of the small
differences in the reactivities between ortho- and para-isomers.

MHR Reactivities of Z-Arylhydrazones In-s in PhH

The apparent first-order kinetic constants for the studied rearrangements have been
measured at various piperidine concentrations ([PIP] 0.12-1M). A strong dependence of the
reactivity on piperidine concentration has been observed. The plots of k,/[PIP] (kx measured
at 313.15 K) versus [PIP] (see equation 3) gave excellent statistical results (n 7 or 8;
r>0.9997. see Experimental) with an intercept statistically not different from zero,
indicating that for both electron-withdrawing and -repelling substituents the bimolecular

ka/[PIP] =ky + kyyy [PIP] (3)

reaction pathway is not operating and that the reaction occurs only through the termolecular
reaction pathway (catalysis of catalysis mechanism, see 5).

CeHs
Csﬂs/@ \“/</N g?H"'N/:ZHQ)S

o"'N‘*rTJ"-H"-N (CHy)s

CgHaX
5
Moreover as already observed for meta- and para-substituted Z-phenylhydrazones the
contribution of the uncatalysed pathway is not significant. All the ortho-substituted
Z-phenylhydrazones, but ortho-fluoro derivative [(kiy)u/(kin)o-r 0.4; (kin)p-/(kin)o-r 0.6] are
less reactive than the unsubstituted one [(ku)w/(ki)o.x 2.5-170] and the corresponding
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para-substituted Z-arylhydrazones [(km),-x/(kn),-x 2.4—4.5], indicating that also in PhH
steric effects can play a relevant role (see data in Table 1).

Lfe Treatment of Kinetic Data in PhH and Comparison with Data in D/W at pS* 11.5

ki values for meta- and para-substituted Z-phenylhydrazones in PhH gave two Ife
relationships: the non-linear concave-upward Hammett plot has a minimum between p-ethyl
(1¢) and m-alkyl (1d-e) Z-phenylhydrazones (indeed, a very similar situation has been
observed in D/W at pS” 11.5). Therefore including the four electron-withdrawing
substituents (X = o-F, o-Cl, 0-Br and 0-NO,; 1q-t) in the multiparameter correlation
(equation 2) with ortho-substituted 1 (see above 1fe relationship in D/W at pS" 11.5) does not
give good statistical results (n 15, R 0.9897). On the other hand on exclusion of kinetic data
of o-fluorophenylhydrazone (1q) an excellent correlation has been obtained (n 14, R 0.9988)
and this agrees with the observation that 1q is the only ortho-substituted Z-phenylhydrazone
more reactive than 1f. In this situation (the small number of ortho-isomers considered) the
relationship seems able to give only qualitative information: the ‘proximity polar effect’
does not appear detectable (f-0.09 + 0.24), while ‘primary steric effect’ appears relevant (8
0.8). Thus, a recalculation of the relationship by excluding the ‘proximity polar contribution’
has been carried out, once more giving excellent results (n 13, R 0.9988) with the same p
and & susceptibility constants. It is interesting to observe that by using the susceptibility
constants of line 12 of Table 2 we have calculated for ortho-fluorophenylhydrazone (1q) a
value of ky; ca. 4.2:10° lzmol'zs", i.e. about 4.5 times lower than that measured. The peculiar
behaviour of 1q can be ascribed to the well established formation of a strong intramolecular
hydrogen bond in apolar solvents with fluorine atom in systems like 6 (where a
five-membered ring is involved) as observed in ortho-fluoro phenols (Y = 0)? and anilines
or anilino derivatives (Y = NR).** This effect favours the transition state formation,
significantly affecting (increasing) the reactivity.

A

6
Moreover a plot of kinetic data in PhH versus data in D/W at pS* 11.5 for 1f-n, g-t does

not show a good correlation (n 13, R 0.9895 i 0.13): vice-versa by excluding data for 1q the
correlation coefficient increases to 0.9988 (n 12, i 0.08) confirming that the outlier point in
the correlation is that for 1q. The slope of the plot (s 0.65, i 0.08) confirms a lower effect of
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substituents in PhH as compared to D/W in line with the previous results obtained with
meta- and para-substituted Z-phenylhydrazones in different solvents.

Conclusions

The Fujita-Nishioka treatment of kinetic data concerning MHR of six ortho-substituted
(10-t) and of fourteen meta- and para-substituted phenylhydrazones (1a-n) has allowed the
dissection of substituent effects in ‘ordinary polar effect’, ‘proximity polar effect’ and
‘primary steric effect’, whose contributions have been explained on the basis of the different
mechanisms proposed for MHR.

Experimental

Synthesis and Purification of Compounds

Compounds 1n-t were prepared from 3-benzoyl-5-phenyl-1,2,4-oxadiazole” and the appropriate
arythydrazine in ethanol in the presence of acetic acid. Purification was achieved by chromatography [silica
gel: cyclohexane/ethyl acetate (20/1)] and crystallization from ethanol.

The Z-arylhydrazones 1n-t were rearranged into the corresponding 2-aryl-4-benzoylamino-5-phenyl-
1,2,3-triazoles 2n-t by standing in ethanol in the presence of aqueous KOH (10%) at room temperature until
disappearance of the starting product (tlc analysis). Compounds 2n-t were purified by crystallization from
ethanol.

1n — yellow, m.p. 142-4 °C; [Found: C, 70.5; H, 4.2; N, 15.7. C3;H;sN,OF requires C, 70.38; H, 4.22; N,
15.63%); Vmax(Nujol) 3220 cm™; 8y (250 MHz, CDCl;) 11.42 (1H, s, NH), 8.24-7.18 (14H, m, 2Ph, Ar);
HMRS (EI): M" found 358.12245. C2,H,sN,OF requires 358.12299.

1o — yellow, m.p. 143-5 °C; [Found: C, 74.6; H, 5.2; N, 15.9. C5;HgN4O requires C, 74.56; H, 5.12 N,
15.81%]; Vmax(Nujol) 3235 ecm™; 8y (250 MHz, CDCl3) 11.55 (1H, s, NH), 8.26-6.91 (14H, m, 2Ph, Ar),
2.48 (3H, s, CH3); HMRS (EI): M" found 354.14749. C2,H;sN,4O requires 354.14806.

1p — yellow, m.p. 121-3 °C; [Found: C, 75.1; H, 5.5; N, 15.3. Cy3H0N4O requires C, 74.98; H, 5.47 N,
15.21%]; Vmax(Nujol) 3245 em™'; 8y (250 MHz, CDCl3) 11.67 (1H, s, NH), 8.27-6.98 (14H, m, 2Ph, Ar),
2.85 (2H, q, J 7.5 Hz, CH,CH3), 1.45 (3H, t, J 7.5 Hz, CH,CH;); HMRS (EI): M* found 368.16632.
C23H0N4O requires 368.16371.

1q — yellow, m.p. 161-3 °C; [Found: C, 70.5; H, 4.3; N, 15.7. C,;H;sN4OF requires C, 70.38; H, 4.22; N,
15.63%]; Vmax(Nujol) 3230 cm™; 8y (250 MHz, CDCl3) 11.85 (1H, s, NH), 8.26-6.87 (14H, m, 2Ph, Ar);
HMRS (EI): M" found 358.12211. CH;sN,OF requires 358.12299.

1r - yellow, m.p. 155-7 °C; [Found: C, 67.3; H, 4.1; N, 15.0. C;;H,sN4OCl requires C, 67.29; H, 4.03; N,
14.95%]; vmax(Nujol) 3225 cm’’; 8y (250 MHz, CDCl3) 12.10 (1H, s, NH), 8.31-6.90 (14H, m, 2Ph, Ar);
HMRS (EI): M" found 374.09278. C2,HsN4OCl requires 374.09344 (C1-35 isotope).

1s — yellow, m.p. 147-8 °C; [Found: C, 60.3; H, 3.7; N, 13.5. C H,sN4OBr requires C, 60.16; H, 3.61; N,
13.36%]; vmax(Nujol) 3220 cm’'; 8y (250 MHz, CDCl;) 11.98 (1H, s, NH), 8.33-6.87 (14H, m, 2Ph, Ar);
HMRS (EI): M* found 418.04233. C;H;sN,OBr requires 418.04292 (Br-79 isotope).
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1t — yellow, m.p. 162-4 °C; [Found: C, 65.6; H, 4.0; N, 18.3. C;H,sN;sO; requires C, 65.45; H, 3.92; N,
18.17%); vmax(Nujol) 3190 em’; 8y (250 MHz, CDCl3) 13.80(1H, s, NH), 8.40-6.98 (14H, m, 2Ph, Ar);
HMRS (EI): M* found 385.11720. C3;H,sN;sO; requires 385.17749.

2n - colourless, m.p. 190-1 °C; (Found: C, 70.5; H, 4.2; N, 15.8. C5;H;sN4OF requires C, 70.38; H, 4.22;
N, 15.63%}; vmax{Nujol) 3320, 1680 em’’; 8y (250 MHz, CDCl;) 8.05-7.16 (15H, m, 2Ph, Ar, NH); HMRS
(EI): M" found 358.12248. C;H,sN4OF requires 358.12299.

20 — colourless, m.p. 159-61 °C; [Found: C, 74.7; H, 5.2; N, 15.9. C3,H,sN4O requires C, 74.56; H, 5.12 '
N, 15.81%]; vmax(Nujol) 3170, 1645 em’; 8y (250 MHz, CDCly) 7.95-7.48 (15H, m, 2Ph, Ar, NH), 2.51
(3H, s, CH;); HMRS (EI): M found 354.14759. C22H;sN,O requires 354.14806.

2p - colourless, m.p. 130-2 °C; [Found: C, 75.1; H, 5.5; N, 15.3. C23H30N4O requires C, 74.98; H, 5.47
N, 15.21%]; Vmax(Nujol) 3190, 1652 cm’'; 8y (250 MHz, CDCl;) 8.08-7.45 (15H, m, 2Ph, Ar, NH), 2.83
(2H, q, J 7.5 Hz, CH,CH;), 1.21 (3H, t, J 7.5 Hz, CH,CH,); HMRS (EI): M" found 368.16305. C23H;0N40
requires 368.16371.

2q — colourless, m.p. 157-9 °C; [Found: C, 70.5; H, 4.2; N, 15.8. C3;H;sN4OF requires C, 70.38; H, 4.22;
N, 15.63%]; vmax(Nujol) 3215, 1652 cm’™'; 8y (250 MHz, CDCl3) 7.92-7.45 (15H, m, 2Ph, Ar, NH); HMRS
(ED): M" found 358.12207. C;H;sN4OF requires 358.12299.

2r — colourless, m.p. 173-5 °C; [Found: C, 67.4; H, 4.1; N, 15.1. C3;H;sN4OC] requires C, 67.29; H,
4.03; N, 14.95%); Vmax(Nujol) 3215, 1652 cm™; 8y (250 *MHz, CDCls) 7.92-7.48 (15H, m, 2Ph, Ar, NH):
HMRS (EI): M found 374.09299. C,;H,sN4OCI requires 374.09344 (CI-35 isotope).

2s — colourless, m.p. 154-6 °C; {Found: C, 60.3; H, 3.7; N, 13.5. C3;H;sN4OBr requires C, 60.16; H,
3.61; N, 13.36%); Vmax(Nujol) 3160, 1648 cm™; 8y (250 MHz, CDCl;) 7.91-7.48 (15H, m, 2Ph, Ar, NH),
HMRS (EI): M" found 418.04211. C3,H,sN4OBr requires 418.04292 (Br-79 isotope).

2t — colourless, m.p. 143-5 °C; [Found: C, 65.6; H, 4.0; N, 18.3. C;;H,5NsO; requires C, 65.45; H, 3.92;
N, 18.17%); Vmax(Nujol) 3160, 1655 cm™; 8y (250 MHz, CDCl,) 8.05-7.40 (15H, m, 2Ph, Ar, NH); HMRS
(ED): M" found 385.11698. C;,H,5N4OCI requires 385.17749.

pS* and Kinetic Measurements

Piperidine,?* benzene?* and dioxane?* were purified according to the methods previously reported.

Details on operational pH scale used (pS"*) have already been reported.**

The kinetics were followed spectrophotometrically as previously described® by measuring the
disappearance of 1n-t at the wavelengths of their absorption maxima, where the absorption of 2n-s was
minimal. The rate constants are accurate to within + 3%, Tables of the apparent first-order kinetics constants
in PhH at 313.15 K in the presence of piperidine and of the relevant linear regression analyses according to
equation 3 as well as data in D/W calculated at 313.15 K at various pS” together with thermodynamic
parameters are available on request from the authors (V. F. or D. S.). In Table 1 are collected ratios of
logarithmic kinetic constants at pS* 3.80 and 11.50 in D/W and in PhH.

Acknowledgments: The Authors thank MURST and CNR for financial support. Investigation supported by

University of Bologna. (Funds for selected research topics.)



12896

V. Frenna et al. / Tetrahedron 55 (1999) 12885-12896

References and footnotes

1.

Part 15, Frenna, V.; Buscemi, S.; Amone, C. J. Chem. Soc., Perkin Trans. 2, 1988, 1683-1686.

2. (a) Vivona, N.; Buscemi, S.; Frenna, V.; Cusmano G. Adv. Heterocycl. Chem., 1993, 56, 49-154 and

= 00N

0.

11.

12,
13.

14.

15.
16.

17.

18.
19.
20.
21.
22.

23.
24.

references therein; (b) Frenna, V.; Vivona, N.; Consiglio, G.; Spinelli, D.; Mezzina, E. J. Chem. Soc.,
Perkin Trans. 2, 1993, 1339-1343; Tetrahedron, 1994, 50, 7315-7326.

(a) Ruccia, M.; Vivona, N.; Spinelli, D. Adv. Heterocycl. Chem., 1991, 29, 141-169, (b) Boulton, A. J;
Katritzky, A. R.; Hamid, A. M. J. Chem. Soc. (C), 1967, 2005-2007; Afridi, A. S.; Katrizky, A. R.;
Ramsden, C. A. J. Chem. Soc., Perkin Trans. 1, 1976, 315-320; Boulton, A. J. Lectures in Heterocyclic
Chemistry, Hetero Corporation, Provo, 1973.

(a) Spinelli, D.; Corrao, A.; Frenna, V.; Vivona, N.; Ruccia, M.; Cusmano, G. J. Heterocycl. Chem.,
1976, 13, 357-360; (b) Spinelli, D.; Frenna, V.; Corrao, A.; Vivona, N. J. Chem. Soc., Perkin Trans. 2,
1978, 19-22; (c) Spinelli, D.; Frenna, V.; Corrao, A.; Vivona, N.; Ruccia, M. J. Heterocycl. Chem.,
1979, 16, 359-361; (d) Frenna, V.; Vivona, N.; Consiglio, G.; Corrao, A.; Spinelli, D. J. Chem. Soc.,
Perkin Trans. 2, 1981, 1325-1328; (e) Frenna, V.; Vivona, N.; Corrao, A.; Consiglio, G.; Spinelli, D. J.
Chem., Res., 1981 (S) 308-309, (M) 3550-3578.

(a) Frenna, V.; Vivona, N.; Spinelli, D.; Consiglio, G. J. Heterocycl. Chem., 1980, 17, 861-864; (b)
1981, /8, 723-725; (c) Frenna, V.; Vivona, N.; Caronia, A.; Consiglio, G.; Spinelli, D. J. Chem. Soc.,
Perkin Trans. 2, 1983, 1203-1207; (d) Frenna, V.; Vivona, N.; Cannella, L.; Consiglio, G.; Spinelli, D.
ibid., 1986, 1183-1187.

pS* is an operational pH scale used in D/W. %4

Comments on the activation parameters have been given previously.**®

Frenna, V.; Vivona, N.; Consiglio, G.; Spinelli, D. J. Chem. Soc., Perkin Trans. 2, 1984, 541-545.

In this pS” range the mechanism of rearrangement implies a general base catalysis.*

Ingold, C. K. Structure and Mechanism in Organic Chemistry, 1969, Cornell University Press, Ithaca,
2" Edn., p. 1217; Tsuno, Y .; Ibata, T; Yukawa, Y. Bull. Chem. Soc. Japan, 1959, 32, 960-965; Yukawa,
Y.; Tsuno, Y. ibid., 965-971, 971-981; Yukawa, Y.; Tsuno, Y.; Sawada, M. ibid., 1966, 39, 2274-2286;
1972, 45, 1210-1216.

Wepster, B. M. J. Am. Chem. Soc., 1973, 95, 102-104; Hoefnagel, A. J.; Monshouwer, J. C.; Snom, E.
C. G.; Wepster, B. M. ibid., 5350-5356; Hoefnagel, A. J.; Wepster, B. M. ibid., 5357-5366.

Calculation for the multiparameter correlation at pS™ 3.80 reported in ref. 4b was concerned with
reactivity of Z-arylhydrazones 1a-b, d, f-m. Now we have added kinetic data for 1¢, 1e and 1n: no
significant change in the calculated parameters has been observed.

Calculation for the Yukawa-Tsuno correlation at pS” 11.50 reported in ref. 4e was concemed with
reactivity of Z-arylhydrazones 1f-m. Now we have added kinetic data for 1n: no significant change in
the calculated parameters has been observed.

Taft, R. W, jun. Steric Effects in Organic Chemistry, Newman, M. S., ed., Wiley, New York, 1956, p.
556.

Charton, M. Progr. Phys. Org. Chem., 1971, 8, 235-317.

Farthing, A. C.; Nam, B. Steric Effects in Conjugate Systems, Academic Press, New York, 1956, pp.
587, 648.

Shorter, J. Advances in Linear Free Energy Relationships, Chapman, N. B.; Shorter, J., eds., Plenum
Press, London, 1972, p.71-117.

Fujita, T.; Nishioka, T. Progr. Phys. Org. Chem., 1976, 12, 49-89.

Consiglio, G.; Noto, R.; Spinelli, D.; Arnone, C. J. Chem. Soc., Perkin Trans. 2,.1979, 219-221.
Hammett, L. P. Physical Organic Chemistry, Mc Graw Hill, New York, 1970, 2™ Edn., p. 355.

Swain, C. G.; Lupton, E. C. J. Am. Chem. Soc., 1968, 90, 4328-4337.

Hendricks, S. B.; Wulf, O. R.; Hilbert, G. E.; Liddel U. J. Am. Chem. Soc., 1936, 58, 1991-1995; Wulf,
O. R,; Liddel, U.; Hendricks, S. B. ibid,, 1936, 58, 2287-2293; Flett, M. St. C. Spectrochim. Acta, 1957,
10,21-37.

Cusmano, S.; Ruccia, M. Gazzetta, 1955, 83, 1686-1697.

Spinelli, D.; Dell’Erba, C.; Guanti, G. Ann. Chim. (Rome), 1966, 53, 1260-1266.



